
Torres Rojaa, Ganara r'l^J/T^/^^/Qf^ 

From: dporter@ap.org 
Sofit: Wednesday, January 16, 2013 4:49 PM 
To: Duffy, Daniel 
Cc: Torres Rojas, Genara; Van Duyne, Sheree 
Subject: Freedom of Information Online Request Form 

Informiiuon: 

First Name; David 
Last Name: Porter 
Company: Associated.Press 
Mailing Address 1: 50 Park PIac« 
Mailing Address 2: Suite 800 
City: Newark 
Stale: NJ 
Zip Code: 07102 
Email Address: dporter(fj)ap.org 
Phone:973-642-0151 
licquircd copies of llie records: No 

IJsi ol" specific record(s): 
Full report on most recent flood preparedness inspection performed at Hobokcn PATH station Ixfore Oct. 29, 
20 i 2. 

mailto:dporter@ap.org


Torres Rojaa, Genara 7 ^ J ^ ^ / 3 7 / ^ 7 

From: dporterigiapiorg 
Sent: Wednesday, January 16; 2013 4:53 PM 
To: Duffy, Daniel 
Cc: Torres Rojas, Genara; Van Duyne, Sheree 
Subject; Freedom of Information Online Request Form 

Information: 

First Name: David 
Last Name: Porter 
Company: AssociatedtPress 
Mailing Address 1; 50 Park Place 
Mailing Address 2: Suite 800 
City: Newark 
State: NJ 
Zip Code: 07102 
Email Address: dporterfffiati-org 
Phone; 973-642-0151 
Required copies of the records: No 

List of specific record(s): 
Any flood probability studies, or climate change studies focused on the effects of flooding on New York-area 
infrastruciurCi eiilier commissioned or used by the Port Authority in its flood prevention plans. 



THE PORT AimiORITY OF NY & N J 

FOI Administrator 

March 28, 2013 

Mr. David Porter 
Associated Press 
50 Park Place, Suite 800 
Newark, NJ 07102 

Re: Freedom of Information Reference Nos. 13706 and 13707 

Dear Mr. Porter; 

This is a response to your January 16, 2013 requests, which have been processed under the Port 
Authority's Freedom of Information Code (the "Code"), for a copy of the full report on most 
recent flood preparedness inspection perfomed at Hoboken PATH station before October 29, 
2012 and copies of records related to any flood probabihty studies, or climate change studies 
focused on the effects of flooding on New York area infrastructure, either commissioned or used 
by the Port Authority in its flood prevention plans. 

Material responsive to your requests and available under the Code can be found on the Port 
Authority's website at http://www.panvni.gov/corporate-information/foi/13706-O.Ddf. 

Please refer to the above FOI reference numbers in any future correspondence relating to your 
requests. 

Very truly yours, 

•? 

{/(>rLru ^ ^ Q t . 6 n . t ^ ^ 

Ann L. Qureshi 
FOI Administrator 

225 Park Avenue South 
New York,, NY 10003 
T: 212 435 3642 F: 212 435 7555 

http://www.panvni.gov/corporate-information/foi/13706-O.Ddf
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Those eoiifpuUtip«f showed Clwt wor^t-fisciunge h e ^ h u i p New York.C*ty ranged from 

St<̂ ]fTiw,tlwt,WjOyld pr0Mht:i^^ 
h e ^ loss of lue and disastrous cUsriiptions to cbrtimUnication and tiravel in the Metro arek.;; Although 
these events have a relatively low frequency of occurrence, emergency managernent officials are 
rightly 63nceiiied, espedaUy about the obvioijscbiis^ 
transit systems. Neatly every rail tunnel systena has significant points of entry lesg than 10 feet 
above National Geodetic Vertical Datum (NGVD). When the implications of hurricane strength 
winds on numerous high-rise structures are also considered, the potential for catastrophe becomes 
even more disturbing. 

The threshold of vulnerability for most Metro transportation systems was exceeded by the surge and 
winds accompanying the Decemb^ 1992 extratropical storm, During that.event, the still-water level 
at the Battery tide gage peaked at about 8.5 feet above NGVD and high winds caused traffic 
accidents that closed several high-rise bridges. Flooding had major impacts in many areas but, with 
only a few exceptions, stopped just short of being life-threatening. If the storm surge had peaked 
2 feet higher, lives could have been lost on the roadways and rail systems. 

The dire agnificance of the December 1992 storm events is revealed by hypothetical time-history data 
computed by the SLOSH model for Manhattan at the Battery. If the surge associated with that storm 
had instead resulted from a moderate to severe hurricane, it could have peaked from 16 to 30 feet 
above normal water levels with a maximum rate-of-rise of 17 feet per hour. 

Within the transportation network, high-rise bridges are particularly vulnerable to the hazards of 
extreme winds. Based on past experience with overturned high profile vehicles, a limiting wind speed 
should be established for normal bridge operations in the Metro area. 

Another consideration is damage to high-rise buildings. During an extreme storm, wind pressures 
on upper portions of tall structures can be much greater than those at ground level. These pressures 
can cause significant problems during even a moderate hurricane. Past wind storms in other locations 
have shown that combinations of wind forces on multi-story buildings can result in window breakage, 
the destruction of interior partitions, and loss of exterior cladding. In the Metro area, this could 
create the potential for high numbers of casualties. Not only could building occupants be endangered, 
but debris Ming onto the streets from high above could create an extreme hazard to pedestrians. As 
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high winds begin to damage upper floors of buildings and pedestrians flee street level sidewalks, many 
will probably turn to subway or PATH stations and their connecting walkways for shelter. Even if 
an entrance or surface is above potential flood levels, hurricane surge could quickly fill tunnels 
bdow through openings at other locations; they arc not safe shelters from severe extratropical 
storms or hurricanes. 

Riverine flooding in the Passaic River Basin has historically caused extensive property damage and 
taxed the emergency management resources of New Jersey's State, county, and municipal 
governments. Several of the passenger rail lines and major highways that link commuters with 
Manhattan lie in those flood-prone areas. From an emergency management perspective, whether 
before, during, or after a coastal storm, riverine flooding can disrupt regional rail and highway traffic 
and operations. 

The most effective single acdon that could be taken to &cilitate hurricane response for the Metro area 
would be a timely decision to curtail or close government and private business prior to the begirming 
of the work day. This would greatly reduce the number of people using the transportation systems 
and, potentially, seeking public shelter. In addition, a coordinated program to flood proof vulnerable 
tunnel openings and raise roadways to a reasonable level should be undertaken. 

Each major transportation agency in the Metro area should establish an emergency management office 
with a designated director responsible for coordinated, unified, interagency plarming for coastal storm 
emergencies. Responsibility for initiating specific emergency actions, including adjusting system 
operations, should be a function of that office. Communication between all government and private 
agencies and access to vital information is extremely important. Each emergency management office 
should have a suitably equipped emergency operations center that, when activated, is responsible for 
decision making and communication. 

Detailed and coordinated coastal storm response and recovery plans are of the utmost importance in 
protecting the public. Such plans should be developed by each transportation agency for all operating 
arms as well as the organization as a whole. In addition, a single unified Metro New York plan 
should be devised that crosses agency lines and establishes clear protocols for facility closure, 
transportation system operational adjustments, and evacuation decision making. Procedures should 
be instituted to ensure the coordination of each agency's response efforts with those of other 
transportation agencies and state and local emergency management offices. Plans must be 
incorporated into a compatible system among all agencies and governments so that the actions of one 
can be anticipated and accomplished in concert with others, minimizing hazards and disruptions to 
the public. 
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In response to the New Jersey Office of Emergency Management's request, an Executive Study 
Committee was formed and an initial meeting was held June 20, 1991 (see Exhibit 1, page 72). A 
significant need was identified beyond the normal scope of the Hurricane Evacuation Studies to 
educate local government and transportation agency officials about the extraordinary wind and surge 
hazards, establish the vulnerability of the transportation systems, formulate coordinated emergency 
transportation plans, and mourit an intensive public awareness campaign. The committee decided that 
a planiung effort by Federal, state, and local officials, working in concert with all major transportation 
agencies, was required to protect the public from the inevitable major hurricane event that will strike 
the Metro New York area. The Metro New York Hurricane Transportation Study (Metro Study) 
was conceived as the vehicle through which that goal could best be accomplished. Responsibility for 
the various tasks was assigned according to areas of expertise among Federal agencies, state 
emergency management offices, transportation agencies, and consultants. 

Although the potential effects of extratropical storms are not specifically addressed in a Hurricane 
Evacuation Study, the hazards analysis portion of the study provides considerable insight into 
probable inundation patterns and wind hazards. The ai\alyses in the completed New Jersey, New 
York, and Connecticut evacuation studies cleariy show that, in some areas, a minimal hurricane could 
produce winds aiwi surge in excess of those experienced wth the extratropical storm (nor'easter) of 
December 11-12, 1992. That storm resulted in a number of major transportation problems in the 
study area, providing a "wake-up" to the vulnerability of most systems to high winds and/or storm 
surge that could accompany any severe coastal storm. Virtually every transportation system in the 
Metro New York area was severely affected. Problems ranged fî om extended delays on fianctioning 
systems to total shut-downs and roadway closures. Afrer that experience, officials began to plan in 
earnest for a serious hurricane strike. 

This year (1995), the New York State Emergency Management Office and the New Jersey Office of 
Emergency Management are assisting the Port Authority of New York and New Jersey with their 
Coastal Storm Emergency Planning Project, which is intended to be a guide for other transportation 
agencies' hurricane preparedness planning. The objectives of this Port Authority project are: 

(1) To develop coastal storm emergency response plans which protect life and property. 

(2) To prepare an overall coastal storm emergency response plan which ensures a maximum 
level of coordinated and compatible decision-making, both within the Port Authority and with the city 
of New York and States of New York and New Jersey. 

(3) To develop an overall strategy for coastal storm hazard mitigation for the Port Authority 
and its fiiciUties, including short-term and long-term initiatives. 

The Metro study is not complete, but a large volume of information has been collected and 
preliminary conclusions on vulnerability have been drawn. This interim report presents the work 
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3 yx^mpli8hed to date' Thus &r the study effort h^'concehtrated'on^wind and sur^e^ha^ds, syStem 
operatiorial plans, deihan'drand*capa<iitifetf/''and wlnerability'**'Fuhire'V^orlc^Will̂ 'pnmairily*in%^ 
coastal storm emergency planning, mitigation issues, and decision making with the ̂ ort Authority and 

I other agencies 

The Technical Data Reports for the completed New Jersey, New York, and Connecticut Hurricane 
Evacuation Studies contain important relevant information that is not^repeated in this report 

Purpose 

The purpose of this study is to supplement'the New Jersby, New York, and Connecticut Hurricane 
Evacuation Studies by assessing the potential impact of hurricanes and other severe coastal storms 
on the users and infrastructure of the Metro New York transportation network and by providing 
information and assistance toward developing regional plans for those emergencies. The study has 
the following specific goals: 

(1) Identify the potential wind and surge hazards to the facilities and users of each major 
metropolitan transportation system. 

(2) Determine the vulnerability to those hazards and recommend mitigation measiires. 

(3) Identify offices with decision-making responsibilities related to coastal storm threats. 

(4) Recommend decision-making and coordinative procedures. 

(5) Formulate specific response actions that should be taken by transportation agencies in 
coordination with state and local governments. 

Authority 

This study is being conducted by the Wilmington and Philadelphia Districts and the New England 
Division, US ACE, at the request of the New Jersey Department of Law and Public Safety, Division 
of State Police, Office of Emergency Management; the State of New York, Division of Military and 
Naval Affairs, State Emergency Management Office; and the State of Connecticut Office of 
Emergency Management. The study is supplemental to the New Jersey, New York, and Connecticut 
Hurricane Evacuation Studies, which are part of a national, co-sponsored effort between the USACE, 
FEMA, and the National Oceanic and Atmospheric Administration, National Weather Service 
(NWS). Study authority for FEMA is the Robert T.. Stafford Disaster Relief and Emergency 
Assistance Act, Public Law 93-288, as amended. Through Executive Order 12148, FEMA is 
delegated primary Federal responsibility; therefore, FEMA is designated program manager. USACE 
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Funding 

USACE and FEMA provided initial study funding in Fiscal Year 1992 and subsequent funding has 
been shared by those two agencies. The NWS and the states of New York and New Jersey have 
generously contributed their time, expertise, and coordinative skills. 

Study Management/Coordination 

USACE Study Managers for the New Jersey, New York, and Connecticut Hurricane Evacuation 
Studies share the management of this Metro Study, concentrating on their original areas of 
responsibility. The Wilmington District, USACE, is fijmishing overall study management 
coordination. 

Interim Technical Data Report 

provides study management under the authority of the Flood Plain Management Services program I 
(Section 206 of the 1960 Flood Control Act, Public Law 86-645, as amended). 

I 
i 

Study Area A 

The study area consists of all the boroughs of New York City and the surrounding counties that are 
considered to be part of Metropolitan New York City. This area includes Morris, Passaic, Somerset, ^1 
Bergen, Essex, Hudson, Union, Monmouth, and Middlesex Counties in New Jersey; Westchester, 
Rockland, Nassau, and Suffolk Counties in New York; and Fairfield County in Connecticut. The _ 
study area and surrounding region are shown in Figure 1. r l 

I 
I 
I 

The Executive Study Committee, composed of appropriate USACE, FEMA, NWS, state, and city '" 
representatives, provides guidance and coordination for the study. Initially, conunittee members . 1 
identified those political jurisdictions, govenunent agencies, and transportation agencies/authorities I • 
that should have an active role in preparedness and decision-making related to mass transportation * 
systems. Principal officials of those organizations were asked to appoint appropriate department M 
managers to an Agency Technical Committee. 

Agency Technical Committee members (see Exhibit 2, page 73) are serving as the transportation I 
agency/authority points-of-contact for the Study Managers. They are providing the specific technical, ^̂  
operational, and decision-making information that is necessary to conduct the study and are reviewing M 
study products for accuracy and acceptability. ' | 

I 
i 
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1 M»tro New York HUnrlcane Transportation StUdy 

1 *' < tj, , ;j . . , SYSTEMS ANA'LYSIIS'"'' ' '̂ ^*'̂ '*-' 'i -

Agency Sfysteiifs and>t!i|it}g3^,. ^,,,^^,, ,^ , , . . 

Seyeral ma)or a^^qes ajiitf^l mosfpf tl^^ njass.^si t and fo^i^ay^sMefs and fe<:ilmfs^>yit}i|n the 

I Metrp report ^ifiUfe 2]Shows the Metro New, York passen^^r ^air ^ysjems Y^hil̂ ĵdetads of the 

' stiidy area v e shbv^ a^ 

I deve ld^ for each f&cili^ consid^t-i^^ fh<Bf6il6vnngi^abriefdesCriptb^^^ 

• The Port Authority of New York and New Jersey is the lead tratisportation agency in the Metro 
region in terms of the number of major facilities under its control. Port Authority, facilities 
include the Lincoln and Holland Tunnels and the John F, Kennedy, Newark, LaGuardia, and 
TeterboFO airports. Other Vort Authority facilities are the Outerbridge, Goethals, Bayonne, and 
George Washington Bridges, the Worid Trade Center, and the following marine facilities: 
Passenger Ship Terminal, Pier 40, Auto-Marine Terminal, Port Newark & Elizabeth, Red Hook 
Marine Terminal, and Howland Hook Terminal. The Port Authority Trans-Hudson Corporation 
rail ^stem cormects the Worid Trade Center and the 33rd Street Terminal on Manhattan with 
the Hoboken Terminal in Hoboken, New Jersey, the Newark, New Jersey, Pennsylvania Station, 
and the Journal Square Transportation Cetiter in Jersey City. 

• MTA Bridges and Tunnels (formerly Triborough Bridge and Tunnel Authority) also controls 
several primary facilities within the Metro area. These facilities are the Brooklyn-Battery and 
Queens Midtown Tunnels and the following bridges: Verrazano-Narrows, Triborough, Bronx-
Whitestone, Throgs Neck, Henry Hudson, Marine Parkway-Gil Hodges Memorial, and Cross 
Bay Veterans Memorial. 

• Long Island Rail Road operates rail service from Penn Station in Manhattan to Greenport and 
Montauk on the north and south forks of eastern Long Island, respectively. Branch lines on 
Long Island terminate at Port Washington, Long Island City, Flatbush Avenue, Oyster Bay, Port 
Jeffbrson, Far Rockaway, Long Beach, Hempstead, and West Hempstead. 

• Metro-North Commuter Railroad serves the Metro area with two major lines from Hoboken 
Terminal in New Jersey and three north from Grand Central Terminal in Manhattan. The New 
Jersey lines terminate in Port Jwvis and Spring Valley, wHle the lines from Grand Central extend 
to Poughkeepsie and Dover Plains, New York, and Danbury, Waterbury, and New Haven, 
Connecticut. 
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• The New Jersey Transit rail system connects Penn Station, in Manhattan, and Hoboken Station 
in New Jersey with the Pennsylvania Station in Newark, New Jersey. Branch lines extend to Bay 
Head, High Bridge, Gladstone, Morristown, and Netcong. New Jersey Transit shares routes to 
Port Jervis and Spring Valley with Metro-North. 

• AMTRAK enters the Metro area from Trenton, New Jersey, passing through the Newark 
Pennsylvania Station and then into Penn Station, Manhattan. From Penn Station, one branch 
runs northward, up the Hudson River to Albany, New York, while another runs eastward to 
New Haven, Connecticut, thence to Hartford and Boston, Massachusetts. 

• The New York City Transit Authority controls the NYC subway system, which extends into 
every city borough except S t a t ^ Island. 

• The New York City Department of Transportation maintaii>s and controls all lughways within 
the New York City limits. The Garden State Parkway, New Jersey Turnpike, Palisades 
Interstate Parkway, New York State Thruway, New York State Parks and Recreation parkways, 
and roadways controlled by the New Jersey and New York State Departments of Transportation 
carry highway travelers to aivd from the Metro area. 

Daily Peak System Demands 

Eariy in the Metro study, agencies provided statistical summaries of ridership by time of day for each 
of their system facilities. This data was ^gnificant to the study process for four basic reasons: 

(1) In a sense, commuters "evacuate" Manhattan every day during the PM peak travel period. 
Peak system demand data indicates how many people can be transported on an hourly basis by each 
system and &citity. Rather than spend large sums of money trying to model transit evacuation, study 
participants felt that a close examination of the PM peak period ridership would provide a good 
approxinuktion of a coastal storm emergency situation. 

(2) By comparing ridership exiting the dty during the PM peak period, the relative size and role 
of each system can be ascertained; this could have implications for mitigation priorities in future study 
phases. 

(3) Data on AM peak system demands include the number of conunuters that use specific 
facilities to travel into the city on a normal weekday; the number who could be removed from the 
burden of Manhattan's evacuation and sheltering efforts if persuaded to stay home. 

(4) The time at wluch AM peak periods occur for various systems indicates when critical 
decisions regarding emergency "work holidays" or facility closures have to be made. 
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to pass; through: ewh facility occur̂ f̂r 
deinand data fit>m tĥ ^̂  
peak period on a typicil workday Using thesê fô ^ 
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SELECTED TRANSPORTATION SYSTEM DEMAND STATISTICS 
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nmy 

Brooklyn-Battery Tunnel 
Queens Midtown Tunnel 
Triborough Bridge 
Henry Hudson Bridge 

MTA BRU^GES AND TUNNELS 
AVERAGE DAILY TRAVEL 

24-Hour To-City 
VolMme 

(Vehicles) 

30,800 
37.500 
53.800 
31.800 

7 a.in.-10 a.m. 
Peak Per. 

To-Chv Volume 
(Vehiclea) 

10,600 
10,600 
12,700 
10,200 

4 p.111,-7 p .m. 

Peak Per. 
To-atvVohiroe 

(Vehiclea) 

3.700 
5.900 

10.400 
6.600 

Highest Hourly 
To-Cttv Volume 

(Vehiclea) 

3,900 (8am-9am) 
3,800 (8ftm-9am) 
4.600 (8am-9am) 
3.800 (8am-9am) 

Table 2 shows the peak system demand for facilities operated by the Port Authority of New York and 
New Jersey. Unlike the highway and Port Authority Trans-Hudson (PATH) rail facilities, the peak 
inbound and outbound demand for the airports generally occurs in the late afternoon/early evening 
hours. Depending upon time of closure of airports due to an approaching hurricane, the data 
show that significant numbers of people could be stranded and need public shelter provisions. 
The Lincoln and Holland Tunnels bring 22,700 vehicles into the city during a normal AM peak 
period, with 5,000 vehicles entering through the Lincoln Tunnel during the 7 a.m, to 8 a.m. peak hour 
and 2,900 vehicles entering through the Holland Tunnel during the 8 a.m. to 9 a.m. peak hour. As 
we examine the Port Authority's PATH stations in Manhattan and the number of people exiting the 
system (to enter the city), we find between one-half to two-thirds of the daily count occurring during 
the 7 a.m. to 10 a.m. peak period. Approximately 41,700 people come into the Worid Trade Center 
during the AM peak period. About 66,700 people enter the city through PATH stations during the 
AM peak period. The highest single hour occurs from 8 a.m. to 9 a.m. on a normal weekday. 
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TABLE 2 

SELECTED TRANSPORTATION SYSTEM DEMAND STATISTICS 

THE PORT AUTHORITY OF NEW YORK AND NEW JERSEY 
AVERAGE DAILY TRAVEL 

AirDortf 

Kewaric 

JFK 

LaGuardia 

Hishwavt 

Lincoln Tunnel 
Holland Tunnel 
George Washington Br 
Bayonne Bridge 
Goethals Bridge 
Outerbridge 

New York 
PATH Stations 

World Trade Center 
Christopher Street 
9th Street 
14th Street 
23Fd Street 
33rd and 30th Streets 

24-Hour Eaatbound 
OPuaengen) 

34,500 

40,000 

32.900 

24-Hour Eaitbound 
(Vefaidei) 

56.500 
41,500 

132.800 
7,300 

33,000 
33.300 

AIRPORTS 

Highest Hourij 
Inbound 

(Paueogcn) 

3.600 (4pm-5pm) 
3,100 (8pm.9pm) 

5.100 C4pm.5pm) 
4,300 (5pm-6pm) 

3.100 (8pm-9pm) 
2,707 (Hpm-12niid) 

HIGHWAYS 

Eaitbound Tam-lOom 
Peak Period 

(Vehicle!) 

14.200 
8,500 

32.000 
1.000 
5.000 
6,600 

24-Hour Outbound 
^asfcngert) 

33.200 

60.000 

32.700 

Eaitbound 4piii-7pm 
Peak Period 

(Vehicles) 

7,900 
7,900 

25.200 
2.300 
8.300 
6.700 

NEW YORK PATH STATIONS 

24-Hour 

(Pmuengers) 

63,400 
2,500 
4.500 
6,000 
7,000 

22,700 

Tam-lOam Peak Per. 
ExH Count 

(Pastcngen) 

41.700 
1.300 
1.800 
3.100 
4,800 

14.000 

4pm-7pin Peak Per. 
Exit Count 
(Passengen) 

6.600 
400 
800 
800 
500 

2.600 

Highest Hourly 
Outbound 

passengers) 

3.300 (8am-9am) 
3,100 (6pm-7pm) 

9,300 (7pm-8pm) 
6,500 (6pm-7pm) 

2,800 (3pm-4pm) 
2,500 (5pm-6pm) 

Highest AM 
Houriv Count 

(Passengers) 

5.000 (7ain-8flin) 
2,900 (8am-9am) 

11.950 (7am-8am) 
400 (8am-9am) 

1.700 (7am-8am) 
2,700 (6am-7am) 

Highest AM 
Houriv Exit Count 

(Passengers) 

21.400 (8am-9am) 
600 (8am-9ani) 
800 (8am-9ara) 

1,500 (8am-9am) 
2.400 (8am-9am) 
7,000 (8am-9am) 

I 
I 
I 
I 
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48,000 people come into the area between 6:45 am and 9:15 a.m. on a typical weekday using New 
' ••.•,y 

Jersey tiihsitliries; 
••• ' / • " : ' y % ' ' : ^ ' ^ ^ u - : j ^ ' - ^ - ^ - y j } ' ' ' \ ' ^ ' 1 ' ' y \ ' - ' . ' } ' ' ' ^ : ' ' •••-•••••;• " : " ^ • " • • ; • ' ' • • ' ^ ' • ^ • • • ' ' • • • • ' , • 
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SELECTED TRANSPORTATION SYSTEM DEMAND STATISTICS 

NEW JERSEY TRANSIT 
AVERAGE WEEKDAY TRAVEL BY RAIL LINES 

Rail Une 

Northeast Corridor 
North Jers^ Coastline 
Morris and Essex 
Main/Bergen 
Raritan Valley 
Pascack Valley 
Boonton 
Atlantic City 
AMTRAK Cross Honor 
Totals 

Totai EB & WB 
Weekday Trips 

(Passengers) 

57.000 
36,000 
28,000 
16,700 
n.800 
6.300 
6.000 
1.400 
5.M0 

168,400 

AM Peak Period 
(6:45 am • 9:15 am) 
Eastbound Tk-lps 

(Passengers) 

13,800 
5.500 
8,400 
6.900 
4.100 
3.200 
3.100 

400 
2.400 

47,800 
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Metro New York Hurricane Transportation Study 

For the Metro-North Commuter Raih-oad, Table 4 shows that the heaviest ridership occurs in the AM 
peak period, with an average of 65,700 people using the system. 

• 
I 

TABLE 4 

SELECTED TRANSPORTATION SYSTEM DEMAND STATISTICS 

METRO-NORTH COMMUTER RAILROAD 
AVERAGE WEEKDAY TRAVEL BY LINE 

U^t 

Hudson-Lower Hudson Truns 
Hudson-Upper Hudstm Trains 
Hariem-Lowcr Harlem Trains 
Harlem-Uppcr Hariem Trains 
New Haven-Inner New Haven Trains 
New Haven-Outer New Haven Trains 

Totals 

AM Peak 
Period RldenhlD 

9.900 
3.500 

14,700 
8,600 

14.400 
14.600 
65.700 

PMPeak 
Period RIdershiD 

8,400 
3.100 

11,500 
8,600 

10.800 
1?.70Q 
56.100 

Orr-Peak 
RIdershiD 

3,900 
2.800 
7,700 
5.900 

10,300 
9.000 

39,600 

1̂ 
m 
u 

M 
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t b k l tnps*mi[de dj^st(bfn-w}de on a typical 'V^cekday'^" i L i ^o i " ^ i^ i v w ntj 

^ J \ ^ 

TABLE 5 

S E L E C T E D TRANSPORTATION SYSTEM D E M A N D STATISTICS 

L O N G ISLAND R A I L R O A D 
AVERAGE W E E K D A Y T R A V E L 

(numbers represent passengers) 

Westbound AM arriving passengers (6 a.m. -10 a.m.) ( 4 1 % of passengers) 

Penn SUtion (Manhattan) 86.000 
Flatbush Avenue (Brooklyn) 13,000 
Hunterspoint Avenue (Queens) ?,000 
Total 102.000 

Eastbound PM departing passengers (4 p,ni. - 7 p.m.) (32% of passengers) 

Penn Station 69,000 
Flatbush Avenue 8,000 
Hunterspoint Avenue 3,Q00 
Total 80.000 

AM peak period westbound trips 102.000 (41%) 
PM peak period eastbound trips 80,000 (32%) 
Other trips 68.000 (27%) 

Total Passengers 250.000 (100%) 
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Metro New York Hurricane Transportation Study 

TABLE 6 

SELECTED TRANSPORTATION SYSTEM DEMAND STATISTICS 
NEW YORK CITY TRANSTI AUTHORITY 

AVERAGE WEEKDAY PASSENGER TRAVEL BY BOROUGH 
Estimated' AM and PM 

24-Hour Combbicd Peak Periods 
Borough Entrance Count Entrance Counts 

Manhattan 
Bronx 
Brooklyn 
Queens 
Total System 

1.929.000 
249,000 
656.000 
4?5.WQ 

3,329.000 

1.157.400 
149.400 
393,600 
2?7.0W 

1.997.400 

I 
I 

One of the most significant systems that brings people into and out of Manhattan is the subway H 
system operated by the New York City Transit Authority. Table 6 shows entrance counts by borough 
and for each of the ten busiest stations, for a typical 24-hour weekday period and peak periods. As 
large as these ridership numbers are, these are on|y the top ten stations in Manhattan. System-wide, I 
over 3 million trips are made daily with 2 million trips having Manhattan as an origin, destination, or 
both. Over a million peak period trips are made involving Manhattan. The station with the 
highest entrance counts is 42nd Street/Grand Central, with an estimated 69,000 people entering the 
system through this station in the PM peak period (4 p.m. to 7 p.m.). If we assume that most of these 
trips are work related, then it follows that a large portion entered the city by exiting the system 
through these stations in the AM peak period. 

42nd Street - Grand Central 
34lh Street - penn Station 
42nd Street 
34th Street 
34th Street - Penn Station 
Chambers Si, 
47lh - 50th St. 
42nd St. - Times Square 
Lexington Ave. 
Main Street 

6 
1 
A 
F 
A 
A 
F 
1 
E 
7 

125,000 
73,000 
61.000 
54.000 
54.000 
49,000 
47,000 
47.000 
41.000 
41,000 

M 

I . 

fi 

! * 

'• 

AVERAGE WEEKDAY PASSENGER TRAVEL BY TEN HIGHEST STATIONS 
EstlmaUd* ^ 

24.Hour PM Peak Period (4 pm - 7 pm) ; f 
Statkm Routg Entrance Count Entrance Counts -̂  

68,800 
40.200 
33.600 i--
29,700 1 
29,700 I 
26.900 / 
25.800 
25,800 
22,600 
22,600 

*Estimates based on SS-60% of daily entering counts. All reported figures based on 1990 system counts. 
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The final facihties for whidh peakS'̂ stem^^demands are{i'6pQrted'areUh6s9^Qperated,by the New York 
City Departmertt of Transportation (NYCDOT) Tdble^7tprovfdes,'"peak jienod to-city vehicular 

i l a i ^ fi$r the Brooklyii^ M^ihatt^> (^>!^n%}io,^^ vo 
rokdw&y segmtots '&i^pt(fof^»h)Rbnve'>at)l00tV40l8tf^i^^td/th9|A^ 10| 
8 m )^cames th^ lar^est)^vplufhe of td^ty*Vehictes T^pver 8Q,d0Q y^hicl^^eilter theip t̂y^usjng f̂hesei 
NYCDOT &cilities dunhg the^XM p ^ ^ period, with the highest hduHy»yolume ocqUmng between, 
7 a.m^ and 8 a m on the bndges and between Sam and 9 a m̂  on the oth^r facilities >' Unlike many 
other (Metro New York transportation facilities, the AM and PM peak period to-city volumes 
combined only account for a third of the daily to-city yoliime for the NYCDOT facilities* This means 
that fi'otn a traffic demand standpomt, it will be difficult to'close these facilities ho matter what tiiiie 
of day'decisioM ai« rriWe rdative to an appixJachi •^•->>''y^^'^-}('\'::^-:'':!.%^-f-'i^ 
-'• •'.•'̂ '̂••';''-"" .•:',•'•;•••:•.•:••!;"•;•.."•"••v<\;;^' ^0;Vij;V];v \-:^\'--'::.-;fin^'ic\---:.'-ti-'' 'i:^'-i-^ ?\-':^i';^r- v-;'̂  '-''r-'i n'!^:}'-'-. 
AU s y s t e m d e m a n d d a t a a i ^ fi'omth6:1990 t o 199;2 t i m e i ^ a m 6 
v a r i o u s t r a n s p o r t a t i o n a g e h c i e i s f o r t h o s e y e a r s a s d a t a wer -e a v a i l a b l e . .' 

T A B L E T 

SELECTED TRANSPORTATION SYSTEM DEMAND STATISTICS 

NEW YORK CITY DEPARTMENT OF TRANSPORTATION 
AVERAGE DAILY TRAVEL 

24 Hour To-City 7 a.ni. - 10 a.m. Peak 4 p.ra. - 7 p.m. Peak Highest Hourly 
EgcUitv Volume Period To-Citv Volume Period to Cltv Volume To-Cltv Volume 

(Vehkles) (Vehicles) (Vehicles) (Vehicles) 

BrookJyn Bridge 66.100 11,600 10,600 (7 am - 8 am) 4,200 

Manhattan Bridge 34,200 7,100 4.400 (7 am - 8 am) 2.500 

Queensboro Bridge 66,600 15.000 8.700 (7 am - 8 am) 5.500 

Williamsburg Bridge 59.600 13.300 9.300 (8 am - 9 am) 4,700 

FDR Drive® 66,300 13.200 10.800 4.800 (8 am - 9 am) 
60th/61st Streets 

FDRDrive@ 77.700 11.400 . 14.200 4,800(5 pm -6 pro) 
lOOth/lOIst Streets 

West Street @ 30.700 6.300 5,500 2,100 (8 am - 9 am) 
4 Isl Street 

Harlem River Drive 9.100 2.700 1.400 1,200 (8 am - 9 am) 
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I 
I 
I 
I 

f l 
Highway clearance times on Long Island and in coastal New Jersey south of Middlesex County are 
higher than the assumed conunuter clearance times discussed above. Therefore, commuters to J | | 
Manhattan who travel from those two areas and reside in homes that are highly vulnerable to surge V ^ 
should plan a timely response to evacuation advisories issued for their place of residence. From an 
evacuation clearance time standpoint, this raises another issue. One of the primary reasons workers ĴM 
should be kept out of the city as a hurricane threatens is that Manhattan-to-home travel eastbound ^j 
on Long Island will interfere with critical northbound evacuation movements Irom surge-vulnerable ^ 
areas to inland Long Island. Residents of northern New Jersey counties whose homes are in surge- r H 
vulnerable areas generally will have local evacuation clearance times similar to the aforementioned , j 
transit clearance times. Their direction of evacuation travel should not interfere appreciably with 
commuter movements from Manhattan. 

Evacuation Clearance Time Considerations 

Evacuation clearance time can be estimated by examining PM peak period travel demand and duration 
for the transit systems. A typical PM peak period lasts from 3 to 4 hours. However, people who 
customarily odt the city before 4 p.m. or after 7 p.m. will contribute to the peak during an evacuation 
response, making it necessary to move more people through each system than during a typical PM 
peak period. Therefore, if a normal number of commuters are in the city, a base clearance time of 
6 hours plus time needed for system mobilization, security, and closure should be used for evacuation 
decision making. 

System Emergency Operating Plans 

20 kitartm Technical Data Rsport 

I 

I Early in the study process many of the participating agencies in the Metro study subnutted their 
system emergency operating plans for review and evaluation. Although several plans mention 
potential natural disasters such as snowstomis, wind-storms, floods, earthquakes, and landslides, most ^ 
focus on snowstorms and rainfall flooding. This is understandable considering the relative J H 
infrequency of hurricanes and intense extratropical storms compared to other emergencies and the i ^ 
lack of hazards and vulnerability data prior to this study. Those few plans that directly address 
hurricanes should be revised to include the wind velocities that could be experienced hours before rf l 
hurricane eye landfall and the potential surge heights and rates-of-rise of flood waters. ^ 

Generally, emergency response plans for the Metro New York area transportation agencies lay out • 
details for reacting to unusual events but do not anticipate hazards such as hurricanes or address the ,.̂  
precautions and closures that will be needed to prevent police and other officials from being 
overwhelmed by events. Given what is now known about the potential for devastating 
coastal storm flooding and winds in the Metro New York area, it Is imperative to update 
emergency operating plans, addressing such storms and anticipating their effects. Some 
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n of the content of existing plans'coul(l be adapted^ t^Jhurocanes'and other coastal storm events. 
J particularly where procedures for facihty closures are discussed ' 

I Several agencies, mcluding the New York^City Department of Transportation, have a good start on 
a hH^W^^Rr^Pa^dnesjtpIans.. Qpe;agerjcy ,that ha^,^iye|pped^an jff^ttve hu^ii^ane jJert a^^ 
response iplan i() tl̂ e Metr^ New ,̂Y6r|Cĵ area is the Port Authority's Martne Terminals Their 
emergency^plan is good for several key reasons ^ ^ ^ ^ ^ 

a Separates humcanes as a unique natural disaster event which warrants special actions and 
plans 

b. Clearly identifies the source for weaihcr bulletins and advisortcs. , . : . , , r; 

c. Sets up a series of five hurricane warning conditions based on hours before hurricane 
landfall, specifying precautionary actions to be taken prior to a possible event and the 
individuals responsible for those actions. 

d. Pre-storm, during the storm, and post-storm actions are delineated. 

e. Contains notification and coordination roster. 

Emergency response plans for other agencies both within and outside the Port Authority should build 
on the strong points of the Marine Terminal's plans. 
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HAZARDS ANALYSIS 

Hazards of Coastal Storms 

One early task of every Hurricane Evacuation Study is the hazards analysis. The purpose of that 
analysis is to quantify the wind speeds and still-water surge heights that could be produced by a 
combinadon of hurricane intensities, approach speeds, approach directions, and tracks considered to 
have a reasonable meteorological probability of occurrence witlun the study area. Valuable ' ^ ^ 
information developed in the New Jersey, New York, and Connecticut Hurricane Evacuation Studies r ^ n 
provides the basis for the current hazards analysis. Since extratropical storms can also dramatically Y ^ ^ 
affect transportation systems with abnormally high winds and resultant high water levels, they are also ^ _ 
included in this study. ^KM 

Storm Surge 

Storm surges are higher than usual water levels along coastlines and the shorelines of bays and 
estuaries that result from large-scale meteorological disturi)ances. Along the mid-Atlantic 
seaboard, extratropical storms called *'nor*easters" have produced some of the highest storm 
surges and accompanying damages in recent history. However, hurricanes, because of their 
vast energy and relative compactness, have the potential to produce much higher water levels. 

a 
i 

a 
• 

Wind is the primary cause of storm surge. As it blows over the surface of the water, it exerts a r ^ | 
horizontal force that induces currents in the same general direction. In the case of a hurricane, the ^ ^ 
depth affected by this process depends upon the intensity and forward motion of the storm and can " ^ ^ 
reach several hundred feet. As the hurricane approaches the coastline, these horizontal currents are ' ^ H 
impeded by a sloping continental shelf, thereby causing the water level to rise. The amount of rise '^^^ 
increases shoreward to a maximum level that is often inland from the usual coastline. Because of the ^ ^ 
size and forward speed of hurricanes, the duration of peak surge is normally less than one tide cycle. ^ ^ | 

a 
a 
a 

Extratropical storms are usually slower moving and considerably larger than hurricanes, but less 
intense. Because of their relative size and motion, they prevail for longer periods at a particular 
location than hurricanes. Surge resulting from extratropical storms is not so much a function of 
extraordinarily high winds and rapid forward motion of the storm as it is the effect of sustained gale 
force winds blowing landward over an extended period of time, sometimes several tide cycles. The 
surge tends to build gradually, reaching higher levels with each astronomical high tide, still, with far 
less potential for catastrophic flooding than an intense hurricane. 
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Metro New York Hunrlcane Transportation Study 

Forecasting Errors 

Hurricane (and extratropical storm) forecasting is not an exact science. An analysis of hurricane 
forecasts made by the National Hurricane Center indicates the normal magnitude of error. From 1976 
to 1990. the average error in the oflkial 24-hour hurricane track forecast was 140 statute miles. The 
average error in the 12-hour official forecast was 70 miles. During the same time period, the average 
error in the official 24-hour wind speed forecast was 15 miles per hour (m.p.h.). and the average error 
m the 12-hour official forecast was 10 m.p.h. Decision maken should note that an increase of 10 
to 15 m.p.h. can easily raise the intensity value of an approaching hurricane one category on 
the Saffir/Simpsoo Hurricane Scale (Table 9). For this reason, ofHcials who are faced with an 
imminent hurricane emergency should consider preparing for a storm one category above the 
strength forecast for landfall. 

m 

TABLE 9 

SAFFIR/SIMPSON HURRICANE SCALE RANGES 

Central Pressure 
Category Millibars Inches 

Winds 
fMph) 

Winds 
(Kts) Damage 

>980 
965 - 979 
945 - 964 
920 - 944 

<920 

28.94 
28.50-28.91 
27.91-28.47 
27.17-27.88 

< 27.17 

74-95 
96-110 
111-130 
131-155 
>155 

64-83 
84-96 
97- 113 
114-135 
>135 

Minimal 
Moderate 
Extensive 
Extreme 
Catastrophic 

24 Intortm Technical Dala Report 

a 

m 



0 

Metro New YbfkHUnricahotrahspo^ 

• V , ; 

•\;vr^)T|/(j||t(^ 
;;'':;;i^-'Mt|^y;H^ 

'••'•: •• Jeraey a n ^ N ^ ^ City^ViiimjldM^a^a^ 
Figure 5yin ai north-northwisteriy dirMtipn^ mkldhg larta™ 40-60 
ffules per hour forward speed. Such a stbriti Would create a siifge of nifearly 30 feet at the Battery. 

Because of inaccuracies in forecasting the precise tracks and other parameters of approaching 
hurricanes, a worst-case approach is used for the hazards analysis. Peak surges and wind speeds 
computed by the SLOSH model are compiled according to hurricane intensity category, without 
regard to storm forward speed, approach direction, or track. Accordingly, these peak surge values 
are the highest that can be expected for each category, eliminating other variables that could be 
bothersome in preparedness planning and decision making. Their frequency of occurrence has not 
been calculated or considered in this population protection study. Table 10 gives peak surge heights 
that should be added to normal tide levels at locations shown in Figure 6. 
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1. Monmbuth Beach, N.J. ; \ . 
2. Sandy«6ok,N.J.!-, ;, ;! 
3. Keansbufg,N.J;-;,! 
4. Kcypqrt Harbor, N. J. 
5. Sayreviilc^N.J.: ] 
6. • Amboy,N.J. 
7. Victoiy Bridge. Raritan R. '. 
8. Tottenviilc, Statcn Island 
9. WoodbridgcN.J.' , 

10. Fresh Kills Landfill. Staten Island 
11. Travis. Statcn Island 
12. Linden. N.J. 
13. Goethals Bridge, Arthur Kill 
14. Elizabeth, N.J. 
15. Ncwaik Bay Bridge. Bayonne 
16. US 1 @ Passaic River. Newaric 
17. Passaic River, Harrison, N.J. 
18. Pulaski Skyway. Hackensack R. 
19. N.J. Turnpike, Kearny, N.J. 
20. Route 3. Secaucus, N.J. 
21. Ridgefield Park. Hackensack R. 
22. Palisades Park, Overpeck CR, 
23. Stapleton. Staten Island 
24. ST. George, Staten Island 
25. Bayonne, N.J. 
26. Bush Terminal, Brooklyn 
27. Liberty Island, N J. 
28. Battery, Manhattan 
29. Lincoln Tunnel 
30. W 96TH Street, Manhattan 
31. George Washington Bridge 
32. Spuyten Duyvil, Manhattan 
33. City Line. NY/C-Yonkcrs 
34. Tappan, Palisades State Park 
35. Ossimng,NY 
36. Peekskill/Indian Point, NY 
37. Manhattan Bridge, East R. 
38. Newtown Creek, Queens/Kings 
39. Hell Gate, Waids Island 
40. La Guardia Airport 

v-r '"m^j-^i'em!rmm 

' • • " • • • 6 . 2 ' " - -

7.7 ' 
9.7 

10.3 
8.2 

10.8 
10.7 
10.4 
10.0 
8.6 
9.0 
9.0 
8.9 
8.4 
7.1 
7.4 
8.5 
6.8 
6.9 
5.2 

Dry 
Dry 
9.9 

10.0 
. 9.2 
10.4 
10.3 
10.5 
7.5 
8.2 
6.9 
6.1 
5.5 
4.6 
2.9 
2.0 

10.1 
9.6 
7.9 
6.4 

i0;2 ' ' 
12.3 
15;6 
16.6 
11.6 
18.7 *• 
i8;o^ 
20.0 
12.5 
10.5 
10.5 
10.6 
10.7 
10.3 
9.1 
9.2 

10.0 
9.0 
7.4 
6.3 

Diy 
Dry 
15.4 
16.0 
12.5 
15.7 
15.7 
16.6 
17.2 
15.0 
14.1 
13.0 
11.6 
9.5 
7.6 
6.6 

15.8 
14.4 
11.7 
11.2 

' ' 13 .8 : 
• 16:5\' 

2o:i' 
22.4-' 
17.1 

'̂ 23^8'̂  
19J 
23.2 
19.3 
12.8 
14.3 
14.3 
14.4 
13.6 
11.8 
11.9 
13.4 
11.8 
8.5 
1.1 
Dry 
Dry 

21.1 
22.0 
19.3 
22.3 
22.8 
23.9 
20.5 
17.7 
16.8 
14.8 
13.4 
10.5 
8.7 
7.8 

22.4 
21.0 
14.9 
15.7 

-̂ii#-̂ --̂  ;-
;;2:i^^)V:l.!V'v :A 

'•Mr^^;:c':; , ' ^ 
^ • ' 2 7 > » " ' ' ' ^ - -

' • • 2 n i - ' ' ' " : \ ••; 
•'26;9^'-r'-"' v' • 

24.si 
26.9; 
21.9 
17.3 
17.7 
18.0 
17.8 
17.2 
15.6 
14.0 
15.9 
14.4 
12.2 
11.4" 
9.9 
9.2 

26.0 
26.7 
27.9 
27.6 
28.0 
28.7 
30.8 
28.1 
26.7 
24.6 
22.5 
17.5 
14.6 
13.7 
25.6 
23.6 
18.1 
20.8 
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TABLE lO-Cont 'd 

SLOSH MODEL SURGE ELEVATIONS 

Maximum Surge Height (ft)* 

Still-Wflter Elevation Above Normal Tide 

I 

29 

LoMtiow 

41 . Flushing Bay. Flushing Cr. 
42. Whitestone (Bronx) 
43 . Pelham Bay. Bronx 
44. Willets Point. Queens 
45. City Island. Bronx 
46. Manorhaven, Manhasset Bay 
47. Sands Point, Long Is. Sound 
48. Roslyn, Hempstead Harbor 
49. Olen Cove, long Is. Sound 
SO Mill Neck. Bayville, Nassau Co. 
51 . Centre Island, Oyster Bay 
52. Cold Spring Harbor, Oyster Bay 
53 . Northport Bay. Suffolk Co. 
54. Ashaioken, N . Shore. Suffolk 
55. Port Jefferson, North Shore 
56. Shorcham. Long Island Sound 
57. Mattituck, North Shore 
58. Orient, North Fork 
59. Shelter Island, Qardiners Bay 
60. Jamesport. Great Peconic Bay 
6 1 . Ward Point. Staten Island 
62. Huguenot, Statoi Island 
63. Great Kill. Staten Island 
64. Oakwood Beach, Staten Island 
65. Midland Beach, Staten Island 
66. South Beach. Staten Island 
67. Fort Hamilton, B r o c ^ y n 
68. Gravcsend Bay. Brooklyn 
69. Seagate, Coney Island 
70. Sheepshead B ^ , Coney Island 
7 1 . Floyd Bennett Naval Air Station 
72. Pennsylvania Ave. Jamaica Bay 
73 . Kennedy International Airport 
74. B r e e ^ Point. Rockaway Inlet 
7 5, Rockaway Beach, Queens 
76. East Rockaway Inlet 
77 . Lawrence, Nassau County 
78. Long Beach. Nassau County 
79. Island Park. Long Beach 
80. East Rockaway, Hewlett Bay 

Cat 1 Cat 2 Cat 3 

6.6 
6.5 
6.4 
6.3 
6.3 
6.5 
6.1 
6.2 
6.0 
5.7 
5.7 
5.7 
5.4 
5.2 
5.0 
4.6 
4.3 
4.5 
5.1 
3.8 

10.7 
10.2 
10.1 
9.7 
9.4 
9.1 
9.3 
9.2 
9.1 
7.8 
6.7 
6.2 
6.6 
9,1 
9.1 
9.0 
6.7 
8.7 
8.3 
6.1 

11.6 
11.3 
11.6 
11.4 
11.5 
11.7 
11.1 
11.3 
10.9 
10.3 
10.3 
10.3 
9.8 
9.3 
9.0 
8.1 
7.6 
7.4 
8.5 
6.8 

17.5 
16.6 
15.9 
15.7 
15.3 
15.0 
15.2 
15.2 
15.0 
15.1 
14.0 
15.7 
15.6 
14.3 
14.0 
14.8 
15.7 
15.5 
16.0 
17.0 

16.3 
16.6 
17.5 
18.3 
17.3 
17.8 
16.3 
16.5 
16.0 
15.2 
15.2 
15.1 
13.7 
13.6 
13.1 
11.8 

n.o 
10.4 
12.0 
10.2 
23.2 
22.1 
21.2 
21.0 
20.7 
20.4 
20.9 
20.8 
20.5 
21.0 
21.7 
25.0 
24.5 
20.0 
20.4 
20.0 
20.4 
20.1 
21.0 
22.1 

CM 4 

20.9 
22.2 
22.4 
23.0 
22.2 
22.7 
21.5 
21.8 
21.0 
19.8 
19.8 
19.8 
18.1 
18,0 
17.3 
15.5 
14,6 
13.4 
15.5 
13.8 
27.6 
27.4 
27.1 
27.0 
26.8 
26.4 
27.0 
27.2 
26.4 
27.4 
28.5 
31.3 
31.2 
25.9 
26.6 
25.2 
25.4 
24.8 
25.7 
26.9 

n 
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, - .y :82. - ; ; . . ; . - Frecport;'soiithshbre,Nassau;:';' i: • -(^• . •• ' : . j^ :^ . ; , J i '^ . \ : . '2 :^-?-y- :?^^i- \ - \ i ' : : ' •,<;,. 
84- • JoricsBcacfiState^Pairkr J -
85. - V WahtaghParlcwayVEastBay . 
86; , : : GilgoBeach,;SuflfolfcCo^ 
87. AihityViilc. Great South Bay , 
88: West Jsiip, Great Sbuth Bay 
89. Atlantiquc, Fire Island 
90. Davis Park. Fire Island 
91. Patchogue, Great South Bay 
92. Smith Pt/Moriches, Grt So. Bay 
93. Center Oriches, Moriches Bay 
94. West Hampton, Moriches Bay 
95. Mecox Bay, South Shore 
96. Napeag;ue Beach. South Shore 
97. Montauk Point, South Fork 
98. New Rochelle, Westchester Co. 
99. Mamaroneck Harbor, L.I. Sound 
100. Port Chester, R Y . State Line 
101. Greenwich Cove, Connecticut 
102. Shippan Point, Connecticut 
103. Stamford, Connecticut 
104. Norwalk, Connecticut 
105. Weslpoint, Connecticut 
106. Bridgeport, Connecticut 
107. Stratford. Connecticut 

''l¥^' 
-iA"-^ 
.•13:-^ 
8.0,.. 
2.5 
3.2' 
6.8 
6.5 
2.4 
6.2 
5.5 
6.0 
5.7 
5.2 
4.9 
6.1 
6.0 
5.8 
8.4 
8.1 
8.0 
7.1 
6,9 
7.2 
7.6 

' ' ' ' \ & • 

•13^8^ 
• 13;3 •' 

13.6;;. 
8.7; . 
8.4 

11.4 
11.3 
4.8 

10.6 
9.7 

10.4 
9.9 
8.9 
7.9 

11.2 
11.0 
10.6 
8.4 
8.1 
8.0 
7.1 
6.9 
7.2 
7.6 

'•^ii:<>^ 
•-19.L' 
;N20;5r-
,il7.3... 

• i9;7 
15.9 
15.4 
15.9 
9.2 

14.8 
13.2 
14.1 
14.0 
12.6 
10.7 
16.4 
15.9 
15.6 
11.1 
10.6 
10.2 
10.0 
10.0 
11,1 
11.6 

••12^!3. 
' 24:i 
••: .27;o 
-•;23.5. 

26:i 
22.6 

• 19.8 
19.6 
15.1 
18.2 
19.7 
18.1 
17.9 
16.2 
13.5 
21.5 
21.0 
20.5 
15.1 
14.9 
14.4 
13.3 
13.2 
13.9 
14.3 

• • v ' . 

•Surge heights shown in this table represent the worst-case combination of forward speed, approach direction, and 
track. Frequency ofoccurrence has not been determined. 
For high tides, see Table 11. 
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Metro New Yorit Hurricane Transportation Study 

The SLOSH model does not provide data concerning the additional heights of waves generated on 
top of the still-water storm surge. Generally, waves do not add significantly to the area flooded. 
However, immediately along the coastline or the shorelines of laige bodies of water, wave crests 
can increase the expected water depth above the terrain by one-third, thus greatly increasing 
the hazard. Due to the presence of buildings and other barriers, waves usually break and dissipate 
a tremendous amount of energy within a short distance inland. Structures in that zone are often 
heavily damaged or destroyed if not specifically designed to withstand the forces of wave action. 

Since the datum used in the SLOSH model is National Geodetic Vertical Datum (NGVD), formerly 
known as mean sea level of 1929 (m.s.l.), an astronomical tide level above NGVD would add 
additional height to the values computed by the SLOSH model. This would be especially significant, 
percentage-wise, for less intense storms. New York State opted to make any necessary adjustments 
for tide on a case^y-case basis during an actual event; therefore, inundation mapping for New York 
State is based on n̂ ean tkie level. Consistent with the worst-case planning approach used throughout 
the New Jersey study, a general adjustment of +3 feet was made in mapping maximum surge values 
for that state. New Jersey hurricane inundation areas shown in this report reflect this adjustment. 
In Connecticut, for the inundation mapping, surge height adjustments were varied fi'om east to west 
according to normal tide range. If astronomical high tide occurs coincidentally with the peak 
storm surge, the combination could be considerably higher than the SLOSH surge values 
shown in Table 10 of this report. 

Table 11 gives the height of the normal high tide above mean tide level for sample locations within 
the study area. Spring tide situations would add less than 1 foot to these values. 

1̂  

Adjustments to SLOSH Values 

The accuracy of the SLOSH model has been evaluated using parameters of historical hurricanes to 
hindcast the surge heights measured after those storms. In Manhattan, for Hurricane Gloria the 
SLOSH model computed the same peak surge at the Battery that was recorded on the National 
Ocean Service (NOS) tide gage. More recently, the SLOSH model computed the peak surge fi'om 
Hurricane Hugo abnost exactly and understated the peak surge fit)m Hurricane Andrew by about two 
feet. Planners should keep in mind that the SLOSH model is a mathematical model that carmot 
ahvays replicate nature perfectly. Based on a statistical analysis conducted by the National Hurricane 
Center, addmg 20 percent to the computed SLOSH values would eliminate most of the potential M 
negative errors. However, such an adjustment would also add additional surge height to those values '"̂  ^ 
that already contain positive errors, pos^bly endangering the credibility of the SLOSH results. Since . ^ H 
a general adjustment for SLOSH errors was not made to the computed surge heights for this '^^^ 
study, decision makers should remember that some of the values shown could understate the 
potential surge by as much as 20 percent 
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vi-̂ f̂  1̂ 'TAfilifeMiS W*?® 

m 
i^nl\hl^4 vf̂ O i ni 

t ! ( «i ! 

New York t h y ' 
Coney Island 
St George 
TheBattety 
S p i ^ t e h D i ^ l 
East 41 St Street 
Wards Island , 
Bixmx River' ' 
Whitestone Bridge 

Westchester C o u n ^ 
Yonkcrs, " 
Ossining 
Peekskill . 
New Rochelle 
Port Chester 

Nassau County 
Manhasset Bay 
Oyster Bay 
Massqiequa 
Freeport 
Long Beach 
Woodmerc 

)-!/( 

} 1 

i, Hefght Above 

;U^muyim 
20 
20 
2.0 
2.0 
2.0,: 
2.5 
3 . 6 ' 
3.5'-• 

2.0 
1.5 
1.0 
3.5 
3.5 

3.5 
3.5 
0.5 
1.5 
2.0 
2.0 

I i \ 
i tudton Couniy 
Port EUzabeth 
Constable Hoojc 
Shooters Island 

Essex County 
Newark, Passaic River 

Beiigeti County 
Kearny Point 
Hackensack 

Unkin County 
Carteret 

2 3 
2 .1 , 
2:1' 

2.4 

2.4 
2.4 

2.3 

Middlesex County (Arthur Kill) 
Perth Amboy . 2.8 

l i 
IJ 
[J 

SufTolk County 
Lloyd Harbor 
Port Jefferson 
Mattituck 
Plum Island 
Riverhead 
Threemile Harbor 
Montauk Point 
Shinnecock Inlet 
Moriches Inlet 
Mastic Beach 
Fire Island 
Bellport 
Sayville 
Babylon 
Amityville 

3.5 
3.0 
2.5 
1.0 
1.0 
1.0 
1.0 
1.5 
1.5 
0.5 
2.0 
0.5 
0.5 
0.5 
0.5 
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Metro New York Hurricane Transportation Study 

Storm Surge Rate-of-Rise 

The SLOSH model provides a time-history tabulation of surge height, wind speed, and wind direction 
for critical locarions within the study area. The time-history values for the Battery on the southern 
tip of Manhattan Island were analyzed for hypothetical storm surge rate-of-rise. For other locations, 
comparisons of similar computed data to actual tide gage records have shown a correlation well 
within the 20 percent discussed above. The SLOSH time-history analysis shows that the maximum 
houriy rise could vary from 6 feet for a Category I hurricane to 17 feet for a Category 4 storm (see 
Table 12 and Figures 7-10). Implications of these rates are discussed in the vulnerability analysis. 

Rainfall Flooding 

Due to the wide variation in amounts and times ofoccurrence fi'om one storm event to another, 
potenrial freshwater flooding from rainfall accompanying hurricanes is usually addressed in general 
terms in Hurricane Evacuation Studies. For most hurricanes, the heaviest rainfall begins near the time 
of arrival of sustained tropical storm winds; however, heavy rains exceeding 20 inches can precede 
an approaching hurricane by as much as 24 hours. Unrelated weather systems can also contribute 
significant rainfidl amoimts within a basin in advance of a hurricane. If a severe coastal storm causes 
riverine and storm surge flooding in a major river basin, the surge flooding usually occurs first, near 
the height of the storm, while the riverine flooding typically develops later as rainfall runoff 
accumulates and flows seaward. This sequence can vary, however, depending on storm track and 
forward speed as well as the pattern of rainfall preceding its arrival. For this study, locations and 
facilities that have historically flooded during periods of heavy rainfall are assumed to be vulnerable 
to fi'eshwater flooding fi'om hurricane conditions. Particular rainfall flooding problems are discussed 
in the Vulnerability Analysis. 
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Metro New Yorfc Hurricane Transportation Study 

VULNERABILITY ANALYSIS | 

I This vulnerability analysis, based on SLOSH model hazards data of proven reliability, greatly 
heightens the urgency for coordinated coastal storm preparedness planning among Metro 
transportation and governmental agencies. Based on hypothetical surge and wind data, as well 
as actual eventSt there is an immediate need for comprehensive plans that can be put into 
motion by timdy decisions. 

Hazards Basis 

Hazards information developed for the New Jersey, New York, and Connecticut Hurricane 
Evacuation Studies was used to evaluate the vulnerability of the various transportation systems to 
coastal storm winds and surge. Riverine flooding data from the USACE Passaic River Basin Study 
is aUo included. This analysis is not intended to be all-inclusive, but rather to provide a 
representative basis for comprehensive preparedness planning on major systems. It is beyond 
the scope of this study to determine vulnerability in exact terms. As part of an effective 
mitigation program, individual agencies should perform a detailed investigation to identify all 
points of system vulnerability and assess the associated wind and/or flood hazard. 

Storm ofDecember 11-12,1992 

The threshold of vulnerability for most Metro transportation systems was exceeded by the surge and 
winds accompanying the December 1992 extratropical storm. During that event, the still-water level 
at the Battery NOS tide gage peaked at about 8.5 feet above NGVD and high winds caused traffic 
accidents that closed several high-rise bridges. Ahhough critical flood levels (elevation at which flood 
water will b^in entering or covering system fadlities) for most systems were surpassed for fairly brief 
periods, and by only 1 to 2 feet, near paralysis of the Metro area resuhed. The flooding had major 
impacts on important transportation systems but, with only a few exceptions, stopped just short of 
being life-threatening. If this storm surge had peaked 2 feet higher, lives could have been lost on the 
roadways and rail systems. 

Two of the most vulnerable systems, the underground rail networks belonging to Port Authority 
Trans-Hudson (PATH) and New York City Transit Authority (subway) were completely shut down. 
Storm surge entered the PATH system in at least one location, the Erie-Lackawana staircase at the 
Hoboken Tenninal where the critical elevation is 7.4 feet NGVD (see Figure 11). Low points in the 
rail tunnels were flooded and major damage occurred to the control signals. The Port Authority's 
Pathways newspaper reported that a train with 19 passengers stalled 75 yards from the Hoboken 
Terminal. Rescuers worked for 1-1/2 hours to move those passengers from the train into the 
terminal. Portions of the system were out of operation for 10 days. Surge only 1 to 2 feet higher 
than the December 1992 storm would involve other points of entry and probably cause massive 
floodmg of the PATH tunnels. 

37 tntarfm Technical Data Raport 



[1 

1*1 

1 

Metro New York Hunrlcane Tfansportatlon Study 

FIGURE 11 

1 

Floodwater cascades into the Hoboken PATH Station 
December 11, 1992 
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Mefro New York Hunicane Trantportatlon Study 

Almost sunultaneously, the New^York City Transit Authority lost electrical power for subway 
signalization, crippling the entire system T h e . ^ ^ York Times reported,that an^•Train was.stopped 
for nearly 2 hours between 8th Street and Union Square An L-Train was backed out of the 14th 
Street tuni^ when it began filling with water Three hundred passengers had to leave a G-Train and 
walk 1000 feet out of the flooded Greenpoint tunnel No^required^time was reported for that 
incident Above ground, 100 passengers were stranded on an A-Train in flood waters at Broad 
Channel 

Other rail agencies were also severely affected The same power outage that stalled the subway 
system stoppied Metro-North service into Grand Central Station. Iii addition; the Metro-North 
Hudson Line was flooded in Westcheister County hear the Cfotbn-Harmon station. According to one 
newspaper rieport, 300 automobiles were flooded at the Westpbrt, Connecticut station. Long Island 
Rail Road service was suspended to Long Beach, Far Rockaway, Montauk, Port Washington, and 
from Hicksville to Farmingdale. New Jersey Transit rail service at Hoboken was closed and tracks 
were reported flooded or washed out at East Rutherford, Lyndhurst, Harrison, and Kearny. There 
was also extensive damage to electrical equipment. Figure 12 shows selected locations where New 
Jersey Transit rail experienced flood problems. 

During the same nor'easter, roadway flooding was widespread. In New York City, the Battery Park 
Tunnel held sbc feet of water, FDR Drive had major flooding that required rescues by emergency 
personnel (see Figure 13), and West Street, Belt Parkway, Hutchinson River Parkway and Father 
Capodanno Boulevard were all closed. In Nassau County, the Meadowbrook, Wantaugh, and Robert 
Moses Parkways were closed as were Westchester County's Hutchinson River, Bronx River, and Saw 
Mill River Parkways. New Jersey roadway closures included the Garden State and Meadowlands 
Parkways, Routes 1 and 9 in Rahway, and Harrison Avenue and Belleville Turnpike m Kearny. 

Roadway travel was further complicated by bridge closures. Approaches to the Cross Bay, Marine 
Parkway, and Bronx-Whitestone Bridges were flooded and traffic accidents caused by high winds 
closed several other bridges. The Goethals, Outerbridge, Verrazano-Narrows lower level, Throgs 
Neck, Heiuy Hudson, and Brooklyn Bridges were closed due to various wind-related problems. 

Miscellaneous closures included LaGuardia Airport, because of runway flooding, and the Staten 
Island Ferry, with wind and wave problems. 
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• ^ : PascackVallay Une - Track flooded'at Union Ave., East Rutherford 

' ^ Pmcack Junction-Signal cases under water. 

,' „<J^' Main Une-Trackflooded in L^dhurat near Valley Brook Road. 

- ^ ' BergenCo. Une,.HackenasackR. at Secaucus-Water in signal cse. 

• . ^ . Boonton Une In Keamy-TrackwasHed put • j 

'-:^Mbrristown'andEssex:Une-track wraahout;damaQett) equipment *-

. 4 ^ Bwgen Tunnel-Cable.groundod in tunnel. 
.,iJ-,-'"!:'U-Ji*. * 

^-Hoboken Station - Extensive andvariedflood damages; 
tunnd to NYC flooded. 

^ LZ 

FLOOD AREA 
CATEOCWY' 1 HURRICANE 

AI^TTr^NM. ROOD AREA 
CATEGORY 2 HURRICWE 

AOOrmONM. FLOOD AREA 
• CATEGORY, 3 HUHRtCANE 

AODTmONAL FLOOD AREA 
CATEGORY 4 HUHRflSANE 

- DECEMBER/1992 NORTHEASTER' 

SELECTED NJ^TRANSIT FLOODING LOCATIONS • 
FIGURE 12 
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Mfltro New York HiirrlMiiB trtnabwtrtlbn Study 

ij 

and storm surge vulnerability The vulnerability of tunnels (rail and roadway) to flooding depends 
'}^%i/ tw^jpn^^ 

and duration), and the significance of that volume to the system in question The SLOSH model has 
provided accurate estimates of potential surge heights and duration Table 13 compares the critical 
eleyadpns pif Varib̂ ^̂ ^ 
stid Table IS shows all i&cility d^vatioiris considered during thbstudy; Figuries 14 thrbiigh 18 depict 
potential suige heights at prominent Metro locations. Appendbccs A through I contain hazards and 
vulnerability data developed for each facility. 

In the case of subways and other underground rail systems, the network is complex and points of 
entiy for flood waters are numerous and varied. When examined in isolation^ some locations do not 
appear to be vulnerable but flirther analysis shows that interconnections at various levels ultimately 
combine all of the indWidual systems into one network. Table 16 gives a representative list of these 
interconnections. Nearly every rail tunnel system has significant points of entry below 10 feet NGVD. 

The dire signiflcance of the December 1992 storm events is revealed by Table 12 and Figures 7 
through 10. If the surge associated with that storm had instead resulted from a moderate to severe 
hurricane, it could have peaked from 16 to 30 feet above normal water levels with a maximum hourly 
rise of 17 feet. For example, if the PATH incident had involved a worst-case Category 2 hurricane 
(not a particularly rare event), flooding would have peaked at a depth of 8 feet in the Hoboken 
terminal about 1 hour after initially entering the building. As discussed above in the Hazards Analysis, 
the rapidly rising flood waters probably would have trapped rescuers and passengers alike. Similar 
life^threatening situations in the roadway tunnels and throughout the rail tunnel network can 
be avoided only by making timely decisions to dose and evacuate affected facilities prior to the 
on^et of the flood event Stringent measures must also be used to prevent the public from 
taking shelter in these facilities. 

The possibility of voluminous flood waters rapidly filling several roadway tunnels and a large 
percentage of the rail tunnel network raises a sperter of catastrophe. In the worst-case scenario, all 
rail tunnels would first flood to the peak surge level (possibly to an elevation of nearly 30 feet 
NGVD), then the floodwaters would recede and stabilize at the level of the lowest surface openings, 
about 7-8 feet NGVD. Trapped floodwaters would fill AMTRAKTLong Island Rail Road tunnels, 
lower levels of Grand Central and Penn Stations, the PATH system, and the Manhattan subway 
system from the Battety to at least 14th Street, including the East River tunnels. Flooding of the subway system 
in other boroughs has not been evaluated, but would also be severe. System managers should 
consider the potential impacts of major flooding on their facilities and be prepared for long-term consequences. 
Rehabilitation of the infrastructure after such an event would take many months, m some cases years, causing 
serious disruptions to nomial travel patterns. 

Interim Tectinloal Data Rsport 42 



:l 

1 

] 
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FIGURE 14 - Potential Category 2 hurricane surge at Hoboken Terminal 
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II FIGURE 15 - Potential Category 2 hurricane surge at Manhattan Holland Tunnel entrance 
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FIGURE 16 - Potential Category 1 hurricane surge at Manhattan Brooklyn-Battery entrance 
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FIGURE 17 - Potential Category 2 hurricane surge at South Ferry (Battery) Subway Station 
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Metro New York Hunioane Transportation Study 

FIGURE 18 - Potential Category 3 hurricane surge at Worid Trade Center, West Street 
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PATHH-i^hahgc Place Station :, "', ' •.'-^X:'-^yUiyy':<t;;i.l<0^^^^ 
tA-'t4tK'StreetTuimeI@ Avenueb Vent' • ^U^ -̂ >-:'--''^Mil:i_:'fr\:v^^^^ iViV 
P A T H - » t o o n Street Shaft i•^•r^]^^rr.::]:i,,::yx^:.^^^^^^^ 
PATH-ifobokenStation • A^i'^.^:;;-:'^-•;;|.u;;:'>Mi^r.:^.>^.|;-,7.4--;/'. ^ î/: 
TA-M6ntafeuc Street Tunnel @ grates in Broad St •••'••• '''••'•"• . - .VV;. , : , ; , ; --.: 7.5;>.. >-.' 
PATH-Washington Street Shaft ,:• , j i' i . > 7.6 ; /; 
PATH/TA-World Trade Center Ramp D -• 8;1 -^^i 
TA-Greehfioint Jackson Ave G^ewtown Cr) '• ••'• •-::•:.'•. . 'v 8.]: ••.•>.••;•; 
TA-A.CJE Lines @ Canal Street Station . , 8.7, ., 
AMTRAK/LIRR-East River Tunnel @ L.I. Shaft 9.0 
TA-Soulh Ferry Station 9.1 
TA-Whitehall Street Station 9.1 .' 
TA-Clark Street Tunnel @ Front Street Vent 9.1 
PATH-ISlhSU-cct Shaft 9.6. 
PATH-Railroad Avenue Shaft 9.7 
PATH-Gitjve Street Station 9.8 
TA-Joralemon Tunnel @ State Street Grate 9.8 
TA-1,2,3,9 Lines @ Canal Street Orate 9.8 
TA-Lcxington Ave Tunnel @ 135th St Bronx Vent 9.9 
PATH-Pavonia Avenue Station 10.0 
AMTRAK/LIRR @ West Side Yard 10.0 
TA-53rd Street Tunnel @ Nott Avenue Vent 10.0 
TA-Rutgers Street Tunnel @ South Suect Vent 10.6 
TA/METRO NORTH-Stcinway Tunnel @ 50th Ave Vent 11.0 
AMTRAK/LIRR @ East River Tunnel Top-of-Ramp 12.0 
AMTRAK/LIRR @ Weehawken Shaft 12.3 
PATH/TA-World Trade Center Concourse 12.6 
TA-63rd Slreet Tunnel @ Qucensbridge Vent 12.7 
TA-Yankee Stadium Tunnel @ I57lh Street Vent 12.8 
AMTRAK/LIRR @ East River Tunnel IstAveShaft 14.5 

Highway TunneU 

Holland Tunnel New Jersey Entrance 7.6 
Holland Tunnel New Jersey Land Vent Shaft 7.6 
Brooklyn-Battery Tunnel West Street Entrance 8.6 
Brooklyn-Battery Tunnel Batteiy Ent @ Morris St 8.6 
Holland Tunnel New York River Vent Shaft 8.6 
Holland Tunnel New York Land Vent Shaft 8.6 
Holland Tunnel New York EnU-ance 9.5 
Holland Tunnel New Jersey River Vent Shaft 10.6 
Lincoln Tunnel New Jersey Vent Shaft 10,6 
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Metre New York Hurricane Transportation Study 

TABLE 14--Confd 

CRITICAL ELEVATIONS FOR TUNNEL FLOODING 

Highway TuMicb 

Lincoln Tunnel New York Third Tube Vent Shaft 
Queens Midtown Tunnel Queens Entrance 
Lincohi Tunnel New York River Vent Shaft 
Brooklyn-Battery Tunnel Brooklyn Entrance 
Queens Midtown Turmel Queens Voit Shaft 
Brooklyn-BfUtoy Tunnel Oovemors Is Vent 
Brooklyn Battery Tunnel Manhattan Vent Shaft 
Queens Midtown Tuimel Manhattan Entrance 
Brooklyn-Battery Tunnel Brooklyn Vent Shaft 
Lincoln Tuimel New Ycffk Land Vent Shaft 
LincoUi Tuimel New York Entrance 
Queens Midtown Turmel Manhattan Vent Shaft 
Lincoln Turmel New Jersey Entrance 

Elevation fNGVDI 

10.6 
10.6 
11.6 
11.6 
12.6 
12.6 
13.6 
14.6 
14.6 
19.6 
22.6 
22.6 
27.6 

u 

iT 
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1 ^.?*',K.^TABLE45'r 

' CRIfnCAL^ELEVATIONS FOR FLOODING 
^ BYiAGENCY ANDFACtLITY 

. ' . ., Elevation fNGVD> 

New York Cltv TrariiH Aiithorttv • :'. .:^j:S.h'^hy}i)^M.m^^^ 

Station Entraacea 

IRT,IND3MT Divisions. Lines 1.9 .̂3 ,A.C3.N.R • ;•. . -; 
World Trade Center Ramp D : , / . ' . . v S.l, 
World Trade Center Concourse ^ . 12,6 

BMT Division, Lines M.N&R 
Whitehall Street 9.1 
Canal Street 14.0 

IND Division, Lines A,C,&E 
Canal Street 8.7 

IRT Division, Lines 1&9 
South Ferry 9.1 
Canal Street (Orate nr Entrance) 9.8 
Franklin Street 12.9 
Rector Street 13.8 

IRT Division, Lines 4&5 
Canal Street ' 16.8 
Bowling Green 16.9 

BMT Division, Line F 
W 4th Street (Washington Sq) 19.6 

BMT Division, Lines B,D,&Q 
W 4th Street (Washington Sq) 19.6 

River Tunnels 

Crwibeny Street (A&C Lines) Front St Vent 7.0 
14th Street (L Line) Avenue D Vent 7.2 
Montague St (M.N&R Lines) Grates in Broad St 7.5 
Greenpoint-Jackson Ave(Newtown Cr)(G Line) 8.1 
Clark Street (2&3 Lines) Front Street Vent 9.1 
Joralemon St (4&5 Lines) State Street Orate 9.8 
Lexington Ave C4,5&6 Lines) 135lh St Bronx 9.9 
53rd Street (E&F Lines) Nott Ave Vent 10.0 
Rutgers Street (F Line) South Street Vent 10.6 
Steinway (7 Line) 50th Ave Vent 11.0 
63rd Street (B&Q Lines) Qucensbridge Vent 12.7 
Yankee Stadium (C&D Lines) 155th St Vent 12.8 
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Metro New York Hunicane Transportation Study 

TABLE 15-Confd 

CRmCAL ELEVATIONS FOR FLOODING 
BY AGENCY AND FACILITY 

Elevation (NGVD\ 

AMTRAKrt^qf U]fM Rill B«niT 

Flood Sources 
East River Tuimel Long Island Shaft 
West side Storage Yard lOOyr storm berm 
East River Tunnel Top-of-Ramp 
North (Hudson) River Weehawken Shaft 
East River Tunnel 1 st Avenue Shaft 
ToD-of-Rail ElevaUon 

Long Island Rail Road on Long Island 
Long Beach Branch line @ Oceanside 
Port Washington Branch line @ Flushing 
Far Rockaway Branch lirK 

@Far Rockaway 
©Valley Stream 

Oyster Bay station 

Port Authority of New York & New Jersey 

9.0 
10.0 
12.0 
12.3 
14.5 
-6.3 

6.2 
9.2 

9.2 
U.4 
9.5 

Port Authority Trans-Hudson Corp (PATH) 
Open Territory @ Kearny N.J. 
Substation #8 Kearny N.J. 
Substation #4 Exchange Place NJ. 
Henderson Car Sh<^ 
Exchange Place 
Subsution #7 Broadway & Hallerick N, J. 
Substation #9 Harrison N.J, 
Morton Slreet Shaft 
Hoboken Station 
Washington Street Shaft 
Substation #2-2a Washington Street N.J. 
World Trade Center Ramp D 
I5thSU:eet Shaft 
Railroad Avenue Shaft 
Grove Street Station 
Pavonia Avenue Station 
Subsution #3 (WTC) 
Hoboken Sht^ 

6.0 
6.0 
6.0 
7.0 
7.0 
7.0 
7.0 
7.3 
7.4 
7.6 
7.9 
8.1 
9.6 
9.7 
9.8 

10.0 
10.0 
11.9 
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*̂  TABLi l^e^nVd 

' CRITltA'L'ELilV^liONSFORlMbDllNG 
' BYVGEVCYAND'FACILITY 

' ' " E^vatiOB(NGVD\ 

Tufln^lflwrEkYflMgn 
World Trade Cenier or/.^•i-50,8; . ;. 
Chiiitbphci-Street Station " ^•::f'^yi^'As><--' 
9tti Street Station -^15:0 I; 
12ih Street Station ^̂  • ^ ' 'O.O :•'• 
Uth Street Station ' ^•'•6.1-.•• 
19th Street Station T6:p ; 
H(^kenSlaUon ' ; -i^O 
Exchange Place Station -71.6 • 
Grove Street Station -15.6 
Pavonia Staticm -43.0 

Holland Tunnel 
New Jersey Top-of-Ramp 7.6 • 

I New Jersey Land Vent 7.6 
I New York River Vent 8,6 

New York Land Vent 8.6 
t s New York Top-of-Ramp 9.5 
I I New Jersey River Vent 10.6 
' t^incpln Tunnel 

New Jersey Vent 10.6 
New Yoric Third Tube Vent 10.6 
New York River Vent 11.6 
New York Land Vent 19.6 
New Yoik Top-of-Ramp 22.6 
New Jersey Top-of-Ramp 27.6 

Marine Terminals (average elevation) 
Passenger Ship Terminal 8.9 
Pier 40 8.9 
Autoport 9.5 
Port Newark & Elizabeth 9.6 

] Red Hook Marine Terminal 9.8 
j Howland Hook 9.9 

AJTpCTts 
Teterboro Airport 5.0 

I LaGuardia Airport 6.8 
' Newark International 10.3 

John F. Kennedy biteraational 11.7 
[ Bridges (Lowest Approach Elevation) 
j Goethals @ Staten Island Expressway 15.0 

Bayonne @ John F. Kennedy Ave 20.+ 
• Outerbridge 50.+ 

George Washington 200.+ 
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TABLE 15-Contd 

CRITICAL ELEVATIONS FOR FLOODING 
BY AGENCY AND FACILrrY 

Elevation (NGVD> 
MTA Bridget and Tunneb 

Queens Midtown Tunnel 
Queens Entrance 
Queens Vent 
Manhattan Entrance 
Manhattan Vent 

RrpffKlvn Rnflcry Timiwl 
Manhattan West Street Entrance 
Manhattan Battery Ent @ Mcvris Street 
Brookfyn Entrance 
Governors Island Vent 
Manhattan Vent 
Brooklyn Vent 

Bridges 
Verrazano-Narrows @ S^uxc Parkway 
Marine Parkway @ Beach Channel Dr 
Cross Bay Pailcway @ Cross Bay Blvd 
Throgs Neck @ Throgs Nock Expwy 
Bronx-Whitestone @ Hutchinson R Pkwy 
Triborough @E. 125th/2nd Ave. 
Heruy Hudson Parkway 

Metro-North 

Grand Central Terminal 
Flood Source 

IRT Steinway Tube Queens Vent (7 Line) 
ToD-of-Rail Elevations 

IRT Steinway Tube 
IRT 4.5,& 6 Lines 
Lowest Metro-North level 

Hudson Line 
1500 ft South of Croton River (2 tracks) 
Croton River Bridge (2 tracks) 
Spuyten Duyvil 

New Haven Line 
Fairiield County Connecticut 
Town of Wcstport @ Sherwood Millpond 

@Sasco Creek 
Town of Fairfiekl @ Grasmere Brook 

@ Rooster River 
Town of Stratford @ Bruce Brook 

10.6 
12.6 
14.6 
22.6 

8.6 
8.6 

11.6 
12.6 
13.6 
14.6 

8.0 
8.0 
8.0 

10.0 
12.0 
15.0 

100.+ 

11.0 

-14.0 
8.0 

12.0 

6.3-6.5 
7.0-7.5 

7.7 

9.8 
12.5 
9.6 

17.0 
22.0 

L 

55 Intertm Technical Date Report 



1 

l i 
11 
u 
II 
[l 

(I 

^ ^ e i i v ^ i i e a i : V ^ i j ^ ^ 
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•World TradiiCoitcr isr;.;'? •;•;• ;'?A;G3Lihes-Crflriberty/runncl(;'r';;-r;;n /̂ Qr̂ iliM-"'-''••••'•• '^'.v 
./ . . ;•;, . , ...PATH-ExdiongePlaia ^ /̂•̂ :.,"".,̂ ;.;;' 7-^/,'l;V ' -.̂ ^ -̂-r-

•.."' NtolLines^MohtagiwTUnMr'-'V^ 

Fultbri Stre^ 

Chambers Street/ 
Brooklyn Br-City Hall 

Canal Street 

Essex Street/ 
Delancy Street 

Bleeker Street/ 
Broadway-LaFayette 

W 4th St-Washington 
Square 

14th Street-Union Sq 

14th Street-6th Ave 

14thStreet-8thAve 

33rd Street-6th Ave 

1&9 Lines-South Feriy Station 
2&3.Lines-eiarkSt Tunnel v.,, • 

AX Lines-Q-ahlierry Tunnel • • 
M Line-Montaigiie St; Tunnel 
2&3 Lines-Clark SL Tunnel 
4&5 Lincs-Joralemon Tunnel 

MJ.& Z Lines-Montague Tunnel 
4,5,& 6 Lincs-Joralemon Tunnel 

N&R Lines-Montague Tuimel 
M,J,& Z Lines-Montague Tuimel 
4,S,& 6 Lines-Joralemon Tuimel 

MJ,& Z Lines-Montague Tunnel 
F Line-Rutgers Slreet Tunnel 

4,5,& 6 Lines-Joralemon Tunnel 
BX),F,& Q-Rutgcrs St Tunnel 

A,C,& E Lines-Cranberry Tunnel 
BX>^,& Q-Rutgers St Tunnel 

L Line-14lh Street Tunnel 
NJl Lines-Montague St Tuimel 
4,5,& 6 Lines-Joralemon Tunnel 

L Line-14lh Slreet Tunnel 
PATH-Hoboken Station 
1,2,3,& 9 Lines-South Feny 
B.D,F.& Q-Rutgers St Tunnel 

A,C,& E Lines-Cranbeny Tunnel 
L Line-14th Street Tunnel 

N,R Lines-Montague St Turmel 
AMTRAK/LIRR-Easl River Tunnel 
B,D,F.& Q-Rutgers St Tunnel 

9.1 

7.0 / - ^ 
7.5 , 
9.1 
9.8 

7.5 
9.8 

7.5 
7.5 
9.8 , 

7.5 
10.6 

9.8 
10.6 

7.0 
10.6 

7.2 
7.5 
9.8 

7.2 
7.4 
9.1 

10.6 

7.0 
7.2 

7.5 
9.0 

10.6 

Note: WTC & Fulton Street Stations are connected by the A&C Lines and the 2&3 Lines 
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Metro New Yorit Hunicane Traneportatlon Study 

Vulnerability to Wind Hazards 

• 
• 
• 

Within the transportation network, high-rise bridges are particularly vulnerable to the hazards of H 
extreme winds. Although some could experience wind-related structural problems, traffic hazards 
will probably stop travel before this can become a significant &ctor. As mentioned previously, several ^ 
major high-rise bridges were closed during the nor'easter ofDecember 1992 after gale-force winds r j H 
caused traffic accidents. Based on past experience with overturned high profile vehicles, a limiting 
wind speed should be established for normal bridge operations in the Metro area. Major facilities 
should be equipped with wind measurement devices to monitor on-site velocities, and bridge traffic 
should be restriaed or closed before the limiting speed is exceeded. 

In the study area, complete structural failure of tall buildings due to extreme winds is not a major 
concern. However, past wind storms in other locadons have shown that combinations of wind forces -̂̂  
on multi-stoiy buildings, as described in the hazards analysis section, can result in window breakage, 
the destruction of interior partitions, and loss of exterior cladding, creating the potential for high 
numbers of casualties. Not only could building occupants be endangered, but debris falling onto the 
streets fi'om high above could create an extreme hazard to pedestrians. During an intense storm, wind 
pressures on upper portions of tall structures can be much greater than those at ground level. These 
pressures can cause significant problems during even a moderate hurricane. Building owners should 
review their structure's design standards and consider methods of retrofitting to improve its resistance 
to wind damage. Any plans for providing areas of vertical refuge should include an evaluation of 
potential wind damage and related hazards inside the building. As discussed in the "Evacuation 
Alternatives" section, vertical evacuation should not be planned as an alternative to horizontal 
evacuation. 

Vulnerability to Rainfall Flooding 

Riverine flooding in the Passaic River Basin has historically caused extensive property damage and f f 
taxed the emergency management resources of New Jersey's State, county, and municipal ^ -
governments. Several of the passenger rail lines and major highways that link commuters with 
Manhattan lie in those fiood-prone areas. 

From an emergency management perspective, whether before, during, or afler a coastal storm, 
riverine flooding can disrupt regional rail and highway traffic and operations. Low-lying segments 
and spot locations along Passaic Region rail tines and highways, and areas with a history of disruption 
because of poor drainage, are shown in Figure 19. Transportation agencies should consider these 
potential flood problems in their overall plaiming efforts. 

i 
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Metro ^ewVdrk HurHearto Transportation StudVv 

1 

I 

[ 

Possible Seq^^nce ofI^acility Closures 

Table 17 show&apo3sii>lesequen(;ed|'fkbii^clos{irestfoi; 
storm winds of 120 miles an'd 46^mpH''fo^ ârd spe^d) difectly affecting tlie'Metro 
New York area This taBle is a t̂heoretlcal series' tliat showl tKe'pomt̂ atiwhich facilities would have 
to be closed based on expected pre-landfall hazards Closures are determined by thresholds of 
vulnerability and^nd time is included for securing ftfdUtib. Coordinated decision making must 
take ipUc^^H^i lnf |p^^ 
could;>be;cpDŜ ^̂  The meteorplo^dw^cjiara^^ the appiirqacmn̂ ^̂  and 
systiem closure dkails would nave to be taken into account. 

Theoretically, the first facilities to shut down will be the marine terminals as winds begin to affect 
water siir^dfi conditibtis from 7 to 12 hours before eye landfall (or the closest approach of the eye). 
Next, the high level bridges will begin to close as extreme winds make travel very hazardous, if not 
impossible, and somewhat later the lower-level bridges will close. Ground transportation problems 
for arriving passengers at airports, bus, and rail terminals will probably prompt the early closure of 
those facilities, possibly on the order of 6 hours before eye landfall. Soon winds will cause individual 
airlines and the Federal Aviation Administration to curtail airport operations. In the final 2 to 3 hours 
before eye landfall, highway and rail tunnels, as well as low-lying road segments, will close due to 
anticipated and initial flooding. 

The expected short intervals between individual facility closures during a hurricane emergency make 
planning extremely difficult. Very probably, major systems will be affected nearly simultaneously and 
less vulnerable systems will have little time to adjust before they, too, must curtail operations. This 
is true of both highway and rail facilities although some highway travel may continue after several 
high level bridges are closed. These conditions must be anticipated and early action taken rather than 
reacting to events as they unfold. 
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Hurr idane Dania'ge'Implii^atipn^s 

At nudnight, September 22, lJ{89/̂ one^9f t̂ he strqnge^t andfcosttie|| humcanes to stnke the Atlantic 
coast made landfall in South Carolina Humcane Hugo, a Category 4 storm, caused an estimated 
seven billion dollars damage^ Th^^National Humcane,Cpnter»^^t^^dprs a ^orm^o|jl[his^ intensity .within 
the range of possibdity for the K f ^ area and, for the Humcane Ev^^uation Stufly, used the SLOSH 
model to compute the possibly surge heights that could result from such a storm ^ 

Table 18 shows the resulting damage to insured property m three boroughs of New York City if 
approximately the same, percentage lost to Humcane Hugo in^coastal counties of South Carolina is 
applied to New York City. Iruiured values forthe Brpn^ and M a h h a t ^ available,.; 

li 

I 

TABLE 18 

INSURED COASTAL PROPERTY EXPOSURES 
(Residential and Commercial) 

SOUTH CAROLINA 

PffMBtJ' 
Charleston 
Georgetown 
Horry 
Coastal Total* 

Countv 
Richmond 
Kings 
Queens 
Bronx 
Manhattan 
Coastal Total* 

Insured Value 
1988 
13.8 
2.1 

JL2 
23.6 

NEW YORK 

Insured Value 
1988 
15.6 
60.2 
69.0 

unknown 
unknown 

144.8+ 

*A11 Dollar Amounts in Billions 

Actual 
HuBo Losiea S 

1.90 
0.24 
Q ^ 
3.08 

Projected 

ipr, M" 
1.56 
6.02 
6.90 

unknown 
unknown 
14.48+ 

% Loss 
14 
11 
12 
13 

Projected 

IS^ 
2.34 
9.03 

10.35 
xmknown 
unknown 

21.72+ 
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'Metro New York HurrlcaneTniifaportatlon^Study, 

1 .f ' .-nJA ^i^fiVA'CUA^TIONVALTERNATIViES-.? l"*'"^'. 

Vertical evacuation is the planned relocation of occupants of vulnerable areas to the upper levels of 
specifically identified and assigned multi-story buildings' Vertical refiage is the ŝimilar relocation of 
those occupants due to inadequate time or opportunity fisr^them to le^ve t̂he area. Jri the latter case, 
the action is one of last resort̂  when multi-story structures pffer̂ the ojily,hot̂ e of escaping unharmed 
Because of safety and legal issues, vertical evacuation or in-place shdterlng in tall buildings 
generally should not be planned as an alternative,to horizontal evacuation. However, in 
Manhattan there may not be reasonable.alternatives. TQccupants..>yh9, may be fo^ 
in those structures should be aware of the dangers described in the v'|Vu^erability to, \Vind Hazards" 
seaion. The safest a r ^ of tiie building should be desigriated as rp f iuges , ; , : p 

\ f I 

li 
I I 
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I! 
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Metro NftwYorfc HunrtcaneTranaportatlort Study 

: ^b^cisi6ii-]$f '̂king'Aidso^ 

<P]ans'̂ î̂ dd'mchid6'̂ d^8idn points at which the'vknou^'ddihtles wiU ĉlose, allowing>sufficient time 
for public irifbhnatloh' dissemihition,' system operational adjustmeifts, eVacuee travel;' and facility 
^ebunty Ekistuig decision-making aids for Hiihicane e<'&cuatl6n; for exahiple,iD&ci8ion 'Arcs and the 
HURREVAC computer program, should be modified to identify these decision points Each agency 
should use these aids to make operational decisions based on predetermined time frames and specific 
weather forecaits These aids would also provide the informatioh'each agency must have on the 
tuning of oUier agencies' actions Decision makers can stay abreast of current storm surge, rainfall, 
and wind forecasts through close coordination with the local National Weather Service office, and 
be prepared to take timely and appropriate actions. • - ' ' •• ^ : 

Mitigation 

The most effective single action that could be taken to facilitate hurricane response for the Metro area 
would be a timely, coordinated decision to curtail or close government and private business prior to 
the beginning of the work day. This would greatly reduce the number of people using the 
transportation systems and, potentially, seeking public shelter (see Mitigation Measures, Operational 
Adjustments). 

Emergency Operations 

Each major transportation agency in the Metro area should establish an emergency management office 
with a designated director primarily responsible for coordinated, unified, interagency planning for 
coastal storm emergencies. The Port Authority's ongoing Coastal Storm Emergency Planning Project 
includes centralization of emergency planning and decision-making. Responsibility for initiating 
specific emergency actions, including adjusting system operations, should be a fiinction of that office. 

Communication between all government and private agencies and access to vital information is 
extremely important. Each emergency management office should have a suitably equipped emergency 
operations center (EOC) that, when activated, is responsible for decision making and communication. 
All participating EOC's should be linked with compatible, hardened radio systems with generators, 
designed to operate through hurricane-force winds. With responsibilities being shared by state and 
city governments, coordination between agencies must be carefiilly planned. The emergency 
management agencies should determine the most effective coordination system. The New York City 
Emergency Operations Center could possibly serve as a central clearinghouse, also handling 
communication with the National Weather Service. 
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Metro New York Hurricane Transportation Study 

LIST OF ACRONYMS 
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Metro New York Hurricane Tranepoftatlon Study 

LIST OF ACRONYMS 

1 
Decision Arcs -
EOC-
FEMA-/ 
HURWEVAC-
METRO-
Metro Study -
m.p.h. -
m.s.l. -
MTA-
NGVD-
NOAA-
NOS-
NYCDOT -
NWS-
PATH-
SLOSH -
Subway -
USACE-

Aid to Evacuation Decision Making 
Eitiiergency, Operations Center 
Federal Emei'gehcy Management Agency 
Computer Program for JG v̂acuatioh Decision Making 
Metropolitan New York City 
Metro New York Hurricane Transportation Study 
miles per hour 
mean sea level 
Metropolitan Transportation Authority 
National Geodetic Vertical Datum 
National Oceanic and Atmospheric Administration 
National Ocean Service 
New York City Department of Transportation 
National Weather Service 
Port Authority Trans-Hudson rail facilities 
Sea, Lake, and Overland Surge from Hurricanes 
New York City Transit Authority 
U.S. Army Corps of Engineers 
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ATTACHMENT 

Letter Dated June 4,1990, From 

Joseph J. Craparotta, Major 

} Deputy State Director, Oflice of Emergency Management, State of New Jersey 

Department of Law and Public Safety, Division of State Police 
Emergency Management Section 
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g'tatE of 2fEUi Slerfieg 
DEPARTMENT OF LAW AND PUBLIC SAFETY 

DIVISION OF STATE POLICE 
EMERGENCY MANAGEMENT SECTION 

POST OFFICE BOX 7068 
ROBERT I. DEL TUFO WEST TRENTON, NEW JERSEY 08628-0068 COLONEL JUSTIN ) DINTINO 

Attorney General (609) 882-2000 Superintendent 

''' June'"4, .'isgo ... ' 

Brigadier General Gerald C. Brown 
Commander U.S. Engineering 
Division North Atlantic, CENAD 
90 Church St 
New York, New York 10007-2979 

Dear General Brown: 

As you likely know, the New Jersey Hurricane Study is currently 
entering its final stages. My purpose in writing is to bring to your 
attention the concern that the Technical Data Report (TDR) as 
currently designed, will not provide sufficient information to allow 

I New Jersey to prepare the Phase II local Emergency Operations Plans. 
Two specific shortcomings should be stressed. The first is based on 
the problem related to the daily rail and motor vehicle commuting 
between New York City and New Jersey. The issues raised by Alan 
MacDuffie at the May 21, 1990 meeting regarding closure of the Hudson 
River crossings need to be studied and incorporated into both the New 
York and New Jersey studies. 

The second issue is the exclusion of hurricane induced riverine 
flooding from consideration in the study. As you know, the Passaic 
River basin has a long history of flooding whose impacts, when 
resulting from hurricane rains, are likely to affect the entire 
metropolitan region. Although the thrust of the hurricane study has 
been the storm surge effect, not including the rainfall induced 
flooding would, in our opinion, result in a T.D.R. of limited 
usefulness to the North Jersey metropolitan area. 

I request the Corps pursue the possibility of amending the scope of 
study to address the above issues. Thank you for your consideration 
in this matter. 

Sincerely, C ^ 

Joseph J. Craparotta, Major 
Deputy State Director 
Office of Emergency Management 

v s l 
New Jersey Is An E^ual Of^ortunity Entftoycr 
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Metro New York Hurricane Transportation Study 

EXHIBITS 

COMsimTEli MiEMBERS 
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Metro NewVork Hurricane Tranaportatten Study 

EXECUTIVE STUDY COMMITTEE 

John jP; piNuzzO 
Peter Jespersen 
Mel Hirthian 
Captain Joe Murphy 
Sgt. Louis LaPietra 
Sgt. Peter Picarillo 
Barney Puleo, AS.A. 
Clark Oilman 
Bruce Swiren 
Gene Zeizel 
Michael Wyllie 
Brian Jarvinen 
Donald Lewis 
Charles Chesnutt 
Diane Dunnigan 
Allan McDuffie 
Frank Schaefer 
Joseph Gavin 
John Craig 
John Kennel ly 
Michael Tamowski 

New York State Emergency Management Office ^ 
New Jersey State Police, Office of Emergency Management 
New Jersey State Police, Office of Emergency Mahagement 
NYC Police Department, Office of Emergency Management 
NYC Police Department, Office of Emergency Management 
NYC Police Department, Office of Emergency Management 
NYC Police Department, Office of Emergency Management 
New Jersey Department of Environment Protection & Energy 
Federal Emergency Management Agency, Re^on II 
Federal Emergency Management Agency, Headquarters 
National Weather Service, Brookhaven New York 
National Weather Service, National Hurricane Center 
Post, Buckley, Schuh & Jemigan 
US Army Corps of Engineers, National Headquarters 
US Army Corps of Engineers, North Atlantic Division 
US Army Corps of Engineers, Wilmington District 
US Army Corps of Engineers, Philadelphia District 
US Army Corps of Engineers, Philadelphia District 
US Army Corps of Engineers, New England Division 
US Army Corps of Engineers, New England Division 
US Army Corps of Engineers, New England Division 

111 
Exhibit 1 
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Metro New York Hunrlcane Transportation Study 

APPENDIXES A - I 

11 
II 

Appendix A Port Authority of New York and New Jersey, Potential Hurricane 
Hazards and Facility Vulnerability 

Appendix B MTA Bridges and Tunnels (Triborough Bridge and Tunnel 
Authority), Potential Hurricane Hazards and Facility 
Vulnerability 

Appendix C New York City Transit Authority (Subways), Potential Hurricane 
Hazards and Facility Vulnerability 

Appendix D Long Island Rail Road, Potential Hurricane Hazards and Facility 
Vulnerability 

Appendix E New Jersey Transit (Rail Lines), Potential Hurricane Hazards and 
Facility Vulnerability 

Appendix F METRO - North, Potential Hurricane Hazards and Facility 
Vulnerability 

Appendix G AMTRAK, Potential Hurricane Hazards and Facility 
Vulnerability 

Appendix H New Jersey Highways, Potential Hurricane Hazards and Facility 
Vulnerability 

Appendix I New York and Connecticut Highways, Potential Hurricane 
Hazards and Facility Vulnerability 
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APPENDIX A 

PORT AUTHORITY OF NEW YORK 
AND NEW JERSEY 

POTENTIAL HURRICANE HAZARDS 

AND 

FACILITY VULNERABILITY 
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O d ĥ  CO d 
S T- T- CM CM 
OC 
OC 

^ CM CO «» 

O O O O 
O) D) D) 
9>. 9>. 9>. 

S S 2 S 
3 3 3 3 
O O O O 
£ £ £ £ 
O O U) to 
CM CO' CO <rf 

S S £ S 
3 3 3 3 
O O O O 
£ £ £ £ 
V- ee oj IO 
d d ^ r̂  

r- CM CO 



fy'ft 

.•.'.i.'.l,' 

/ i ' . • • ; • • • • ! ••: ' i ' l ' 

• • • ^ ^ : ; / 

. 

:0>. 

fi 
OC -J 
3 UJ 

O 

a. 

E £ 
oc 
o 

• < y ^ ' c b / « : c b , 

ocv 

J T- CM CO ^ 

gtrrr 
9 O) CD O) D) 
2 ju d» A) p 

Q. 

11 
II 

fti CO 

Si 
w E « 

UJ 

o 
oc 
CO 

< « IO CO O) 

oc 
oc 

cr 
>• 
UJ 
u. 
o 
X 

o 
DC 

|k s s s s 
E i 3 3 3 3 
^ i O O O O 
g a £ £ £ £ 
z g q q M I O 
l i e . CM CO CO « 

s s s 
3 3 3 
O O O 
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APPENDIX C 

NEW YORK CITY TRANSIT AUTHORITY 
(SUBWAYS) 

POTENTLVL HURRICANE HAZARDS 

AND 

FACILITY VULNERABILITY 
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Tlmiet Hazards GoukI Occur 
(Kburs before dososl approach of eye) 

Surge Flooding * 

Oategory 1 0.3 hours 
Category 2 0.9 hours 
Category 3 1.4 hours 
Category 4 1.8 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm parameters regarding storm intensity and size 

CRANBERRY STREET TUNNEL 
(A& C l ines) 

Critical Locations 
Front Street a^ Fulton Street Fan Plant 7.0 feet 
Funman Street at Cranberry Street Fan Phnt 12.8 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 10.2 bet 
Category 2 16.0 Feet 
Category 3 25.1 feet 
Category 4 31.3 Feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 

Category 1 0.3 hours 
Category 2 1.1 hours 
Category 3 1.7 hours 
Category 4 2.0 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm parameters regarding storm intensity and size 
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1 4 f M BIRBET fUNMEL i l Vme, 

CriticalLocaHons. Si 
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Tiriie Hdzdds Cduld pcciir 
(hours befbre dctsest approach of eye) 

Surge Flooding * 

Category 1 0.2 hours 
Category 2 1.0 hours 
Category 3 1.6 hours 
Category 4 1.8 hours 

* assumes 40 mph forward ^>eed and hypothetical SLOSIH 
model storm parameters regarding storm intensity and size 

NEWTOWN CREEK TUNNEL 
(G Line) 

Critical locdtTons 
Vernon Blvd. at 54th Avenue Fan Plant 8.1 feet 

Potential Hunicane Surge (above NGVD) 
Category 1 9,7 feet 
Category 2 14.7 feet 
Category 3 22.0 feet 
Category 4 24.9 feet 

Time Hazorcb Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 

Category 1 0.2 hours 
Category 2 0.8 hours 
Category 3 1.2 hours 
Category 4 1.5 hours 

* ossumes 40 mph forward speed and hypothetical SLOSH 
mcxlel storm parameters regarding stonm intensity and size 
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lEKSNGTON AVENUE TUNNEL 
( a , S & 6 LINES) 
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STEINWAY TUNNEL 
17 Line) 

Critical Locations 
Steinway Street Fan Plant/50th Street Vent 11.0 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 9.2 feet 
Category 2 14.1 feet 
Category 3 17.4 Feet 
Category 4 22.3 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 

Category 1 
Category 2 
Category 3 
Category 4 

0.3 hours 
0.6 hours 
1.0 hours 

* assumes 40 mph Forward speed and hypothetical SLOSH 

model storm parameters regordirtg storm intensity and size 



M O N T A G U E STREET TUNNEL 
( M , N & R L ines) 

1 
'^>-}\'' 

Locations 

rii'̂ -v^^^souttt 5tre6tJiran Kiant;:b;:-;;i? '̂i;î 6vreer̂ ^̂ ^ 
•(?:•::>: ̂ ••̂ i'̂ Mip^n^Street if(^^ 

l^fli^ntiaili^i^i^^ 
'r-::;^; '̂:eategor)^V;;:.^^^\1pi5;-teet-:rj^^ -• 

• ' • • • •^"Gategbi )^3-^ 

•'':•"•• V ^^edtegbiy;4?/--28:7to 

Time ticijraids Cq^ 
(hours before closest approach of eye) 

Surge Floodihg • 
Category 1 0/3 hours 
Category 2 1.0 hours 
Category 3 1.6 hours 
Category 4 1.6 hours 

* assumes 40 mph forward speed cmd hypothetical SLOSH 
model storm parameters regarding storm tnteruity end size 

m 
m 
m 

~f'p-'^?^' 

hh' -.. 

HARLEM RIVER TUNNEL 
( 2 L ine ) 

Critical Locations 
Harlem River Drive Vent Shaft 10.0 feet (est.) 

Potential Hurricane Suige (above NGVD) 
Category 1 6.4 feet 
Category 2 12.7 feet 
Category 3 16.4 feet 
Category 4 20.4 foet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 
Category 1 
Category 2 
Category 3 
Category 4 

0.3 hours 
0.6 hours 
1.0 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm parameters regarding storm intensity and size 



B 3 R D STREET TUNNEL 
( E & F L ines) 

•iiJ4pDH^elll^tfci^n^ 

^<aigs^)3Mi"7^^ 
.Cai|9r>r4V^-22^ 

Tiim Hdzdnls CbutdfOccur 
(hotf rs befbre clbsesif approach 

Category 1 
Category 2 
Category 3 
Category 4 

Surge Flooding * 

• - . 

0.4 hours 
0.7 hours 
1.2 hours 

of eye) 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm parameters regarding storm intensity and size 

mil:'-

fi-"--
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6 3 R D STREET TUNNEL 
( B & Q L ines) 

CriHcal LtKoHons 
Vernon Blvd; at 41 st Avenue 
(Queensbridge) Fan Plant 12.7 feet 

Potential Hunicane Surge (above NGVD) 
Category 1 9.2 feet 
Category 2 14.1 feet 
Category 3 17.4 feet 
Category 4 22.3 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 
Category 1 
Category 2 
Category 3 
Category 4 

0.1 hours 
0.3 hours 
0.8 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm porometen regarding storm intensity and size 



YANKEE STADIUM TUNNEL 
( C & D L ines) 

Critical Locations 
155th Street at 8th Avenue Fan Plant 

Potential Hurricane Surge (above NGVD) 
Category 1 8.4 feet 
Category 2 12.7 feet 
Category 3 16.4 feet 
Category 4 20.4 Feet 

Time Hazards Could Occur 
(hours before closest opprocxh of eye) 

Surge Flooding * 

12.8 Feet 

Category 1 
Category 2 
Category 3 
Category 4 

0.3 hours 
0.7 hours 

* assumes 40 mpfi forward speed and hypothetical SLOSH 
model storm parameters regarding storm intensity and size 
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CLARK STREET TUNNEL 

( 2 & 3 LINES) 

I cS f i iDBJ lK^r t i ^ 

PbtehMliHutmane Surae (alk>ve:NGVb)^ 

m-. 

Cateflory 1 
Category 2 
Category 3 
Category 4 

16.6 feet 
24.6 f ^ t 
28;7feet 

pa; 
p i 
fes 
lill 

Iti,-.;. 

Time tidzands Could Occur 
(hours befbre closest approach of eye) 

Surge Flooding * 
Category 1 0.2 hours 
Category 2 0.8 hours 
Category 3 1.3 hours 
Category 4 1.5 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm parameters regarding storm intensity and size 

SOUTH FERRY 
( 1 & 9 LINES) 

Critical Locotions 
IRT Station Entrance 9.1 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 10.5 feet 
Category 2 16.6 feet 
Category 3 24.0 feet 
Category 4 26.7 feel 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 
Category t 0.2 hours 
Category 2 0.8 hours 
Category 3 1.3 hours 
Category 4 1.5 hours 

* assumes 40 mph Forward speed and hypothetical SLOSH 
model storm parometers regarding storm intensity and size 



JORALSMON STREET TUNNEL 
( 4 & 5 l i n e s ) 

Critical Locations 
State Street (Battery Park) Fon Plant/Grate 9.8 heV 

Potential Hurricane Surge (above NGVD) 
Category 1 10.5 Feet 
Category 2 16,6 Feet 
Category 3 24.0 feet 
Category 4 28.7 feet 

Time Hazards Could Occur 
(hours before closest apprcxich of eye) 

Surge Flooding * 

Category 1 at closest approach 
Category 2 0.5 hours 
Category 3 1.1 hours 
Category 4 1.3 hours 

* assumes 40 mph Forward speed and hypothetical SLOSH 

model storm parameters regarding storm interuity and size 



APPENDIX D 

LONG ISLAND RAIL ROAD 

POTENTUL HURRICANE HAZARDS 

AND 

FACHJTY VULNERABILITY 
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PENN STATION " NORTH 
(HUDSON) RIVER TUNNEL 

Critical Locations 
West Side Storage Yard Berm 10.0 feet 
Weehowken ShaFt 12.3 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 7.5 feet 
Catego7 2 17.2 feet 
Category 3 20.5 Feet 
Category 4 30.8 feet 

Time Hazards Could Occur 
(hours befbre closest approach of eye) 

Surge Flooding * 

Category 1 
Category 2 
Category 3 
Category 4 

0.5 hours 
1.0 hours 
1.2 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 

model storm parameters regarding storm intensity and size 

i IJ 

II 
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EAST RIVER TUNNEL 
(shared w i t h AMTRAK) 

Critical LcKotions 
Long island Shaft 9.0 feet 
1 st Avenue ShoFt 14.5 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 9.2 feet 
Category 2 14.1 feet 
Category 3 17.4 Feet 
Category 4 22.3 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding' 

Category 1 
Category 2 
Category 3 
Category 4 

0.6 hours 
0.9 hours 
1.3 hours 

* assumes 40 mph forward speed and hypothetical SIOSH 
model storm parameters regarding storm intensity and size 
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time Hazards Could Occur 
(hours b f̂orie closest approach of eye) 

Surge Ftbodirtg' : 

Category 1 -
Category 2 0.8 hours 
Category 3 1.3 hours 
Category 4 1.5 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 

rrKxle! storm parameters regarding storm intensity and size 

m 

hu. 

PORT WASHINGTON BRANCH 

Critical Locations 
Flushing 9.2 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 6.6 feet 
Category 2 11.6 feet 
Category 3 16.2 feet 
Category 4 20.9 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 

Category 1 
Category 2 
Category 3 
Category 4 

0.2 hours 
0.8 hours 
1.3 hours 

* ossumes 40 mph forward speed and hypothetical SLOSH 

mociel storm parameters regarding storm intensity and size 
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APPENDIX E 

NEW JERSEY TRANSIT 
(RAIL LINES) 

POTENTIAL HURRICANE HAZARDS 

AND 

FACILTTY VULNERABn^FTY 
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PM§€M€S^ WAWEW iLMI 

" ' V i : ' " ' • • • • • 

Potential Hi imrahbS^^ 
, 'Categb^lv;'. B ^ \ ^ : ^ 

Catego^2 \ 9.t Feet 
Category 3 10.2 Feet 
Category 4 13.9 Feet 

Riverine Flooding Potential 
No Issues IdentiFied 

liii 
^ : ; ^ ' ^ ! ; ' : > ' ^ < : • • • • . • ' • : " • : -

? ? ' : : ' • • ' • • ' • • • ; ' • • 

V'.-.'X.v.:. 

B E R G E N C O U N T Y L INE 

Critical Locotbns 
Hackensack Kwer kxation at Secaucus (signal cases) 
Pascack Junction at Rutherford (signal coses) 

Potential Hurricane Surge (above NGVD) 
Category 1 8.5 feet 
Category 2 10.0 leet 
Category 3 13.4 feet 
Cotegory 4 15.9 feet 

Riverine Flckoding Potential 
No Issues IdentiFied 



', :va^J jV-v> yi&-;t:J. • j;-;^:t^^j U ii'^^;t\V»)ifeiiUja;rfi)^;.A^MJ.';;i;:^>^^: Tiî i Ur^:U^^ijJii^^i^i;i^fet^i];i;;Kr'.'JJAi'^' 

MAm im^ 

' Possaid^ RiVerCtx^sir^^^ (bridge :aifid; tjxick)̂  

Pqtbnticil Hurricane Surge (dboVe NGVb) ^ 

'VCbte^bryt''-' ^ ^ ^ '•" .• 
Cdrtegbryi 9.1 feet 
Category 3 10.2 feet 
Category 4 13.9 feet 

Riverine Flooding Potential 
Track at Passaic River Crossing could be flocxJed 
by 500 year flood event- bridge oould be flooded 
by 50 year flocxj event-

no hurricane surge problems anticipated here 

lili 
lit 

m. 

MORRISTOWN A N D ESSEX LINE 

Critical Locations 
MeacJowkinds segment (track and equipment) 

Potential Hurricane Surae (above NGVD) 
Category 1 9.8 feet 
Category 2 11.9 feet 
Category 3 14.6 Feet 
Category 4 17.2 Feet 

Riverine Flooding Potential 
No Issues Identified 



] 

^•'';^^Aw^•i ii^^i^i^i'>A<yi:^^lJit^i^lii^^ U^^l'iiiiii^^^'jAA^f^^i^iSix^^ 

^•yMy:.-:^-
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• > • ' 
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^::v •;•/;•;,. •>;<73 

%•: : '^!V^>i^^ 

^: '̂;!;:?^v;v?;^ 

r:.'vV'-.\-riv,;'-i-l 

1 PbtehHalHurTitcine Surge 
•;V;;: C a l o r y •!'•- 13i5}reet 
: Cqt^ry?: WSk^ 

Category 3 26.4 feet 
Category 4 31.4 feet 

Riverine Fbbding Potential 
No Issues Identified 

r ; . , \ (•.; 

BOONTON LINE 

Critical Locations 
Hockensack River Crossing at Keamey 

Potential Hunicane Surge (above NGVD) 
Category 1 9.9 feet 
Category 2 11.1 feet 
Category 3 12.7 feet 
Category 4 16.8 feet 

Riverine Flooding Potential 
No Issues tdentihed 



;#s^ RaSsdiC;River€roMing;at Litfle/F^^^ 
•v^Vv'Pom 

PbtehtidlfHyifniM 
•••'• Gatbgoiy^lv;-''-'^v;- '•^:: : • 

Category 2 -
Category 3, -
Category 4 -

Riverine Flooding Potential 
Bridge at Possaic River Crossing could be flcx>ded 
by 500 year Flood event - bridge at Pompten 
River Crossing oould be floodea by 100 year 
flood event 

i i j 
II 

N O R T H JERSEY COAST U N E 

Critical Locations 
Raritan River Crossing at Perth Amboy 
Morgan area at Sayreville (electrical equipment) 
Chessquake Creek Crossing at Sayreville 

Potential Hunicane Surge (above NGVD) 
Category 1 11.4 feet 
Category 2 18.4 feet 
Category 3 24.6 Feet 
Category 4 28.0 Feet 

Riverine Flooding Potential 
No Issues IdentiFied 

II 
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Critical Lbcdtibhis 
Odeanport Creek area (track diid swing Bridge 

Potential Hurricane Surge (above NGVD) 
Category 1 5.1 Feet 
Category 2 7.2 feet 
Category 3 15.1 Feet 
Category 4 20.7 feet 

Riverine Flc»oding Potential 
No Issues IdentiFied 

les 





POTENTIAL 

APPENDIX F 

^ T R O - N O R T H 

AND 
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:>;; ^• ! : 'a j | | |o i^fe '25.3^ •:: ^"•:>-̂ ^"-'̂ -:\SlBlt?-̂ '-:--̂ ^^^ 

time Hqtatds Covl^ 
(hbiire befbre closest approach of eye) 

Siiiige Flooding * 

Category 1 
Category 2 0.3 hours 
Category 3 0.6 hours 
Category 4 1.0 hours 

* assumes 40 mph forward speed and hypothetical SLOSH . 
model storm parameters regarding storm intensity and size 

• • - Y i ; 

N E W H A V E N L INE 

Critical Locations 
Bruce Brook at Town of Stratford 22.0 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 & 2 12.5 feet 
Category 3 16.5 feet 
Category 4 19.0 feet 

Other Flood Porameters 
10 Year Flood Frequency 22.0 feet 
50 Year Flood Frequency 22.2 feet 

100 Year Flood Frequency 22.4 Feet 
500 Year Flood Frequency 22.8 Feet 



m î̂ WiViM 

m 
JVil9ntiaLHtimcane:Surae a b c ^ 

v^ ;̂.̂ ;̂.̂ ^Cijf̂ o«!̂ ^?&:2J:;'M5H5ifTOt̂ i'M^ 
.v::^.^5Cqt^g^3i:.i.l..--:^l;5i0^F^^^ 

her Flood P a r a m e ^ . 
10 Yeaî  Flbod Frequency 8.8 feet 
50 Year Flood Frequency 10.3 feet 

100 Year Flood Frequency 11.0 feet 
500 Year Flood Frequency 12.4 feet 

N E W HAVEN LINE 

Critiool Locations 
Sherwood Millpond of Town of Weslporf 9.6 feet 

Potential Hunicane Surge (above NGVD) 
Category 1 & 2 lL5 fee t 
Category 3 15.0 feet 
Category 4 18.5 feet 

Other Flood Parameters 
10 Year Flood Frequency 9.1 feet 
50 Year Flood Frequency 10.6 feet 

100 Year Flood Frequency 11.2 feet 
500 Year Flood Frequency not available 
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N E W HAVEN LINE 

Critical Locations 
Rooster River at Town oF Fairfield 17.0 feet 

Potential Hurricane Surge (above NGVD) 
Category 1 &2 12.0 feet 
Category 3 15.5 feet 
Category 4 18.5 Feet 

Other FlocxJ Parameters 
10 Year Flood Frequency 10.0 feet 
50 Year Flood Frequency 13.5 feet 

100 Year Flood Frequency 14.5 feet 
500 Year Flood Frequency 18.0 Feet 
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N E W HAVEN LINE 

Criticol Locotions 
Grasmere Brook at Town oF Fairfield 9.6 feet 

Potentiol Hurricane Surge (above NGVD) 
Category 1 &2 12.0 feet 
Category 3 15.5 feet 
Category 4 18.5 feet 

Other Flood Parameters 
10 Year Flood Frequency 
50 Year Flood Frequency 

100 Year Flood Frequency 
500 Year Flood Frequency 

8.6 Feet' 
10.3 feet 
11.0 feet 
12.2 feet 
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APPENDIX G 

AMTRAK 

POTENTIAL HURRICANE HAZARDS 

AND 

FACILITY VULNERABILITY 



PENN STATION - NORTH 
(HUDSON) RIVER TUNNEL 

Critical Locations 
West Side Storage Yard Berm 10.0 Feet 
Weehawken ShoFt 12.3 Feet 

Potential Hurricane Surge (above NGVD) 
Category 1 7.5 Feet 
Category 2 17.2 feet 
Category 3 20.5 feet 
Category 4 30.8 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 

Category 1 
Category 2 
Category 3 
Category 4 

0.5 hours 
1.0 hours 
1.2 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm parameters regarding stonn intensity and size 

II 
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EAST RIVER TUNNEL 

Critical Locations 
Long Isbnd ShoFt 9.0 feet 
1 st Avenue Shaft 14.5 feet 

Potential Hunicane Surge (above NGVD) 
Category 1 9.2 feet 
Category 2 14.1 feet 
Category 3 17.4 feet 
Category 4 22.3 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge FlcxxJing * 

Category 1 
Category 2 
Category 3 
Category 4 

0.6 hours 
0.9 hours 
1.3 hours 

' assumes 40 mph forward speed and hypothetical SLOSH 

model storm parameters regarding storm intensity and size 
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APPENDIX H 

NEW JERSEY HIGHWAYS 

POTENTIAL HURRICANE HAZARDS 

AND 

FACILITY VULNERABILITY 
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Tidal F lood ing Higtiway Locat ions In New Jersey 

BERGEN COUNTY 

1 

fauntcipellty 

Ruttierford B 
Rutherfon] S. 
^ S t ^ijttierford B 
^ast Ruttterford B 
East Ruttierford B 
East Ruttierfonj B 
River Edge B 
Englewood City 
Ruttierford ;B. ^ 
East Ruttierford B. 
East Ruttierford 
East Rutherford 
Cartstadt B. 
Carlstadt B. 
Hasbrouck Hts. 
Hasbrouck Hts. 
Hasbrouck Hts. 
Hasbrouck Hts. 
Hasbrouck Hts. 
Little Ferry B. 
Little Ferry B. 
Little Ferry B. 
Ridgefield Park 
Ridgefield Park 
Ridgefield Park 
TeterB B. 
South Hackensack 
South Hackensack 
Hackensack City 
Teaneck T. 

SLOSH Surge Elevations 
cat. 11 'dat.2 Cat^^ 'Cat . 4 

82 91 10.2 138 

There are several low spots in the vicinity of the Interstates 80/95 Intersection (Including on/off 
ramps). Chronic flooding problems noted by NJDOT appear to be rainfall Induced. 

Teaneck T. 
Ridgefield Park T. 
Ridgefield Park T. 
Teaneck T. 
Teaneck T. 
East Rutherford B. 
East Rutherfon] B. 
East Rutherford B. 

Interstate OS 
Interstate 95 
Interstate 95 
Interstate 95 
Interstate 95 

8.2 9.1 10.2 13.6 



Tidal/Ftoodthg Highway i-Qcatloris in New)ji9rseyr 

ESSEX COUNtY 

] 

NB|/^r^ i \ : , ;v• : :v^^U;^: ; | 

,jJJB\j^i1C!!^i;y;;;;;;^;-n^^ 
Ne^r lcR^- '^V: : ' : " ;•' •;.';• 
Ne^"rk;-U 
Newark 
Newark 
NeWark ' 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Newark 
Belleville 
Bellevilte 
Belleville 
Belleville 
BellevUle 
Belleville 
Nutley 
Nutley 

Newark 
Nevrark 
Newark 
Newark 
Newark 
Newark 
Newark 

^MiMŷ mM^BSlSM îMM 
M8liO$l^i8tilfg6iEltfvatid*fe^?-

9.9 11.9 14.6 17.6 

See Passeic River non-Sdal Hood 
elevations as NJ 21 goes upstream. 

14.9 18.7 

9.9 11.9 14.6 17.6 

MIDDLESEX COUNTY 

LI 
II 
0 

Bflunlclpallty 
Woodbridge T. 
Woodbrtdge T. 
Woodbridge T. 
Woodbridge T. 
Woodbridge T. 
Woodbridge T. 
Woodbridge T. 
Woodbridge T. 
Woodbridge T. 

Road 
Elevation 

SLOSH Surge Eievattons 
Cat. 1 Cat. 2 Cat. 3 Cat. 4 

11.1 17.8 
16.4 
20.4 

22.3 
26.2 

16.4 22.3 



Tidal Flooding HlgtiwayLpcaijohs In N% Jersey 

HUDSON COUNTY 

.\\ i} 

:i 

iiii^niiifeaiitv^'""^^"--'' 
\/^';^;^^.iv.>i; 

.,.^..SN*S"i^'^; 
aei)E(eY;Clty;;::;,:;: 
iilen8eylGiiiyA.v}-:'' 
NiBergen.'Ti 
N-Bergen; T; 
N ^ B e ^ e n ; t ; v 
l^yBeigen T. 
N. Bergen T; 
H. Bergen T. 
N. Bergen T. 
N. Bergen T. 
N. Beirgen T. 
Keamey 
Keamey 
Keamey 
Jersey City 
Jersey City 
Jersey City 
Jersey City 
Jersey City 
Jersey City 
Jersey CKy 
Jersey City 
Secaucus 
Secaucus 
Secaucus 
Secaucus 
Secaucus 
Secaucus 
Secaucus 
Secaucus 
Secaucus 
Jersey City 
Jersey City 
Keamey 
Keamey 
Keamey 
Keamey 
Keamey 
Bayonne 
Bayonne 
Bayonne 
Bayonne 
Bayonne 
Bayonne 
Jersey CHy 
Jersey City 
Bayonne 
Jersey City 
Jersey Cltv 
(CONTINUED) 

SLOSH Siirge^Elei^atidns:: 
i^^SatiirS 

W î̂ W^MK lers; 
'':V'-*i 

• > ' : • • ' • ' , - • • ' • : 

•O-'-.- •< • 

.8:4: 

8.2 

9:8, 

9.0 

9.9 

9.9 

8.4 9.8 

9.9 11.9 

13.4 

•i^-:S^;^:^:i4;8;' 

10;2 13.1 

10.2 13.1 

11.9 14.7 

11.1 

18.8 25.9 

17.5 

14.8 

14.7 17.5 

13.1 19.3 24.9 29.5 

13.4 18.8 25.9 31.1 

31.1 
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TidatFlbbd|hg Hijgtiway Ldbatiohe In Neŵ ^ 

i|iliiiitteia 

Keamyvtv;- ;̂̂ ;:/̂ ::.!̂  

Keairhy^'v; 
Kearny 
Kearny-• 
Baybhne; 
Bayonne,' 
Bayonne' 
Jersey clty 
Jersey Ci^ 
Jersey Cl^ 
Jersey Cfty 
Jersey Cl^ 
Jersey 01^ 
Jersey City 
Jersey Ci^ 
Jersey Cltv 

iPMM^^^^^ki^Mk 

lrttflWtate>2eO!|mi 5r4£ET 

li»i«®5i7Sr 

lritei^t^e^^d'^M7:Ci^: 
lhterB^'i286';}':>(7;i: 
In^reterte28p:;-:::i7.65: 
interetElite'2iEtb 

Rbad;M;/-^ 
Eleyanorv^ i 

8Ld8H!8u«ijS)ElB*StlBHiii-;i>r.;^v^^^^^ 

l i . 1 12.2 14.8 18.3 

9.9 11.9 14.7 17.5 

UNION COUMTY 

Munloipalitv 
Rahway 
Ratiway 
Rahway 
Rahway 
Rahway 
Rahway 
Linden 
Linden 
Linden 
Linden 
Linden 
Unden 
Linden 
Unden 
Linden 
Unden 
Elizabeth 
Elizabeth 
Elizabeth 
BIzabeth 
Elizabeth 
Elizabeth 
Elizabeth 
Elizabeth 
Rahway 
Rahway 
Rahway 
Rahway 
Rahway 
Elizabeth 
Elizabeth 
Eltzabath 

Road/Route 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
US1 
U31 
US1 
US1 
US1 
US1 
US1 
US1 

KSIi^H 
Nj^iMp^ 
m '' 
Wi 
m 
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BROOKLYN BRIDGE, 
WILLIAMSBURG BRIDGE 

Critical Elevations (NGVD) 
Center Span 133.0 feet 

Potential Hurricane Surge 
Category 1 
Category 2 -
Category 3 
Category 4 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surgs Flooding * Suttainod Trepicd Sfeom VAndi* 

Category 1 - 3.0 Hours 
Category 2 - 5.0 Hours 
Category 3 - 6.0 Hours 
Category 4 - 7.0 Hours 

* auume» 40 mph forward speed and hypothetical SLOSH 

nwdel stomi parameters regarding storm intensily arvd size 
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Time Hdzqifds Could Occur 
(jiours before closest approach of eye) 

Surga Flooding * Swlmadttepiod Strain Wtndi* 

Category] - 3.0 Hours 
Category 2 - 5.0 Hours 
Category 3 - 6,0 Hours 
Category 4 - 7.0 Hours 

* assumes 4 0 mph fo rward speed and hypothetical SLOSH 

model storm parameters regarding storm intensity and size 

K-v: 

! * ' • ' • 

II 
II 

FDR D R I V E 

Critical Elevations (NGVD) 
Vincinity of Williamsburg Bridge 6.0 feet 

Potential Hurricane Surge 
Category 1 9.7 feet 
Category 2 14.7 feet 
Category 3 22.0 feet 
Category 4 24.9 feet 

Time Hazards Could Occur 
(hours befbre closest approach of eye) 

Surge FlocxJing * 

Category 1 0.5 hours 
Category 2 1.3 hours 
Category 3 1.8 hours 
Category 4 2.2 hours 

* assumes 4 0 mph fo rward speed a n d hypothetical S L O ^ 

model storm parameters regarding storm intensity a n d size 
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Time Hqirards Could p^̂ ^ 
(hoiirs befbre closest approach of eye) 

Surge Flooding * 

Category 1 0.2 hours 
Category 2 0.8 hours 
Category 3 1.4 hours 
Category 4 1.7 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 
model storm porometen regarding storm intensily and size 

[J 

M A R I N E P A R K W A Y 
B R I D G E APPROACHES 

CrHicat Elevations (NGVD) 
Beach Channel Drive Approach 

Potential Hurricane Surge 
Category ] 7.0 feet 
Category 2 14.4 feet 
Category 3 20.6 feet 
Category 4 27.2 feet 

Time Hazards Could Occur 
(hours before closest approach of eye) 

Surge Flooding * 

8.0 feet 

Category 1 
Category 2 
Category 3 
Category 4 

0.9 hours 
1.4 hours 
1.8 hours 

* auumes 40 mph forward speed and hypotftetical SLOSH 
model storm parameters regarding storm intensity and size 
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Time Hazards Could Occur 
(hoUrs before closest approach of eye) 

Surge Flooding * 

Category 1 0.2 hours 
Category 2 0.8 hours 
Category 3 1.4 hours 
Category 4 1,7 hours 

* assumes 40 mph forward speed and hypothetical SLOSH 

model storm parameters regarding stonm intensity and size 
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BROOKLYN-QUEENS EXPRESSWAY 
NEAR BROOKLYN BRIDGE 

No Critical Facility Elevation Data Available 

Potential Hurricane Surge 
Category 1 10.2 feet 
Cotegory 2 16.0 feet 
Category 3 25.1 feet 
Category 4 31.3 feet 
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NEW YORK THRinVAY 

CrlUcfll Elevations (NGVD) 

Tappan Zee Bridge Center Span 150 feet 

Potential >Hunicane Surge ^ 

Category 1 —-
Caicgoiy 2 — 
Categoty 3 — 
Category 4 — 

Time Hazards Could Occur (Hours Before Closest Approach of Eye) 

Surge 
noofilng* 

Category 1 
Category 2 
Category 3 
Category 4 

iSustaiiaed Tropical 
Storm Winds* 

3.0 hours 
5.0 hours 
6.0 hours 
7.0 hours 

"Assumes 40 mph forward speed and hypothetical SLOSH model storm parameters 
regarding stonn intensity and size. 

I l l 
III 

NEW YORK STATE OFnCE OF PARKS, RECREATION, AND HISTORIC PRESERVATION 

Critical Elevations (NGVD) 

Meadowbrook State Parkway in Nassau County 7.3 feet 

Potential Hurricane Surge 

Category 1 
Category 2 
Category 3 
Categoiy 4 

4.7 feet 
15.4 feet 
23.8 feet 
28.0 feet 

Time Hazards Could Occur (Hours Before Closest Approach of Eye) 

Categoiy 1 
Categoiy 2 
Category 3 
Categoiy 4 

Surge 
Flooding* 

1.0 hours 
1.7 hours 
2.0 hours 

^Assumes 40 mph forward speed and hypothetical SLOSH model storm parameters 
regarding stonn intensity and size. 
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Time H^aMs Could Ocair (HoursiBefbre Closest Approach of E^e) 

Surge.,'-,-. 
Flooding* 

Categoiy 1 
Categoiy 2 0.8 hours 
Categoiy 3 1.8 hours 
Category 4 2.2 hours 

"Assumes 40 mph forward speed and hypothetical SLOSH model stonn parameters 
regarding storm intensity and size. 
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Executive Summary 
New York State Climate Action Plan 

Interim Report 

The Challenge and the Opportunity 
Climate change, resulting primarily from the combustion of fossil fuels and other human 
activities, is a significant threat to our environment, economy, and communities. Climate change 
is already occurring; its adverse effects are well documented across the globe and throughout our 
region. That realization, combined with the economic and national security vulnerability 
associated with our current, finite, fossil-based energy system, has created a sense of urgency in 

advancing a sustainable low-carbon energy future. 

=*itl7^i .,11 New York State can turn this challenge into an opportunity by 
working aggressively to become a hub of the new clean energy 
economy and by making policies and investments that bring low-
carbon choices to our citizens and future generations. Success will 
bring dramatic co-benefits in economic development. Jobs, 
technological innovation, energy security, and cleaner air and 
water. 

New York has shown leadership in clean energy policy, and is 
taking actions to reduce emissions of the greenhouse gases 
(GHGs) that cause human-induced climate change. Governor 
Paterson's issuance of Executive Order 24 in August 2009 
formally established a State goal of reducing GHG emissions 80 
percent below 1990 levels by 2050 (or 80 by 50), and named the 
Climate Action Council to determine how to meet the goal. The 
Council was also tasked with developing a plan to increase New 
York's resiliency to a rapidly changing climate. 

Rooftop solar panels provide 
renewable power for many buildings 
across New York Slate. Here, the 
array on the Dormitory Authority's 
Albany headquarters. (Photo 
courtesy ofDASNV) 

State agencies then launched a process that has brought together more than 100 technical experts 
and stakeholders and the broader public to define a vision of New York that can achieve this 
aggressive goal, to identify and examine both mitigation and adaptation policy options, and to 
analyze the costs and benefits of adopting these policies. 

While the climate planning process is not complete, and in 
many ways will be an ongoing effort, the initial analysis 
documented in this Climate Action Plan Interim Report 
makes clear that achieving the 2050 GHG reduction goal 
will require dramatic change. New York State's 
government, its residents, and businesses must embrace the 
goal of wise use of clean energy. To meet this goal, we 
must transform the way we make and use energy—we must maximize efficiency and make a 
major shift toward zero-GHG emissions in electricity generation, smart electric transmission and 

New Yorl< could become a 
hub of clean technology 
industry and innovation -

creating good jobs for 
New Yori<ers. 

ES-1 



distribution systems, low-carbon buildings, and zero-emission vehicles, and increase options for 
alternative modes of travel and land use. 

Reducing Greenhouse Gas Emissions in New York State 

A variety of policy options and strategies can build on New York's experience in advancing 
clean energy and further reduce GHG emissions in New York Stale, while providing other 
benefits to New Yorkers. 

• Buildings and Industry 
Sector Policy Options: 
Substantially reduce 
GHG emissions from the 
existing building stock, 
which will be in place for 
years to come, and 
ensure that new buildings 
meet the highest 
performance standards. 
To maintain a robust 
economy, we will need to 
ensure that our industrial 
sector can grow and be 
economically 
competitive, while reducing GHG emissions per unit output. Policy options include enhanced 
performance-based building codes and appliance standards; building commissioning; and 
additional consumer incentives for efficiency and renewable energy. The combination of 
voluntary incentives and aggressive codes and standards, along with new financing 
mechanisms and critical enabling policies (such as education and outreach, electric rate 

design, workforce development, and 
technology research and development), 
could lead to a substantial reduction in 
emissions in this sector over time. This 
sector is the largest source of GHGs in 
New York, accounting for about 40 
percent of the state's GHG emissions. 

• Transportation and Land Use 
Sector Policy Options: Reduce the GHG 
intensity of fuel, improve vehicular 
efficiency, and improve travel and system 
efficiency. Policy options include the 
continued development of a regional low-
carbon fuel standard; more aggressive 
efficiency and carbon dioxide (CO2) 
vehicle standards; light-duty and heavy-

The village and town of Ossining, both Climate Smart Communities, serve 
residents with a new library, the state's first public building to meet the 
Leadership in Energy and Environmental Design (LEED) standard (Photo 
courtesy ofAmiaga Photo, Inc) 

Hybrid electric buses reduce GHG emissions and fuel costs for 
New York City's public transportation fleet. The world's first 
hybrid electric bus was developed in New York State through a 
public-private partnership. 

duty vehicle incentives or disincentives to promote efficiency, e.g., feebate; demand-
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The 321-MWMaple Ridge Wind Farm in 
Lewis County, New York is one of the 
largest wind farms east of the Mississippi 
River. 

management investments; and smart growth practices. Electrification of our transportation 
sector holds great promise in both reducing GHG emissions in New York and reducing the 
petroleum dependency of this sector. Investments in transit and high-speed rail appear to 
offer additional opportunities to reduce GHG emissions and enable a low-carbon future, 
while providing very significant co-benefits. These policies could reduce GHG emissions 
from the fastest growing source of emissions in our economy—transportation. 

• Power Supply and Delivery Sector Policy Options: 
Accelerate the introduction of zero- or low-carbon 
sources of power, such as renewable energy and 
potentially nuclear energy, while maintaining the 
reliability of the electric grid. Policy options include a 
more aggressive renewable portfolio standard 
potentially evolving into a low-carbon portfolio 
standard; expansion of the Regional Greenhouse Gas 
Initiative; GHG emission standards for new power 
plants; policies to facilitate the siting of new power 
plants; and policies to encourage repowering of 
existing fossil fuel plants. These policies, combined 
with investments to improve and maintain the 
performance of the grid (e.g., transmission and 
distribution network upgrading, energy storage) could 
reduce the GHG emissions from this important sector, which is the backbone of a low-carbon 
future. 

• Agriculture, Forestry, and Waste Sector Policy Options: Promoting sustainable 
production and conversion of biomass feedstocks; improving land management to maximize 
carbon uptake; supporting on-farm renewable energy and energy efficiency; increasing the 
availability of locally produced foods; and reducing waste are some of the key policies in this 
sector. While a small source of GHG emissions in New York, this sector is unique in that it 
can serve as a sink for carbon and as a potential source for low-carbon biofuels. 

This Interim Report also presents preliminary quantitative analysis of the costs, savings, and 
GHG emission reduction potential for individual mitigation policy options relative to a mid-point 
40 by 30 benchmark target, i.e., 40 percent reduction in GHG emissions by 2030. While further 
economic analysis is needed, some general observations can be made from the analysis to date: 

• No single policy can deliver the level of emission reduction needed to achieve a 40 by 30 
target. A portfolio of policies will be needed to reduce emissions from the many different 
GHG sources throughout our economy. 

• A linear path to achieving 80 by 50 may not be feasible nor optimal for a state like New 
York, which is already one of the most carbon-efficient states in the country on a per capita 
basis. We may need to ratchet up the stringency of the policies over time to increase the rate 
of emission reduction as technologies and markets mature. 

• There are a number of policies—particularly in the Buildings, Industry, and Transportation 
sectors— that represent cost-effective ways to take a meaningful step toward a low-carbon 
future. These "No Regrets" policies, which are primarily efficiency policies, represent 
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• Energy efficiency policies alone, however, will not deliver the level of emission reduction 
needed to achieve a 40 by 30 target (and ultimately 80 by 50). To make appreciable progress 
toward these aggressive goals and to break our dependence on finite fossil-fuel resources, the 
State will need to continue to strategically advance low-carbon energy supply-side policies 
and infrastructure investments, particularly focusing on policies that provide significant co-
benefits to New Yorkers (e.g., improvements in local air quality, opportunities for economic 
development, and job creation). 

As a single state attempting to address a global problem, maximizing the co-benefits in New 
York State associated with GHG mitigation policies will be necessary to maintain public support 
for GHG reduction investments. 

New York will need to wori< 
in partnership with other 
states to craft regional 

solutions, and to have the 
federal government as an 

active and financially 
supportive partner. 

Creating the clean energy economy requires clear and 
consistent public policies, and sustained and significant 
public and private investment. To achieve aggressive GHG 
reduction goals and reap the benefits, New York will need 
to be resolute in pursuing forward-looking policies and 
continuing to advance technology. New York will need to 
work in partnership with other states to craft regional 
solutions, and to have the federal government as an active 
and financially supportive partner. 

To turn climate policy into an engine for economic growth, 
we will need to ensure that the State's economic development policies are focused on emerging 
growth markets; that State policies foster a robust technology development and 
commercialization system; that we have a skilled workforce and a dynamic workforce 
development system; and that public and private sectors are fully engaged as partners. 

Managing the Risks In New York State Associated with a Changing 
Climate 

Climate change has already put in motion certain environmental impacts in New York, and 
further changes are likely. According to the latest assessment from a team of scientists at the 
NASA Goddard Institute, Columbia University, Cornell University, and the City University of 
New York—the average air and water temperatures in New York and the region are projected to 
increase significantly over the coming decades and heat waves are expected to become more 
frequent and more intense. Summertime rain is expected to fall more often as heavy downpours, 
leading to more flooding; at the same time, the periods between these rainstorms are likely to be 
drier, leading to droughts. By the year 2100, sea levels along our coast and the Hudson River 
estuary are projected to rise between 12 and 55 inches, increasing storm-related coastal flooding. 
The projected rate of change in our climate is unprecedented in our human history. And only 
through aggressive global action will we be able to change this path. 
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Measures to increase the resilience of our communities must begin now. Common sense actions, 
such as vulnerability assessments and emergency preparedness, are required to protect a range of 

sectors, from agriculture to public health 
to utilities. Adaptation can be thought of 
simply as responsible planning, 
incorporating the most current 
information about projected climate 
change into a variety of decisions. This 
Interim Report identifies a number of 
policy options and actions that could 
increase the resiliency our natural 
systems, our buiU environment, and key 
economic sectors—focusing on 
agriculture, vulnerable coastal zones, 
ecosystems, water resources, energy 

A 400-kWfuel cell (grey bo.x) meets 85 percent of the energy needs oj infrastructure, public health, 
this Price Chopper supermarket in Albanv. The installation reduces . , . . . j - r 
the building's carbon footprint by 71 tons, provides energy security telecommunications and mformat.on 
for perishable items, and saves more than 4 million gallons of water infrastructure, and transportation. 
each year. (Photo courtesy of UTC Power) 

Public and private entities will need to assess whether new investments in infrastructure, 
particularly long-lived infrastructure like power plants and transportation, will be consistent with 
a low-carbon future, both in terms of GHG emissions and in terms of vulnerability to a changing 
climate. We should avoid investments that are not highly adapted to a modified climate, such as 
infrastructure sited in low-lying floodplains. 

Managing Uncertainty and Taking the Long View 
While some of the policy options offered for consideration in this Interim Report rely on 
technologies that are still rapidly evolving, others make use of technologies readily available 
today, such as energy efficiency measures in new and existing buildings, wind, and solar power, 
investments in public transportation systems, and smart land-
use planning that, by promoting mixed use and transportation-
centered development, naturally results in less vehicle travel. 
New York can begin now to consider climate change in 
decisions, setting us on the path to a low-carbon, climate-
resilient future. 

Climate change will affect 
New York's economy, 

communities, and natural 
systems. I\̂ easures to 

increase resiliency must 
begin now. Responding to the challenge of climate change is an imperative 

for government. Effective response includes reducing 
emissions, unleashing innovation, capitalizing on the economic 
opportunity of a clean energy economy, reducing reliance on petroleum (stemming the flow of 
billions of energy dollars out of state), and helping communities become as well-prepared and 
resilient to climate change as possible. Significant economic and environmental co-benefits will 
flow from this response, satisfying important economic and public health goals. 

An effective response will not be easy. It will require long-term dedication and a willingness to 
make the public and private investments to keep moving in the right direction (especially 
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challenging in today's fiscal climate). But ignoring the need for action will be dramatically more 
costly over the long term, and New York will miss a great opportunity to be in the forefront of 
the emerging low-carbon, clean energy economy. 

Next Steps 

With this Interim Report, the Climate Action Council is seeking stakeholder and public response 
to the initial climate action planning work, including input on the mitigation and adaptation 
policy options. During 2011, work will continue to complete the required analyses of the policy 
options, which will inform a final Climate Action Plan. 

New York State will then need to develop more specific near-term implementation strategies to 
effectuate policy and practice. The State will need to establish clear targets and evaluate progress 
toward those targets. A mechanism to update this long-term plan on a regular basis will be 
needed, as the technology, the state-of-science, and the broader public policy environment will 
continue to change. 

Further, given the strong linkages between GHG emissions and energy policy, strategies to 
reduce GHG emissions will also need to be considered further in the development of New 
York's State Energy Plan as well as in other planning processes, such as State implementation 
plans for various co-pollutants. 

The recently enacted Article 6 of the Energy Law requires the State Energy Plan to include an 
inventory of greenhouse gas emissions, and strategies for facilitating and accelerating the use of 
low-carbon energy sources and carbon mitigation measures. Thus, the State Energy Plan will 
become a mechanism to deliberate and advance appropriate energy policy that fully accounts for 
the climate change impacts from New York energy production and use. 
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Overview 
Climate Action Plan Interim Report 

1.0 Climate Change and the Imperative for Action 

Humans are conducting a vast experiment on Earth's systems. Combustion of fossil fuels and 
land use change on a global scale are driving alterations to the Earth's climate. Human-made 
global climate change is underway. Scientists have spent the past several decades intensively 
studying our planet's temperature and climate history, assessing how our natural climate has 
changed and projecting how future human emissions of greenhouse gases (GHGs) will trap still 
more excess heat in the Earth's land, ocean, and atmosphere, further changing the climate. Key 
findings include the following: 

• That our climate is changing is no longer in question. Worldwide temperature measurements 
of land, oceans, and air document that the average temperature of the earth is rising. A 
considerable portion of this temperature rise is attributed to human activities—primarily 
deforestation and the combustion of fossil fuels. 

• Natural processes required hundreds of millions of years to turn the stored carbon from 
ancient plants into our fossil fuels. In the short time (geologically speaking) since the 
Industrial Revolution, fossil fuel combustion has 
injected large amounts of this long-stored carbon into 
our atmosphere as heat-trapping carbon dioxide, while 
other modem industrial practices have increased 
emissions of powerful GHGs such as methane and 
nitrous oxide. The additional heat that these GHGs trap 
is altering our climate system. 

Scientists conclude that 
an 80 percent reduction 

of GHG emissions is 
needed by mid-century 

to avoid potentially 
catastrophic climate 

change impacts. 
Although heat already trapped by past emissions of 
GHGs will continue to increase global temperatures for 
some decades, actions taken now can dramatically 
decrease impacts for current and future generations. Decisive emission reduction that keeps 
atmospheric GHG concentrations below threshold levels could mean the difference between 
climate changes to which humans can likely adapt and very severe impacts. Scientists 
forecast that an 80 percent reduction in GHG emissions, achieved by mid-century, has a good 
chance of minimizing the worst of the potential impacts. Integrating climate adaptation into 
current decision making can reduce the costs and disruption of the unavoidable impacts 
already buiU into the climate system. 

The best available information suggests that, for the most part, the "new" climate that will 
resuh if emissions continue on today's path will be less hospitable to human civilization than 
the climate that has prevailed for millennia—possibly different enough to lead to widespread 
social disruptions, and certainly enough to impose huge costs. 

In New York State, climate change has begun to affect, and will continue to affect the natural 
resources that support our economy and quality of life: air quality, water quality, marine and 
freshwater fisheries, plant and wildlife species, salt and freshwater wetlands, surface and 
subsurface drinking water supplies, forests, and other wildlife habitats. 
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Our economy, communities, and natural systems are vulnerable to higher temperatures, rising 
sea level, and more variable, intense weather: agriculture and forestry (e.g., new pests, 
reductions in crop yields and viability); electric transmission efficiency and power demands 
(e.g., hotter days mean more air cooling); communications and transportation infrastructure, 
especially structures in low-lying areas; public health (e.g., increases in heat-related deaths 
and in cardiovascular, respiratory, and vector-borne illness); and interruptions in food and 
drinking water availability. 

The human role in planetary warming and climate change 
gives us both the opportunity and the responsibility to avert 
or limit the impending changes. Climate science suggests 
that we can avoid the worst consequences of climate change 
if we mitigate (reduce or sequester) our emissions of GHGs 
and take measures to adapt to unavoidable climate change. 

Major Greenhouse 
Gases Emitted from 

Human Activities 

Carbon dioxide (CO2) 
Methane (CH4) 
Halocarbons 

(Industrial gases) 
Nitrous Oxide (N2O) 

Sulfur hexafluoride (SFe) 

Climate change is a global problem requiring global 
solutions and local action. Businesses and communities, 
states and nations are beginning to respond to the challenge 
by fostering low-carbon energy and economic development 
patterns. Leaders of this response are positioned to reap 
economic and social benefits from the transition, while 
rigid, inflexible economies risk losing competitive positions 
in the global marketplace. If we fail to reduce GHG emissions and adapt to unavoidable changes, 
future generations will be forced to bear significant consequences. 

2.0 Responding to Climate Change: Climate Action Planning in New 
York 

New York State is leading a candid discussion of responses to the threats and opportunities of a 
changing climate. The context for this discussion is the goal established by Executive Order 24 
for a reduction of GHG emissions by 80 percent below 1990 levels by 2050 (80 by 50). This goal 
is based on the consensus of the scientific community that this magnitude of emission reduction 
is needed to avoid potentially catastrophic impacts from climate change. 

This Interim Report is an important element in the planning process. It presents for consideration 
by decision makers, businesses and citizens the overarching goals and initial outcomes of New 
York's climate planning process: 

• A long-term vision for a climate-resilient, low-carbon, clean energy future for New York 

• The long-term 80 by 50 goal and a mid-term benchmark target of reducing GHG emissions 
by 40 percent by the year 2030 (40 by 30) 

• A preliminary list of policy options that, if broadly adopted, have the potential to 
dramatically reduce emissions and increase resiliency to a changing climate, while providing 
other benefits to New Yorkers in the near term 

• Initial expert analysis on the relative costs of different GHG mitigation policy options 
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• Initial strategies to link climate and energy policy with economic development opportunities, 
in particular those associated with growing a clean energy economy. 

In 2011, the Climate Action Council will further refine these preliminary ideas, finalize cost 
information and economic potentials, analyze the macroeconomic impacts of the policies, and 
outline a strategy for implementation. 

As climate change is a long-term issue that touches on many facets of our society and economy, 
New York's climate planning process must be ongoing and iterative—establishing needs; raising 
and refining ideas, action plans, and cost estimates; adopting policies at various time scales; and 
checking to see whether the policies are accomplishing the goals. The Climate Action Plan is 
intended to lead and motivate a sustained effort by business, government, and individuals to 
mitigate GHG emissions, adapt to a changing climate, and reap the societal and economic 
benefits of a low-carbon economy. 

Policies to address climate change cannot be developed in isolation. Using energy has been 
characterized as "the metabolism of modern industrial society. "As such, development of climate 
policies cannot be separated from energy security, energy affordability, economic activity, and 
overall quality of life. These linkages and constraints must be considered in formulating and 
developing realistic policy options. 

Transformation of our fossil fuel economy into a clean energy economy will be the work of a 
generation, involving large numbers of investors 
and workers, a wide variety of skills, and action 
and support by both public and private sectors. 
The Council recognizes the magnitude of the 
80 by 50 challenge and acknowledges that New 
York's success in achieving the economy-wide 
GHG reduction goal ultimately depends on 

Using energy is the metabolism 

of modern industrial society. 

Daniel Sarewitz, Arizona State University 

coordinated policy and action by federal, state and local governments. 

Overarching Goals of New York's Climate Action Plan 

• Provide a set of long-term objectives to guide State decision making. 

• Set out the policies that will enable both climate change adaptation and mitigation, helping to 
ensure that New York State does not make decisions in the near term that will lock in a high-
carbon future or increase our vulnerability to changes in climate (such as building long-lived 
infrastructure that is carbon intense or climate vulnerable). 

• Identify core solutions and strategically allocate available funding to effectively reduce GHG 
emissions and stimulate economic activity, while promoting constructive responses by other 
states and the nation as a whole. 

• Provide a foundation for New York to gain advantage in the emerging low-carbon, clean 
energy economy, advancing the state's economic and strategic interests in the short and long 
term. 
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New York State Climate Action Policy Options 

At the center of this Interim Report are policy options to achieve GHG emissions mitigation and 
climate change adaptation. The policies were selected for their potential to minimize costs, 
maximize co-benefits, and integrate environmental justice and other important public policy 
objectives. Additional analysis and further development of these policies will be carried out in 
the next phase of climate acfion planning. 

Mitigation: policy options to reduce emissions cover four categories of GHG emission sources: 
Residential, Commercial/Institutional and Industrial buildings and processes (RCI); 
Transportation and Land Use (TLU); Electric Power Supply and Distribution (PSD); and 
Agriculture, Forestry, and Waste (AFW). 

Adaptation: policy options to increase climate resiliency cover eight sectors (Agriculture, 
Coastal Zones, Ecosystems, Energy, Public Health, Transportation, Telecommunications, and 
Water Resources). 

These policy options were developed through a collaborative 
process that included more than 100 technical experts and 
stakeholders, along with staff experts from 13 State agencies. 
The Climate Action Council convened New York stakeholders, 
calling on experts from New York and beyond to take part in 
Technical Work Groups and an Integration Advisory Panel. 
Since February 2010, these groups have been examining 
mitigation and adaptation policy options available to the State. 
The Council's comprehensive web site oflers detailed 
information about the process at www.nyclimatechange.us. 

The Climate Action Council's website, 
www.nyclimatechange.us, provides 
access to New York's climate planning 
process. 

This Interim Report builds on extensive previous work. Data 
on emissions and policy design came from New York's 

experience with programs supporting development of renewable energy systems and energy 
efficiency and the development of the Regional Greenhouse Gas Initiative (RGGI). In particular, 
the 2009 New York State Energy Plan significantly advanced understanding of GHG mitigation, 
through preliminary technical assessments of greenhouse gas science, emissions, and the scope 
of needed mitigation actions. The State Sea Level Rise Task Force, the Assessment for Effective 
Climate Change Adaptation Strategies in New York Slate (ClimAID), PlaNYC, and New York 
City's extensive adaptation analyses provide foundational data for statewide adaptation 
recommendations. 

Public Input, Further Planning Work, and Implementation 

With this Interim Report, the Climate Action Council is seeking stakeholder and public response 
to the initial climate action planning work, including input on the policy options. During 2011, 
the Council will complete additional analyses and design of the policy options and transmit its 
recommendations in a Climate Action Plan. That plan will include the following: 

• Economic assessments, including both the cost of inaction and macroeconomic impacts in 
New York, such as creating jobs and retaining some of the $38 billion dollars that is exported 
annually from New York to pay for energy imports 
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Refinement of policy options based on public comment 

Assessment of policy interactions (reinforcement and conflicts) among individual policy 
options; there are many such interactions, given the multi-sector nature of aggressive GHG 
mitigation policies 

Climate Smart Communities 

More than 80 New York villages, towns, 
and counties have declared themselves 
Climate Smart Commur)ities, working to 
reduce energy use, protect the climate, 
and save taxpayer dollars. 

Across New York, Climate Smart 
Communities are 

• Inventorying greenhouse gas emissions, 
setting reduction goats and developing 
action plans. 

• Carrying out projects that reduce 
emissions from municipal facilities and 
vehicles, 

• Reducing community emissions through 
more efficient municipal services, such as 
traffic systems and waste disposal. 

To learn more about Climate Smart 
Communities, visit: 
http://www.dec.ny.gov/energy/50845.html 

• Creation of a mitigation cost curve 
(comparing net costs and reduction 
potentials of individual climate policy 
options) 

• Assessment of the GHG reduction 
potential of the full policy package, and 
determining whether it puts New York on 
the path to meet the 40 by 30 benchmark 
target and the 80 by 50 long-term goal 

• Further analysis of funding options and 
availability of capital, as well as of 
societal benefits and externalities. 

Implementation of policies to achieve a 
transformation as significant as 80 by 50 will 
require substantial investments in some 
sectors of the economy. Although many 
policy options offer substantial savings to 
consumers, there are notable exceptions that 
demonstrate deep carbon emissions 
reductions but come at a cost to achieve. 

To fund some policy proposals. New York 
State will need to identify new funding mechanisms of sufficient magnitude and duration to 
catalyze a change in how we produce or use energy. Such funding sources could be created by a 
combination of carbon pricing, federal cost sharing, and public-private partnerships. Leveraging 
private capital will be absolutely critical to achieving a goal as bold as 80 by 50. Public funding 
should come from sources that directly link revenue generation to GHGs, promoting efficiency 
and low-carbon technologies, and avoiding burdens on desired activities such as economic 
activity and employment. 

Policies must be crafted in a way that promotes clean energy and low-carbon investment, 
optimizes public investment dollars, and places New York at a competitive advantage both 
nationally and globally. Recognizing the current fiscal constraints, the Council recommends a 
staged or phased approach to this grand challenge. 

3.0 A Clean Energy Economy in New York 
New York could become the regional, national, and international hub of clean technology 
industry and innovation—creating good jobs for New Yorkers. A portfolio of State policies 
strategically designed to support the critical building blocks of a clean energy economy would 
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maximize economic development potential, turning climate policy into an engine for economic 
growth. 

Much has been written about the potential growth of 
the burgeoning clean energy economy and the 
competition for these emerging markets is fierce and 
global. New York is well positioned to compete in 
this economic race: New York has long been a leader 
in energy technology innovation and 
commercialization, with a well established world-
class research infrastructure and a major financial and 
venture capital industry. New York has a superior 
higher education system, natural resources necessary 
to power a low-carbon economy, and a productive 
and skilled labor force that can readily transition into 
new energy industries and markets. 

NYS Climate Action Plan 
Energy Terminology 

Low-carbon and near-zero-carbon 
energy refer to energy from sources 
whose cartDon intensity (CO2 emitted 
per unit of energy) is significantly 
lower than that of traditional fossil 
fuels. Low-carbon sources include 
renewables (solar, hydroelectric, 
sustainable biomass. wind, marine, 
tidal, and geothermal power), nuclear 
power, and energy produced by 
processes that capture and sequester 
CO2 from fossil fuel combustion. 

The term clean energy includes the 
suite of environmentally sustainable 
energy supply and demand 
technologies and systems in all 
industries. It includes renewable 
energy, energy storage, and efficient 
transportation technology, as well as 
technologies and systems that 
improve energy efficiency. 

The clean energy economy includes these critical 
building blocks: 

I. Robust Market Demand for Clean Energy 
Products and Services: Strong market demand must 
exist to motivate companies to make investments in 
facilities, manufacturing, services infrastructure, and 
research and development. Policies at the 
international, national, and state level can help create 
this demand. Such policies include market-pull 
policies (e.g., a Renewable Portfolio Standard, or 

RPS), financial incentives/disincentives (e.g., a price on carbon emissions), regulations/codes, 
procurement guidelines, and a variety of other mechanisms analyzed in this Interim Report. 
Market demand is the critical foundation for advancing a clean energy economy. 

2. Skilled Clean Energy Workforce and Dynamic 
Workforce Development System: A skilled workforce will 
help companies to grow and locate in New York State. In an 
innovation-based economic model, a full spectrum of skill 
levels is needed—from the technician servicing customers' 
repair and installation needs to the CEO who attracts 
investment and runs the company. A dynamic workforce 
development system meeting the needs of a clean energy 
economy must take a long view to develop the human capital 
needed to prepare New York to capture the benefits of a 
clean energy economy. 

Jobs involved with weatherizing 
buildings and other aspects of the 
clean energy economy keep energy 
dollars in the local communitv. 

3. Technology Innovation and Commercialization 
Ecosystem: To provide more options and lower cost 
solutions, substantial and sustained investment in energy 
technology research and development and new approaches to accelerate technology 
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Working to reduce the cost of mounting and installing solar 
arrays, this start-up company is part of the New York City 
Accelerator for a Clean and Renewable Economy (NYC 
ACRE), a joint effort of New York State, New York City, the 
investment community, and several universities. NYC 
ACRE is developing entrepreneurs and innovative local 
businesses that provide climate and energy solutions while 
growing the clean technology sector and creating jobs in 
New York. Located in Buffalo, Rochester, Syracuse, 
Albany, Long Island and New York City, New York'ssix 
Clean Energy incubators support a total of 72 clean energy 
start-up companies. (Photo courtesy of Polytechnic Institute 
of NYU.) 
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commercialization must be developed. A fully 
integrated network of inventors, entrepreneurs, 
financiers, and market experts—with many 
vital connections much like a natural 
ecosystem—will together spur creation of new 
clean energy companies that will take the risks 
needed to produce new products and services. 
New York has the key ingredients for robust 
job-creating, energy-technology innovation. 
With State policies that support the entire 
innovation ecosystem, New York could reap 

substantial economic gains by developing and 
manufacturing high-value clean energy 
products for local use and for international 
markets. 

4. Focused and Sustained Economic 
Development Strategies that Support Clean 
Energy: New York must embrace a model for 
economic development that builds on its 
strengths as a knowledge-based economy and 
that recognizes that the state will struggle to 

compete in low-cost commoditized markets. State economic development policies should 
support the retention of jobs and the creation of new businesses and jobs in emerging high-
growth markets, such as clean technology industries. Economic development policies must 
embrace the new emerging economy of the 21st century—an economy whose growth is based 
on innovation, knowledge, and entrepreneurship. 

5. Fully Engaged Private and Public Sector: Achieving a goal as transformational as 
80 by 50 is possible only with the full and sustained commitment of all levels of the public and 
private sectors. The clean energy revolution will uhimately depend on linkages and support from 
the federal government. State government, businesses, academic institutions, not-for profits and 
municipal governments—each of which plays an important role in the transformation to a clean 
energy economy. And support from the public at large is a prerequisite for policymakers in New 
York to advance and sustain the climate-energy policy options presented here. 

4.0 Potential Climate Change Impacts and Vulnerabilities in New York 

Global climate models project that the Earth will warm in the next century, in a consistent 
geographical pattern. This climate change threatens New York's natural resources, economy, and 
the heahh and lifestyle of its residents. For example. New York State's average air temperatures 
are projected to increase significantly over the coming decades, and heat waves are expected to 
become more frequent and intense. Summertime rain is expected to fall more often as heavy 
downpours, leading to more flooding; at the same time, the periods between these rainstorms are 
likely to be drier, leading to droughts. By the year 2100, sea levels along our coast and the 
Hudson River estuary are projected to rise between 12 and 55 inches, increasing storm-related 
coastal flooding. 
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The Integrated Assessment for Effective Climate Change Adaptation Strategies in New York 
State (ClimAID) is a comprehensive project to provide New York State decision makers with the 
best available climate science and other information on the state's vulnerability to, and possible 
benefits from, climate change. The study also aims to facilitate development of adaptation 
strategies informed by both local experience and scientific knowledge. To make it easier to 
assess potential impacts under future conditions, the ClimAID team developed a set of climate 
change scenarios for New York State. Figure OV-I, from ClimAID, shows the projected changes 
in average annual temperature and precipitation for New York for a mid-level emission scenario 
of future greenhouse gas emissions. A synthesis report summarizing the findings of ClimAID 
can be found in Appendix H to the Interim Report. 

Figure OV-1. Projected changes in annual temperature and precipitation for the 2080s in 
the Northeast, under the A1B ("middle") emissions scenario, relative to the 1970-1999 
baseline 

2080s Annual Temparatura Change (AlB scenario) 2080s Annual Precipitation Change (AlB scenario) 

S 5.5 6 6,5 
Annual Temperature Change (T) 

7.5 2 4 6 
Annual Precipitation Change (%) 

10 

Many climate changes projected by scientists are already occurring, with impacts to New York 
State's society, economy, and natural ecosystems. The 
summaries presented here by sector list some of the 
expected specific impacts to New York State as the climate 
continues to change. 

Agriculture 

Some crops may have yield or quality losses associated 
with increased frequency of drought, increased summer 
high temperatures, increased risk of freeze injury as a result 
of more variable winters, and increased pressure from 
weeds, insects, and disease. Dairy milk production per cow 
will decline in the region as temperatures and the frequency 

Apple crops are vulnerable to late spring 
freezes and other weather aberrations that 
accompany climate change. 
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of summer heat stress increase. Warmer temperatures, a longer growing season, and increased 
atmospheric carbon dioxide could create opportunities for farmers who are able to transition to 
new crops. 

Coastal Zones 

Sea level rise will greatly amplify risks to coastal populations and will lead to permanent 
inundation of low-lying areas, more frequent flooding by storm surges, and increased beach 
erosion. Saltwater could reach farther up the Hudson River and into estuaries, contaminating 
urban water supplies. Tides and storm surges may propagate farther up the Hudson River, 
increasing fiood risk far from the coast. 

Ecosystems 

Widespread shifts in species composition will occur 
in the state's forests and other natural landscapes, 
with the loss of spruce-fir forests, alpine tundra, and 
boreal plant communities. Warmer temperatures 
will favor the expansion of some invasive species 
into New York. Some habitat and food generalists 
(such as white-tailed deer) may also benefit. Higher 
levels of carbon dioxide may increase the growth 
rate of fast-growing species, which are often weeds 

Tidal wetlands are e^^ected to be flooded by rising seas and invaslve specics. Lakes, Streams, inland 
ra.ster than new wetlands can establish themselves wetlands, and associated aquatic specics will be 
further inland. ' . . . . 

increasingly vulnerable to changes in the timing, 
supply, and intensity of rainfall and snowmelt, groundwater recharge, and duration of ice cover. 
Increasing water temperatures will negatively affect brook trout and other native coldwater fish. 
Sea level rise will lead to loss of coastal wetlands, reducing populations offish and shellfish. 

Energy Systems 

More frequent heat waves will cause an increase in the use of air conditioning, stressing power 
supplies and increasing peak demand loads. Transformers and distribution lines for both electric 
and gas supply are vulnerable to extreme weather events, temperature, and flooding. Coastal 
infrastructure in downstate areas is vulnerable to flooding as a result of sea level rise and severe 
storms. Hydropower is vulnerable to drought and changes in precipitation patterns while power 
plant efficiencies may be reduced due to increased air and water temperatures. 

Public Health 

Heat-related illness and death are projected to increase, while cold-related deaths will likely 
decrease. Increases in heat-related death are projected to outweigh reductions in cold-related 
death. Cardiovascular and respiratory-related illness and death will be increased by worsening air 
quality, including more smog, wildfires, pollens, and molds. Allergy and asthma cases are 
projected to increase and become more severe. Vector-borne diseases, such as those spread by 
mosquitoes and ticks, may expand or their distribution patterns may change. Water- and food-
borne diseases are likely to increase. Water supply, recreational water quality, and food 
production will be at increased risk due to increased temperatures and changing precipitation 
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patterns. More intense storms and flooding could lead to increased stress and mental health 
impacts and impaired delivery of public health and medical services. Demand for health services 
and the need for public health surveillance and monitoring are likely to increase. 

Telecommunications and Information Infrastructure 

Communication service delivery is vulnerable to hurricanes, lightning. Ice, snow, wind storms, 
and other extreme weather events, some of which are projected to change in frequency and/or 
intensity. Communication lines and other infrastructure are vulnerable to the observed and 
projected increase in heavy precipitation events and resulting flooding and/or freezing rain. In 
coastal and near-coastal areas, sea level rise in combination with coastal storm surge flooding 
will be a considerable threat especially later this century. The delivery of communication 
services is reliant on the electric power grid, which may experience increased stress resulting 
from the additional demand associated with heat waves. 

Transportation 

Low-!ying transportation systems such as subways and tunnels, especially in coastal and near-
coastal areas, are at particular risk of flooding as a 
result of sea level rise and heavy-precipitation events. 
Materials used in transportation infrastructure, such 
as asphalt and train rails, are vulnerable to increased 
temperatures and frequency of extreme heat events. 
The Great Lakes may see a shorter season of winter 
ice cover, leading to a longer shipping season. 
However, reduced ice cover is also likely to mean an 
increase in "lake effect" snow events, which often 
cause transportation-related problems. Air- and land-
based transportation systems are vulnerable to ice 
and snowstorms, although requirements for salting 
and snow removal may decrease as snow tends to 
turn more often into rain. The number of freeze/thaw 
cycles, which disturb roadbeds, may increase as 
winter temperatures rise. 

Railroad tracks that run only a few feet above the 
Hudson River illustrate the vulnerability to climate 
change and sea level rise of infrastructure located 
near water bodies. Tidal as f a r north as Troy, the 
Hudson will directly experience higher ocean levels 
and storm surges. 

Water Resources 

Increasing water temperatures in rivers and streams will affect aquatic health and reduce the 
capacity of streams to assimilate effluent from wastewater treatment plants. Heavy downpours 
have increased over the past 50 years and this trend is projected to continue, causing an increase 
in localized flash flooding in urban areas and hilly regions. Flooding has the potential to increase 
pollutants in the water supply and inundate wastewater treatment plants and other vulnerable 
development within floodplains. At the same time as downpours occur more often, more 
moderate rain events are expected to become less frequent during the summer, resulting in 
additional and possibly longer summer dry periods and stressing water supply systems with 
limited storage. Reduced summer flows on large rivers and lowered groundwater tables could 
lead to conflicts among competing water users. 
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Economic Impacts 

The economic cost associated with climate change mitigation and adaptation is a growing 
concern for national, state, and local governments around the world. While the cost of combating 
climate change often impedes action on this threat, inaction has its own significant costs. 

Some economic sectors in New York State are more at risk from climate change than others. 
Because of heavy concentrations of assets in coastal areas, the largest financial impacts likely 
will occur there, including impacts on transportation, energy, and other coastal infrastructure, as 
well as natural areas. Other likely costs include decreased agricultural crop yield and dairy 
production, as well as tourism dollars lost in the winter-recreation industry. 

5.0 New York State's GHG Emissions 

Emission inventories and projections provide the basis for identifying GHG emissions reduction 
opportunities and for planning to minimize the economic and environmental impacts of policies. 

New York's Emissions Inventory 

In 2005, the latest year for which global emissions data 
are available. New York's share of emissions within the 
U.S. (3.8 percent) was smaller than its share of the U.S. 
population (6.5 percent). In contrast, the U.S. share of the 
world's GHG emissions (18 percent) was much greater 
than its share of the 2005 population (4.6 percent). 
Nonetheless, New York's GHG emissions accounted for 
0.7 percent of the world's GHG emissions in 2005, while 
its share of global population was 0.3 percent. 

In 2008, New York emitted approximately 254 million 
metric tons of carbon dioxide equivalent (C02e), an 
average of a little more than 13 metric tons of C02e for 
each state resident. New York's per capita GHG 
emissions are considerably (43 percent) below the U.S. 
average. 

Carbon Dioxide 
Equivalent (C02e) 

Because GHGs vary in their 
ability to retain heat, GHG 
emission inventories and 
projections are given in the 
metric C02e. C02e expresses 
any GHG's global warming 
potential as a multiple of the 
potential of carbon dioxide 
{CO2), 

For instance, methane has a 
C02e of approximately 22 -
that is, methane in the 
atmosphere produces about 22 
times as much warming as the 
same weight of CO2. 

For each of the six major GHGs, Figure OV-2 depicts the 
portions of New York's emissions that result from fuel 
combustion and from other sources. Prominent non-fuel 
combustion GHG sources are cement production, ozone depleting substitutes, natural gas 
leakage, landfills, agricultural animals, municipal waste combustion, municipal wastewater, and 
agricultural soil management. 
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Figure OV-2. 2008 Percentage of GHG Emissions by Gas and Source (Includes Net 
Imports of Electricity) 
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As Figure OV-2 shows, carbon dioxide (CO2) is the predominant GHG emitted in New York 
(88 percent, including both combustion and non-combustion emissions). Methane is second 
(6 percent); most of New York's methane results from non-fuel combustion sources such as 
municipal waste and natural gas leakage. The state's small amounts of nitrous oxide emissions 
(2 percent of total emissions) are mostly attributable to automotive fuel combustion. Other 
industrial gases make up the remaining GHG emissions. 

Combustion of fossil fuels is the dominant source CO2 emissions—CO2 from fuel combustion 
makes up 84 percent of New York's GHG emissions. Fossil fuel combustion occurs in power 
plants to generate electricity, on building sites for space heat and industrial process power, and in 
vehicles to transport goods and people. 

Carbon Dioxide Emissions from thie Major Economic Sectors 

The GHG inventory divides CO2 emissions into four main end-use sectors: industrial, residential, 
commercial/institutional, and transportation. The emissions inventories for the residential, 
commercial/institutional, and industrial sectors include the emissions resulting from each 
sector's share of electricity generation, whereas the Climate Action Plan policy option analysis 
separates out electricity sector emissions because they must be mitigated within the power 
supply and distribution sector. 

Figure OV-3 details 2008 CO2 emissions from fossil fuel combustion by end-use sector. The 
transportation sector accounts for approximately 40 percent of CO2 emissions from fuel 
combustion; the residential and commercial/institutional sectors are each responsible for roughly 
25 percent of fuel combustion CO2 emissions, including emissions from the share of electricity 
generation required by each of these sectors. The residential sector shows greater emissions from 
fuel combustion on-site than from electricity generation or imported electricity, while the 
commercial/institutional sector shows the reverse—emissions from electricity generation and 
imported electricity are higher than emissions from on-site fuel combustion. The industrial 
sector's fuel combustion CO2 emissions are the lowest (approximately 10 percent), with most of 
these emissions coming from on-site fuel combustion. 
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Figure OV-3. 2008 CO2 Emissions from Fuel Combustion by End Use Sector (Includes Net 
Imports of Electricity) 
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Of the different fuels, natural gas, which is burned in all fuel combustion sectors, accounts for 
the largest amount of fuel combustion CO2 emissions (almost 30 percent). The transportation 
sector emits nearly as much fuel combustion C02(28 percent), from burning gasoline in 
vehicles. 

Trends in Emissions and GHG Sinl<s 

New York's gross GHG emissions increased by about 2 percent (or 6 million metric tons of 
C02e) between 1990 and 2008, with a peak around the year 2000. New York's transportation 
sector showed by far the greatest growth in gross GHG emissions, with an annual increase of 14 
million metric tons from 1990 to 2008. In contrast, during this same period annual C02e 
emissions from electricity generated in-state decreased by about 18 million metric tons, although 
emissions associated with electricity imported from other states grew. 

It should be noted that gross emission figures do not take into account uptake of carbon by GHG 
sinks, while net emissions do. New York's forests, including urban forests, wetlands, and fields, 
function as sinks of CO2 emissions. Agricultural cultivation practices also are found to contribute 
to removal of CO2 from the atmosphere. 

Greenhouse Gas Emissions Forecast through 2030 

Relying on a variety of sources for forecasts (as described in Chapter 3 of the full Interim Report 
on Inventory and Forecast), a reference case forecast of GHG emissions through 2030 was 
developed. The reference case assumes implementation of policies that are currently approved 
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and funded at the state and federal level. It assumes no additional policy action, and is sometimes 
referred to as a "business-as-usual" scenario. 

Figure OV-4 shows estimates of annual GHG emissions through 2030 (based on forecasts for 
Mid-Atlantic fuel demand, along with natural gas projections). Forecasts for on-highway diesel 
and gasoline fuel use were based on forecasts of New York vehicle miles of travel provided by 
the Department of Transportation and federal projections of vehicle fuel economy. The forecasts 
do not take into account the effects of a changing climate. 

Figure OV-4. Greenhouse Gas Emissions by Source Category, 1990-2030 
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Under the reference case forecasts. New York's gross GHG emissions decrease slightly from 
2005 over the forecast period, to about 268 million tons of C02e by 2030, or 8 percent above 
1990 levels. Relative to 2005, the shares of 2030 emissions associated with residential, 
commercial/institutional and industrial sector fuel use, transportation, and power supply and 
delivery are still the highest, in the same order. The greatest increase in the share of emissions is 
in the transportation sector, with an increase from 29 percent of total gross emissions in 2005 to 
33 percent in 2030. 

Growth rates of fuel use for space heating, industrial processes, transportation, and electricity 
demand, the principal determinants of New York's future GHG emissions, are driven by 
economic, demographic, and land-use trends, which are difficult to predict. Improving forecasts 
of growth patterns and transportation system impacts will be a crucial task for climate planners 
going forward. 
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6.0 Visioning 

New Yorl<'s 2050 Analysis 

The 80 by 50 goal and the year 2050 vision drive New York's Climate Action Plan. In the 2050 
vision, with GHG emissions at only 20 percent of today's level, New York would boast a vibrant 
economy, its resilient communities and natural resources meeting citizens' needs in a changing 
climate and thriving as the nation's and the world's low-carbon economy matures. 

To give definition and specificity to this 2050 vision, the Climate Action Council conducted a 
visioning exercise. The visioning exercise made use of four tools: 

• 2050 Scenario development, based on a coupled energy-sector model and sets of 
assumptions about future energy demand, patterns of energy use, and low-emission 
technologies that might reasonably be available to power the low-carbon economy 

• Visioning workshop, held at the New York Academy of Sciences on January 5, 2010; full 
session and presentations available online at http://nyclimatechange.us/2050 

• White paper incorporating workshop outcomes and information from other expert sources; 
Envisioning a Low-Carbon 2050 for New York Stale, Brookhaven National Laboratory 
(Appendix F). 

• 2050 Sectoral visions developed by the 
Technical Work Groups for each sector 
of New York's economy: Residential, 
Commercial/Institutional and Industrial 
(buildings and processes); Power 
Supply and Delivery; Transportation 
and Land Use; Agriculture, Forestry, 
and Waste (with Materials 
Management). Detailed discussions of 
the visions for each sector are part of the 
mitigation sector chapters of this Interim 
Report. 

This visioning exercise led to the following 
key findings: 

The City of Syracuse, a Climate Smart Community, sets an 
example and achieves GHG reduction by partnering in a car 
sharing program through which residents rent low-emission 
hybrid vehicles for short time periods. (Photo courtesy of 
City of Syracuse) 

• Meeting the 80 by 50 goal will require substantial investments in new energy systems and 
infrastructure that have very low- or zero-net carbon emissions. Changes in patterns of 
energy use also will be needed. 

• Transportation systems and buildings (residential and commercial) will have to move away 
from reliance on combustion of fossil fuels to alternate sources with significantly lower 
carbon or no carbon emissions. 

• A broad shift from reliance on fossil fuels to generate electricity to carbon-free low- or zero-
carbon sources will be needed with a concurrent increase in energy storage and generation 
capacity. Local fossil fuel combustion yields to electrification and other altemate 
technologies. 
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• Energy efficiency must be aggressively pursued today, but it alone is not sufficient to achieve 
New York's 80 by 50 GHG emission reduction goal. 

• Development and redevelopment based on smart 
growth principles, along with efficient building design 
practices, building technologies, and construction 
methods, can significantly reduce the energy demand 
for buildings and transportation. 

• An informed and engaged citizenry that values wise, 
efficient use of clean energy as part of their everyday 
lives is absolutely critical to achieving New York's 80 
by 50 goal. The goal must be pursued in part through 
extensive, long-term partnering among all levels of ^he Climate Smart Community of New Castle 

government and across the region, and between the informs and engages its citizens and helps to 
public and private sectors. It will take sustained, reduce GHG emissions with an e-waste 

, I r./- , ^ ,, recycling day. (Photo courtesy of Town of New 

unprecedented effort on the part of ail. Ca'stte) 

7.0 Greenhouse Gas Mitigation Options 

The Technical Work Groups explored policy options to reduce GHG emissions in four key 
energy-related sectors of New York's economy, as shown in Figure OV-5: Power Supply and 
Delivery; Residential, Commercial/Institutional and Industrial; Transportation and Land Use; 
and Agriculture, Forestry, and Waste. The Technical Work Groups developed policy options 
after reviewing technologies and projections of future demand and screening a large number of 
possible State policies. As the figure shows, the policy options target all the core 80 by 50 
strategies developed in the visioning process. 
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Figure OV-5. Policy Options and Vision Strategies Map 
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RESIDENTIAL, COMMERCIAL/INSTITUTIONAL. AND INDUSTRIAL 
Building Codes. Appliance Standards, & Enforcement. RCl-7 
Building Commissioning. Benchmarking, d Upgrades, RCl-S 
Energy Efficiency Incentives. RCI-2 

Customer-Sited Renewable Energy Incentives. RCI-3 
Industrial Process Incentives. RCl-I I 
Workforce Training & Developmenl. RCI-6 
Outreach, Education, and Behavior Change RCI-5 
Rate Restructuring & Flexible Metering, RCI-IO 
Energy Efficiency and Clean Energy Fund. RCI-l 
Tax Structure c6 Private Financing. RCI-4 
Research. Development. & Demonstration, RCI-9 

TRANSPORTATION & LAND USE 
Vehicle Effiiciency, TLU-I 
Vehicle Incentives & Disincentives, TLU-2 
Fleet Incentives & Disincentives. TLU-3 
Alternative Fuel <& Infrastructure. TLU-4 

Research, Development, A Demonstration, TLU-5 
Decreased Travel tfe Less Commuting, TLU-6 
Mass Transit & Rail. TW-7 
Freight Strategies, TLU-8 
Priority Growth Centers. TLU-9 
Transit-Oriented Development. TLU-I0 
Location Efficient Land Use. TLU-I I 
Intergovernmental & Regional Initiatives, TLU-12 

%P:0WERtSUP.PhYi&1DEmVERYA 
Renewable Portfolio Std & Renewable Incentives. PSD-2 

Cap-and-lnvest & Low-Carbon Portfolio Sid. PSD-6 
Siting and Permitting of New Generation. PSD-I 
New Facility Emissions and Nuclear Power. FSD-IO 
Existing Fossil Plant Policies, PSD-8 
Distribution Network Upgrade, PSD-4 
Transmission Network Upgrade, PSD-5 
Energy Storage. PSD-3 
Research, Development. <fe Demonstration. PSD-9 

mGRIGUmiUREmORESTRY^&WXSTEi 
Production of Sualainable Feedstock for Bio-Energy. AFW- I 
Conversion of Sustainable Feedstock for Bio-Energy. AFW-2 
Maximize Waste Reduction. AFW-3 
Integrated Farm Management, AFW-4 
Farm Effiiciency & Renewable Energy. AFW-6 
Conserve Open Space. AFW-5 
Improved Forest Management. AFW-7 
Local Food Production, AFW-8 
Research. Development. & Demonstration. AFW-9 
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Figure OV-5 lists the policy options by sector (each option is designated throughout the Interim 
Report by a combination of sector initials and numbers). Greater detail about the policy options 
is available in the Interim Report mitigation chapters (Chapters 6 through 9). Evaluating policy 
option effectiveness, their net cost and the interactions among them, and selecting policies for 
final recommendations to the Governor, will be the work of the second phase of New York's 
Climate Action Plan. 

Analyz ing Cost and Potent ial Emiss ion Reduct ions f rom the Pol icy Opt ions 

Where possible, the cost and/or savings associated with a policy and the total GHG emissions 
expected by the 2030 benchmark year were quantified. The 1990 baseline emission levels 
(referenced in Executive Order 24), along with current levels, are presented in Figure OV-6. The 
2030 forecasted GHG emission level, 268 million metric tons (MMtCOae ), is also presented, 
along with the emission limits implied by the 2030 benchmark target (148 MMtC02e) and the 
2050 goal (50 MMtC02e ). The required emission reduction for 2030 is therefore 120 MMtC02e, 
as shown in Figure OV-6. While the precise pathway to the 80 by 50 goal cannot be known, the 
benchmark goal does provide a plausible mid-point target for the purpose of policy evaluation. 

Figure OV-6. GHG Emissions Reductions to Meet the 80 by 50 Goal 
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Figure OV-7 presents quantitative analysis of the Interim Report's mitigation policy options over 
the study period (2011-2030). The preliminary analytical results presented here describe the 
potential effectiveness of the mitigation policy options on a stand-alone basis, without 
considering interactions among policies or overlapping emissions reductions. Figure OV-7 
presents an estimate of the annual GHG emission reduction anticipated by 2030 of the individual 
policy options (i.e., as measured by Million Metric Tons C02e). To make this estimate, the 
Technical Work Groups developed specific targets (policy scenarios), where possible, for 
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individual policy options. (Note that not all policy options are amenable to this type of 
quantification.) The results also present an estimate of the total cost or savings of the policy 
option through 2030, as measured by net present value (NPV). NPV reflects the total capital 
costs, anticipated operation and maintenance costs/savings, and fuel costs/savings associated 
with the policy. A negative NPV reflects a savings and implies an economically desirable 
investment. Figure OV-7 also presents a rough indicator of cost-effectiveness for the policy 
option, as measured by $/ton C02e avoided, to determine which policy options will deliver the 
most COie on a dollar-for-dollar basis. As with NPV, a negative $/ton C02e implies that we save 
money as we reduce GHGs. 

While further analysis is needed to better understand the full range of economic impacts and to 
eliminate potential overlap, some general observations can be made from the analysis to date: 

• 

• 

No single policy can deliver the level of emission reduction needed to achieve a 40 by 30 
target. A portfolio of policies will be needed to reduce emissions from the many different 
GHG sources throughout our economy. 

A linear path to achieving 80 by 50 may not be feasible nor optimal for a state like New 
York, which is already one of the most carbon-efficient states in the country on a per capita 
basis. We may need to ratchet up the stringency of the policies over time to increase the rate 
of emission reduction as technologies and markets mature. 

There are a number of policies—particularly in the Buildings, Industry, and Transportation 
sectors—that represent cost-effective ways to take a meaningful step toward a low-carbon 
future. These No Regrets policies, which are primarily efficiency policies, could represent 
options for early action. Further analysis of benefits and costs, and strategies to finance 
and/or fund, will be needed. 

Energy efficiency policies alone, however, will not deliver the level of emission reduction 
needed to achieve a 40 by 30 target (and uhimately the 80 by 50 goal). To make appreciable 
progress toward these aggressive goals and to break our dependence on finite fossil-fuel 
resources, the State will need to continue to strategically advance low-carbon energy supply-
side policies and infrastructure investments, particularly focusing on policies that provide 
significant co-benefits to New Yorkers (e.g., improvements in local air and water quality, 
opportunities for economic development and job creation). 
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Figure OV-7. Preliminary Analysis of Mitigation Policy Options: Greenhouse Gas 
Reduction Potential and Costs and Savings Estimates 

'Note: Negative values denote a savings. 
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RCI-2 
Energy Efficiency Incentives 17 -$29 $0 

Combined Heat and Power (CHP) Incentives 1.1 $14 $2 

RCI-3 
Solar Electricity Incentives 3.3 $4,400 $200 

Solar Themial Incentives 2.8 $2,600 $130 

Bioenergy Incentives 5,1 -$5,100 -$61 

RCl-7 Building Codes, Appliance Standards, and 
Enforcement 6.3 -$1,200 -$27 

RCI-8 
Building Commissioning, Benchmarking, and 
Upgrades 3.3 -$790 -$23 

RCI-11 Industrial Process Incentives 2.6 -$2,500 -$95 

TLU-1 Vehicle Technology and Operations 17 $7,900 $62 

TLU-2 Vehicle Incentives and Disincentives 2.0 -$2,300 -$120 

TLU-3 Fleet Incentives and Disincentives 0.6 -$750 -$130 

TLU^ 
Alternative Fuel-Related Measures and 
Infrastructure—Low Carbon Fuel Standard (LCFS) 8.5 $6,700 $79 

Commuter & Traveler assistance 1,0 -$15,000 -$870 

TLU-6 

Parking Pricing — 
Upstate 

NYMTC Region 
0,3 
0.4 

$720 
-$480 

$1,400 
-$610 

Telecommuting 1.0 -$15,000 -$870 

Congestion Pricing 0.2 -$1,100 -$460 

TLU-7 Expanded Transit 4.9 $25,000 $390 

TLU-9 Priority Growth Centers 0.3 -$1,600 -$610 

TLU-10 
Transit-Oriented Development/ Transit Supportive 
Development 0.5 -$5,000 -$870 

TLU-11 Location Efficient Land Use 1.2 -$15,000 -$870 

PSD-2 Renewable Portfolio Standard (RPS) and 
Incentives for Grid-Based Renewable Generation 7.9 $1,700 $27 

PSD-4 Distribution System Upgrades 0.8 -$460 -$73 

PSD-6 Low Carbon Portfolio Standard (LCPS): High 
penetration of renewables 29 $5,600 $26 

AFW-3 
Maximize Waste Reduction, Recycling, and 
Composting—In-State Only 0,7 $280 $35 

OV-20 



New York State Climate Action Council 
Interim Report 11-9-10 

• '• ' .T-'^'-%"i. 

PpiicyOptioh 
•<"! i 

•.yO'i 

M-

Annual 
GHG , 

Reductions 
by 2030 : 
(MiliJon 

Mebic Ton. 

Net;Present 
\ ^Vaiue:' 

Cost/Savings' 
i{Mil(ibn.$) 

; . ,Ne t 
.Cost/Savings 

per[Avoided 
: Emissions* 
($/lMetric ton 

• I eOze) 

AFW-4 
Integrated Farm Management Planning and 
Application 0.6 -$201 -$31 

AFW-5 Conserve Open Space, Agricultural Land and 
Wetlands 5.5 $1,500 $16 

AFW-6 Increase On-Farm Energy Efficiency and 
Production of Renewable Energy 0.4 $3 $1 

Forest Restoration 4.7 $290 $6 

AFW-7 Urban Forestry 2.0 $3,200 $140 

Reforestation 2,4 $1,200 $36 

'Note: Negative values denote a savings. 

The data presented in Figure OV-7 are also illustrated in Figure OV-8. Figure OV-8 shows the 
potential annual emission reductions in 2030 and the net-savings or net-cost per ton C02e 
avoided for each policy. The 2030 benchmark goal has been drawn as a line in the figure to 
provide a basis forjudging effectiveness of each policy. Some general observations can be 
provided: 

• Policies that provide the largest potential emission reductions in 2030 include the low-carbon 
fuel standard for vehicle fuels (TLU-4), increased vehicle fuel efficiency and/or CO2 
emission standards (TLU-I), building energy efficiency incentives (RCI-2), and a low-carbon 
portfolio standard for electricity generation (PSD-6). 

• Polices that provide the largest savings per avoided metric ton of emissions include smart 
growth policies (TLU-9, -10, and -11) and commuter assistance (TLU-6). 

• Policies that provide both significant emission reductions and net savings include building 
energy efficiency incentives (RCI-2), improved building codes, appliance standards, and 
enforcement (RCl-7), and vehicle incentives (TLU-2). 

The Interim Report also presents estimates of fuels savings associated with these policies, where 
appropriate. Based on the estimated reductions in 2030 derived from the policy option and on 
current consumption levels, RCI-2 would save enough electricity to power 4.6 million homes 
and enough home heating oil and natural gas to heat more than 1.9 million homes for a year. 
Similarly, based on the estimated reductions in 2030 derived from the scenario analysis and on 
current consumption levels, TLU-I would save enough motor gasoline to power 7.3 million cars 
for a year. 
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Figure OV-8. Preliminary Analysis of Mitigation Policy Options Relative to 40 by 30 
Benchmark Target 
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NOTE: Scenario results are not additive as synergies and overlap have not been estimated. 

Additional economic analyses need to be conducted to assess macroeconomic impacts and co-benefits. 
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7.1 Residential, Commercial / Inst i tut ional and Industr ial Sector (RCI) 

RCI Sector Vision for 2050 

New Yorkers will enjoy safe, comfortable, well-functioning, and sustainable buildings and 
communities whose construction and renovation activities, building operations, and industrial 
processes are designed and operated to maximize energy and resource efficiency, to minimize 
fossil fuel inputs, and to meet remaining energy needs from a mix of local low-carbon resources 
and low-carbon imports. 

Reaching the Vision: Transforming the 
Residential, Commercial/Institutional, and 
Industrial Sector 

To reduce GHG emissions 80 percent by 2050, New 
York's residential, commercial/institutional, and 
industrial buildings and industrial processes will need 
to adopt technologies, management efficiencies, and 
operational practices that support maximum energy 
and resource efficiency, while substituting low- and 
zero-carbon sources for fossil fuel in meeting their 
remaining energy needs. 

The City of Schenectady is sponsoring 
construction of affordable, highly efficient homes 
to replace deteriorating buildings. 

New York has instituted policies that will provide the clean electricity needed for the reduced 
energy needs of efficient buildings and industrial processes; for example, the 45 by 15 clean 
energy policy challenges the state to reduce electricity end-use in 2015 by 15 percent below 
forecasted levels, while simultaneously meeting 30 percent of electricity supply needs through 
renewable resources. While these policies are among the most progressive in the country, they 
barely begin to address the level of GHG reduction needed in RCI to achieve the State's 80 by 50 
goal. 

RCI Policy Options 

The Technical Work Group identified ten key 
policy options with the potential to transition 
New York's buildings and industrial sector to 
use significantly less energy, improve resource 
efficiency, and reduce fossil fuel inputs, with 
additional energy supplied from low- or zero-
carbon imports. Chapter 6 of this Interim Report 
gives technical information, specific targets, and 
preliminary estimates of cost and effectiveness 
for each policy option based on the 2030 
benchmark; more definitive economic analyses 

Long Island Green Homes is an energy efficiency retrofit w i l l b e d e v e l o p e d d u r i n g t h e nCXt p l a n n i n g 
program created by the Town of Babylon. This program is n h a s e 
saving residents an average of $1,085 per year on utility 
bills by providing upfront funds to upgrade insulation, 
boilers, furnaces, water heaters, ventilation, air sealing, 
ducts and weatherstripping. (Photo courtesy of Town of 
Babylon LIGH Program) 
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Figure OV-9. RCI Pol icy Opt ions w i th Br ief Descr ip t ions 

RCI Policy Options and Descriptions 

Building Codes, Appliance Standards, and Enforcement {RCl-7) 
Establish more aggressive codes regarding energy use, including movement to performance-
based codes. 
Provide a statewide "stretch code" that encourages municipalities to achieve additional savings 
and informs the building sector of planned future changes. 
Continue to establish and update energy efficiency performance standards for products that 
are not federally preempted, as specified under Article 16 of the Energy Law, and lobby the 
federal government to increase performance standards for those appliances with federal 
preemption-

Building Commissioning, Benchmarking, and Upgrades (RCI- 8) 
Measure and provide information about buildings' energy use, increasing incentive to reduce 
energy consumption. 
Require regular energy audits and cost-effective energy efficiency measures. 

Energy Efficiency Incentives (RCI-2) 
Provide incentives and resources for greater energy efficiency in new buildings and better 
energy performance in existing buildings. Employ whole-building integrated analysis and 
design to identify high performance efficiency measures. 

Customer-Sited Renewable Energy Incentives (RCI-3) 
Provide incentives and resources for greater penetration of solar electricity, solar thermal, and 
low-carbon bioenergy solutions. 

Industrial Process Incentives (RCI-11) 
Assess and reduce industrial process energy use. Provide funding and resources to reduce 
GHG emissions per unit of industrial production. 

Workforce Training and Development (RCI-6) 
Assess and develop workforce capabilities in New York to meet the needs of a low-carbon 
future. 

Education, Outreach, and Behavior Change (RCI-5) 
Change energy use behaviors by affecting retail purchase patterns, education in schools, 
increasing New York State government lead-by-example, and providing information and 
resources to New York State communities and individuals. 

Rate Restructuring and Flexible Metering (RCI-10) 
Redesign electric rates to vary by time-of-use for all electricity users and expand installation of 
meters that provide real-time electric cost/use information. 

Research, Development, and Demonstration (RCI-9) 
Invest in next-generation technologies that will produce lower cost solutions to achieve climate-
energy goals in the RCI sector and advance a clean energy economy in New York State. 

Efficiency and Clean Energy Fund (RCI-1) 
Fund efficiency and clean energy programs that reduce GHG emissions; build on existing 
funding sources and explore expanding to Include all fuels. 

Tax Structure and Private Financing (RCI-4) 
Conduct a two-phase comprehensive financing and tax policy review that will indentify changes 
needed to support GHG emission reduction and encourage both public and private investment 
in low-carbon energy. 
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How the RCI Policy Options Would Work 

Co^e T p Z n c r S t ndard^ and Enforcement (RCl-7), and Building Comm,ss,onmg 
S n l L l C and upgrade's (RCI-S), By promoting "PS^f^^^- ^ J ? * ^ ^ ^ ^ ^ ^ ^ ^ 

substantial energy savings and emission reductions. 

Because the RCI policy options do not require most 
existing buildings to undergo code-mandated 
improvements, incentives for voluntary upgrades 
will be vital to meeting New York's GHG emission 
reduction goals. It is important to note that by 2030, 
the total building stock in New York State is not 
expected to increase by more than 6 percent. 
Therefore, reducing emissions from existmg 
buildings will be absolutely critical to reducing 
emissions from this sector. 

Energy Efficiency Incentives (RCl-2) would 
promote whole-building, integrated analysis to 
identify high performance efficiency measures for 
existing and new buildings. Customer-Sited 
Renewable Energy Incentives (RCI-3) would 

facilities (Photo courtesy oj town oj .eu ^ ^ - y increase usc of onsite renewable energy, and 
industrial Process Incentives (RCI-l I) would enhance industrial activity and reduce carbon 
Intens^ through more efficient, productive, and cost-effect.ve operations. 

solutions to achieve climate-energy goals ' " ' " " " ^ ^ 
(RCI-9). 

Consumers play a key role in investing in 
energy efficiency and renewable energy 
equipment and infrastructure. Education, 
Outreach, and Behavior Change (RCI-5) 
will promote consumer and State agency 
staff awareness of the benefits of clean 
energy and energy efficiency. Redesign 

of electric rates to vary by time-of-use for 
most electricity users, along with 
expanded installation of "smart" meters 

Solar panels on the Town Halt roof in the Climate 
Smart Community of Red Hook ore reducing power 
bills so successfully that the town has applied to 
expand the installation and develop renewable energy 
improvement projects for other local government 
facilities. (Photo courtesy of Town of Red Hook) 

Weatherizing buildings reduces building heating/cooling needs 
and GHG emissions, and also provides employment to local 
workers. 
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that provide real-time information about electricity consumption and cost, would provide more 
effective price signals reflecting time-of-use and the GHG burden of source fuels, enabling 
customers to reduce electricity consumption, and save money in Rate Restructuring and Flexible 
Metering (RCI-IO). 

Dedicated and continuous funding is essential for the overall success of the RCI policy options 
and attainment of long-term carbon reduction goals. An Energy Efficiency and Clean Energy 
Fund (RCI-l) and Tax Structure and Private Financing (RCI-4) initiatives would work in unison 
to leverage public funding and private financing for low-carbon energy activities. Figure OV-IO 
illustrates how the RCI policies cover all aspects of a developing low-carbon RCI sector to 
accomplish significant GHG emission reductions. 

Figure OV-10. Residential, Commercial/Institutional, and Industrial Policy Framework 

RCI Policy Conceptual Framework 
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The next phase of climate action planning will evaluate policy interactions, preparing the way for 
policymakers to select, design, and efficiently implement policies that will avoid conflicting 
outcomes and make the most of beneficial interactions. 
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7.2 Transportation and Land Use Sector (TLU) 

TLU Sector Vis ion f o r 2050 

Most New Yorkers will live in smart growth communities and have access to an efficient, 
reliable, extensive transit network with a variety of modes of low-carbon public and mass 
transportation within and between communities. Smart Growth will be the predominant land use 
and development pattern, minimizing GHG emissions by J) enabling and supporting widespread 
use of public transit and 2) mixing land uses to minimize the need for driving. Individuals will 
travel in low-carbon, highly efficient vehicles powered by electricity, hydrogen fuel cells, or 
sustainahly derived biofuels. A significant portion of freight will move on low-carbon modes like 
rail and barge; trucks will become more efficient and use alternative fuels. 

Gett ing to the V is ion : T rans fo rming the Transpor ta t ion and Land Use Sector 

A low-carbon transportation future for New York requires transforming all factors that determine 
GHG emissions when people and goods are transported: vehicles, fuels, travel activity, and 
transportation system efficiency. The TLU policies deal with both transportation and land use— 
deployment of new transportation technologies, provision of new transit choices, and adoption of 
land use patterns that allow people to meet their daily needs with less vehicle travel. 

TLU Pol icy Opt ions 

The Technical Work Group identified 12 
Transportation and Land Use policy options with the 
potential to guide a transition to a low-carbon 
transportation system. Chapter 7 of the full Interim 
Report gives technical information, specific targets, 
and preliminary estimates of cost and effectiveness 

Climate Smart Community New Rochelle, New York for each policy Option based on the 2030 benchmark; 
is working to raise the efficiency of its municipal ^^^^ definitive economic analysis will be developed 
vehicle fleet. (Photo courtesy of City of New •' "̂  

Rochelle) during the next planning phase. 

Figure OV-11. TLU Policy Options with Brief Descriptions 
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Vehicle Efficiency (TLU-1) 
Advocate for and implement strict vehicle emissions standards that move vehicle fleet to near 
zero-carbon emissions. 

Vehicle Incentives and Disincentives (TLU-2) 
Establish feebate system to provide incentive for New Yorkers to purchase more efficient light-
duty vehicles. 

Heavy-Duty Fleet Incentives and Disincentives (TLU-3) 
Establish public low-interest revolving loan fund to facilitate the accelerated turnover of fleet 
vehicles, especially heavy-duty vehicles. _ ^ _ _ _ _ _ _ _ _ _ ^ ^ _ _ _ „ _ ^ ^ 

Alternative-Fuel Related Measures and Infrastructure (TLU-4) 
Establish a regional low-carbon fuel standard to reduce fuel carbon intensity. 
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Research, Development and Demonstration (TLU-5) 
Invest in next-generation technologies that will produce lower cost solutions to achieve climate-
energy goals in the TLU sector and advance a clean energy economy In New York State. 

Travel Demand Management and Transportation Systems Management (TLU-6) 
Implement measures that reduce dependency on vehicles, encourage and facilitate the use of 
shared modes of transportation, and allow for the more efficient use of vehicles. 

Transit and High Speed Rail (TLU-7) 
Invest In the maintenance, enhancement, and expansion of public transit systems, Including 
high speed rail. 

Freight Strategies that Promote GHG Reductions (TLU-8) 
Invest in freight rail infrastructure, and research and implement the optimal freight system; 
provide other incentives for freight mode-shift; promote more efficient or alternatively fueled 
trucks. 

Priority Growth Centers (TLU-9) 
Promote centralized growth to reduce vehicle miles traveled (VMT). 

Transit Oriented Development (T0D)/Transit Supportive Development (TSD) (TLU-10) 
Promote growth where transit is available to provide transportation choices and reduce VMT. 

Location Efficient Land Use (TLU-11) 
Implement mixed-use, smart growth land-use, and planning policies that result In communities 
that require less driving. 

Intergovernmental/Regional Proposals (TLU-12) 
Coordinate regional initiatives, including multi-state land use planning incentives, multi-state 
transportation system GHG allowance system, coordination of high speed rail planning and 
investment, and federal advocacy. 

iHow the TLU Pol icy Opt ions Wou ld Work 

The policy options identified by the technical work group would seek to influence the future mix 
of technologies in New York's fleet of vehicles (low-carbon vehicles, or vehicle efficiency) and 
the fuels used (low-carbon fuels, or fuel GHG emission intensity), and would aim to reduce total 
vehicle-miles travelled and system energy loss (travel activity/system efficiency). Vehicle Miles 
Traveled, or VMT, is a key measure of travel activity and transportation system efficiency—a 
smaller VMT means a more efficient system. Figure OV-12 portrays the relationships among 
transportation and land use policy options. 
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Figure OV-12. Transportation and Land Use (TLU) Policy Options 
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7.3 Power Supply and Delivery Sector (PSD) 
PSD Sector Vision for 2050 

New York will have a safe, reliable, diverse, and extremely low-emitting electric power system 
that meets the needs of all citizens and accommodates the widespread conversion of buildings 
and transportation from fossil fuel to electricity in a manner that maximizes societal benefits, 
minimizes societal costs, and avoids imposing an undue burden on any community. 

Getting to the Vision: Transforming the Power Supply and Delivery Sector 

Reducing GHG emissions 80 percent by 2050 economy-wide means that by mid-century, close 
to 100 percent of New York's electricity must come from low-carbon sources—sources with 
near zero-carbon emissions. Existing State policies have begun this crucial transformation: by 
2015, the State's electricity grid is expected to be powered 60 percent by renewable or other low-
carbon sources, as a resuh of the 30-percent renewable energy from the renewable portfolio 
standard combined with the 30 percent of power currently provided by nuclear power plants. By 
2018, the current RGGI cap requires electric power sector emissions to be 10 percent below 
historic levels. However, these existing programs alone cannot reach the 80 by 50 goal. 
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PSD Pol icy Opt ions 

The Technical Work Group identified nine policy options with potential to transition power 
supply and delivery from its current status of more than 50 percent essentially carbon-free 
sources (including nuclear, hydroelectric, and other renewable power) to nearly 100 percent. 
This transition will require substantial investments to maintain system reliability. Chapter 8 of 
this Interim Report gives technical information, specific targets, and preliminary estimates of 
cost and effectiveness for each policy option based on the 2030 benchmark; more definitive 
economic analyses will be developed during the next planning phase. 

Figure OV-13. PSD Policy Options with Brief Descriptions 

Incentives for Grid-Based Renewable Generation (PSD-2) 
Promote renewable energy with a goal of increasing the renewable energy attributable to the 
Renewable Portfolio Standard by 130-140% 

GHG Reduction Market Mechanisms: Low Carbon Portfolio Standard, Cap & Invest (PSD-6) 
Require 75% low-carbon power by 2030 via utilities and other load-serving entities. 
Cap and reduce emissions across the economy. 

Generation Infrastructure Permitting and Siting (PSD-I) 
Create a new plant siting process that facilitates public participation. 

New Facility Emissions Standard and Nuclear Power (PSD-10) 
Establish standards for new facilities based on GHG emissions from state-of-the-art natural 
gas-fired plants, 

Existing Fossil Plants Policies (PSD-8) 
Encourage repowering of existing plants, so that they meet emission standards after 2030. 

Distribution Network Upgrade Including EV and Smart Grid Infrastructure (PSD-4) 
Promote smart grid and other distribution system improvements, facilitating electric vehicles 
and distributed generation. 

Transmission Network Upgrades And Loss Reductions (PSD-5) 
Upgrade electric transmission system to facilitate the low-carbon grid. 

Energy Storage (PSD-3) 
Encourage energy storage techniques that accommodate the variability of renewable energy 
sources. 

Research, Development, and Demonstration {PSD-9) 
Invest in next-generation technologies that will produce lower-cost solutions to achieve climate-
energy goals in the PSD sector and advance a clean energy economy in New York State. 

Figure OV-14 portrays the relationships among PSD policies. 
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Figure OV-14. Power Supply and Delivery (PSD) Policy Options 

How the Power Supply and Delivery Policy Options Would Work 

Three policy options would lead to most of the emission reductions from the electricity sector: 

• Extension and expansion of the State's existing Renewable Portfolio Standard (RPS), a 
policy that seeks to increase the proportion of renewable electricity delivered to retail 
customers. The expanded RPS will more than double by 2030 the amount of electricity 
provided by new renewable energy, including off-shore wind energy and solar energy. The 
policy also would include complementary measures providing early support to bring low-
carbon renewable sources on line. 

• A low-carbon portfolio standard that will build on the RPS, requiring regulated utilities 
and other load-serving entities to procure an increasing amount of low-carbon energy. 

• Building upon and strengthening the RGGI program, working with New York's regional 
partners to convert RGGI into a multi-sector cap-and-invest program that caps and reduces 
carbon emissions region-wide, sets a price on carbon emissions, and invests proceeds from 
allowance auctions in building the clean energy economy in New York. 

The remaining policy options focus on lowering emissions from fossil-fueled power generation, 
modernizing the electric grid, and advancing technology to cost-effectively build the clean 
energy economy. 

OV-31 



Wind power is an important and growing source of low-
carbon electric power. The Fenner Wind Power Facility, 
located in Madison Couniy, New York, generates 89 
million kilowatt hours of electricity each year. 

New York State Climate Action Council 
Interim Report 11-9-10 

• To ensure relatively low emissions from existing or new fossil-fired plants by 2030, State 
policies initially can facilitate siting of new lower carbon power-generating facilities and 
ensure that all new plants meet a GHG emission standard based on the performance of 
modern, efficient natural gas-fired plants. After 2030, existing plants also would meet lower 
emission levels; incentives would 
encourage the repowering or replacement 
of older plants with more efficient, lower-
emitting technology earlier than 2030. 

• To ensure electricity grid reliability 
when drawing increasingly on renewable 
and other low-carbon power sources, 
policy options include extensions and 
upgrades to the electricity distribution 
system, along with continued deployment 
of smart grid technologies. These grid 
modernization options enable increased 
use of distributed renewable energy 
sources and electric vehicles, as well as 
efficient transmission from new renewable 
and low-carbon generation facilities to areas of high demand. Additional energy storage will 
help accommodate the variability that characterizes most renewable electricity sources. 

• To cost-effectively transition to a low-carbon power sector, policy options emphasize 
continued investment in research, development, demonstration, and deployment. Options for 
Technology Research and Development are detailed in Chapter 10 of this Interim Report. 

The next phase of climate action planning will evaluate any interactions among these policies, 
preparing the way for policymakers to select, design, and efficiently implement policies thai will 
avoid conflicting outcomes and make the most of beneficial interactions. 

7.4 Agriculture, Forestry, and Waste Sectors (AFW) 

AFW Sector Vision for 2050 

Agriculture: A carbon-negative New York agricultural sector will help to meet the state 'sfood 
and fiber needs, while also making a significant contribution to the energy supply mix. Farms 
will be profitable, valued by society, and highly adapted to a changing climate. Farms will be 
managed as multiple-resource concerns, successfully competing in a fossil-fuel dependent world 
that is undergoing major climate .shifts. 

Forests: Rural forest land conversion will be rare and long-term forest storage of carbon will 
realize its maximum potential. Urban green space and trees will reduce building heating and 
cooling loads. Working together, land owners, government officials, and the public will 
maximize the long-term carbon sequestration and bio-energy potential of the state's forests. 
Forests will deliver co-benefits that are vital to the economy and to New Yorkers' quality of life, 
maximizing the value of forest lands to private forest owners and to the public. 
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Waste: New York will have a sustainable and energy-efficient materials economy where 
environmental stewardship is pursued as a common societal value and where environmental 
considerations inform purchasing, production, and materials management, minimizing waste 
and reducing risks to human health and the environment. Materials management systems and 
infrastructure will maximize the recovery and re-use of water, wastewater, and other materials 
in ways that capture their economic value, conserve embedded energy, and minimize net life-
cycle emissions of greenhouse gases and other pollutants. 

Getting to the Vision: Transforming the Agriculture, Forestry, and Waste Sector 

The agriculture, forestry, and waste sectors all 
involve management and stewardship of 
resources. These sectors contribute only a 
small portion of total state GHG emissions 
(about 6 percent), but offer potential for 
relatively low-cost and low-technology GHG 
mitigation and sequestration policies. Policy 
options in the agriculture, forestry, and waste 
sectors would add GHG reduction as a goal of 
managing energy production and use, natural 
resources, materials management and waste. 
Intensive resource management offers 
significant environmental, economic, and 
social benefits beyond GHG reductions, 
including improved water and air quality, 
increased agricultural and forest productivity, 
and job creation. 

Climate Smart Community North Hempstead targets schools 
(Manhasset School District, shown here), libraries and parks 
with a vigorous recycling program. Recycled materials do 
not require energy-intensive disposal, and re-manufacturing 
takes less energy than using virgin materials. (Photo 
courtesy of Town of North Hempstead) 

AFW Policy Options 

The Technical Work Group identified eight Agriculture, Forests, and Waste policy options with 
the potential to develop economically vibrant resource and materials management in New York, 
with sustainable production of food, fiber and fuel; energy-efficient operation; maximum GHG 
sequestration; and effective stewardship of New York's soils, natural resources, materials, and 
energy. Chapter 9 of this Interim Report gives technical information and preliminary estimates of 
cost and effectiveness for each policy option based on the 2030 benchmark; more definitive 
economic analysis will be developed during the next planning phase. 
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Figure OV-15. AFW Policy Options with Brief Descriptions 

Production of Sustainable Feedstock for Bio-energy (AFW-1) 
Encourage development of sustainability criteria and use of best management systems to minimize 
environmental, economic and social impacts. _ _ ^ 

Conversion of Sustainable Feedstock for Bio-energy (AFW-2) 
Advance development and commercialization of low-carbon biomass conversion processes. 

Maximize Waste Reduction (AFW-3) 
Develop and provide tools designed to reduce waste and divert materials for reuse, recycling and 
composting. 

Integrated Farm Management (AFW-4) 
Develop comprehensive farm-specific plans to reduce GHG emissions, increase carbon 
sequestration, and address agricultural adaptation challenges. 

Conserve Open Space, Agriculture Land, and Wetlands (AFW-5) 
Support improved land management and land-use protection programs to maintain or increase 
forestland acreage and protect and restore freshwater and tidal wetlands. 

On-Farm Energy Efficiency and Production of Renewable Energy (AFW-6) 
Increase on-farm energy efficiency and renewable energy production via comprehensive energy 
audits and coordination of energy services for the agriculture sector. 

Improved Forest Management (AFW-7) 
Provide incentives, education, technical assistance, and support programs to improve forest health, 
sequester additional carbon, reduce fossil fuel energy consumption, and increase green 
infrastructure. 

Locally Produced Food {AFW-8) 
Increase the availability of locally produced foods to help reduce the energy required for 
transportation, packaging and marketing. 

How the AFW Pol icy Opt ions Wou ld Work 

Overall, the policy options seek to accomplish the following: 

• Reduce energy-related emissions through the deployment of renewable energy technologies, 
including low-carbon bio-based energy solutions, and energy efficiency policies and 
measures that address direct and embedded energy usage. 

• Conserve the embedded energy in materials by maximizing reuse and recycling. 

• Reduce emissions of methane and nitrous oxide, both potent GHGs, from agricultural and 
waste-related activities by deploying a combination of systems. 

• Capitalize on the large carbon storage capability of agriculture and forests, which sequester 
carbon from the atmosphere via natural processes. 

• Coordinate climate change adaptation strategies with mitigation strategies wherever possible. 

Figure OV-16 portrays the relationships among agriculture, forestry, and waste policies. 
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Figure OV-16. Agriculture, Forestry, and Waste (AFW) Policy Options 

AGRICULTURE 

AFW-4 Integrated Farm 
Management Planning & 
Application 
AFW-6 On-Farm Energy 
Efficiency & Production 
of Renewable Energy 
AFW-8 Local Food 

The next phase of climate action planning will evaluate any interactions among the policy 
options, preparing the way for policymakers to select, design, and efficiently implement policies 
that will avoid conflicting outcomes and make the most of beneficial interactions. 

8.0 Research, Development, and Demonstration Investments for a 
Low-Carbon Future 
Experts are calling for a three-to-five-fold increase in global public and private investment in 
energy technology research, development, and demonstration (RD&D) to develop lower cost 
solutions to the climate-energy challenge and to capitalize on the opportunities associated with 
new energy markets. This recommendation is strongly supported by a range of stakeholders 
including business leaders, academic leaders, the National Academy of Sciences, and the United 
Nations. 

New York's Climate Action Plan must include a commitment to promote and support RD&D, in 
a coordinated partnership with the federal government and the private sector, to ensure continual 
development of innovative technologies necessary to cost-efTectively reduce GHG emissions and 
promote the economic strength of local clean energy businesses. Statewide RD&D investments, 
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across all economic sectors, must be targeted to provide demonstrable benefits for New York 
companies. 

Development of this RD&D investment strategy represents a critical follow-on task that will 
build upon the high-level policy options in this Interim Report. The investment strategy will 
further define New York's technological strengths, establish multi-disciplinary collaborative 
teams between universities and industry, and identify opportunities to further leverage limited in
state resources with federal and private sector funds. 

i & 

BES+ 

prt andp Chapter 10 in the Interim Report provides an overview of the 
^ ^ "•"̂ N r̂t RD&D needs of the four mitigation sectors, identifies technology 

areas where New York can best leverage its investments and 
capabilities to benefit local businesses, and presents "order-of-
magnitude" funding estimates to support a technical innovation 
network and advance low-carbon technologies. It is expected that 
any State-funded RD&D program established to support 

/* > ^ V- * implementation of New York's 80 by 50 goal would be supported 
"^o/toTTwIso^^ by a broad array of public stakeholders throughout the state - with 

active private sector involvement. 
The New York Battery and Energy 
Storage Technology Consortium The Interim Report provides the following observations and 
(NY-BEsr»)isaprivate.pubiic recommendations: 
coalition building a vibrant, world-
class advanced battery and energy , J ^ Q ^ Q ^ ^ J innovation are responsible for over half the 
storage sector from R&D to • • , . . 
commercialization. economic growth in this country over the past century. 

• The energy industry invests only about 0.2 percent of its 
revenues on energy RD&D, while the average industrial investment in RD&D is closer to 2.6 
percent. 

• Federal investments in low-carbon energy R&D should increase five-fold from $5 billion per 
year to $25 billion according to many experts. 

• Energy RD&D investment in New York State, currently $50 million per year, must be 
increased substantially to pursue a low-carbon future and stimulate a clean energy economy 
in New York. 

• New York energy RD&D funds should be targeted toward helping New York businesses 
develop low-carbon technologies while also addressing local energy and infrastructure needs, 
thereby helping to stimulate a clean energy economy in the state. 

• The State must actively promote innovation and commercialization to bring the fruits of 
RD&D investment to the market and to realize local economic benefits, as described further 
in Chapter 13 on the Clean Energy Economy. 

• RD&D needs for buildings and industry of relevance to New York include deep-retrofit 
strategies for existing buildings, onsite energy storage systems, building-scale renewables, 
active power management, consumer behavior modification, whole-building/zero energy 
buildings, and non-fossil-fuel based industrial process technologies. 
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• RD&D needs related to transportation and land use include intelligent transportation systems, 
alternative fuel vehicles, and related infrastructure—in particular electric vehicle 
infrastructure, vehicle efficiency optimization for urban duty cycles, smart growth pilots, and 
improvements in electrified rail. 

• RD&D needs in power supply and delivery include marine-based resource development, 
including off-shore wind, advanced wind resource forecasting, carbon capture and 
sequestration assessments, grid integration of large-scale solar and smart grid. 

• RD&D needs in agriculture, forestry, and waste include carbon sequestration in agriculture 
and forest lands, and sustainable biomass resource development. 

It is important to note that New York State cannot support the entire technology development 
process {basic research, technology development, large-scale demonstration, commercial 
adoption) on its own. The Interim Report acknowledges a clear role must be established for the 
federal government and the private sector that efficiently optimizes limited resources, 
appropriately assigns technical and business risk, and ensures a consistent and stable flow of 
investment capital to finance advanced energy technologies. Any State-level investment strategy 
must function as an advocacy tool to drive national RD&D energy policy and leverage private-
sector RD&D investments. 

9.0 Adapting New York to Climate Change 

In this historic photo, storm surge is poised to wash over 
Battery Park in New York City. Rising sea levels will bring 
more dangerous .storm surges, not only for communities at 
sea level, but also for upland communities near tidal rivers, 
such as the Hudson. 

To create a more climate-resilient New York 
State, the Climate Action Plan places a strong 
emphasis on adaptation. Climate change already 
is affecting New York's society, economy, and 
natural ecosystems, and these impacts are 
expected to increase. Past climate is no longer a 
reliable guide to the future. New climate 
conditions and unpredictability in the climate 
affect all of New York's social and economic 
systems, particularly agriculture, infrastructure, 
public health, and natural resources. 

Adaptation: Planning for a Changing 
Climate in New York State 

Adaptation can be thought of simply as 
responsible planning, incorporating the most 

current information about projected climate change into a variety of decisions. Adaptation 
strategies can include changes in policies, operations, management, or infrastructure that reduce 
risk of harm and/or take advantage of potential opportunities associated with climate change. 

Adaptation can take place at the individual, household, community, organizational, and 
institutional levels. New York State as a whole is generally considered to have significant 
resources and capacity for effective adaptation, but the costs and benefits of adaptation will not 
be evenly distributed throughout the State. 
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Past climate 
conditions alone 
are no longer a 

reliable guide wtien 
planning for 
the future. 

Climate Risks and Adaptation Planning 

Incorporating adaptation into decision making requires the following: 

• Understanding how the climate in New York State might 
change 

• Identifying potential vulnerabilities to a changing climate— 
infrastructure or resources that could be harmed if the climate 
changes 

• Assessing the risk levels of those vulnerabilities 

• Developing adaptation strategies that will help to minimize 
those risks 

• Prioritizing adaptation strategies and developing an adaptation 
plan that coordinates with GHG mitigation strategies and 
economic development. 

Prerequisites to Successful Adaptation Planning 

The Adaptation Technical Work Group identified seven themes that emerged for all sectors as 
important first steps to implementation of adaptation policy options. These themes are 
summarized below: 

• Develop a process to maintain, disseminate and explain to decision makers a set of best-
available climate projections, potentially via a New York State Climate Science Insthute. 

• Identify and track key climate change indicators important to New York. 

• Develop a framework to monitor, assess, and share progress on local, state, and federal 
government adaptation planning and implementation. 

• Initiate research to develop new adaptation strategies and provide detail and confidence to 
support adaptation strategy decisions. 

• Evaluate emergency preparedness, management and response capabilities (such as 
emergency warning systems, cooling centers, emergency evacuation, and preparation for 
power and/or communication outages) in light of climate projections, to determine where 
these capabilities will be compromised by climate threats in New York. 

• Initiate widespread education and outreach, including both school curricula and community 
outreach, to build public support and awareness. 

• Develop adaptation policies that protect those citizens and communities most vulnerable to 
the impacts from climate change. 

The following sections outline the adaptation vulnerabilities and policy options developed by the 
Adaptation Technical Work Group for eight sectors of New York's economy and natural 
resources. 
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9.1 Agriculture Sector Adaptation 

Agr icu l tu re Cl imate Vulnerabi l i t ies 

Farmers are on the front lines of climate change, but the direct impacts on crops, livestock, and 
pests and the costs of farm adaptation will cascade throughout New York's economy. While 
climate change will create unprecedented challenges, there are likely to be new opportunities as 
well, such as possible new markets for food and energy crops suited to a longer growing season 
and warmer temperatures. 

New York's agriculture sector encompasses more 
than 34,000 farms that occupy about one-quarter of 
the state's land area (more than 7.5 million acres) 
and contribute $4.5 billion annually to its 
economy. Many New York crops benefit from the 
state's historically relatively temperate climate. 
The state's farming community includes many 
large-scale wholesale operations, as well as small 
farms that are vital to the economy of rural areas. 

Dairy farming, New York's top agricultural activity, is 
vulnerable to climate change because milk yields 
decrease in warmer temperatures. 

Figure OV-17. Agriculture Adaptation Policy Options with Brief Descriptions 

A^ icu l tuWAqapta t ion :^ 

1: Support research, development, and deployment of agricultural adaptation strategies that 
simultaneously manage on-farm GHG emissions and adaptation concerns. 

A. Support the introduction of existing varieties and the development of new varieties that can 
take full advantage of the beneficial effects of climate change. 

B. Develop improved methods of responding to extreme weather events (frost, freeze, heat, 
precipitation). 

C. Develop Improved responses to increased weed, disease, and insect threats. 
D. Increase the accuracy of the existing real-time weather warning systems. 
E. Support the development of decision-making tools to help the agricultural community adapt. 
F. Increase climate change impact education and outreach efforts to agricultural producers. 
G. Ensure equity is incorporated into programs targeting agricultural adaptation. 

2: Incorporate anticipated increases in the incidence of weeds, diseases, and insect threats due 
to climate change in current detection, monitoring, and integrated pest management efforts. 

A. 

B. 

Evaluate the capacity of existing federal, state and local agriculture and forestry programs that 
are focused on identifying and monitoring weed, disease, and insect threats attributable to a 
changing climate. 
Develop and deploy pest-resistant plant varieties, regional coordination for early detection, and 
rapid-response approaches to emerging threats. 
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3: Evaluate and develop mechanisms to more effectively protect livestock from the effects of 
greater temperature variability and extremes. 

A. Continue research, development, and deployment of livestock protection measures and 
climate-related modifications to feed management systems and approaches. 

B. Increase installation of energy-efficient cooling systems and other structural or mechanical 
interventions. 

9.2 Coastal Zones Adaptation 

Coastal Zones Cl imate Vulnerabi l i t ies in New York 

New York's coastal zone includes the shoreline, coastal wetland areas, and adjacent inland areas 
likely to be affected by sea level rise and coastal 
storms. Even in a densely populated urban 
environment such as New York City, coastal 
ecosystems provide numerous functions and values. 

Sea level rise will greatly amplify risks of 
permanent inundation of low-lying coastal areas, 
more frequent flooding by storm surges, and 
increased beach erosion. Saltwater could reach 
farther up the Hudson River, contaminating urban 

Adapting to climate change is urgentfor coastal cities water supplies; increased water depth could allow 
and communities. New York City already is planning faster propagation of tide and StOrm SUrges up the 
for rising sea levels. Communities on the Hudson River Hudson , increasing flood risk far from the COast. 
also recognize that they are vulnerable to storm surges ° 
that propagate up the river. 

Sea level rise will progressively affect both human 
and natural systems as it changes water levels on the ocean and estuarine coastline, shortens 
flood-recurrence intervals, and increases risk and geographic extent of coastal hazards such as 
storm-surge-related flooding, erosion, and groundwater intrusion. 

Figure OV-18. Coastal Zones Adaptation Policy Options with Brief Descriptions 

1: New York State should endorse a coordinated set of projections for sea level rise and 
associated changes in flood recurrence intervals in all coastal areas, including the Hudson 
River estuary, for use by state and local agencies and authorities for planning and decision
making purposes. 

2: Integrate sea level rise and flood recurrence interval projections into all relevant agency 
programs and decisions. 
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3: Identify and map areas of greatest current risk from coastal storms and sea level rise to 
support risk reduction actions in those areas. 

4: Reduce vulnerabilities in coastal areas at risk from sea level rise and storms (coastal risk 
management zone) and support increased reliance on n on-structural measures and natural 
protective features to reduce impacts from coastal hazards. 

A. Develop Coastal Resilience Plans 
B. Assist in funding measures to reduce risk 

5: Develop a long-term interagency mechanism to regularly evaluate climate change science; 
set research priorities to foster adaptation; coordinate actions; and assess progress 

9.3 Ecosystems Adaptation 
Ecosystems Climate Vulnerabilities in New York 

New York State includes 47,047 square miles of land, 1,894 square miles of inland lakes and 
rivers, and 3,988 square miles of Great Lakes. Variation in topography and proximity to water 
bodies causes large climatic variations, and distinct ecological zones support biological diversity 
and provide important ecosystem services, including harvested products (food, timber, biomass, 
and maple syrup), clean water, flood control, soil conservation, carbon sequestration, genetic 
resources, recreation, wild places, and heritage sites. 

Initial impacts of climate change on species are already 
apparent, with documented accounts of species range shifts 
and changes in the seasonal timing of bud-break or 
flowering. Climate change creates risks to biodiversity, net 
primary productivity, vegetation water use, and 
biogeochemical cycles, but to date, there is not unequivocal 
evidence of impacts on ecosystem services such as carbon 
sequestration or water storage and quality in New York 
State. 

New York's brook trout population, already at 
risk from increasing temperatures, is likely to 
he severely reduced by continued warming. 

Within the next several decades New York State is likely 
to see widespread shifts in plant species composition. 
Warmer temperatures will favor the expansion of some 
invasive species into New York, some habitat and food generalists (such as white-tailed deer) 
may benefit. Climate factors could increase the productivity of some hardwood tree species, 
provided growth is not limited by other factors such as drought or nutrient deficiency. 
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Figure OV-19. Ecosystems Adaptation Policy Options with Brief Descriptions 

Ecosystems Adaptation Policy Options 

1: Support the implementation of the recommendations of the Invasive Species Task Force to 
mitigate potential damage from climate change-induced growth of invasive species. 

2: Ensure that New York State's ecosystems sustain healthy, diverse, well-distributed, and 
abundant populations of fish, wildlife, plants, and human communities that are adapted to 
survive in a changing climate. 

A. Support State agency efforts to incorporate an Ecosystem Based Management approach that 
factors ecosystem function, services, and biodiversity into decision making, including 
management plans, funding decisions, and policies. 

B. To enable ecosystems to better respond to changing climate conditions, incorporate adaptive 
management principles, techniques, and approaches into New York's forest management 
policies and programs. 

C. Protect and enhance the stability and function of stream, river, and aquatic coastal systems to 
accommodate changing climate conditions. 

3: Develop a research and monitoring plan to detect, record, and analyze changes in species, 
habitat composition, natural cycles, and fish and wildlife health, and effectively address current 
and future threats in changing climate conditions. 

4: Expand climate change education and outreach initiatives on the potential impacts of climate 
change to natural areas and ecosystem services. 

9.4 Energy Adaptation 

Energy Vulnerabi l i t ies in New York 

Reliable energy systems are critical to commerce and quality of life. New York State's electricity 
and gas supply and distribution systems are highly reliable, but extreme weather events, 
temperature, and flooding can damage equipment, disrupt fuel supply chains, reduce power plant 
output levels or increase demand beyond the energy system's operational capacity. Downstate 
coastal energy infrastructure is vulnerable to flooding by sea level rise and storm surges. 
Renewable generation can be affected by drought, changes in precipitation patterns, cloud cover, 
or other factors characteristic of climate change. 
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Figure OV-20. Energy Adaptation Policy Options with Brief Descriptions 

Energy Adaptation Policy Options 

1: Ensure the accuracy of demand forecasting for planning purposes and build resilience for 
meeting peak demand. 

A. Incorporate best available projections of changes in seasonal average temperatures and 
increased frequency of extreme heat events in near and longer-term demand forecasting for 
electricity and natural gas. 

B, Plan for meeting regional demand growth and improved system resiliency through local 
implementation of demand response and energy efficiency measures, greater use of localized 
distributed generation, energy storage, other energy supply technologies, and smart-grid 
technologies, beyond those efforts already undenway and planned. 

2: Increase utilities' and energy providers' resiliency to climate-related impacts. 

A. Ensure that best available projections concerning the frequency and severity of extreme storm 
events are incorporated into State and regional emergency response plans. 

B. Ensure that detailed statewide maps are available to assist in identifying areas and 
infrastructure at high risk from stonm and flood damage. 

C. Work with organizations such as the Electric Power Research Institute (EPRI) and NYSEARCH 
(a voluntary sub-organization within the Northeast Gas Association) to survey and assess utility 
industry best practices for increasing resilience to climate change. 

9.5 Public Health Adaptation 

Public Health Vulnerabilities in New York 
Some current health conditions are considered sensitive to the changing climate. Cardiovascular 
disease, the leading cause of death in the state, is made worse by extreme heat and poor air 
quality. Childhood asthma, an important health challenge in many parts of New York State, 
especially New York City, is made worse by poor air quality. Several vector-borne diseases 
(those spread by carriers such as mosquitoes and ticks) have emerged in the past few decades. 

A diverse state with populations spread unevenly over urban and rural service areas. New York 
relies primarily on a county-based system for public health service delivery. This highly 
decentralized system leads to non-uniform provision of core services, making public health 
adaptation measures more difficuh to coordinate. 

OV-43 



New York State Climate Action Council 
Interim Report 11-9-10 

Figure OV-21. Ecosystems Adaptation Policy Options with Brief Descriptions 

Public Health Adaptation Policy Options 

1: Improve or establish robust public health mechanisms to reduce the potential for heat-related 
morbidity and mortality in New York State. 

A. Assess the adequacy of existing heat warning systems and, as necessary, expand the capacity 
of existing cooling center programs. 

B. Enhance existing education and outreach activities, employing multilingual and culturally 
sensitive approaches and targeting particularly vulnerable populations. 

C. Coordinate with utilities to develop an approach to address the public health needs resulting 
from power disruptions associated with extreme heat events. 

D. Establish and expand community-based volunteer networks, and identify and assist vulnerable 
populations. 

E. Develop and implement a statewide "Green Cool-down Plan" to reduce the "heat-island effect," 
with a particular focus on the most vulnerable communities. 

2: Educate the public regarding the public health consequences of climate and take actions to 
reduce or eliminate those consequences. 

A. Raise the awareness of policy makers. State and local government officials, community 
leaders, businesses, institutions, health care providers, and the general public about the public 
health significance and related costs of climate change. 

B. Work with communities to create effective outreach materials and mechanisms focused on 
vulnerable and/or hard-to-reach populations. 

3: Assess and improve the capacity of existing public health preparedness, response, and 
recovery programs to respond to climate-related impacts. 

A. Assess and enhance the capacity of existing preparedness programs. 
B. Determine how existing telecommunications technology and social networking systems can be 

better integrated into early warning and evacuation systems. 

4: Build community resilience and integrated public health capacity to reduce human health 
impacts of climate change. 

A. Consider possible public health impacts of climate change in planning, programs, policies, and 
regulations, 

B. Increase the resilience of communities by providing additional support for healthy-built 
environment concepts, such as smart growth and green infrastructure, and for local and urban 
agriculture initiatives that strengthen food security. 

C. Require that emergency preparedness plans include coordination and communication among 
critical stakeholders. 

5: Evaluate and enhance, monitoring and surveillance programs for diseases and disease-
causing agents and respond to the anticipated climate change-related increase in such public 
health threats. 

A. Evaluate the capacity of existing public health programs that control disease-causing agents. 
B. Provide necessary assistance to local governments. 
C. Expand analytical laboratory capacity. 

6: Assess and prepare for the significant public health risks associated with hazards related to 
sea level rise. 
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7: Support research to better understand the public health consequences associated with 
climate change in New York State. 

A: Develop a priority research agenda that includes making use of health impact assessments, 
developing appropriate health indicators, and assessing the effectiveness of adaptation 
technologies. 

B: Assess effectiveness, accessibility, and quality of public health-related climate change 
adaptation programs. 

9.6 Transportation Adaptation 

Transpor ta t ion Vulnerabi l i t ies in New York 

Climate change has significant consequences for the transportation sector. Over the next few 
decades, heat waves, heavy precipitation events, and windstorms will likely be the dominant 

causes for moderate, frequent transportation 
problems such as flooded streets and mass transit 
delays. By 2050 at the latest, sea level rise and 
storm surge will become more significant threats. 
By the latter half of this century, these threats will 
be so severe that major adaptations will have to be 
in place, not only in the coastal zone, but all the 
way to cities in the way of sea level rise and storm 
surges propagating up the tide-controlled Hudson 
River. Low-lying transportation systems like 
subways and tunnels, especially in coastal and 
near-coastal areas, are at particular risk of 
flooding from sea level rise and heavy-
precipitation events. 

Transportation may he disrupted more often and more 
severely as heavier rains flood roads and bridges located 
near New York's many rivers and streams. 

Materials used in transportation infrastructure, such as asphalt and train rails, are vulnerable to 
increased temperatures and extreme heat events. Air conditioning requirements in buses, trucks, 
and trains and ventilation requirements for tunnels will increase. Some aircraft runways may 
require lengthening, since hotter air provides less lift, necessitating higher takeoff speeds. 
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Figure OV-22. Transportation Adaptation Policy Options with Brief Descriptions 

Transportation Adaptation Policy Options 

1: state, regional, and local transportation agencies and authorities should prepare detailed 
inventories and climate vulnerability assessments of critical transportation infrastructure. 

A. Designate key transportation corridors, based on the critical movement of people and/or freight 
and their importance to Intra- and interstate travel. 

B. Endorse a coordinated set of climate change projections and provide these to transportation 
agencies and authorities and other transportation stakeholders. 

C. Integrate climate change into vulnerability assessments, including analyses of potential 
financial and social impacts based on climate projections endorsed by New York State. 

D. To facilitate investment decisions, evaluate which freight and passenger transport systems are 
most resilient to climate change. 

2: Prioritize transportation infrastructure that is essential for emergency preparedness and 
response capabilities. 

3: Incorporate State-endorsed climate change projections into all relevant decisions. 
A. State transportation agencies and authorities should develop specific design criteria and 

operational guidance based on climate change projections in transportation projects and 
investments. 

8. Stormwater management techniques and approaches should be incorporated wherever 
possible. 

C. Assist local governments in implementing adaptive measures for priority transportation 
infrastructure. 

4: The State's transportation master plan should consider and incorporate State-endorsed 
climate change projections. 

A. Policy direction for the siting, design, operation, and maintenance of key transportation 
infrastructure elements should include climate change projections. 

5: Transportation investments in New York State should be consistent with smart 
growth/transit-oriented development principles. 

A. Infrastructure investments should be designed and constructed to protect and preserve natural 
resources and ecosystems that provide essential climate adaptation services. 

B. Incorporate redundancy and travel choices into the transportation system. 

9.7 Telecommunications/Information Infrastructure Adaptation 

Telecommunications/Information Vulnerabilities in New York 

Telecommunications infrastructure is vital to New York State's economy and welfare; its 
capacity and reliability are essential to the effective functioning of global commerce and the 
state's economy and is especially vital during emergencies. 

Communication service delivery is vulnerable to hurricanes, lightning, ice, snow, wind storms, 
and other extreme weather events, some of which are projected to change in frequency and/or 
intensity. Communication lines and other infrastructure are vulnerable to the observed and 
projected increase in heavy precipitation events and resulting flooding and/or freezing rain. In 
coastal and near-coastal areas, sea level rise in combination with coastal storm surge flooding 
will be a considerable threat later this century. The delivery of communication services is 
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sensitive to power outages, such as those resulting from the increased demand associated with 
heat waves, which are expected to increase with climate change. 

Figure OV-23. Telecommunications Adaptation Policy Options with Brief Descriptions 

Telecommunications Adaptation Policy Options 

1: Prepare detailed inventories of telecommunications facilities, network, and corridor-critical 
infrastructure, and complete vulnerability assessments of critical infrastructure and corridors. 

A. Prioritize infrastructure that is essential to support critical State and local functions such as 
emergency preparedness and response capabilities. 

B. Vulnerability assessments should use accepted climate change projections to assess the 
impact of projected climate change on high priority communication infrastructure. 

2: Incorporate climate change projections into decision-making within New York State's 
telecommunication and information infrastructure sector. 

A. State agencies responsible for the management of communication infrastructure should 
develop specific design and operational guidance based on climate change projections, and 
incorporate it into communication projects and investments. 

B. Direct funding as available for adaptive changes to existing critical communication networks 
used for emergency preparedness and response that are at greatest risk from climate impacts. 

C. Develop models, guidance and standards, and financial support where possible to help local 
governments implement adaptive measures for priority communication infrastructure. 

3: Where feasible and cost effective, reduce vulnerability of telecommunications infrastructure 
to extreme weather events. 

A. Foster a shift toward a more distributed network of communication infrastructure, including 
expansion of wireless services. 

B. Planning for investments In communications infrastructure or operational changes planning 
should support and be coordinated with adaptation and operations of other sectors, particularly 
the energy sector (e.g., smart grid). 

C. Ensure system redundancies for communications infrastructure at high risk of flooding and high 
winds, including communication towers. 

4: Improve the dialogue on climate resiliency between State agencies and private 
telecommunications service providers and provide increased accountability for service 
disruptions. 

A. To provide increased accountability carriers and other communication service providers should 
be required to report compliance with the Federal Communications Commission's standards. 

9.0 Water Resources Adaptation 

Water Resources Vulnerabi l i t ies in New York 

The state's water and wastewater treatment infrastructure is in dire need of repair and upgrade, 
requiring some $36 billion for water treatment and $40 billion for wastewater treatment 
improvements. Challenges associated with a changing climate will only exacerbate these needs. 

New York is experiencing growing demand for water, both for human consumption and for 
energy production. As other parts of the country experience more frequent and intense drought. 
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New York's water resources may become a defining economic asset, drawing people and 
businesses into the state and presenting new water resource management challenges. 

Figure OV-24. Water Resources Adaptation Policy Options with Brief Descriptions 

Water Resources Adaptation Policy Options 

1: Enact into law Governor's Program Bill 2010 #51-Water Withdrawal Regulation (S.8280-
A/A.11436-B) to authorize implementation of a comprehensive statewide water withdrawal 
permitting program. 

2: Build greater resilience to projected climate change impacts into drinking water and 
wastewater infrastructure systems. 

A. Prepare detailed inventories of critical water infrastructure and conduct climate vulnerability 
assessments. 

B. State and local agencies should update permit and design standards for drinking water and 
wastewater infrastructure to factor in projected climate impacts. 

3: Adopt statewide and region-wide comprehensive sustainable water resources management 
strategies that consider climate change. 

A. All water-related permit programs and policies should minimize alterations and disruptions to 
the natural hydrologic cycle to the extent possible. 

B. Create mechanisms to foster development and state approval of regional intermunicipal 
watershed management plans that address expected climate change impacts. 

4: Allow "room for rivers." Acknowledge the dynamic nature of rivers on the landscape and 
strive to reduce risk to critical infrastructure and human development as the risk of flooding 
increases with climate change. 

A. Coordinate with key federal and local stakeholders such as the Federal Emergency 
Management Agency (FEMA), U.S. Department of Agriculture, and county soil and water 
conservation districts to identify and map areas of greatest current risk from riverine flooding 
and erosion due to movement of rivers across the landscape. 

B. Work with federal agencies to reduce new development in areas at high risk of riverine flooding 
and undertake long-term managed relocation or elevation of existing structures in these areas. 
Restructure disaster recovery policies to ensure that redevelopment efforts strive to reduce 
long-term risk. 

5: Incorporate water-related climate projections into state and local emergency management 
planning. 

10.0 Identification of Cross-Sector Policies & Issues 
Many issues associated with mitigating and adapting to climate change relate to more than one of 
the sectors examined in this planning process. To date, the climate planning process has 
identified several important cross-sector issues: 

• Environmental justice and community-based concerns; 

• Near- and long-term workforce training for a clean energy economy; 

• Education, outreach, and behavior change; 

• The transition to increased use of electric vehicles. 
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The second phase of climate action planning will seek to identify additional policy interactions 
among the final recommendations. 

Environmental Justice and Community-Based Concerns 

The Climate Action Council made a determined effort throughout the planning process to 
integrate input from community-based groups, regional/community focused organizations, and 
environmental justice (EJ) groups. These groups served as members of Technical Work Groups 
and of the Integration Advisory Panel; in addition, the council held statewide videoconferences 
and a series of teleconferences and surveyed community and EJ organizations on proposed 
policy options. Details of this discussion and the inputs that resulted are available in Chapter 12 
of this Interim Report. 

Effective Community Engagement and Public Participation 

One of the key ingredients in communities across the world that have successfully engaged on 
climate change-related issues is the presence of strong and sustained local leadership. Local 
dialogues educate community members, build support for climate policies and facilitate the shift 
to a low-carbon economy. Acknowledging and addressing past concerns of the EJ community 
with official decisions and planning processes were identified as critical to developing and 
implementing the Climate Action Plan. 

The plan's statewide awareness-raising is designed to include tools and guidance to help 
communities frame climate-related risks within a local context, along with resources and 
technical assistance for community capacity building. 

Permitting, Siting, and Environmental Impact Assessment 

Climate policy approaches should respect hard-won procedural safeguards designed to ensure 
adequate access to official decision making in areas such as permitting, the siting of facilities and 
infrastructure, and conducting environmental impact assessments. As part of the climate action 
planning process, EJ stakeholders emphasized the importance of assessing the cumulative risks 
and impacts of different types of stressors, facilities, and infrastructure on the health and quality 
of life of communities and adequately analyzing the public health implications of proposed 
policies. Transparency and timely access to information were advanced as critical in all the 
policy areas. 

Waterfront Facilities and Public Healtli 

Waterfront facilities, especially wastewater treatment plants, petroleum/chemical bulk storage 
sites, and solid waste management facilities, are particularly vulnerable to climate change 
impacts and represent risks to surrounding communities. Particular attention should be given to 
the medium- and long-term contamination and public health consequences associated with 
coastal flooding. 

Fair Share of Burdens and Benefits 

No single neighborhood or group should be forced to bear a disproportionate share of the 
environmental consequences resulting from industrial, commercial, or municipal operations or 
from the execution of government programs and policies. Community/EJ stakeholders pointed 
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out that a nuanced approach could help to balance the legacy of environmental pollution and 
burdens in EJ communities, such as awarding overburdened communities a greater proportion of 
beneficial climate projects and policy initiatives. 

Near- and Long-Term Workforce Training for a Clean Energy Economy 

The Residential, Commercial/Institutional, and Industrial (RCI) Technical Work Group 
identified near-term workforce training and development as a priority policy option (RCI-6). 
However, because workforce issues cut across all sectors, near-term training needs for all 
mitigation sectors are incorporated into the Workforce Training and Development Policy (RCI-
6) (see Chapter 6). As we implement new clean energy technologies and practices and make 
permanent changes in the way we use resources, we need a trained workforce for projects in 
energy efficiency; site-based clean and renewable energy resources; power supply and demand; 
smart grid technologies; codes and standards; agriculture, forestry, and waste; transportation; and 
manufacturing and other related areas. Chapter 6 of this Interim Report summarizes the 
workforce policy discussion and details opportunities to expand upon current workforce training, 
continuing education, credentialing, licensing, on-the-job training, and recruitment and job 
placement. 

Long-term workforce training is addressed in the Building Block #2 section of Chapter 13: 
Stimulating a Clean Energy Economy in New York. Over the long term, training must enable 
New York to identify and respond to workforce development needs as they arise and to prepare 
future generations of workers for the low-carbon economy. 

The innovation-based model that will underlie New York's low-carbon economy requires a full 
spectrum of educational support. From the K-12 system, grounding is needed in math, science, 
environmental sustainability and alternatives to a carbon-based economy, and preparation for 
entrepreneurship. From higher education, new curricula, certifications and degrees for low-
carbon technologies, and access for current workers to skills upgrades as technologies evolve are 
critical. 

Education, Outreach, and Behavior Change 

Government must lead by example and take responsibility for developing an implementation 
strategy that meets the 80 by 50 goal and guides the transition to a low-carbon economy in a 
cost-effective and politically and socially acceptable manner. 

The first step for State agencies and local governments is internal outreach and education 
promoting the Climate Action Plan and making climate change considerations part of routine 
government activities and decisions. At the same time, robust, well-funded, and effective 
external outreach, education, and awareness raising should acquaint all citizens with the 
substantial economic, social, and environmental benefits the Climate Action Plan will generate. 

Transition to Electric Vehicles 

At present, the transportation sector produces nearly 40 percent of New York's combustion-
based GHG emissions, the vast majority from gasoline-fueled light-duty vehicles. Plug-in 
electric vehicles (EV), plug-in hybrid electric vehicles (PHEV), and fuel cell vehicles powered 
by hydrogen derived from electrolysis could displace a significant portion of this petroleum 
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consumption by using electricity for all or portions of vehicle trips. If this electricity had a low or 
near-zero-carbon intensity, the carbon footprint from this segment could be nearly eliminated. 

A cross-sectoral vehicle subgroup worked on a comprehensive, multisectoral strategy to achieve 
EV penetration as part of the Climate Action Plan, integrating issues applying to power supply 
generation, transmission and distribution, vehicles, and vehicle charging infrastructure. The 
following items were among its findings; 

• PHEVs, EVs, and fuel cell vehicles 
having acceptable performance for many 
applications are a reality, and vehicles 
deriving their fuel from the electric grid are 
likely to become a cost-effective means of 
achieving carbon-free mobility. 

• Through the mid-term (2025) New 
York's transmission grid has adequate 
capacity to accommodate the maximum 
(30 percent) anticipated penetration of EV 
and PHEVs with smart charging. Minor 
upgrades in the distribution system could be 
needed on a very localized basis. 

Fuel mileage of 125 mpg is the promise of this plug-in hybrid, 
newly introduced as a way to reduce GHG emissions and 
petroleum consumption. This year, several auto 
manufacturers are commercially introducing electric vehicles. Policy and regulations should encourage 

the development of a variety of business 
models for charging/re-fueling, and policies should encourage off-peak charging to maximize 
benefits. In the near term, incentives will likely be necessary to induce EV adoption. 

The full report of the Electric Vehicle Subgroup is found in Appendix G of this Interim Report. 

11.0 National and Regional Action and Coordination 
To successfully reduce the impacts a changing climate will have on New York's people, 
environment, and economy will require coordinated policy and action by all levels of 
government—federal, state, and local. Given the global nature of the climate change challenge, 
U.S. federal government action will be essential to successfully position the American economy 
in an evolving international marketplace and to enable the United States to lead efforts to achieve 
a global solution. Federal action will create a fertile arena for development of the new 
technologies that will be needed to achieve the scale of emission reductions needed, and it will 
enable New York businesses to compete on a level playing field with businesses in other states 
and nations. 

New York's domestic energy, environment, and economic development interests can be 
successfully augmented through participation in regional efforts that achieve more change, in a 
more equitable manner, than New York acting alone. National and regional programs can result 
in greater reductions at a lower marginal cost than programs implemented by a single state, and 
State actions also are most effective when coordinated with local government activities. 
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Finally, climate change is, at its core, a global issue that will require the dedicated action and 
attention by all governments, industries, and citizens. New York already is working and should 
continue to work with other states, subnational entities, and other nations to achieve an 
international solution to climate change. 

This chapter makes the following specific recommendations and observations: 

• New York should seek implementation of national or regional market mechanisms to price 
carbon and reduce emissions. A national program can be implemented through Congressional 
action or a collaborative effort between states and EPA under the Clean Air Act. 

• Leveraging the opportunities available under federal programs such as production and 
investment tax credits and a national renewable electricity standard can help create a robust 
market demand for clean energy. 

• National electricity transmission policy should facilitate achievement of New York's climate 
goals rather than providing an avenue for importing coal-fired power. 

• New York should take advantage of the federal government's advanced energy technology 
investment policy. Developing new clean energy technologies requires a substantial and 
sustained commitment from the federal government. 

Federal investment in, and support for, nuclear technology and carbon capture and 
sequestration will help New York achieve its climate protection goals, while preserving 
system reliability. Given the financial commitment needed to advance the technology in 
these areas, the federal government is best positioned to make the necessary investments. 

Regional and national transportation initiatives will be essential to achieving New York's 
climate goals, including strong national vehicle emission and fuel economy standards and 
regional low-carbon fuel standards, regional transportation pricing strategies, and regional 
rail initiatives. 

New York should advocate for strict national standards for appliances and other products 
that are sources of greenhouse gas emissions. 

Federal agencies should cooperate to create and 
implement regulatory frameworks that foster energy 
efficiency and distributed renewable energy. For 
example, the federal government should facilitate 
Property Assessed Clean Energy (PACE) financing. 

National education policy to foster innovation and 
technology is important to achieving New York's 
climate protection goals. 

The federal government should target infrastructure investments that advance climate change 
objectives, such as high-speed rail and a more intelligent electricity grid. 

Federal and state policy should engage localities and communities as active participants in 
achieving climate goals. 

Climate change is a 
global issue that wiil 

require dedicated action 
and attention by all 

governments, industries 
and citizens. 
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• New York should support efforts to achieve an international solution to climate change. New 
York can play a critical role in providing an example of the policies that can be implemented 
worldwide to mitigate climate change. 

Achieving a comprehensive solution to global climate change requires New York to collaborate 
with regional partners and the federal government on emission reduction strategies, and to seek 
action across the community of nations. Although comprehensive federal legislation is 
preferable, until such legislation is in place, the federal government should seek to target its 
broad suite of policies and programs toward promoting low-carbon technology and behavior. 

12.0 Next Steps 

With this Interim Report, the Climate Action Council is seeking stakeholder and public response 
to the initial climate action planning work, including input on the mitigation and adaptation 
policy options. During 2011, work will continue to complete the required analyses of the policy 
options, which will inform a final Climate Action Plan. 

New York State will then need to develop more specific near-term implementation strategies to 
effectuate policy and practice. The State will need to establish clear targets and evaluate progress 
toward those targets. A mechanism to update this long-term plan on a regular basis will be 
needed, as the technology, the state-of-science, and the broader public policy environment will 
continue to change. 

Further, given the strong linkages between GHG emissions and energy policy, strategies to 
reduce GHG emissions will also need to be considered further in the development of New 
York's State Energy Plan as well as in other planning processes, such as state implementation 
plans for various co-pollutants. 

The recently enacted Article 6 of the Energy Law requires the State Energy Plan to include an 
inventory of greenhouse gas emissions, and strategies for facilitating and accelerating the use of 
low-carbon energy sources and carbon mitigation measures. Thus, the State Energy Plan will 
become a mechanism to deliberate and advance appropriate energy policy that fully accounts for 
the climate change impacts from New York energy production and use. 
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Chapter 1 
Background 

There is scientific consensus that emissions of greenhouse gases (GHG) are affecting the Earth's 
climate. That consensus is represented by the work of the U.S. Global Change Research Program 
(USGCRP) and the Intergovernmental Panel on Climate Change (IPCC), a body established by the 
World Meteorological Organization and the United Nations to assess scientific, technical, and 
socio-economic information relevant for the understanding of climate change, its potential impacts, 
and options for adaptation and mitigation. On May 19, 2010, the U.S. National Academies of 
Science (Academies) released three reports emphasizing why the U.S. should act now to reduce 
GHG emissions and develop a national strategy to adapt to the inevitable effects of climate change. 
"Climate change is occurring, is caused largely by human activities, and poses significant risks for 
— and in many cases is already affecting — a broad range of human and natural systems," the 
report concluded. 

The IPCC's Fourth Assessment Report, released in November of 2007, states, "Warming of the 
climate system is unequivocal, as is now evident from observation of increases in average air and 
ocean temperatures, widespread melting of snow and ice, and rising global average sea level." 
More recently, the U.S. National Aeronautics and Space Administration (NASA) reported, "All 
three major global surface temperature reconstructions show that Earth has warmed since 1880. 
Most of this warming has occurred since the 1970s, with the 20 warmest years having occurred 
since 1981 and with all 10 of the warmest years occurring in the past 12 years. Even though the 
2000s witnessed a solar output decline resulting in an unusually deep solar minimum in 2007-
2009, surface temperatures continue to increase."' Although the year is not over as of the release 
of this Interim Report, 2010 is on track to be one of the warmest years on record, globally, in the 
United States and in New York. 

The IPCC, USGCRP, and the Academies concluded that these increased temperatures are largely 
attributable to human activities that result in emissions of GHGs that contribute to global warming. 
These gases include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and several 
industrial gases including chlorofluorocarbons (CFCs), hydrochlorofiuorocarbons (HCFCs), 
perfluorocarbons (PFCs), sulfur hexafluoride (SFe), and hydrofiuorocarbons (HFCs). Other climate 
forcing agents, such as aerosols including sulfate (S04)and black carbon (soot) also affect our 
climate. 

The New York State Energy Research and Development Authority (NYSERDA) is currently 
funding an assessment of the potential effects of climate change and possible adaptation strategies 
specific to New York State, Integrated Assessment for Effective Climate Change Adaptation 
Stratesies in New York State, known as the ClimAID project, the findings of which have informed 
the development of this plan. A summary of the ClimAID project can be found in Appendix H. 

http://climate.nasa.gov/evidence/ 
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In addition to ClimAID, other scientific organizations have studied climate change effects for 
several regions of the U.S. ' These reports indicate that northeastern U.S. is likely to experience 
the following climate-related changes: 

• Extreme heat and declining air quality are likely to pose increasing problems for human health, 
especially in urban areas. 

• Agricultural production, including that of dairy products, fruit, and maple syrup, is likely to be 
adversely affected as favorable climates shift. 

• Severe flooding due to sea level rise and heavy downpours is likely to occur more frequently. 

• Reduction in snow cover will adversely affect winter recreation and the industries that rely 
upon it. 

• Sea level rise will threaten coastal groundwater supplies of fresh water. 

Creation of the New York Climate Action Council 

In August of 2009, Governor David A. Paterson signed Executive Order 24 establishing the goal of 
reducing GHG emissions from all New York State sources to 80% below 1990 levels by 2050 
(hereafter referred to as 80 by 50) and creating the New York State Climate Action Council 
(Council). The Council is made up of 13 agency heads in addition to representatives from the 
Governor's Office. The purpose of the Council is to assist New York in identifying the best 
opportunities to mitigate and adapt to climate change, reduce costs associated with climate change 
activities, and foster economic growth in New York. 

The Council prepared the Interim Report with assistance from NYSERDA, the Department of 
Environmental Conservation (NYS DEC), and other Council member-agency staff. The Council 
convened three external advisory panels to assist and advise in areas requiring special expertise or 
knowledge: technical analysis, multi-sector integration, and 2050 Visioning. The 2050 Visioning 
Advisory Panel, the Integration Advisory Panel, and five Technical Work Groups (participants 
listed in Appendix C) have provided direct input to the Interim Report. 

The Council has approved a final New York State GHG emissions inventory and forecast, and this 
Climate Action Plan Interim Report. Following receipt of public comment on this report and the 
completion of additional research and macroeconomic analysis, the final Climate Action Plan will 
be developed and issued in 2011. 

Approach to Climate Planning 

The New York State Climate Action Plan process relies heavily upon earlier and ongoing work 
performed by New York State and others. For example, in addition to ClimAID, NYSERDA 
funded an assessment of the technical potential for GHG emissions reductions and costs of 

^ Frumhoff, P.S., J.J. McCarthy, J.M. Meliilo, S.C. Moser, and D.J. Wuebbles. Confronting Climate Change in the 
U.S. Northeast: Science, Impacts, and Solutions. Synthesis Report of the Northeast Climate Impacts Assessment 
(NECIA). 2007. http://www.climatechoices.org/ne/resources_ne/nereporl.html 

"* The Committee on the Environment and Natural Resources National Science and Technology Council. Scientific 
Assessment of the Effects of Global Change on the United States. 2008. 
hltp://www.climatescience.gov/Librarv/scientiflcassessment/Scientiflc-AssessmentFINAL.pdf 
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mitigation technologies and best practices in New York, Development of New York State 
Greenhouse Gas Abatement Cost Curves, which supported the analysis of mitigation policy 
options recommended here. Other notable reports are the Renewable Fuels Roadmap (NYSERDA, 
Pace University), 2009 New York State Energy Plan (New York State Energy Planning Board), 
Report of the Sea Level Rise Task Force (NYS DEC), PlaNYC (New York City Mayor's Office), 
and Envisioning a Low-Carbon 2050 for New York State (Brookhaven National Laboratory). 

The three advisory panels brought outside perspectives and expertise to the process. The 
Integration Advisory Panel reviewed and integrated the sector-focused work of the Technical 
Work Groups to ensure that the policy options took account and advantage of policy interactions 
and synergies. Council member designees were represented on the Integration Advisory Panel, 
which also included stakeholders representing public, private, and NGO interests. 

The Technical Work Groups served as advisors to the Council and consisted of Council member-
agency staff and additional public, private, and non-profit sector stakeholders with specific interest 
and expertise. Members of the public were invited to observe and provide input at all meetings of 
the Integration Advisory Panel and Technical Work Groups, in addition to attending public 
informational meetings held around the tate during the process. Planning process documents, 
including deliberative and analytical products, were posted to the project's public Web site 
(www.nyclimatechange.us). 

Prior to the organizational meetings of the Council and Integration Advisory Panel, the appointed 
participants attended a "2050 Visioning Conference" hosted by the New York Academy of 
Sciences and organized by Brookhaven National Laboratory. The focus of the conference was to 
place the challenge of the 80 by 50 goal into real-world context and, by example, to illustrate the 
kinds of transformational change needed to achieve the goal. 

The Council began the formal deliberative process at the first meeting of the Integration Advisory 
Panel and Technical Work Groups on January 14, 2010. The Integration Advisory Panel met in 
person five times, and the five Technical Work Groups met in person and by teleconference on a 
bi-weekly basis since January 2010. The five Technical Work Groups considered potential policy 
options and were organized by the following sectors: 

• Residential, Commercial/Institutional, and Industrial (RCI) 

• Transportation and Land Use (TLU) 

• Power Supply and Delivery (PSD) 

• Agriculture, Forestry, and Waste Management (AFW) 

• Adaptation 

Policy options contained in this Interim Report are principally the product of Technical Work 
Group deliberations, with feedback and guidance from the Integration Advisory Panel, Council 
designees and the public. The Technical Work Groups that were charged with developing policies 
to reduce GHG emissions and enhance carbon sequestration potential in New York's soil, trees and 
wetlands, developed policy options through a stepwise process: 
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2050 Visioning; 

Identifying potential policies; 

Evaluating policy attributes and metrics, including co-benefits; 

Selecting priority policies; 

Developing New York-specific policy designs; 

Quantifying draft policy GHG reduction potentials and costs; 

Refining policy options; 

Presenting policy options to the Council for inclusion in the Interim Report. 

Figure Nl illustrates the Climate Action Plan process and where this Interim Report fits within the 
overall effort. This report presents the results of the policy selection, development, and preliminary 
cost analysis. The analytical results presented describe the potential effectiveness of the mitigation 
policies on a stand-alone basis and do not consider interactions among policies or overlapping 
emissions reductions."^ Assessment of interactions will be done in the next phase of the analysis. It 
is therefore not appropriate to sum up the reductions or costs associated with individual policies in 
this report to estimate a cumulative result. A detailed explanation of the process employed for 
policy option development can be found in Appendix B. 

The Adaptation Technical Work Group, as outlined in Figure 1 -2, followed a slightly different 
process to build a foundation for New York State climate change adaptation planning: 

Evaluating the best available information on how the climate in New York State will change; 

Identifying potential vulnerabilities to a changing climate; 

Assessing risk levels of those vulnerabilities; 

Developing adaptation strategies that will help to minimize those risks; 

Prioritizing strategies, considering other adaptation tools, and developing an overall adaptation 
plan that is coordinated with GHG mitigation efforts. 

The Adaptation Technical Work Group formed subgroups to evaluate eight sectors: agriculture, 
coastal zones, ecosystems, energy, public health, transportation, telecommunications and 
information infrastructure, and water resources. Evaluation of New York's climate-related risks 
and vulnerabilities were based on the latest climate projections and other information provided by 
the ClimAID project. As potential adaptation strategies were being developed, the sector 
workgroups spent much time reviewing and analyzing the efficacy, need, cost, environmental 
justice considerations, and timing of each proposed recommendation. A full description of the 
Adaptation Technical Work Group process is found in Chapter 11. 

•* An example would be an energy efficiency measure in RCI that reduces the demand for electricity, and a PSD policy 
that makes electricity generation cleaner. The GHG reduction benefits associated with clean generation would be 
decreased by an overall reduction in demand for electricity. Failure to take this interaction into account would result in 
'double counting' or overstating the reduction benefits of the two policies operating together. 
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Citizens living in economically disadvantaged communities have been represented and their 
concerns voiced through formal integration of environmental justice concerns throughout the 
process. Through the appointment of environmental justice advocates to the Integration Advisory 
Panel and Technical Work Groups, and by incorporating written comments and guidance at key 
junctures in the deliberations, the authors of these policy options have heard and sought to 
incorporate these concerns into the policy designs. 

Challenges of Climate Action Planning 

Development of a Climate Action Plan for New York is a unique challenge in policy planning. 
Forty year planning, necessary to meet the 80 by 50 goal, is an unusually long time horizon, and 
the uncertainty associated with key variables—e.g. future prices of conventional and alternative 
fuels and technologies—complicates the analysis of policy options to a greater extent than is 
typical. This complication extends to the analysis of the cost of these policies and the cost of not 
taking action on climate change. Both are very difficult to estimate. 

Another challenge is that while both the cost and cost-effectiveness metrics developed for each 
mitigation policy option are long-term societal costs, New York decision makers often must focus 
on short-term public costs, that is, the required State investment. Although many of these policy 
options have low or no cost to the State, there are notable exceptions: expanding and improving 
public transportation systems; investing in a clean energy and all-fuels efficiency fund for 
buildings; providing incentives to attract private capital to produce abundant low-carbon energy; 
enhancing New York's rail infrastructure for both people and freight; and investing in the research, 
development, and deployment necessary to grow the next generation of technologies and fuels and 
promote a clean energy economy. 

To cover the investment necessary for these types of policy options, New York State would need 
to identify a funding mechanism—a difficult challenge in the current fiscal crisis. While this 
Interim Report generally does not propose specific mechanisms for supporting these types of 
policy options, there are some principles that should be adhered to in the next stage of climate 
action planning: 

• Policies that set a price for carbon and largely allow the market to dictate actions will be the 
most efficient and will likely bring about the most benefit, both by reducing emissions at least-
cost and raising revenue for reinvestment in GHG reduction programs that have an overall 
societal benefit; 

• 

• 

State investment in research and development should be strategic given limited resources, and 
should focus on those activities that overcome a critical barrier and offer significant co-benefits 
such as attracting clean energy investment to New York or creating jobs. 

For each sector, it will be important for New York to pursue a federal advocacy strategy to 
bring the resources of the U.S. government to bear on research, development, and 
infrastructure investment. 

Any necessary mechanisms to raise revenue should be carefully crafted not to put New York 
State at a competitive disadvantage. This may imply a multi-state strategy. It could also imply 
the application of an environmental tax shifting approach. This tax structure would provide a 
"double dividend" leading to a decrease of an undesired polluting activity while 
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simultaneously increasing government revenue. This increase in government revenue would 
reduce the tax burden currently placed on desired activities (e.g. employment or economic 
activity). 

Revenue generation mechanisms should be directly linked to the relevant activity (GHG 
emissions) and dedicated to the desired outcome (reduction of GHG emissions). Research has 
shown that these types of "green" fees dedicated to specified uses garner more public support 
than generalized revenue sources and uses. This approach also recognizes and harnesses the 
systems benefit dynamic whereby financial support benefits both the direct recipient and the 
entire system (e.g. transportation system, electricity system). 

Funding for projects and proposals throughout the Climate Action Plan will require substantial 
private investments in addition to the public funding detailed above. Coordinated public-
private partnerships will play an integral role in attracting increased venture capital, a critical 
component of an economic transition of this magnitude. 

In some cases, the policy options described in the Interim Report could be designed and 
implemented either as a revenue-neutral mechanism or a revenue-generating mechanism. To 
demonstrate just one example, a revenue-neutral feebate system to influence vehicle purchasing 
behavior would be structured so that the total amount offered as an incentive is equal to the amount 
charged as a disincentive. The rebates disbursed could be slightly smaller than the fees collected, 
with a small amount reserved to cover administrative cost. In contrast, a vehicle purchase incentive 
program could also be designed to be revenue generating (e.g. gas-guzzler sales tax surcharge), or 
to be revenue-negative (e.g. tax credit for purchase of electric cars). In any case, for the variety of 
potential pricing mechanisms, both the amount of GHG emissions reductions and the amount of 
revenue that will result depends upon the size and scope of the pricing mechanism, and the 
elasticity of demand for the technology or activity. 

2011 Final Climate Action Plan 

The next phase of the planning process will consider all mitigation policy interactions and produce 
an integrated projection for action plan emission reduction potentials and costs. Also to be 
included in the next phase is a macroeconomic analysis of the potential for climate change policies 
to expand New York's clean energy economy. Costs and savings associated with policies in this 
report consider only the direct costs and savings to society, defined as within the geographic 
boundaries of New York State. Direct costs include capital, operating, maintenance, or other costs 
directly associated with the implementation of the policy or technology. Direct savings are 
typically reduced fuel consumption, but may also include reduced labor, operations, maintenance, 
etc. Secondary, indirect, or macroeconomic effects on statewide employment, income, energy 
price, and gross state product will be examined in the next phase of the plan with the results 
presented in the final report. 

Critical to the charge of Executive Order 24 is developing the policies necessary to achieve the 80 
by 50 goal. The quantitative analyses conducted for the Interim Report cover the period from 2010 
through 2030. Some key policy options consider GHG reduction needed for the period from 2030 
through 2050, but cost estimates are limited to the next twenty years due to the increasing 
uncertainty associated with longer-range projections. The final Climate Action Plan will include an 
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analysis of whether the 80 by 50 goal can be achieved by implementing the policy options 
presented in the Interim Report. 

The Interim Report (see Chapter 12) brings together policy options that involve regional or 
national policy actions or interactions. The final Climate Action Plan will expand upon these 
interactions and lay the groundwork for strategic policy implementation, which will address not 
only the needs and opportunities for partnerships with the federal government and neighboring 
states and provinces, but also the specific actions New Yorkers must take to realize the 
environmental, economic and security benefits of a low carbon economy. 
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Figure 1-1. New York State Climate Change Mitigation Planning Process Flowchart 
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Figure 1-2. New York State Climate Change Adaptation Planning Process Flowchart 
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Chapter 2 
Climate Projections and Vulnerabilities 

Introduction to Climate Change^'^ 

Climate change is occurring in New York and around the globe. Global mean temperatures and 
sea levels have been increasing for the last century, accompanied by other changes in the Earth's 
climate. While Earth's climate is subject to natural variation, the changes we currently see in our 
climate result largely from human activities, which have increased atmospheric concentrations of 
carbon dioxide (CO2) and other greenhouse gases (GHGs), as well as aerosols (black carbon and 
sulfate). The natural greenhouse effect keeps the Earth warm enough to support life, but higher 
amounts of GHGs from human activities have increased average global temperatures and led to 
other climate changes and effects. Relatively small increases in average global temperature can 
cause large changes in the Earth's climate system. Warming of the Earth is unequivocal, 
documented by observations of higher global average air, land surface, and ocean temperatures; 
widespread melting of mountain glaciers and ice sheets; and rising global average sea level. 
Figure 2-1 depicts the trends of these key climate indicators."* 

' Climate science is complex and evolving. Much of the text in this chapter on New York's climate and vulnerability 
to climate change is from the ClimAID project (see Appendix H for the draft summary report). For a more thorough 
description of climate change in New York State, including references, please see the draft of the full ClimAID 
report available at www.nyserda.org/programs/environment/emep/home.asp . For additional information on climate 
science and national and global impacts of climale change we recommend the reader consult summary documents 
from the US National Academy of Sciences, the Intergovernmental Panel on Climate Change (IPCC), United States 
federal agencies including the National Oceanic and Atmospheric Administration (NOAA) and Environmental 
Protection Agency (EPA), and peer reviewed scientific literature. 

^ Definitions of many climate science terms can be found in an appendix at the end of this chapter. 

^ Intergovernmental Panel for Climate Change. Climale Change 2007: Synthesis Report; Summary for 
Policymakers. 2007. 
http://www.ipcc.ch/publications_and_data/pubiications_ipcc_fourthassessment_repo rt_synthesis_report.htm 

•* National Oceanic and Atmospheric Administration. The State of the Climate Highlights. 2009. 
http;//www.ncdc.noaa.gov/bams-state-of-the-climate/ 

2-1 

http://www.nyserda.org/programs/environment/emep/home.asp
http://www.ipcc.ch/publications_and_data/pubiications_ipcc_fourthassessment_repo
http://www.ncdc.noaa.gov/bams-state-of-the-climate/


New York State Climate Action Council 
Interim Report 11-9-10 

Figure 2-1. Indicators of a Warming World 
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The panels show changes in climate indicators over several decades. Each of the different colored lines in each 
panel represents an independently analyzed dataset. Source, Ttie State of the Climate Highlights: National Oceanic 
and Atmospheric Administration (NOAA), 2009. 
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In the approximately 150 years since industrialization began, concentrations of GHGs in the 
Earth's atmosphere have risen to higher levels than at any time in the past 800,000 years; 
atmospheric concentrations of CO2 are now more than one-third higher than in pre-industrial 
times. The most rapid rates of warming have occurred during the past 35 years. Each of the last 
three decades has been much warmer than the decade before it, with each one setting a new and 
significant record for the highest global temperature. Figure 2-2 depicts this decade-to-decade 
warming. 

Figure 2-2. Global Temperature Change, Decade Averages 
12 

2000s even warmer. Every year warmer than 1990s average. 

18B0 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 

Years 
Source: The State of the Climate Highlights: National Oceanic and Atmospheric Administration. 2009. 

Many human activities contribute GHGs to the atmosphere, but the primary contributor is 
combustion of fossil fuels (coal, oil, and natural gas), which releases large amounts of CO2 to the 
air. Particulate emissions (such as black carbon) from the combustion of fossil fuels and biomass, 
while short-lived in the atmosphere, also contribute to climate change. Other GHGs, especially 
methane, nitrous oxide, and halocarbons such as fluorocarbons (F-gases in Figure 2-3), are also 
released to the atmosphere by human activities, primarily due to fuel combustion and agricultural 
and industrial processes. As shown in Figure 2-3, global annual emissions of anthropogenic 
GHGs have increased significantly since 1970. 
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Figure 2-3. Global Emissions of Anthropogenic Greenhouse Gases, 1970 to 2004 
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Global annual emissions of anthropogenic GHGs increased significantly from 1970 to 2004. Source: IPCC. Climate 
Change 2007: Synthesis Report, Summary for Policymakers, Figure SPM3 [modified], p.5. 

Efforts to lessen the severity of climate change by limiting levels of anthropogenic GHG 
emissions are already underway in some areas around the globe. However, because the added 
GHGs will remain in the atmosphere for centuries and some parts of the climate system respond 
gradually, awareness is growing that some additional climate changes are inevitable. Responses 
to climate change have grown beyond a focus solely on mitigating the amount of GHGs released 
into the atmosphere to include adaptation measures that minimize and prepare for the effects of 
anticipated climate change. 

Projections of Future Global Climate Change 

Climate scientists use analyses of historical climate conditions combined with complex, 
computer-based, global climate models to project how the climate will respond in the future to 
natural and anthropogenic forcings, such as increased GHG concentrations. The models run 
many different scenarios of future GHG emissions based on estimates of economic and social 
growth. Model output provides ranges of future temperature increases, rather than point 
estimates, primarily due to uncertainty regarding which future scenario will occur and limitations 
in knowledge of how the climate system will respond. Despite the uncertainties, all global 
climate models project that the Earth will warm in the next century, with a consistent 
geographical pattern. 
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Climate model experiments show that even if no additional GHGs were added to the atmosphere, 
further warming still would occur due mainly to a lag in ocean temperature response. Many of 
the GHGs currently being added to the Earth's atmosphere have long residence times. For 
example, 33 percent of the anthropogenic CO2 added to the atmosphere today will remain in the 
air for at least 100 years, and 19 percent will remain at 1,000 years.^ This means that GHGs 
added now to the atmosphere will continue to warm the planet for hundreds and, possibly, even 
thousands of years. 

Stabilizing Atmospheric Greenhouse Gas Concentrations 

To stabilize the atmospheric concentrations of GHGs, GHG emissions must approach 
equilibrium—a state of balance between GHG sources and sinks. The likelihood and extent of 
many climate change impacts in New York and elsewhere depend, in part, upon the global 
concentration of atmospheric GHGs. Generally, the higher the concentrations at which GHGs are 
stabilized, the greater the average global temperature increase. 

Climate Science is the Basis for GHG Stabilization Goals 

Since GHGs exert their climate-altering properties on a global scale, emission reductions must 
occur not only in New York, but globally. In 1992, 154 nations, including the United States, 
agreed to a series of overarching goals to minimize the risks from climate change, embodied in 
the United Nations Framework Convention on Climate Change (UNFCCC). Article 2 of the 
UNFCCC establishes the treaty's long-term objective of "stabilization of greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 
interference with the Earth's climate system." 

Scientific evidence suggests that limiting the global average temperature increase to 
approximately 3.6°F (2°C) above pre-industrial temperatures may minimize the likelihood of the 
most severe climate impacts and is consistent with the UNFCCC goal of avoiding dangerous 
climate change. Figure 2-4 illustrates the range of potential physical impacts at varying levels 
of global temperature change. For each impact category, a colored arrow indicates the possible 
temperature range for a specific physical change to occur: an unbroken arrow with redder color 
indicates greater likelihood and severity of the physical event. It is important to note that the 
most severe effects, or "Abrupt and Major Irreversible Changes," may be prevented if the rise in 
global average temperature is limited to approximately 3.6°F (2°C). Climate change impacts also 
depend upon the vulnerability and adaptive capacity of natural systems and human populations. 
Effective management of climate change risks requires policy and decision makers to take 
flexible, yet significant and sustained actions to reduce GHG emissions and build the state's 
resiliency to climate change impacts; to learn from new research, monitoring data and scientific 
assessments; and to adjust future actions accordingly. 

^ Hansen, J. et. al., {46 co-authors). Dangerous Human-Made Interference with Climate: A GISS Model Study; 
Figure 9(a) Carbon Cycle Constraints (a) Decay of Pulse C02 Emissions./J(mo5/7/ier/c Chemistry and Physics, 7: 1-
262007b.. http://www.atmoschem-phvs.org 

* Parry, M.L., O.F. Canziani, J.P. Palutikof, and Co-authors Technical Summary. Climate Change 2007: impacts. 
Adaptation and Vulnerability. 2007.http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-ts.pdf 

Stem, N. The Economics of Climate Change: The Stern Review: Executive Summary. Figure 2, pp v. 2007. 
http://www.hmtreasurv.gov.uk/sternreview index.htm 
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F igure 2-4. Pro jected Impacts of Cl imate Change 

Source: The Economics of Climate Change: The Stern Review, Cambridge University Press, 2007, 

The atmospheric GHG concentration that will result in a 3.6°F (2°C) increase in global 
temperatures cannot be known with great accuracy. The best scientific estimates available, 
including estimates from the 2007 IPCC Report, indicate that if atmospheric GHG 
concentrations are stabilized in the atmosphere at approximately 450 ppm of carbon dioxide 
equivalent (C02e), or total GHGs, there is a medium likelihood that warming will not exceed 
3.6°F (2°C). To achieve stabilization of atmospheric concentrations at this level, the IPCC 
estimates that net global GHG emissions must approach zero by the end of this century.^"^ The 
interim targets along the pathway to a 450 ppm C02e stabilization level require global emissions 
to peak no later than 2015 and to decrease to 85 percent below year 2000 levels by 2050.'' The 
IPCC did not evaluate intermediate reductions for timeframes other than year 2050. 

Apportioning GHG Reductions 

Determining how much individual states or nations should reduce emissions through mid-
century requires consideration of allocation equity and reduction effectiveness.'^ The UNFCCC 
approach to apportioning GHG emission reduction requirements between developed and 

The concentration of greenhouse gases in the atmosphere is already at approximately 375 ppm CO,e and currently 
rising at roughly 2.5 ppm every year. IPCC. 2007. 

^ Using paleoclimate evidence and observations of current rates of global change, some recent studies suggest that 
today's atmospheric GHG concentrations already are too high to maintain the climate to which humanity, wildlife, 
and the rest of the biosphere are adapted, See: Hansen et al. Target Atmospheric CO2: Where Should Humanity Aim? 
2008. http://www,ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-chapter3.pdf 

'° Fisher, B.S., N. Nakicenovic, K. Alfsen, J. Corfee Morlot. F. de la Chesnaye. J.-Ch. Hourcade, K. Jiang, M. 
Kainuma, E. LaRovere, A. Matysek, A. Rana, K. Riahi, R. Richels, S. Rose, D. van Vuuren, R. Warren. Issues 
Related to Mitigation in the Long Term Context. In Climate Change 2007: Mitigation. 2007. p. 199 

'' Meinshausen, M. (edited by Schellnhuber el. al.) What Does a 2°C Target Mean for Greenhouse Gas 
Concentration? \n Avoiding Dangerous Climate Change, 2006. 

'̂  As previously discussed, global emissions of GHGs must eventually be in quasi-equilibrium with GHG removal 
mechanisms to allow for stabilization of atmospheric GHG concentrations. 
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developing nations considers a broad spectrum of parameters, including population, gross 
domestic product (GDP), GDP growth, and global emission pathways that lead to climate 
stabilization.'^ Applying these parameters, the UNFCCC concludes that, to reach the 450 ppm 
COie stabilization target, developed countries must reduce GHG emissions by 80 to 95 percent 
from 1990 levels by 2050. This is the basis for the Executive Order 24 greenhouse gas reduction 
goalof80by50. 

Summary of the ClimAID Report - Climate Change and New York State 

Initiated in 2008, the Integrated Assessment for Effective Climate Change Adaptation Strategies 
in New York State (ClimAID) was funded by the New York State Energy Research and 
Development Authority (NYSERDA) as part of its Environmental Monitoring, Evaluation, and 
Protection (EMEP) Program. The ClimAID team was made up of university and research 
scientists who are specialists in climate change science, effects, and adaptation. Researchers 
came primarily, but not exclusively, from Columbia University, Cornell University, and Hunter 
College of the City University of New York. The goals of the ClimAID project are to provide 
New York State decision makers with cutting-edge information on the state's vulnerability to, 
and its ability to derive benefits from, climate change and to facilitate the development of 
adaptation strategies informed by both local experience and scientific knowledge. Further aims 
of ClimAID are to identify data gaps and monitoring needs to help guide future efforts. As part 
of the project, the ClimAID team evaluated a set of climate change scenarios for New York State 
to facilitate the assessment of potential impacts under future conditions. 

New York State is vulnerable to a changing climate but, at the same time, has a great potential to 
adapt to its effects. From the Great Lakes to Long Island Sound, from the Adirondacks to the 
Susquehanna Valley, climate change will increasingly affect the people and resources of New 
York State. Climate hazards include higher temperatures and more frequent and intense heat 
waves leading to greater incidence of heat morbidity and mortality, decreased air quality and 
increased health risks for those with medical conditions such as cardiovascular disease, renal 
disease, emphysema, and others; increased short-duration warm season droughts and extreme 
rainfall events affecting food production, natural ecosystems, and water resources; and sea level 
rise, resuhing in both gradual inundation of natural and human habitats and greater risk of 
damage from coastal storms. 

The uncertainties inherent in climate projections and the complex linkages among climate 
change, physical and biological systems, and socioeconomic factors pose special challenges for 
New York State decision makers. However, there is a large amount of local and scientific 
knowledge on climate change that is critical to understanding not only the necessary urgency and 
magnitude of GHG mitigation, but to reducing vulnerability and building adaptive capacity to 
respond to the changing climate as well. 

The ClimAID researchers divided New York State into seven regions, shown below in Figure 2-
5. Historical climate trends and future projections were analyzed for each region and the state as 

' UNFCCC. Synthesis of Information Relevant to the Determination of the Mitigation Potential and to the 
Identification of Possible Ranges of Emission Reduction Objectives of Annex I Parties: An Update. 2008. 
http://unfcccbali.org/unfccc/images/document/technical_papper.pdf 
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a whole. Understanding how New York's climate has changed in the past and is projected to 
change in the future allows for the exploration and identification of potential effects. 

F igu re 2-5. R e g i o n s o f New Y o r k Sta te u s e d in t he c l i m a t e a s s e s s m e n t 
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Dots represent meteorological stations used in climate analysis. Source: ClimAID, 

The current climate in New York State can be described as humid and continental. Key features 
of New York State's climate include the following: 

• Temperature varies widely across the state. Average annual temperature varies from 40°F in 
the Adirondacks to near 55°F in the New York City metropolitan region. 

• Precipitation amounts also vary. Average annual precipitation ranges from approximately 30 
inches in Western New York to nearly 50 inches in the New York City region. Tug Hill 
Plateau, and Adirondacks. 

• A variety of extreme events occurs throughout the state: 

o Heat waves, defined as three consecutive days with maximum temperatures above 90°F, 
are common in urban areas, especially in the southern parts of the state. 

o Short-duration flooding, which can resuh from heavy rainfall and runoff from snowmelt, 
affects the entire state. 

o Lake effect snow is a major climate hazard in western and central New York State. 

o Areas along the Atlantic coast and Hudson River Valley are especially prone to coastal 
storms and their associated effects, including heavy precipitation, high winds, and coastal 
flooding. 
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Observed Climate Trends 

Temperature and Precipitation 

Temperatures in New York State have risen over the course of the 20th century, with the greatest 
warming coming in recent decades. There has also been an increase in the number of extreme hot 
days (days at or above 90°F) and a decrease in the number of cold days (days at or below 32°F). 
Statewide, there has been no discernable trend in annual precipitation, which is characterized by 
large variability, both from year to year and over decades. Table 2-1 shows observed 20' century 
trends in temperature and precipitation for select meteorological stations in New York. 

Table 2 - 1 . 1900-1999 Tempera tu re and Prec ip i ta t ion Trends in New York State 

Temperature ("F / decade) 
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' Significant at the 95% level; " Significant at the 99% level 

Sea Level Rise 

Sea level in the coastal waters of New York State and up the Hudson River has been steadily 
rising over the 20th century. As global temperatures have increased, rates of sea level rise have 
increased as well. During the 20' century, global sea level rise was primarily the resuh of 
thermal expansion of ocean waters. Sea level rise in New York coastal regions is a factor of both 
global sea level rise and local changes in height of the land relative to the height of the 
continental land mass. Over the 20̂  century, the rate of sea level rise for the New York coastal 
region was 1.2 inches per decade. The difference between this rate and the rate of global sea 
level rise (0.7 inches per decade) was due primarily to local subsidence. 
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ClimAID Projections of Future New York State Climate Conditions 

For the assessment, investigators deveiopQd projections of temperature, precipitation, and 
extreme events for each of the seven climate regions and New York State as a whole. For sea 
level rise, projections were developed for the marine coastal region and the Hudson River 
estuary. These projections were based on climate data from 16 (seven for sea level rise) global 
climate models (GCMs) and three GHG emission scenarios. In addition to these climate 
projections, for eight sectors across the state (corresponding to the sectors discussed in the 
Adaptation chapter of the Interim Report), sector-specific climate risks were defined with 
stakeholder input, and "tailored products" were developed for use in the sector assessments (e.g., 
the number of heating-degree days in future years was projected for use in the energy sector 
assessment). 

The combination of multiple GCMs and emissions scenarios produced a range of possible 
outcomes for each future time period and climate variable. The results constitute "model-based" 
probability functions and are presented as a probabilistic range across the potential outcomes. 

What is an emission scenario? 

An emissions scenario is plausible representation of future global greenhouse 
gas emissions. Each emissions scenario represents a unique blend of 
demographic, social, economic, technological, and environmental assumptions. 
The ClimAID analysis used three scenarios; 

A2: Relatively rapid population growth and limited sharing of technological 
change combine to produce emissions growth throughout the century and high 
greenhouse gas levels by the end of this century. 

AlB: Effects of economic growth are partially offset by introduction of new 
technologies and decreases in global population after 2050. This trajectory is 
associated with relatively rapid increases in greenhouse gas emissions and the 
highest overall carbon dioxide levels for the first half of this century, followed 
by a gradual decrease in emissions after 2050. 

Bl: This scenario combines the AI population trajectory with societal changes 
tending to reduce greenhouse gas emissions growth. The net result is the lowest 
greenhouse gas emissions of the three scenarios, with emissions beginning to 
decrease by 2040. 

Higher average annual temperatures and sea level rise are extremely likely for New York State. 
For temperature and sea level rise, all climate models analyzed project continued increases over 
the coming century, with a high likelihood of more rapid temperature increases and sea level rise 
than occurred over the 20th century. Although most projections indicate small increases in 
precipitation, some do not, and decade-by-decade precipitation variability is large; therefore, 
precipitation projections are less certain than temperature projections. 
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New York State Temperature and Precipitation Projections 

Figure 2-6 shows the projected changes in average annual temperature and precipitation for the 
state, averaged across the 16 GCMs for one of the three scenarios for possible future GHG 
emissions. Although only a single emission scenario is shown (the A1B "middle" emissions 
scenario), the spatial pattern is similar for the other two scenarios. Table 2-2 shows specific 
mean annual change projections for seven regions of the state. 

•F) 
Figure 2-6. Projected changes in annual temperature and precipitation for the 2080s in 
the Northeast, under the A l B ("middle") emissions scenario, relative to the 1970-1999 
baseline 
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4.3 5 5,5 6 6.5 
Annual Temperatura Chan0S (*F) 

7.5 -2 0 2 4 6 6 
Annual Pr«ctpitation Chan9e (%) 

10 

Table 2-2. Temperature and Precipitation Projections for the Seven ClimAID Regions 

Region 1 

^ffl^l 
baEScipitationHHI^H 
[GentrallRanHei^^^K 

Baseline^ 

1971-2000 

48° F 

37 in 

2020s 

+1.5 to 3.0" F 

0 to +5 % 

2050s 

+3.0 to 5.5° F 

0 to +10 % 

2080s 

+4.5 to 8.5'F 

0 t O l 5 % 

Stations used for Region 1 are Buffalo, Rochester, Geneva, and Fredonia. 

Region 2 

f F f i r ^ p ! l ? f f m ^ ; • 
I ben t ra l lRanueU in^ 

Baseline^ 

1971-2000 

48° F 

48 in 

2020s 

+1.5 to 3.0° F 

0 to +5 % 

2050s 

+3.0 to 5.0° F 

Oto+10% 

20808 

+4.0 to 8.0° F 

+5 to 10% 

Stations used for Region 2 are Mohonk Lake, Port Jervis, and Walton, 
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Region 3 

l i i . ' I l Vvi-M-' 

Baseline^ 
1971-2000 

2020s 

F2roito}3T03IF 

38iirf^|:; ^^r-^, ^i 0'tb'+5',%', 

2050s 

Oto+10.% 

2080s 

:+5:t6l0:% 

Stations used for Region 3 are Elmira, Cooperstown, and Binghamton. 

Region 4 Baseline^ 
1971-2000 

2020s 20508 2080s 

#f'^ ^ i&g#l?" 

^M^^tv'.-^K,-'^ 
^MirW.;*-i--. ^^'y^. 0̂ tb;+5 %, Oto+10%. -+5to':id% 

stations used for Region 4 are New York City (Central Park and LaGuardia Airport), Riverhead, and Bridgehampton, 

Stations used for Region 5 are Utica, Yori<town Heights, Saratoga Springs, and the Hudson Correctional Facility. 

Baseline^ 
1971-2000 

5i1| in:^- v ^ - . ^ . . • -

2020s 

0to^5% 

2050s 20808 

<icmsim^m 
oto+10% +5t0:f15% 

Stations used for Region 6 are Boonville and Watertown, 

Region 7 

•\\; (-l.''i(:i.i''-jiu|u 

" ' i rH: i .v; in|i>t.'̂  

Baseline^ 
1971-2000 

2020s 

0to,+5,% 

2050s 

0to+10:%.^ 

20808 

+5to^5% 

Stations used for Region 7 are Wanakena, Indian Lake, and Peru. 
^ The baselines for each region are the average of the values across all the stations in the region. 

^ Shown are the central ranges (middle 67%) of values from model-based probabilities; temperature ranges are 
rounded to the nearest half-degree and precipitation to the nearest 5%. 
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Sea Level Rise 

In 2007, the IPCC concluded that global sea level will likely rise between 7 and 23 inches by the 
end of the century (2090-2099), relative to the base period (1980-1999), not counting unexpected 
rapid changes in ice flow from the Greenland and Antarctic ice sheets. These projections do not 
consider all ice sheet mehing processes or cover the full likely range of global temperature 
increase given in the IPCC Fourth Assessment Report (up to 11.5 °F). The "rapid ice-melt" 
scenario is an alternative method to estimate future sea level rise that incorporates observed and 
longer-term historical melt rates, and documented rates of melting in past climate eras, and 
includes the possibility of accelerated mehing of land-based ice sheets and glaciers. Projections 
based on this scenario are higher than the IPCC projections. 

For the ClimAID assessment, a set of projections for the ocean coastal area of New York State 
(including the tidal extent of the Hudson River north to Troy) was developed based on IPCC 
global climate models and methods.'"^ A set of higher projections for a "rapid ice melt scenario" 
was also developed. These projections are provided in Table 2-3. 

Table 2-3. Sea Level Rise Projections (relative to 2000-2004 baseline) 

t^Regionj:4;iLower Hudson:.ft 
M e ^ N ^ Y o r i ^ C t ^ ^ ^ ^ 

Sea Level Rise^ 
Central Range 

Sea Level Rise '̂̂  
Rapid Ice Melt 

!lReiiori|6:l Mid-Hii'dsdfi^Va lieV .̂^ 

Sea Level Rise^ 
Central Range 

Seal Level Rise^^ 
Rapid Ice Melt 

•.•J. ^20208, ,\-^-:. 

+ 2 to 5 in 

+ 5 to 10 in 

'•;''/v202d9' ' / i 

+ 1 to 4 in 

+ 4 to 9 in 

20508 

+ 7 to 12 in 

+ 19 to 29 in 

20508 

+ 5 to 9 in 

+ 17 to 26 in 

20808 

+ 12 to 23 in 

+ 41 to 55 in 

20808 

+ 8 to 18 in 

+ 37 to 50 in 

'' Shown are the central ranges (middle 67%) of values from model-based probabilities rounded to the nearest inch. 
^ The rapid ice melt scenario is based on acceleration of recent rates of ice melt in the Greenland and West Antarctic 
ice sheets and paleoclimate studies. 

Changes in Extreme Events 

Extreme climate events, such as heat waves and heavy rainstorms, significantly impact New 
York's communities and natural resources and often have disproportionate effects on urban and 
rural systems. Probabilities of the future occurrence of extreme events in New York State were 
developed, based on climate models. The following are likely to occur during the 21^' century: 

• Heat waves are expected to become more frequent and intense. 

• Intense precipitation events are expected to become more frequent. 

• Storm-related coastal flooding is expected to increase due to rising sea levels. 

'•̂  The 2009 New York City Panel on Climate Change sea level rise projections for the New York City area are 
identical to the ClimAID projections for Region 4. 
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As an example, projections for such events in Central New York (Region 3) are shown in 
Table 2-4. 

Table 2-4. Projections of changes in extreme events: minimum/maximum; central range* 
for Central New Yori< {Region 3) 

1 
••if ; - 1 K ^ - : J , £ ;• 

Extreme 
Event Baseline 

# of days per year with max 
temperature at or above: 

90°F 

95°F 

# of heat waves 
per year^ 

average duration 
(In days) 

# of days per year 
with min 
temperature at or 
below 32''F 

10 

1 

1 

4 

152 

Number of days per year with 
rainfall exceeding: 

1 Inch 

2 inches 

6 

0.6^ 

2020s 

11/25; 14 to 19 

2/7; 2 to 4 

1/3; 2 to 3 

4/5; 4 to 5 

116/145; 122 to 
124 

5/8; 6 to 7 

0.5/1; 0.6 to 0.9 

2050s 

15/45; 21 to 33 

2/18; 4 to 10 

2/6; 3 to 4 

4/5; 4 to 5 

86/168; 106 to 
122 

5/8; 6 to 7 

0.5/1; 0.6 to 1 

2080s 

19/70; 26 to 56 

4/38; 7 to 24 

2/9; 3 to 8 

4/7; 5 to 5 

68/124; 87 to 
114 

5/10; 6 to 8 

0.4/2; 0.7 to 1 

• The minimum, central range (middle 67%), and maximum of values from model-based probabilities across the 
GCMs and GHG emissions scenarios are shown. 
"" Decimal places shown for values less than 1, although this does not indicate higher precision/certainty. More 
generally, the high precision and narrow range shown here are due to the fact that these results are model-based. 
Due to multiple uncertainties, actual values and range are not known to the level of precision shown in this table. 
^ Defined as three or more consecutive days with maximum temperature exceeding 90°F 

There is potential for changes in other climate variables as well. However, because quantitative 
information is either unavailable or considered less reliable, the changes in these variables are 
described qualitatively at this time. ClimAID researchers developed confidence levels for these 
projections using a system similar to that used by in the IPCC's Fourth Assessment Report 
(Table 2-5). These ratings are based on the correspondence between climate model projections 
and observed climate, agreement among climate models, and expert judgment. 
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Table 2-5. Exp lanat ion of C l imAID Con f idence Level Te rm ino logy 

Term 

Extremely likely 

Very likely 

Likely 

More likely than not 

Probability o foccurrence 

> 95% 

> 90% 

> 66% 

> 50% 

Table 2-6 shows the probable direction of change over the 21 ̂ ' century for New York City and 
Long Island, as well as the likelihood associated with the qualitative projection. For these 
variables, which can have large effects on infrastructure, quantitative projections are not possible 
due to insufficient information. 

Table 2-6. Qual i ta t ive changes in ex t reme events fo r New York City and Long Is land 
(Region 4) 

Extreme Event Probable Direction Throughout 
21 ' * Century 

Likelihood^ 

icmtofl^^ rp 
IcestornisAfreezing rairi -^^ .Un{<nown 

"'v S 
Sriowfallffrequency & iamount ^̂1= 0 miki ig 

[Downpours - : r \ : > 
(preciptta îbn rate/hour);' iS;';^' {> 

iL'Ik'elv] 

L'ightnihg:'; Unknown 

M3Sm\3SSMsm * U'-i 
More likely than not 

Kteî tiĝ SiB 

(i^liSDu©C!fi)i#/: 

^ Likelihood definitions found in Table 2-5 
^ The National Weather Service uses a heat index related to temperature and humidity to define the likelihood of 
harm after "prolonged exposure or strenuous activity" (http://www.weather.gov/om/heat/index.shtml). 

Longer- term Project ions 

Consideration of climate projections past the year 2100 is beyond the current planning horizons 
of most infrastructure managers. However, planning for some long-lived infrastructure, which, 
for example, could include new aqueducts and subway lines, may need to consider the climate 
during the next century. Furthermore, many pieces of infrastructure intended only to have a 
useful lifespan within this century may remain operational beyond their planned lifetimes. It is 
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also possible that future projects aimed specifically at climate change mitigation or adaptation 
might benefit during their planning stages from long-term climate guidance. 

Because the climate of the 2100s is highly uncertain, only qualitative projections are possible, 
especially at a local scale. Despite uncertainties, at least two key climate variables, sea level rise 
and temperature, will in all probability continue to increase into the next century. Additionally, if 
evidence over the next decade continues to show accelerated melting of the ice sheets on 
Greenland and West Antarctica, it would greatly increase the probability that these ice sheets 
would contribute significantly to sea level rise in the next century, even if GHG concentrations, 
and perhaps even global temperatures, were to stabilize at some point during this century. 

Uncertainty and Likelihoods 

Projections of future climate conditions are characterized by large uncertainties. At the global 
scale these uncertainties can be divided into two main categories: 

• 

• 

Uncertainties in future land-use changes and emissions of GHG gases and other climate 
drivers, such as aerosols and black carbon 

Uncertainties regarding the sensitivity of the climate system to GHG concentrations and 
other climate drivers. 

When considering future changes at local and regional, geographic scales, uncertainties increase, 
for two additional reasons: 

• Climate variability, such as precipitation extremes, can be especially large over small 
regions, partially masking more uniform effects of climate change. 

• Changes in local atmospheric processes that operate at small scales, such as land or sea 
breezes, may not be captured by the global climate models used to make projections. 

Uncertainties may be reduced by using projections generated from a range of global climate 
models and GHG emissions scenarios as was done with ClimAID, but they cannot be fully 
eliminated. Additionally, averaging the projections over 30-year time periods and showing 
changes in climate through time, rather than absolute climate values, reduces the local- and 
regional-scale uncertainties. However, these techniques do not address the possibility that local 
processes may change with time. 

New York State's Vulnerability to Climate Change 

Climate change is already impacting New York State's society, economy, and natural 
ecosystems. With changes in temperature, precipitation patterns, and sea level projected to 
continue, the impacts to New York State are likely to increase. Presented here are the eight 
sectors of the state considered in the ClimAID assessment, including some of the sector-specific 
impacts expected as the climate continues to change. 

Agriculture 

Agriculture is a significant component of the New York economy and includes large wholesale 
grower-shippers selling products nationally and internationally, a substantial dairy industry, and 
thousands of small farm operations selling direct retail and providing communities throughout 
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the state with local, fresh produce. Farmers will be on the front lines of coping with climate 
change, but the direct impacts on crops, livestock, and pests, and the costs of farmer adaptation 
will have cascading effects beyond the farm gate and throughout the New York economy. 

Climate change presents both economic challenges and opportunities for agriculture in New 
York State. Warmer temperatures, a longer growing season, and increased atmospheric carbon 
dioxide could create opportunities for farmers with enough capital to take risks on expanding 
production of warmer temperature-adapted crops (e.g., European red wine grapes, peaches, 
tomato, watermelon) assuming a market for new crops can be developed. However, the dairy 
industry as well as many of the high-value crops that currently dominate the state's agriculture 
economy (e.g., apples, cabbage, potatoes), benefit from the state's historically relatively cool 
climate. As New York's climate changes, some crops may have yield or quality losses associated 
with increased frequency of drought; increased summer high temperatures; increased risk of 
freeze injury as a result of more variable winters; and increased pressure from weeds, insects, 
disease, or other factors. Dairy milk production per cow will decline in the region as 
temperatures and the frequency of summer heat stress increase. 

The impacts from climate change will occur on top of non-climate stressors already affecting the 
sector. For example, as with many other businesses in New York and elsewhere, agriculture is 
sensitive to the volatile and rising costs of energy. Also, New York farmers are affected by 
rapidly changing consumer preferences and demands of supermarket buyers; increasingly, 
farmers must consider global market forces and international competition as well as competition 
from neighboring states. As a final example, too much as well as too little rainfall is currently a 
recurrent problem for farmers in New York. Currently, summer precipitation is insufficient to 
fully meet the water needs of non-irrigated crops most years, while brief, intense rainfall events 
can have detrimental effects on crops. Climate change is likely to exacerbate these challenges. 

Coastal Zones 

For the ClimAID assessment, the coastal zone is defined as the shoreline of New York State, 
including coastal wetland areas and inland areas adjacent to the shoreline that are likely to be 
affected by sea level rise and coastal storms. Also considered are the potential effects of climate 
change up the Hudson River estuary to the Troy Dam. 

Global sea level rise due to climate warming will have a significant impact on New York's 
coastal areas, in addition to other impacts like ocean circulation changes and higher water 
temperatures. The effects of global sea level rise will be amplified in New York State due to 
coastal subsidence caused by ongoing adjustments of the Earth's crust to the melting of the ice 
sheets that began 20,000 years ago. 

New York's coastal zones, including the New York City metropolitan region, are becoming more 
developed, further increasing their vulnerability to flooding, coastal erosion, and sea level rise. 
Sea level rise will greatly amplify risks to coastal populations and will lead to permanent 
inundation of low-lying areas, more frequent flooding by storm surges, and increased beach 
erosion. Saltwater could reach farther up the Hudson River and into estuaries, contaminating 
urban water supplies. Tides and storm surges may propagate farther up the Hudson River 
increasing flood risk far from the coast. 

2-17 



New Yori< State Climate Action Council 
Interim Report 11-9-10 

High water levels, strong winds, and heavy precipitation resulting from strong coastal storms 
already cause billions of dollars in damages and disrupt transportation and power distribution 
systems. Barrier islands are being dramatically altered by strong coastal storms as ocean waters 
over wash dunes, create new inlets, and erode beaches. Warming ocean waters have the potential 
to produce stronger storms by increasing the source of energy for these storms. 

Non-climate-related stresses will compound the effects of climate change. In the coastal region, 
most of these are associated with human consumption of natural resources and land-use 
practices. For example, coastal development, construction of organized drainage, and impervious 
surfaces have led to a reduction in groundwater recharge and degraded coastal water quality. The 
interconnection among precipitation, land use, and local fish populations has also been 
documented, suggesting that increased urbanization may lead to a reduction in stream 
biodiversity. In addition to water-quality-related stresses, fish stocks and other marine 
ecosystems may be affected by harvesting practices, disease, normal population dynamics 
(increased predation), and recruitment processes. Over-development along the coast increases the 
demand for groundwater, which could lead to drawdown of the aquifer and increased saltwater 
intrusion. Coastal infrastructure also inhibits natural migration of marine systems, including 
wetlands and barrier islands. 

The most economically significant risks and vulnerabilities in the coastal areas are the 
muhifaceted risks from higher sea levels and consequent higher storm surges. Substantial 
economic losses can be expected in buildings, infrastructure (including underground 
infrastructure for utilities, such as gas lines and telecommunications cables), natural areas, and 
recreation sites. Other impacts from precipitation changes, higher temperatures, higher ocean 
temperatures and ocean acidification will also have significant impacts. 

Ecosystems 

Ecosystems, as defined here, encompass the plants, fish, wildlife, and other biotic resources of 
all natural and managed landscapes (e.g., forests, grasslands, aquatic systems) in New York State 
except those land areas designated as agricultural or urban. This sector includes timber and 
maple syrup industries, as well as tourism and recreation businesses conducted within natural 
and managed ecosystems. It also encompasses wetlands, waterways, and lakes as well as their 
associated fisheries. Ecosystems services provided by New York's landscapes include 
preservation of freshwater quality, flood control, soil conservation, carbon sequestration, 
biodiversity support, recreation, and preservation of wild places and heritage sites. 

The initial impacts of climate change on natural systems are already apparent, with documented 
accounts of changes in the seasonal timing of events like bud-break or flowering and species 
range shifts across the Northern Hemisphere. Within the northeastern United States, researchers 
have documented earlier bloom dates of woody perennials, earlier spring arrival of migratory 
birds, and other biological and ecological responses. Species and ecosystems are responding 
directly to climate drivers and indirectly to secondary efl'ects, such as changes in timing and 
abundance of food supply, changes in habitat, and increased pest, disease, and invasive species 
pressure. Uhimately, biodiversity, net primary productivity, and biogeochemical cycles could be 
affected by climate change. To date, however, there is not yet clear evidence of climate change 
impacts on important ecosystem services such as carbon sequestration, or water storage and 
quality in New York State; our understanding of climate change impacts diminishes as 
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projections are scaled up from individual species and ecosystem structure to ecosystem function 
and services. 

Within the next several decades, New York State is likely to see widespread shifts in species 
composition in the state's forests and other natural landscapes, with the loss of spruce-flr forests, 
alpine tundra, and boreal plant communities. Warmer temperatures will favor the expansion of 
some invasive species into New York, such as the aggressive weed kudzu and the insect pest 
hemlock woolly adelgid. Some habitat and food generalists (such as white-tailed deer) may also 
benefit. Additionally, higher levels of carbon dioxide tend to preferentially increase the growth 
rate of fast-growing species, which are often weeds and other invasive species. Both of these 
climate factors could also increase the productivity of some hardwood tree species, provided 
growth is not limited by other factors such as drought or nutrient deficiency. 

Lakes, streams, inland wetlands, and associated aquatic species will be highly vulnerable to 
changes in the timing, supply, and intensity of rainfall and snowmelt; groundwater recharge; and 
duration of ice cover. Increasing water temperatures will negatively affect brook trout and other 
native coldwater fish. 

In coastal areas, sea level rise may become the dominant stressor acting on vulnerable salt 
marshes. Loss of coastal wetlands reduces fish and shellfish populations. Higher water 
temperatures also affect these populations. Some marine species, such as lobsters, are shifting 
their ranges north out of New York State, while other species, such as the blue claw crab, are 
increasing in the warmer waters. 

The impacts of climate change cannot be viewed in isolation, as other stressors are also affecting 
ecosystems and will affect vulnerability to climate change. While society and policy makers are 
likely to focus on ecosystem services, adaptation interventions by natural resource managers 
often will be implemented at the level of species, communities, and habitats. As climate changes 
and the habitable zones of wild species continue to shift northward and/or up in elevation 
throughout the century, natural resource managers will face new challenges in maintaining 
ecosystem services and difficult decisions regarding changes in species composition of natural 
communities. 

For revenue-generating aspects of the ecosystem sector, including winter tourism and 
recreational fishing, climate change may impose obvious economic costs. For other facets, such 
as forest-related ecosystem services, heritage value of alpine forests, and habitat for endangered 
species, the economic costs associated with climate change are real but more difficuh to 
quantify. 

Energy 

New York State's electricity and gas supply and distribution systems are highly reliable. As they 
are designed to operate under a wide range of temperature and weather conditions, the system is 
deliberately robust and resilient. However, threshold conditions (as opposed to the mean or 
standard conditions) or shifts in thresholds caused by climate change can create vulnerability 
within the energy sector and substantially increase the cost of maintaining reliability. 
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Climate change is anticipated to impact the energy sector in several ways: First, energy demand 
will change due to a changing combination of heating and cooling needs, stressing power 
supplies and increasing peak demand loads. With higher mean temperatures and increased 
numbers of extremely hot days, the cost of maintaining a reliable supply of electricity is likely to 
increase in all parts of the state. In particular, climate change will place additional pressures on 
New York City, where the system is already taxed during very hot summer days. Extreme 
weather events may also increase costs of meeting electricity demand. 

Second, the physical structures (power plants, electrical lines, etc.) will be affected by changing 
climate conditions. Increased air and water temperatures may affect the operation of some power 
plants. Transformers and distribution lines for both electricity and gas supply are vulnerable to 
extreme weather events, temperature, and flooding. Coastal infrastructure is vulnerable to 
flooding as a resuh of sea level rise and severe storms. 

Renewable generation may also be affected. Hydropower is vulnerable to drought and changes in 
precipitation patterns. The availability and reliability of solar power systems are vulnerable to 
changes in cloud cover (although this may be offset by advances in technology), and wind power 
systems are similarly vulnerable to changes in wind speed and direction. The extent to which 
cloud cover and wind will be affected by climate change is currently unclear. The effect of 
climate change on low-carbon biomass as an energy feedstock is also unclear, though it is 
important to note that biomass availability depends to some degree on the suitability of weather 
conditions during the growing season. 

Additional indirect impacts on the energy sector, such as the financial impacts on investors or 
insurance companies linked to vulnerable energy system assets or on customers forced to grapple 
with more volatile energy prices resulting from changing climate conditions, may be even more 
important than the direct impacts. New York's energy and electricity sector is a key focus for a 
variety of the mitigation policy options presented in the Interim Report. Reliance on this sector to 
help power the clean-energy economy must consider the expected impacts from an already 
changing climate. 

Public Health 

Climate change vulnerabilities in the public health sector are, to a large extent, ones in which 
public health and environmental agencies are already engaged. However, climate change places 
an additional resource and cost burden on public health agencies. Climate-related risk factors 
include heat events, extreme storms, disruptions of water supply and quality, decreased air 
quality, changes in timing and intensity of pollen and mold seasons, and alterations in patterns of 
infectious disease vectors and organisms. Demand for health services and the need for public 
health surveillance and monitoring will increase as climate continues to change. 

As a result of these climate risks, some climate-related health vulnerabilifies have emerged. 
Heat-related illness and death are projected to increase, while cold-related death is projected to 
decrease. Increases in heat-related death are projected to outweigh reductions in cold-related 
death. Cardiovascular and respiratory-related illness and death will be affected by worsening air 
quality, including possibly more smog, wildfires, pollens, and molds. 

2-20 



New York State Climate Action Council 
Interim Report 11-9-10 

Vector-borne diseases, such as those spread by mosquitoes and ticks (such as West Nile virus), 
may expand or their distribution patterns change. Water- and food-borne diseases are likely to 
increase without adaptation intervention. Water supply, recreational water quality, and some 
food production will be at increased risk due to increased temperatures and changing 
precipitation patterns. 

More intense storms and flooding could lead to increased stress and mental health impacts, 
impaired ability to deliver public health and medical services, increased respiratory diseases such 
as asthma, and increased outbreaks of gastrointestinal diseases. 

These vulnerabilities span a range from the relatively direct, data-rich and well understood to 
more complex, multi-factorial systems for which both data and models are currently 
underdeveloped. Uncertainties pervade any effort to predict either direct or indirect health 
impacts of climate change. These uncertainties increase the importance of building resilience 
into the public health system to cope with inevitable surprises to come. 

Telecommunications and Information Infrastructure 

Telecommunications infrastructure is vital to New York State's economy and welfare; its 
capacity and reliability are essential to the effecfive functioning of global commerce and the 
state's economy and is especially vital during emergencies. The sector has important public 
functions, but it is largely privately operated. The sector poses special challenges to climate 
change analysis. Businesses in the sector are reluctant to disclose some classes of information 
that would be relevant to climate change assessments because of competitive pressures. 

The rapid technological changes inherent in technology and information systems mean that the 
planning horizons and life spans for much of its infrastructure are at best on the order of a 
decade. The sector is tightly coupled to the energy sector, with power outages affecting the 
reliability of communication services; many of its communication lines also are located on the 
same poles as power lines. Modern digital technologies, including communication services based 
on fiber optics, broadband, and the Internet, can be more vulnerable to power outages than 
traditional landline technology. 

A central concern of the communication infrastructure sector is how to ensure that the perpetual 
introduction of new technologies enhances the reliability and uninterrupted access to services. 
Such a focus is essential both now and in the future, when the risks from climate change may 
increase. 

Communication service delivery is vulnerable to hurricanes, lightning, ice, snow, wind storms, 
and other extreme weather events, some of which are projected to change in frequency and 
intensity. Communication lines and other infrastructure are vulnerable to the observed and 
projected increase in heavy precipitation events and resulting flooding and freezing rain. In 
coastal and near-coastal areas, sea level rise in combination with coastal storm surge flooding 
will be a considerable threat especially later this century. The delivery of communication 
services is sensitive to power outages, such as those resulting from the increased demand 
associated with heat waves, which are expected to increase with climate change. 
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Under current climate conditions and severe weather events, there are already serious 
vulnerabilities that often prevent the telecommunications sector from delivering services to the 
public. 

Transportation 

There is a very large range of potential climate change impacts on the state's transportation 
system, but the primary impacts and costs will be on infrastructure investment and management 
of rising sea levels and the accompanying increase in storm surges for coastal areas. 

The highest concentration of transportation infrastructure is located in regions that are population 
centers and vital drivers of the New York economy. Climate change threatens many of these 
dense metropolitan transportation systems. Ground transportation systems (roads and rails) in 
coastal population centers, for example, are often placed underground in tunnels very close to or 
below sea level and are vulnerable to sea level rise. Since transportation is a networked system, 
delays, failures, and catastrophic failures in one system often have cascading effects on other 
parts of the system. 

Over the next few decades, heat waves, heavy precipitation events, and windstorms are likely to 
dominate the causes for moderate, more frequent transportation problems such as flooded streets 
and delays in mass transit. By 2050 at the latest, sea level rise and storm surge will become more 
significant threats. By later this century, these threats will be so severe that major adaptations 
will have to be in place, not only in the coastal zone, but up the Hudson River estuary to cities 
including Troy and Albany. Low-lying transportation systems such as subways and tunnels, 
especially in coastal and near-coastal areas, are at particular risk of flooding as a result of sea 
level rise and heavy-precipitation events. 

Materials used in transportation infrastructure, such as asphalt and train rails, are vulnerable to 
increased temperatures and frequency of extreme heat events. Air-conditioning requirements in 
buses, trucks, and trains, and ventilation requirements for tunnels will increase. Runways may 
require lengthening in some locations since hotter air provides less lift, necessitating higher 
speeds for takeoff. 

The Great Lakes may see a shorter season of winter ice cover, leading to a longer shipping 
season. However, reduced ice cover is also likely to mean an increase in "lake effect" snow 
events, which cause various transportation-related problems. 

Air- and land-based transportation systems are vulnerable to ice and snowstorms, although 
requirements for sahing and snow removal may decrease as snow tends to turn more often into 
rain. Freeze/thaw cycles that disturb roadbeds may increase as winter temperatures rise. 
Currently, New York State has the most days per year of freezing rain in the nation, affecting air 
and ground transportation directly and also indirectly through electric and communication 
outages. 

Water Resources 

New York State's water resources are managed by an array of large and small agencies, 
governments, and institutions, with little statewide coordination. In 2000, New York State's 19 
million residents consumed approximately 2,200 million gallons per day of fresh surface water 
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and 890 million gallons per day of fresh groundwater for public water supply, irrigation, and 
industrial uses. This water comes from a diverse range of sources, each with different levels of 
vulnerability to climate change. 

Although there are several water quality concerns directly linked to average air temperatures, in 
general, hydrologic processes are dependent on multiple interacting climate factors. In addition 
to temperature, possible future changes in timing and quantity of snow, rainfall, and evaporation 
may have the following impacts on the state's water resources: 

• Rising air temperatures intensify the water cycle by driving increased evaporation and 
precipitation. The resulting altered patterns of precipitation include more rain falling in heavy 
events, often with longer dry periods between rain events. Such changes can have a variety of 
effects on water resources. 

• Increasing water temperatures in rivers and streams will affect aquatic heath and reduce the 
capacity of streams to assimilate effluent from wastewater treatment plants. 

• Heavy downpours have increased over the past 50 years and this trend is projected to 
continue, causing an increase in localized flash flooding in urban areas and hilly regions. 
Flooding has the potential to increase pollutants in the water supply and inundate wastewater 
treatment plants and other vulnerable development within floodplains. 

• At the same time as downpours occur more often, more moderate rain events are expected to 
become less frequent during the summer, resulting in additional and possibly longer summer 
dry periods and affecting water supply systems with limited storage. Reduced summer flows 
on large rivers and lowered groundwater tables could lead to conflicts among competing 
water users. 

Although New York is a water-rich slate, it is already experiencing water resource challenges. 
The most economically significant risks may be to coastal infrastructure, including wastewater 
treatment plants and water supply systems (ground and surface) from rising sea levels and 
associated storm surges. The state's water and wastewater treatment infrastructure is in dire need 
of repair and upgrade; the anticipated challenges associated with a changing climate will only 
exacerbate the situation. 

Inland flooding is also an important risk. Other economically important risks and vulnerabilities 
include the costs of droughts of potentially increased intensity and frequency, losses in 
hydropower producfion, and increased costs of water quality treatment. If there are more-
frequent climate-related power losses, this could be costly in both economic and regulatory terms 
to water supply and wastewater treatment plants. 

Demand for water continues to grow, including for human consumption, agricultural use, and 
energy production. As other parts of the country experience large changes in drought frequency 
and intensity, New York's water resources may become a defining economic asset resulting in 
the migration of people and businesses into the state. This may bring some economic benefits, 
but will present new challenges as pressure on water resources increases. 
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Conclusion 

The impacts of climate change in New York State will vary across sectors. However, it is likely 
that significant societal and natural resource disruption will result, and associated costs incurred 
in all sectors if the climate change threat is not addressed. Adaptation planning and GHG 
mitigation eflbrts can reduce the potential economic impacts. 
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Chapter 3 
Inventory and Forecast of 

New York State's Greenhouse Gas Emissions 

Introduction 
This chapter summarizes New York's greenhouse gas (GHG) emissions and sinks (carbon 
storage) from 1990 to 2030. The inventory and reference case forecasts were prepared to inform 
the climate action planning effort outlined in Chapter 1 by providing a comprehensive 
understanding of current and possible future GHG emissions. The information in this chapter 
refiects the information presented in the New York Greenhouse Gas Emissions Inventory and 
Forecast report (hereafter referred to as the Inventory and Forecast report). 

Historical GHG emissions estimates (1990 through 2008)' were developed using a set of 
generally accepted principles and guidelines for state GHG emissions inventories, relying to the 
extent possible on New York-specific data and inputs. The reference case forecasts (2009- 2030) 
are based on a compilation of various existing forecasts of electricity generation, fuel use, and 
other GHG-emitting activities, along with a set of simple, transparent assumptions described in 
the final Inventory and Forecasts report. 

Several demographic trends that could affect future emissions are not fully captured in the 
current approach to developing New York's energy demand forecasts. Current patterns suggest 
per capita emissions could fall as the downstate population grows and as the population increases 
in age. Per capita emissions are generally lower downstate than upstate, and people over 65 
generally live in smaller housing units and travel less than people under 65. However, total 
statewide emissions are expected to rise, driven by increased total population, growth in 
economic activity, aging housing stock and increased vehicle miles traveled. 

The average age of housing stock could increase as the proportion replaced declines. However, 
new housing units that are built may be smaller on average than the current stock to 
accommodate increased numbers of smaller families and empty nesters. Given that relatively few 
new housing units are expected to be built in the next thirty years, opportunities to achieve 
emissions reductions through improved transportation and land use planning may be limited. 

The Inventory and Forecast report covers the six types of gases included in the U.S. GHG 
inventory:^ carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofiuorocarbons 
(HFCs), perfluorocarbons (PFCs), and sulfur hexafiuoride (SF6). Emissions of these GHGs are 
presented using a common metric, CO2 equivalent (C02e), which indicates the relative 

' The last year of available historical data for each sector varies between 2005 and 2008. 

^ See box, Demographic Trends, in Ch. 4. 
^ U.S. Environmental Protection Agency. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2008.\px\\ 
2010. EPA430-R-08-006. Available at: http://www.epa.gov/climatechange/emissions/usinventorvreport.html. 
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contribution of each gas, per unit mass, to global average radiative forcing on a global warming 
potential-weighted basis. 

It is important to note that the emissions estimates reflect the GHG emissions associated with the 
electricity sources used to meet New York's demands, corresponding to a consumption-based 
approach to emissions accounting that includes emissions from imported electricity. Another 
way to look at electricity emissions is to consider the GHG emissions produced by electricity 
generation facilities in the state, a production-based method. The study covers both methods of 
accounting for emissions, but for consistency, all total results are reported as consumption-based. 

New Yorit GHG Emissions: Sources and Trends 

Figure 3-1 shows the relative apportionment of New York's GHG emissions in comparison with 
the rest of the U.S. as well as the world, all for 2005 (the latest year for which global emissions 
data were available). New York's share of emissions within the U.S. (3.8 percent) was smaller 
than its share of the U.S. population (6.5 percent). In contrast, the U.S. share of the world's GHG 
emissions in 2005 (18 percent) was much greater than its share of the 2005 population (4.6 
percent). Nonetheless, New York's GHG emissions accounted for 0.7 percent of the world's 
GHG emissions in 2005. 

'' Changes in the atmospheric concentrations of GHGs can alter the balance of energy transfers between the 
atmosphere, space, land, and the oceans. A gauge of these changes is called radiative forcing, which is a simple 
measure of changes in the energy available to the Earth-atmosphere system. Holding everything else constant, 
increases in GHG concentrations in the atmosphere will produce positive radiative forcing (i.e., a net increase in the 
absorption of energy by the Earth). See: Boucher, O., et al. "Radiative Forcing of Climate Change." Chapter 6 in 
Climale Change 2001: The Scientific Basis. Contribution of Working Group 1 of the Intergovernmental Panel on 
Climate Change, Cambridge University Press, Cambridge, United Kingdom. Available at: 
hltp://www.grida.no/climate/ipcc tar/wgl/212.hlm. 
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Figure 3-1. 2005 National and Global Context for Greenhouse Gas Emissions 

National and Global Contextfor Greenhouse Gas Emissions 
(Carbon Dioxide Equivalent) 

2005 World Emissions Total: 
38.9 Billion Metric Tons 

2005 U.S. Emissions Total: 
7.1 Billion Metric Tons 

New York 
State: 3.8% 

Note: New York State represents6.5% of the US, population. The U.S. represents4.6% of the wo rid population. 

Table 3-1 provides a summary of GHG emissions estimated for New York by sector and gas in 
2008, the most recent year for which historical data were available for most sectors. Since the six 
major greenhouse gases—CO2, CH4, N2O, PFC, HFC, and SFs—have different global warming 
potentials the emissions are stated in C02e to give a common frame of reference. The sections 
that follow discuss GHG emissions sources and sinks, trends, forecasts, and uncertainties. 

3-3 



New York State Climate Action Council 
Interim Report 11-9-10 

Table 3 -1 . 2008 New York State Greenhouse Gas Inventory (MMtC02e) 

ikNiOfi PEC HFC: 

, Net Jmporfe':̂  

Electric 

% of Total 
: (Inc. Net 
VImports of 
.Electricity) 

Fuel Combustion (Inc. Net 
Imports of Electricity) 212.81 0.73 2.39 215.94 85.16% 

Fuel Combustion (exc. Net 
Imports of Electricity) 204.21 0.73 2.36 207.30 81.75% 

Electricity Generation 46.44 0.01 0.11 46.57 18,37% 

Net Imports of Electricity 8.61 0.01 0,03 8.64 3,41% 

Transportation 83,59 0.15 2,05 85,79 33.83% 

Residential 34,20 0.42 0,11 34,74 13,70% 

Commercial 25,27 0.12 0.05 25.43 10.03% 

Industrial 14.70 0.02 0.04 14.77 5.82% 
Other Sources 11.32 14.68 3.24 0.36 7.51 0.53 37.64 14.84% 

Power Supply & Delivery 2.42 0.06 0.53 3.00 1.18% 

Electricity Distribution 0.53 0.53 0,21% 
Municipal Waste 
Combustion 2.42 0.06 2,48 0.98% 

Agriculture, Forestry & 
Waste Management 9.00 3.18 12.19 4.81% 

Agricultural Animals 2,70 2.70 1,06% 
Agricultural Soil 
Management 1,80 1.80 0,71% 

Landfills 4,46 4.46 1.76% 

Manure Management 0.53 0,24 0.76 0.30% 

Municipal Wastewater 1.33 1.15 2.47 0.98% 
Industrial Processes & 
Manufacturing 8.90 5.68 0.36 7.51 22.45 8.85% 

Aluminum Production 0.26 0.26 0.10% 

Cement Production 7.91 7.91 3.12% 
Iron & Steel Production 0.63 0,63 0.25% 

Limestone Use 0,20 0.20 0,08% 
Natural Gas Leakage 5,68 5.68 2.24% 
Ozone-Depleting 
Substances Substitutes 7,51 7,51 2,96% 
Semiconductor 
Manufacturing 0.10 0.10 0.04% 

Soda Ash Use 0.16 0,16 0.06% 
Total (Inc. Net Imports of 
Electricity) 224.14 15.41 5.63 0.36 7.51 0.53 253.58 100% 

% of Total (inc. Net Imports 
of Electricity) 88.39% 6.08% 2.22% 0.14% 2.96% 0.21% 100% 
Total (exc. Net Imports of 
Electricity) 215.53 15.41 5.60 0.36 7.51 0.53 244.94 

MMtCOze = million metric tons of carbon dioxide equivalent; CH4 = methane; COz = carbon dioxide; CH4 = methane; 
N2O = nitrous oxide; PFC = perfluorocarbons; HFC = hydrofiuorocarbons; SFe = sulfur hexafluoride 

3-4 



New York State Climate Action Council 
Interim Report 11-9-10 

Historical Emissions 

Overview—2008 Inventory 
As shown in Table 3-1, on a gross emissions consumption basis (i.e., excluding carbon sinks), 
New York accounts for approximately 254 million metric tons of carbon dioxide equivalent 
(MMtC02e) emissions in 2008, an amount equal to 3.7 percent of total U.S. gross GHG 
emissions.^ This estimate includes emissions from net imports of electricity. 

Figure 3-2 shows the breakdown of New York's 2008 gross GHG emissions by gas. This figure 
shows that 85 percent of the gross GHG emissions in 2008 are from fuel combustion, with most 
of these emissions coming from CO2. The remaining i 5 percent of the 2008 GHG emissions, the 
majority of which are CH4, are from other non-fuel combustion sources. 

Figure 3-2. 2008 Percentage of GHG Emissions by Gas and Source (Includes Net Imports 
of Electricity) 

Total C02 Equivalent from Greenhouse Gases: 
254 Million Metric Tons 

Perfluorocarbons 

Sulfur Hexafluoride 

Nitrous Oxide 

0.14% 

0.21% 

I 2.2% 
Hydrofiuorocarbons I I 3.0 

Methane 

Carbon Dioxide 

1% 

6.1% 

Percent of Total GHG Emissions 

15% - -
Other Sources 

(38 Million Metric 
Tons) 

85%^ 
Fuel Combustion 
(216 Million Metric 

Tons) 

88.4% 

50 100 150 

Million Metric Tons of C02 Equivalent 

EiFuel Combustion mother Sources 

200 250 300 

CO2 = carbon dioxide; GHG = greenhouse gas. 

Figure 3-3 provides a further breakdown of the CO2 emissions from fuel combustion. As shown 
in this figure, the transportation sector accounts for approximately 40 percent of the CO2 
emissions from fuel combustion. The residential and commercial sectors are each responsible for 
roughly 25 percent of the CO2 fuel combustion emissions, including emissions from the share of 
electricity generation required by each of these sectors. The residential sector shows greater 
emissions from fuel combustion on-site than from the emissions associated with electricity 
generation or imported electricity, while the commercial sector shows the reverse—emissions for 
this sector from electricity generation and imported electricity are higher than the emissions from 
on-site fuel combustion. The industrial sector contributes the lowest amount of CO2 emissions 
from fuel combustion, accounting for approximately 10 percent of the CO2 fuel combustion 
emissions in New York, with a majority of these emissions coming from on-site fuel combustion. 

The national emissions used for these comparisons are based on 2008 emissions from U.S. Environmental 
Protection Agency, Inventory of U.S. Greenhouse Gas Emissions andSiniis: 1990-2008, April 2010, EPA430-R-08-
006. Available at: http://www.epa.gov/climatechange/emissions/usinventoryreport.html. 
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Figure 3-3. 2008 CO2 Emiss ions f r o m Fuel C o m b u s t i o n by End Use Sector ( Inc ludes Net 
Impor ts of Electr ic i ty) 

TotalcPi f rom Fuel Combustion: 213 Million Metric Tons (849« of Total GHGs) 

Industrial 

Residential 

Commercial 

Transportation 

P«re«nt of ToTal COj EmU*l«n« 1r«m 
Pud Coai bunion 

4% 
NatlmpoitBol 

Etftttricily 
22% 

Etvctricity 
Gtntiation 

OTrant portal ion QOrvSilB CombuGtion 

40 50 60 
Million M«lrtc Tons Of CO] 

•Eticlricilr GfigiUion DNM briports of Bwlncitf 

CO2 = carbon dioxide; GHG = greenhouse gas. 

Figure 3-4 shows the fuels that contribute to the CO2 fuel combustion emissions in 2008 in New 
York. This figure shows that natural gas accounts for the largest amount of CO2 fuel combustion 
emissions, with emissions occurring in all five fuel combustion sectors (transportation, electricity 
generation, residential, commercial, and industrial). An additional 28 percent of the CO2 fuel 
combustion emissions resuk from the burning of gasoline by the transportation sector. The 
remaining fuel combustion emissions resuh from the burning of coal, distillate oil, aviation fuel, 
residual oil, diesel, and other petroleum sources as well as imported electricity. In addition to 
releasing CO2, these fuel combustion sources also emit a small amount of N2O and CH4, 
accounting for about 1 percent of the 2008 New York GHG emissions from fuel combustion. 
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Figure 3*4. 2008 CO2 Emissions from Fuel Combustion by Fuel Type (Includes Net 
Imports of Electricity) 

Total CO2 from Fuel Combustion: 213 Million Metric Tons (84% of Total GHGs) 

OtherPetroleum 
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CO2 = carbon dioxide; GHG = greenhouse gas. 

The origin of emissions from the non-fuel combustion or "other sources" category is shown in 
Figure 3-5. This figure includes emissions from all 6 of the GHG gases, with CH4 accounting for 
the greatest portion of GHG emissions from these other sources at 5.8 percent of the gross GHG 
emissions in 2008. The major sources that emit CH4 are natural gas leakage (at 2.2 percent of the 
2008 gross GHG emissions) and landfills (at 1.8 percent of the 2008 gross GHG emissions). The 
sectors with the greatest non-fuel combustion emissions are cement production, which produces 
CO2 emissions accounting for 3.1 percent of the total 2008 GHG emissions, and the use of 
ozone-depleting substance (ODS) substitutes, which contributes HFC emissions that account for 
3.0 percent of the 2008 gross GHG emissions. 
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Figure 3-5. 2008 Emissions from Non-Fuel Combustion Sources (Total Emissions Include 
Net Imports of Electricity) 

Emissions from Non-Fuel Combustion Sources - 2008 
Subtota l f o r O ther Sources = 37.6 M i l l i o n M e t r i c T o n s o f C02 

Equiva lent , or 14.8% o f T o t a l GHGs (253.6 M i l l i o n Me t r i cTons ) 

SULFUR HEXAFLUORIDE - 0.2% 

Electricity Distribution 
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Mill ion Metric Tons 
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/ 
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COa = carbon dioxide; GHG = greenhouse gas; ODS = ozone-depleting substance. 

Emissions Trends 

Table 3-2 shows the trend in New York's historical GHG emissions in 5-year increments from 
1990 to 2005, as well as for the reference case forecasts from 2015 to 2030. New York's gross 
GHG emissions, in total, increased by about 9 percent (or 23 MMtC02e) from 1990 to 2005, 
with a peak around 2000. This compares to a national increase in gross GHG emissions of 16 
percent from 1990 to 2005. 
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The sectors that showed the greatest increase during this time period were the ODS substitutes 
category (more than 27 fold increase),^ imported electricity (more than quadrupling), 
semiconductor manufacturing (more than doubling), and municipal waste combustion (nearly 
doubling). 

In terms of the magnitude of emissions growth, the transportation sector showed by far the 
greatest growth, with emissions increasing by 17 MMtC02e from 1990 to 2005. In contrast, 
emissions from electricity generated in-state decreased by about 10 MMtC02e during this same 
period. 

Table 3-2. New Yoric Gross GHG Emissions, Historical and Reference Case Forecast 
{MMtCOze}* 

Gas and Category 
Carbon Dioxide 
Fuel Combustion 

Electricity Generation 
Net Imports of Electricrty 
Transportation 
Residential 
Commercial 
Industrial 

Other Sources 
Municipal Waste Combustion 
Cement Production 
Iron and Steel Production 
Limestone Use 
Soda Ash Use 

Methane 
Fuel Combustion 

Electricity Generation 
Net Imports of Electricity 
Transportation 
Residential 
Commercial 
Industrial 

Other Sources 
Agricultural Animals 
Landfills 
Manure Management 
Municipal Wastewater 
Natural Gas Leakage 

Nitrous Oxide 
Fuel Combustion 

Electricity Generation 
Net Imports of Electricity 
Transportation 
Residential 
Commercial 
Industrial 

1990 

224.73 
214.76 
64.01 

1.63 
68,11 
33.65 
26.61 
20.75 

9.97 
1.26 
6.68 
1.65 
0.17 
0,20 

14.22 
0.84 
0.03 
0.00 
0.36 
0.31 
0.09 
0.04 

13.38 
2.83 
4.90 
0.35 
1.21 
4.08 

7.00 
3.74 
0.19 
0.01 
3.31 
0.09 
0,05 
0,09 

1995 

223.99 
212.93 
51,39 
4,24 

72,17 
34,29 
26,99 
23,85 
11.06 
1.54 
7,63 
1.55 
0.16 
0.19 

16.91 
0.90 
0.02 
0.00 
0.33 
0.40 
0.13 
0.03 

15.01 
2.69 
5.30 
0.39 
1,22 
5,41 

7.46 
4.3B 
0.14 
0.01 
4.01 
0.11 
0,06 
0.06 

2000 

248.23 
236.92 
55,99 
5,66 

83,05 
39.30 
31.99 
20.93 
11.31 
1,87 
7.98 
1.07 
0.21 
0.18 

16.44 
1.10 
0.02 
0.00 
0.26 
0.60 
0.18 
0.03 

15.34 
2.67 
5.31 
0.44 
1.28 
5,66 

7.80 
4.61 
0.16 
0.02 
4.14 
0.16 
0.06 
0.07 

2005 

241.45 
230.13 
54.19 
6.52 

85.89 
39.10 
28.57 
15.86 
11.32 
2.37 
7.94 

0.63 
0.21 
0.17 

15.22 
0.75 
0,03 
0.00 
0.18 
0,39 
0,13 
0.02 

14.46 
2.65 
4.77 
0.50 
1.30 
5,23 

6.51 
3.21 
0.15 
0.02 
2.82 
0.12 
0.06 
0.05 

2015 
223.47 
212.12 
39.83 
6.61 

85.18 
35.14 
29.34 
16.01 
11.35 
2.41 
7.91 
0.65 
0.21 
0,16 

15.00 
0.70 
0,01 
0,00 
0.13 
0.40 
0.13 
0.02 

14.30 
2.54 
4.32 
0.50 
1.39 
5.55 

4.68 
1.39 
0.11 
0.02 
1.05 
0.11 
0.05 
0.05 

2020 

225.27 
213.92 
41.51 

7.06 
85.05 
34.50 
29.90 
15.89 
11.35 
2.41 
7.91 
0.65 
0.21 
0.16 

15.10 
0.71 
0.01 
0,01 
0,14 
0,40 
0.13 
0.02 

14.39 
2.45 
4.27 
0.48 
1.44 
5,76 

4.50 
1.17 
0.11 
0.02 
0.82 
0.11 
0,05 
0.05 

2025 

226.92 
2f 5.57 
42.91 

7.61 
85.25 
34.10 
29.85 
15.86 
11.35 
2.41 
7.91 
0.65 
0.21 
0.16 

14.76 
0.72 
0.01 
0.01 
0.16 
0.39 
0.13 
0.02 

14.04 
2.35 
3.81 
0.46 
1.49 
5.93 

4.61 
1.23 
0.11 
0.03 
0.89 
0.10 
0,05 
0.05 

2030-

231.67 
220.32 
46.34 
7.61 

86.85 
33,92 
29.83 
15.78 
11.35 
2.41 
7.91 
0.65 
0.21 
0.16 

14.63 
0.74 
0.02 
0,01 
0,17 
0,39 
0,13 
0.02 

13.89 
2,27 
3.42 
0.44 
1.54 
6.22 

4.71 
1.29 
0,11 
0,03 
0.95 
0.10 
0.05 
0.05 

Emissions from ODS substitutes are expected to grow in line with national forecasts at over 5% a year. 
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Gas and Category 
other Sources 

Agricultural Soil Management 

Manure Management 

Municipal Waste 
Combustion 

Municipal Wastewater 

Perfluorocarbons 

Aluminum Production 

Semiconductor Manufacturing 

HydrofI u orocarbons 

ODS Substitutes 

Sulfur Hexafluoride 

Electricity Distribution 

•TOTAL' 

1990 
3.26 
1.93 

0.30 

0.05 

0.98 

0.43 

0.38 

0.04 

0.02 

0.02 

1.28 

1.28 

247.68 

1995 
3.08 
1.74 

0.27 

0.05 

1.02 

0.39 

0,31 

0.07 

1.97 

1.97 

0.93 

0.93 

250.65 

2000 
3.19 
1.78 

0.26 

0.05 

1,10 

0.44 

0.33 

0.11 

4.80 

4.80 

0.63 

0,63 

278.34 

2005 
3.29 
1.88 

0.24 

0.05 

1.12 

0.36 

0,27 

0,09 

6.54 

6.54 

0.58 

0.58 

270.65 

2015 
3.29 
1.81 

0.22 

0.05 

1.20 

0.36 

0.26 

0.10 

12.14 

12.14 

0.53 

0.53 

256.19 

2020 
3.33 
1.82 

0.21 

0,05 

1,24 

0.36 

0,26 

0,10 

15.89 

15,89 

0.53 

0.53 

261.65 

2025 
3.38 
1.83 

0.21 

0.05 

1,29 

0.36 

0,26 

0.10 

16.10 

16.10 

0.53 

0.53 

263.28 

2030 
3.42 
1.84 

0.20 

0.05 

1.33 

0.36 

0.26 

0.10 

16.35 

16.35 

0.53 

0,53 

268.25 

All Gases by Source Category 

Fuel Combustion 

Electricity Generation 

Net Imported Electricity 

Transportation 

Residential 

Commercial 

Industrial 

Other Sources 

TOTAL 

219.35 

64.24 

1,63 

71,78 

34.06 

26,75 

20,88 

28.34 

247.68 

218.20 

51,54 

4,26 

76,50 

34.80 

27.17 

23.93 

32.44 

250.65 

242.63 

56.18 

5.69 

87.44 

40.05 

32.23 

21,04 

35.71 

278.34 

234.10 

54.36 

6.55 

88.89 

39.61 

28.75 

15.93 

36.55 

270.65 

214.21 

39.96 

6,64 

86,36 

35.64 

29,52 

16,09 

41.97 

256.19 

215.79 

41.64 

7.09 

86.02 

35.00 

30.09 

15.96 

45.85 

261.65 

217.53 

43.03 

7.64 

86.30 

34.60 

30.03 

15.93 

45.75 

263.28 

222.35 

46.47 

7.64 

87.96 

34.42 

30.01 

15,85 

45,90 

268.25 

NOTE: Values for 1990-2005 are based on historical data, while values for 2015-2030 are forecasted. 

GHG = greenhouse gas; MMTC02e = million metric tons of carbon dioxide equivalent. 

' Totals may not equal exact sum of subtotals shown in this table due to independent rounding. 

As illustrated in Figure 3-6, on a per-capita basis. New York residents emitted about 13.7 metric 
tons (t) of gross C02e on average from 1990 to 2008, which is much lower than the national 
average of about 24.4 tC02e over the same time period. Both New York and national per-capita 
emissions remained relatively constant during this period. This indicates New York's population 
increase of about 8 percent from 1990 to 2008 resulted in a similar increase in overall gross 
GHG emissions during this time. 

Figure 3-7 compares New York's emissions intensity with that of the United States from 1990 to 
2008. This emissions intensity represents GHG emissions per unit of economic output—gross 
state product (GSP) for New York and gross domestic product (GDP) for the United States. As 
with emissions per capita, emissions per dollar GSP is much lower in New York than in the U.S. 
throughout this historical period, with an average of 0.09 kilograms (kg) C02e per dollar GSP in 
New York and 0.74 kg COie per dollar GDP in the United States. In both New York and the 
nation as a whole, economic growth exceeded emissions growth throughout the 1990-2008 
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period. From 1990 to 2008, emissions per unit of gross product dropped by 31 percent nationally, 
and by 36 percent in New York. 

Figure 3-6. New York and U.S. Gross GHG Emissions per Capita 

' Based on real gross domestic product (chained 2000 dollars) that excludes the effects of inflation. U.S. Department 
of Commerce, Bureau of Economic Analysis. "Gross Domestic Product by State." Available at: 
http://www.bea.gov/reeional/esp/. 
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F igure 3-7. New York and U.S. Emiss ions Intensi ty 
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Figure 3-8 compares emissions by major sector in 2008 from New York and the United States. 
The principal sources of New York's GHG emissions in 2008 are the residential, 
commercial/institutional, and industrial sector; the transportation sector; and the power supply 
and delivery sector. These account for 38 percent, 34 percent, and 23 percent of New York's 
gross GHG emissions, respectively. These are also the three largest emitting sectors in the US, 
but in a different order, with the power supply and delivery sector at 35 percent, the RCI sector at 
30 percent, and the transportation sector at 26 percent. In New York, emissions from waste and 
agriculture combine to account for the remaining 5 percent of gross GHG emissions in 2008, 
while these two sectors account for 9 percent of gross GHG emissions in the US. 

Figure 3-8. 2008 Gross GHG Emiss ions by Sector : New York and U.S. 

NY 
Waste 

3% 

Agriculture 
2% Power 

Supply & 
Delivery 

Transpo 
34% 

US 

Transport, 
26% 

Agriculture 
7% 

Power Supply 
& Delivery 

35% 

Notes: RCI = Residential, commercial/institutional, and industrial sector. Emissions for the residential, commercial, 
and industrial fuel use sectors are associated with the direct use of fuels (natural gas, petroleum, coal, and wood) to 
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provide space heating, water heating, process heating, cooking, and other energy end-uses in the residential, 
commercial/institutional, and industrial sectors. This sector also accounts for GHG emissions from non-fuel sources in 
the industrial sector, such as COa emissions from cement production, as well as emissions from the fossil fuel 
industry (e.g., natural gas leakage). The transportation sector accounts for emissions associated with fuel 
consumption by all on-road and non-highway vehicles. Non-highway vehicles include jet aircraft, gasoline-fueled 
piston aircraft, railway locomotives, boats, and ships. Emissions from non-highway agricultural and construction 
equipment are included in the RCI sector. The power supply and delivery sector includes emissions associated with 
electricity generated within the state and electricity imported from outside of New York as well as the emissions 
associated with municipal waste combustion (waste-to-energy facilities) and electricity transmission and distribution. 
The waste category includes emissions from landfills and wastewater. The U.S. agriculture emissions also include 
CH,) and N2O emissions from forest fires. 

Trends in Emissions Sinks 

New York's forests serve as sinks of GHG emissions, as shown in Table 3-3. The forestry sector 
includes both forested lands as well as urban forestry. The largest sink is due to the net CO2 flux 
from forested lands in New York. In addition to the forestry sector. Table 3-3 shows that 
cuUivation practices in the agriculture sector are also found to be sinks of C02e emissions in 
New York. 

Table 3-3. New York GHG Emissions Sinks, Historical and Reference Case Forecast 
{MMtCOze) 

Emissions Sinks , 
Soil Carbon (Cultivation 
Practices) 

Compost 

Forest Carbon Flux 

Urban Trees 
Landfilled Yard Thmmings 
and Food Scraps 

•i^JtS^IL 

1990 

-1.20 

-0.11 

-19,61 

-1,97 

-1.66 

^mm 

1995 

-1.20 

-0.11 

-23,60 

-2.09 

-0.92 

cQ?£B 

2000 

-1.36 

-0,11 

-23,60 

-2.21 

-0.72 

cfTIVm 

2005 

-1.36 

-0.11 

-23.60 

-2.33 

-0.61 

-filMiW 

2015 

-1,36 

-0,11 

-23.60 

-2.38 

-0.51 

^ £ Q 

2020 

-1.36 

-0.11 

-23.60 

-2.38 

-0.51 

<a?£0 

2025 

-1.36 

-0.11 

-23,60 

-2.38 

-0.51 

'S^m 

2030 

-1.36 

-0.11 

-23,60 

-2.38 

-0.51 

<a?cSB 
GHG = greenhouse gas; MMTCOze = million metric tons of carbon dioxide equivalent; N2O = nitrous oxide. 

Reference Case Forecasts 

Relying on a variety of sources for forecasts, a simple reference case forecast of GHG emissions 
through 2030 was developed. As illustrated in Figure 3-9 and shown numerically in Tables 3-1 
and 3-2, under the reference case forecasts. New York's gross GHG emissions increase by about 
12 MMtC02e from 2008 over the forecast period to reach about 268 MMtC02e by 2030, or 8 
percent above 1990 levels. This equates to a 0.2 percent annual rate of growth from 1990 to 
2030. Relative to 2008, the share of emissions associated with the transportation, RCI, and power 
supply and delivery sectors are still forecasted to be the highest, in the same order. 

'Flux" refers to both emissions of CO2 to the atmosphere and removal (sinks) of CO2 from the atmosphere, 
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Figure 3-9. Greenhouse Gas Emissions by Source Category, 1990-2030 

300 278 270 IFORKAST ^̂ ^ ~ ^ 

1990 1995 2000 2005 2015 2020 2025 2030 

a Residential, Commercial/Institutional & Industrial CD Transportation • PowerSupply & Deliverv BAgriculture BWaste 

A Closer Look at the Major Source of Emissions: Fuel Combustion 

The transportation sector accounts for the largest share of GHG emissions in New York, at 34 
percent of New York's gross GHG emissions in 2008. Emissions from this sector rose at an 
average annual growth rate of 1.0 percent from i 990 to 2008. In 2008, motor gasoline, used by 
on-road vehicles and recreational marine vehicles, accounts for the majority of transportation 
GHG emissions; jet fuel contributes the second-highest transportation GHG emissions; and 
diesel fuel, used by on-road vehicles, commercial marine vehicles, and locomotives, ranks third 
among fuels contributing to transportation emissions. Residual fuel, liquefied petroleum gas, and 
other transportation fuels account for the remaining transportation GHG emissions in 2008. 
Emissions from the transportation sector are forecasted to increase at an average annual growth 
rate of 0.1 percent from 2008 to 2030, growing from 86 MMtC02e to 88 MMtC02e during that 
time. The mix of GHG-emitting transportation fuels in 2030 is expected to be relatively similar 
to the 2008 mix. 

Activities in the RCI fuel combustion sector produce GHG emissions when fuels are combusted 
to provide space heating, process heating, and other applications. Fuel combustion within the 
RCI sector accounts for 30 percent of New York's gross GHG emissions in 2008. From 1990 to 
2008, emissions from RCI fuel combustion decreased at an annual rate of 0.5 percent. In 2008, 
the residential sector's contribution toward the total RCI emissions from direct fuel use was 46 
percent (35 MMtC02e), while the commercial/institutional sector accounted for 34 percent (25 
MMtC02e) and the industrial sector accounted for 20 percent (15 MMtC02e). Overall, emissions 

^ The industrial sector includes emissions associated with agricultural energy use and fuel used by the fossil fuel 
production industry. 
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from fuel combustion within the RCI sector are expected to increase by 0.3 percent annually 
between 2008 and 2030. Fuel combustion emissions from the commercial/institutional and 
industrial sectors are forecasted to annually increase by 0.75 percent and 0.32 percent between 
2008 to 2030,respectively. In contrast, fuel combustion emissions from the residential sector are 
forecasted to decrease by 0.04 percent annually during that time. Total GHG emissions from fuel 
combustion in the RCI sector are expected to be 80 MMtC02e in 2030. 

In 2008, emissions from fuel combustion associated with New York's electricity consumption 
(55 MMtC02e) are 8 MMtC02e higher than those associated with in-state electricity production 
(47 MMtC02e). The higher level for consumption-based emissions reflects GHG emissions 
associated with net imports of electricity from other states to meet electricity demand. 
Electricity generation in New York is dominated by natural gas and nuclear-powered units, with 
coal, oil, and hydro also important sources of historical generation in New York. 

Forecasts of electricity sales for 2008-2030 indicate that New York will remain a net importer of 
electricity. Emissions from electricity imports are forecasted to decrease slightly (by 
approximately 1 MMtC02e) from 2008 to 2030. In contrast, the reference case forecast indicates 
that production-based emissions (associated with electricity generated in-state) in 2030 will be 
approximately the same as those in 2008. Given these trends, it is anticipated that consumption-
based emissions (associated with electricity consumed in-state) will only decrease slightly during 
that time period, from 55 MMtC02e in 2008 to 54 MMtC02e in 2030. 

Key Uncertainties 

Some data gaps exist in this inventory, particularly in the reference case forecasts. Key tasks for 
future refinement of this inventory and forecast include review and revision of key drivers, such 
as the transportation, RCI fuel use, and electricity demand growth rates that will be major 
determinants of New York's future GHG emissions. These growth rates are driven by uncertain 
economic, demographic, and land-use trends (including growth patterns and transportation 
system impacts), all of which deserve closer review and discussion. 

'" Estimating the emissions associated with electricity use requires an understanding of the electricity sources (both 
in-state and out-of-state) used by utilities to meet consumer demand. The current estimate reflects some very simple 
assumptions, as described in Appendix A of the Inventory and Forecast report. 
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Chapter 4 
Envisioning a Low-Carbon Future - 2050 

This chapter describes the visioning process employed by the Climate Action Council as one of 
the foundational components for New York's Climate Action Plan. Envisioning a Low-Carbon 
2050for New YorkState, a white paper prepared by Brookhaven National Laboratory, details 
much of the Climate Action Plan visioning work and is included as Appendix F of this report. 

New York State Demographic Trends 
Future economic activity and population growth in 
New York State are important factors in estimating the 
greenhouse gas emission reductions necessary to meet 
the 80 by 50 goal, Current projections suggest that 
New York's population and housing stock will continue 
growing through 2030, although the rate of growth will 
slow slightly compared to current trends, Economic 
activity, as measured by the gross state product, and 
vehicle miles traveled (VMT) are expected to continue 
their recent growth rates over the same period. 

Population: The state population is expected to 
increase by approximately 800,000, or 4%, from 19.6 
million to 20.4 million people over the next 20 years, 
but this statewide projection masks two distinct 
regional trends. The downstate population {New York 
City, Nassau, Suffolk, Westchester, Putnam, and 
Rockland counties} is projected to increase by 1.1 
million people, from 12.7 million to 13.8 million; the 
upstate population, however, is projected to decrease 
by 300,000 people, from 6.9 million to 6.6 million.^ A 
substantial shift in age distribution of the population is 
also expected as the proportion of the population over 
65 will grow faster than the rest of the population, 
both upstate and downstate. The total number of 
people over 65 is expected to increase by 1.1 million, 
from 2.5 million to 3.6 million as the number of people 
under 65 falls by 300,000 statewide, from 17,1 million 
to 16.8 million. 

Gross State Product (GSP): New York's economy is 
expected to continue growing by 25 to 30 percent each 
decade through 2030 as it has for the past two 
decades with GSP reaching $6.4 trillion in 2000 dollars 
by 2030, from $3.9 trillion in 2010.^ GSP is expected to 
continue growing significantly faster than the state's 
population, implying significant productivity gains and 
rising per capita income. 

Housing Stock: The number of housing units in the 
state is growing faster than the population, reflecting 
smaller family sizes and an increasing proportion of 
"empty-nesters" in the population. This trend is a 
factor of both new home construction and decreased 

rates of removal of units from the total housing stock. 
A simple trend analysis of population, number, and age 
of housing units, and number of new housing units 
built conducted by NYSERDA suggests that New York's 
housing stock will increase by about 6%, from 8 million 
to 8.5 million, between 2010 and 2030,^ The housing 
stock will also get older, on average, as fewer old 
homes are removed from use and the percentage of 
homes built in the previous 20 years continues to 
decline. The proportion of New York's housing units 
less than 20 years old fell from 21% In 1990 to 15% by 
2000, and projections suggest that only 8 to 10% of 
housing units (approximately 700,000) will be less than 
20 years old by 2030. 

Vehicle Miles Traveled (VMT): On-road VMT are 
expected to continue growing by 15 to 20 percent each 
decade for the next 20 years, as they have for the past 
20 years, reaching 202,6 billion per year by 2030, from 
149.7 billion per year in 2010. VMT per capita will 
continue to grow quickly with increased economic 
activity per capita. This trend will be offset somewhat 
by increases in both the proportion of residents living 
downstate and in the proportion of residents over 65, 
both groups that tend to drive fewer miles per person 
than the state average, 

Trends in GHG Emissions: Current patterns suggest per 
capita emissions could fall, given the trends for an 
aging population and overall population growth in 
downstate areas. Per capita emissions are generally 
lower downstate than upstate, and people over 65 
generally live in smaller housing units and travel less 
than do people under 65. However, total statewide 
emissions are likely to rise, driven by increased total 
population, growth in economic activity, aging housing 
stock and increased VMT. 

These trends underscore the need for New York to 
seek optimal strategies to reduce the carbon intensity 
of its economy {tons of CO2 emitted per dollar of GSP). 

For example, if VMT increases as expected. New York 
State will have to achieve even greater improvements 
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in vehicle efficiency or reductions in the carbon 
intensity of fuels to be able to reduce total GHG 
emissions from the transportation sector. The 
population trends and housing stock projections 
provide an opportunity for reducing VMT growth 
through implementation of smart growth strategies; 
For example, a growing and aging downstate 
population could benefit from new development close 
to public transportation and designed around mixed 
residential-commercial areas, which typically have 
lower VMT per capita than other areas. 
' Cornell University Program on Applied Demographics, "New York 

State and County Population Projections by Age and Sex -

New Yori( State Climate Action Council 
Interim Report 11-9-10 

Preliminary Population Projections by Age and Sex, New York State 
and 62 counties, 2005-2035," 
http://pad.human.cornell.edu/che/BLCC/Dad/data/Droiections,cfm 

' NYSERDA projections for State Energy Plan 

' U.S. Census Bureau, Census 1990 and 2000 Form DP-4: Profile of 
Selected Housing Characteristics, 2000, 
http://www.census.gov/census2000/dp comotables.html 

U,S, Census Bureau, Census 2000 Population and Housing Unit 
Counts, New York, httD://www.census.eov/prod/cen20Q0/phc-3-
34,pdf 

U,S, Census Bureau, Housing Unit Estimates: 2000-2009, 
httD://www,census.ROv/popest/housing/HU-EST2009.html 

* NYSDOT Vehicle Miles Traveled projections 2007-2033 

Visioning Process and Approach 

The ability to visualize a sustainable New York by 2050 and to explore its implications is as vital 
to achieving that future as the clean energy technologies and policies, best management 
practices, and behavioral changes that will constitute the Climate Action Plan. The Climate 
Action Council and its technical and integration working groups began their planning task by 
building a shared vision of a low-carbon, clean energy future in an 80 by 50 New York. Through 
a formal visioning process, the council explored technologies and greenhouse gas management 
strategies. 

New York's formal visioning process worked backward from an imagined mid-century New 
York with far lower greenhouse gas (GHG) emissions than today, using four tools: 

• Scenario development, which was based on a coupled energy-sector model and sets of 
assumptions about future energy demand, patterns of energy use, and low-emission 
technologies that might reasonably be available to power the low-carbon economy; 

• Visioning workshop at the New York Academy of Sciences (conducted January 5, 2010 -
full session and presentations available online at 
http://www.nyas.org/Events/WebinarDetail.aspx?cid=e7a4211 c-fd9e-4683-8491 -
29c46fe03651; 

• White paper (Appendix F) incorporating workshop outcomes and information from other 
expert sources: Envisioning a Low-Carbon 2050 for New York State, submitted to the New 
York State Climate Action Council; by Gerry Stokes and Patrick Looney, Brookhaven 
National Laboratory, Upton, NY. 

• Sectoral visions developed by the technical work groups for each sector of the economy. 
Guided by the visioning workshop and scenario information, each Technical Work Group 
developed an 80 by 50 vision for each mitigation sector: Power Supply and Delivery; 
Transportation and Land Use; Agriculture; Forestry; Waste/Materials Management; and 
Residential/Commercial/lnstitutional/Industrial Buildings. Summaries of this visioning work 
appear in the sector chapters of this report; the full vision documents as drafted by the work 
groups are available online at http://www.nvclimatechange.us. 

The visioning process continues to enable examination of possible technologies with research 
and development needs, assessment of technical issues, design of policies to reduce GHG 
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emissions, and identification of necessary management and societal changes. The formal 
visioning technique supports discussion of option if other interested parties generate their own 80 
by 50 scenarios and develop analyses based on them, meaningful comparisons among options are 
possible. 

New York's visioning process revealed that reaching the 80 by 50 goal required aggressive 
assumptions and transformative change, but is potentially achievable, at least from a technical 
point of view. 

Scenarios 

Scenarios are sets of assumptions describing conditions in 2050 that should yield total GHG 
emissions 80 percent lower than those of 1990. 

Carbon dioxide and other GHGs [total GHGs are expressed as carbon dioxide equivalent (COie)] 
are emitted by millions of homes, vehicles, farms, businesses, institutions and other sources. So 
in New York, achieving 80 by 50 would mean that total GHG emissions from these numerous 
and varied sources would fall from the current (i.e., year 2008) 254 million metric tons of C02e 
to approximately 50 million metric tons per year. Scenario analysis is commonly used as a tool 
for exploring options and contingencies in such complex situations. 

New York's visioning process used three scenarios to explore the technical feasibility of 
reaching the 80 by 50 goal through energy efficiency, new energy conversion technologies, fuel 
switching, best practices, and other measures to shape a low-carbon future. 

The three scenarios use different sets of assumptions about future energy demand, patterns of 
energy use, technologies available to supply energy with reduced emissions and their levels of 
performance. The specific assumptions making up each scenario, along with the modeling and 
other methodologies used to develop estimates for energy demand and technology performance, 
are described in detail in the Brookhaven National Laboratory white paper and its appendices. 

The three scenarios are the same in several important ways: 

• An end state is postulated for each major energy-consuming sector of the economy— 
Transportation; Electricity Production and Distribution; Residential Buildings, Commercial 
Buildings, Institutional Buildings, and Industrial Buildings. This end state includes low 
carbon-emitting central generation of electricity, as well as transportation and building 
sectors approaching zero carbon emissions, and accounts for emissions from non-energy 
producing activities. The scenarios constrain emissions and energy production to within the 
borders of New York State. 

• Implications of the postulated technology options are examined. For example, one scenario 
evaluates GHG emissions assuming adoption of electricity as a transportation fuel and 
explores how electricity generation could be expanded to meet the increased demand while 
limiting emissions; another scenario considers the same for hydrogen. 

• Each scenario's outcome is compared with the business-as-usual forecast in which no 
additional carbon mitigation measures are taken. 
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The model used to analyze GHG reductions for the technical strategies considers interactions— 
how switching technologies in one sector may raise or lower energy demand in another (an 
example would be higher demand for electricity if electric vehicles were widely adopted). 
However, the model does not take into account whether technologies are scalable, nor does it 
include economic, regulatory, and other social barriers to technology adoption. The model also 
does not include full lifecycle GHG analyses of nuclear power and renewable energy, possible 
effects of a changing climate on energy use or technology performance, or detailed analysis of 
the feasibility of transition rates or of rates of implementation. 

All the scenarios include four core strategies to reduce GHG emissions: 

• Energy conservation through energy efficiency, which is the simplest and the most cost-
effective strategy. 

• Reducing combustion of fossil fuels, another obvious strategy because combustion accounts 
for about 85 percent of all GHG emissions in New York State. All scenarios minimize point 
sources of combustion (such as vehicles and oil or natural gas heating appliances), and rely 
principally on low-emission electricity. The scenarios assume combustion of fossil fuels only 
when and where necessary, or with controls to effectively limit GHG emissions. 

• Fuel switching to minimize the GHG footprint where combustion must still be used, as in 
aviation and cement production. 

• Local, point-of-use renewable energy technologies (such as solar) employed to reduce the 
reliance of homes and businesses on centrally generated electricity. 

Summary of Scenario Assumptions 
All scenarios recognize the importance of commercial and industrial sectors to the overall 
economic health of the state and preferentially "invest" emissions in these sectors. 

The Yellow Scenario assumes the most obvious emission-reduction strategies: significant 
energy conservation; significant changes to the light-duty vehicle fleet with a mix of high mpg 
conventional, hybrid-electric, and plug-in electric vehicles; very significant increases in utility-
scale renewable electricity generation, with widespread adoption of carbon capture and storage 
on the remaining fossil-fired generating plants; replacement of most fossil fuel used in buildings 
with electricity, and significant reductions in non-C02 greenhouse gases. Although it assumes 
significant changes to current practices, this scenario falls far short of achieving 80 percent 
emissions reduction by 2050. 

The Deep Blue Scenario begins with all the reductions in the Yellow scenario, but makes a 
dramatic shift of the entire light-duty vehicle fleet to hydrogen fuel produced with nuclear or 
other low-carbon electricity (including fossil fuel combustion with carbon capture and 
sequestration). Additional measures include elimination of fossil fuel combustion in the 
residential/commercial/industrial sector and significant use of locally-sourced biofuels for trucks 
and aircraft. This scenario (79 percent reduction) essentially meets the 80 percent reduction goal 
by 2050. 

The Ultraviolet Scenario adds to the reductions in the Yellow scenario but makes a dramatic 
shift of the entire light-duty vehicle fleet to all plug-in hybrids. Ninety-five percent of all vehicle 
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miles traveled are assumed to be all-electric miles, with the remainder in-state-sourced biofuels. 
It assumes elimination of residential and commercial fossil fuel combustion, with part of the 
resultant increase in electricity demand met through local, point-of-use solar and much of the 
remainder with low-carbon generation and the wide-spread use of carbon-capture and 
sequestration. This scenario meets the 80 by 50 goal. 

Visioning Woricsiiop 

The Climate Action Council formed a 2050 Visioning Advisory Panel of experts from many 
fields. The panel was convened at a workshop held on January 5, 2010, entitled Envisioning a 
Low-Carbon Clean Energy Economy in New York. 

Led by subject matter experts, workshop participants explored strategies for meeting the state's 
energy needs, reducing energy demand, managing GHG emissions, driving technological 
change, and creating economic opportunities for "green technology" in New York. The 
workshop considered the three scenarios not to validate a particular pathway to reaching the 
goal, but rather to explore possibilities and implications, and to identify obstacles to achieving 
the goal. 

The Visioning Advisory Panel consisted of 13 experts in diverse elements of New York's energy 
and climate future: 

Geoff Anderson, President and CEO, Smart Growth America 

Katharine Frase, Vice President, Industry Solutions and Emerging Business, IBM 
Research; Member, National Academy of Engineering 

Peter Goldmark, Program Director, Climate and Air, Environmental Defense 

Nathan Lewis, George L. Argyros Professor of Chemistry, California Institute of 
Technology 

Patrick Looney, Assistant Laboratory Director, Strategic Planning, Brookhaven National 
Laboratory 

Elizabeth Malone, Joint Global Change Research Institute 

James Misewich, Associate Laboratory Director for Basic Energy Sciences, Brookhaven 
National Laboratory 

John Novak, Executive Director, Federal and Industrial Activities, Electric Power Research 
Institute 

William Sisson, Director of Sustainability, United Technologies Corporation; Co-Chair, 
World Business Council for Sustainable Development Energy Efficiency in Buildings 
Project 

Gerald Stokes, Associate Laboratory Director for Global and Regional Solufions, 
Brookhaven National Laboratory 

Larry Walker, Professor and Director, Biomass Conversion Laboratory, Cornell University 

Johanna Wellington, Technology Leader for Sustainable Energy, General Electric Global 
Research 
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Rae Zimmerman, Professor of Planning and Public Administration, New York University 

Links to a webinar of the workshop sessions, workshop presentations in PDF format and the 
visioning white paper, Envisioning a Low-Carbon 2050 for New York State, are available at 
http://nvclimatechange.us/2050 Visioningn.cfm. 

Outcomes of the Visioning Process 
The visioning process makes it clear that an 80 by 50 New York requires low-carbon 
technologies serving an economy and society that have moved beyond dependence on fossil 
fuels to accept the true value and cost of energy. The recurring themes of the visioning 
discussion include technological elements that can be realized only with vigorous economic and 
social support: 

• Maximum energy efficiency and conservation, 

• Near-zero-carbon electricity generation, 

• "Smart" electric transmission/distribution system with energy storage, 

• Carbon-free energy carriers for transportation systems, 

• Net energy-neutral buildings, including homes, 

• Low-carbon liquid fuels, 

• Carbon sink maintenance/enhancement. 

Specifics and Insights 
Exploration of these visioning themes led to more nuanced conclusions about the interactions of 
technology with the state's economy and society as we move through the next four decades. To 
illustrate the insights that fiow from the visioning process, a selection of these conclusions is 
given here. The full list is found in the white paper. 

• The 80 by 50 goal is very ambitious, and achieving it will require investments in new energy 
systems and infrastructure that have very low or no net carbon emissions. Patterns of energy 
use will also need to change radically. 

• As policies and plans to meet the 80 by 50 goal are adopted, they need to be informed by the 
directions of the state's economy. The scenarios developed are consistent with the energy 
needs of a 21st-century economy based on clean energy technology, information technology, 
biotechnology, and nanotechnology. 

• Incremental, short-term planning cannot achieve the goal. Near-term decisions—both those 
taken and not taken—can foreclose longer-term options, such as infrastructure projects with 
long lead times. Key climate strategies must reflect this inexorable reality. 

• Major decisions are necessary to achieve the 80 by 50 goal, and many of those decisions 
must be made soon, as they deal with long-lead-time projects, such as infrastructure 
investments and research and development strategies, which can help or hinder progress. 
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The goal must be pursued in part through extensive, long-term partnering among all levels of 
government and across the region, and between the public and private sectors. Achieving 80 
by 50 will take sustained effort on the part of all. 

Energy efficiency is an essential, but not sufficient, strategy for reaching the 80 by 50 goal. It 
can be aggressively pursued today. A broad shift from reliance on burning fossil fuels to 
electricity or possibly hydrogen generated from low- or no-carbon sources, or widespread use 
of carbon capture and sequestration, will be needed. 

Electrification as a substitute for fossil fuel combustion is an essential strategy that will lead 
to a significant increase in demand and change in the patterns of electricity generation, 
transmission, and distribution. Therefore, ongoing planning for the smart grid and associated 
technologies, and storage of energy from intermittent energy resources must be part of the 
Climate Action Plan strategy. 

Transportation and buildings (residential and commercial) will have to move from reliance 
on fossil fuel combustion to use of altemate sources with significantly lower carbon or no 
carbon emissions. The buildings sector can reach net zero emissions through efficiency, 
electrification, energy storage technologies, and integration of renewable energy sources like 
solar and geothermal. 

Development and redevelopment based on smart growth principles, along with efficient 
building design practices, technologies, and construction methods, can reduce energy 
demand for buildings and transportation. 

Smarter means for shipping goods, including greater use of intermodal transportation and rail 
for freight movement, will save significant energy and reduce GHG emissions. 

All scenarios call for the phase-out of fossil fuel generation that free-vents carbon to the 
atmosphere. The schedule for this phase-out needs to be developed soon. 

Centrally-generated electricity must be decarbonized. This means that renewable energy 
generation must expand; existing nuclear power plants must be re-licensed or replaced; and 
carbon capture and storage added to any remaining fossil fuel-fired plants. 

Reducing vehicle miles traveled requires increased availability of mass transit, as well as 
travel-efficient community design, development, and redevelopment. 

Transformation to a hydrogen economy would require a new infrastructure for producing and 
delivering hydrogen to consumers. 

The interdependencies—and consequent vulnerabilities—of transportation, water, energy, 
and communication systems have direct consequences for system performance and thus for 
climate change adaptation and mitigation. System managers and operators must be helped to 
understand and manage those interdependencies. 

Greenhouse gas reduction has pervasive interconnections with the state's economy and social 
fabric: local, state and federal policies may facilitate or hinder achievement of the 80 by 50 
goal. For example, interstate commerce (tourism, freight, and aviation) is shaped by federal 
policy, while large-scale renewable energy involves local land-use choices. 
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Chapter 5 
Overview of Mitigation Policy Development 

To assist with the development of policy options, the Climate Action Council (Council) 
convened three external advisory panels to assist and advise in areas requiring special expertise 
or knowledge: technical analysis, muhi-sector integration, and 2050 visioning. The 2050 
Visioning Advisory Panel, the Integration Advisory Panel, and five Technical Work Groups have 
provided direct input to the Climate Action Plan. 

The Technical Work Groups served as advisors to the Council and consisted of Council member-
agency staff and additional public, private, and non-profit sector stakeholders with specific 
interest and expertise. Policy options described in this interim report are principally the product 
of Technical Work Group deliberations, with feedback and guidance from the Integration 
Advisory Panel, Council, and public commenters. The Technical Work Groups, which were 
charged with developing policies to reduce greenhouse gas (GHG) emissions or enhance 
sequestration of carbon dioxide (CO2), developed policy option scenarios that were analyzed in 
order to estimate GHG reduction potentials and net savings or costs. 

Policy Options and Vision Map 

The development of policy options has been informed by the results of the visioning process 
described in Chapter 4. The portfolio of policy options provides New York State with a 
comprehensive set of choices that could place the state on the path to the vision of a low-carbon 
future. A 'mapping' of policy options and the core vision strategies is presented as Figure 5-1. 
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Figure 5-1 -Policy Options and Vision Strategies Map 
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Analysis Methodology 

The analysis of policy scenarios is intended to establish the potential GHG reductions for the 
policies amenable to quantitative analysis and the direct costs to achieve those reductions. The 
approach to the analysis was full transparency—all data sources, methods, key assumptions, and 
key uncertainties were documented and subjected to stakeholder review. The Interim Report 
presents the first stage of the analysis, which consists of evaluating each policy on a stand-alone 
basis. The next stage will evaluate the policies on an integrated basis (i.e., after accounting for 
any overlaps between the policies). A third stage will consist of a macroeconomic analysis that 
will include consideration of indirect effects on employment, income, gross state product, and 
consumer energy costs. 

The details of the stand-alone analysis methodology are presented in the Quantification Memo 
found in Appendix E and are summarized below. 

Overall framework for the Analysis: The overall framework for the analysis of individual 
options was consistent across all four Work Group areas: Power Supply and Delivery (PSD); 
Residential, Commercial/Institutional and Industrial (RCI); Transportation and Land Use (TLU); 
and Agriculture, Forestry and Waste Management (AFW). It is important to note that not all 
options were deemed amenable to analysis (e.g., R&D and other enabling policies). Hence the 
framework below applies only to a subset of policies. 

Analysis period: The overall period of analysis is 2011 through 2030. 

Baseline GHG emissions: As a starting point, the analysis relies on the comprehensive 
inventory and forecast of New York State GHG emissions summarized in Chapter 3 and 
described in great detail in the New York Greenhouse Gas Emissions Inventory and Forecast 
report. This Inventory and Forecast is based upon a GHG emissions inventory for 2008 and 
forecast to 2030 for all emission source sectors prepared by NYSERDA. The GHG reduction 
impact of each policy is measured relative to this baseline. The forecast assumes New York does 
not adopt any new policies or measures to mitigate GHG emissions beyond those already in 
place or recent actions that have been approved but for which emissions reductions have not yet 
been realized. The forecast does not take into account the effects of a changing climate. 

Emissions Coverage: The analysis considers six GHGs: CO2, methane (CH4), nitrous oxide 
(N2O), hydrofiuorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6). 
Emissions are presented using a common metric, carbon dioxide equivalent (COse), which 
accounts for the relative contribution of each gas to global average radiative forcing. Emission 
factors are used based on the assumptions used by NYSERDA in the development of the 
baseline and can be found in Appendix E. 

Geographic distribution of emission reductions: Emission reductions associated with policies 
in the Climate Action Plan are presented based upon the direct emissions at the point of release 
to provide an apples-to-apples comparison with the Inventory and Forecast. For many policies 
these direct emissions can seriously understate the GHG benefits, so in the detailed Policy 
Options Documents developed by the Technical Work Groups, emissions reductions were also 
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tracked regardless of where they occur. Referred to as a "fuel cycle" approach, this framework 
allows for the quantification of the GHG reduction impact of policies no matter where they 
occur, either within or beyond New York State borders. 

Costing approach: Estimating the costs of achieving GHG reductions for the options focused on 
the direct (or microeconomic) costs and savings borne by New York State households and 
businesses (e.g., the additional cost of energy efficient equipment and the fuel savings associated 
with that equipment). Indirect (or macroeconomic) costs such as the number of jobs created and 
lost or the impact on Gross State Product are not considered in this report but will be included in 

Box 1: Overview oflevelized costs 
Levelized cost is defined as a constant 
annual cost that is equivalent on a present 
value basis to the actual annual costs. That 
is, if one calculates the present value of 
levelized costs over a certain period, its 
value would be equal to the present value of 
the actual costs of the same period. This is 
illustrated in the figure below. The present 
value of the levelized costs is exactly equal 
to the present value of the annua! costs. 
Levelized costs allows for a ready 
comparison of technologies in any year, 
something that would be more difficult to do 
with difTering annual costs. 

Analytical Outputs: There are several key outputs of 
the analysis, namely annual GHG reductions for the 
years 2020 and 2030; cumulative GHG reductions over 
the 2011-2030 period; the net cost or savings to achieve 
these reductions on a present value basis; and the cost 
per metric ton of COie avoided. Note that net savings are 
shown as 'negative costs' throughout this report. 

Methodologicai Approacli 

The methodological approach applied to the analysis of 
options in all Work Groups is briefiy described in the 
bullets below. 

• Major cost categories: These include net 
capital/equipment costs, operations and maintenance 
(O&M), fuel, interconnection costs, and costs of 
financing. 

S250 T 
• Lavelilad com (S/MWh) 

• Discounting: Discounting begins in the initial year of 
the analysis period (2011) and applies a 5% real 
annual discount rate. The discount rate is kept 
constant for the evaluation of all GHG mitigation 
options. Risk and uncertainty are accounted for by 
calculating option-specific cash flows that account for policy, practice, or technology 
differences. 

• Treatment of capital costs: Capital investments are represented in terms of their "levelized 
cost" over the project period (see Box I for an overview of the concept of levelized costs). In 
the case of certain technologies (e.g., solar photovoltaics) where capital costs have been 
declining, technology learning effects were included. 

• Emission Reductions: Emission reductions for individual policies are calculated relative to 
baseline emissions based on the change (reduction) in emissions activity (e.g., physical 
energy units) or sequestration that the policy achieves. 

• Cost-effectiveness: The cost effectiveness for each quantified policy is determined by 
dividing the present value cost by the cumulative (undiscounted) reduction in tons of GHG 
emissions. 
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• Endejjects: For GHG mitigation options whose lifetimes extend beyond the end of the 
analysis period (i.e., beyond 2030), only costs and benefits that fall within the analysis period 
are included in the analytical results. 

• Non-GHG (external) impacts and costs: Environmental co-benefits such as reductions in 
criteria air pollutants that lead to improved public health outcomes are considered in a 
qualitative manner only in this report. The final report will include an in-depth examination 
of the major environmental co-benefits of these policy options. 

• Uncertainty /Sensitivity Analysis: Key uncertainties and feasibility issues were identified and 
where possible subjected to sensUivity analysis on a policy by policy basis. These include 
energy and carbon price forecasts, discount rate', cost and performance assumptions, 
technology learning, and other parameters. Given the uncertainty surrounding federal climate 
legislation, the analysis assumed no future cost of carbon. 

When quantifying the GHG emission reduction potentials of several of the PSD, RCI, and TLU 
mitigafion policies, direct emission calculations exclude CO2 emissions associated with the use 
of bioenergy, which includes the combustion of biogenic materials such as ethanol, biodiesel, 
and woody biomass. Historically, many national and international reporting protocols treat 
bioenergy as "carbon neutral." While there is now general scientific consensus that this 
assumption is incorrect, consensus on how to properly assign the appropriate carbon intensity is 
lacking. 

On June 3, 2010, EPA published the final Prevention of Significant Deterioration and Title V 
Greenhouse Gas Tailoring Rule. In that Rule, EPA acknowledged the Agency did not have 
sufficient information to address the issue of the carbon neutrality of biogenic materials and has 
called for a rigorous review of carbon accounting procedures. New York State will continue to 
follow the development of carbon accounting procedures and will update the GHG emission 
reduction calculations as interactions between the policies and their potential to achieve GHG 
reductions are analyzed. 

Climate Action Plan Goals 

In August of 2009, Governor David A. Paterson signed Executive Order 2009-24 establishing 
the goal of reducing GHG emissions from all New York State sources to 80 percent below 1990 
levels by 2050. To support development of a plan that will demonstrate New York's ability to 
meet this goal, the Council established an interim benchmark to reduce GHG emissions from all 
New York State sources to 40 percent below 1990 levels by 2030. This benchmark was provided 
to the Technical Work Groups so that the stakeholders would have a near-term target by which 
they could measure progress towards the 80 by 50 goal. 

The 1990 reference emission levels, along with current levels, are presented in Figure 5-2. The 
forecasted GHG emission level for 2030, 268 million metric tons, is also presented along with 

' Public-sector projects that result in durable, long-lasting effects, such as the expansion of transit and other 
infrastructure projects with long life-spans, may be evaluated with a lower discount rate than what is commonly 
used in the private sector. For example, the U.S. Department of Transportation allowed for the use of a 3% discount 
rate for its benefit-cost analyses under the Transportation Investment Generating Economic Recovery (TIGER) grant 
program, which is part of the federal government's $878 billion stimulus program. 
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the emission limits implied by the 2030 benchmark (148 million metric tons) and the 2050 goal 
(50 million metric tons). 

Figure 5-2. New York State GHG Emission Levels (1990 and 2008) and Forecast 
(2030) with Benchmark and Goal 

300 

1990 2008 
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ffi PowerSupply & Delivery 
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I Transportation & Land Use 

I Agriculture, Forestry & W/aste 

80 by SO Goal 

The required emission reduction for 2030 is therefore 120 million metric tons, as shown in 
Figure 5-3. While the precise pathway to the 80 by 50 goal is not discernible at this time, the 
interim benchmark does provide a plausible mid-point target for the purpose of policy 
evaluation. 
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Figure 5-3. Required Emission Reduction by 2030 and 2050 
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Table 5-1 presents preliminary quantitative analysis of the mitigation policy options relative to 
the 2030 benchmark year. The preliminary analytical results presented here describe the potential 
effectiveness of the mitigation policy options on a stand-alone basis, without considering 
interactions among policies or overlapping emissions reductions. Table 5-1 presents an estimate 
of the total annual GHG emission reduction anticipated by 2030 as a resuh of the individual 
policy options (i.e., as measured by Millions Metric Tons C02e). In order to make this estimate, 
specific targets and goals were developed, where possible, for individual policy options. This is 
referred to as a "policy scenario". Note, not all policy options are amenable to this type of 
quantification. The results also present an estimate of the total cost or savings of the policy 
option through 2030, as measured by net present value (NPV). This reflects the total capital 
costs, anticipated operation and maintenance costs/savings, and fuel costs/savings associated 
with the policy. As with any NPV analysis, a negative NPV reflects a savings and implies an 
economically desirable investment. Table 5-1 also presents an indicator of cost-effectiveness for 
the policy option, as measured by $/ton C02e avoided; this provides a metric to determine which 
policy options will deliver the most COze on a dollar-for-dollar basis. As with NPV, a negative 
$/ton C02e implies that we save money as we reduce GHGs. 

While further analysis is needed to better understand a more full range of economic impacts and 
to eliminate potential overlap, some general observations can be made from the analysis to date: 
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• No single policy can deliver the level of emission reduction needed to achieve a 40 by 30 
target. A portfolio of policies will be needed to reduce emissions from the many different 
GHG sources throughout our economy. 

• A linear path to achieving 80 by 50 may not be feasible. We may need to further ratchet 
up the stringency of the policies overtime to increase the rate of emission reduction, as 
technologies and markets mature. 

• There are a number of policies—particularly in the Buildings, Industry, and 
Transportation sectors —that represent cost-effective ways to take a meaningful step " 
toward a low-carbon future. These "No Regrets" policies, which are primarily efficiency 
policies, could represent options for early action. Further analysis of benefits and costs, 
and strategies to finance and/or fund will be needed. 

• Energy efficiency policies alone, however, will not deliver the level of emission 
reduction needed to achieve a 40 by 30 target (and ultimately the 80 by 50 goal). To 
make appreciable progress toward these aggressive goals and to break our dependence on 
finite fossil-fuel resources, the State will need to continue to strategically advance low-
carbon energy supply-side policies and infrastructure investments, particularly focusing 
on policies that provide significant co-benefits to New Yorkers (e.g., improvements in 
local air quality, opportunities for economic development and job creation). 

Table 5-1. Preliminary Results of Policy Scenario Analyses. 
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The data presented in Table 5-1 are also illustrated graphically in Figure 5-4. Figure 5-4 shows 
the potential annual emission reductions in 2030 and the net-savings or net-cost per ton COje 
avoided for each policy. The 2030 benchmark goal has been drawn as a line in the figure to 
provide a basis forjudging effectiveness of each policy. Some general observations can be made: 

• Policies that provide the largest potential emission reductions in 2030 include the low-
carbon portfolio standard (PSD-6), increased vehicle fuel efficiency standards (TLU-1), 
building energy efficiency incentives (RCI-2), and a low-carbon fuel standard (TLU-4). 

• Polices that provide the largest savings per avoided metric ton of emissions include smart 
growth policies (TLU-9, -10, and -11), and commuter assistance (TLU-6). 
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• Policies that provide both significant emission reductions and net savings include 
building energy efficiency incentives (RCI-2), improved building codes and standard 
(RCI-7), and vehicle incentives (TLU-2). 

The petroleum and non-petroleum fuel savings associated with these policies are presented in 
Table 5-2 and Table 5-3. Based on the estimated reductions in 2030 derived from the scenario 
analysis and on current consumption levels, RCl-2 would save enough electricity to power 4.6 
million homes and enough home heating oil and natural gas to heat more than 1.9 million homes 
for a year. Similarly, based on the estimated reductions in 2030 derived from the scenario 
analysis and on current consumption levels, TLU-1 would save enough motor gasoline to power 
7.3 million cars for a year. 
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Figure 5-4. Policy Scenario Analytic Results 
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NOTE: Scenario results are not additive as synergies and overlap have not been estimated. 
Additional economic analyses need to be conducted to assess macroeconomic impacts and co-benefits. 
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Tab le 5-2. Pre l iminary Fuel Sav ings f r o m Pet ro leum Produc ts . 

Annual f*etroleumPr6ducte^(Millions of 
ŷ  -• (aaJlonspfGasoline/Equlvatent) 

;s2020- 2030 

RCI-2 Energy Efficiency Incentives 58 360 

RCI-3 Customer-Sited Renewable Energy Incentives 230 340 

RCl-7 Enhanced Building Codes, Appliance Standards, and 
Enforcement 36 160 

RCI-8 Building Commissioning, Bench meriting, and 
Upgrades 50 68 

RCI-11 Industrial Process Incentives 54 120 

TLU-1 Vehicle Efficiency Standards 1,000 3,500 

TLU-2 Vehicle Incentives and Disincentives 100 220 

TLU-3 Fleet Incentives and Disincentives 26 69 

TLU-4 Alternative Fuel Related Measures and Infrastructure 
- Low Carbon Fuel Standard (LCFS) 870 2,000 

Commuter & Traveler Assistance 110 120 

Parking Pricing 

TLU-6 Upstate 3.0 3.0 

NYC Metro Region 5.0 5.0 

Telecommuting 110 120 

Congestion Pricing 18 18 

TLU-7 Expand Transit 670 900 

TLU-9 Priority Grovrth Centers 13 36 

TLU-10 Transit-Oriented Development / Transit Supportive 
Development 49 100 

TLU-11 Location Efficient Land Use 110 230 
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Table 5^3. Pre l iminary Fuel Sav ings f r o m Non-Pet ro leum Fuels . 

fArinuai;Electrlcl 

,5 ^ 

^ I r in uai J Natu ral. 

^020^ 2p30;f? 

mnriual Other Fuels 
l^'H^Wj^^lDBlU); 

^02<i^''-Z- 2030 

RCI-2 Energy Efficiency Incentives 5,300 32,000 22 130 2,700 8.900 

RCI-3 Customer-Sited Renewable Energy 
Incentives' 2,300 11,000 60 83 

RCl-7 Enhanced Building Codes, Appliance 
Standards, and Enforcement 2,000 9,500 11 51 1,100 5,100 

RCI-8 Building Commissioning, 
Benchmariting, and Upgrades 3,200 4,900 16 23 630 860 

RCI-11 Industrial Process Incentives 230 460 14 3,900 8,700 

Other Fuels include non-petroleum fuels such as coal and wood. 
"Other fuel savings do not include the increased consumption of biofuel associated with RCI-3. This consumption 
amounts to an increase of 90,000 BBtu. 
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Chapter 6 
Residential, Commercial/institutional, and Industrial 

Mitigation 

In 2050, New Yorkers will enjoy safe, comfortable, well-functioning and sustainable buildings 
and communities whose construction and renovation activities, building operations, and 
Industrial Process Incentives are designed and operated to maximize energy and resource 
efficiency, to minimize fossil fuel inputs, and to meet remaining energy needs from a mix of 
local low-carbon resources and low-carbon imports. More specifically, buildings in New York 
will have the following characteristics: 

Building design and renovation: Building design and renovation along with integrated site 
planning will optimize resource conservation opportunities from envelope, mechanical, lighting, 
site/landscaping, and other building systems. Building and site designs will emphasize passive 
solar energy, solar thermal systems, and onsite or local renewable electricity generation. 
Performance-based building codes will continue to save consumers substantial energy costs 
while avoiding unnecessary power generation and greenhouse gas (GHG) emissions. Design, 
renovation, and enforcement activities will be supported by a well-trained workforce. 

Building operation: Supported by marketing, outreach, and education efforts, building owners, 
designers, operators, and users will implement building operations, upgrades, and Industrial 
Process Incentives that achieve high levels of energy efficiency, while improving occupant 
comfort and indoor air quality. Building upon RD&D efforts, equipment that meet advanced 
efficiency standards will minimize the energy demand of buildings and industrial processes. 

Building energy supply: Instead of relying on combustion of fossil fuels for comfort control and 
daily operations, buildings will primarily use customer-si ted renewable energy resources and 
import low-carbon resources as needed. Sources of waste heat, especially industrial process heat, 
will be used to the maximum extent possible; supplementary heating and cooling draws on 
carbon-neutral energy sources, such as wind, solar photovoltaic, or geothermal. 

Land use planning and community development: Building developers and communities 
maximize location efficiency by integrating patterns of home, work, shopping, and 
entertainment, in accordance with Smart Growth principles and methods, maximize resource 
conservation, and minimize GHG emissions. 

Adaptation: Through building codes and siting guidelines that place buildings and other 
facilities away from projected flood zones and favor designs and materials appropriate for future 
climate conditions. New York's communities will make themselves resilient to climate change. 
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The RCI sector is the largest source of gross greenhouse gas (GHG) emissions in New York, 
accounting for about 40 percent of gross GHG emissions in 2008. The residential, 
commercial/institutional, and industrial (RCI) sector includes onsite fuel combustion, industrial 
process, and manufacturing emissions, as well as fugitive' methane emissions from natural gas 
transmission and distribution. Energy-related RCI emissions result principally from the onsite 
combustion of oil and natural gas, with a smaller contribution by onsite combustion of coal. The 
onsite combustion of these fuels in the RCI sector accounted for an estimated 75 million metric 
tons of carbon dioxide equivalent (MMtC02e) gross GHG emissions in 2008. Industrial process 
emissions, primarily fluorinated gases and emissions from cement production, added another 9 
percent of statewide emission in 2008. Fugitive emissions of methane from natural gas 
transmission and distribution contributed another 5.7 MMtCOse (2 percent of total emissions) in 
2008. 

Considering only the onsite fuel combustion emissions that occur within buildings and 
industries, however, ignores the fact that nearly all electricity sold in the state is consumed as the 
result of RCI activities. Emissions from the generation of electricity that RCI buildings 
consume contribute an additional 20 percent of emissions. Together with electricity generation, 
these sources of emissions that are all attributable to RCI sector activities are responsible for 
about 60 percent, or 151 MMtCOie, of total statewide GHG emissions in 2008. Figure 6-1 shows 
the relative contributions of the RCI, electricity, and industrial process sectors to New York State 
emissions from 1990 to 2030 under the reference scenario. New York's future GHG emissions 
will depend heavily on future developments in the consumption of electricity, industrial 
processes, and fuel use in these critical subsectors. 

' The general definition of fugitive emissions given in the IPCC Guidelines is "an intentional or unintentional 
release of gases from anthropogenic activities excluding the combustion of fuels", http://www.ipcc-
nggip.iges.or.ip/public/gp/bgp/2 6 Fugitive Emissions from Oil andNatural Gas.Ddfp.3 

^ The RCI inventory and forecast methodology accounts for only emissions from direct fuel and electricity usage. 
Thus, the GHG estimates presented here do not include GHG emissions associated with the extraction, processing, 
and transportation of RCI fuels, with the exception of natural gas leakage. Electricity sector emissions include GHG 
emissions from electricity imported fnam outside the state as well as from transmission and distribution losses. 

^ Emissions associated with the electricity sector (discussed in Chapter 8) have been allocated to each of the RCI 
subsectors for comparison of those emissions to the emissions associated with on-site fuel combustion. Note that this 
comparison is provided for informational purposes and that emissions are not double-counted in the total emissions 
for the state. 
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Figure 6-1. Historical and Forecasted New York GHG Emissions by Sector, 1990-2030 
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GHG = greenhouse gas; MMtC02e = million metric tons of cartjon dioxide equivalent. 

RCI Sector Greenhouse Gas Emissions by Fuel 

Figure 6-2 shows historical and forecasted RCI GHG emissions by fuel and source. Emissions 
from the four relevant RCI subsectors including RCI onsite fuel combustion, RCI electricity 
consumption, industrial processes, as well as fugitive methane emissions are expected to increase 
from 152 to 166 MMtC02e between 2008 and 2030. Figure 6-2 also indicates that the vast 
majority of GHG emissions from the RCI sector come from electricity and natural gas (76 
percent). RCI emissions associated with electricity use are expected to be largely unchanged 
between 2008 and 2030, at about 55 MMtC02e under the reference scenario. However, as 
discussed below, the unchanged overall emissions from electricity generation mask large 
forecasted declines in emissions from the residential and industrial subsectors and an increase in 
the commercial/institutional subsector's GHG emissions. While GHG emissions from the onsite 
combustion of petroleum remain flat or slightly decline, emissions from the onsite combustion of 
coal are forecasted to increase moderately by 15 percent from 2008 to 2030. Coa! is expected to 
remain an important source of fuel for the industrial sector throughout the period in the reference 
case forecast. Natural gas is also expected to remain an important industrial fuel during this time, 
with a forecasted increase of 13 percent in emissions from onsite combustion. 

•* See Chapter 3 for reference case forecasts. 
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RCI Sector GHG Emissions and Trends 

Figure 6-3 shows historical and forecasted GHG emissions by RCI subsector, including those 
associated with electricity consumption. Overall, Figure 6-3 shows that emissions from the RCI 
sector are forecasted to increase by 17 percent between 2008 and 2030 under the reference case 
scenario. Emissions associated within the RCI subsectors are forecasted to experience a wide 
variety of emissions growth and decline. Residential emissions are forecasted to decline by 6 
percent between 2008 and 2030, while commercial/institutional and industrial sector emissions 
are expected to increase by 21 percent and 14 percent, respectively. 

RCI Subsector GIHG Emissions and Trends 

Residential Subsector Emissions 
Figure 6-4 shows that between 2008 and 2030, emissions for the residential subsector are 
expected to decrease by 6 percent to reach approximately 50 MMtC02e. The GHG emissions 
associated with the generation of electricity for this subsector are forecasted to decline by 17 
percent from 2008 to 2030, while emissions associated with the onsite combustion of natural gas 
are forecasted to increase by 7 percent over this 22-year period. Figure 6-4 also shows that 
residential subsector emissions associated with the onsite combustion of petroleum are 
forecasted to decline by 14 percent from 2008 to 2030. 

Commercial/Institutional Subsector Emissions 
Figure 6-5 shows commercial/institutional subsector emissions are expected to increase by 21 
percent from 2008 to 2030 to nearly 67 MMtCOie. Figure 6-5 also indicates that the increase in 
emissions from the subsector is due primarily to emissions from electricity used by 
commercial/institutional consumers, which are forecasted to increase by 24 percent. Emissions 
from the onsite combustion of natural gas are also forecasted to increase by 24 percent from 
2008 to 2030. Commercial/institutional subsector emissions associated with the onsite 
combustion of petroleum are also expected to increase by 9 percent during the period. 

Industrial Subsector Onsite Fuel Combustion and Process Emissions 
Figure 6-6 indicates that industrial subsector emissions are expected to increase by 14 percent 
from 2008-2030 to almost 47 MMtCOie, although this aggregate forecast masks wide variation 
in emissions by fuel source. GHG emissions associated with the generation of electricity to meet 
industrial demand are forecasted to decrease by 84 percent from 2008 to 2030 due to less carbon-
intensive electricity generation as well as decreased electricity demand from the subsector. 
However, emissions associated with the onsite combustion of coal, petroleum, natural gas, and 
wood are forecasted to increase by 17 percent, 8 percent, I percent, and 12 percent, respectively. 

Figure 6-7 shows forecasted industrial process GHG emissions in New York State, which are 
dominated by emissions from cement production and substitutes for ozone-depleting 
substances. Emissions from this source are expected to grow in line with national forecasts at 

^ New York emissions from substitutes for ozone-depleting substances (ODS) for 2010, 2015, and 2020 were scaled 
from EPA's estimates of total US emissions based on state and national population projections. New York's 
emissions for the missing years from 2008 through 2020 were estimated using linear interpolation. From 2021 
through 2030, New York emissions were estimated by applying the New York projected population growth rate to 
the 2020 New York ODS emissions value. 
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over 5 percent a year, which equates to emissions more than doubling of GHG emissions 
between 2008 and 2030 from 7.5 to 16.4 MMtCOie. 

Finally, Figure 6-8 shows methane emissions from the transmission and distribution of natural 
gas in New York State. The New York estimate is extrapolated from forecasted national fugitive 
methane emissions. The forecast shows an increase in methane emissions of 10 percent from 
2008 to 2030 to approximately 6.2 MMtC02e. 

Figure 6-2. Historical and Forecasted Residential, Commercial/Institutional, and Industrial 
(RCI) GHG Emissions by Type of Fuel, 1990-2030 
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Figure 6-2 does not include fugitive methane and industrial process emissions. GHG = greenhouse gas; MMtC02e 
: million metric tons of cartoon dioxide equivalent. 

Substitutes for ozone-depleting substances, which include chlorofluorocarbons, halons, carbon tetrachloride, methyl 
chloroform, and hydrochlorofiuorocarbons (HFCs), are used in a variety of industrial applications including 
refrigeration and air conditioning equipment, aerosols, solvent cleaning, fire extinguishing, foam blowing, and 
sterilization. Although their substitutes, HFCs, are not harmful to the stratospheric ozone layer, they are powerful 
GHGs. (EPA's Draft User's Guide for Estimating Carbon Dioxide. Nitrous Oxide, HFC, PFC and SF^ Emissions 
from Industrial Processes Using the Stale Inventory Tool, February 2010) 
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Figure 6-3. Historical and Forecasted Residential, Commercial/Institutional, and Industrial 
(RCI) Greenhouse Gas Emissions by Subsector, 1990-2030 
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Emissions associated with the direct use of natural gas, petroleum, coal, and wood and the consumption of electricity. 
Figure 6-3 does not include fugitive methane and industrial process emissions. GHG = greenhouse gas; MMtCOje = 
million metric tons of cartoon dioxide equivalent. 

Figure 6-4. Historical and Forecasted Residential GHG Emissions by Fuel Type, 1990-2030 
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GHG = greenhouse gas; MMtCOze = million metric tons of carbon dioxide equivalent. 

6-6 



New Yori< State Climate Action Council 
Interim Report 11-9-10 

Figure 6-5. Historical and Forecasted Commercial/Institutional GHG Emissions by Fuel 
Type, 1990-2030 
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GHG = greenhouse gas; MMtC02e = million metric tons of carbon dioxide equivalent. 

Figure 6-6. Historical and Forecasted Industrial Subsector GHG Emissions by Fuel Type, 
1990-2030 
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GHG = greenhouse gas; MMtCOze = million metric tons of carbon dioxide equivalent. 
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Figure 6-7. Historical and Forecasted Industrial Process GHG Emissions by Source, 
1990-2030 
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GHG = greenhouse gas; MMtCOze = million metric tons of carbon dioxide equivalent; ODS = substitutes for ozone-
depleting substances. 

Figure 6-8. Historical and Forecasted Fugitive Methane Emissions, 1990-2030 
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To achieve mid-century GHG reduction goals in its building stock, New York must implement 
an integrated, diverse set of policy options. Over the next 40 years, Residential, 
Commercial/Institutional, and Industrial buildings and processes will need to maximize energy 
and resource efficiency, minimize fossil fuel inputs, and provide remaining required energy 
inputs from local low-carbon sources and carbon-neutral imports. 

New York has already put policies in place to begin this needed transformation. The 45 by 15 
clean energy policy challenges the state to meet 45 percent of its electricity needs by 2015 
through increased energy efficiency and renewable energy. The 45 by 15 policy proposes to 
reduce electricity end-use in 2015 by 15 percent below forecasted levels, while simultaneously 
meeting 30 percent of the state's electricity supply needs through renewable resources. 

Building upon 45 by 15 policies, which focus on increased near-term statewide energy efficiency 
and renewable energy use, the RCI Technical Work Group has recommended a number of 
policies to further reduce the GHGs emitted by New York's existing homes, businesses, 
industries, and new construction. These policies can be organized into three categories: statutory 
and regulatory policies that reduce carbon emissions in new and existing buildings, voluntary 
incentive policies that promote energy efficiency and renewable energy improvements in 
buildings and industrial processes, and supporting policies. 

At the core of the RCI policies, the Technical Work Group recommends that the State enact two 
statutory and regulatory policies: Building Codes, Appliance Standards, and Enforcement (RCI-
7) and Building Commissioning, Benchmarking, and Upgrades (RCI-8). RCI-7 encourages New 
York to aggressively update and enforce the State Energy Code in the near-term, which will lead 
to long-term emission reductions in code-compliant new and renovated existing buildings. 
Providing municipalities with the choice of adopting a State-set stretch code, as recommended in 
the 2009 State Energy Plan, and establishing a flexible code compliance framework will further 
reduce GHG emissions at the local level. RCI-8 focuses on reducing existing buildings' 
operating costs and achieving energy savings through regular energy benchmarking, audits and 
commissioning activities and installing cost-effective energy efficiency measures. Together, 
these policies will ensure that an increasing percentage of New York's building stock will have 
significantly lowered GHG emissions and operating costs by 2050. 

To encourage additional GHG emission reductions beyond those generated by the mandated 
policy options, the Technical Work Group recommends three additional voluntary policies to 
provide incentives for owners of existing buildings to undertake renovations that bring buildings 
above current code compliance and accelerate the rate of building renovation necessary to 
achieve the 80 by 50 goals. Energy Efficiency Incentives (RCI-2) uses a whole-building, 
integrated analysis approach to identify high-performance efficiency measures that could be 
installed in existing and new buildings. Onsite use of renewable energy would be incentivized 
through Customer-Si ted Renewable Energy Incentives (RCI-3). Improving the state's industrial 
competitiveness, Industrial Process Incentives (RCI-I I) enhances industrial activity and reduces 
carbon intensity through more efficient, productive and cost-effective operations. Given that 

6-9 



New York State Climate Action Council 
Interim Report 11-9-10 

most existing buildings will not be subject to code-mandated improvements, encouraging owners 
to voluntarily implement upgrades is vital to meeting New York's GHG emission reduction 
goals. 

Six additional supporting policies are critical to the successful implementation of the RCI 
statutory and voluntary policies. Investment and deployment of a trained workforce is a core 
component of the clean energy economy and will significantly contribute toward achieving the 
Stale's climate policy objectives. Workforce Training and Development (RCI-6) recognizes the 
need for effective development of a skilled workforce equipped with the knowledge, skills, and 
ability to directly meet the energy service demands of RCI-2, 3, 7, 8 and 11. New technologies, 
along with a well-trained workforce to support the design, installation and maintenance of those 
technologies, are integral to successful reduction of GHG emissions in New York. Research, 
Development, and Demonstration (RCl-9) recommends continued investment—coordinated 
activity by federal, State and private-sector entities—in the research, development, 
demonstration, and deployment (RDD&D) of next-generation technologies that will help the 
State achieve its 80 by 50 goal. These initiatives would accelerate the development and 
commercialization of new products and technologies that will enhance the State's ability to 
achieve the 80 by 50 goal at lower cost, while also stimulating a clean energy economy. 

Achievement of the State's climate action goals is dependent upon action by consumers to invest 
in energy efficiency and renewable energy equipment and infrastructure. Building upon the 
State's progress in this area. Education, Outreach, and Behavior Change (RCI-5) will increase 
consumer and State employee awareness of the benefits of clean energy, motivating immediate, 
and long-term action. Rate Restructuring and Flexible Metering (RCI-10) also recognizes the 
importance of providing real-time energy price signals to electricity customers and increasing the 
penetration of smart metering. Together, these policies enhance the energy savings information 
provided to consumers and State employees at the time of purchase or use. This would facilitate 
informed decisions that may have a long-term effect on energy consumption and bills, and 
provide a powerful incentive for retailers and manufacturers to provide products that satisfy 
consumer energy efficiency expectations. RCI-10 further explores electric rate structures that 
foster energy efficiency and renewable energy activities in RCl-2, 3, and 11, and encourage 
plug-in electric vehicle use, while promoting rate equity for vulnerable populations. Redesigning 
electric rates to vary by time of use for all electricity users and providing cost/use information to 
users on a "real-time" basis would enable customers to make informed decisions about when and 
how they can reduce their electricity use. 

Last, Efficiency and Clean Energy Fund (RCI-l) and Tax Structure and Private Financing (RCI-
4) work in unison to leverage public funding and private financing to fund the clean energy 
activities in RCl-2, 3, 5, 6, 7, 8, 9, and 11. Funds for incentives would be provided by RCl-l and 
other sources, such as federal and foundation grants and private co-funding. RCI-4 recommends 
that the State undertake a comprehensive review of the current tax structure and financing 
programs and their impact on current and future carbon reduction activities and identify policy 
options for future shifts to support carbon reduction activities. RCI-l and 4 recognize that 
dedicated and continuous funding is essential for the overall success of the RCI statutory, 
voluntary and supporting policy options and the attainment of long-term carbon reduction goals. 
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All of the RCI policy options have important co-benefits in terms of reduction of energy demand 
and the corresponding energy savings, bill reductions, improved occupant comfort, job creation, 
and clean air. 

Figure 6-9. Residential, Commercial/Institutional, and Industrial Policy Options 
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Energy Efficiency Incentives 3.0 17 120 -$29 -$0.3 
RCt-2 Combined Heat and Power (CHP) 

Incentives 0.2 1.1 7.1 $14 $2.0 

Solar Electric Incentives 0.7 3.3 22 $4,400 $200 
RCl-3 

Solar Thermal Incentives 0.5 2,8 21 $2,600 $130 

Bioenergy Incentives 5.1 5,1 84 -$5,100 -$61 

RCI-7 Enhanced Building Codes, Appliance 
Standards, and Enforcement 1.4 6.3 43 -$1,200 -$27 

RCI-8 Building Commissioning, Benchmarking, 
and Upgrades 2.3 3.3 34 -$790 -$23 

RCI-11 Industrial Process Incentives 1,2 2,6 26 -$2,500 -$95 
$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCOje = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

The numbering used to denote the above policy recommendations is for reference purposes only; 
it does not reflect prioritization among these important policy recommendations. The policy 
numbers that appear in this table are not consecutive because they reflect only those policies for 
which quantification has been completed and not all policies are amenable to quantification. 

Table 6 -1 . Summary of Electr ic and Fuel Sav ings 
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RCI-2 Energy Efficiency 
Incentives 5,300 32,000 22 130 58 360 2,700 8,900 

RCI-3 
Customer-Sited 
Renewable Energy 
Incentives (Scenario #2) 

2,300 11,000 60 83 230 340 

RCI-7 

Enhanced Building 
Codes, Appliance 
Standards, and 
Enforcement 

2,000 9,500 11 51 36 160 1,100 5,100 

RCt-8 
Building Commissioning, 
Benchmarking, and 
Upgrades 

3,200 4,900 16 23 50 68 630 860 
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RCI-11 
Industrial Process 
Incentives 230 460 14 54 120 3.900 8,700 

BBtu = billion British themial units; GWh = gigawatt-hour; BCF = billion cubic feet; GGE = gallons of gasoline 
equivalent. 
Totals may not sum exactly due to rounding. "Other Fuels' estimates do not include increased use of bioenergy 
feedstock. 

Figure 6-10. Estimate of Cost and GHG Emissions Reductions for RCI Policy Options 
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Additional economic analyses need to be conducted to assess macroeconomic impacts and co-benefits. 
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Policy Summary 

New York should aggressively update and consistently enforce the State Energy Conservation 
Construction Code (SECCC or State Energy Code), and provisions of the Uniform Fire 
Prevention and Building Code (such as water conservation) that have an energy impact. In 
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addition to the State-mandated base code (SECCC), local municipalities should be given the 
choice to adopt a State-set stretch code,^ as recommended in the 2009 State Energy Plan. 

The prescriptive SECCC should increasingly become performance-based and include sustainable 
and whole building design provisions through the adoption of International Energy Conservation 
Code (lECC), the International Green Construction Code, and the National Green Building 
Standard (International Code Council [ICC] 700)/ 

To facilitate code compliance, the State should establish a flexible framework by 2015 that 
allows municipalities, which often lack the necessary resources or expertise, to enforce codes 
through inter-municipal and county-level agreement or through the services of privately 
operated, accredited or licensed third-party oversight entities. Third-party certification, training, 
and project-certification fees could help fund code compliance activities. 

Currently, the State Energy Code applies to building renovations that involve replacement of 50 
percent or more of a building subsystem ("Fifty Percent Rule"), and the ability to amend the 
State Energy Code is contingent on obtaining a study to confirm that the cost of compliance with 
the amended code will be paid back through energy savings in ten years or less ("Ten Year 
Payback"). Abolishing the Fifty Percent Rule and Ten Year Payback legislative mandates would 
help the State achieve American Recovery and Reinvestment Act (ARRA)-required rates of code 
compliance, ensure that each renovation activity that triggers a building permit also triggers an 
appropriate level of compliance, and enable the timely adoption of new energy conservation 
measures. 

As specified under Article 16 of the Energy Law, the State should also continue to establish and 
update energy efficiency performance standards for appliances and products that are not 
federally preempted. For those appliances and products with federal preemption, the State should 
lobby the federal government to increase those performance standards. 

This policy option should be re-evaluated and adjusted in 2020 and 2030 to take into account the 
future evolution of codes and appliance standards as well as economic development 
opportunities. 

Quantification 

The policy scenario quantified by the Technical Work Group includes the following: 

Transition to perform a nee-based codes: The State should work with model code development 
organizations, like the ICC, to develop a performance-based international model energy code by 
2021, which New York could adopt by 2023. 

^ Article 11 of the Energy Law allows municipalities to adopt and enforce a local energy conservation construction 
code more stringent than the Energy Code. Such programs are referred to as stretch codes. 

' Performance-based codes provide architects and engineers with the flexibility to meet requirements while attaining 
higher efficiency. 
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New and existing buildings: The base and stretch codes are a specified percentage more 
efficient than current code, defined as the lECC 2009 with State Code Council approved 
modifications: 

Table 6-2. Base and St re tch Codes fo r New and Ex is t ing Bu i l d ings 

i^^i^ 
2020 

2030 
2050 

lia^c^i 
50% 
60% 
70% 

m^m^o^^ 
60% 
70% 
80% 

Given the available information on future code update trends, New York's base code scenario 
appears to lead or be on par with federal and other states' code efforts, e.g., Florida and 
Massachusetts, with the exception of California's goal for net-zero energy buildings by 2030. 
However, New York's proposed stretch code scenario represents a smaller increase between 
stretch and base code, compared to states that utilize stretch codes, like Massachusetts. 

Existing buildings would be subject to energy efficiency upgrades, and the corresponding code 
compliance requirements, through the following: 

• Building Commissioning, Benchmarking, and Upgrades (RCl-8) mandated 
benchmarking requirements, which may be triggered at the time of sale of a building or in 
conjunction with periodic energy audits 

• Voluntary building renovation or alterations, which may be triggered when a building 
owner applies for a building permit 

Code updates and compliance: The State would accelerate updating its codes to every three 
years. This would be coordinated with the latest edition of international codes, so that the 
SECCC and Uniform Fire Prevention and Building Code would be updated within 18 months of 
international code publication. Further, code compliance is assumed at 90 percent in 2017, as 
required by the ARRA, increasing to 95 percent in 2030. 

Appliance standards: The State should review the energy efficiency performance standards for 
products that are not federally preempted every five years and update them as needed. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by dollars per metric ton of carbon dioxide equivalent [$/t COie]) for 
the policy scenario, which did not include Appliance Standards, are presented below. 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 
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Special Considerations 
• The State Energy Code should accommodate all building types and apply energy efficiency 

performance thresholds that are appropriate to an aggregated building classification 
framework, e.g., residential, commercial, institutional, versus industrial buildings, and new 
versus existing buildings. The State should also explore requiring government owned and 
operated buildings to meet this policy's scenario. 

• To avoid discouraging building renovations, the State should consider establishing a 
regulatory "ability to pay" relief mechanism that adjusts the required level of "incremental" 
retrofit when owners of existing buildings and affordable housing have demonstrated that 
they would suffer extreme financial hardship through satisfaction of the required retrofit 
work. 

• Building codes and siting guidelines should include adaptation considerations, such as 
placing buildings and other facilities away from projected flood zones and favoring designs 
and materials appropriate for future climate conditions, to help make New York's 
communities resilient to climate change. 

• Workforce Training and Development (RCl-6) will be critical to the successful 
implementation of this policy. The continued development and demonstration of efficient 
and renewable energy technologies, as outlined in Research, Development, and 
Demonstration (RCl-9), will work to help building owners reduce costs to achieve code 
compliance and maximize co-benefits such as reductions in harmful air pollutants. 

• This policy option could have a direct positive effect on jobs through the required code 
compliance activities and training. In addition, the flexible code compliance framework 
facilitates municipal compliance activities while reducing home rule concerns. Lastly, 
under the flexible code compliance framework, third-party certificafion, training, and 
project-certification fees should be considered as a potential revenue source for New York 
State. 

»^.im.:m^^!^am^^M3^:f^i^,m^im^mhti.^yA-.: -- •IS:^^:- ' ' . :-^;; ' ,^;^^;. 
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Policy Summary 
The State could mandate, through legislation, that all private buildings greater than 50,000 
square feet or public buildings greater than 10,000 square feet publicly report their annual energy 

Commissioning is the systematic process of verifying that newly installed building systems perform interactively 
according to design intent, that they meet the operational needs of the owners and occupants, and that staff 
responsible for operation and maintenance are sufficiently trained. Retro-commissioning is defined as the same 
activities as commissioning, but applied to existing building systems. 

^ Benchmarking, which entails the public issuance of a building's energy consumption, indexed against buildings of 
comparable size and use, would provide information regarding a building's energy use to building owners and 
managers, prospective tenants and prospective purchasers, thereby increasing the incentive for building owners and 
managers to reduce energy consumption. 
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and water benchmarking scores using the ENERGY STAR internet-based benchmarking tool 
(Portfolio Manager). For the aforementioned-sized "covered" existing buildings, this policy 
recommends the following; 

• Performing an energy audit every ten years by an energy auditor; 

• Retro-commissioning and installing all energy efficiency measures identified in the energy 
audit that have less than a seven-year payback, within five years of completing the energy 
audit; 

• Commissioning of new buildings of the aforementioned size during the design and 
construction process by a certified commissioning agent. 

The State could also mandate, through legislation, the following: 

• Every new one- to four-family home should receive a Home Energy Rating System 
(HERS) rating or an equivalent energy efficiency scoring methodology from a qualified 
rater. Each new home should obtain a legislatively-established rating to indicate that it 
meets minimum energy efficiency standards. 

• Every existing one- to four-family home sold in the State should receive a HERS rating 
from a qualified rater and that the rating should be disclosed to all prospective buyers. 

Quantification 
The policy scenario quantified by the Technical Work Group includes the following: 

• By 2020, 50 percent of all one- to four-family homes sold in the State will receive a 
HERS rating, increasing to 100 percent by 2030. 

• By 2020, 100 percent of covered private buildings and 50 percent of covered public 
buildings will routinely file benchmarking reports, increasing to 100 percent of covered 
buildings by 2030. 

• By 2020, 50 percent of covered private buildings and 25 percent of covered public 
buildings will have completed commissioning or retro-commissioning, energy auditing 
and installation of cost-effective retrofits resulting in an average of 20 percent reduction 
in total energy use for participating buildings, increasing to 75 percent of covered private 
buildings and 50 percent of covered public buildings by 2030. 

The policy scenario does not include the costs and benefits of the HERS rating on one- to four-
family homes. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by $/t C02e) for the policy scenario are presented below. 
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$/tC02e = dollars per metric ton of cartjon dioxide equivalent; GHG = greenfiouse gas; MMtCOae = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

Special Considerations 
• There is uncertainty about whether the predicted energy, carbon, and cost savings of this 

policy will be achieved. Incorporating rigorous evaluation, monitoring, and verification 
into the policy design from the start would directly address this concern. 

• A further uncertainty is the impact of the affected building owners. The policy creates the 
potential to significantly improve the energy efficiency of buildings occupied by businesses 
in New York, reduce their operating costs, improve health and safety of work 
environments, and increase property values. However, the new policy requirements could 
require capital commitments from building owners, and owners may have concerns with 
their energy usage information being made public. Coordinated with Education, Outreach, 
and Behavior Change (RCI-5), effective outreach to educate building owners on the 
programs and their benefits will be needed to effectively implement this program. Access 
to funding for studies and capital for the installation of energy efficiency measures are 
issues that should be coordinated with policies, such as Energy Efficiency Incentives (RCl-
2) and Tax Structure and Private Financing (RCI-4). 

• The State should consider establishing limited exceptions to the benchmarking 
requirements for specific building types not currently in Portfolio Manager or if business-
sensifive information would be publicly disclosed. 

• This policy opfion could have a direct positive impact on jobs through the required 
benchmarking and commissioning acfivities, energy audits, and installation of energy 
efficiency measures. 
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Policy Summary 
This policy option would provide energy efficiency incentives that address building stock in 
New York, including existing homes, businesses, and industry, as well as all new construction. 
The policy and its scenario are both constrained and informed by the current economic 

10 potential of energy efficiency. That potential will be re-evaluated every three years with a 

'° Technical potential for efficiency and renewable energy represents the theoretical outer bounds of the resources 
physically available for exploitation, without any regard for cost or market acceptability. Economic potential for 
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concomitant re-setting of efficiency scenario and re-examination of energy efficiency program 
offerings to achieve them. 

The role of this policy is to provide incentives for owners of existing buildings to undertake 
renovations that bring buildings above current code compliance such that the rate of building 
renovation is accelerated above the norm, and for owners of existing buildings that meet the 
current State Energy Code to install efficiency measures that provide additional energy savings 
up to the economic potential. The presumption under this policy is that Building Codes, 
Appliance Standards, and Enforcement (RCI-7) aggressively ramps up code requirements so that 
new construction energy savings would be captured under RCl-7's quantified savings. 

A whole-building, integrated analysis approach will be used to identify efficiency measures that 
could be installed in existing buildings to achieve the economic potential, including building 
envelope, lighting, HVAC (heafing, ventilating and air conditioning), insulation, monitoring or 
control systems, plug-load, and CHP (combined heat and power). Onsite renewables providing a 
portion of the buildings' electricity load, industrial process efficiency and building 
commissioning would be incentivized through other RCI policy actions. R&D incentives would 
accelerate the development and commercialization of new, lower cost, higher performance 
products and technologies. Supporting policies include Education, Outreach, and Behavior 
Change (RCI-5), Workforce Training and Development (RCI-6), and Rate Restructuring and 
Flexible Metering (RCI-10). 

The policy incentive structure is in the form of loans and direct payments to buy down the cost of 
installed efficiency measures. Funds for the incentives will be provided by Efficiency and Clean 
Energy Fund (RCI-1) and other sources, such as federal and foundation grants, and corporate 
contributions. Participants in the incentive programs would provide co-funding for their projects. 

Quantification 

The policy scenario quantified by the Technical Work Group includes full achievement of the 
economic potential for energy efficiency in New York's buildings. The following schedule of 
energy savings was assumed for this scenario; these reductions represent savings available after 
implementation of'15 by 15,' RCl-7 and RCI-8: 

Electric efficiency savings: 5,300 gigawatt-hours (GWh) by 2020 and 32,000 GWh by 2030 

Fuel efficiency savings: 32 trillion Brifish thermal units (TBtu) by 2020 and 170 TBtu by 
2030 

The scenario also assumed that the policy would lead to additional Combined Heat and Power 
generation capable of producing 890 GWh/year in 2020 and 4,600 GWh/year in 2030. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by S/tCOie) for the policy scenario are presented below. 

efficiency and renewable energy is the amount of technical potential available at technology costs below the current 
projected costs of conventional energy that these resources would avoid. 

6-19 



New York State Climate Action Council 
Interim Report 11-9-10 

Energy Efficiency 

TiMMteole)!;^^ 

17 

Eo1Iir2ll 

120 

• Netj Present^Vatu'^ 
^i^MSa vi ng8> »-;s 
^pMllllo*n;$). Ml 

-$29 

^'-Snvii SavingS'per Avoided 
^* "^Emissions 
, iTOtCO^e) 

-$0.3 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCOae = million metric tons 
of cartjon dioxide equivalent. 
Negative values represent savings. 

Combined IHeat and Power 

1.1 7.1 

NetiPrese ntiVal ue. 

(Miifion;!, 

$14 

%<Co8tper Avoided 
- ' i^^Emlsslons ,. 

$2.0 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

Special Considerations 
• The policy will define strategies to stimulate owners of existing buildings to make energy 

efficiency improvements that meet the current code at a minimum. Consistent with RCl-7, 
this action presumes new construction will meet code-mandated efficiency levels, but given 
voluntary code triggers for existing building stock, most existing buildings will not be 
subject to code-mandated improvements. In such an environment, building owners may be 
content to maintain the status quo unless significant energy savings and short-term 
paybacks from renovations are possible. In low-income, high-density communities, where 
problems with basic maintenance and upkeep of residential buildings are not uncommon, it 
will be even more challenging to ensure that building owners invest in code-mandated 
improvements. Targeted mechanisms for incentivizing action in these communities may be 
needed. 

• The policy could consider a set of incentives for renovating existing buildings to exceed 
current code. The incentives for exceeding code are intended to help the State achieve a 
goal of obtaining all economic potential, which is the "gap" between the then current code 
(baseline) and the economic potential. Creative incentives are needed to reach the 
economic potential as some fraction of this potential is not achievable without them. This 
policy recognizes that as codes become increasingly aggressive, the difference between 
incenfivized and code mandated efficiency levels will correspondingly shrink. 

• Consistent with the "ability to pay" relief mechanism outlined in RCl-7, the State could 
explore establishing tandem scaled incentives for owners of existing buildings and 
affordable housing that face extreme financial hardship upgrading their buildings. 
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As the State designs its incentive structure, it is encouraged to consider the savings to the 
end-user, the societal benefits of reduced GHG reductions as well as the co-benefits to New 
York, such as reduced energy demand, offsetting the need to site and build energy 
infrastructure, and reduced health care costs associated with improved air quality. This 
policy could have a direct positive co-benefit on jobs based on energy audits and increased 
installation and maintenance of energy efficiency measures. Properly installed energy 
efficiency measures, in accordance with a whole building approach, can also help building 
owners reduce their energy bills and increase occupant comfort. 

Policy Summary 
The use of renewable energy resources to meet energy service demands offers a number of 
benefits including the production of electricity without emissions of GHGs. As outlined in the 
2009 State Energy Plan, New York State should continue to support the use of a diverse portfolio 
of customer-sited renewable energy technologies. However, given the magnitude of the 80 by 50 
challenge and the required scale of low-carbon energy production, this policy design focuses on 
increasing the use of New York's solar and bioenergy resources to meet consumer energy needs. 

There are a number of potential policy mechanisms that would further encourage the use of 
renewable energy systems in New York. These mechanisms can be organized into five broad 
categories (many of which are currently in use at the state and federal levels): (I) up-front 
payments, (2) performance payments, (3) tax policies, (4) financing policies, and (5) supporting 
policies. New York State could expand the use of the existing mix of policy mechanisms, which 
include up-front and performance payments coupled with tax and financing policies. For solar 
thermal applications, the existing programs could be expanded to include incentives for 
displacing fossil fuels currently used for heating space and water. As the installed price of solar 
technologies continue to decline, policy can transition away from up-front payments and focus 
on financing policies. While performance-based policies using solar renewable energy credits are 
not currently in use, New York could explore the potential use of these mechanisms given their 
wide-spread use in other states and the European Union. 

Quantification 
The Technical Work Group explored two scenarios that set different targets for solar energy use 
and also included use of bioenergy, as provided under AFW-2, to displace heating fuels. The 
scenarios assumed al! bioenergy use would consist of direct combustion of solid biomass, e.g., 
wood pellets; however, liquid biofuels, e.g., biodiesel, could also provide meaningful carbon 
emission reductions. 

The first policy scenario: 

Solar Electric: 1,000 megawatts (MW) by 2020 and 3,000 MW of customer-sited solar electric 
by 2030. (Additional policy options to support solar electric investments at the utility scale 
are addressed in Chapter 5 Power Supply and Delivery). 
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Solar Thermal: 2,000 megawatts, thermal (MWth) by 2020 and 4,000 MWth by 2030 

Bioenergy: By 2030 utilize 90 TBtu of sustainable bioenergy resource (See AFW-2 for further 
discussion). 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by $/tC02e reduced) for the first policy scenario quantified by the 
Technical Work Group are presented below. 

Scenario 1: Solar Electric 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

The second scenario; 

Solar Electric: 2,100 MW by 2020 and 9,700 MW by 2030 

Solar Thermal: 2,000 MWth by 2020 and 15,000 MWth by 2030 

Bioenergy: Same as the first scenario. 
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The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by S/tCOie reduced) for the second policy scenario quantified by the 
Technical Work Group are presented below. 

Scenario 2: Solar Electric 
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of carbon dioxide equivalent. 
Negative values represent savings. 

Special Considerations 

• As compared to the generation of electricity and the provision of heat using fossil fuels, 
most renewable energy technologies avoid the production of harmful air pollutants (such as 
oxides of nitrogen, particulate matter, and hydrocarbons), increase system security of 
energy supplies by reducing energy imports, and reduce energy price volatility in the long-
term. Customer-sited distributed generation increases reliability by lowering peak demand 
and relieving transmission and distribution bottlenecks in the electricity generation system, 
and use of in-state renewable resources also creates jobs, income, and economic 
development opportunities for New York State. Finally, early investment in emerging 
technologies will contribute to lowering the price of such technologies so that they can be 
more competitive in the future. 
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Distributed renewable energy technologies are available in the marketplace and can be 
deployed without overcoming some of the significant siting barriers that slow the 
installation of large-scale low-carbon technologies such as wind turbine farms and nuclear 
power plants. 

The cost of solar energy technologies is forecasted to decrease over time. As this cost 
changes, incentive levels will need to be adjusted to maximize the use of public funds. 
Future analysis should be conducted to evaluate the cost and benefits of solar electricity 
generation under a real-time (time-of-use) pricing regime. 

There is considerable uncertainty surrounding carbon-accounting of bioenergy pathways 
given differing methods for modeling and measuring the release of carbon during land 
conversion processes and the rate of carbon uptake as new biomass is grown. As new 
methods and findings are published by organizations such as the U.S. EPA, the benefits 
associated with bioenergy use will need to be reevaluated. 

This policy depends on funding and financing policies as outlined in Efficiency and Clean 
Energy Fund (RCI-l) and Tax Structure and Private Financing (RCI-4). Eventually, codes 
may require the use of distributed renewable energy depending on the transition to a 
performance based system, as discussed in Building Codes, Appliance Standards, and 
Enforcement (RCI-7). Workforce Training and Development (RCl-6) and Education, 
Outreach, and Behavior Change (RCI-5) will be critical to the successful implementation of 
this policy. The continued development and demonstration of clean and efficient renewable 
energy technologies as outlined in Research, Development, and Demonstration (RCI-9) 
will work to both reduce costs and maximize co-benefits such as reductions in harmful air 
pollutants. 
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Policy Summary 
Voluntary incentive programs would be established to reduce the carbon intensity of industrial 
operations within the state, while fostering increased industrial activity through programs that 
result in more efficient, productive and cost effective operations. These programs would be 
available to both existing facilities and new facilities and processes, particularly those new 
industrial facilities involved in the clean energy economy. These programs would complement 
the Cap and Invest Program (PSD-6) if industrial sources are included in that program. 

The policy option would establish a voluntary program, similar to existing energy efficiency 
programs, which provides technical assistance and financial incentives. Similar to Leadership in 
Energy and Environmental Design (LEED), the voluntary program would also provide 
recognition to industrial facilities that have met defined targets for reduction of their carbon 
intensity on a per-facility basis. The programs would include, but are not limited, to: 

• Efficiency measures, including building energy efficiency, process optimization, water 
usage minimization, minimization of waste generation, e.g., solid wastes and wastewater; 
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• Adoption of advanced process technologies, including electro-technologies, which result 
in an immediate net reduction in carbon intensity; 

• Installation of CHP systems; 

• Waste heat capture and reuse, either onsite, including the production of electricity from 
waste heat (bottoming cycles), or shared with neighbors through district energy systems; 

• Application of renewable energy systems, including the use of renewable fuels. 

Quantification 
The policy scenario quantified by the Technical Work Group includes a reducfion in statewide 
carbon intensity, defined as carbon dioxide-equivalent (COie) per industrial Gross State Product, 
of 15 percent by 2020 and 30 percent by 2030. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by $/tC02e) for the policy scenario are presented below. This is one 
of the more cost-effective policy options considered for this sector. 
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S/tCOae = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCC2e = million metric tons 
of carbon dioxide equivalent; N/A =not applicable; R&D = research and development. 

Negative values represent savings. 

Special Considerations 
• If not properly designed and absent other economic development programs, state-level 

GHG reduction mandates applied to energy-intensive industries that are subject to 
interstate or international competition, could be a factor in industry decisions to relocate 
to other locations, which could lead to the loss of employment in the state with no 
reduction in global GHG emissions. If well-designed cap-and-invest and other mandatory 
programs are implemented, complementary incentive programs can provide an effective 
stimulus for plant improvements that increase efficiency and reduce emissions. Similarly, 
if nafional policies are put in place that limit industrial GHG emissions either through 
emission controls or cap and trade mechanisms, state-level incentive programs will still 
be needed to ensure that investments in new and upgraded facilities are made in New 
York instead of other locations. 

• Improved efficiency of an industrial facility tends to result in improved economic 
viability and job growth/retention. The incentives offered by the programs will only 
cover a portion of the total cost of the GHG reduction measures. The industrial facilities 
will need to provide the remaining capital requirements. 

• Commencing in 2011, federal new source review requirements will apply to GHG 
emissions from new or modified industrial sources. Those requirements are likely to 
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require new or modified sources to utilize highly efficient processes and incorporate 
energy efficiency measures into their design. 

The make-up and size of industry in New York State in the future are difficult to predict, 
as are the products that those industrial facilities will produce, and the processes that will 
be employed. 

'̂ SlES 

Policy Summary 

The effective development of a skilled workforce equipped with the knowledge, skills, and 
ability to directly meet energy service demands is an enabling policy effort. Workforce training 
and development is primarily intended to improve producfivity (quality of production output) by 
improving the knowledge, skills, and abilities of the workforce. 

Workforce training and development is primarily intended to improve productivity (quality of 
producfion output) by improving the knowledge, skills and abilities of the workforce. This 
bundle will examine the following current workforce development strategies and programs: 
energy efficiency; customer-based clean and renewable energy resources; power supply and 
demand; smart grid; codes and standards; agriculture, forestry, and waste; transportation; 
manufacturing; and other related areas. Opportunities to prepare and expand upon current 
workforce training, continuing education, credentialing, licensing, on-the-job training, 
recruitment, and job placement efforts will be idenfified. The following initiatives will be the 
focus: midstream decision makers and building professionals in the residential, multifamily, and 
commercial/institufional building sectors; industrial, power systems, and manufacturing 
engineers and skilled technicians; bio-refinery, upstream, or feedstock production training related 
to biomass energy, as well as downstream training for conversion facility personnel; integrated 
farm management processes and systems; forest management focusing on upstream workers and; 
waste reduction, recycling, and composting. 

Workforce training and development implementation mechanisms require a coordinated effort 
across State agencies, such as the work of the State Energy Technology Partnership to define the 
characteristics of the future workforce based on demographics (languages spoken, age, 
educafional level, location), expectations for displaced workforce due to shrinking job sectors, 
and expectations regarding communities in need. New York State Department of Labor 
(NYSDOL) actions include identifying those industries critical to meefing the 80 by 50 goal, 
determining the areas that currently lack or will soon lack sufficient numbers of adequately 
skilled workers, and defining the training needs to move that workforce into green energy career 
pathways. 

The Technical Work Group has established a policy scenario to further encourage a stronger 
workforce responsive to needs of the clean energy economy: (I) quantify the training needs in 
terms of the number of individuals to be trained and dollars to be spent on workforce 
development activities; (2) establish a process for early identification of these new needs, 
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defining the training and education needs, developing training curriculum and certifications, and 
delivery of the same; (3) define the characteristics of the future workforce based on 
demographics, expectations for displaced and underemployed workers as well as others who 
have faced barriers to equal employment opportunities due to shrinking job sectors, and 
expectations regarding communities in need, and define the training needs to move that 
workforce into the green energy career pathway; (4) better define the career ladders and training 
needed to advance the clean energy economy; (5) identify the education and training needs for 
green professionals; (6) ensure the educational system supports the development of green career 
training; (7) make workforce training and development investments to address skill shortages in 
the energy efficiency labor market that will significantly contribute toward achieving the 80 by 
50 goals and maximize the use of public resources; and (8) commit to train building 
professionals involved in the clean energy field to reach 35 percent of these participants by 2020, 
and 70 percent by 2030. 

Quantification 

This policy was not quantified; however, studies have shown quantifiable energy and emissions 
reductions benefits from training participants directly involved in efficiency work. 

Special Considerations 

• An unskilled workforce poses a significant potential risk of compromising the State's 
ability to achieve carbon reduction goals. If one assumes that about 20 percent of the 
performance of measures is attributable to the ability of the workforce to properly 
analyze, design, install, and maintain systems, then the absence of a trained workforce 
could reduce the potential environmental benefits by a similar amount. This policy, along 
with policy mechanisms outlined in Education, Outreach, and Behavior Change (RCl-5) 
will be critical to the successful implementation of most policy initiatives under the New 
York State Climate Action Plan. 

Environmental justice (EJ) stakeholders have strongly endorsed the following principles with 
respect to "green jobs" workforce development initiatives: 

They should include strong Minority and Women-owned Business Enterprise contracting and 
hiring standards. 

Whenever possible and feasible, they should incorporate I) a community-based delivery 
system that establishes and funds local groups as hubs for the program to generate 
homeowner interest and develop training-to-jobs networks, and 2) local environmental 
and community-development goals whenever feasible. 

o The future workforce will be different from today's workforce in many 
ways. Data from the U.S. Department of Labor's Bureau of Labor Statistics 
(BLS) and the U.S. Census implies that the workforce will suffer a shortage in 
well-educated, highly skilled workers due to the retirement of the baby boomers; 
the projections from this data extend to the year 2018. However, many factors, 
such as potential changes in immigration and education policy, make it difficult to 
confidently predict the demographics and training needs of the workforce in the 
long term. In the short term, NYSDOL receives confinuous updates on the state of 
the workforce through projections from BLS and the Census, unemployment 
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insurance data, layoff notices, and services through the One-Stop Career 
Centers. These projections and updates can inform future initiatives. 

A skilled workforce will have a positive impact on the State's industrial 
competitiveness and promote economic development activities. 

Policy Summary 

The State would conduct a thorough review and evaluation of existing academic and market 
research and engage the academic community to better understand New Yorkers' attitudes and 
behaviors as they relate to energy decision making. Building on this research, which will drive 
program design and implementation both at the onset and duration of this policy, the State would 
create market-based and educational approaches that inform end-users and encourage reduction 
of energy use, energy efficiency, and renewable energy. The State would also ensure that the 
outreach, education, and marketing efforts reflect best practices in terms of design and delivery, 
and are properly integrated, coordinated, and evaluated. Incorporating state-of-the art behavioral 
change tools and principles, the State would pilot test these market-based and educational 
approaches and establish evaluation methods to analyze the success of these pilots before 
programs are rolled out on a regional or statewide basis. Regular evaluation would also occur 
through the program's duration to gauge the policy's effectiveness. 

This policy option would develop methods and incentives to increase consumer awareness and 
understanding of the benefits of reduced energy use, and to 1) motivate people to take immediate 
energy efficiency action, and 2) bring about fundamental change in attitudes that will result in 
long-term behavior change related to energy efficiency and renewable energy. This policy 
recommends focusing efforts on several key areas: 

Changes in retail sales and stocking preferences in New York State through a statewide 
training program to educate and train all retailers on how to effectively sell energy-
efficient and renewable energy products and plug-in electric vehicles. The training could 
include introduction to new product standards and specifications; understanding product 
life cycle costs and efficiency measurements; and other topics related to selling energy-
efficient and renewable energy products and plug-in electric vehicles. 

Changes in education and testing through I) a New York school district educational 
initiative that would facilitate the full integration of energy efficiency and GHG emission 
information into current curriculum and testing at all levels, and 2) a State employee 
Lead-by-Exampie educational initiative that would require all State employees to 
complete energy efficiency and sustainability training as a condition of employment. 

Expansion of education of energy consumers with outreach programs and provision of 
tools that provide more detailed and frequent information and feedback on energy use to 
help consumers make more efficient and effective use of energy resources, and 
encouraging plug-in electric vehicles. New York could explore expanding the scope and 
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funding for statewide consumer educafion programs and electronically accessible energy 
efficiency tools and resources for all fuels. 

A multimedia approach could include TV, print, radio, web, and collateral materials as well as 
community-based outreach to reach diverse audiences across the state, including low-income, 
senior, and environmental justice communities. 

The Technical Work Group identified the following targets as appropriate given the magnitude 
ofthe 80 by 50 challenge: 

Retail 
Retail workforce training: The percentage of New York retail stores where management will 
have implemented employee training: 80 percent by 2020; 100 percent by 2030. 

Sales and stocking: The percentage of energy-efficient products sold and stocked by New York 
retailers above national baseline: 7 percent by 2020; 12 percent by 2030. 

Education 
School district; The percentage of New York school districts (K-12) reached with integrated 
education programs about energy efficiency and broader sustainability issues: 70 percent of 
public school districts by 2020; 100 percent of public school districts by 2030; 100 percent of 
private and at-home school systems by 2030. 

State employee training (lead-by-exam pie); The percentage of New York employees receiving 
energy efficiency and sustainability training with a refresher course every two years: 50 percent 
by 2012; 100 percent by 2015. 

Behavior 
Implement clearinghouse of tools by 2012, expanding upon existing clearinghouses. Update and 
revise statewide education programs to refiect state-of-the art best practices, including behavioral 
changes approaches, every three years. 

Quantification 
This policy option has not been quanfified. 

Special Considerations 

• Several key uncertainties include measuring the impacts of behavior change programs 
and tools mofivafing end-users to change their procurement habits, particularly in 
unreached communities; fully integrating climate and energy information into evolving 
school curriculums; temporal changes in energy consumption and use patterns; and the 
duration and magnitude ofthe current fiscal crisis and its impact in program budgets, 
retail establishments, and end-user finances. 

• In EJ communities, in particular, stakeholders maintain that lasting behavior change 
emerges from sustained local dialogue and assistance provided by respected opinion 
leaders. Setting standards and programmatic guidelines that promote or integrate 
community-led capacity-building may be critical to the success ofthe proposed behavior 
change programs. These kinds of approaches could help ensure that the proposed energy 
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efficiency programming reaches the scale needed to address climate impacts while 
simultaneously promoting community centered job development. 

This policy option could help end-users save on energy bills, and, correspondingly. New 
York employees reduce state operational costs, which, in turn, may facilitate economic 
growth. 

See Chapter 10 for a complete presentation of Research, Development and Demonstration needs 
for this sector. 

Policy Summary 

Building upon current initiatives, this policy option would focus on expanding use of more 
effective, dynamic price signals and providing in-home displays that show detailed electricity 
usage information to electricity customers as well as home automation, increasing customer 
engagement and intelligent vehicle charging. The desired result is an overall reduction in 
monthly electrical usage, shifting electrical usage to off peak periods, and encourage demand 
response activities. 

The policy option recognizes that rate structures must evolve as conditions change. For example, 
alternative metering and pricing regimes may be needed in the near term to provide a clear 
regulatory and pricing environment to encourage the widespread market penetration of electric 
vehicles. This policy would be implemented through the following mechanisms: 

Legislation and Regulations 
Time-of-use pricing: After full implementation ofthe current policy of mandatory day-ahead 
hourly pricing for large commercial customers, explore expansion to small commercial and enact 
legislation that permits the Public Service Commission to implement mandatory time-of-use 
pricing for residential customers upon finding that it is beneficial and in the public interest to do 
so. Absent legislation, the State could explore voluntary residenfial real-time pricing opfions. 

Net metering: Improve and evolve net metering regulations to facilitate installation of renewable 
distributed generation and CHP resources that provide carbon reduction benefits. 

6-30 



New York State Climate Action Council 
Interim Report 11-9-10 

Smart Meters 
Consumption information: Install smart meters and feedback tools; e.g., in-home displays, to 
convey price and consumption data, and implement rate structures, potentially including critical 
peak pricing or peak-time rebate programs, that encourage reductions in peak usage and shifting 
of usage to off-peak hours, along with public education and outreach programs in RCI-5 and 
energy efficiency activities in RCl-2. 

Assessments and Surveys 
Smart grid, smart metering, and plug-in electric vehicles pilot program design: Conduct a 
survey and assessment of smart grid and smart metering pilot programs, including rates and 
metering for plug-in electric vehicles, to determine the need for further in-state pilots, and to 
determine best practices and programs suitable for adoption in New York. Based on findings and 
analysis, the State could develop and implement New York-specific pilots or targeted programs. 

Smart meter cost-benefit analysis: Perform a sector-based benefit-cost analysis of 
implementing smart meters and initiate an assessment of available consumption and feedback 
options; e.g., commercial and industrial meter data dashboards and in-home displays. Based on 
findings and assessment, the State will determine the extent to which smart meters could be 
deployed within New York. 

Submetering best practice.' Conduct a sector-based survey of regional and national best 
practices for submetering to assess applicability and opportunities for the State. Investigate 
extent to which such best practices can help support other subgroup policies, such as Energy 
Efficiency Incentives (RCI-2), which address barriers to energy efficiency, e.g., landlord-tenant 
split incentives, benchmarking, and monitoring based commissioning. 

Carbon impacts and demand response: Conduct a survey and assessment of carbon impacts 
associated with various rate options and demand response thai encourage reductions in peak 
usage and shifting of usage to off-peak hours. 

Quantification 
This policy was not quantified. 

Special Considerations 
• Some key uncertainties that could significantly affect the implementafion of this policy 

include: (1) the timing and likelihood of mechanisms to incorporate the price of GHG 
emissions into energy prices and the energy sources to which such mechanisms will 
apply; (2) the timing of broad market adoption of electric vehicles and electric building 
heating systems; (3) the development of new low- or zero-carbon sources of electricity 
production and the associated costs; (4) whether the recommended legislation and 
regulations would be enacted; and (5) uncertainty with regard to the degree to which 
consumers will alter their consumption in response to prices. The State could study the 
relationship of carbon impacts on consumption patterns; e.g., reduced on-peak and 
increased off-peak demand. 
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Increased use of time-of-use pricing, and other rate and demand response options, could 
lower critical peak usage in New York City, which is expected to reduce the hours that 
higher emitting, electric peaking generating units run. 

The State could explore residential rate designs and rate mechanisms that foster energy 
efficiency, promote rate equity for vulnerable residential populations, such as low-income 
households, and encourage plug-in electric vehicle use. 

Policy Summary 

This policy option would create a Efficiency and Clean Energy Fund to further the State's long-
term efforts toward its 80 by 50 goal, building upon the State's current near-term efforts to 
implement 45 by 15. The purpose ofthe Fund is to facilitate investment in electricity, natural 
gas, propane, fuel oil, thermal energy, and district heating energy efficiency and onsite 
renewable energy options using a "whole-building" approach. A whole-building approach 
involves implementing fuel-neutral, integrated steps to meet energy requirements. In addition, 
adaptation of building energy capabilities for new technologies and uses, such as electric 
transportation, may also be considered in developing the fund. 

Through legislation, the State could possibly establish a Efficiency and Clean Energy Fund by 
2015 that consolidates current funding streams (e.g., the Systems Benefit Charge [SBC], Energy 
Efficiency Portfolio Standard [EEPS], Renewable Portfolio Standard [RPS], Regional 
Greenhouse Gas Initiative [RGGI], weatherization) and be combined with new revenue sources 
such as oil and propane public-benefit surcharges and code-based user charges. The legislation 
would recognize that dedicated and continuous funding is essential for the overall success ofthe 
individual programs and the attainment of long-term carbon mitigation strategies. The Fund 
could be designed to support the entire spectrum of energy efficiency and clean energy product 
and service development; from research and analysis through technology development and 
demonstration through business and market development through market commercialization and 
adoption to standardized practice. 

A governing structure, headed by a Coordinafing Council, would be established to provide 
common administration and funding distribution ofthe State's energy efficiency, renewable 
energy, and low-carbon programs. Comprised of Slate agencies and authorities, this 
Coordinafing Council would have the flexibility to modify funding distribufions, as needed, to 
take advantage of evolving technological advances or programmatic needs. As revenue streams 
are identifled and implementation mechanisms developed, broad criteria for program 
participation will be considered, including those that would apply for public and private 
participation. An advisory group, including private advisers, would also be established to advise 
the Coordinating Council during its decision making processes. 

The outflow ofthe funding can be guided by proportional distribution based on the inflow of 
revenue streams per source (fuel or, in the case of RGGI or another emission cap-and-invest 
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program, pollutant), but would not be wholly constricted by such revenue inflow, and may 
consider the existent needs and opportunides as recognized by the Climate Action Plan, State 
Energy Plan, or other State activities or studies and as deemed appropriate by the Coordinating 
Council. Continuing the practices of current funding streams, private recipients will be eligible to 
receive incenfives. 

Until the Efficiency and Clean Energy Fund is established, the current collection methods ofthe 
existing 45 by 15 funding streams would continue as currently designed. The State should draft a 
transition plan from 2011 to 2015 outlining how the current funding streams would be 
transitioned to the Efficiency and Clean Energy Fund. The Fund wiil also recognize any 
restrictions on non-state funding streams, such as federal weatherization funding, and will 
accordingly continue to dedicate funding to the desired end-users; e.g., low income recipients of 
weatherization funding. 

Quantification 
This policy was not quanfified. However, it provides funding for Energy Efficiency Incentives 
(RCI-2); Customer-Sited Renewable Energy Incentives (RCl-3); Building Codes, Appliance 
Standards, and Enforcement (RCI-7); Building Commissioning, Benchmarking, and Upgrades 
(RCl-8); and Industrial Process Incenfives (RCl-l I), which are quantified. 

Special Considerations 
A legislative mandate establishing this Fund will be necessary given the various regulatory 
jurisdicfions that apply to energy supplies. Such legislation can best identify the appropriate 
revenue resource opportunifies to support the Fund's various program activities, including 
whether to assess new user charges. 

Jl^ajiaSinEtlDMQREMNB 

Policy Summary 
This policy option recommends that the State undertake a comprehensive review ofthe current 
tax structure and financing programs and their impact on current and future carbon reduction 
acfivities. As part of its review, the State would also identify gaps in the current tax structure and 
financing programs and identify policy options for future shifts to support carbon reduction 
acfivities. 

Based on this analysis, New York could establish a two-phase comprehensive financing and tax 
policy that supports the reduction of GHG emissions and encourages investment into clean 
energy opfions. The first phase, to be implemented incrementally annually from 2011 to 2015, 
includes suggested near-term modifications to existing programs that New York could evaluate 
as part of its comprehensive financial and tax policy framework, implementing those options that 
it deems viable. During this phase, the State is encouraged to advance PACE and on-faill 
financing by 2011, and advocate for any necessary policy changes at the federal level as needed. 
Given the complexity ofthe State's tax policy, the modifications and new policies would be 
incrementally rolled out in the second phase: modifications to existing programs to be completed 
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by 2015 and new policies to be fully rolled out by 2020, with pilot programs as appropriate from 
2015 to 2020. 

Quantification 
This policy option was not quantified. However, it provides funding for Energy Efficiency 
Incenfives (RCI-2); Customer-Sited Renewable Energy Incenfives (RCI-3); Building Codes, 
Appliance Standards, and Enforcement (RCl-7); Building Commissioning, Benchmarking, and 
Upgrades (RCl-8); and Industrial Process Incentives (RCl-l 1), which are quanfified. 

Special Considerations 
• Access to capital and favorable economic considerations underpin the success and rate of 

implementafion of this policy. Complementary or competing programs, policies, and laws 
on the federal level, such as PACE, will impact the success ofthe implementation and/or 
need for modificafion of State proposals. Tolerance for modification of existing financial 
mechanisms and creafion of new such mechanisms will provide additional venues to fund 
energy efficiency and renewables. 

• Financing mechanisms are demand-driven. The pace that the other RCI policies are 
implemented wiil affect the fiming and demand ofthe financial and tax recommendations 
contained in this policy. 

• As the State evaluates the viability ofthe financing policy opfions, it will need to take 
into account the limitations on State entities' ability to provide financing, including their 
statutory authorization, their covenants with bondholders, the overall capacity of their 
balance sheet to provide large capital investments, and their ability to collaborate with 
other agencies. 
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Chapter 7 
Transportation and Land Use Mitigation 
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The Transportafion and Land Use (TLU) Technical Work Group—comprised of stakeholders from 
government agencies, industry, academia, and nonprofit organizafions—developed a vision 
statement for the transportation and land use sector. Under that vision, New York's transportation 
system will have the following characteristics: 

Vehicle types and fuels: Trips that are not made using mass transportafion will be made in 
vehicles fueled by electricity, hydrogen and/or sustainably derived biofuels.' Aviation, the goods 
movement system, and the construcfion industry will be powered by a similar mix of low-carbon 
fuels. Vehicles across the entire fleet populafion will approach carbon neutrality. 

Mass transportation and vehicle miles of travel (VMT): Extensive mass transit systems will be 
powered by very low- and/or zero-carbon fuels. Because so many attractive mass transportation 
options will be available, per-capita personal vehicle miles of travel will be low. 

Freight transportation: Goods will be moved over a variety of low-carbon modes—an emphasis 
on non-highway systems will reduce overall VMT. The share of goods transported by each mode 
(ship, rail, barge, truck, aviation) will be opfimized to minimize greenhouse gas (GHG) emissions 
while accommodafing a growing and thriving economy. Maintaining the public and freight 
transportafion system in a state of good repair will be an important baseline GHG reduction 
strategy. 

Land use planning: New York communities wiil be compact, mixed-use and interconnected, 
keeping per capita VMT low. Residents, employees and visitors will rely primarily on public 
transit, walking, biking, telecommuting, and limited, short distance car trips to reach central 
locations with concentrations of commercial, residential, cultural, recreafional, social, civic, and 
educafional activities. Neighborhoods will be designed to encourage non-motorized travel 
including walking and biking. Centers for goods distribufion and consolidation will be located near 
consumer centers to minimize "last mile" transit; these centers will use advanced technology to 
minimize emissions, light pollution, and noise pollution. 

Adaptation: Transportation infrastructure decisions will take into account and adjust for the 
effects and impacts of climate change. In particular, transportation infrastructure location, 
elevation, and constituent materials will be appropriate for exisfing and projected climate 

' All three fuels ofthe future (electricity, hydrogen, and biofuels) can be produced using carbon intensive fuels such as 
coal. For this reason, reliance on these fuels must only occur when they are produced in low-carbon ways, as measured 
in terms ofthe total fuel cycle. 

7-1 



New York State Climate Action Council 
Interim Report 11-9-10 

conditions: transportation infrastructure will be located above and inland from rising water levels, 
and will employ heat resistant materials for opfimal functioning in warmer temperatures. 

Investment: Investment in mass transit will be serious and sustained, in and between cities and 
towns, and in most regions ofthe state. Public incentives will favor smart growth planning, transit-
oriented development and revitalization of downtowns, main streets, and other central business 
districts. Public investments in transit and altemafive vehicles and fuels will increase significantly. 
Investments will avoid subsidizing sprawl development. Existing infrastructure will be maintained 
in a state-of-good-repair. 

(ofc^sG\!te)a?e(?@(^ 

The transportation sector accounts for 34% of New York's gross GHG emissions in 2008. Total 
transportation sector emissions are forecasted to increase to 99 million metric tons of carbon 
dioxide equivalent (MMtCOie) in 2030 under the reference scenario, compared to 86 MMtC02e in 
2008. The increase in transportation sector emissions from 2008 to 2030 can be attributed in part to 
the increase in VMT, which is partly offset by the increased fuel economy values for on-road 
vehicles over this same period. 

Figure 7-1 
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As shown in Table 7-1 and Figure 7-1, emissions from this sector rose at an average annual growth 
rate of 1.4% from 1990 to 2005. Emissions from the transportation sector are forecasted to increase 
slighfiy in the forecast years, with an average annual growth rate of 0.12% from 2015 to 2030. The 
mix of transportation fuels responsible for GHG emissions is expected to remain relatively similar 
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between 2005 and 2030, with motor gasoline, jet fuel, and diesel fuel forecasted to account for 
64%, 21%, and 12% of gross 2030 transportation emissions, respectively. 

Table 7-1. Historic and Forecasted New York State Gross GHG Emissions from 
Transportation, 1990-2030 (MMtCOje) 
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An effecfive suite of transportation GHG reduction policies must address three determinants of 
transportation emissions: vehicle efficiency, fuels emissions intensity, travel activity/system 
efficiency. New York will not achieve its 2050 vision and goals simply by attaining only a low-
GHG fleet, or only low carbon fuels, or only less driving in single occupancy vehicles. The range 
of policy options presented herein recognizes this imperafive that all dimensions be addressed. 
Further, these GHG reduction strategies recognize that the existence of a safe, efficient, balanced 
and environmentally-sound transportation infrastructure is critical. 

The policy options idenfified by the Technical Work Group seek to: 

• Influence the future mix of technologies in New York's fleet of vehicles (low-carbon vehicles, 
or vehicle efficiency); 

• Influence the fuels used (low-carbon fuels or fuel emissions intensity); 

• Influence travel acfivity by reducing the need for individual trips, increasing public transit 
options, reducing total VMT, and increasing overall transportation efficiency. 

Some ofthe policy options address more than one of these dimensions. Figure 7-2 portrays 
graphically how the transportation and land use policy options can be expected to interact with one 
another across these different dimensions. 

Policy opfions TLU-l, TLU-2, and TLU-3 seek to influence the future mix of technologies in New 
York's fleet of vehicles, while TLU-4 addresses fuels. These policies aim to shift the vehicle 
market away from conventional internal combustion engine, petroleum fuel-dependent vehicles 
towards a mix of altemative fuel vehicles including plug-in electric, hydrogen fuel cell, and biofuel 
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powered vehicles and toward more fuel-efficient vehicles in general. The more this shift occurs, 
the more GHG emissions reducfions will be realized. While the success of these technology-
focused opfions depends on technology development and commercialization, there is an important 
role for the public policy that can provide certainty to the private sector and help technology 
evolve. 

TLU-6 and TLU-7 attempt to reduce VMT by increasing the efficiency ofthe transportation 
system and reducing the share of trips that occur in single occupancy vehicles. Investment in 
transit—both for maintenance and expansion—and investment in high speed rail are central to this 
goal. These policies recognize the need to give most New Yorkers access to low-carbon mass 
transit, and to create high speed rail corridors to serve the Empire State, the Northeast Corridor, 
and the nearby provinces of Canada. Improved mass transit will provide efficient ways to travel 
between cities and, if well connected, allow for complementary transit options within those cifies. 

TLU-8 is a group of strategies to reduce emissions from freight transportation, which can occur by 
shifting freight from trucks to rail or water transport and by having more efficient and 
alternatively-fueled trucks. 

TLU-9, TLU-10, and TLU-l I are designed to influence future land use patterns in order to 
minimize VMT and to offer New York residents more choice in places to live and work using 
three policies: priority growth centers, transit-oriented development and location efficient land use. 
These policies integrate much greater access to transit and shared modes with planning and land 
use decision-making aimed at minimizing the need for motorized transportation by increasing 
mixed use, density, and efficient design. Because both population and VMT are projected to rise in 
New York, these smart growth measures are key strategies to reduce emissions over the long term. 

Many ofthe recommended policy opfions could be applied at the state level or in partnership with 
other states. There are certain options that are especially appropriate for coordinated, multi-state 
and regional cooperative actions. These have been grouped and described under TLU-12 as 
'intergovernmental/regional proposals." 

The TLU policy options have important co-benefits in terms of public health, quality of life, clean 
air, reduction of demand for imported petroleum-based fuels, and conservation of open space. 
Many of these TLU policies will also spur economic development. For example, investment in 
transit and rail could revitalize construction and manufacturing in the state. Economic benefits 
could accrue from using high speed rail to link cifies that enjoy robust economies with cities 
working to develop stronger economies. Investment in rail will also increase freight capacity, 
increasing efficiency and reliability in freight movement. Finally, by reducing dependence on 
petroleum and minimizing the need for single occupancy vehicle travel. New York could reduce 
the vehicle costs and fuel expenditures for residents and businesses. This would keep more energy-
related spending within the state economy. 

While many of these recommendations are expected to have low associated costs or net savings to 
the State of New York, there are notable exceptions: 

• Maintaining, expanding, and improving public transportation systems; 

• Creating high speed rail for key corridors within New York State and the Northeast Corridor; 
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• Enhancing New York's rail infrastructure, especially eliminating freight rail bottlenecks; 

• Investing in the research, development, and deployment necessary to grow the next generation 
of vehicle technologies and fuels. 

Even programs that have a low State cost or result in net savings—like a revenue-neutral fee and 
rebate system of vehicle purchasing incentives ("feebate") or a new public low-interest loan 
program for vehicle replacements—still require seed funding and program administrafive support 
to be successful. Further, revenue from current fuel-based taxes that currently fund the 
transportation system will decrease if programs that encourage drivers to switch to more fuel-
efllcient vehicles and reduce the number of miles they drive are successful. As a result. New York 
will need policies that generate State revenue to support some ofthe GHG reduction policy 
opfions, and to continue to support the state's existing transportation system. New York will also 
need policies specifically designed to leverage investment by the private sector and draw on capital 
held by regional or national infrastructure banks. 

For the transportation sector, the same pricing policies that are needed to generate revenue can also 
be policies to directly reduce emissions. Financial incentives to reduce transportafion emissions 
can both influence choices and generate revenue that can be dedicated to programs to reduce 
emissions. Examples include: VMT fees, fuel fees, emission-based road tolls, emission-based 
vehicle registration fees, sales tax surcharges for high GHG vehicles, congestion pricing, or fees on 
vehicle related expenses. Other important pricing mechanisms, such as pay-as-you-drive (PAYD) 
insurance or a feebate system, are planned to be revenue-neutral but will reduce significant 
amounts of emissions. Both the amount of emissions reductions and the amount of revenue that 
will result from these types of policies will depend on the size and scope ofthe pricing mechanism 
and the elasficity of demand for the type of vehicle, fuel, or travel mode. 
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Figure 7-2. Transportation and Land Use Policy Options 
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TLU-1 Vehicle Efficiency Standards 5.3 17 130 $7,900 $62 3,600 

TLU-2 Vehicle Incentives and 
Disincentives 0.9 2.0 20 -$2,300 -$120 220 

TLU-3 
Fleet Incentives and 
Disincentives 0,2 0.6 5.6 -$750 -$130 69 

TLU-4 

Alternative Fuel Related 
Measures and lnfrastnjctur€ 
Low CartDon Fuel Standard 
(LCFS) 

3.9 8.5 84 $6,700 $79 2,000 

Commuter & Traveler 
Assistance 1,0 1.0 18 -$15,000 -$870 120 

TLU-6 

Parking Pricing— 
Upstate 
NYC Metro Region 

0.3 
0,4 

0.3 
0.4 

0.5 
0.8 

$720 
-$480 

$1,400 
-$610 

Telecommuting 1.0 1.0 18 -$15,000 -$870 120 

Congestion Pricing 0.2 0.2 2.4 -$1,100 -$460 18 

TLU-7 Expand Transit 3.7 4.9 64 $25,000 $390 910 

TLU-9 Priority Growth Centers 0.1 0.3 2.6 -$1,600 -$610 36 

TLU-10 Transit-Oriented Development / 
Transit Supportive Development 0,3 0.5 5.7 -$5,000 -$870 100 

TLU-11 Location Efficient Land Use 0.6 1.2 13 -$11,000 -$870 230 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCOae = million metric tons 
of carbon dioxide equivalent; TDM = transportation demand management; TSM = transportation system management. 
Negative values represent savings. 
The numbering used to denote the above policy recommendations is for reference purposes only; it does not reflect 
prioritization among these important policy recommendations. The policy numbers that appear in this table are not 
consecutive because they reflect only those policies for which quantitative analysis has been completed and not all 
policies are amenable to quantification. 
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F igure 7-3. Est imates of Cos t and GHG Emiss ions Reduc t ion fo r TLU Pol icy Op t ions 
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NOTE: Scenario results are not additive as synergies and overlap have not been estimated. 
Additional economic analyses need to be conducted to assess macroeconomic impacts and co-benefits. 

Note that for the Vehicle Efficiency Standards and Alternative Fuel Related Measures and Infrastructure—LCFS 
policies, the elongated data points represent the range of potential costs of carbon based on differing petroleum price 
forecasts. 
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Policy Summary 

New York State could advocate for a stronger federal or California carbon dioxide emission 
program^ for light-duty vehicles (LDVs). Under current federal law (the Clean Air Act), New 
York State cannot adopt its own CO2 emission standards for LDVs independently. If stricter 
standards are adopted in California, New York has the option of adopting California's program 
through a rulemaking process. In the past, New York has always exercised this option and adopted 
California's clean car standards. New standards would be technology-neutral but could be 
expected to significantly increase market penetration of zero-GHG vehicles as well as increase 
fleet-wide fuel economy. 

^ Current standards apply to vehicles up to model year 2016. 
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This policy could also include the implementation of an Eco-Driving Program to raise drivers' 
awareness via an outreach and education component and an enforcement component (e.g., for 
speeding). 

Quantitative Analysis 

To approach the 80 by 2050 vision and goal for the whole transportation sector, 100 percent of 
new LDVs sold in 2035 would have to be near-zero-GHG. There would need to be a mix of plug-
in electric vehicles (PEVs), hydrogen fuel-cell vehicles, and bio-fueled vehicles. Toward this 
vision, the GHG emission standards for LDV would strengthen over time, with a 50 percent 
reduction in LDV GHG emissions by 2025 (for new fleet, from 2016 levels = 125 grams per mile 
[g/mi]); and 90 percent reduction in LDV GHG emissions by 2035 (for new fleet, from 2016 levels 
=25 g/mi). The TLU vision requires a near 100 percent reduction of GHG emissions for LDV, 
assuming that other transportation types (aviation, heavy-duty trucks, marine, railroads) will not be 
able to achieve as aggressive reductions. 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by dollars per metric ton of carbon dioxide equivalent 
[$/tC02e] reduced) for the policy scenario analyzed by the Technical Work Group are presented 
below. The scenario assumed that New York will successfully advocate for a fleet wide LDV 
standard of 75 g/mile by 2030. 

^ ? 20301 

17 

^ o t a l 2 0 1 1 ^ 
r^03d^:j<l 

130 

•SiMis^'-ii .•-''••; h -vr-

iNetiPresent-;*; 
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$7,900 

^Net Cp8t j)er Avoided 
j . ' ; /Emissions 
f , . : (J/tCOje) 

$62 

$/tC02e = dollars per metric ton of carbon dioxide equivalent: GHG = greenhouse gas; MMtCOze = million metric tons 
of carbon dioxide equivalent. 

A price sensitivity analysis was performed to show how different fossil fuel price forecasts affect 
estimated net present value and cost per metric ton. Using fuel price forecasts from the most recent 
U.S. Department of Energy Annual Energy Outlook (AEO 2009), the net present value and net cost 
per avoided emissions were respectively reduced to $770 million and 6 $/tC02e. The use of higher 
price forecasts transforms this policy scenario from a net-cost to approximately cost-neutral, 
showing the sensitivity of this analysis to price forecasts.. 

For purposes of illustration, the following vehicle mix would approximately achieve this standard: 

• 69 percent of all new LDVs sold in 2030 are PEVs, and the remainder is conventional vehicles. 

• Ofthe new PEV fleet, about half (49 percent) are all battery electric vehicles, 17 percent are 
plug-in hybrid electric vehicles (PHEVs) with a 10-mile range (PHEV-IO), and 34 percent are 
plug-in electric with a 40-mile range. 

• Also in this scenario, cellulosic ethanol comprises 21 percent of fuel used in conventional and 
plug-in hybrid vehicles. 
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Special Considerations 

• In contrast to most other policy options, implementation of this policy is not fully within the 
discretion of New York State and instead depends on federal or California action. 

• As defined here, this policy option results in the largest GHG reduction estimates, as a result of 
the fact that the emission standards goals identified by the technical work group were 
extremely aggressive. This represents a result-oriented, top-down approach, which starts with 
the 80 by 50 vision and identifies an emission standard that would nearly achieve that goal. In 
contrast, TLU-4 is a more constrained scenario that also results in substantially lower-carbon 
mix of vehicles, but not to the same level as TLU-1. 

• The most significant co-benefit is a reduction in the emissions of other air pollutants, including 
particulates, toxics, and oxides of nitrogen, which contribute to ozone formation (smog). These 
pollution reductions would be noticeable and significant in terms of attaining federal health-
based air quality standards and improving public health and quality of life, especially in urban 
areas and areas of high traffic volume. 

• While the indirect emissions from electric vehicles are not counted in the vehicle standards, 
these emissions are taken into account in the Quantitative Analysis of GHG reductions 
presented above. 

Ĵ̂ QJOMJi OMMMKi® ^̂ JC^ 

Policy Summary 

The State of New York could create financial incentives for the purchase of low-GHG vehicles. 
These incentives can take the form of feebates, tax credits, sales tax exemptions, registration fees 
(or fee waiver), emission based tolls, or other mechanisms as appropriate. 

To influence vehicle purchasing decisions. New York State could implement a revenue-neutral 
feebate system for all new LDVs starting in 2015. There are a variety of ways to design a feebate 
program. Under one approach, the program would establish a baseline GHG emission level for two 
to four classes of vehicles based on their passenger capacity. Consumers who purchase vehicles 
that emit fewer GHG emissions per mile than the baseline for their class could receive a 
proportional rebate. Those that purchase vehicles that emit more GHGs per mile than the baseline 
could pay a similarly proportional fee. The program could be designed to simply favor vehicles 
with a higher fuel economy to affect purchasing decisions across the market, or to target the fees or 
rebates only at the highest and lowest GHG-emitting vehicles on the market to influence 
purchasingjust at these margins. 

New York State could also implement emissions-based registration fees and tolling based on a 
vehicle's GHG emissions per mile, providing further incentives to buy and operate low GHG 
vehicles and potentially raising revenue for other transportation GHG reduction programs. 

^ New York's current State Energy Plan also directs New York to advocate for a stricter federal standard. 
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Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by S/tCOie reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed that New York implemented a 
feebate program that successfully reduced average GHG emissions from newly purchased vehicles 
on average by 5% beyond the existing standards. 

[GHGlRed uctlmTil 
COSBlJteEEGQ I 

Emi^ionsl 

-$2,300 -$120 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCOje = million metric tons 
of cariDon dioxide equivalent. 
Negative values represent savings. 

Special Considerations 

• In contrast to emission standards (TLU-I), incentive programs are fully in the control of New 
York State. 

• The level of program success would depend on the level of fee or rebate put into place. 
Because economic modeling of feebate programs at the national level suggests that most ofthe 
GHG reductions would result from vehicle manufacturers reducing the GHG emissions of their 
cars, a feebate program's effectiveness increases if implemented over a larger market, such as 
the northeastern states region or at a national level, similar to the options described in TLU-12. 
However, it could also be effective if implemented exclusively in New York State. 

• By designing a revenue-neutral feebate system, where the total amount offered as incentives is 
equal to the total amount charged as disincentives, New York could implement a program 
without any General Fund expense. The rebates disbursed could be slightly smaller than the 
fees collected, with a small amount of fees reserved each year to cover administrative costs and 
in case of an unexpectedly large need to pay for rebates in future years. But a vehicle purchase 
incentive program could also be designed to be revenue generating (e.g., gas-guzzler sales tax 
surcharge), or to be revenue-negative (e.g., tax credit for purchase of electric cars or a cash for 
clunkers program). 

• This policy option was developed independent of New York's ability to achieve TLU-l. Even 
if TLU-I standards were put in place, an incentive program would still be necessary to achieve 
the 2030 vision for LDVs. 

• Co-benefits for this policy would be in the form of I) reduced gasoline expenditures by New 
Yorkers as the fleet becomes more fuel efficient, and 2) reduced vehicle pollufion and the 
accompanying improvement in air quality. 

• Low-income communities tend to have a much higher percentage of older vehicles, which has 
implications for air quality. Programs that facilitate the retirement of such vehicles help to 
address this problem. 
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Policy Summary 

This policy could establish a State revolving loan fund for replacing fleet vehicles with lower 
GHG-emitting vehicles, or other financial incentives for both public and private fleet replacement. 
The 2050 vision for the transportation sector includes a zero emission light-duty fleet and a heavy-
duty vehicle (HDV) fleet with GHG emissions as low as possible using available technology and 
low-carbon biofuels. New soon-to-be-released federal standards mandating greater HDV 
efficiency mean that normal vehicle turnover wiil reduce GHG emissions. However, accelerating 
this HDV turnover will be necessary to achieve the 2050 vision. A low-interest revolving loan 
program could be used to provide the necessary incentive to achieve fieet turnover in the required 
timeframe. New York State could offer below market interest rates and extended loan terms based 
on the useful life ofthe vehicle, reducing annual loan or lease payments. The state could also 
enhance the financing incentive by offering lower interest rates to incentivize fleets to purchase 
altemative vehicles; i.e. hydrogen fuel-cell or electric. 

Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost-effectiveness (as measured by $/tC02e reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed that New York put in place a 
State revolving loan program that is successful in replacing 3% ofthe HDV fleet per year. 
(Although LDVs could also be included in a loan program, the quantitative analysis focused on 
HDVs.) 
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0.6 5.6 -$750 -$130 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

Figure 7-4 provides an indication ofthe level of capitalization required to accelerate HDV turnover 
and emission benefits achieved depending on the fraction ofthe fleet to be turned over: 
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Figure 7-4. Level of Capitalization Required to Accelerate IHDV Turnover 

Special Considerations 

• Due to its experience implementing loan programs with lower-than-market interest rates, the 
New York State Environmental Facilities Corporation would be well positioned to take on the 
role of administering this type of program. New statutory authority would need to be provided 
by the Legislature. 

• Accelerated turnover in the HDV fleet would bring significant co-benefits in terms of air 
quality, because diesel vehicles are a major source of particle pollution, toxics, black carbon, 
and oxides of nitrogen. Although on-road diesel HDVs are considerably cleaner since 2007 due 
to new federal standards, the longevity of vehicles slows fleet-wide emissions improvements. 
Diesel emissions contribute to New York State's non-attainment of air quality standards, and 
urban environmental justice (EJ) neighborhoods often bear a disproportionate burden from 
truck traffic due to their proximity to industrial areas, freight routes, or transit depots. A 
cleaner HDV fleet will help New York State attain air quality standards and improve health 
and quality of life in EJ neighborhoods. 

• Another important co-benefit is the provision of access to credit for small and large businesses, 
non-profit organizations (e.g., paratransit agencies), and local governments that could use this 
loan fund to replace and upgrade their fieet vehicles. 

• The environmental impacts associated with truck traffic, including emissions, noise, dust, and 
congestion often represent one ofthe primary concerns of EJ communities, particularly those 
burdened with solid waste management facilities. By incorporating an explicit focus on 
overburdened communities and encouraging a shift to newer vehicles with lower emissions, 
this policy could provide significant EJ benefits, while helping to meet New York State's GHG 
reduction goals. 
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Policy Summary 

In December 2009, the governors of New York and 10 other states in the Northeast and Mid-
Atlantic region signed a Memorandum of Understanding (MOU), affirming each state's 
commitment to developing a low-carbon fuel standard (LCFS) program framework by 2011. This 
policy supports this LCFS program: a market-based program to decrease the carbon intensity (the 
amount of average GHGs released per unit of energy produced or g C02e/megajoule) of all on-
road transportation fuels sold in New York by some amount from current levels by 2020. The 
LCFS would provide an incentive to commercialize new fuel technologies and encourage the 
development of infrastructure to produce and distribute low-carbon fuels including biodiesel (B20 
and BlOO), cellulosic ethanol (ElO and E85), and electricity.4 

In addition, to help develop and expand altemative, low-carbon fuels New York State could 
establish financial incentives for low-carbon fueling investment: sales tax exemption for low 
carbon fuels, investment tax credits for retail fueling infrastructure, and production tax credits. As 
part ofthe I l-state Transportation and Climate Initiative, New York State has proposed a planning 
process to develop guidelines and a master plan for implementing a regional electric vehicle (EV) 
network of charging stations that enable local and regional EV travel. New York State could 
potentially invest in and construct charging/battery-exchange stations in the context of this 
regional framework. 

To support near-zero carbon vehicle deployment. New York could invest in research and modeling 
to assess the in-state infrastructure needs for fueling for electrification and hydrogen, including the 
standardization of electrical connections and voltages necessary for electric charging 
infrastructure. New York could also develop policies and regulations that support the development 
of business models that allow the sale of electricity by non-utilities (through both direct charging 
and battery swapping), aggregation of loads for business transactions, private and public 
investment in publicly accessible vehicle charging, and the development and deployment of 
standardized quick charge technology. (See paper by the electric vehicle sub-group in Appendix 
G.) 

For this group of policy options, an important consideration will be the sequencing of 
implementing a LCFS and investing in fueling infrastructure, so as to achieve the standard's 
carbon intensity reductions and to prevent stranding of significant investment. 

''B20 is a fuel blendof 20 percent biodiesel and 80 percent gasoline, and BlOO is IOOpercent biodiesel fuel. EI0 is a 
fuel blendof 10 percent ethanol and 90 percent gasoline, and E85 is a fuel blendof 85 percent ethanol and 15 percent 
gasoline. 
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Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by $/tC02e reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed implementation of a LCFS that 
achieves a 10 percent decrease in average carbon intensity by 2020 and a 12 percent improvement 
by 2030. 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

A price sensitivity analysis was performed to show how different fossil fuel price forecasts affect 
estimated net present value and cost per metric ton. Using fuel price forecasts from the most recent 
U.S. Department of Energy Annual Energy Outlook (AEO 2009), the net present value and net cost 
per avoided emissions were respectively reduced to -$180 million and -I $/tC02e. The use of 
higher price forecasts transforms this policy scenario from a net-cost to approximately cost-neutral, 
showing the sensitivity of this analysis to price forecasts. 

An LCFS program would be fuel technology-neutral—in other words, it would set a performance 
standard but would not prescribe how fuel providers meet the standard. The LCFS would be 
expected to lead to an increased market penetration of altematively fueled vehicles. For purposes 
of illustration, one mix of vehicles that would achieve this LCFS (10 percent improvement in 
carbon intensity by 2020 and 12 percent by 2030) is: 50 percent of all new LDVs sold in 2030 are 
PEVs, and the remainder ofthe LDV fleet uses a combination of conventional fuels, conventional 
biomass, and advanced biomass. 

Although the quantitative analysis did not propose specific goals for the complementary policies 
(financial incentives, infrastmcture installation) these policies are an important part of a 
comprehensive fuel strategy, and would facilitate achieving an LCFS. 

Special Considerations 

• Additional analyses will be conducted in the next phase ofthe Climate Action Plan process to 
separately quantify the potential benefits and costs of utilization of biomass for application in 
the TLU sector. 

• Assuming that the policy promotes the use of zero-emission electric or hydrogen vehicles, a 
significant co-benefit is a reduction of pollutants, including particulates, toxics, and oxides of 
nitrogen, which contribute to ozone formation (smog). These pollution reductions would be 
noticeable and significant in terms of attaining federal health-based air quality standards and 
improving public health, quality of life, especially in urban areas and areas of high traffic 
volume. 
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• Only a portion ofthe sustainable level of biofuels production, as described in New York's 
Biofuels Roadmap, would be available to the transportation sector, and this Quantitative 
Analysis takes this into consideration. The GHG emissions reductions presented above did not 
take into account indirect land use changes. 

• For PEVs, quick charging technology is not currently commercially available and battery 
swapping systems must be standardized to be widely used. If multiple technologies and 
business models continue to develop, EV charging and long-range travel will become more 
convenient for consumers. 

• Note that the scenario quantified for this policy option does not achieve the fleet-wide 
emissions standards put forward in TLU-1, which was 75 grams of COi/mile by 2030. 

See Chapter 10 for a complete presentation of Research, Development and Demonstration needs 
for this sector. 

Policy Summary 

An essential strategy in reducing GHG emissions from transportation sources is improving the 
energy efficiency ofthe road and highway network. This may include reducing the growth rate in 
VMT, providing altematives to single-occupant vehicle travel, and reducing delay and eliminating 
bottlenecks on the highway system. Providing these elements may reduce GHG emissions by 
reducing the number of trips on the highway system and VMT per person, and by generating a 
significant mode shift to carbon-efficient and zero carbon modes of travel. 

An important aspect of this is transportation system management (TSM). Effective TSM (such as 
high-occupancy vehicle lanes, improved traffic fiow) utilizes a variety of strategies including 
advanced technologies, policies, and design standards. TSM strategies attempt to make travel more 
efficient by shortening trip lengths, reducing vehicle delay, increasing the reliability ofthe 
transportation network, and reducing idling and other transportation actions. System design 
complements technology actions, and includes access management and intersection improvements. 
An efficient system minimizes GHG emissions. 

Another important component is the integrated implementation and delivery of travel demand 
management (TDM) strategies and services (such as carpooling, van pooling, telecommuting) in 
New York's urban, suburban, and rural locations, built on market-based incentives and education 
and outreach programs to reduce, eliminate, or shorten vehicle trips. When these strategies are 
applied in concert, substantial gains can be achieved. 
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Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by $/tC02e reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below.^ The implementation in New York State ofthe 
following programs was quantified: 

• Implement a Commuter and Traveler Assistance Program in upstate New York starting in 
2011. This program aims to change commuter and traveler behavior by providing easily 
accessible information that prompts the choice to use other commute modes or carpooling, and 
includes other actions to maximize commuter and traveler mobility. 

• Implement parking pricing practices in New York urban areas using smart parking meters in 
central business districts starting in 2011. 

• Implement a New York State Telecommuting Project, primarily in the New York metropolitan 
area and secondarily on a statewide level. 

• Implement congestion pricing in the New York City metro area as previously proposed by 
New York City starting in 2015. Implemenfing a congestion pricing program in the New York 
metro area could reduce VMT and provide revenue for TSM and TDM activities by requiring a 
fee for vehicles to enter designated parts ofthe New York metropolitan area. Legislation would 
be needed to permit this strategy but is estimated to reduce VMT within the cordon area in 
New York City by approximately 6%, with additional VMT reduction in the greater 
metropolitan area due to reduction in trips to and from the City. 

Commuter & Traveler Assistance 
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-$870 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

Note that quantitative analysis was not undertaken for the TSM measures. 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCOje = million metric tons 
of cartDon dioxide equivalent. 

Negative values represent savings. 
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$/tC02B = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtCOje = million metric tons 
of cartDon dioxide equivalent. 

Negative values represent savings. 
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$/tC02e = dollars per metric ton of cartDon dioxide equivalent; GHG = greenhouse gas; MMtCOae = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

S p e c i a l C o n s i d e r a t i o n s 

• State legislation would be needed to allow a congestion-pricing program to be developed and 
implemented in New York City. 

• TDM measures should be designed to reduce single-occupant vehicle commuting and overall 
VMT; i.e., addressing both commute and non-commute trips. TDM measures should be 
integrated with other related strategies that promote transit options. 

• Successful programs must use innovative, and non-traditional measures that consider and 
reflect best practices; a customer-needs focus in delivery; enhanced marketing, 
communications, outreach, and public relations including leveraging existing resources such as 
511-NY and Clean Air NY; advanced, state-of-the-art information and communication; and 
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education, training, and development activities. Further, successful programs should monitor 
for performance and effectiveness that track commuter and traveler behavior, response, and 
change. There needs to be multi-agency coordination and collaboration to maximize 
effectiveness. 

Availability of information through the Internet must be maximized to provide travelers with a 
full range of real-time travel options through on-line trip brokerages, travel planners, and 
service databases. As trip brokerages and travel planners mature, new forms of demand-
responsive taxi, transit, and paratransit services can be developed to operate more efficiently 
and effectively in lower density areas as well as higher density, urbanized settings. 

In developing parking pricing programs, particular care should be given to implement the 
program so that it is not counter-productive to the State's smart growth efforts; i.e., that it does 
not discourage use and enjoyment of downtown areas. For existing employer-provided parking, 
the State could implement a parking cash-out program with a tax credit for employers as an 
incentive for their participation; and for new parking in developing areas, the tme cost of 
parking should be refiected in municipal development policies and zoning ordinances. 

Co-benefits include improved travel mobility, fiexibility, and choice, as well as a reduction in 
congestion and travel time, and a reduction in other air pollutants from transportation. 
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Policy Summary 

New York State could reduce GHG emissions from the transportation sector by encouraging a 
major shift in mode share from predominantly single-occupant vehicle travel to public 
transportation. This would occur through investment in the improvement and expansion of transit 
systems to existing communities and the development of high speed rail with competitive trip 
times along the Empire and Adirondack Corridors. In cooperation with other Northeast states. New 
York State could also promote the development of high speed rail in the Northeast Corridor. 
Sustained financial investment in public transportation, particularly transit infrastructure, could 
provide affordable, convenient, and comprehensive travel options that would connect 
communities, jobs, and long-distance travel centers. Construction of expanded subway, light rail, 
bus rapid transit, and high speed rail networks would promote job growth and economic 
development in the state in two ways. The expansion of transit systems in New York State could 
spur a growth in the transit- and rail-related manufacturing sectors. High speed rail that offers 
competitive trip times could boost economic output and prosperity by linking metro areas with 
robust economies to metro areas trying to create strong economies, a strategy that would expand 
the options of job seekers and employers. Dedicated high speed rail tracks would also free up 
existing rail tracks for improved freight deliveries and efficiencies by reducing congestion and 
competition for track availability. The strategies, investments, and high speed rail trip times 
suggested in this policy are aggressive, but are suggestive of what would be needed to reach the 80 
percent GHG reduction goals established for 2050. Achieving these goals would require funding 
well above what is available today. It would require increased federal resources, including a 
dedicated ongoing funding source for rail investments at the federal level, as well as ongoing 
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Operating subsidies to support continued service and operations. Achieving these transit goals 
would require a sustained long-term commitment to system planning and funding. Accomplishing 
these high speed rail goals would require right-of-way acquisition, legislation to allow new 
corridor construction in the Adirondack State Park, and interstate and intemational agreements. 

The state could also promote the use of shared modes of transportation, such as transit, carpooling, 
and ride sharing, by expanding available information about these services through improved 
communications technology. The appropriate mix of technology and real-time information could 
provide the kind of comparative data on costs or saving that would enable workers, residents, and 
visitors to make more informed choices when they select a particular mode or combinations of 
modes for work trips and discretionary trips. Expanded use of wireless technology could enable 
new demand-responsive transit services to be developed that can operate more efficiently and 
effectively both in lower-density areas and in higher-density and urbanized settings. Improvements 
and expansions to inter-city train travel could also reduce GHG emissions by developing additional 
shared modes of transportation in cities once a traveler reaches their destination city. 

One short-term discrete action for New York is to invest in a multi-state high speed rail feasibility 
and planning study that also examines the multitude of economic and environmental benefits. 

Quantitative Analysis 

Investment in transit and high speed rail would be pursued to bring about a major expansion of 
mobility options for New Yorkers, such that the annual rate of VMT growth would decrease to 0.4 
percent until 2020, stabilize at 0 percent by 2030 and reduce VMT 10 percent below 2030 levels 
by 2050. (The current rate of VMT growth is greater than 1 percent per year.) 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by $/tC02e reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed that the percentage of trips 
made in single occupancy vehicles would decrease from the current 50 percent downstate and 80 
percent upstate to 35 percent by 2030 downstate and 65 percent by 2030 upstate. 
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Although not included in the quantitative analysis, another key goal of these policy measures is to 
make high speed rail more competitive with aviation in the Empire State and Northeast corridors, 
which would decrease emissions from the aviation sector and well as shift travelers from 
automobiles to trains. Please see TLU-12 for additional information. 
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Special Considerations 

• 

This policy option is closely linked with TLU-6, which consists of TSM and TDM policies, 
including those that encourage using shared modes. It is also linked to TLU-9, TLU-10, and 
TLU-11, which consists of policies to promote the land use patterns that are particularly 
supportive of increased use of public transportation and high speed rail. The Regional 
recommendations are also linked to TLU-12. 

Increased use of public transportation, with its accompanying reduction in VMT, would greatly 
improve air quality, especially in the state's urban centers, because public transportation and 
shared modes of transportation generally emit less pollution per passenger mile traveled than 
single occupancy vehicles. These measures could also drastically improve mobility and reduce 
congestion in these same areas by taking vehicles off the road as drivers migrate toward shared 
modes. Other important co-benefits include the expansion of travel mobility, fiexibility, and 
choice, which can be especially important to middle- and lower-income New Yorkers. 
Integration of an expanded transit network with high speed rail on Empire Corridor lines and 
the Northeast Corridor could have several other broad macroeconomic benefits, including 
freeing up airport capacity and airspace, freeing up rail capacity for rail freight movements, 
and better linking cities throughout the State. 

VMT reductions in more rural areas could be very difficult to achieve, as these trips may not 
lend themselves easily to shared mode travel. 

Recognizing the significant climate benefits and co-benefits, expanding public transportation 
options across the state to the extent described above would be very expensive. High speed rail, 
subways, and even light rail or bus rapid transit systems require significant infrastructure 
expenditures. Achieving large increases in transit ridership across the state will require major 
expansions of transit infrastructure, which is largely absent in many communities. New rail 
lines may require New York State to exercise its power of eminent domain, possibly over large 
areas. The GHG impact of induced demand from development opportunities created by high 
speed rail access should also be considered, as this would likely lead to both economic activity 
and population increases in New York compared to business as usual. 

Development of high speed rail would require ongoing, sustained funding and support to plan 
and develop the corridors. A separate and sustained source of federal funding for rail would be 
required. 

To attain the reliability and higher speeds suggested along the Adirondack Corridor, significant 
cross-border negotiations to reduce or eliminate border inspection delays (e.g., moving 
passenger inspections to Montreal) would be required. Further, development of high speed rail 
along the Adirondack Corridor would require a constitutional amendment to pursue new 
alignments. 

Moreover, providing transit services in diffiase communities, especially upstate, would likely 
require significant operating support to keep fares at publicly acceptable levels. If the land use 
policies in TLU-9, TLU-10, and TLU-11 are successful, a larger portion ofthe New York State 
population will live in areas that are easier to service with transit options. 
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Policy Summary 

New York State, in conjunction with a broad-based stakeholder group including State agencies and 
municipalities, adjoining states, the goods movement industry, and local community groups, could 
establish a comprehensive Goods Movement GHG Policy, with the dual goals of increasing freight 
efficiency while reducing GHG emissions. 

The comprehensive policy should identify and prioritize key freight projects such as consolidation 
and distribution centers (including important highway and non-highway modal connections), new 
intermodal yards, rail system improvements, the development and expansion of non-highway 
system capacity, and the operational enhancement of existing highway systems to support local, 
regional, and transcontinental freight service into and out of New York State. Such projects would 
provide altemative off-road clean transport systems to improve goods movement, reduce 
congestion, and reduce emissions. 

Once identified, key freight projects could also be subject to an efficient permit process that 
considers the needs ofthe local community. The policy could establish state requirements for 
system-wide GHG analyses and green technology advancement through the Slate Environmental 
Quality Review (SEQR) and other permitting requirements; set specific performance standards to 
incentivize low to zero emissions truck, rail, ship, and support equipment technology; and establish 
freight fees dedicated to transportation system and infrastmcture upgrades. The policy could draw 
on existing efforts and partnerships, such as the New York State Rail Plan, the Port Authority of 
New York and New Jersey Comprehensive Long-Term Regional Goods Movement Plan, and the 
Regional Greenhouse Gas Initiafive, while acknowledging New York State specific issues. 

Further, the plan should identify key freight corridors and connectors and establish land-use 
guidelines for local and regional municipalities in those corridors that are specific to freight. It 
should also consider rail clearance and track improvements to allow heavier loads, thereby 
supporting a more viable rail system and should look for other investments and incentives to 
support low GHG options. The Technical Work Group explored several policy options that 
warrant further consideration: 

• Develop comprehensive Goods Movement GHG Policy, prioritizing increasing efficiency and 
reducing GHG and congestion as main design metrics; 

• Increase non-highway mode shift; 

• Establish a network of freight villages/consolidation centers/urban distribution centers serving 
the upstate and downstate regions; 

• Provide incentives to establish progressive performance standards and develop low-GHG rail 
and truck technology, terminal equipment, and ships/tugs/barges acknowledging full life-cycle 
emissions. 
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Quantitative Analysis 

The estimated GHG reduction potential for the policy scenario analyzed by the Technical Work 
Group was not fully analyzed in quantitative terms, since it was difficult to estimate reliable costs 
of implementation for the multi-faceted program developed and described during the Technical 
Work Group process. 

Special Considerations 

• A Goods Movement Policy would first have to involve a baseline assessment of bottlenecks 
and network capacity issues, to act as a benchmark. Following this baseline assessment, and 
building from existing work, key freight corridors, connectors, and eventual projects 
throughout the state and northeast region could be identified. An efficient permitting process 
could be available to these resulting freight projects, with local and regional agencies able to 
apply for direct federal and state funding. 

• Coordination both within and outside of New York State would be needed to ensure that 
freight moves by the most efficient combinafion of modes and the most efficient route, and 
utilizes a combination of VMT/unit of freight and total GHG per transit mode as metrics. Such 
coordination will prioritize consistency in policies and permitting requirements to alleviate 
administrative congestion such as difl̂ erences in oversize/overweight mles between cities, 
counties, states, and Canada. Coordination must also recognize that freight decisions are 
largely under private sector control and that decisions are interstate, national, international, and 
global in nature. Freight decisions in New York must be made in ways that do not disadvantage 
the state's economy. 

• Freight fees or congestion pricing could be established to promote efficient movement and 
reduce both VMT and total GHG emissions. Ideally developed in partnership with the freight 
industry, fees could be based on elasticity studies and consider existing tolls and taxes. Fees 
could be collected by and administered through a regional partnership entity and go into a fund 
dedicated solely to freight infrastructure improvements. Note: If a non-gas tax results from 
federal transportation law in 2011, this fee may supplement freight fee efforts. Decisions must 
be balanced in consideration of impacts on the state's economy. 

• Progressive performance standards for trucks, rail, terminal equipment, ocean-going vessels, 
and harbor craft will need to be developed. The U.S. Environmental Protection Agency could 
be lobbied to adopt national standards modeled after Califomia. Standards for freight 
consolidation/distribution centers will be needed to ensure minimal community impacts. 

• The 2009 New York State Rail Plan cites a study conducted by the American Association of 
Railroads that reports that significant investment in the existing railroad freight infrastructure 
will be required to account for the projected growth in rail freight through 2035. This 
investment will be needed to maintain the current rail freight capacity. To allow for mode shift 
of freight to rail, additional investment will be required. 
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Policy Summary 

The State of New York could assist and incentivize municipalities in designating, planning, 
zoning, and developing/re-developing priority growth centers. This could happen through a 
combination of State assistance and State incentives, such as shifting State resource allocations 
towards identified priority growth centers, which could be in urban, suburban, or rural areas. The 
priority growth centers would be encouraged to have compact, mixed-use, walkable/bikeable 
development in existing centers of activity, whether urban centers or hamlets and village centers. 
New York State could accomplish this through incentive programs such as: 

Assisting localities and regions in designating priority growth centers; 

Accelerating and prioritizing permit and SEQRA review for smart growth projects, without 
compromising outreach to, and input from, underserved populations or EJ areas; 

Ensuring affordable housing options within priority growth centers; 

Providing priority infrastmcture funding (transportation, water, economic development, 
schools, housing) for Smart Growth; 

Incorporating principles of strategic land conservation and green infrastructure into open space 
preservation funding, plans, and documents; 

Providing public accessibility to parks and green spaces, both within and outside priority 
growth centers; 

Assisting with altemative local funding mechanisms, such as Tax Increment Financing; 

Further rewarding such smart growth development as described above if it comports with a 
regional land use and/or transportation plan; and 

Using regional transportation and land use planning to encourage development patterns that 
achieve prescribed transport-based GHG emission reductions. 

Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by $/tC02e reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed that the actions described 
above, if aggressively pursued at the State level, would result in 50 percent of new construction 
taking place in identified priority growth centers by 2030. 
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Implementation costs were estimated by applying assumptions similar to those used for the Moving 
Cooler^ study's Land Use and Smart Growth Strategies under the Maximum Deployment scenario. 
These include costs for policy, planning, and visioning. Since these planning costs are assumed to 
include all measures in TLU-9, TLU-10, and TLU-11, the cost was distributed between the three 
policy options, weighted by the emissions reduction. 

Special Considerations 

• Current and projected shifts in demographics and home/community preferences will in many 
ways support the policy recommendations and GHG reduction goals in this policy option. 
Population projections see an increase in more than I million residents in the urban areas 
downstate by 2030, but a decrease of almost 300,000 residents upstate, which should 
contribute to increasing access to smart growth land uses. Based on market and real estate 
trends and projections, the increase in the over-65 population (projected to be over 20% by 
2030) will concomitantly increase the demand for smaller dwelling units (including more 
attached housing) in walkable/bikeable, transit-friendly, mixed-use communities, particularly 
in municipal centers. The rise in the number of childless households, single parent households 
and young, single professionals is projected to increase the market for compact, vibrant, 
diverse, mixed-use, walkable/bikeable, transit-friendly communities, particularly in urban 
areas. Furthermore, a larger nationwide trend toward urbanization could manifest itself in 
supportive, climate-friendly real estate and home-buying trends in New York. 

• Implementation of this policy is especially relevant in those areas ofthe state that expect 
population growth between now and 2030, and could be targeted to those areas in the short 
term. 

• Considering the limitations of State incentives and assistance (vs. mandates for example, which 
this policy doesn't include), the scenario of having 50 percent of all new construction occur in 
priority growth areas is very aggressive, but potentially feasible, given the long timeframe. 
Achieving these results would require a sustained long-term State commitment to promoting 
priority growth centers with assistance and incentives. 

• TLU-9 is closely linked with TLU-10 and TLU-11, which consist of related land use policies, 
and TLU-6 and TLU-7, which consist of policies supporting transit and transportation demand 
management that enable and thrive in partnership with compact, mixed land use. 

* "Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions," 
http://www.movingcooler.info/. 
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Compact, mixed use developments, which could be encouraged through Priority Growth 
Centers, offer significant co-benefits from improved public health and air quality; better 
mobility through access to additional travel options such as public transportation, walking, or 
biking; and reduction in building energy use (compact land use is generally associated with 
lower building energy use per square fool). 

Without significant changes in land use and development patterns in New York State, the level 
of VMT reductions and mode share changes contemplated in the entire suite of TLU policies 
will be difficult to achieve. However, land use changes are particularly difficult to prescribe in 
New York State. New York State can offer incentives to municipalities and regional planning 
organizations to incorporate priority growth centers, but the State ultimately does not have the 
authority to create them itself, due to home rule. Incentives will have to be designed carefully 
to attract local authorities to update and alter their land use plans. Land use pattems are 
difficuh to change once established, and changing incentives and local regulations could lead 
to significant property value shifts, raising values in denser areas and reducing values in 
sprawling neighborhoods. This could have significant economic and equity impacts. 

Policy Summary 

This policy is a suite of measures to encourage and incentivize transit-oriented development 
(TOD). The State could provide favorable tax incentives, priority infrastructure funding, and 
technical assistance/planning grants for the planning, zoning, and development/re-development of: 
transit villages in close proximity (one-half mile, as a general rule) to transit stations (rail, bus, 
ferry); targeted compact, mixed-use development within walking, biking and short-car-ride 
distance of a transit station; and pedestrian-/bicycle-friendly access to transit. New York State 
could also develop parking policies and altemative funding mechanisms for parking that support 
TOD/transit-supportive development (TSD). New York State could offer: 

Continued development and expansion of existing technical assistance and public education 
around TOD; 

Sales tax exemptions and/or income tax credits for retail within one-half mile of a transit hub 
in an area appropriately planned and zoned for TOD; 

Priority state and local assistance for projects within a TOD; 

Additional location efficiency incentives if TODs reduce transportation and/or parking costs 
due to location efficiency; 

Assistance and incentives for Transfer of Development Rights initiatives that transfer 
development away from open space that serves maximum carbon sink and sequestration 
benefits and toward TOD; 
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• Agreements established by the state housing agencies to maintain the long-term affordability of 
affordable housing within TOD/TSD as a condition of receiving state affordable housing 
assistance; 

• Rewards/incentives for communities with adequate TOD/TSD ordinances. 

Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by S/tCOie reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed that the suite of programs 
ouflined above were successful in having 65 percent of all new development in the MTA service 
area within close proximity and accessible to transit; and in establishing bus rapid transit lines 
throughout all major metropolitan areas ofthe state, with TOD located on each route. 
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Implementation costs were estimated by applying assumptions similar to those used for the Moving 
Cooler^ study's Land Use and Smart Growth Strategies under the Maximum Deployment scenario. 
These include costs for policy, planning, and visioning. Since these planning costs are assumed to 
include all measures in TLU-9, TLU-10, and TLU-11, the cost was distributed between the three 
policy options, weighted by the emissions reduction. 

Special Considerations 

• Population levels in New York are expected to increase and development and building is 
expected to occur. This policy option aims to steer that development to locations accessible by 
transit. This policy suite is closely linked with TLU-9 and TLU-11, which consist of related 
land use policies, and TLU-6 and TLU-7, which consist of policies supporting transit and 
transportation demand management that enable and thrive in partnership with compact, mixed 
land use. It is also linked to TLU-12 through policies to promote these policies at a Regional 
level 

• The scenario of 65 percent of development in Metropolitan Transportation Authority (MTA) 
area occurring near transit is taken from the report ofthe Blue Ribbon Commission on 
Sustainability and the MTA. 

• Compact, mixed use developments, which could be encouraged through TOD/TSD, offer 
significant co-benefits from improved air quality and public health; better mobility through 

'"Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions," 
http://www.movingcooler.info/. 
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access to additional travel options such as public transportation, walking, or biking; reduction 
in building energy use (compact land use is generally associated with lower building energy 
use per square foot); and enhanced quality of life. 

• Without significant changes in land use pattems in New York State, the level of TOD and TSD 
in this policy option and those related to transit, HSR, and freight will be difficuh to achieve. 
As mentioned in TLU-9, land use changes are difficuh to prescribe in New York State. 

• Traffic congestion and heavy traffic areas are significant environmental burdens on EJ 
communities across the state. Efforts to increase efficiencies and strategically promote the use 
of mass transit can help to ameliorate these impacts. 

• As described in more detail in TLU-9, demographic changes will support the recommendations 
and goals in this TLU. Population projections for New York foresee an increase in urban areas 
downstate by 2030, but a decrease of almost 300,000 residents upstate. The increase in the 
over-65 population will increase the demand for smaller dwelling units in walkable/bikeable, 
transit-friendly, mixed-use communities. Demographic trends support projections of a strong 
market for compact, vibrant, diverse, mixed-use, walkable/bikeable, transit-friendly 
communities. 
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Policy Summary 

The State of New York could incentivize and promote local planning, zoning and development/re
development that minimizes the distance between locations of daily destinations through targeted 
density and mixed land uses; infill development/adaptive reuse (commercial, retail, residential); 
retrofitting sprawl development to achieve greater density, mix of land uses, inter-connectivity and 
walkability; affordable housing opportunities; close proximity between jobs and transit; and close 
proximity between affordable housing and Iow-/moderate-income jobs. As distinguished from 
TLU 9—Priority Growth Centers, this policy could occur by taking a micro-planning approach by 
creating specific, people-friendly/oriented network/land use connections. New York State could 
accomplish this through programs such as: 

• Recognizing and incentivizing projects that comport with location efficiency with state 
economic development assistance; 

• Developing a Location-Efficient Mortgage program, modeled on the Housing Finance 
Agency/State of New York Mortgage Agency Mortgage Insurance Fund agreement with the 
MTA to provide additional incentive for affordable housing near transit; 

• Requiring that to the extent practicable and within the context ofthe setting, road and network 
design would adhere to the Complete Streets approach, offering equal access and use to all 
users including automobiles, transit vehicles, pedestrians, bicyclers, seniors, and children 
regardless of age or ability; 

• Catalyzing university and college resources to create greater town land use synergies with 
surrounding neighborhoods and municipal centers; 
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• Developing policies that promote local food production and distribution; 

• Building location efficiency into state housing program eligibility and policies to mitigate any 
negative aspects of gentrification and increased housing prices resulting from revitalization and 
redevelopment; and 

• Investing State funds in brownfields cleanup and redevelopment, including improving the 
existing brownfields tax credit program for privately owned brownfields, and re-establishing 
the grants and technical assistance to localities for municipally-owned brownfields. 

Quantitative Analysis 

The estimated GHG reduction potential, total cost or savings (as measured by net present value), 
and cost effectiveness (as measured by S/tCOie reduced) for the policy scenario analyzed by the 
Technical Work Group are presented below. The scenario assumed that the measures above would 
measurably reduce the distance/VMT required to access work and other daily destinations, as well 
as the household costs devoted to transportation. 
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Implementation costs were estimated by applying assumptions similar to those used for the Moving 
Cooler^ study's Land Use and Smart Growth Strategies under the Maximum Deployment scenario. 
These include costs for policy, planning, and visioning. Since these planning costs are assumed to 
include all measures in TLU-9, TLU-10, and TLU-I I, the cost was distributed between the three 
policy options, weighted by the emissions reduction. 

Special Considerations 

• TLU-11 is closely linked with TLU-9 and TLU-10, which consist of related land use policies, 
and TLU-6 and TLU-7, which consist of policies supporting transit and transportation demand 
management that enable and thrive in partnership with compact, mixed land use. It is also 
linked to the TLU-12 related to RGGI for land use. 

• Compact, mixed use developments, which could be encouraged through Location-Efficient 
Land Use, offer significant co-benefits from improved air quality, better mobility through 
access to additional travel options such as public transportation, walking, or biking, reduction 
in building energy use (compact land use is generally associated with lower building energy 
use per square foot), and enhanced quality of life. 

^Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions, 
http://www.movi ngcooler.infoA 
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The significant changes in land use pattems in New York State required by this policy will be 
complicated to achieve because land use changes are particularly difficult to prescribe in New 
York State. There is, for example, no guarantee that the list of State-level incentives 
enumerated above would result in a significant shift in land use patterns. 

As described in more detail in TLU-9, demographic changes will support the recommendations 
and goals in this TLU. Population projections for New York foresee an increase in urban areas 
downstate by 2030, but a decrease of almost 300,000 residents upstate. The increase in the 
over-65 population will increase the demand for smaller dwelling units in walkable/bikeable, 
transit-friendly, mixed-use communities. Demographic trends support projections of a strong 
market for compact, vibrant, diverse, mixed-use, walkable/bikeable, transit-friendly 
communities. 
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Policy Summary 

New York could pursue a range of regional (i.e., muhi-state) strategies to reduce GHG emissions 
from the transportation sector. This policy description is separated into four parts, although they 
are clearly interdependent: (I) a regional initiative for land use and GHG emissions, (2) a regional 
inifiative for transportation and GHG emissions, (3) a regional initiative for high speed rail lines 
inside New York State (Empire Corridors) and on the Northeast Corridor, and (4) a federal 
advocacy program. The regional transportation initiative would include a carbon pricing 
mechanism that would generate revenue, and the regional land use initiative would reinvest that 
revenue in economic development projects that lead to reduced per capita GHG emissions from 
transportation. 

Certain regional transportation initiatives have already begun. For example, on June 15, 2010, a 
Northeast and Mid-Atlanfic,Regional Transportation and Climate Initiative summit brought 
together transportation, energy, and environmental agency heads from 11 states plus Washington, 
DC to work collaboratively to reduce GHG emissions from the transportation sector. In another 
example, in December 2009 the govemors of New York and 10 other states signed an MOU 
affirming each state's commitment to developing a low carbon fuel standard framework. The 
programs described here also suggest policies that could be developed with existing entities, such 
as the Coalition of Northeastern Govemors, the Northeast Association of State Transportation 
Officials, or the 1-95 Corridor Coalition. 

Regional Initiative for Land Use and GHG Emissions 

This program could encourage states to prioritize the provision of their own state funds to those 
municipalities that take specific actions to encourage low GHG land use. Municipalities that 
commit to certain land use planning actions (e.g. sustainable planning, zoning, transit-oriented 
development) could get priority for a range of state and federal funding. Funds (potentially from a 
GHG auction resulting from a regional initiative for transportation and GHG emissions, described 
below) would be reinvested in smart growth economic development projects in communities, and 
communities would be eligible for funding based on their commitments to climate change 
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mitigation and adaptation actions. In the short term, states could work together to identify and 
publicize best practices; offer joint municipal training/information sessions; or share results. 

Regional Initiative for Transportation and GHG Emissions 

Under this policy, a price for carbon emissions from the transport sector would be established via 
an auction of credits. Entities that provide fossil fuel for transportation would be required to hold 
credits to cover their sales. Revenue from the auction would be reinvested in: (1) shared modes, 
including high speed rail and intra-city transit; (2) smart growth land use actions that would reduce 
VMT, e.g. transit oriented development; and (3) transportation system efficiency. Providers of 
transportation fuels could, instead of purchasing credits, invest in projects to offset their emissions. 
Instead ofthe cap-and-invest framework, states could implement other pricing strategies, including 
VMT fees, PAYD auto insurance, and an increased fuel tax, which each should be further studied. 

Also in this policy, the Technical Work Group suggests a range of potential joint research and 
development (R&D) projects. Examples include developing a methodology for quantifying transit 
projects for offsets, piloting a pay-as-you-go insurance project, piloting emission-based tolls in 
interstate transportation corridors, and developing an electric-vehicle corridor through joint 
planning and investment in electric fueling infrastructure. 

The freight sector offers another opportunity for collaboration on GHG reduction strategies from 
the transportation sector. A multi-regional approach to freight transportation creates the potential 
for far greater GHG emission reductions than a New York-only approach. Regional cooperation 
could include incentives to municipalities that commit to freight planning actions (e.g., intermodal 
rail yards, distribufion centers, freight villages, and consolidation centers). A price for freight 
carbon emissions could also be established via credit auctions. Shippers, freight forwarders, and 
retailers would be required to hold credits to cover shipping, based on total freight VMT. Auction 
revenues would be reinvested in low-carbon freight system infrastructure and smart growth land 
use actions reducing freight VMT. States could pursue R&D projects, for example, to develop low 
and zero-emission short and long-haul freight rail systems or use advanced technology such as 
linear induction or emission-based truck tolls in interstate transportation corridors. 

Regional High-Speed Rail for the Empire Corridors and the Northeast Corridor 

New York should continue to engage and collaborate with Northeast states to undertake a major 
investment study on high speed rail in the Northeast Corridor and within New York State (Empire 
Corridor lines) and the nearby provinces of Canada. By far America's busiest rail corridor, the 
Northeast Corridor moves more than 259 million passengers annually. Amtrak's share of these 
riders in 2009 was 13 million. Preliminary estimates are that intercity passenger rail ridership 
along the Northeast Corridor is forecast to increase by 59 percent to a total of 412 million by 2030, 
with 23 million of these riders using Amtrak.^ 

Development of a high speed rail system that offers competitive trip times could shift travel 
demand from single-occupant vehicles and air travel to rail. Short-haul air travel would not be 
eliminated, as the need for connecting fiights will likely persist but it could be dramatically 

^ The NEC Master Plan Working Group. Northeast Corridor Infrastructure Master Plan. May 2010. 
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reduced, freeing up congested airspace in the region. World class high speed rail in the Northeast 
could also create economic synergies between cities on the Eastem Seaboard. Linking cities that 
enjoy strong economies with cities trying to develop stronger economies will transform the 
economic geography and output ofthe Northeast. New York State should continue all efforts to 
develop high speed rail along the Empire Corridor. Dedicated high speed rail tracks would also 
reduce congestion on existing rail lines, leading to improved and more efficient freight movement. 

The Northeast Mega-region is projected to grow from a population of 49.5 million in 2000 to 58 
million by 2025 and 70 million by 2050.'° The ability ofthe Northeast Mega-region to capture and 
sustain this population growth will depend largely on the quality of its transportation 
infrastructure. To continue its economic growth, the Northeast Mega-region will need to provide 
expanded capacity for intercity travel. Highways and airports cannot provide this capacity in a 
manner that meets the goals ofthe New York State Climate Action Plan. Dramatically increasing 
intercity rail capacity in the Northeast Mega-region, and reducing trip times in the process, could 
achieve increased mobility, economic growth, energy security, and GHG emissions reductions. 

Preliminary data and analysis conducted by the Regional Plan Association suggests that a 
"Califomia-style high speed rail" in the Northeast and Empire Corridors could shift 24 percent and 
17 percent of passengers from air travel to rail, respectively. 

New York State should continue to aggressively work with other Northeast States to undertake a 
major investment study ofthe impact of high speed rail on the Northeast and Empire Corridors. 
This study would forecast the economic development benefits of high speed rail on city pairs 
within the Northeast, changes in regional air space, GHG benefits, and mode shift toward rail. 

A Federal Advocacy Program 

Many actions to reduce emissions would best occur at the federal level. New York State advocacy 
for these changes will be most effective in concert with other states. New York State should 
advocate for a stronger federal program for LDV standards to significantly increase market 
penetration of zero-GHG vehicles (see TLU-1). As enumerated in the 2009 New York State 
Energy Plan, a new federal funding formula is needed within the next surface transportation 
funding bill to provide the correct incentives to states. There also needs to be significant federal 
investment in new low-GHG transportation modes, and an increase in federal funds for transit, rail 
and other modes that reduce GHG emissions. New York State should advocate for a diversification 
ofthe portfolio of revenue supporting the federal surface transportation program for a healthy 
transition to a low-carbon system. A federal advocacy partnership with other states could also 
address the need for streamlining the process to secure federal approval to expand transit systems, 
and linking the award of federal funds for major transportation system expansion to land use plans 
that support GHG emissions reduction. 

Quantitative Analysis 

Quantitative analysis of this suite of policy options was not undertaken. 

Ibid, page 8. 
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Special Considerations 

These are policies believed to be best designed and implemented on a multi-state basis. In 
some cases, the interconnected nature ofthe regional system (e.g., highways, trucking, and fuel 
markets) is the main impetus for a regional approach. For other policies, implementation on a 
regional basis could minimize any competitive disadvantages for New York. A regional 
approach may be necessary to reduce leakage. Also, a policy may need more research and 
analysis of likely outcomes, and this research would be most informative if it occurs for several 
states. 

Successful implementation ofthe policies described here would bring a range of co-benefits 
including reduction of other pollutant emissions, the provision of additional transportation 
choices, the reducfion of traffic congesdon, and more sustainable land use patterns. 

The policy options presented here are linked to many ofthe other options presented, especially 
TLU-7 (transit), TLU-8 (freight), and TLU-4 (fueling infrastructure). 
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Chapter 8 
Power Supply and Delivery Mitigation 

New York will have a safe, reliable, diverse, and extremely low-emitting electric power system 
that meets the needs of ail its citizens and accommodates the widespread conversion of buildings 
and transportation from fossil fuel to electricity. The state will meet its energy needs in a manner 
that maximizes societal benefits, minimizes societal costs and avoids imposing an undue burden 
on any community. 

More specifically, New York's electric power system will have the following characteristics: 

• Electric generation mix: New York's electricity will be generated by an optimal mix of 
renewable generation—both central station and distributed—complemented by safe nuclear 
power and fossil fuel-fired power plants that safely and permanently capture and sequester 
carbon dioxide (CO2). Fossil-fired units existing today will have been retired, replaced with 
renewables or nuclear power, or repowered using carbon capture and sequestration (CCS) 
technologies. 

• Power transmission and distribution: Transmission and distribution facilities will have 
been upgraded to reduce line losses and expanded to move electricity from new clean 
generation sources to the areas where demand exists. 

• Energy storage: Centrally located energy storage systems (such as pumped storage, 
compressed air and fiywheel), as well as batteries and other distributed storage technologies, 
will make it possible for variable renewable energy resources to meet system needs around 
the clock and will promote system reliability by helping to meet load-following, reserve 
capacity and frequency response needs. 

• Demand management: Renewable distributed generation, energy storage, and smart grid 
technologies will enable New York's utilities to reduce or manage demand for grid-based 
electricity. In particular, smart grid technology allows sophisticated management of energy 
demand: it enables consumers to function as energy storage facilities and generators, helps 
minimize the disparity between base load and peak demand on the grid, and facilitates use of 
renewable resources whose energy output varies with weather conditions or by season. 

Adapting to climate change: The electric power system will be reliable in part because 
utilities have anticipated and counteracted the impacts of climate change on electric 
generation, transmission, and consumption. (Examples of such impacts are higher peak 
electricity loads and accelerated degradation of critical system components from warmer 
temperatures, or changes in availability and predictability of renewable energy resources due 
to changes in hydrology, wind pattems and solar incidence.) 
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The Power Supply and Delivery (PSD) sector includes greenhouse gas (GHG) emissions from 
the combusfion of fossil fuels for the generation of electricity, the transmission and distribution 
of electricity, and the combusfion of municipal waste at waste-to-energy facilities in New York. 
This includes both imported and New York-based generation. Electricity generation accounts for 
the vast majority of these emissions, represenfing 95 percent of New York's total PSD sector 
emissions in 2008. Total GHG emissions from the PSD sector are expected to represent 23 
percent of New York's total consumption-based emissions in 2008 (Figure 8-1). 

Figure 8 -1 . New York State Power Supply and Delivery Emiss ions , 2008 

2008 Power Supply & Delivery Greenhouse Gas Emissions 
(Million MetricTons CO2 Equivalent) 

Net Imports 
of Electricity 
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Electricity 
Distribution 
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Combustion 
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MMtC02e = million metric tons of carbon dioxide equivalent. 
Note: 'Electricity Distribution' refers to emissions of sulfur hexafluoride. 

Electricity Generation Fuel Mix 

Electricity is generated using a variety of fuels in New York. The relative generation by fuel 
source in 2008 is shown in Figure 8-2. This mix of generation types has changed over time. In 
1990, petroleum and coal represented 42 percent ofthe total generation by gigawatt-hours 
(GWh). By 2008, this had dropped to 14 percent, with natural gas (up 10 percent), hydro (up 4 
percent), nuclear (up 9 percent) and imports (up 11 percent) making up most ofthe difference. 
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Figure 8-2. New York State Electric Generation by Type of Fuel, 2008'' 
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GWh = gigawatt-hour; MMtCOae = million metric tons of carbon dioxide equivalent. 

This shifting ofthe fuel mix away from'high-GHG fossil fuels to low-GHG fuels has resulted in 
an overall decline in emissions from this sector, even though total generation has increased. It is 
illustrated in Figure 8-3, showing the carbon intensity of electricity generated and sold (including 
imports) between 1990 and 2008, and expected using the reference case forecast through 2030. 
Over the 18-year period between 1990 and 2008 generafion increased 17.5 percent, while GHG 
emissions associated with generafion, including imports, declined by 16.2 percent. 

' In New York State, the accounting convention for pumped storage works as follows: Generation 
required for pumping is included in the net energy for load total. More specifically, the electricity 
required for pumping water to a higher elevation is not deducted from the net energy for load value for 
hydroelectric plants, while the generation produced by pumped storage is reported separately as a positive 
value. In terms of tracking total amount of generation for load, the approach is fully equivalent to the 
approach where net generation for pumped storage is negative. 
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Figure 8-3. Historical and Forecasted Carbon Intensity for New York State Power 
Supply and Delivery, 1990-2030 
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GWh = gigawatt-hour; C02e = cart)on dioxide equivalent. 

Roles of Imports and Emissions Accounting 

New York has historically been a net importer of electricity. Electricity imports have been 
relatively small compared to total consumption but have increased from about 4,519 GWh in 
1990 to about 23,900 GWh in 2008. Absent the implementation of new policies, imports are 
expected to increase to about 11 percent of total consumption in 2022 and remain at that level 
through 2030. In 2008, the emissions per GWh for imports were about 12 percent higher than the 
emissions per GWh for in-state generation. 

There are two generally accepted methods to account for emissions associated with electricity 
generation from imports and exports. The consumption method includes emissions associated 
with all electricity consumed within the state regardless of where it is generated. The production 
method includes all emissions from electricity generated within the state regardless of where it is 
consumed. The development ofthe inventory and forecast of historical and forecasted GHG 
emissions in New York includes both methods but the consumption accounting method is used 
for the purpose of attributing both emissions and emissions reductions to New Yorkers. 

Another accounting question has to do with direct emissions versus full fuel cycle emissions. In 
the case of electricity generation, direct emissions are those associated with the end use or 
combustion ofthe fuel. Full fuel cycle emissions include the direct emissions but also include the 
emissions associated with the extraction, processing, and transportation ofthe fuel. Both 
methods have been used in this study and analysis in the Appendices compares the two results. 
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Recent Actions to Promote Energy Independence 
New York's innovation and leadership in the field of clean energy production and use goes back 
decades and includes the renewable portfolio standard, programs funded by the systems benefit 
charge, the net metering law, decoupled tariffs, a host of energy efficiency programs, and the 
creation ofthe New York State Energy Research and Development Authority, which remains a 
model for other states. The precedent-setting Regional Greenhouse Gas Initiative (RGGI), the 
only GHG cap-and-trade program currently operating in North America, was the resuh of a New 
York State initiative. 

In his State ofthe State Address on January 7, 2009, Governor David A. Paterson announced his 
proposal for a "45 by 15" plan to reduce electricity consumption by 15 percent and provide 30 
percent ofthe remaining electricity demand through renewable energy resources by 2015. This 
standard requires 30 percent ofthe state's electricity to be supplied from renewable energy 
sources by 2015 and provides financial incentives to support development of renewable energy 
sources. The renewable portfolio standard has supported 34 large-scale renewable projects 
(mostly wind) and approximately 330 customer-sited projects. New York is one of 27 states to 
use a renewable portfolio standard to drive a transition to renewable sources of electricity. 

The state program to reduce energy consumption has a goal of reducing power demand 15 
percent from forecasted levels by 2015 through energy efficiency. It includes eliminating a key 
conservation disincentive by decoupling utility profits from the amount of energy being 
consumed (this step is already underway), strengthening efficiency standards for appliances and 
buildings, and addressing New York's largest energy consumer—State government. When fully 
funded, this program is expected to provide more than $4 billion in benefits to customers, along 
with thousands of jobs to support energy efficiency programs, such as retrofitting outdated and 
inefficient residential, commercial, and industrial properties and installing new energy-efficient 
equipment. 

As described in detail in Chapter 3, Inventory and Forecast, New York's long-standing 
leadership has contributed to New Yorkers having a dramatically lower carbon "footprint" than 
the average American. Figure 8-4 shows a comparison between the historical U.S. and New 
York GHG emissions per capita. 
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Figure 8-4. U.S. and New York Emissions per Capita 
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GHG = greenhouse gas; tC02e = metric tons of carbon dioxide equivalent. 

This progress is reflected in the reference case forecast of future emissions, which assumes past 
efforts will remain in place but no further actions are taken to reduce emissions. The reference 
case does not, however, assume that New York will achieve the full 15 percent reduction in 
electricity use established in the 45 by 15 goal. To be conservative, the reference case adopts the 
Reliability Needs Assessment 2008 forecast of a 27 percent achievement toward the 15 by 15 
demand reduction portion ofthe goal. The policy scenarios developed by the technical work 
group assumed that new policies would build from the full 45 by 15 goal, so that proposed new 
policies initiatives do not take credit for the impacts of recent actions. 

Power Supply and Delivery Emission Trends 

In the absence of any additional mitigation efforts in the future, GHG emissions from New 
York's PSD sector are expected to decline and then return to roughly 2008 levels of 58 million 
metric tons of carbon dioxide equivalent (MMtC02e) by 2030. 

Figure 8-5 shows the historical and forecasted emissions from power supply and delivery in New 
York from 1990 through 2030. Note that since this is direct emissions, nuclear, hydro, and 
renewables are not included. The figure shows that although there has been a decline in electric 
sector emissions since 1990, assuming no new GHG reduction measures are enacted in the future 
it is expected that beginning around 2012 total emissions will rise, largely through the increased 
use of natural gas. 
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Figure 8-5. New York, State Historical and Forecasted Electricity Supply Sector 
Emissions by Source Type, 1990-2030 (2009-2030 forecasted) 
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Relative to total forecasted emissions from all sectors, emissions from the PSD sector are 
expected to remain about the same, going from 23 percent of total emissions in 2008 to 21 
percent of total emissions forecasted in 2030. 

Also of interest is the demand for electricity. Figure 8-6 translates Figure 8-5 into the demand 
sectors in New York. All sectors in New York are assumed to generate emissions based upon the 
GWh each consumes, so this graph assumes that the mix of sources of generation are identical 
for each demand sector. 
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Figure 8-6. New York, State Historical and Forecasted Power Supply and Delivery 
Sector Emissions by Demand Sector, 1990-2030 (2009-2030 forecasted) 
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MMtCOae = million metric tons of cari3on dioxide equivalent. 

The forecasts indicate that industrial sector emissions in the reference case are expected to 
continue a slow decline while commercial sector emissions are expected to grow by 24 percent 
between 2008 and 2030. Over the same period residential electricity consumption-related 
emissions are expected to decline 17 percent. Demand sector contributions to total electricity 
demand emissions would therefore shift between sectors as indicated in Figure 8-7. 
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Figure 8-7. Electr ic i ty Generat ion Emiss ions Demand by Sector, 2008 and 2030 
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Building a near-zero carbon electricity sector is the foundation of New York's transition to a 
low-carbon economy. New York already obtains more than 50 percent of its electricity from 
essentially carbon-free sources, including nuclear and hydroelectric and other renewable power. 
But for New York to achieve its goal of reducing GHG emissions 80 percent by 2050, close to 
100 percent of New York's electricity will need to come from low-carbon sources—sources with 
near zero-carbon emissions—by 2050. Furthermore, as the use of carbon-intensive fossil fuels in 
the transportafion and buildings sectors is phased out or reduced substantially, New York will 
need an adequate supply of low-carbon electricity to power those sectors. Therefore, over the 
next,40 years. New York will need to replace most ofthe existing fossil fuel-fired sources of 
electricity—coal, gas and oil-fired power plants—with low-carbon sources of power, including 
renewable, nuclear and possibly fossil fuel-fired plants equipped with CCS. 

Fortunately, New York has a number of policies in place that begin this needed transformation. 
The Public Service Commission (PSC) recently approved expanding the State's renewable 
portfolio standard (RPS) to 30 percent by 2015. If coupled with the 30 percent of power 
currently provided by nuclear power plants. New York would have an electricity grid that is 
powered 60 percent by renewable or other low-carbon sources of electricity by 2015. New York 
is also a member of RGGI, a regional program to cap and reduce power plant emissions 10 
percent below historic levels by 2018. While these exisfing programs provide a good start on 
building the low-carbon power sector, they are insufficient by themselves. 

Therefore, a number of policy options should be considered to achieve this transition to a low-
carbon electricity sector while maintaining the reliability ofthe electricity supply. In general, 
these policies fit into three categories: (1) policies that promote renewable energy and other low 
carbon energy sources, (2) policies to reduce carbon emissions from new and existing fossil fuel-
fired power facilities, and (3) complementary policies that maintain the viability of an electric 
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grid that relies increasingly on renewable sources of energy and supports electrificafion ofthe 
transportafion system. These options will be evaluated further through integrated analysis. 

Three policies will be responsible for most ofthe emission reductions from the electricity sector: 

• The primary policy for achieving emission reducfions in the relafively short term is the 
extension and expansion ofthe State's exisfing RPS. One option would be to substantially 
expand (more than double) the amount of electricity that is provided by new renewable 
energy by 2030, including deploying off-shore wind energy and solar energy. In addition to 
an expanded RPS, this policy would include complementary measures providing the early 
support needed to bring low-carbon renewable sources on line. (PSD-2) 

• Another policy to consider is the implementation of a low-carbon portfolio standard (LCPS) 
that will build on the RPS, requiring regulated ufilities and other load-serving entifies to 
procure an increasing amount of low-carbon energy—renewables, appropriately sited 
nuclear, and fossil energy with CCS. This policy will initially supplement the RPS, requiring 
load-serving entities (LSEs) to provide an increment of low-carbon power beyond the 
renewable power attributable to the RPS. Eventually, after 2030, when CCS and new nuclear 
power may be more commercially viable, the LCPS can potentially supplant the RPS. (PSD-
6a) 

• National and regional acfion is needed to fully address climate change. Therefore, the State 
should work with its regional partners to build upon and strengthen the RGGI program. 
These joint efforts may result in expanding RGGI into a multi-sector cap-and-invest program 
that caps and reduces carbon emissions region wide, sets a price on carbon emissions, and 
invests proceeds from allowance aucfions in building the clean energy economy in New 
York. Uhimately, New York would benefit by a national cap on GHG emissions but, until 
Congress acts, a stronger RGGI can serve as the model or foundation for a strong national 
carbon reduction program in addition to helping to achieve New York's climate goals. (PSD-
6b) 

It is worth noting that there is considerable interaction and policy overlap among the policy 
options idenfified. State policymakers would need to design and implement the policies that are 
selected in an efficient manner that takes account ofthe potential interactions between the 
policies. 

In addition to the policies described above, other policies intended to reduce emissions from all 
new and exisfing power plants are proposed for further consideration. PSD-1 and PSD-10 work 
in unison to facilitate the siting of new lower-carbon power-generating facilifies in New York. 
PSD-1 would require the enactment of a new, fuel neutral sifing process for new plants, while 
PSD-10 includes a provision that all new plants sited in New York meet a GHG emission 
standard that is based on the emissions level of modern, efficient natural gas-fired plants. 
Together, these two policies would provide for siting new generating facilities in New York in a 
manner that is consistent with achieving the State's GHG reduction goals. Regarding existing 
plants, PSD-8 seeks to reduce emissions by requiring all exisfing plants to meet comparable 
emission standards after 2030 and providing incentives to encourage the repowering or 
replacement of such plants with more efficient, lower-emitting technology earlier than 2030. 
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Collectively, these policies would ensure that all fossil-fired plants—existing now or buih in the 
future—would have relatively low emissions by 2030. 

Other policies are necessary to ensure that an electricity grid that relies increasingly on 
renewable and other low-carbon power sources continues to provide electricity in a reliable 
manner. PSD-4 recommends upgrades to the electricity distribution system to enable more 
reliance on distributed renewable energy sources and increased use of electric vehicles; a key 
recommendation of this policy is the continued development and deployment of smart grid 
technologies. PSD-5 recommends modernization ofthe electricity transmission network to 
enable the efficient transmission of renewable and other low-carbon energy from the point of 
generation to where the demand for electricity exists. PSD-3 recognizes the importance of energy 
storage in maintaining the reliability of an electricity grid that relies increasingly on variable, 
renewable sources of electricity. 

Finally, PSD-9 recommends that continued investment in research, development, demonstrafion 
and deployment is needed to achieve the transifion to a low-carbon power sector. Although many 
ofthe technologies needed to achieve the transition to a low-carbon electricity sector have been 
idenfified, confinued research and development—at the federal, tate and commercial levels—will 
lead to technological advances that will enhance New York's ability to meet the challenge of 
building a clean energy economy in a cost-effective manner. 

These policy options will help to achieve the transformation of New York's electricity sector in a 
manner that is consistent with the vision of a low carbon New York, in which electricity will be 
supplied by low carbon renewables, appropriately-sited nuclear power, and fossil-fired plants 
with CCS. In the near term, the deployment of renewables will be facilitated by the RPS and 
other renewables policies described in PSD-2, as well as the LCPS and cap-and-invest policies. 
In the longer run, as existing baseload fossil-fired plants are retired, new nuclear plants are 
expected to play an important role in New York's electricity sector, in addition to fossil-fired 
plants equipped with CCS. Figure 8-8 presents the proposed sequencing of policies in fime, 
showing that a number of policies could be implemented immediately and that some could be 
phased-out based on successful implementafion of new policy mechanisms. 
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Figure 8-8. Power Supply and Delivery Policy Options Timeline 

LCPS = low-cart)on portfolio standard; PSD = power supply and delivery; RPS = renewable portfolio standard. 

Although New York will rely on the federal government to provide most ofthe substantial 
financial support and loan guaranties that new nuclear plants currently require, it should be 
prepared to facilitate the sifing of nuclear plants that receive such financial support. Likewise, 
when substantial federal investment in CCS research and development yields commercial-scale 
CCS projects, New York should be prepared to site such projects in New York. A number of 
policies support these goals, including the siting processes of PSD-1 and the emission standards 
of PSD-10. Most importantly, the LCPS will create a fertile market for nuclear power and CCS 
(as well as renewables) and will lead utilifies and other LSEs to enter into long term contracts for 
low carbon power. 

In further developing, designing, and implementing the policies that are selected, the State will 
need to confinue to preserve the reliability ofthe electricity system and strive to minimize costs 
while maximizing benefits. In the context of planning for a New York energy future with greatly 
constrained emissions of GHGs, it is important that the State review carefully the current design 
ofthe structure ofthe electricity markets (energy, capacity, and ancillary service markets) to see 
if there are ways to improve their overall efficiency and effectiveness. In addition, the State 
should continue to assess the reliability ofthe electricity system as it designs and implements the 
policies selected, many of which will constitute transformative changes in the way in which 
electricity is generated and used. To support that process, the State should urge the New York 
Independent System Operator to include 20-year sensifivity analyses in its Comprehensive 
Reliability Planning Process/Reliability Needs Assessment that incorporate supply strategies 
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recommended herein as well as load-altering policies in the transportation and land use (TLU) 
and residential, commercial/institutional, and industrial (RCI) sectors. 

Figure 8.9 Power Supply and Delivery Policy Options 
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MMtC02e = million metric tons of carbon dioxide equivalent; N/A = not applicable. 
Negative values represent savings. 
The numbering used to denote the above policy recommendations is for reference purposes only; it does not reflect 
prioritization among these important policy recommendations. The policy numbers that appear in this table are not 
consecutive because they reflect only those policies for which quantification has been completed, and not all policies 
are amenable to quantification. 

Figure 8-10. Estimates of Cost and GHG Emissions Reductions for PSD Policy 
Options. 
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Policy Summary 
This policy promotes the development of low-carbon renewable energy resources in New York 
over the period from 2015-2030 by increasing incentives and removing existing barriers for 
grid-connected renewable energy resources. This policy is intended particularly to increase 
investment in and development of in-state renewable energy resources such as wind (both 
onshore and offshore), solar photovoltaic (PV), low-carbon sustainable biomass/biofuels, and 
others. 

This policy option would increase the amount of new renewable power from approximately 10 
million MWh in 2015 (when the current RPS of 30 percent by 2015 is fully implemented) to 2 3 -
24 million MWh by 2030. Assuming that theenergy efficiency policies developed by the RCI 
Technical Work Group keep electricity demand from growing in New York, this policy could 
increase the renewable portion of New York's electricity supply to approximately 40 percent by 
2030. Specified targets would be identified for both offshore wind and grid-based solar power. 
The State could achieve these goals through a variety of policy mechanisms, starting with the 
continuation and expansion of an RPS program using funds raised through charges on utility 
bills. Achieving the goals outlined above, including the diversity in renewable resources, may 
benefit from supplementing existing funding mechanisms with other incentives, such as power 
purchase agreements, whereby the New York Power Authority and Long Island Power Authority 
purchase power or renewable attributes from renewable energy providers, and renewable energy 
payments (also known as feed-in tariffs) for specific categories of smaller renewable energy 
projects. These incentives can be designed to assist in the implementation of developing and 
emerging technologies. The State should continue to monitor changes in the price differential 
between grid-based solar power, offshore wind, and other renewable sources so that incentives 
can be adjusted in accordance with their economic and technical viability. 

Additionally, in order to further encourage these clean energy resources, New York State should 
examine any remaining barriers that prevent market-based development of utility-scale 
renewable energy generation projects. Possible policy approaches include: (1) specific standards 
and fees for interconnecting renewable energy resources into the grid, (2) establishment of 
renewable energy development zones that allow for concentration of transmission grid upgrades 
to efficiently deliver renewable power to end-user consumers, and (3) specific regional siting 
policies for technologies such as offshore wind. Coordinated studies could identify additional 
barriers to development and design strategies to alleviate them. 

Quantification 
The Technical Work Group explored two scenarios^ with different renewable penetration levels 
(13,000 GWh and 14,000 GWh), above and beyond the approximately 10,000 GWh goal 

Additional scenarios were studied. These results are in the summary table on page 8-14. 
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established under the current 30 percent RPS program to be achieved by 2015. To promote 
diversity, the 13,000-14,000 GWh of new grid-based renewable resources could be required to 
include at least 3,000 GWh of offshore wind projects and at least 1,000-2,000 GWh of grid-
based solar power. 

The order of magnitude impacts ofthe Net Present Value and Cost-Effectiveness metrics for 
both scenarios were essentially the same. Therefore, the higher renewable penetration scenario is 
included here, which assumes the addition ofthe following renewable generation by 2030: 2,000 
GWh of biomass co-firing, 2,000 GWh of solar PV, 7,000 GWh of onshore wind, and 3,000 
GWh of offshore wind. The other scenario may be found in the full Technical Work Group 
policy option document. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by net cost per avoided emissions - 2005$/tCO2e) for the policy 
scenario quantified by the Technical Work Group are presented below. 

^Gf l^^uct lVns • I 

7.9 

^ta | '20 i j - | 

65 

^*lNot Present ^̂  

$2,200 

Net Cost per Avoided 
*t-" i - i f : •*• 'Emissions 
;• ;r*̂  (2005$/tCO2e) 

$34 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

Special Considerations 
• In the next two decades, this renewables incentive policy will be the primary mechanism to 

facilitate the development ofthe renewable resources needed to move New York to a lower 
carbon power sector. Over time, this policy could be phased out in favor of programs such as 
the low-carbon portfolio standard and an expanded regional cap-and-invest program. 

• The implementation of some GHG reduction programs at the federal level (e.g., RPS, cap-
and-invest) may require that New York modify its RPS implementation and administration 
strategies. 

• The Federal Energy Regulatory Commission (FERC) has exclusive jurisdiction under the 
Federal Power Act to regulate rates and conditions of sales for resale of electric energy in 
interstate commerce. The States are pre-empted from setting wholesale power rates that 
exceed utility avoided costs. New York's utility-based incentive programs for supply from 
renewable sources will need to be developed in compliance with this federal requirement. 
(Source: FERC, Order on Petitions for Declaratory Order, issued July 15, 2010). 

• A substantial amount of pre-development work (e.g., engineering studies and surveys) is 
necessary to foster market introduction of a broad range of promising renewable energy 
technologies in New York, including advanced biomass, tidal, and off-shore wind 
technologies. Meeting electric demand in a manner that satisfies climate protection goals will 
also require continued advances in the performance of current and emerging renewable 
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generation technologies. PSD-9 (Research and Development) includes policy initiatives 
focused on ways in which New York can help address these needs. 

Consistent with other PSD policies, a thorough assessment should be conducted to evaluate 
the energy storage, transmission, and distribution requirements that will support the 
expanded use of renewable power generation technologies in a reliable manner. 

The investment of funds in support of this goal is likely to create large numbers of jobs 
installing and maintaining renewable energy systems. Early investment in emerging 
technologies will contribute to lowering the price of such technologies so that they can be 
more competitive in the future. 

Additional analyses will be conducted in the next phase ofthe Climate Action Plan process 
to separately quantify the potential benefits and costs of utilization of biomass for application 
in the PSD sector. 
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Policy Summary 
This policy option identifies two market-based policy mechanisms that could provide strong 
economic incentives for private sector investment in low-carbon emitting sources of energy and 
other low-carbon technologies: (1) a low-carbon portfolio standard, which would require all 
providers of electricity to obtain a portion ofthe electricity they sell from low-carbon energy 
sources; and (2) a cap-and-invest program, which would be implemented on a regional basis and 
could include the power sector and other sectors within its coverage. 

Low-Carbon Portfolio Standard (PSD-6a) 

Under this policy, utilities and other LSEs would be required to provide a specified portion of 
their electricity sold from low-carbon sources (renewable, nuclear, fossil with carbon capture and 
sequestration). Currently, approximately 50 percent ofthe electricity generated in New York 
would qualify as low-carbon. That portion would have to grow to close to 100 percent by 2050. 
The policy would likely be implemented through low-carbon electricity credits that would be 
sold to LSEs by developers of low-carbon electricity. Imports could be treated the same as power 
generated within New York. Implementation of this policy would provide strong market signals 
for the development of renewable energy and other low-carbon sources of electricity. 

Cap-and-lnvest (PSD-6b) 

New York should support the establishment of a strong federal cap-and-trade program that 
places a national price on carbon emissions. In the absence of a federal policy. New York should 
build on the successful RGGI effort and work with its regional partners in RGGI to construct a 
cap-and-trade, or cap-and-invest, program that would cover large stationary emission sources in 
addition to the electricity-generating sources included in RGGI. The program would be designed 

8-17 



New York State Climate Action Council 
Interim Report 11-9-10 

to reduce emissions from the covered sectors by approximately 2.2 percent per year so that the 
2050 cap is 80 percent below today's levels. It would also provide a source of revenues for clean 
energy investments that contribute to economic development and job growth in New York by 
providing that all proceeds from the auction of allowances are reinvested in complementary 
programs to deploy energy efficiency, renewable energy and other low-carbon technologies or 
policies. Steps would have to be taken to address leakage/imports of electricity from sources in 
uncapped jurisdictions. 

At this time, RGGI covers only the power sector but this policy recommends that consideration 
be given to including industrial sources in the program as well as fuels used in the transportation 
and building sectors. The program would be designed to mitigate impacts on energy-intensive 
industries that are subject to interstate or Internationa! competition.'' As an alternative to 
including the emissions associated with transportation and building fuels in the cap, a carbon fee 
could be applied to the use of those fuels at a per ton carbon level that is comparable to, or based 
on, the clearing price for allowances used in the cap-and-invest program. Placing a carbon price 
on building and transportation fuels would provide an Incentive for energy efficiency and low-
carbon renewable sources of energy and a source of revenues to fund some ofthe policy 
initiatives discussed in the RCI and TLU sections of this report. In addition, if the scope ofthe 
cap-and-invest program is expanded beyond RGGI, offsets should be expanded beyond those 
available under the current RGGI program if the offsets meet the fundamental requirements of 
RGGI and other credible emission reduction programs (the offsets must be real, additional, 
verifiable, enforceable, and permanent). 

Quanti f icat ion 

Cap and Invest 

The cap-and-invest policy will be quantified after integrated cost curves are completed in the 
next stage ofthe planning process. 

Low-Carbon Portfolio Standard 

The Technical Work Group explored several scenarios for achieving a possible LCPS goal where 
75% ofthe electricity generated in New York would come from low-carbon sources in 2030. 
Three scenarios that bound the analysis are described below. The other scenarios may be found 
in the full Technical Work Group policy options document. 

The first scenario focused on achieving the goal with a high penetration of new renewable 
generation. It assumed the addition of 9,000 GWh of lower-carbon sustainable wood and other 
biomass, 10,000 GWh of solar PV, 16,287 GWh of onshore wind, and 9,198 GWh of offshore 
wind generation by 2030. The GHG reduction potential, total cost, or savings (as measured by 

^ The recommendation to include industry sources in the cap-and-invest program would not conflict with 
the RCI Technical Work Group's recommendation of voluntary efforts only if measures are included in 
the cap-and-invest program to protect energy-intensive industries, such as free allocation of allowances. 

•* Additional scenarios were studied. These results are in the summary table on page 8-14. 
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net present value), and cost-effectiveness (as measured by 2005$/tCO2e) for the first policy 
scenario quantified by the Technical Work Group are presented below. 

29 220 $2,100 

^ ^ q ^ per/iiVyb Icledi! 
^Emissions ,: ~' 

$10 

$/tC02e = dollars per metric ton of cartDon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

A variation of this scenario, which supplements renewables with energy efficiency as a low-
carbon supply-side resource, results in similar reductions at a lower cost per ton avoided of $4. 

The second scenario assumed that the 2030 goal would be met with a mix of renewable 
generation and new coal with CCS. It assumed the addition of 7,274 GWh of coal integrated 
gasification combined-cycle technology with CCS, 9,000 GWh of wood and other biomass, 
3,333 GWh of solar PV, 16,287 GWh of onshore wind, and 8,590 GWh of offshore wind 
generation by 2030. The GHG reduction potential, total cost or savings (as measured by net 
present value), and cost effectiveness (as measured by $/tC02e) for the third policy scenario 
quantified by the Technical Work Group are presented below. 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

A third scenario assumed that the 2030 goal would be met with renewable generation and a 
greater use of new nuclear energy. It assumed the addition of 30,748 GWh of nuclear (i.e., 
generation associated with 3 units of 1,300 MW each), 3,442 GWh of wood and other biomass, 
3,333 GWh of solar PV, 5,429 GWh of onshore wind, and 1,533 GWh of offshore wind 
generafion by 2030. The GHG reduction potential, total cost or savings (as measured by net 
present value), and cost effectiveness (as measured by 2005$/tCO2e) for this policy scenario are 
presented below. 
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$/tCOae = dollars per metric ton of cartDon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of cartjon dioxide equivalent. 
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Special Considerations 

• The LCPS would build upon and could eventually supplant the RPS by 2030. The LCPS 
would require LSEs to procure only the additional low-carbon power that is needed to 
achieve the specified targets af̂ er consideration of existing renewable and other low-carbon 
(nuclear) resources as well as renewables being developed by the RPS. After 2030, State 
support in the form ofthe Main Tier RPS for central power could be discontinued, allowing 
additional low-carbon power procurements by LSEs under the LCPS to drive the continued 
development ofthe low-carbon electricity sector in New York. 

• The proposal for the State's LSEs to provide a percentage of electricity to consumers from 
low-carbon sources of generation will require further analyses, including impacts on the 
State's deregulated wholesale generation market and dispatch, potential increases in retail 
electric prices for consumers, forecasts of available low-carbon electric supply sources 
(including imports), and costs and requirements to maintain the reliability ofthe state's 
electric transmission and distribution system. 

• 

• 

Design ofthe cap-and-invest program will need to address leakage of emissions. Among the 
mechanisms to be used would be implementation of complementary measures to reduce 
electricity demand and deploy renewable energy (including the RPS and LCPS), allocating a 
portion ofthe allowances for free to sources in energy-intensive, competitive industries, and 
including imported energy within the scope ofthe program. Regulating the carbon intensity 
of electricity imported into the state would have to be implemented in a manner that complies 
with the constitutional principles governing state regulation of interstate commerce. 

In designing these programs, State policymakers will need to be mindful ofthe interactions 
between the programs and their applicability to state power programs and customer classes. 
Although further evaluation ofthe interactions will be needed, some preliminary conclusions 
can be drawn. For example, implementing strong complementary measures directed at the 
power sector, such as the LCPS and RPS, will have a tendency to reduce the cost of emission 
allowances under the cap-and-invest program, thereby reducing the cost to New York 
ratepayers. However, if other states participating in a regional cap-and-invest program do not 
make similar investments, this benefit will be diluted, thereby raising the cost ofthe cap-and-
invest program to New York. Therefore, New York would need to work with its partners in 
the RGGI to seek deployment of similar programs in the other RGGI states and explore the 
possibility of regional implementation of an LCPS. Another possible way of ensuring that 
New York reaps the benefits of its other policies is to base the percentage allocation of 
allowances that New York receives in a regional program on state emissions baselines that do 
not consider the emission reductions that will result from other policies, such as 
implementation ofthe LCPS, expanded RPS and other complementary measures. 

Ideally, in the long term, the regional cap-and-invest program would transition into, or form a 
part of, a national program that is enacted through legislation or regulafion. In deliberations 
over the design of a federal cap-and-trade program. New York should advocate for measures 
to ensure that emission reductions achieved under an LCPS or other similar measures have 
value when a federal cap is in place. 

Achieving the goals of these two policies will require the implementation of other measures 
recommended in the PSD chapter of this report, including energy storage (to enhance 
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reliability of a grid that relies increasingly on renewables), a siting process for new low-
carbon energy facilifies and upgrade of electricity transmission and distribution systems. The 
cap-and-invest program could provide a revenue stream to enable the funding of many ofthe 
other policies recommended in this report. 

Additional analyses will be conducted in the next phase ofthe Climate Action Plan process 
to separately quantify the potential benefits and costs of utilizafion of biomass for application 
in the PSD sector. 
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Policy Summary 

The current sifing process for power plant facilities is left to a patchwork of local and State 
regulatory processes. An opportunity exists to re-create a more streamlined process for the siting 
of power plants. 

There are many components to consider in an authorization statute for power plant siting, 
including: 

• A siting process that combines and coordinates numerous regulatory authorizations and 
procedures into a single fuel- and technology-neutral approval process that provides greater 
market certainty to developers and investors; 

• A time-certain framework for rendering a decision on an application; 

• A provision for the override of the application of local substantive legal requirements that are 
unreasonably restricfive in view of factors specified in the statute; 

• An analysis of altemative sites similar to that required by State Environmental Quality 
Review Act; 

• A finding and determination that the authorized generating facility minimizes and mitigates 
predictable, significant, and adverse disproportionate environmental impacts, considering the 
cumulafive effect of emissions from other major facilities and the goal of reducing net 
emissions or, at a minimum, avoiding increased pollufion in communities that bear a 
disproportionate burden of emissions; 

• Opportunifies for extensive public involvement, including improved notice provisions, so as 
to address environmental justice and other public concerns associated with the construction 
and operation ofthe proposed electric generating facility; 

• Availability of intervenor funding, starting at the pre-application phase, for technical and 
legal services. 

Regarding carbon capture and sequestration, a regulatory and statutory framework should be 
considered for the development and use of CCS technology. One aspect of such framework is to 
amend the exisfing major transmission facility sifing process (refiected in Article VII ofthe 
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Public Service Law) to establish a mechanism for the review and sifing of a captured carbon 
transmission pipeline. In addition to this PSC-led acfivity, legislation could provide the New 
York State Department of Environmental Conservation with responsibility for CCS oversight, 
including a review process for obtaining a carbon sequestration permit, the injection of captured 
carbon into a reservoir, and the observation and monitoring ofthe carbon sequestration reservoir 
and its buffer zone boundaries. 

Quantification 
This policy option has not been quantified. 

Special Considerations 
• It will be challenging to balance the need for efficient and predictable permitting with 

expanded opportunities for extensive public involvement, including improved notice 
provisions, to address environmental justice and other public concerns associated with the 
construction and operation of proposed electric generating facilities. This policy proposes a 
revised process that serves both goals because unless progress is made in both areas it is 
doubtful that sufficient support can be mustered to accomplish either. 

• A coordinated project review under the power plant siting law could result in greater 
efficiency and lower costs for state agencies and municipalities from not having to conduct 
individual and possibly duplicative review processes. Also, permitting costs should be 
reduced with the use of a shorter and more certain regulatory process. This should result in 
lower costs to the developer. In addition, a more predictable permitting process might 
encourage a larger number of projects to be proposed, affording the state a wider range of 
future generation options. 

• The concern expressed by certain stakeholders that a siting bill could be used to site high-
emitting facilities contrary to the 80 by 50 goal will be addressed by the implementation of 
PSD-10, which will require that all new or rebuih power plants meet stringent emission 
standards for GHG emissions. Consideration could also be given to providing expedited 
treatment in the siting process to low-carbon and environmentally beneficial repowering 
proposals. 

Policy Summary 
In the next 20 years. New York should integrate new baseload fossil fuel-fired generation into 
the generation mix in a manner that is consistent with maintaining reliability and reducing 
system-wide GHG emissions. To reach the goal, this policy option supports the development of a 
low-carbon emission standard aimed at ensuring that the development of new power generating 
units contributes to the reduction ofthe State's GHG emissions. This standard would require that 
new or reconstructed fossil fuel-fired electric generating units that produce power for sale in 
New York and new power purchase agreements for delivery of electricity into the New York 
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Independent System Operator (NYISO) control area would achieve CO2 emission rates (pounds 
of C02/MWh gross) that are based on the best available operating technology. For baseload 
units, the standard would be set at a level that can be achieved by combined cycle natural gas-
fired technology. Gas turbines that are used for peaking purposes would be subject to a higher 
rate. In either case, the rates would allow for use of oil as a back-up fuel, consistent with 
reliability guidelines. In accordance with this proposed standard, new coal-fired power plants 
should not be built until CCS is available. For future decades, the emission standards could be 
revised based on the best available operating technology that arises in those periods. 

Nuclear power plants currently play an important role of providing necessary baseload power in New 
York's electricity system. New York could strive to maintain the net installed capacity of power 
from nuclear plants that can continue to operate in an appropriate location and safe manner 
consistent with all environmental requirements and eventually replace the capacity ofthe units 
that are not relicensed with new nuclear or other low-carbon baseload plants. In all cases, the 
relicensing, replacement with new units at the same facilities, or the development of new nuclear 
energy (or other zero GHG emitfing base-load generation) facilifies needs to be done in a safe 
and environmentally sound manner. In addition to the traditional large-scale reactors, 
opportunifies may arise to site newer smaller scale units. 

Quantification 
This policy option has not been quantified. 

Special Considerations 
• The goal of promoting the development and operation of power generation facilifies that will 

have zero- or very-low-carbon emissions is also promoted by the policy of developing an 
LCPS for power plant emissions (PSD-6). In addition to promofing statewide emission 
reductions, the instant policy—along with the siting policy (PSD-I)—will reduce the adverse 
environmental impact of new facilities on particular communifies. 

• The evolving role ofthe federal government is critical in the expansion ofthe nuclear 
industry and creating the policies and mechanism(s) for long-term storage, reprocessing, or 
neutralization of used nuclear fuel. 

• Currently, the two units at Indian Point are in the re-licensing process as their licenses expire 
in 2013 and 2015. If these (or other) facilities are not relicensed, then plans for the siting or 
expansion of new nuclear units (or other zero-GHG-emitting baseload generation) at new or 
exisfing facilities would be needed eventually to attain the same level of power currently 
provided by nuclear energy in the state. 
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Policy Summary 
New York's current fleet of fossil-fired plants includes plants—fired by coal or other fuels— 
with relafively high rates of carbon emissions. The purpose of this policy is to reduce emissions 
from these facilities by repowering and replacing exisfing fossil-fired facilities with more 
efficient, lower-emitting and less carbon intense generators. This goal would be achieved 
through a combination of incentives and emission standards. 

Initially, the State would rely on market-based solufions to promote repowering, including: (1) 
Request for Proposals open to repowered resources, regardless of technology; (2) market-based 
credits (similar to the REC market); or (3) long-term contracts. The PSC could work with the 
NYISO, the New York State Reliability Council, and market participants to identify fair and 
cost-effective incentives for the repowering of facilities to modem, state-of-the-art generation. 
Repowering would also be supported by the cap-and-invest program, as well as other market-
based and regulatory efforts. 

Eventually, however, existing sources would have to meet emission standards that would be 
applicable in 2030 after the above policies have been given a chance to work. These standards 
could be based on the standards applicable to new sources in PSD-10 (based on the emissions of 
natural gas-fired plants). Depending on the level of their emissions, exisfing sources would have 
a number of opfions available to meet specified emission standards, including efficiency 
upgrades, repowering with lower carbon fuels, co-firing of lower-carbon, sustainable biofuels, 
and the use of CCS (when it becomes commercially available). Flexibility may be provided by 
allowing the grouping or system-averaging of unit emissions to demonstrate compliance with 
applicable emission limits. 

Quantification 
This policy option has not been fully quanfified. 

Special Considerations 
• The State should consider postponing the applicability of any performance standard to any 

source that is, at the time of rule or regulation effectiveness, in contract for power sale until 
the expiration of that existing contract. 

• Consideration could be given to incorporating incentives for repowering proposals that 
reduce emissions of all relevant pollutants in the new facility siting process recommended by 
PSD-1. 

• In developing and implementing the policy, the State should ensure that any incentives are 
cost-effective and it should avoid providing incentives to plants that are not expected to 
operate many years into the future. 

• Implementafion of this policy is important to environmental justice communities that are 
burdened inequitably by exisfing fossil fuel-fired plants. 
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Policy Summary 
The electric power distribution system represents the critical linkage between the high-voltage 
transmission system and a wide variety of end-use consumer loads and funcfions as the injection 
point for distributed generation. An effective and reliable interface must be maintained between 
both systems as New York transitions to a low-carbon economy. The distribution system serves 
as an enabling technology to allow for greater market penetration of customer-sited low-carbon 
technologies (rooftop PV, electric vehicles [EVs]). Improved distribution monitoring, 
diagnostics, and interactive communication systems would be necessary to realize carbon 
reducfion targets and concurrently maintain system integrity. Accurate monitoring of upstream 
transmission system status and downstream end-use conditions in real-time represents an 
essential component ofthe smart distribution network, and secure data exchange protocols would 
need to be simultaneously implemented at both ends ofthe system. Smart distribufion also 
improves system reliability and can Improve the efficient operation of distribution circuits with 
voltage conservation and improved reactive power control. To accommodate high-penetration 
EV charging, some upgrades to the distribution system at the local level involving distribufion 
transformers and customer service will be required. Stafionary electrical storage may be 
necessary to deploy fast charging of EVs without negative grid impacts. 

The PSC has instituted a proceeding aimed at establishing a strategic vision and plan for 
investing in smart grid technology for New York that will guide future research, development, 
and demonstration in New York in support ofthe policy objecfives stated herein. In addifion, the 
following initiatives should be pursued to support these policy goals: 

• Pilot projects should be undertaken to both quantify energy efficiencies from various 
approaches to smart distribution and to establish best practices. 

• PSC rate cases could require regulated utilities to consider the use of smart grid distribufion 
technologies that would support the achievement of lower GHG emissions. 

• The New York State Smart Grid Consortium's strategic roadmap should be used to guide 
smart grid roll out. 

• Utilities regulated by the PSC could have load factor targets and incentives to implement 
appropriate technologies to achieve them. 

• Develop and implement improved distribufion circuit performance indices that better 
incorporate distribution automation and/or smart grid operations. 

• New rate tariffs could be established that provide incentives to customers to improve their 
power factor. 

• A workshop could be held annually with industry experts and stakeholders to conduct a smart 
grid technology assessment. 
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Quantification 
Three policy areas were idenfified for quantificafion: (1) expanded use of smart meters, (2) 
reduction of distribufion system losses, and (3) smart charging of electric vehicles. The benefits 
related to smart charging are being evaluated under TLU-4, Alternative Fuel Related Measures 
and Infrastructure. 

The literature suggests that smart grid deployment can result in very cost-effective emission 
reductions under some circumstances. However, because costs and savings are both highly site-
specific, a reliable quanfification of emission reductions and costs associated with extensive 
deployment of smart grid technology in New York cannot be made at this time. The cost-
effecfiveness of smart grid technology is being evaluated in an ongoing PSC proceeding that may 
provide the basis for more precise quantification in the future. 

The Technical Work Group also invesfigated the potential for distribufion loss savings. These 
savings can be accomplished in a number of ways, for instance, by upgrading transformers and 
by reducing reacfive power losses (inslallafion of capacitors). The table below contains the 
results of a quantificafion built upon a study conducted by the NYISO that estimates that it is 
possible to improve distribution system losses by up to 30% (this would reduce current losses 
from approximately 6 percent to 4 percent). The GHG reduction potential, total cost or savings 
(as measured by net present value), and cost effectiveness (as measured by 2005$/tCO2e) for this 
policy scenario are presented below. 
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0.8 6.3 

P"let)Rre8ent-w 
^aluoiGostj'vr 
iliiori^OOW)^ 

-$420 

-:Net;Co8t perAvoided 
(i;. ;!il Emissions; 
4^;V^(2b05$)tCp2e) 

-$66 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 
Negative values represent savings. 

Special Considerations 
• Substanfial additions of electric vehicles and other technologies will require upgrades to the 

distribution network. The geographical distribution of these technologies will have a large 
influence on this matter. For instance, local concentrations of EVs may seriously strain the 
distribution system, especially if they require fast charging. Many of these issues and 
potential solutions were summarized by a cross-sector task force.^ 

• The policy will consider any/all unique circumstances associated with individual electric 
service territories throughout New York including, but not limited to, geographic topology 

' Chao, H. and J. Adams (NYISO), Benefits of Reducing Electric System Losses, April 9, 2009, p. 17. 

* Report ofthe Cross-Sector Electric-Grid-Powered Vehicle Sub-group. 
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that may impact communications infrastructure, expected market adoption rates for electric 
vehicles and market penetration of demand side resources. 

The use of smart grid technologies provides customers with greater flexibility and resources 
to manage energy demand and costs. Electricity system reliability is also enhanced with 
smart grid technologies. 
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Policy Summary 
This policy option encourages and supports cost-effective transmission system improvements 
that reduce GHG emissions while improving efficiency, satisfying electricity demand, and 
maintaining reliable and secure system operafions. It is expected that this policy would facilitate 
the development of generation that would be influenced by other policies (PSD-2, PSD-6, PSD-
10, RCI policies, etc.) 

The Technical Work Group focused on ways to encourage cost-effective transmission system 
upgrades, expand transmission capacity, and reduce sulfur hexafluoride (SFg) emissions from 
transmission-related equipment. It recommended that renewable energy and GHG emissions 
policy goals be incorporated into existing and ongoing centralized system planning studies. 
Through this, system planners may identify cost-effective upgrades to existing infrastmcture 
(including opportunities to incorporate smart grid technology) that reduce system losses and new 
transmission that interconnects remotely-located clean energy resources to the power grid. 
Utilizing existing rights-of-way should be encouraged to the extent practicable. The policy also 
recommends that system planning studies identify areas or zones within the New York Control 
Area that have high potential to provide clean energy, and then target these zones for 
transmission expansion to accommodate clean resources. 

The NYISO and PSC will need to develop regulatory mechanisms, market signals, and/or 
incentives to encourage upgrades and interconnections that facilitate the State's climate and 
energy goals. This includes regulatory mechanisms that expedite decisions on cost recovery and 
cost allocafion for New York Transmission Owners (NYTO) that invest in loss-reducing 
equipment and upgrades. In the Article VII process, PSC could give greater weight to a proposed 
project's contribution to state climate and energy policy goals in the determination of project 
need.-

To reduce the emissions of SFe from transmission operations, the policy calls for all NYTOs to 
sign on to the U.S. Environmental Protection Agency's SFe Emission Reducfion Partnership for 
Electric Power Systems and set goals for reducing SFg emissions, and to establish a New York 
State working group including the NYTO and other stakeholders, to share best practices and 
develop strategies to meet the Partnership's goals. The State could also support the development 
of environmental regulafions, manufacturer incenfives, and federal SFg emissions performance 
standards to encourage the use of environmentally-friendly equipment that limits emissions of 
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SFfi, and encourage research and development programs to find ways to limit and/or replace SFe 
technologies. 

Quantification 

This policy option has not been quanfified. 

Special Considerations 

• Sifing of transmission projects can be complex and contenfious due to regulatory issues at the 
State and federal level, differing perspectives on the benefits and cost burdens, opposition at 
the local level, and potential environmental and visual impacts. 

• There are transmission technologies—forecasting software for solar and wind resources, 
energy storage technologies, etc.—that are in early stages of development. These 
technologies, when technically and commercially viable, will be needed to facilitate large-
scale integration of variable renewable resources while maintaining high levels of reliability. 
Technological developments will happen, but may not break through at the pace and/or scale 
needed to meet the renewable energy goals ofthe Climate Acfion Plan. PSD-9, Research and 
Development for Electric Energy Supply and Delivery, focuses on developing new sources 
of renewable generation and developing mechanisms to enable the efficient and cost effecfive 
delivery of electric energy. 

• Transmission expansion and interconnection intended to satisfy energy and climate policy 
goals will be evaluated by developers and regulators on an economic basis before getting 
approval. For example, the NYISO Congestion Assessment and Resource Integrafion Study 
process requires a benefit-cost rafio higher than 1.0 before considering a project for cost 
recovery through the tariff. Incorporating the benefits of meeting climate goals into a tariff, 
like other changes to the NYISO tariff, will require stakeholder acceptance and FERC 
approval. New projects must also be evaluated and approved by the PSC through the Article 
VII process. 
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Policy Summary 

To achieve the 80 by 50 goal and the benchmark interim goal of 40 by 30, while maintaining 
electric system reliability, the State.will need to move toward an extremely low-carbon 
electricity sector. Achieving an extremely low-carbon electricity sector will, at a minimum, 
require the successful implementation of two disfinct sets of strategies: (1) a very substantial 
increase in the use of mostly intermittent renewable sources of generafion, as proposed in PSD-2, 
Renewable Portfolio Standard and Incentives for Grid-Based Renewable Generafion, and in RCI-
3, Renewable Energy Incenfives; coupled with (2) a steady reduction in the use of fossil fuel 
generafion, as proposed in PSD-6, GHG Reducfion Market Mechanisms, PSD-8, Existing Fossil 
Plants Policies, and PSD-10, New Facility Emissions Standards and Nuclear Power. 
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One ofthe most important challenges that the state's electric system faces is the need to assure 
that system reliability is maintained. At present, balancing system load and supply conditions, 
and addressing short and long term system disruptions, are addressed by calling on various load-
following fossil fuel generafion plants and/or demand response for reduced load. One challenge 
the State will face in meeting the 80 by 50 GHG reduction goal will be the need to find clean 
energy substitutes for the set of fossil fuel generation facilifies that are called upon to address 
those circumstances. For example, the prospect of minute-to-minute rapid changes in the output 
ofthe state's generafion mix remains likely while, at the same time, the types of fossil fuel 
generation historically relied on to address fluctuations in demand may no longer be operating. 

Energy storage—in its many forms—can be used to help ensure that the State will be in a 
position to implement these strategies in ways that maximize the potential contribution of 
intermittent renewable generation, maintain reliability at every level ofthe electric system, and 
make full use of market efficiencies. Energy storage facilifies of sufficient capacity as measured 
in megawatts and total energy as measured in MWh, whose output may need to be called upon 
for hours, days, weeks, or even months, as well as facilities that could respond to system changes 
almost instantaneously but only briefiy (labeled Limited Energy Storage Resources by the 
NYISO), will likely be crifical to support roufinely reliable operafion ofthe electric system and 
to respond to system contingencies when and where they occur. 

A thorough assessment should be conducted to evaluate the energy storage, transmission, and 
distribution requirements that will support the expanded use of renewable power generation and 
electric vehicle technologies in a reliable manner, for the 40 by 30 benchmark and the 80 by 50 
goal. This should include an engineering and economic analysis, identification of insfitutional 
barriers and financing strategies, and identification of New York-specific needs for technology 
improvements. The expertise resident in both the New York Smart Grid Consortium and the 
New York Battery and Energy Smart Technology Consortium will be valuable in this 
assessment. In addition, given the significant need for fundamental improvement in Energy 
Smart cost and performance. New York State should advocate for substantial and increased 
federal investment in research and technology development. 

Quantification 
This policy option has not been quantified. 

Special Considerations 
• At the transmission system level, increased use of pumped-storage hydro and the 

introducfion of compressed-air energy storage facilifies (CAES), flywheels, and batteries 
could be developed as an altemative to curtailing renewable generafion for system stability 
and to avoid choosing among renewable generation sources that would otherwise face 

' Energy storage will not be the only tool available. Shifting electricity usage to hours where excess 
generation supply is available and demand curtailment, for example, are more efficient and cost effective 
than any currently available means to store and later retrieve such energy and helps avoid the use of 
inefficient peaking generation sources. Transmission and distribution system enhancements, as proposed 
in PSD-4 and PSD-5, will also support this effort. 
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transmission constraints. As renewable energy supplants larger quanfifies of fossil energy, 
the role of storage may transition to providing capacity and energy to compensate for sudden 
changes in the output of wind and solar generation caused by short term weather changes. 
While the state already has two large pumped storage facilities, studies will need to be 
undertaken to identify other potentially feasible sites for additional large pumped-storage 
facilifies including options outside of New York's borders. CAES facilities are an option, but 
also require appropriate underground geologic structures (e.g., salt domes) and proximity to 
both natural gas supply and transmission capacity.^ 

• At the distribution system level, storage facilities—primarily batteries—could provide 
ancillary services and provide clean energy alternafives to generation facilities in load 
pockets. Installation of local storage systems could also avoid the need to make potenfially 
more costly distribution system enhancements. Storage of delivered electricity in the forms 
of ice systems for cooling and thermal storage for heafing may also be effecfive technologies 
to reduce peak demand while accommodafing the cross-sector migrafion of building heating 
and cooling loads. 

• There are institutional, regulatory, and financial barriers that must be overcome to facilitate 
the expanded use of energy storage. For instance, an efficient regulatory mechanism needs to 
be created to support the siting of facilities that use energy storage. 

• Although a number of energy storage technologies are currently available, additional 
advanced energy storage systems will need to be developed to support the achievement ofthe 
State's GHG reduction goals. PSD-9 elaborates further on the research and development 
activifies that should be pursued to support these objectives. 

See Chapter 10 for a complete presentation of Research, Development, and Demonstration needs 
for this sector. 

As currently conceived, CAES facilities would utilize nighttime generation to inject air into an 
appropriate storage structure and then during the day release the heated compressed air into a combustion 
turbine, buming natural gas, to dramatically increase the combustion efficiency ofthe turbine. Thus, use 
of natural gas in CAES facilities would need to be accounted for in the future emissions ofthe electricity 
sector. As a future possible altemative, it would be appropriate to also consider the use of compressed air 
energy storage without the use of fossil fuels. 
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Chapter 9 
Agriculture, Forestry, and Waste Management 

Mitigation 

©e@Gisi7 ^^Mlsffl (fej? © I k ^ ^ 

The Agriculture, Forestry, and Waste Management (AFW) Technical Work Group, comprised of 
stakeholders from govemment agencies, industry, academia, and nonprofit organizations, 
developed visioning statements for the agriculture, forestry, and waste management sectors. 

A Vision for New Yorl< State's Agriculture Sector in 2050 

A carbon-negative New York agricultural sector will help to meet the state's food and fiber 
needs, while also making a significant contribufion to the energy supply mix. Farms will be 
profitable, valued by society, and highly adapted to a changing climate. Fanners will be unable 
to recall the time when managing single-resource concerns was the norm, or when the number 
and the area of farms declined each year because single-product farms could not compete in a 
fossil-fuel dependent world undergoing major climate shifts. 

More specifically. New York's agriculture sector will have the following characteristics: 

Energy: New York farms will be net exporters of energy, including market-ready electricity and 
biogas; farms will serve as a direct source of heat and electricity for surrounding communities, 
providing consistent, baseload power to the grid from on-farm anaerobic digestion of organic 
wastes and waste heat for onsite and offsite use. Farms will supply feedstocks for transportation 
fuels, as advances in bio-technology will have dramatically increased yields of dedicated bio
energy crops. 

Agricultural practices and technology: Farming practices and technology will capitalize on the 
inherent strengths of natural systems, will effectively re-couple animal and crop production, and 
will manage carbon flows using system-oriented approaches like those developed for nutrient 
management, soil conservation, and water quality protection. The public will recognize working 
landscapes, including farms, as ecosystem service providers. 

Land use: Smart growth policies have arrested and reversed the erosion ofthe agricultural land 
base. Farms will make selective use of land suited for intensive cultivation for crop production 
and for carbon storage, incorporating into the soil millions of tons of compost and biochar each 
year. Production of closed-loop energy crops, soil carbon capture, and low-carbon food 
production methods will be fulfilling their promise as the largest available land-based 
greenhouse gas (GHG) reduction opportunity. An improving market will have encouraged the 
return of as many as two million acres of high quality, well-drained, formerly agricultural land 
into the farm economy. 
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Adaptation: The agricultural sector will have adopted management strategies and technologies 
that support adaptation to unavoidable changes in climate and enable agricultural and economic 
success in a carbon-constrained environment. Farm management pracfices will deal successfully 
with the greater intensity of rain events and longer dry periods. 

Production of food, fiber, and feedstocks; New York farms will supply food and fiber for in
state consumption, along with feedstocks for chemicals and bioplastics. Advanced bio
technology will have made it possible to breed crops for specific end uses (e.g., fiber crops 
destined for the green-building industry). 

Economy and quality of life: Reshaping ofthe agricultural industry will have substantially 
increased rural employment in job categories that cannot be readily outsourced, resuUing in a 
sustained resurgence ofthe rural economy. The abundance of local food, energy, jobs, and scenic 
landscapes will make New York a vibrant, sought-after place to live and a global model for a 
sustainable society. 

A Vision for New Yorl( State's Forestry Sector in 2050 

Rural forest land conversion will be rare and long-term storage of carbon at its maximum. Urban 
green space and trees will reduce building heating and cooling loads. Working together, land 
owners, govemment officials, and the public will maximize the long-term carbon sequestration 
and bio-energy potenfial ofthe state's forests. Forests will deliver co-benefits that are vital to the 
economy and to New Yorkers' quality of life, maximizing the value of forest lands to private 
forest owners and to the public. 

More specifically, New York's forests will have the following characteristics: 

Management in accordance with a stewardship ethic: New York's forest lands will be 
managed for sustainable biomass production and carbon sequestrafion or will be conserved in 
perpetuity under state law. With support by landowners and the public, policies and regulations 
will motivate retenfion, expansion, and beneficial management of forest lands, while 
discouraging deforestation. Land-use policies will maximize ecosystem services, especially 
carbon benefits. 

Carbon sequestration: Forest carbon sequestration will be promoted and monitored, with the 
aim of achieving opfimal carbon storage on all forest lands. Wood will be used sustainably and 
efficiently for durable wood products. An effective monitoring system will track forest carbon 
pools. 

Fuel substitution: New York's million-plus acres of formerly idle agricultural land will have 
been brought back into tillage or are producing woody biomass crops for energy. Woody 
biomass species substitute as needed for fossil fuels in high-performance, low-emission bio
energy systems and other industrial applications. State-of-the-art biofuel production and 
combusfion technologies achieve net neutral (or even net negafive) GHG emissions and play an 
important role in producing low-carbon liquid fuels for the aviafion and shipping industries. Life-
cycle costs and benefits are taken into account in decisions to derive energy from woody 
biomass. 
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Climate change adaptation: The capacity ofthe state's forest lands to both mitigate and adapt 
to climate change will be fully developed. Forest pest invasions will be anficipated and 
controlled. 

A Vision for New York State's Waste IVIanagement Sector In 2050 
New York will have a sustainable and energy-efficient materials economy in which 
environmental stewardship is pursued as a common societal value and environmental 
considerations inform purchasing, production, and materials management, minimizing waste and 
reducing risks to human health and the environment. Materials management systems and 
infrastructure will maximize the recovery and re-use of water, wastewater, and other materials in 
ways that capture their economic value, conserve embedded energy, and minimize net life-cycle 
emissions of GHGs and other pollutants. 

More specifically. New York will have a materials management system with the following 
characteristics: 

GHG reduction: Waste disposal technologies will efficiently capture the material and energy 
value of different types of waste and incorporate carbon-neutral or carbon-negative methods for 
disposing of residual wastes. Any landfills still in use will employ every available technology 
and method to reduce emissions of methane and other GHGs, and the GHG footprint of 
wastewater treatment plants will have been reduced as far as possible. 

Co-benefits: Residual materials will be composted or otherwise beneficially used. Water 
treatment systems will yield waste heat and waste gas for productive uses. Wastewater treatment 
plants and similar facilifies will host solar, wind, and hydraulic turbine power generation. 

Materials management: Products and packages will be designed for maximum incorporation of 
recycled materials, and for full recycling or reuse after useful life. Infrastructure will be in place to 
distribute, recover, and reverse-distribute goods. 

Response to an evolving market: Comprehensive planning for materials management, 
stormwater and wastewater management will ensure that GHGs, energy use, and other harmful 
by-products of waste management are minimized as the marketplace for both materials and 
energy evolves. Comprehensive planning for materials management will ensure that energy and 
natural resources are conserved and GHG emissions are minimized as the marketplace for both 
materials and energy evolves. 

&>xaA!te;! / (5:(?@IX)@ (=oui]te@OsijiB 

The AFW sectors are responsible for a relatively small portion of New York's current GHG 
emissions. The total AFW contribution to carbon dioxide equivalent (C02e) gross emissions in 
2008 was 12 million metric tons (MMt), or about 5 percent ofthe state's total. The reader should 
understand three important concepts related to the AFW inventory and forecast (I&F) and the 
forecasted GHG reducfions from AFW mitigation options: 

• The AFW I&F only covers non-combusfion-related GHG emissions. 
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• The embedded emissions within the AFW sectors are significant, especially within waste 
disposed at landfills, but are not counted in the l&F. 

• The AFW policy recommendations will impact GHG emissions within and outside the AFW 
sector and both in-state and out-of-state. 

It is important to note that the AFW sector I&F emissions exclude fossil fuel combusfion-related 
GHGs, such as diesel fuel consumption in the agriculture sector and waste management sector 
fuel use. These fuel combustion emissions are included as part ofthe industrial fuel combustion 
sector (and covered in the Residenfial, Commercial/Institutional, and Industrial [RCI] Mitigation 
chapter). The emissions that resuh from the generation of electricity consumed within the AFW 
sectors are included in the Power Supply and Delivery (PSD) sector I&F. 

Agricultural emissions include methane (CH4) and nitrous oxide (N2O) emissions from enteric 
fermentation (referred to as Agricultural Animals in Chapter 3), manure management, and 
agriculture soils. As shown in Figure 9-1, emissions from livestock (primarily dairy cows) make 
significant contributions to the sector totals in both manure management and enteric 
fermentafion. Sector emissions also include N2O emissions resuhing from activities that increase 
nitrogen in the soil, including fertilizer (synthetic and livestock manure) applicafion and 
production of nitrogen-fixing crops (legumes). 

Overall, the agriculture sector accounted for about 2 percent of New York's total gross emissions 
in 2008, with the same approximate contribufion esfimated in 2030. The CH4 emissions 
occurring from enteric fermentation are a large contributor to the state's total agricultural GHG 
emissions by 2030, the contribufion from this source is estimated to be about 48 percent ofthe 
total agriculture emissions. The next-highest contributor in 2030 is forecasted to be agricultural 
soil management, at about 39 percent. Methane emissions from manure management are 
declining slightly due to lower animal populations; however, they are forecasted to contribute 
around 13 percent in 2030. 
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F igure 9 -1 . H is tor ica l and Forecasted Gross GHG Emiss ions f r o m the Ag r i cu l t u re Sector , 
New York , 1990-2030 
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Notes: The Agricultural Soil Management category includes incorporation of crop residues and nitrogen fixing crops 
(no cultivation of histosols estimated in New York). Soil cariDon sequestration is not shown. 

GHG = greenhouse gas; MMtC02e = million metric tons of carbon dioxide equivalent. 

Note that, in keeping with U.S. Environmental Protecfion Agency (EPA) methods and 
intemational reporting conventions, the New York inventory and forecast covers sources of 
GHGs from human activities. There could be some natural sources of GHGs that are not 
represented in the inventory and forecast; however, these are not addressed in the New York 
Climate Acfion Plan process. 

The forestry and land-use sector can include both emissions sources and carbon sinks, which are 
calculated from esfimates ofthe net CO2 flux' from forested lands, urban trees, and landfilled 
yard trimmings in New York .The inventory is divided into two primary subsectors: the forested 
landscape and urban trees/land use. Both subsectors capture net carbon sequestered in forest 
biomass, urban trees, landfills, and harvested wood products. 

As shown in Table 9-1, USPS data suggest that New York's forests sequestered about 19.5 
MMtC02e per year in 2005 (this excludes esfimates of carbon flux from forest soils based on 
recommendations from the USFS). The negative numbers in Table 9-1 indicate a CO2 sink rather 
than a source. Hence, throughout the policy option period, forest carbon losses due to forest 
conversion, wildfire, and disease were estimated to be smaller than the CO2 sequestered in forest 

' Flux refers to both emissions of CO2 to the atmosphere and removal (sinks) of CO2 from the atmosphere stored in 
plant tissue or soils. 
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carbon pools, such as live trees, debris on the forest fioor, and forest soils, as well as in harvested 
wood products (e.g., furniture and lumber) and the disposal into landfills of forest products. 
Emissions of CH4 and N2O during forest wildfires and prescribed bums were not estimated due 
to a lack of data; however, it is not expected that these emissions will contribute substantially to 
Forestry sector totals. This expectation is based on work in other states, as well as wildfire 
activity in New York. The forecast for the sector to 2030 remains a net sequestration of 19.5 
MMtCOie. 

Table 9-1. Forestry and Land-use Flux and Reference Case Forecasts (MMtC02e) 

Forested Landscape (excluding soil cartDon) 

Urban Forestry and Land Use 

Sector Total 

i iSM; 
-23.9 

-3.6 

-27.5 

'i 1995 

-22.6 

-3.0 

-25.6 

2000 

-22.6 

-2.9 

-25.5 

2005., 

-22.6 

-2.9 

-25.5 

2015 

-22.6 

-2,9 

-25.5 

2025 

-22.6 

-2.9 

-25.5 

2030 

-22.6 

-2.9 

-25.5 

CH4 = methane; MMtCOae = million metric tons of carbon dioxide equivalent; N/A = not available; N2O = nitrous 
oxide. Note: Positive numbers indicate net emission. Based on USFS input, emissions from soil organic carbon are 
left out of the forestry sector summary due to a high level of uncertainty. 

Figure 9-2 shows estimated historical and forecasted emissions from the management and 
treatment of solid waste and wastewater. Emissions from waste management consist largely of 
CH4 emitted from municipal solid waste (MSW) and industrial landfills, while emissions from 
wastewater treatment include both CH4 and N2O. Emissions are not included for MSW 
combustion, as all waste combusfion facilities in New York recover the energy. Therefore, waste 
combustion emissions are counted in the PSD sector l&F. Available data were insufficient to 
include emissions from industrial wastewater treatment. Composting in New York results in a 
sink (not included in Figure 9-2) of 0.11 MMtC02e per year. This is the result of accumulated 
stable carbon in compost, which is eventually applied as a soil amendment. CH4 and N2O 
emissions at composfing facilifies are not included but are expected to be minimal. 

MSW landfill sites were grouped into four categories according to available control equipment 
and operafional status at the site: (1) controlled active, (2) controlled inactive, (3) uncontrolled 
active, and (4) uncontrolled inactive. As seen in Figure 9-2, between 2000 and 2010, emissions 
from acfive controlled landfills increased, while emissions from controlled inacfive sites 
decreased. This is likely a result of three changes: disposal of more MSW at landfills with 
landfill gas controls in place, implementafion of landfill gas control at more landfills, and 
decrease of landfill gas emissions from inactive landfills as MSW is no longer disposed at these 
landfills. Industrial landfill emissions are esfimated to be 7 percent ofthe potenfial emissions 
(before methane destruction at controlled landfills) at MSW landfills, per EPA default 
methodology. 

Municipal wastewater emissions estimates are esfimated based on populafion and are relafively 
stable through the inventory and forecast period. The level of composting has also remained 
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relatively stable since 1990, and estimates of emissions from composfing are based on 2006 
composting data. 

Overall, the waste management sector accounted for about 3 percent of New York's total gross 
emissions in 2008. Emissions from this sector are expected to decline slightly to only 2 percent 
ofthe state's total by 2030. As menfioned above, the estimates for solid waste management do 
not include the embedded emissions in generated waste, which could increase the total fuel-cycle 
emissions of waste disposal by an order of magnitude, nor do the emissions include those from 
waste exported from the state.•* Inclusion of these emissions would make the waste sector a much 
larger contributor to New York's totals. 

Figure 9-2. Es t imated His tor ica l and Forecasted Gross GHG Emiss ions f r om So l id Waste 
and Wastewater Management in New York , 1990-2030^ 

• Municipal WW 

I Industrial LFs 

I MSW Uncontrolled 
Inactive Site 

I MSW Uncontrolled Active 
Site 

I MSW Controlled Inactive 
Site 

• MSW Controlled Active 
1990 1995 2000 2005 2010 2015 2020 2025 2030 Site 

MMtCOze = million metric tons of carbon dioxide equivalent; MSW = municipal solid waste; LFs = landfills; VW^ = 
wastewater. 

The embedded GHG emissions of waste generated in New York are significant. These embedded 
emissions occur during the extraction of raw material, manufacturing of material into goods and 
packaging, and transportation ofthe material. Climate action plans developed in other slates, 
such as Michigan, show that embedded emissions can exceed direct landfill emissions by a factor 

^L. Lim. 2009. New York State Department of Environmental Conservation, personal communication with 
R. Anderson. 

^ According to 2008 data submitted by DEC, more than 50 percent of MSW disposed at landfills (about 6 million 
tons) is exported for disposal outside New York State. 

''Composting is not included in the graph, as composting is a net carbon sink. 
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of 10.̂  These emissions largely take place outside New York State, except for the emissions that 
are counted within the PSD, RCI, and Transportation and Land Use (TLU) sectors. In addition, a 
sizable fraction of solid waste is exported from New York for disposal in other states. The 
emissions associated with the management of exported waste are not included within the direct 
emission esfimates shown in Figure 9-2. If the emissions associated with waste exports and the 
full fuel cycle were to be included in the state's inventory and forecast, contributions to total 
statewide AFW emissions would likely exceed 25 percent, instead ofthe 5 percent cited above. 

The combined agriculture, forestry, and waste sectors contribute a small portion of total state 
GHG emissions (4.8 percent), but many ofthe mitigation and sequestration options offered by 
these sectors are relatively low-cost and low-tech approaches, making these viable options. 

The proposed policies are fundamentally resource management options ranging from energy 
production and use to natural resources and materials management and waste. The suite of 
proposed policies adds reduction of CO2 and other GHGs as a resource management objective. If 
implemented properly, these approaches offer significant environmental, economic, and social 
benefits beyond GHG reducfions, including the provision of improved water and air quality, 
increased agricultural and forest products, and green job creation. 

The proposed policy opfions seek to accomplish the following: 

• Reduce energy-related emissions through the deployment of renewable energy technologies, 
including bio-based energy solutions, and energy efficiency policies and measures that 
address direct and embedded energy usage; 

• Conserve the embedded energy in materials through maximized reuse and recycling; 

• Reduce methane (global warming potenfial (GWP) =21-25) and nitrous oxide (GWP=296-
310), the predominant agriculturally generated and waste-related GHGs, through the 
deployment of a combination of systems; 

• Capitalize on agriculture and forestry's ability to store carbon in natural systems; 

• Incorporate adaptation strategies wherever possible. 

Energy from biomass represents an opportunity to reduce GHGs through the displacement of 
higher-carbon fossil-based energy sources while at the same time increasing in-state circulation 
of energy dollars and providing significant economic opportunifies. However, the use of biomass 
for energy carries inherent risks. Each step ofthe process from field or forest to conversion to 
end-use has environmental, economic, and social benefits and costs. Properly managed biomass 

' Michigan Climate Action Council. 2009. MCAC Final Report. Appendix J: Agriculture, Forestry and Waste 
Management Sectors - Policy Options. Available at 
Hhttp://www.miclimaiechange.us/ewebeditpro/items/046F21205.pdfH 
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production systems offer an opportunity to realize net carbon benefits. The proposed policies 
seek to capitalize on the state's ability to achieve GHG reductions through sustainable 
production and wise use of this renewable resource. 

Waste disposal currently makes up a significant portion of GHG emissions in the AFW sectors. 
In the coming decades the current method of waste disposal—relying primarily on landfills— 
will become increasingly unsustainable. The solufion to achieving long-term meaningful 
reducfions from this sector is through a dramatic reduction in the amount of waste destined for 
disposal. Redirecting the materials currently in the waste stream to higher-value uses not only 
reduces methane generation at landfills but also captures the embedded energy in the products 
and materials currently going to waste and reduces energy and emissions related to their 
extraction, processing, and manufacturing. Therefore, from a lifecycle perspective, increasing 
reuse and recycling will have significant energy conservation and GHG benefits. The proposed 
policy is aggressive and uses a combinafion of tools to achieve the necessary reducfions. 

While energy is a focus of many ofthe policies, it is not the exclusive focus. Since carbon 
dioxide is not the primary GHG emitted by the agricultural sector, the policy opfions take an 
integrated, site-specific approach to managing farm emissions. 

Our existing landscape is a critical component ofthe carbon cycle. Several ofthe policy options 
seek to enhance the state's exisfing carbon sinks through a combination of improved land 
management and land-use protection measures. 

All ofthe policy options presented rely on management system changes at the most basic level 
on the farm, in the forest, at businesses, and at home. Incorporafing GHG reduction and 
sequestration strategies into existing management systems and stewardship principles will 
require a high degree of behavioral change. Developing the education, outreach. Job training and 
decision-making tools necessary to engender this level of behavioral change is an immediate 
challenge. 
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Figure 9-3. Agriculture, Forestry and Waste Policy Options 
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Production of Sustainable 
Feedstock for Electricity, 
Heat, Steam Production, and 
Liquid/Gaseous Biofuels 

GHG reductions and costs included in fuel-cycle analysis of PSD-2, 
PSD-6. RCI-3. and TLU-4. 

AFW-2 

Conversion of Sustainable 
Feedstock to Electricity, Heat, 
Steam Production, and 
Liquid/Gaseous Biofuels 

GHG reductions and costs quantified under PSD-2, PSD-6, RCI-3, and 
TLU-4. 

AFW-3 
Maximize Waste Reduction, 
Recycling, and Composting-
In-StateOnly 

0.5 0.7 8.0 $280 $35 

AFW-4 
Integrated Farm Management 
Planning and Application 0.3 0.6 6.5 -$201 .$31 

AFW-5 
Conserve Open Space. 
Agricultural Land and 
Wetlands 

4.5 5.5 95 $1,500 $16 

AFW-6 
Increase On-Farm Energy 
Efficiency and Production of 
Renewable Energy 

0.2 0.4 3.8 $3.0 $1 

AFW-7 

Forest Restoration 2.3 4.7 49 $290 $6 

Urban Forestry 1.0 2.0 22 $3,200 $140 

Reforestation 1.8 2.4 34 $1,200 $36 

GHG = greenhouse gas; MMtC02e = million metric tons of carbon dioxide equivalent; $/tC02e = dollars per metric ton 
of carbon dioxide equivalent. 
Negative values represent savings. 
The numbering used to denote the above policy recommendations is for reference purposes only; it does not reflect 
prioritization among these important policy recommendations. The policy numbers that appear in this table are not 
consecutive because they reflect only those policies for which quantification has been completed and not all policies 
are amenable for quantification. 
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Figure 9-4. Estimates of Cost and GHG Emissions Reductions for AFW Policy Options 
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NOTE: Scenario results are not additive as synergies and overlap have not been estimated. 
Additional economic analyses need to be conducted to assess macroeconomic impacts and co-benefits. 

Policy Summary 

This policy option seeks to increase the amount of agricultural and forest biomass available on a 
sustainable basis to support low-carbon energy development while accounting for the 
environmental, economic, and social impacts of expanded biomass feedstock production. 

Objectives include the following: (1) Defining sustainability criteria that address the social, 
economic, and environmental dimensions of biomass-derived energy, including the ability for a 
production system or technology to survive without public subsidies, and the development of full 
life-cycle carbon analysis that can support objective comparisons with other renewable and non
renewable energy sources; and (2) Developing and encouraging the use of best management 
systems for the establishment and harvest of feedstocks. These systems should be designed to 
ameliorate local impacts of storage, pre-processing, and distribution of feedstocks at conversion 
facilities. 

The primary implementation mechanism is the creation of a state-level Biomass Energy 
Program. The program would provide overall coordination to encourage regional consistency in 
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sustainability criteria, track and maintain a biomass inventory employing appropriate 
sustainability indicators to monitor changes in the flow of biomass, provide for the coordination 
of research to ensure that the development of a sustainable bio-based economy proceeds in an 
orderly fashion, and facilitate the development and leveraging of public/private partnerships. 

Quantification 

The GHG reductions and costs for this policy are quantified in the fuel-cycle analyses of PSD-2, 
PSD-6, RCI-3, and TLU-4. The baseline assumptions for AFW-1 and AFW-2 state that all GHG 
reductions from the AFW-1 and AFW-2 targets are accounted for in the analyses ofthe policies 
from the other Technical Work Groups (PSD-2, PSD-6, RCI-3, and TLU-4). Each ofthe other 
Technical Work Groups (PSD, RCI, and TLU) have been allocated one-third ofthe total 
potential sustainable biomass supply as provided by the Biomass Resource Assessment. 

Although the in-state biomass feedstock scenarios included in the New York State Renewable 
Fuels Roadmap analyses were selected to minimize the likelihood of significant indirect land use 
change (ILUC) impacts, the quantification described for PSD-2, PSD-6, RCI-3, and TLU-4 
related to biomass feedstocks does not include iLUC factors and effects on GHG reductions. The 
science behind assessing GHG emissions from iLUC is evolving, and both EPA and the 
Califomia Air Resources Board are refining models and improving key input variables to reduce 
the uncertainty associated with quantifying land-use change and indirect effects analyses. The 
Roadmap will continue to follow iLUC issues and update its findings as appropriate during its 
annual updates. Furthermore, New York State along with the 10 other states in the Northeast and 
Mid-Atlantic regions have committed to including non-<̂ e minimis direct and indirect emissions, 
such as those attributed to land-use changes from fuel production, as part of their Low-Carbon 
Fuel Standard Memorandum of Understanding and framework development. 

Special Considerations 

• GHG reductions will be realized through the end use of biomass feedstock to displace higher 
carbon forms of energy and reductions will vary accordingly. 

• The availability of in-state produced sustainable biomass feedstock must parallel, and often 
times precede, the development and growth of biomass conversion facilities if New York 
State is to maximize GHG reductions and economic benefits. 

• 

• 

Development of sustainability criteria related to the production and harvest of biomass 
should be pursued on a regional basis. 

Continued research focused on improving cradle-to-grave efficiencies (increasing yields, 
improving conversion technologies, understanding and improving sustainability criteria) wil 
impact the rate at which biomass production occurs. 

This policy option provides significant rural revitalization potential. The Renewable Fuels 
Roadmap estimates feedstock supply jobs account for over 80 percent of the job growth 
potential associated with the increased production of sustainable feedstocks. 

State and federal policies related to renewable portfolio standard (RPS) and renewable fuel 
standard (RFS) will impact the rate at which biomass production occurs. 
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The on-farm production of biomass feedstocks on idle and marginal land represents a crop 
diversification strategy for the purposes of adapting to climate change. 

While biomass production potential will increase with longer, warmer growing seasons, this 
could be limited by nutrients and drier, midsummer and fall soils. 

This is a cross-cutting policy with overlap in AFW-2, AFW-5, AFW-6, AFW-7, Adaptation, 
TLU, PSD, and RCI. 
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Policy Summary 

Sustainable feedstocks can be converted to liquid, gaseous, and solid fuels. These biofuels can 
offer important solutions to carbon management needs. This policy option would advance the 
development and commercialization of low-carbon biomass conversion processes, which for 
some pathways can be an area with considerable technical and financial risk. Feedstock supply 
and the consumption ofthe fuels are addressed elsewhere in this Interim Report. 

The policy option acknowledges the need to support the biomass conversion industry along the 
development and commercialization continuum. The nature ofthe public support can transform 
from grant support at the research stage to market or production-based tax incentive programs to 
encourage market transformation following commercial introduction. From a GHG perspective, 
it is critical that production-based incentives focus on low-carbon pathways, and not all biomass 
conversion process are low-carbon pathways (e.g., corn to ethanol is not necessarily a low-
carbon pathway). 

A long-term commitment of public (primarily federal) sector funding will be necessary to partner 
with industrial funding to support the development of new biomass conversion technologies and 
the realization ofthe lessons learned from market experience. Research will be needed in both 
academic and private laboratories. Publicly funded programs should be implemented in a manner 
that promotes the commercial use of new intellectual property. 

After the initial research stage, new products must move through a demonstration and market 
assessment stage of development. The relative level of investment to move a new product or 
process toward commercialization will increase substantially at this stage. Public funding is 
critical to help demonstrate the market potential and value of new technology. If New York 
wants to stimulate creation of this industry in the state, support for demonstration should be 
considered. 

When the technology is ready to be developed at a commercial scale, public support could be in 
the form of low-cost financing or other innovative mechanisms to reduce the technical 
uncertainty ofthe new technology to the private investment community. Innovative risk-sharing 
programs can be implemented to share the technical and market uncertainty and promote private 
investment. The U.S. Department of Energy and the U.S. Department of Agriculture have 
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advanced several types of loan guarantees that play a very important role in these markets; these 
federal efforts should be continued. 

Beyond the point of commercial-scale manufacturing, public support is critical to ensure that all 
actors along the supply chain are positioned to move the product to the consumer. Public 
incentives, either grants or tax incentives, can be critical at this stage. While federal incentives 
can be important, at this stage of market transformation state initiatives could be significant in 
helping to develop the industry base in New York State. 

Quantification 

This policy option was not quantified. Quantification was captured in the end-use application, 
assuming that the feedstock supply will be allocated equally to the three primary end uses for 
power (PSD-2), transportation fuel (TLU-4), and buildings and industry (RCI-3). 

Special Considerations 

• Additional analyses will be conducted in the next phase ofthe Climate Action Plan process 
to separately quantify the potential benefits and costs of utilization of biomass for application 
in the AFW sector. 

• There will be competition among the liquid, bioheat, and gaseous fuels markets for the 
limited sustainable feedstock resource. It is likely that the feedstocks will move where the 
highest profit can be realized. Realizing the carbon reduction benefits from the conversion to 
fuels will require a consistent and major commitment to developing the sustainable resource 
base (AFW-1). 

• Sustainable feedstocks can also serve as the building block for more than biofuels. 
Conversion processes already on the verge of being commercially viable and technologies 
that will be developed in the future will allow for the development of bio-based products that 
may also have an impact on carbon reduction. These products may serve as substitutes or 
altematives to products that are inherently carbon-intensive. 

• Federal policies (e.g., the RFS) will drive the majority of market activity in this sector. The 
ability of New York to capitalize on advanced conversion technologies will be, in large part, 
determined by regional policies and programs. New York markets do not operate in a 
vacuum. 

• 

• 

Indirect land-use change was a topic of discussion in the Technical Work Group. Since the 
feedstock estimates used in AFWl and AFW2 were based on the assessments found in the 
Roadmap and would not impact current agricultural or forestry production, the discussion 
focused on the need for additional global-scale research as a short-term need. 

Co-benefits include economic revitalization, primarily in rural areas but also statewide, by 
keeping energy dollars in-state, and improved ecosystem benefits, if done properly. 
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Policy Summary 

This policy option includes a combination of programmatic, regulatory, and legislative actions 
that aim to reduce or eliminate waste, including diversion of materials for reuse, recycling 
(including organics recycling), and composting. The actions include updating, strengthening, and 
expanding the state's regulatory and statutory authority; dedicating resources to build the 
infrastructure for reuse, recycling (including organics recycling), and composting; expanding 
existing, and launching new programs at the state and local levels; and coordinating cooperation 
from all levels of government, the private sector, and individual New Yorkers. 

This policy is related to the new draft statewide solid waste management plan. Beyond Waste: A 
Sustainable Materials Management Strategy for New York State. This policy also works in 
concert with two other AFW policies. AFW-2 includes the conversion of municipal solid waste 
to electricity, heat, steam or liquid fuels; and AFW-4 aims to develop on-farm sources of 
renewable energy that will likely involve the recycling of organic materials from other, off-farm 
sources through anaerobic digestion. 

Quantification 

Two scenarios were quantified for this policy. Each scenario assumed that the amount of MSW 
going to disposal (landfills and waste to energy) is reduced from 4.1 Ib/person/day to 0.6 
lb/person per day and that all other materials are reduced, reused, recycled, or composted. 

The first scenario presented below captures maximized waste reduction, recycling, and 
composting only within New York State. Quantification does not include potential increases in 
recycling and reduction in the disposal of construction and demolition debris, industrial waste, or 
biosolids. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by dollars per metric ton of carbon dioxide equivalent [$/tC02e]) for 
the policy scenarios quantified by the Technical Work Group are presented below. 

^ ^ ^ m@m'̂ km :̂ 

$280 $35 

$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

Thisrepon is available at http://www.dec.ny.gov/chemical/4l831.html. 
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A second scenario, presented below, quantifies the full energy cycle for maximized waste 
reduction, recycling, and composting. 

[GHGlReductlons^ 
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S/tCOae = dollars per metric ton of cartDon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

Special Considerations 

• The potential obstacles to achieving the objecfives of this policy include the following: 

o Political will: This policy calls for a significant change in how materials are managed in 
New York. This change will require the engagement of all New Yorkers, including 
residents, businesses, municipalities, state legislators, and policy makers. 

o Financial resources: Significant resources will be needed in the short- to medium-term 
to achieve the objectives of this plan. Resources include public and private investment 
capital, as well as operating resources for municipalities and the state. Efforts to expand 
the resources dedicated to waste reduction, recycling, and composting at the federal, 
State, and local levels should continue. 

o Technical constraints: Achieving these objectives will require the efficient deployment 
of new and additional recycling technologies, particularly those related to organics 
recycling and composting. 

• The global GHG reduction impacts of achieving these waste and recycling reductions are 
significant; however, much of that reducfion may happen out of state. Most ofthe GHG 
emissions that can be reduced through aggressive waste prevention and recycling are 
achieved through the life cycle of products and packaging; i.e., when a recycled material is 
substituted for a virgin material, or when a material is not manufactured at all, thereby 
avoiding the mining, extracfion, and much ofthe production impact. While many ofthe 
reductions related to organics recycling and composting would occur in-state, the export of 
the waste generated by half the state's population (in New York City, and Nassau and 
Suffolk counties) further complicates the analysis of reductions within the state's boundaries. 

• This policy has several additional benefits. This policy could result in substantial 
opportunities for the creation and expansion of businesses in New York State. DEC estimates 
that this policy could create more than 70,000 jobs. The jobs and businesses would generate 
much needed tax revenue for the state. In addition, reducing the amount of waste going to 
disposal reduces the environmental and public health impacts of waste handling, transfer, 
transport, and disposal. While such a reduction benefits all New York State communities, it 
is of particular relevance to environmental jusfice communities, which often bear a 
disproportionate burden with respect to the solid waste management facilities and 
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infrastructure. 

Policy Summary 

This policy option introduces a farm-level system-based integrated approach to reducing 
agricultural GHG emissions and proacfively positions New York State agriculture for a carbon-
constrained future. Integrated Farm Management Planning and Applicafion will provide the 
resources necessary for farms: (I) to develop comprehensive, farm-specific plans to reduce GHG 
emissions, increase carbon sequestration, and address agricultural adaptation challenges resulting 
from a changing climate; and (2) to implement the necessary suite of practices to achieve those 
objectives. This policy adds managing GHGs as an on-farm resource management objective. 

The existing New York State Agricultural Environmental Management program, outfitted with 
technical standards and pracfices for GHG mitigation and carbon management, could be 
employed to develop farm-specific, GHG conservation plans to coordinate implementation ofthe 
best suite of GHG practices for the farm. 

Providing producers with a suite of possible pracfices to improve on-farm environmental 
performance ensures that the diversity inherent in New York State agriculture is recognized and 
that the potential synergies among climate, air quality, and water quality benefits of individual 
practices and technologies are captured and capitalized upon. 

Quantification 

The policy scenario includes: (I) by 2013, develop a comprehensive catalog and process for 
planning and implementing GHG management pracfices and systems; and (2) by 2015, complete 
training and certificafion of conservafion professionals to develop site-specific GHG 
management plans. The scenario for 2030 is 100 percent of mid-sized to large livestock farms 
have developed and fully implemented comprehensive GHG management plans (835,000 dairy 
cows and 1,670,000 acres); 30 percent of small livestock farms, 80 percent of grain and 
vegetable farms, 90 percent of orchards and vineyards, and 100 percent of greenhouses have 
developed GHG management plans; and 10 percent of small livestock farms, 33 percent of grain 
and vegetable farms, 10 percent of orchards and vineyards, and 10 percent of greenhouses have 
fully implemented GHG plans. 

This policy option bundles a number of behind-the-farm-gate mitigation pracfices under the 
umbrella of a comprehensive GHG management plan. These pracfices include feed management, 
manure management, nutrient management, soil management, composting, grazing, pest 
managemen,t and water efficiency. Metrics and timelines that recognize the size and type of farm 
have been established for each component practice. 

Anaerobic digesfion of livestock waste is included under this policy option as it is an integral 
component of manure management systems. 
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Soil carbon management practices related to changes in tillage practices were not quantified due 
to uncertainty of net carbon benefits presented in recent research. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by S/tCOie) for the policy scenario quanfified by the Technical Work 
Group are presented below. 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of cartoon dioxide equivalent. 

Negative values represent savings. 

Special Considerations 

• Quantification of an integrated comprehensive approach on a practice-by-practice basis may 
not capture the cumulative GHG reductions that may occur. 

• Improved soil carbon practices could increase carbon-sequestration gains in the future, but 
addifional research is required. 

• These practices have significant water and air quality benefits; therefore, there is an 
opportunity to leverage additional resources to implement practices. 

• There may be an opportunity to use current and future carbon market mechanisms to increase 
implementation rates. 

• As with several ofthe other AFW policy opfions, the level of technical capacity and behavior 
change required to achieve these changes is significant. 

• Since this policy is based on development of a Comprehensive Farm-Level GHG 
Management Plan, this policy works in concert with AFW-1: Producfion of Sustainable 
Feedstocks, AFW-6: On-Farm Energy Efficiency and Producfion of Renewable Energy, 
AFW-5 Conservation of Open Space, AFW-7 Improved Forest Management, and AFW-3: 
Waste Reduction. Through these linkages, AFW-4 is secondarily related to components of 
PSD, RCI, TLU (biomass supply, energy efficiency, and renewable energy, respectively). 

• As the primary means of delivering outreach, education, and technical assistance to the 
agricultural community, this policy is designed to incorporate significant components of 
adaptafion to climate change within individual farm GHG management plans. 
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Policy Summary 

This policy opfion seeks to achieve meaningful GHG reductions through energy efficiency by 
employing a coordinated approach that addresses all forms of on-farm energy consumption 
including embedded energy. These efficiency gains can be realized through a comprehensive 
energy audit, which is a mulfi-disciplinary approach to energy-use analysis including equipment, 
structural, and management related energy use, as well as identification of renewable energy 
opportunities. Deployment of these energy efficiency measures will require shifts in farm-level 
management practices. 

The agricultural sector's natural capacity (sun, wind, land area, available biomass) to generate 
energy exceeds its energy demand. This policy also seeks to capitalize on agriculture's ability to 
produce energy using multiple sources and renewable energy technologies. Included in this 
policy is recognifion that mulfiple technologies at varying scales can be co-located at individual 
operations. 

As an implementafion mechanism it is recommended that a State-level Agricultural Energy 
Program be established to facilitate energy efficiency and renewable energy efforts at the 
distributed generation level to achieve this aggressive policy. A sector-specific approach is 
necessary due to the unique nature ofthe agricultural sector. One ofthe challenges in meeting 
these changes is the diversity ofthe agricultural sector. The numerous types of operations (the 
dairy segment alone has multiple production systems each having very different infrastructure 
requirements) have very specific energy needs and present specific energy efficiency 
opportunifies. The diversity within any given segment ofthe sector is due to a number of 
variables including age, locafion, and size of operation. This is very different from other sectors 
in which standardizafion of production and retail sales is the norm. The age ofthe agricultural 
building stock and infrastructure alone presents a significant opportunity for energy efficiency 
improvements. 

The second challenge is financing on-farm energy efficiency and renewable energy measures. 
Farmers operate in very volafile markets with high risk and relafively small returns. Dairy, the 
primary segmentof our agricultural economy, operates in a controlled market (i.e., price of milk 
is set at the federal level). The ability to invest significant amounts of planning time and capital 
in energy efficiency and renewable energy measures with rates of return that span multiple years 
predicated on unknown climatic (e.g., weather, disease, pest) and market forces (e.g., commodity 
recall unrelated to individual farm) completely outside ofthe control of individual farms is 
severely limited. An Agricultural Energy Program would begin to address these challenges, t h e 
program would be responsible for coordinafing and administering comprehensive energy audits, 
coordinating efforts to streamline federal and state funding opportunities to maximize energy 
efficiency and renewable energy implementation as identified in the comprehensive energy audit, 
coordinating with utilities to facilitate interconnection, offering grant application assistance to 
interested farmers, tracking implementation and documenting results, supporting and 
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coordinating research efforts related to energy efficiency and renewable energy, and technology 
improvements required to achieve farm-level carbon efficiency. 

Quantification 

The policy scenario is a 40 percent fossil-based energy reduction, and quantification assumes 
26,778 farms deploying energy efficiency measures. Quanfification is based on a limited number 
of currently available energy efficiency measures for which cost data exist. To achieve the 
renewable energy deployment for 65 percent of farms (23,660), quanfificafion assumes the mix 
of generafion will be 25 percent wind technology, 30 percent solar thermal technology, and 45 
percent solar photovoltaics (PV). Quanfification is based on currently available renewable energy 
technologies for which cost data exist (PV, wind, solar thermal). Quantification is based on the 
extrapolation of current renewable energy deployment rates for PV and wind. Quanfificafion is 
sensifive to cost of energy efficiency and renewable energy implementation and the type of 
technology uhimately deployed. 

The GHG reduction potential, total cost or savings (as measured by net present value), and cost 
effectiveness (as measured by $/tC02e) for the policy scenario quantified by the Technical Work 
Group are presented below. 
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Special Considerations 

• This policy builds on existing RPS-Customer-Sited Tier program goals by significantly 
increasing renewable energy deployment rates after 2015. 

• Since anaerobic digestion (AD) is an on-farm management system that influences many other 
farm management systems, quantification of AD is included under AFW-4. 

• There may be significant interconnecfion and reliability concems related to the scale of 
distributed generation in rural areas. 

• This policy represents an adaptation strategy regarding heat stress in livestock, which results 
in decreased milk yields and reproduction rates. Increasing the cooling capacity in livestock 
housing will increase energy usage. Energy efficiency and renewable energy technologies 
can mitigate negative impacts resulting from increased energy uses. 

• Renewable energy technology requires significant upfront capital investment. It is possible 
that without coordinated and/or increased state and federal assistance that New York farms 
will be unable to purchase renewable energy technology on the scale outlined in this policy. 

• This policy is cross-cutting with overlap in several areas, including AFW-4, PSD, and RCI. 
This policy also impacts existing state policies, including RPS, the energy efficiency 
portfolio standard, and the Regional Greenhouse Gas Initiative. 
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This policy provides significant workforce development and community-scale energy 
opportunities in rural areas. 
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Policy Summary 

This policy option reduces the rate at which open space, including agricultural lands, forests, and 
wetlands are converted to developed uses and increases the acreage in open space. Conversion 
may be prevented through conservation land grants, landowner incentives, regulation, fee 
acquisifion, and purchase of conservation easements by State and local governments, or 
nonprofit land preservation organizations. Support for agriculture and forest products may reduce 
the risk of conversion to an undesirable land use. 

Quantification 

The policy scenario is described as follows: 

• Increase New York State agricultural land, as defined by the National Agricultural Statistics 
Service, 25 percent by 2050 without converting mature forest. Restore 475,000 acres of 
agricultural land (25 percent ofthe acreage lost since 1984) by 2020 and restore a total of 
950,000 acres of agricultural by 2030. Permanently protect, through the State's Farmland 
Protection Program, 200,000 acres by 2020 and 400,000 additional acres by 2030 of 
agricultural land with the highest risk of conversion to higher-carbon intensive uses. 

• Maintain or increase forestland acreage, without converting agricultural land to forest, unless 
the agricultural land would have higher carbon sequestration potential. Extend protections to 
an additional 700,000 acres of forestland under threat of conversion by 2030 through a 
number of tools, including private land stewardship programs, working forest conservation 
easements, and tax incentives. Work to maintain or increase the parcel size of private 
forestland. 

• Protect and restore freshwater and tidal wetlands through acquisition of fee or easement and 
regulation to prevent releases of GHGs which will allow exisfing freshwater and tidal 
wetlands to continue to sequester carbon and mitigate the effects of more intense storm 
events caused by climate change. 

The GHG reduction potential, total cost or savings (as measured by net present value), and 
cost effectiveness (as measured by S/tCOae) for the policy scenario quantified by the 
Technical Work Group are presented below. 
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Special Considerations 

Uncertainties 

• 

• 

Price of fee and easements can vary greatly with location ofthe parcel and the terms of an 
easement. 

Viability of farm operafions is vitally linked to the health of available markets for farm 
products. 

Ability of agricultural land and forestland to produce current crop species is climate 
dependant. Shifts in climate may alter the species that can be grown. The flux of sequestered 
carbon in a shift of plant species is an uncertainty. 

Leakage in the case of forest land protection is a concern because development could still 
happen on unprotected acres within the state, or could be shifted out-of-state. Connecting this 
policy with smart growth strategies is of upmost importance to avoid leakage issues. 

Existence of wetlands is dependent on climate and rainfall patterns. If these patterns shift, 
existing wetlands may disappear and new wetlands may form. The balance of this flux 
remains uncertain. 

Feasibility Issues 

• Increasing agricultural land and forest land are not mutually exclusive strategies. Shifts 
between agricultural and forest land must be evaluated on a case by case basis. 

• Funding: Consistent funding is needed to ensure the protection of valuable open space, and 
agricultural and wetland resources to mitigate and adapt to climate change. A diversity of 
funding and capacity is needed at all levels of government, federal. State and local, as well as 
private investment through non-governmental organizations, landowners, and private 
citizens. 

• Local government capacity: New York is a home rule state, and the vast majority of land-use 
decisions are made at the local level. Capacity building at the local level is necessary to help 
local governments make good decisions. Many land conservation projects are dependent on 
local govemment capacity to fund and complete projects. 

Adaptation 

• The change in climate will have an impact on some plant species' ability to grow and thrive. 
Longer growing seasons potentially increase biomass productivity if not limited by drought 
or nutrients. 

• Increased winter rain and increased total runoff could expand some wefiands. Increased 
summer evaporafion will decrease the hydroperiod of some wefiands. 

• There is a need for additional riparian corridor protection and restoration to mitigate effects 
of predicted increase of intensity and duration of storm events, and possible extended periods 
of drought. 

• Connecfivity between wildlife habitats will be needed to facilitate climate related migrations. 
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• The balance among carbon sequestration, adaptation, and other ecosystem services must be 
examined. 

Co-benefits 

• Co-benefits include water quality protection, flood mitigation through riparian buffers, 
wetlands and storm water retention, clean air and reduced pollutants, improved quality of 
life, wildlife habitat protecfion and connectivity for migration and adaptation, and avoided 
additional costs of sprawling development. 

Environmental Justice 

• Lack of open space, waterfront access, stormwater management, and the destruction of 
wetlands are significant environmental justice concems for many overburdened and low-
income communifies. Many ofthe specific proposed actions in this policy area could help to 
address one or more of these concems in such communities. 

flGa?i^p^s[?) (M^^©? [ iMMM«[«?(fex?©^^^ (i^M^fi) 

Policy Summary 

This policy opfion seeks to develop a renewed and improved stewardship ethic among decision 
makers that control rural forest lands and existing and potential urban planting spaces. Through a 
wide variety of incenfives, educafion, and technical assistance and support, both proven and 
innovative practices could be applied to New York's forests and urban areas to sequester 
additional carbon, save energy, and, at the same time, supply New Yorkers with addifional and 
improved co-benefits supplied by improved forest management and green infrastructure related 
practices. 

Policy actions will be led by developing and implemenfing a system for identifying recently 
unmanaged or neglected and degraded forest lands that are not stocked with trees to full 
potential. A similar system will be developed for idenfifying vacant rural land that is unsuitable 
for agriculture but suitable for reforestation with native trees. 

Subsequent actions include the following: 

• Using various methods for forest management, site preparafion, and wildlife management 
allow for natural regeneration of trees at appropriate levels for optimum stocking levels; 

• Developing forest management plans and applying methods and technologies that increase 
overall forest productivity, heath, and benefits while increasing the rate and levels of carbon 
sequestration in trees, soil, and durable wood products; 

• Increasing forest cover and associated carbon stocks by planting native tree species on vacant 
lands that are unsuitable for agricultural use; after establishment, employing forestry 
pracfices that maintain and enhance the ability ofthe forest to sequester carbon and provide 
forest related benefits; 
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• Maintaining and improving the health and longevity of exisfing trees in urban settings and 
increasing tree cover area by planting new trees; 

• Developing and supporting prevention, early detection, and rapid response programs that 
prevent invasive and destructive forest pests and mitigate or eradicate the impacts of current 
or future introductions that threaten forest carbon stores. 

Quantification 

Three scenarios were quanfified under this policy option. The GHG reducfion potenfial, total cost 
or savings (as measured by net present value), and cost effectiveness (as measured by $/tC02e) 
for the policy scenarios quanfified by the Technical Work Group are presented below. 

I. Identify and treat 25 percent of all under-stocked forest stands on timberland by 2025 in 
order to achieve full stocking level. 
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$/tC02e = dollars per metric ton of cariDon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

2. Increase tree canopy cover in cifies, villages, or hamlets by 50 percent by 2030. 
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$/tC02e = dollars per metric ton of carbon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

3. Identify and reforest 50 percent of all suitable vacant idle land in the state by 2025. 

$1,200 
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$36 

$/tC02e = dollars per metric ton of cartDon dioxide equivalent; GHG = greenhouse gas; MMtC02e = million metric tons 
of carbon dioxide equivalent. 

Special Considerations 

• The establishment of new forests by planfing native trees on vacant land conflicts with the 
establishment of dedicated energy crops on vacant land proposed in AFW-1. In addition, 
overlap exists with the AFW-1 proposal to identify vacant lands suitable for tree planting. 
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Improving forest management practices in rural forests for carbon sequestration and other 
benefits is a challenging proposition for a number of reasons. For example, goals and 
objectives of owners for their forests may require management that does not take into 
account societal benefits that accrue from improved carbon management. In addition, the 
long-term nature of forest growth and the extended timeframe of revenues from timber 
harvesfing provide challenges such as investment of capital or willingness to accept 
opportunity costs needed to improve forest growth and benefits. 
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Policy Summary 

Increasing the availability of locally produced foods to New York State residents can reduce the 
energy required for transportation, packaging, and marketing; enhance rural economic 
development; improve health and nutrifion; and increase food security and food safety. However, 
for this small but growing share of U.S. agricultural producfion there remains a lack of empirical 
evidence to definitively support the claims of GHG reducfions associated with local foods. 
Recently the U.S. Department of Agriculture Economic Research Service (ERS) released a 
comprehensive literature review ofthe current understanding of local food systems.^ The study 
had the following key findings: 

• Local food markets account for a small but growing share of total U.S. agricultural sales. 

• Production of locally marketed food is more likely to occur on small farms located in or 
near metropolitan counties. 

• Consumers who value high-quality foods produced with low environmental impact are 
willing to pay more for locally produced food 

• Empirical research has found that expanding local food systems in a community can 
increase employment and income in that community. 

Although much research remains to be completed on the direct reducfion of GHGs resuhing from 
local foods, this policy opfion promoting increasing the availability of local foods is 
complementary to several other GHG mitigation policy options, including AFW-5 and TLU-l 1 
by encouraging an alternative land use to development in those areas experiencing the greatest 
land-use conversion pressure; TLU-10 by enhancing local open space conservation efforts; and 
AFW-3 by encouraging minimal processing and packaging of locally produced food. Direct to 
consumer sales also provide producers with a higher rate of return, which further reduces the rate 

' Martinez, Steve, et al. Local Food Systems: Concepts. Impacts, and Issues. ERR 97, U.S. Department of 
Agriculture, Economic Research Service, May 2010. 
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of land conversion to developed uses and better positions producers to cope with potentially 
costly adaptation strategies. 

Building on the work ofthe New York State Council on Food Policy this policy option seeks to 
employ a muhi-faceted approach to increase the availability of locally produced food to New 
York State consumers. 

Quantification 

This policy opfion is currently not quantifiable. 

Since this is an emerging field of research it is fully expected that in the future, as additional 
empirical studies are completed, it will be possible to quanfify GHG reducfions for this policy. 

Special Considerations 

• Several ofthe proposed policy initiafives involve significant levels of federal funding and 
subsidies including food assistance programs and school meal programs. State policies that 
encourage or incentivize local foods within these programs must be consistent with federal 
policies. 

• Technical: Currently New York-specific data quantifying food miles traveled and the 
resuhing benefits have not been thoroughly studied. Additionally, it must be recognized that 
food-mile reductions must be assessed on a product-by-product basis that includes life-cycle 
analyses ofthe numerous crop specific inputs and concomitant production methods. 

• Financial: In the short term, increased public funds will be needed to expand exisfing direct 
marketing programs; this may be somewhat problematic during austere budget times 
regardless ofthe benefits. 

• Political support: According to a recent Cornell University survey "Imported food is a 
concem for 72.6 percent of shoppers surveyed and "Local" is sought by almost 70 percent of 
shoppers." 

See Chapter 10 for a complete presentafion of Research, Development, and Demonstrafion needs 
for this sector. 
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Chapter 10 
Research and Development Needs 

for a Low-Carbon Future 

Introduction 
The New York State goal to reduce greenhouse gas (GHG) emissions to 80 percent below 1990 
levels by 2050 (80 by 50) may not be achievable in a polifically and socially acceptable manner 
with the suite of energy technologies commercially available today. New York's Climate Action 
Plan must include a commitment to support research, development, and demonstration (RD&D) 
in partnership with the federal govemment and the private sector, to ensure that cost-effective 
technologies and practices are developed to mitigate climate change impacts and promote the 
economic strength of local businesses. Statewide RD&D investments, across all economic 
sectors, must be targeted to provide direct benefits for New York companies. 

A long-term RD&D investment strategy is needed to begin the process of improving the local 
economy and reduce New York's GHG emissions. The two issues are linked and 
complementary. The subsequent development of this investment strategy represents a critical 
follow-on task that will build upon the high-level recommendafions presented in this chapter and 
include broad stakeholder input across all economic sectors in New York State. The investment 
strategy will further define New York's technological strengths, establish multi-disciplinary 
collaborafive teams between universities and industry, and idenfify all opportunifies to further 
leverage limited in-state resources with federal and private sector funds. 

A recent quote from Jeffrey Sachs, director ofthe Earth Institute at Columbia University, 
emphasizes the importance of innovation in the energy sector and the need for additional RD&D 
investment: 

"If we try to restrain greenhouse gas emissions without a fundamentally new set of technologies, we 
will end up stifling economic growth. We need to develop radically advanced low carbon technologies, 
which can only come about with greatly increased spending by determined governments on what has 
so far been an anemic commitment to RD&D."' 

This Interim Report provides a high-level overview ofthe RD&D needs within the mifigation 
sectors, identifies technology areas where New York can best leverage its investments and 
capabilities to benefit local businesses, and presents "order-of-magnitude" funding estimates 
necessary to support the innovafion ecosystem to advance low-carbon technologies. It is 
expected that any future state-funded RD&D program established to support the implementation 
of New York's 80 by 50 goal would be managed by a broad array of public stakeholders 
throughout the State—with active private sector involvement. 

It is important to note that New York State cannot support the entire technology development 
process (basic research, technology development, large-scale demonstration, commercial 
adopfion) on its own. A clear role must be established for the federal govemment and the private 

New York Times. April 6, 2008 
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sector that efficiently optimizes limited resources, appropriately assigns technical and business 
risk, and ensures a consistent and stable flow of investment capital to flnance advanced energy 
technologies. Any State-level investment strategy must function as an advocacy tool to drive 
national RD&D energy policy and leverage private-sector RD&D investments. 

Overarching Principles 
Developing a comprehensive RD&D strategy that cost-effecfively reduces GHG emissions 
across all sectors ofthe economy is a complex task that requires a coordinated effort among all 
stakeholders. It is essential to recognize that a technology solution implemented in one sector 
may impact another. For example, if plug-in hybrid electric vehicles (TLU sector) outfitted with 
vehicle-to-grid capability achieve widespread market penetration, then these mobile electric 
energy storage systems may obviate the need for larger stationary storage systems (PSD sector) 
such as flow batteries and flywheels. A systems approach will be necessary that includes 
technical/business experts across all disciplines and sectors in order to ensure that RD&D 
investments yield optimized results. A set of seven overarching principles will be used to guide 
the RD&D program to maximize effectiveness : 

• There must be ample and sustained support for early-stage research and exploratory 
development. 

• The research program must be managed to ensure that it encompasses the full range of 
energy challenges from supply to production to distribution to end-use. 

• The research program must span the spectrum from early-stage research to later-stage 
demonstration, and therefore, there should be an intimate relationship between setting policy 
and designing programs to stimulate innovation. 

• The decision-making process must be integrated so that factors of cost, technical 
performance, and environmental impact are factored in at every stage of development. 

• A multi-year plan must establish a role for govemments, industry, universifies, and 
laboratories. 

• All later-stage demonstration projects must be carried out on as close to commercial terms as 
possible in order to provide the private sector with the information it needs to make large 
investments in new energy technologies. 

• There is an opportunity for substantial intemational participation in selected energy R&D 
projects, and all energy initiatives must develop technologies that are attractive not only to 
U.S. companies but to foreign countries and investors as well. 

State-level RD&D investments will help New York businesses institute technology development 
processes consistent with these principles in order to increase the pace of innovation and improve 
the success rate of commercially viable low-carbon products and services. 

^ The Center for American Progress. A New Strategy to Spur Energy Innovation. January 2008. Peter Ogden, John 
Podesta, and John Duetch. 
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National Energy RD&D Perspective 

Past 
Energy RD&D funding peaked in 1980 at 10 percent of total U.S. RD&D spending (both private 
and public) across all sectors ofthe economy (Figure lO-l). The precipitous reducfion in energy 
RD&D spending after 1980 correlates with the decline in global oil prices following the Iran/Iraq 
War. Energy RD&D spending leveled off in 1985 to approximately 4 percent of total U.S. 
RD&D expenditures until the electric power industry was de-regulated in many parts ofthe 
country in the mid/late 1990s and oil prices plummeted further to new historic lows. Energy 
RD&D funding has remained fairly level over the past decade and currently represents less than 
2 percent of all U.S. RD&D funding. 

It is worth noting that since the establishment of the U.S. Department of Energy (DOE) in 1977, 
private sector energy RD&D (including large corporations and venture capital) investment has 
never exceeded public funding levels. This is symptomatic of a fundamental problem and 
reinforces the notion that I) exisfing markets do not provide a sufficient retum on investment to 
warrant adequate private investment in energy RD&D, and 2) substantial benefits accrue to 
society in general rather than to any specific industry segment or individual corporation. 

Figure 10-1. Historical U.S. RD&D Expenditures^ 
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Present 
Current (fiscal year 2010) annual federal energy RD&D spending is approximately $5 billion, 
excluding recent one-shot inifiafives funded under the American Recovery and Reinvestment Act 
(ARRA). Corresponding private sector investment in the U.S. is $3 billion annually. This ratio 
(0.6:1) of private to public energy RD&D expenditures is significantly lower than other 

•' Elsevier: Energy Policy. U.S. Energy R&D: Declining Investment. Increasing Need, and the Feasibility of 
Expansion. February 2006. Greg Nemet and Daniel Kammen 
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sectors—specifically in comparison to the healthcare and defense industries, which maintain an 
equivalent ratio of 2:1 and account for the vast majority of public RD&D funding. A 
comprehensive nafional energy policy must be established that adequately encourages greater 
private sector participation. A tangible metric for gauging the success of any given federal policy 
may be to measure over time whether the private-to-public energy RD&D investment ratio 
steadily climbs from 0.6:1 to 2:1. Although not a sole diagnostic, monitoring this rafio may yield 
valuable insights. 

U.S. energy companies, on average, spend 0.23% of total revenues on RD&D. This is in stark 
contrast to other industries that invest on average 2.6% of revenues back into RD&D."* Some 
more innovative industries such as IT and pharmaceutical companies invest closer to 15 percent 
of their revenues in RD&D. Over the long-term this lack of revenue re-investment undermines 
the competitive posifion and innovafive rigor ofthe U.S. energy industry. 

What is the appropriate level of federal energy RD&D investment to effectively address climate 
change? Many research studies have focused on this question over the past decade. A report by 
Robert Schock^ presents a unique methodology for determining appropriate energy RD&D 
levels by calculafing its insurance value to mitigate four significant risk factors—oil price 
shocks, electricity supply disruptions, local air quality, and climale change. Each issue is 
independently analyzed to reveal separate price points or premiums for the four risk factors. The 
results suggest that a three to seven-fold increase in federal energy RD&D spending is warranted 
to insure against the potential impacts of climate change alone. Taking the average (five-fold, 
increase in RD&D funding) of this range translates to an annual federal energy RD&D budget of 
$25 billion (5 X $5 billion). This level of funding is commensurate with commitments to other 
grand challenges that the U.S has supported over the years (Apollo Mission, Manhattan Project). 
New York's portion of these federal funds could be as high as $1.5 to $2.0 billion annually (New 
York represents 6.5% of U.S. total populafion). 

Federal energy RD&D funds should be directed toward low-carbon initiafives that cannot be 
adequately addressed by state govemments and the private sector. These include high-risk/high-
cost areas focused on the development and deployment of nuclear energy systems and carbon 
capture and sequestration technologies as two primary examples. Additionally, the federal 
govemment must confinue to support basic scientific research and first-of-a-kind large-scale 
commercial demonstrafion projects, which require significant capital investment. 

State Energy RD&D Perspective 
New York State's annual energy RD&D expenditure is approximately $50 million and this 
supports a broad array of initiatives across all sectors. These energy RD&D funds are managed 
by a number of state entities including the Investor-owned utilities and have traditionally 
leveraged an additional $150 million in cost sharing. By comparison, Califomia invests roughly 
$100 million annually in energy RD&D, also with substantial leveraging. 

" Institute of Electrical and Electronics Engineers (IEEE). IEEE Spectrum Top 100 R&D Spenders. S&P Data2006. 

* Annual Review: Energy and Environment. How Much is Energy R&D Worth as Insurance! Robert Schock 1999, 
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New York State recognizes the need to continue support for long-term energy RD&D to create 
our clean energy economy. The first step in formalizing this commitment occurred when New 
York established the Regional Greenhouse Gas Inifiative (RGGI) and successfully encouraged 
neighboring states in the northeast to adopt GHG emissions targets for large-scale electric power 
plants. New York further developed an Operating Plan, which detailed how auction proceeds 
resulting from the RGGI cap and trade program were to be used to reduce carbon emissions 
across all economic sectors. 

The Operating Plan included a total annual budget of $100 million. Funds were allocated to 
support both short-term mitigative initiatives and longer-term R,D&D inifiafives that reduce 
carbon dioxide emissions. Total annual long-term RD&D investments amount to $28.5 million 
and reinforce the fact that a significant portion ofthe funds must support the continued 
development of advanced technologies. The RGGI RD&D program targeted the four mifigation 
sectors (RCI, PSD, TLU, and AFW) plus cross-cutting research. 

The targets established under the RGGI program require the electric power sector (PSD) to 
reduce aggregate GHG emissions by 10 percent by 2018. This pales in comparison to challenges 
associated with attaining the economy-wide 80 by 50 goal. An order-of-magnitude increase in 
RD&D funding, beyond that outlined in the RGGI Operafing Plan; i.e., closer to $250 million 
per year, may be necessary in order to achieve New York's more stringent 2050 GHG reduction 
goal. This level is consistent with preliminary estimates of specific research needs in New York 
within the four sectors identified below. This estimate will be developed further in the Final 
Climate Action Plan. 

New York RD&D funds would be specifically targeted towards helping local businesses develop 
low carbon technologies. This level of State funding must be integrated with a comprehensive 
long-term economic development strategy to diversify New York's economy. Total current 
annual energy expenditures (across all sectors and all fuels) in New York sum to approximately 
$80 billion. A $250 million energy RD&D cost therefore represents 0.3% of total statewide 
energy expenditures. Relevant State agencies and the electric utilifies would be responsible for 
administering these funds in a coordinated manner that specifically builds on the technical 
capabilities of New York businesses and optimizes all local economic development 
opportunities. 

It is assumed that continued environmental research (including climate change adaptation 
planning) and business develop initiatives (technology incubators, proof of concept centers, etc.) 
would be an integral component of each sector's overall RD&D implementafion plan. Specific 
and tangible benchmarks for technological, business, and environmental performance must be 
considered throughout the entire innovation process—from basic research through commercial 
adoption. 

RD&D Program Implementation 
The formation of a statewide RD&D Advisory Council (Council) will be necessary in order to 
effectively manage expenditures across all sectors in a manner that opfimizes collective value. 
Representatives from each mifigation sector (RCI, TLU, PSD, and AFW) will serve on the 
Council. The first task will be to define a technology development framework consistent with 
New York's carbon mitigafion abatement curve (the development of this abatement curve is 
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currenfiy underway). Specific RD&D initiatives will be prioritized and sequenced in an effort to 
systematically build on previous investments and carbon reducfions in the most cost-effective 
manner. 

Although the Council will map out a high-level coordinated statewide strategy, the individual 
sectors will be responsible for establishing muhidisciplinary teams (including representatives 
from industry, academia, government and the investment community) to execute specific carbon 
reducfion projects. Technology, environmental, and business milestones will be established 
before a project is started in order to provide tangible benchmarks for gauging performance 
along the way. Projects failing to meet pre-determined targets will be quickly abandoned and 
RD&D funds will be allocated to other more promising areas within the sector. Federal and 
private sector financial commitments to support a project throughout the entire innovation 
process—assuming successful completion of all milestones—will be required before State funds 
are assigned to the project. 

The specific roles ofthe federal/State govemments and the private sector may vary depending on 
the type of project pursued. However, Figure 10-2 illustrates a reasonable template as to the level 
of commitment necessary from all three parties (federal, State, and private sector) for the vast 
majority of initiafives. The technology innovation process is broken down into four steps: basic 
research, technology development, technology demonstration at scale, and commercial adoption. 
A more granular breakdown is certainly possible, but these categories are used to simply 
illustrate a common pattem. 

The chart clearly illustrates a waning level of federal funds coupled with a concurrent waxing of 
private sector investment as the technology moves closer towards commercial adopfion. This 
result is to be expected and is governed by the reduced level of technical and business risk as a 
given technology matures. 

What is less clear from Figure 10-2 is the underlying nature ofthe State's role within this 
continuum. This deserves more detailed scrutiny because the role varies substantially from one 
step to the next. The main objecfive, however, is to spend the minimum amount necessary in 
order exploit any/all opportunities for New York businesses that reveal themselves along the 
way. 
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Figure 10-2. Apportionment of Funding Levels throughout the Innovation Chain 
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A brief descripfion of New York State's role in each step follows. 

Step 1—Basic Research 

State funds are predominantly used to increase the competitive performance of proposals 
submitted by New York universities and companies to federal agencies seeking very high 
leveraging, typically more than 10:1. State support can provide significant value and has recently 
demonstrated successful results yielding five Energy Frontier Research Centers (EFRCs) and a 
variety of Advanced Research Projects Administration—Energy (ARPA-E) grants in New York 
through DOE. 

Step 2—Technology Development 

States can play a crifical and potentially game changing role at this point in the innovation 
process where the so called Valley of Death often presents a virtually insurmountable obstacle. 
This area requires significant State investment to assist New York companies with a wide array 
of risk-sharing and technology and business development support. This can then position the 
company for subsequent private sector investment. 

Step 3—Technology Demonstration (Full Scale) 

This is a very expensive step (often referred to as the Mountain of Death) and limited State 
resources cannot be expected to carry the high capital costs associated with large-scale 
technology demonstrations. The State should participate at a minimum level to gain access to 
important technical information that may be useful for New York businesses in a strategic 
position to supply value-added parts/components/services associated with the technology. The 
State should also begin the development of innovative policies that reinforce, streamline, and 
accelerate ultimate commercial adoption. 
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Step 4—Commercial Adoption 

The commercial adoption step provides an opportunity for states to exploit potential work force 
development and training opportunifies resuhing from widespread technology market 
penetrafion. This may at first blush seem outside the realm of RD&D acfivities, but the inifial 
mobilizafion of qualified engineers, scientists, technicians, and service personnel can require 
innovative training methods and catered instruction techniques developed in partnership with a 
variety of New York academic institutions. 

The RD&D program needed to achieve the 80 by 50 GHG reduction goal only works when 
federal, State, and private-sector organizafions collaborate. Risk profiles need to be fully 
understood and costs equitably allocated to promote innovation. In the long-term, a private to 
public energy RD&D funding ratio exceeding 2:1 will be necessary to ensure confinued 
development and market introducfions of innovafive low-carbon technologies. This will take 
some fime to achieve. The adoption of a national climate and energy policy is crifical to 
promofing long-term and sustainable levels of private sector RD&D investment within the 
energy sector. 

Descriptions ofthe RD&D strategy for each ofthe four mitigation sectors are provided in the 
following secfions. Adaptafion related RD&D needs are presented in Chapter 11. 

Residential, Commercial/Institutional, and Industrial (RCI) Sector 
RD&D Needs 

Overview 
Buildings account for 40 percent ofthe state's energy use and a similar percentage of GHG 
emissions. Emissions associated with buildings and appliances are projected to grow 
significantly yet according to the Brookhaven National Laboratory net carbon emission from 
this sector needs to approach zero by mid-century to achieve New York's 80 by 50 target. The 
industrial sector is a heavy consumer of fossil fuels for process heating in manufacturing, and 
while this sector can improve its efficiency substantially, this sector will likely account for a 
sizable portion ofthe total economy-wide GHG emissions in New York under 80 by 50. 

RD&D funds are needed to advance low- and zero-carbon energy technologies in buildings and 
industry. Research for all building types should focus on more energy-efficient designs for new 
construction and retrofit technologies for exisfing facilities, elimination of fossil fuel use, 
increased use of on-site renewable energy, and human factors that influence operating modes. 
For the industrial manufacturing sectors, RD&D should focus on new products and processes 
that reduce the carbon intensity ofthe industrial sector. 

Cost effective and easily implementable advances in energy technologies are needed to raise 
building performance levels far beyond today's best practices and available technologies. Present 
best pracfices and commercially available technologies for residenfial and non-residential new 

^ BNL; Envisioning a Low'Carbon 2050 for New Yorli State; A White Paper submitted to the Climate Action 
Council. Stokes and Looney. March 2010. 
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construction energy efficiency programs typically only attempt to achieve 20—30 percent energy 
savings. Nearly all buildings are subject to financial decisions that favor property market values 
over reductions in energy costs therefore technologies need to be exceptionally robust in terms of 
retum on investment. Building design, production, and warranty are performed by different 
entities, as compared to other mass-produced goods, and require substantial extemal impetus and 
coordinafion of RD&D activities to cost effectively achieve the performance necessary for a low 
carbon economy. 

Equally challenging are the efforts to reduce energy use by improving the fabrication methods 
used by New York manufacturers. Typically manufacturers are reluctant to change their 
established fabricafion methods without clear and significant financial benefits, or without 
govemment regulations. It is true that manufacturers are often very interested in reducing the 
energy content of their product, which will reduce GHG emissions. However, as manufacturers' 
financial resources are currently stretched so thin that they struggle to remain viable, few 
manufacturers have the capital to invest in the engineering and equipment resources to research, 
adopt, and implement emerging processes and products that would reduce GHG emissions. 

Addifionally, energy-efficiency technology developed in a laboratory may require innovafive 
fabrication methods for its mass production. Such new fabrication methods can require 
significant financial capital to develop. Without sufficient financial capital, a proven 
technology's entry into the market may be delayed or prevented because it cannot be produced. 

Program Design 
The State should support RD&D acfivities that result in the advancement and commercialization 
of clean energy and energy efficient products, services, and producfion methods for buildings 
and industry. The State should strategically bridge gaps between federally supported basic 
research and market-driven private interests, avoiding redundancy and inadequacies. The RD&D 
strategy must be inclusive of near, middle, and long term elements and recognize those aspects 
of RD&D that are best accomplished at the national, regional, or State level. State RD&D 
investments in RCI should seek to achieve the following objecfives: 

• Develop technologies that have the potential to increase energy efficiency and/or reduce 
GHG emissions ofthe magnitudes necessary for accomplishment of 80 by 50 goals; 

• Prioritize technology goals to increase efficiency, eliminate use of fossil fuels, and promote 
use of on-site renewable energy sources; 

• Prioritize technology development that is relevant to new and exisfing building stock and 
industrial capacity in New York State; 

• Priorifize high-performance incremental and new technology in the context of near, medium 
and long term implementafion; 

• Prioritize technology development according to market-based value propositions; 

• Establish concurrent requirements to enable path-to-market; provide support for 
manufacturing capacity development; increase consumer acceptance and education; and 
coordinate govemment policy (codes, standards, regulation, deployment); 

• Ufilize public, university; and private partnerships where appropriate. 
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Federal Role 
The primary research role ofthe federal government in RCI is to support basic energy research to 
advance net zero-energy-use buildings, including development of new materials, new heating 
and cooling processes, and low-density energy scavenging devices. For the industrial sector, 
necessary federal efforts should include research for advanced materials, materials processing, 
and electro-technologies that replace traditional thermal processes. The federal govemment 
should also continue to co-fund some near-term research activities (e.g., demonstrations) and 
medium-term acfivifies located at regional building science and industry application centers. 

State Role 
Demonstrafing advanced building and industry technologies at New York locafions to accelerate 
local adoption and help New York companies gain a strategic advantage is an important role for 
State government. This research can best be accomplished at a regional level to address the 
unique building stock, climate condifions, construction practices, and industrial activities at the 
local level. Demonstration and evaluafion of whole building systems will be critical to advancing 
net zero-energy buildings. As we attempt to ramp up building performance, understanding the 
human interface will also be crifical. The State should also confinue to support various building 
science and industry application consortia in New York and facilitate university and industry 
collaborafions. Examples of successful research collaborations include lighting technologies with 
the Lighfing Research Center at Rensselaer Polytechnic Institute, Building and Energy Systems 
at Syracuse University, and materials work with the Center for Advanced Material Processing at 
Clarkson University. Funding research in precision measurement and controls, robotics, and 
sensors could help New York's industrial sector to reduce its energy footprint. 

Private Role 
Many smaller and mid-sized corporations will need to participate as partners in demonstration 
projects for innovative building and industrial technologies to advance. Large corporations, 
which have the resources and talent pool to make major advances in technology, will need to 
continue to make substantial investments in energy research (e.g., GE Global Research, IBM, 
Coming, and Kodak). Utilities will likely need to be more involved in demonstrations of 
advanced buildings systems, which will increasingly need to have two-way communicafions and 
smart-grid interfaces. 

Target Areas 
The development period to commercialize a new technology and apply an exisfing one can be 
long. This delay is often the resuh of start-up companies lacking the business skills to advance a 
technology from the R&D phase to the commercialization phase, or of mature companies 
unaware of potential partnering opportunities. Mechanisms need to be developed to provide 
start-up companies with executive level mentoring and management advice to help them make 
the jump between these stages. For buildings, RD&D target areas could include improved 
building envelopes to reduce heating and cooling loads, down sized mechanical systems that are 
more efficient, advanced controls for building optimizafion, and increased plug load efficiency. 
Projects might also include the use of dual function elements, which provide either power 
generafion or increased energy efficiency in additional to a conventional purpose. Examples 
include windows with embedded photovoltaic (PV) elements or thin films that generate 
electricity when sunlight strikes them, or membrane roofing materials with PV films 
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incorporated in the layers. In both of these cases the PV systems replace conventional building 
products, reducing the addifional overall cost to the developer or owner. Additionally, projects 
can include innovative design and construction processes that contribute to a carbon-neutral or 
negafive building. 

Additional examples of possibly supported building technologies and systems include the 
following: 

• Innovative energy storage systems, 

• Building-scale renewables, 

• MicroCHP, 

• Active power management, 

• Smart grid, 

• Energy-efficient building envelope technologies, 

• Breakthrough light emitting diode lighting products, 

• Consumer behavior modification, 

• Whole building system design. 

Industrial sector RD&D investments could include advanced heafing processes, methods that 
reduce fossil fuel usage for thermal destruction of byproducts, new heat recovery approaches, 
and novel cost-effecfive applications of combined heat and power technologies. Addifional 
examples of possibly supported industrial technologies include the following as examples: 

• Microwave sintering of ceramics, 

• U V curing that eliminates the need for VOCs and energy intensive thermal oxidizers used to destroy 
them, 

• Electron-beam curing of coatings, 

• RF and induction heating. 

For industry, examples of product improvement projects include: 

• Lower energy content of products, 

• Reduced scrap and emissions, 

• Use of green and organic materials , 

• Increase use of life-cycle assessment based concepts in product designs. 

Other Considerations 
The time frame to develop a new technology from an inifial concept to its final design is 
frequently five to ten years. Compounding this factor is that the construction industry is very risk 
adverse, and therefore slow to adopt new technologies. An additional 5 to 10 years frequently 
passes from when a new technology enters the market to it becoming standard practice in this 
industry. Similarly, consulfing engineering practices that offer process design services to 
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industrial clients are very risk averse, and therefore slow to recommend new fabrication 
methods. To have new technology ready to assist in achieving 80 by 50 goals during the 2020 to 
2030 timeframe, their development must start now. 

The RD&D activities required to achieve the climate change goals need to start as soon as 
possible so that their benefits can be accrued quickly and avoid unnecessary GHG emissions in 
the mid- and long-term horizons. 

Transportation and Land Use (TLU) Sector RD&D Needs 

Overview 
Twenty years ago the transportation options such as lithium-ion batteries and fuel cells, which 
we now believe will play a key role in our ability to meefing our GHG reduction targets, did not 
exist. These technologies supported by public RD&D investment are just now showing the 
potential performance needed to achieve the performance and cost targets necessary meet 2030 
goals. RD&D in yet additional transportafion options over the next several decades will be 
needed to achieve our 2050 goals. Public policy must provide increased support for research, 
development and demonstrafion of technologies, products, and business models that create these 
new options and accelerate their adoption. RD&D investments within the State and region 
provide both immediate and long term economic benefits enabling the level of prosperity 
necessary to fund continued improvements. Public RD&D investment will be needed in: vehicle 
technology, low carbon fuels and infrastructure, public transit, transportation systems, and 
demand management technologies and innovations. 

It took 15 years from the time of inifial development and demonstration for hybrid-electric 
vehicles to achieve a 4 percent market penetration rate. The products and technologies we have 
in the market today are not capable of delivering the level of efficiency improvements needed to 
achieve our GHG reduction goals. Technology development, demonstrafion, and validation 
cycles must be accelerated to deliver market introducfion of new options that will play pivotal 
roles in achieving GHG reducfion goals. 

Creafing the clean energy economy will require a mulfi-faceted approach, including increased 
use of altemafive fuels, significant improvements in the energy efficiency ofthe vehicle fieet, 
improving the performance and efficiency of public transit, and reducing trips and vehicle miles 
traveled (VMT) through changes in travel habits and land management. RD&D investments that 
support accelerated, validation, and utilizafion of GHG reduction technologies and approaches 
are called for in all of these areas. 

Program Design 

The goal of public investment in transportafion RD&D is to develop, demonstrate, and validate 
new innovative transportation options, stocking the shelves with better products accelerating 
progress towards meeting GHG reduction targets at lower overall cost. The investment must 
promote new discoveries that will allow us to achieve our long term goals, demonstration of 
emerging technologies to validate practicality and benefits, and pilot programs that seed the 
market and accelerate the introduction of new options. Advancements are needed in all areas, 
from basic research into new battery chemistries, innovations in public transit technology and 
performance, new products, and business models that enable electric vehicle charging or on-

10-12 



New York State Climate Action Council 
Interim Report 11-9-10 

demand public transit. As noted above, the RD&D investment strategy must be inclusive of near, 
mid, and long term elements and recognize those aspects of RD&D that are best accomplished at 
a national, regional, or State level. 

Federal Role 
Light-duty vehicles (LDV) are produced on a global scale and it is primarily through infiuencing 
vehicle standards that states influence LDV research efforts. In the United States, only the 
federal govemment and Califomia are allowed to set vehicle emission standards. New York has 
elected to adopt California standards. State-funded research can support vehicle components 
manufactured locally and result in a significant posifive contribution to state gross domestic 
product. 

Similarly, Federal support of long-term and high-risk basic research such as fuel cell and new 
battery chemistries is critical to the technology advancements and cost reduction necessary to 
achieve 2050 goals. This Federally funded research will generally be done at compefitively 
selected research, academic, and industrial centers. States have an opportunity to influence the 
choices through their own research investments and support of clusters of organizational 
expertise in these clean tech growth areas. 

The U.S. Department of Transportation (DOT), U.S. Environmental Protection agency (EPA), 
and DOE all support transportafion research through the Transportation Research Board (TRB), 
as well as programs run through Federal Highway Administrafion, Federal Transit 
Administrafion, Federal Rail Administration, Federal Maritime Administration, and the Federal 
Aviation Administration. In general the federal programs address issues based on national 
priorifies. New York's transportafion system components are unlike the rest ofthe country. No 
other state approaches our commuter rail and subway system in terms of passenger trips or 
physical size, or New York's public transit bus operations, taxi fleets, or commercial delivery 
truck fleets. Federal research programs often do not fund the research needed to improve 
components these transportation system components. 

Federal parties include: DOE, DOT, National Institute of Standards and Technology (NIST), 
National Labs, ARPA-E, and TRB. 

State, Regional, and Local Roles 
State, regional, and locally supported research plays a key role in addressing specific needs not 
adequately addressed by federal programs. Examples of high-impact State-supported RD&D 
include the development of heavy-duty hybrid-electric drives for transit busses, and energy 
storage products designed to capture train braking energy in electrified rail and subway 
applications. Stat- supported RD&D in these areas has and is developing products that are 
providing huge energy efficiency benefits to New York and creating jobs for New Yorker's 
manufacturing products that are being sold to the rest ofthe country. 

State, regional, and local RD&D is also validating the benefits of new technologies and 
approaches prior to transportation agencies making major commitments. Newly emerged and 
unproven products and approaches involve risk both technical and financial. Few transportation 
operations can allocate resources to unproven endeavors. State and local RD&D funding helps 
minimize the risk associated with testing, demonstrating, and validating new products and ideas 

10-13 



New York State Climate Action Council 
Interim Report 11-9-10 

and in disseminafing information on the cost and performance ofthe demonstrafion to other 
potenfial beneficiaries. 

Examples of State, regional, and local RD&D efforts that have helped inform public policy 
decisions include: anfi-diesel idling technologies such as fuel fired heaters and hybrid 
refrigeration systems, traffic light signal controls, high speed commercial vehicle inspection 
technology, car sharing, and van pool pilot program demonstration. Current projects in short sea 
shipping, aviation departure opfimizafion, off-peak utilizafion of subway assets, and commercial 
goods movement show potenfial for significant GHG reductions. To achieve our clean economy 
goals, the rate at which new options such are developed and validated must be accelerated 
through RD&D programs that select sponsored efforts based on merit, mitigate risk, provide 
creditable third party evaluation of performance, and disseminate the results via technology 
transfer programs. 

State, regional, local parties include; state DOTs, Metropolitan Transportation Authority, Port 
Authority of New York and New Jersey (PANYNJ), New York State Energy Research and 
Development Authority (NYSERDA), regional transit properties, metropolitan planning 
organizations. New York City Department of Transportation (NYCDOT), municipal 
govemments, academic institutions, private-sector service and product suppliers. 

Private Sector Role 
State RD&D should promote clusters of technical expertise that develop innovafive products and 
services, create jobs, and produce innovative solutions to New York problems. Helping private 
firms minimize the technical and financial risk inherent to research activities provides public 
benefits. Once technical risk or profitability risk is reduced, it is the role ofthe private sector to 
complete development and commercialize the advancement. 

Public funding alone is not always adequate to entice private investment and sometimes public 
and private funding must be combined to reduce risk and accelerate development. Examples of 
such cooperative successes in New York include: support of applied research in fuel cell 
technology, batteries, and materials research with programs, such as the New York Battery and 
Energy Storage Consortium (NY-BEST), which has catalyzed a cluster of expertise and attracted 
outside investment developing next generation energy storage technology; programs supporting 
developing products for heavy duty vehicle original equipment manufacturers, as well as 
aftermarket and repower suppliers; improving the efficiency of electrified rail and subway 
systems; support of intelligent transportation systems, transportation system management, and 
transportation demand management technology development; and the creation of service 
providers offering hardware, software, and operation that enable VMT reduction and system 
level efficiency improvements. 

Demonstration and assessment of newly emerged products, services, and approaches is an 
important role for State and local RD&D and frequently the final step in verifying to the private 
sector that their continued investment is warranted. In well designed research programs, cost to 
benefit ratios, and best practices can be determined even in areas where cause and effect can be 
difficult to assess and benefits difficult to quanfify such as eco-driving educafion programs, some 
DSM measures and ITS technology. This is what differentiates a research program from 
financial assistance and deployment incentives. 
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Implementation 
A robustly funded RD&D program would be most effecfive if h is consistent with a State 
Transportation Research Master Plan. The RD&D investment strategy should define individual 
research programs, each focused on a specific segment ofthe Transportation and Land Use 
sector. Each program area should be staffed and administered by representatives from 
governmental units having responsibly in that segment and advised by representatives from 
universifies, industry, government, and private sector stakeholders. 

To address New York's pressing transportafion challenges, a muhi-dimensional program 
involving NYSERDA, State agencies (New York State Department of Transportafion, NYC 
DOT, and New York State Department of Environmental Conservafion), universities, and the 
private sector is necessary. The program should not supplant the responsibilifies of State 
agencies, but should provide coordinafion of energy efficiency-sustainability measures, sponsor 
research and pilot projects that validate benefits, and accelerate the ufilization of products, 
processes and altemafive measures. In addition, funds should be utilized to educate, subsidize, 
and accelerate the early adopfion of solufions in both the public and private sectors. Extensive 
use ofthe private sector will foster in-state economic and intellectual property development. 

As indicated in Table lO-l, the program should support four types of activities in seven focus 
areas. All program areas would involve analysis/policy studies and education/outreach activities. 
Several ofthe program areas would additionally address needed RD&D, transitional strategies, 
or deployment mechanisms aimed at developing, demonstrating and implementing innovative 
solutions for the transportation sector. 

Table 10 -1 . TLU RD&D Program Act iv i t ies 

Program Activity 

^Policy .Studies/ 
< -^'Analysis r> 

• Technology f 
beveiopment 

Oemonstration 
Verification 

Education 
Outreach 

Govemment Agency Practices 

Public Transit 

Freight/Commercial 

Vehicle Efficiency 

Transportation Infrastructure 

Alternative Fuels 

Smart Growth 

X= areas of proposed funded activities. 

Other Considerations 
Each ofthe Transportation and Land Use policy working groups has established target 
reductions goals for 2030. These goals will universally require the wide-scale utilization of 
options that are today unproven or not currently cost effective. Most of these goals such as: 30 
percent of vehicle-miles-traveled by zero-carbon vehicles, or 50 percent of all up-state (80 
percent downstate) travel by public or shared ride leave open the pathway used to achieve the 
goal. However, achieving the goal will require a major pathway decision in the near term 
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(electric vehicle charging infrastructure or fuel cell hydrogen) and significant public investments 
in infrastructure if these targets are to be achieved. The first goal of public transportation RD&D 
policy is to invest in research activities in the near term that allow accelerated exploration of 
emerging opfions together with field test, demonstrations, and pilot programs for a wide variety 
ofthe most promising opfions thereby allowing the best possible and most timely public policy 
and investment decisions. 

These public RD&D investment decisions should be driven by assessments of risk and benefit. 
Benefits should consider economic development, mobility, environmental jusfice, and cost 
effectiveness as welt as potential to meet carbon reduction targets. 

In a period of constrained resources it is important that RD&D investments are prioritized and 
made in the most effecfive way. Modest investments must be made in long-term higher-risk 
research into options that will be needed to achieve long term 2050 goals. Accelerated 
investments must be made in opfimizing and evaluating approaches that could meet mid-term 
goals. Opfions showing the greatest potenfial must be demonstrated, piloted, and validated prior 
to making major investments in approaches that prove to be dead ends or non-competitive. 

It generally takes 10 to 15 years after initial introduction for a new technology (microwave oven, 
cell phone, hybrid vehicle) to have significant market penetration. If we are to achieve 2030 
goals the technologies and approaches that will get us there must at a minimum be at a point of 
initial introduction with public policy commitment by 2015. 

Power Supply and Delivery (PSD) Sector RD&D Needs 

Overview 
Substanfial RD&D investments are needed to develop new sources of renewable generation, 
improve the efficiency/performance of existing renewable and traditional generating options, and 
develop technology that will enable the efficient and cost-effecfive delivery of electric energy. 

Meefing electric demand in a manner that satisfies climate protecfion goals will require 
continued advances in the performance of current renewable and traditional generating resource 
technologies, the development of new sources of renewable generafion including generation 
utilizing fuels derived from sustainable chemical conversions and the fuels they will require, new 
technologies associated with the efficient management (storage and regulation) of increased 
intermittent renewable energy upstream from customers (e.g., large wind) and downstream, at 
the end use level (e.g., distributed solar), the development of technologies and operafing 
practices for the transmission and distribution system (delivery system) that enable the 
penetration of these new renewable resources while maintaining system reliability and increasing 
the efficiency ofthe delivery system. Finally, electric supply and delivery systems must evolve 
to accommodate the expectation for electrification of transportafion and the resulfing impacts on 
electric use and peak demand. 

New York is fortunate to have RD&D assets already in place that can be leveraged with federal 
and non-New York interests to build an economy upon climate and environmental preservafion. 
These assets are listed below in the section: State Role. 
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Program Design 

This policy would support RD&D and early deployment acfivities that result in a material 
increase in the proportion of electric energy used in New York generated by renewable, non-
carbon emitting resources and increased capacity ofthe delivery system to enable their 
integration and be more efficient at doing so. Such activities include: 

• Development of short, medium, and long term technologies; 

• Use of private-public partnerships where appropriate; 

• Supporting the development and deployment of technologies by facilitating end-use customer 
engagement in the RD&D and early deployment process and encouragement of early 
adopters, to mifigate the risk of high cost technology development; 

• Supporting the development, testing and verification of control and communication 
technologies that increase efficiency ofthe delivery system and enable the integration of 
renewable, intermittent resources; 

• Supporting a confinuum of activities from early-stage, scientific assessment through 
technology demonstrafion and business development in support of new renewable energy 
resources; 

• Supporting significant improvements in the environmental and efficiency of exisfing electric 
generafing technologies. 

State and federal commitments to early-stage research, technology validation, and demonstration 
will be crifical to enficing increased infusion of private sector capital that will become necessary 
over the longer-term to take new products to market and to finance the scale of renewable 
generating projects that are expected to be necessary to achieve ambitious climate preservation 
goals. Such a commitment will validate the significance and vitality of climate change policies 
and reduce risks to levels where private capital will become vested in amounts sufficient to meet 
policy goals. To be effecfive over the long term, RD&D and early deployment programs must 
include considerafion ofthe business and environmental case that must be made for adoption and 
development of technologies, projects, and implementing mechanisms and provide 
complimentary programs to ensure that businesses that will develop, manufacture, and deploy 
preferred technologies can be created and operated profitably. Concems about the impacts of 
RD&D efforts that rely on expanding existing infrastructure or that involve the deployment of 
new technologies with uncertain or unknown impacts on public health should also be accounted 
for. 

Federal Role 

Marine-based Resources 

Offshore marine hydrokinetic energy technology comprises only a few prototype systems today. 
If New York is to exploit its vast offshore marine-based resources, and wave and ocean current 
technologies are considered necessary, their development would require a research and 
development program similar in scale to that enjoyed by onshore wind technology over the last 
20 years, and involvement ofthe DOE and its national laboratories, industry, federal, and State 
authorities, and academia. The research agenda for such early-stage resource development would 
include proof-of-concept assessments for conversion devices; lab scale modeling/design; 
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development of enabling technologies (e.g., moorings, materials); met/ocean characterizafion 
and modeling; and full scale in-ocean testing. This would be long-term and involve high risk 
research so a strong federal commitment would be necessary. The use of such resources for the 
period of interest (2025-2050) will also require the buildingof new supplier chains and 
infrastmcture (port facilifies/service capabilifies) and this must be considered when developing a 
research agenda. If an ambitious research agenda supported at the federal level for wave and 
current technology commenced immediately, New York would not likely benefit from this 
resource until 2030-2035. 

Energy production from offshore wind turbines could occur more rapidly (2015-2020) than that 
from other marine technologies. The American Wind Energy Association Offshore Wind RD&D 
working group set forth a RD&D agenda that should provide a basis for developing a long-term 
offshore wind development program for the US and guide decisions on focus and funding that 
would be of interest in New York. Current industry estimates place the cost for this research 
agenda at about $600 million over the next 5-7 years. Pending federal legislation would 
authorize the appropriation of $200 million a year over the 2010-2014 period for research, 
development, and demonstration activifies related to wind energy systems and would direct DOE 
to establish a research and development program to improve the efficiency of wind turbines, 
reduce the cost of wind energy systems, and conduct a demonstration program to measure the 
performance of wind energy systems at locations across the United States. It is assumed that this 
funding, if authorized, would be administered by DOE and allocated across land and offshore 
based wind technology and require cost sharing between federal and state govemments and the 
private sector. 

Nuclear Energy 
The State will have limited influence on research into advancements in nuclear energy 
generation. The federal govemment and selected, highly capitalized industries will dominate in 
terms of any research agenda and investment. The federal govemment will be responsible for 
managing the matter of long-term storage, reprocessing, and neutralizafion of spent fuel. 

Fossil Generation 
Compared to many other states, fossil generating resources in New York represent a smaller 
fraction ofthe electric generation mix. New York should continue supporting a research agenda 
that focuses on technologies that can be demonstrated to increase efficiency and environmental 
performance of power plants. New York can partner with the federal govemment to support 
the development of carbon capture and sequestration demonstration projects in New York. 
Investment in this research can be funded through an appropriate mix of State, federal, and other 
funding sources, while avoiding duplication of effort. 

Power Supply Transmission and Distribution Systems 
The federal govemment should be tasked with coordinafing the development of a framework that 
includes protocols and model standards for information management to achieve interoperability 
of smart grid devices and systems including advanced networking and cyber-security. 

Participation on DOE ARPA-E and other research, development, and demonstrafion initiatives 
should continue to be evaluated and pursued if such activhies can be shown to present 
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Opportunities for leaming, customer savings, and business growth that are unique to New York 
and unlikely to occur through the actions of others. 

Examples of federal organizations that would be key stakeholders with the states in any research 
and development agenda include, but are not limited to DOE (including ARPA-E) and affiliated 
laboratories, NIST, and the Electric Power Research Institute. 

state Role 
Marine-Based Resources 
The coastal states and federal authorities have initialed processes to collaborate on various 
aspects of offshore wind project development and to a limited degree, technology development. 
Affected organizations include the US Offshore Wind Collaborafive, Atlantic Offshore Wind 
Energy Consortium lead by the U.S. Department ofthe Interior, the Mid-Atlantic Regional 
Council on the Ocean; and specific to New York, New York State Department of State, 
NYSERDA, Con Edison Company, Long Island Power Authority, and the New York Power 
Authority. These organized efforts to address pressing technology and project development is 
expected to drive the agenda for applied research and development activities for the ocean and 
offshore environment. New York's share could represent an investment of upwards of $60 
million should the costs be shared by coastal states. The research agenda encompasses the 
following areas: scale up of turbine size and evolufion of gearbox and blade designs and 
materials, development of alternafive/deep water/floating foundations, development of facilities 
for component testing/validation, comprehensive resource characterization/measurement 
campaigns, aerodynamic flow modeling, codes and standards, deployment and servicing strategy 
formulation and infrastructure development, avian and marine ecological evaluation, and grid 
integration. 

These same enfities could play a role in field testing/demonstrafion of other marine-based energy 
production technologies (wave, current, hydrokinetic) that emerge from federally supported 
efforts. New York's contribufion to the evolution of technology, resource characterization, and 
demonstrafion/validafion could be measured in the tens of millions of dollars—staged over 20 
years. 

Land-Based Wind 
State-funded research with respect to on-shore wind technology should be limited to advanced 
wind resource forecasfing/mapping and turbine condition monitoring and diagnosfics, and such 
efforts in these areas should confinue in support of State policy objectives. Increased 
performance ofthe exisfing fleet of turbines should be expected to occur during the next decade 
(2010-2020) and improvements on the order of 1-2 percent in terms of energy capture are 
realistic. Such an effort would require a modest investment of several million dollars over the 
next five years. 

Carbon Sequestration 
New York may have the geology appropriate for sequestration of carbon, and characterizing and 
testing this potential for the purposes of sequestering carbon from fossil-fired power plants is an 
avenue of research that New York can undertake at reasonable cost. New York can partner with 
the federal government to support the development of carbon capture and sequestration 
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demonstration projects in New York. A template for a state-specific research initiative would be 
activifies oufiined in NYSERDA's inifial operating plan under the RGGI program^. 

Solar 
Additional research is needed to prepare utilities and other stakeholders for the eventual 
integration of larger amounts of PV at the distribution voltage level. Analyfical tools and models 
must be developed that establish the value proposition for PV at this voltage level including 
estimation ofthe benefits and costs to grid operafions associated with deeper penetrafions of this 
technology coupled perhaps with local storage devices. Any research agenda should also include 
the development of assessment tools and guidance for the integration of PV systems with 
building energy management systems and infrastructure. In addition, since the large scale 
deployment of solar has largely been a southwest exercise, the New York/Northeast performance 
expectations and opfimizations will require investigation. Investment for this research could 
approach several million dollars over the next five years. 

Biomass and Sustainable Fuels 
Advances in biomass conversion processes (e.g., gasification, direct combusfion, pyrolysis) as 
well as advances in sustainable fuel generafion (e.g. water splitting, carbon dioxide reduction, 
fuel generafion catalysis) should continue to be pursued. Equally important are the application of 
life-cycle assessments of project attributes and fuel/feed stock (e.g., minimization of 
environmental impact, i.e., carbon neutrality) and feed stock depletion. The question of what will 
constitute low carbon or carbon neutral application of biomass and other sustainable chemical 
conversions to create fuels is critical in terms of determining the contribution that biomass and 
sustainable chemical conversions may make to long-term renewable energy production goals. 
For biomass to be a material contributor to renewable energy goals, the definition of 
sustainability with specific regard to carbon must be answered. The quesfion of feed stock 
availability for power generafion (bio-power) was the subject of extensive review/analysis.^ Any 
research agenda for biomass should take into consideration the findings contained therein. 
Investment in this research agenda could approach several million dollars over the next five 
years. 

Power Supply Transmission and Distribution Systems 
With respect to improvements in the delivery system to increase its efficiency, enable greater 
penetration, delivery, and value of renewable energy. New York stakeholders will have a more 
influential role in research, development, and demonstration. The New York Independent System 
Operator and utiUties (transmission owners) will need to consider how best to deliver energy 
associated with increasing penetration of intermittent, wind generation (land-based in the coming 
years; off-shore by the last years of this decade) at both ends ofthe system. They will do this as 
they consider making the delivery system more efficient and reliable and as they consider 

' Operating Plan for Investments in New Yoric under the CO^ Budget Trading Program and the COj Allowance 
Auction Program, April 16, 2009, pages 41-42, hnp://www.nvserda.ori;/RGGl/Files/Final%202009-
2011%20RGGl%20Operating%2aPlan.pdf 

* Renewable Fuels Roadmap and Sustainable Biomass Feedstock Supply for New York. NYSERDA Report 10-05. 
April, 2010. 
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transforming the grid from an electromechanical to digitally controlled system and making the 
delivery system more intelligent (smart grid). Energy storage will play a key role in enabling 
smart grid functionality. NY-BEST will serve as a key stakeholder in the development and 
demonstrafion of a wide variety of energy storage technologies for stationary power applications. 

The New York Public Service Commission (PSC) has instituted a proceeding aimed at 
establishing a strategic vision and plan for investing in smart grid technology for New York that 
will guide future research, development, demonstration, and deployment (RDD&D) in New 
York in support ofthe policy objecfives stated herein. Some potenfial avenues of RDD&D for 
consideration are described below. 

Research should continue the development of technologies, practices, and programs that promise 
to improve the efficiency and operafion of transmission and distribution systems. Such activities 
could include the automafion of communication and control processes (e.g., deployment and 
testing of advanced sensors and communication devices) to reduce energy losses and extend 
equipment life, and would involve demonstrafions, testing, and validafion to aid in making 
determinations as to the scale, phasing, and the expected costs of implementation. As the power 
supply system in New York grows less-carbon intensive over time, the value of electric system 
efficiency improvements will decline and the research focus shift toward evolving end-use 
technologies such as electric-vehicle charging and distributed storage that offer the potential for 
improved grid load shape, asset ufilizafion, and reliability. Research of electric vehicles and 
batteries, consumer and vehicle load profiling, smart charging and storage technologies at the 
distribution voltage level, and related consumer metering and billing are expected to be a key 
components ofthe RDD&D program over the next 10 years. 

State investment in research in support ofthe Power Supply Transmission and Distribution 
Systems RDD&D agenda could approach $75 million over the next 5-10 years, excluding 
investment by electric utilities. 

Investor-owned utility systems in New York will become a laboratory for testing/demonstrating 
various smart grid technologies including distributed resources, grid power vehicles, smart 
appliances, and storage. UfiUties could also invest in research and demonstration of advanced 
power conditioning and cabling related to the interconnecfion of off-shore renewable resources. 
Such RDD&D investment could easily approach $250 million over the next 10 years 

Examples of State organizations that would be stakeholders in any research and development 
agenda include, but are not limited to. Smart Grid Consortium members,^ the PSC, NYSERDA, 
New York State Foundation for Science, Technology and Innovation (NYSTAR) Centers of 
Excellence and Centers of Advanced Technology, New York Academy of Sciences, PANYNJ, 
State University of New York (SUNY) colleges and universities, and Pace Energy and Climate 
Center. 

^ Advanced Energy Research and Technology Center, Brookhaven National Laboratory, Central Hudson G&E, City 
of New York, Clarkson University, Computer Associates, Consolidated Edison (Con Ed), General Electric, IBM, 
Long Island Power Authority, National Grid, New York Department of Public Service, New York Independent 
System Operator. New York Power Authority, New York State Business Council, New York State Electric & Gas, 
New York State Energy Research and Development Authority, New York State Foundation for Science, Technology 
and Innovation (NYSTAR). 
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Private-Sector Role 
While govemment is expected to set the agenda for long term societal imperatives, private sector 
organizations/companies with the involvement of institufions of higher leaming, are expected to 
yield the ideas and innovafion that govemment will look to enable with its funding. Companies 
will provide valuable engineering and equipment/facilifies to test and validate concepts that they 
and academia collaborate on. State and federal govemment will partner with these types of 
entities to buy down or cover risks that these and other private sector participants (e.g., venture 
capital and infrastructure capital investors) are unable or unwilling to fund. As the menu of 
options necessary to meet ambitious climate protecfion goals expands, existing institutions for 
business incubation will grow in significance and number. Such institutions will continue to 
provide essenfial support for business planning and product commercializafion. 

Private sector organizafions located in New York State that would be stakeholders include Smart 
Grid Consortium members, private universities and colleges, General Electric (e.g., solar, wind, 
bio-fuels, batteries), IBM (e.g., thin film PV devices, consumer smart appliance controls), 
AWSTruepower (e.g., meteorological modeling, wind/PV energy modeling and engineering), 
technology incubators (e.g., Syracuse, SUNY Buffalo and Stony Brook, Rochester Institute of 
Technology, Polytechnic Institute of New York University), and investors (e.g., Hudson Clean 
Energy Partners, Environmental Capital Partners, GE Finance). 

Agriculture, Forestry, and Waste IVIanagement (AFW) Sector RD&D 
Needs Overview 
The agriculture, forestry, and waste management sectors are critical drivers in the economy of 
New York State. With a long-term investment in research, development, and demonstration, 
these sectors can also serve as a primary sustainable resource for the production of fuels, 
chemicals, and products. An integrated portfolio of strategies can be implemented to achieve key 
carbon reduction initiatives and prepare the state to adapt to changing climates. It is important to 
acknowledge from the outset that many ofthe approaches and goals in these sectors are related to 
each other. Progress in any one area requires concomitant commitments in the other areas. 

The research agenda can be categorized into the following broad areas: Reduce the carbon 
intensity of agricultural and forest management acfivities and optimize the ability of agriculture 
and forestry lands to sequester carbon. Develop, demonstrate, and commercialize technologies 
and processes to convert sustainable resources into fuels, chemicals, and products that will result 
in an overall reduction in carbon. Support and optimize market participants along the relevant 
supply chains to ensure that products can efficiently reach the customer. Invest in research 
activifies to continuously develop new crops and cuhivation techniques that will supply the 
conventional customer base and the renewable feedstock customer base as efficiently as possible. 
Develop and implement adaptation strategies to allow for the continuation of resource supply as 
environmental condifions change. Maximize urban green space, avoid forest land conversion, 
and improve the long-term storage of carbon in New York's rural forests. Maximize waste 
prevenfion and recovery and utilization of recyclable materials. 

Achieving the carbon goals outlined for this sector will require coordination at all levels of 
govemment and an alliance among public and private stakeholders, including landowners and 
research universities to identify strategic research needs, develop partnerships to move the 
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research forward, and financial mechanisms to provide long-term funding for the research to 
achieve the state's carbon reduction goals. The federal and State governments have a long history 
in the agriculture and forestry areas. Academic research institufions (land-grant universities) 
serve as the foundation of research and training for these sectors. Private landowners will need to 
make commitments to the goals ofthe program and commercial businesses will have the primary 
responsibility to convert sustainable feedstock into fuels, chemicals, and products and establish 
the supply chain. 

Program Design 
The recommended program involves the long-term commitment and investment of financial 
support on the part of all participants. Early in the program, supported activifies provide a 
baseline of information and tools to define, for example, sustainable and best management 
practices, and appropriate methods to verify performance, for agriculture and forestry; provide 
insight into biomass resource competition to develop a sustainable feedstock/materials 
management strategy that first aims to reduce or eliminate waste and divert materials for re-use, 
recycling and composfing; and analyze the waste stream to determine the amount, availability 
and characterisfics of waste biomass and trends in industrial and municipal solid waste 
generation among rural, suburban, and urban areas. These are core activities that can bring 
research and market participants up to a common level of knowledge. As outlined below, there 
are some activities that with both federal and state roles. Also identified below is an activity that 
is likely to be primarily a state effort. 

Federal Role 
Federal support is important to finance and facilitate the research programs that address key 
problems of nafional, regional, and mulfi-state importance and to provide the financial support 
and risk management for large-scale investments prior to private sector commercialization. 
Research and development topics warranfing federal support include: 

Sustainable Feedstock Supply 

• Research focused on crop breeding and opfimization of new and existing bioenergy 
feedstocks to increase yields and improve the economic viability of these systems; 

• Development and improvement the crop management for perennial energy crops; 

• Research on the long-term system-wide sustainability of specific exisfing and emerging bio
energy pathways.; 

• Developing models to predict responses of soil and biomass producfivity to climate change; 

• Examining the balance between carbon sequestration, adaptation, and other ecosystem 
services such as carbon sequestration, wildlife habitat conservation, or water quality 
protection. 

GHG Management 

• Improving quantitative models of carbon, nitrogen, and water cycles in bioenergy feedstock 
production systems to predict productivity and environmental outcomes from field to 
landscape scales; 
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• Investigating landscape ecology at regional scales to understand the relationships among 
diverse processes; 

• Determining approaches that will cost-effectively allow private landowners with relatively 
small parcels of forest land to harvest biomass in a way that is conducive to carbon 
sequestration and the long-term productivity and health of their woodlots; 

• Continued research focused on improving cradle to grave efficiencies (increasing yields, 
improving conversion technologies, understanding and improving sustainability criteria) will 
impact the rate at which biomass production occurs. 

Feedstock Conversion and Business Risk Management 

• A long-term commitment of public (primarily federal) sector funding will be necessary to 
partner with industrial funding to support the development of new technologies and the 
realization ofthe lessons leamed from market experience. Research will be conducted in both 
academic and private laboratories. The importance of a long-term commitment to research 
cannot be overemphasized. After the initial research stage, new products will need to move 
through a demonstration and market assessment stage of development. The relative level of 
investment to move a new product or process towards commercialization will tend to 
increase at this stage. 

• When the technology is ready to be developed at a commercial-scale, public support could be 
in the form of low-cost financing or other innovafive mechanisms to reduce the technical 
uncertainty ofthe new technology to the private investment community. Building 
commercial-scale manufacturing/conversion process systems for new technologies is a risky 
venture. Innovative risk-sharing programs can be implemented to share the technical and 
market uncertainty and promote private-sector investment. 

State Role 
States will take the lead in areas where the benefits are easier to define at the state or local level 
and the majority ofthe program participants are in the state. For projects along the research -
commercializafion confinuum. State support will primarily focus on supply chain and market 
transformation issues. The State should also lead the effort to design and implement tools to 
manage integrated programs, evaluate, and assess progress towards goals and to provide overall 
program integrafion and coordination. 

Baseline Date/Resource Inventory and Tools 

• Ongoing assessment of measurements of state-wide, sustainable resource availability; 

• Support the development of a comprehensive inter-agency database to store baseline and 
monitoring data on land and forest management and the condition ofthe state's agricultural 
and forest land resources.; 

• Develop and implement a system for identifying recently unmanaged or neglected/degraded 
forest stands that are under stocked by 2015. By 2025, identify and treat, using necessary and 
appropriate methods, 25 percent of all appropriate (i.e., poletimber and sawtimber size 
classes) timberland acres. 
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Develop and implement crhical survey, monitoring, and mifigafion methods for potential and 
existing forest pests; 

Develop and implement programs that alter traditional cultural and commercial conventions 
that have proved to spread destructive pests; 

Develop and implement a system for identifying owners of vacant idle land that is unsuitable 
for agriculture but suitable for reforestafion by 2015. By 2025, idenfify and reforest 50 
percent of all suitable vacant idle land. 

Currently New York-specific data quantifying Food Miles Traveled and the resulting benefits 
has not been thoroughly studied. Addifionally, it needs to be recognized that food mile 
reductions must be assessed on a product-by-product basis that includes life-cycle analyses of 
the numerous crop specific inputs and concomitant producfion methods. 

Establish benchmark sites, suitable for measurement of soil carbon and other parameters; 
integration of remote sensing data and application of new technologies for more rapid less 
expensive measurement of carbon stocks and GHG fluxes; and improvements in forecasting 
future agricultural GHG emissions and sinks; 

• State-level monitoring to document trends and predict forest composifion changes; research 
to focus on identifying tree species that will be suitable for the anticipated changes in 
climate. 

Business Risk Management 

• Develop targeted programs to share the risk of new business development. This includes 
business models for biomass feedstock production, infrastructure requirements, employment 
options, and possible public awareness concerns in order to overcome mispercepfions and 
barriers to the use of biomass. 

• Conduct research on strategies to connect consumers with farmers who direct market their 
products (i.e. farmers' markets) that will work in rural, suburban, and urban communifies and 
with a broad base of consumers within each community. Such strategies may include various 
means of transportafion, outreach, and incentive programs. 

• Support initiatives that add both economic and nutritional value to New York State 
agricultural products through the development of new products (such as sauces, jams, juices, 
etc.). This includes processing and packaging inifiatives that help make fresh foods more 
accessible and convenient. Recognize that minimally processed products often preserve 
optimal nutntional benefit. 

Stakeholder Coordination 

• Support the development of a system for State agencies and State-owned facilities that 
purchase food and food products to identify the percentage of locally produced agricultural 
products purchased throughout the fiscal year; and track and report locally produced 
agricultural products purchased on an annual basis. 
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Sustainable Feedstock Supply 

• Support sustainable production strategies and research that help farmers remain competitive 
and viable such as organic, integrated pest management; season extension technologies, and 
nutrient management programs. Sustainable production strategies are consistent with 
adaptation strategies. 

• Develop and support prevention, early detection, and rapid response programs that seek to 
prevent the introduction of exotic and invasive forest pests and mitigate/eradicate the impacts 
of current or future introductions. In addifion, develop and support programs that reduce the 
potenfial for and severity of wildfire. 

• Develop forest management plans, methods, and technologies that increase overall forest 
producfivity and benefits on all forests identified as timberland, and that increase the rale of 
carbon sequestration in forest biomass and soils and in harvested wood products. 

• Data on key management practices (e.g., tillage, fertilization, and grazing) could assist in the 
design of policies to maximize the role of agricultural in mitigating climate change. 

Private-Sector Role 
As a land-based policy, the private landowner community is an integral partner in the success of 
strategies in the agriculture, forestry, and waste management sectors. Landowners will need to be 
involved in every component ofthe program. In the case of product development, beyond the 
point of commercial-scale manufacturing, private-sector support will be the primary mechanism 
to build and operate conversion facilities and to move products along the supply chain. Public 
(both federal and State) support will be necessary to reduce risk and uncertainty to a level that 
private-sector investment can take over. 

Other Considerations 

Achieving the research, development, and commercialization goals outlined in the section will 
require the commitment of a diverse set of stakeholders and the application of a portfolio of 
financial strategies. It will be incumbent upon the Slate sector to facility the coordination ofthe 
stakeholders. 
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Chapter 11 
Adapting to Climate Change 

The Earth is experiencing changes in climate that appear to be accelerating and permanent. 
Climate change is already affecfing New York State's communities, economy,, and natural 
ecosystems, and these effects are expected to increase. Historical climate conditions are no 
longer a reliable guide to the future for planning within natural, social, or economic systems. 

Adaptation refers to actions taken to prepare for climate change, to reduce adverse impacts, or to 
take advantage of new opportunities. Adaptafion can take place at many levels—individual, 
community, organizational, and institutional. In many respects adaptafion is simply better 
planning, incorporating the most current informafion about future climate change into roufine 
decision making. Adaptive capacity is the ability of a system to adjust to climate stresses or to 
cope with their consequences. New York State already has substantial adaptive capacity, but also 
significant vulnerabilities. The overarching goal ofthe adaptation recommendafions is to create a 
more climate-resilient New York State. 

Our current understanding of how the Earth's climate system will change does not provide the 
level of accuracy and precision desired often by decision makers, so adaptation planning must 
include flexible responses. Flexible adaptation enables stakeholders to take actions and put 
strategies into place that can be adjusted over time as climate science matures and initial 
adaptation efforts yield valuable lessons. 

New Yorlc's Climate Action Plan Adaptation Technical Work Group 

The Adaptation Technical Work Group was charged with identifying measures to safeguard New 
Yorkers' public health, infrastructure, ecosystems, and environment from the impacts of climate 
change. The Technical Work Group was comprised of more than 25 individuals including 
representatives from State and local govemment, academia, utilities, environmental justice 
groups, non-govemmental organizations, environmental groups, and the insurance industry. The 
group was co-chaired by NYSERDA and DEC, with facilitation provided by the Center for 
Climate Strategies. 

The Technical Work Group used the work ofthe NYSERDA-sponsored project entified. 
Integrated Assessment for Climate Change Adaptation Strategies in New York State, also known 
as "ClimAID," as a foundational resource for its work. The ClimAID project provided New 
York- specific climate projecfions and climate vulnerability analyses, and strategies to reduce the 
detrimental effects of climate change on the State's economy, ecology, and public health. The 
project team was led by researchers from Columbia University, Hunter College, and Cornell 
University, with addifional partners including Rutgers University, the Mt. Sinai School of 
Medicine, and New York University. The draft ClimAID summary report is included as 
Appendix H. The full report will be available at 
www.nvserda.org/programs/Environment/EMEP/. Information from other ongoing inifiafives 
also provided valuable input to the process, including New York's Sea Level Rise Task Force, 
The Nature Conservancy's Rising Waters, and New York City's PlaNYC. 
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The Adaptation Technical Work Group developed policy options around the following concepts: 

• Reduce physical, social, or economic impact of climate change. 

• Take advantage of new opportunities emerging from climate change. 

To facilitate discussions, the Adaptafion Technical Work Group members divided themselves 
into eight subgroups, each of which developed recommendations for review by the entire 
Technical Work Group. Each subgroup addressed one of eight sectors: agriculture, coastal zones, 
ecosystems, energy, public health, transportation, telecommunicafions and informafion 
infrastmcture, and water resources. 

The process to assess risks and vulnerabilities was based on the latest climate projecfions for 
New York State and buiU on the process used in the ClimAID project. While the ClimAID 
project focused primarily on producing adaptafion strategies to reduce vulnerabilifies and exploit 
opportunities, the Technical Work Group took the process one step further by generating policies 
and some mechanisms to implement the strategies in New York State. Technical Work Group 
members prioritized adaptafion strategies according to climate-risk levels, vulnerability and 
exposure, cost effectiveness, distribufional and equity concems, and insfitutional capacity and 
capability. Other factors considered include regulatory, design, and engineering standards; legal 
structures; and insurance opportunities. An overview of each recommended strategy is included 
later in this chapter. More detailed descriptions of each recommendation are available at 
www.nyclimatechange.us. 

New York is just beginning climate adaptation planning. This Adaptation Plan should be viewed 
as a living document and must be revisited on a regular basis to incorporate the latest scientific 
research and knowledge, including actual climate impacts and the effectiveness ofthe proposed 
strategies. Such periodic reassessment will permit development of fiexible adaptation pathways 
and increasing adaptive capacity. 

The Adaptation Planning Process^ 

While New York has a wide range of vulnerabilities to changing climate, it also has the potential 
to adapt to and take advantage of some of these changes. Some ofthe hazards associated with 
climate change include higher temperatures leading to greater incidence of decreased air quality, 
and heat stress caused by more frequent and intense heat waves; increased droughts and extreme 
rainfall affecting food production, natural ecosystems, and water resources; and sea level rise 
causing enhanced flooding in coastal areas. 

Climate change poses challenges for decision makers because ofthe uncertainties inherent in 
climate projections and the complex linkages among climate change, physical and biological 
systems, and socioeconomic factors. Fortunately, there is already a large body of knowledge on 
climate change that will assist in developing strategies to reduce vulnerability and building 
adaptive response capacity. 

Much of this discussion is based on the work ofthe ClimAID team. 
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A New York State climate change adaptation plan must consider a number of components: 

• Understanding how the climate in New York State might change, 

• Identifying potential vulnerabilities to a changing climate, 

• Assessing risk levels of those vulnerabilities, 

• Developing adaptation strategies that will help to minimize those risks, 

• Prioritizing strategies, considering other adaptation tools, and developing an overall 
adaptation plan that is coordinated with greenhouse gas mitigation efforts. 

Figure I l-l from ClimAID illustrates five integrating themes across the eight sectors studied. 

Figure 11-1. Relationship of Adaptation Sectors to Integrating Themes 
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The following elements were considered as part ofthe evaluation of adaptafion strategies: 

• Cost: What are the general costs ofthe proposed strategy, including human and other 
resources? This assessment can yield a rough measure of benefits and costs to the extent that 
the consequences are measured in economic terms, but there will be important non-economic 
consequences as well. 

• Timing: The fiming of implementation should be considered relative to the fiming of impact; 
if the impact will occur in a fime frame comparable to the fime required for implementation, 
there is need for immediate consideration. 

• Feasibility: How feasible is the strategy for implementation? Are there organizational, policy, 
legal, or engineering concems; or expected technological changes that would affect 
feasibility? 
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• Efficacy: To what extent will the strategy, if successfully implemented, reduce the risk? 

• Robustness: Is there the potential to install equipment or upgrade infrastructure that is 
resilient and designed to withstand a range of climate hazards? Are there opportunifies for 
flexible adaptation pathways? 

• Co-benefits: Will any strategies have effects on another stakeholder or sector? Is there 
potenfial for cost-sharing? Are there impacts on mitigation of greenhouse gases? Are there 
impacts on the environment or a vulnerable population? 

Other important factors that must be taken into consideration include environmental jusfice, 
equity, social justice, sustainability, institutional context, and unique circumstances. 

Indicators and Monitoring 

The monitoring of climate change variables and other factors that might directly or indirectly 
influence risks and adaptation strategies is an important component of any adaptation plan. 
Monitoring of key indicators can help to inifiate course corrections in adaptafion policies and/or 
changes in timing of their implementation. Indicators must be devised and tracked over time to 
provide quanfitafive measures of climate change and its impacts, and the efficacy of adaptafion 
strategies. 

Summary 

Climate hazards are likely to produce a range of impacts on the urban and rural fabric of New 
York State in the coming decades. Adaptation strategies described in this report can provide the 
basis for adaptation planning for decision makers who must work to reduce future impacts. 
These adaptation strategies will also produce benefits today, since they will help to lessen the 
impacts of current climate hazards. Some adaptation strategies also have the co-benefit of 
reducing greenhouse gasses. 

Regular monitoring of climate and impacts indicators is critical. Indirect climate change impacts, 
including effects resulfing from climate change impacts in other regions, must be considered as 
well. By continually evaluafing this evolving information. New York State can best develop 
robust and flexible adaptation pathways that maximize climate and societal benefits while 
minimizing climate hazards and costs. 

Adaptation Recommendations: Common Themes 
Several common themes emerged from the sector-specific recommendations. Many of these 
common themes represent steps that must occur before other recommended actions could be 
implemented: 

• Dissemination of climate change information to decision makers at all levels is critical to 
adaptation planning. Using academic and governmental resources New York Stale should 
develop the capacity to disseminate the best available climate projections, including 
associated uncertainties. These projections would be updated periodically and be the standard 
for decision making across the state. This capacity could be provided through State support 
of a Climate Science Institute—a collaborafive effort of qualified academic insfitufions that 
could provide guidance on applications of climate projections. 
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New York State should develop capacity to identify and monitor climate change indicators, 
including indicators of climate factor interactions, to provide necessary information to 
decision makers.. 

New York State should develop a framework for describing, monitoring, assessing, and 
reporting progress on adaptation efforts within the slate. An assessment of adaptation efforts 
by local govemments, State agencies, and federal programs should be started to collect 
baseline information. This will help identify gaps in information, research, or tools needed 
for decision making and will help better prioritize next steps. Adaptafion informafion should 
be shared and efforts coordinated among all levels of government. 

Support for research and development is necessary to develop new strategies and 
technological advances, and to provide the proper detail and confidence for recommended 
strategies. 

Emergency management capabilities across the state must be evaluated in light of climate 
projections to determine where these capabilifies will be compromised. Emergency warning 
systems, access and availability of cooling centers, barriers to emergency evacuafion, and the 
effects of power and communications outages must be assessed. 

Education and outreach at all levels are crifical to the success of climate change adaptation 
efforts. Climate science should be incorporated in educafion curricula to bring the most 
current, science-based information to tomorrow's leaders. Targeted outreach to affected 
communities will also be necessary. 

• Certain groups will be disproportionately affected by climate change; it is necessary to 
identify these groups and ensure their participation throughout adaptation planning processes. 
Climate change risks, vulnerabilifies, and capacities to adapt are uneven across regions, 
sectors, households, individuals, and social groups. Equity concems emerge because climate 
change impacts and adaptation policies can worsen exisfing inequalifies and can also create 
new pattems of inequifies. The impacts of climate change adaptafion policies on different 
populations, areas and industries must be considered and addressed. 

• Immediate action is needed. Current state investment decisions and policies as well as 
infrastructure siting and design decisions should be informed by climate projecfions to ensure 
necessary adaptive capacities the best use of state resources. Many recommendafions focus 
on vulnerable populations that are already likely to experience adverse climate effects. 

Many ofthe recommendations are based on existing state programs and policies. While specific 
opportunifies for integration are not explicitly mentioned in these policy summaries, additional 
information on related efforts and potenfial implementation mechanisms will be available in the 
policy adoption descriptions at www.nyclimatechange.us. 

• 
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Adaptation Recommendations 

Summaries ofthe recommendations from the Adaptation Technical Work Group are listed 
below, by sector subgroups.^ Detailed descriptions will be posted at www.nvclimatechange.us. 

Vision Statement 

Develop and adopt strategies and technological advances that recognize agriculture as a critical 
climate and resource dependent New York State industry that is inextricably linked to Earth's 
carbon and nitrogen cycles, and ensure that in 2050, the agricultural sector is not only viable, 
but thriving in a carbon-constrained economy, and is continually adapting to a changing 
climate. 

Background 

Agriculture is a significant component ofthe New York economy; it includes large wholesale 
grower-shippers selling products nafionally and intemationally, a substantial dairy industry, and 
thousands of small farm operations selling direct retail and providing communities throughout 
the state with local, fresh produce. Farmers will be on the front lines of coping with climate 
change, but the direct impacts on crops, livestock, and pests, and the costs of farmer adaptation 
will have cascading effects beyond the farm gate and throughout the New York economy. While 
climate change will create unprecedented challenges, there are likely to be new opportunifies as 
well, such as developing markets for new crop options that may come with a longer growing 
season and warmer temperatures. Taking advantage of any opportunities and minimizing the 
adverse consequences of climate change will require new decision tools for strategic adaptation. 
Adaptation will not be cost- or risk-free, and inequities in availability of capital or information 
for strategic adaptation may become a concern for some sectors ofthe agricultural economy. 

The agriculture sector in New York State encompasses more than 34,000 farms that occupy 
about one-quarter ofthe state's land area (more than 7.5 million acres) and contribute $4.5 billion 
annually to the state's economy. New York is the dominant agriculture state in the northeast and 
typically ranks within the top five in the United States for production of apples, grapes, fresh-
market sweet com, snap beans, cabbage, milk, cottage cheese, and several other commodifies. 

Climate Impacts 

Warmer temperatures, a longer growing season, and increased atmospheric CO2 could create 
opportunities for farmers with enough capital to take risks on expanding production of warmer 
temperature-adapted crops (e.g., European red wine grapes, peaches, tomato, watermelon), 
assuming a market for new crops can be developed. However, many ofthe high-value crops that 

^ Much ofthe text in the Background and Climate Impacts sections of each sector description has been drawn from 
the ClimAID report. 
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currently dominate the state's agriculture economy (e.g., apples, cabbage, potatoes) and the dairy 
industry benefit from the state's historically relatively cool climate. Some crops may have yield 
or quality losses associated with increased frequency of drought; increased summer high 
temperatures; increased risk of freeze injury as a resuh of more variable winters; and increased 
pressure from weeds, insects, disease, or other factors. Milk production per cow will decline in 
the region as temperatures and the frequency of summer heat stress increase, unless farmers 
adapt by increasing the cooling capacity of animal facilities. 

The impacts from climate change will occur on top of non-climate stressors already affecfing the 
sector. For example, as with many other businesses in New York and elsewhere, agriculture is 
sensifive to the volatile and rising costs of energy. Also, New York farmers are affected by often 
rapidly changing consumer preferences and demands of supermarket buyers; increasingly, 
farmers must consider global market forces and international competition as well as competifion 
from neighboring states. As a final example, too much as well as too little rainfall is currently a 
recurrent problem for farmers in New York. Currently, summer precipitation is insufficient to 
fully meet the water needs of non-irrigated crops most years, while brief, intense rainfall events 
can have detrimental effects on crops. Climate change is likely to exacerbate these challenges. 

Recommendation 1. Support research, development, and deployment of 
agricultural adaptation strategies that simultaneously 
manage on-farm GHG emissions and adaptation 
concerns. 

The development of a coordinated statewide research, development, and deployment (R,D &D) 
program focused on agricultural adaptation strategies is necessary to ensure that New York State 
agriculture is posifioned to respond to changing climatic condifions. This program could also 
identify research needs and opportunities that could be addressed by private industry. Research 
and development ofthe various adaptation practices and strategies should be disseminated to the 
agricultural community in a coordinated fashion. This effort will likely be a partnership among 
private and public enfifies, including univershies. 

Specific Actions 

A. Support the Introduction of existing varieties and the development of new 
varieties that can take full advantage of the beneficial effects of climate 
change. 

Introduction of plant varietals that are adapted to extreme heat events and have increased 
drought tolerance and pest resistance will reduce climate-related vulnerabilifies. 
Implementafion should include the following: 

• Development of variefies that are optimized for increasing levels of atmospheric CO2; 

• Introduction of new crop varietals from other regions into New York State; 

• Development of crops with increased tolerance to climate stresses. These stresses include 
summer heat stress; and drought, frost/freeze and extreme precipitation events. These 
traits can be developed using convenfional breeding, molecular-assisted breeding and 
genetic engineering. 
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Potential Cost 

Low to moderate when compared to the cost of no action. Opportunity to encourage 
private/public partnerships in this effort (seed companies). 

Timeframe for Implementation 

Near term: Some research in progress. A more coordinated and focused approach would 
permit more efficient use of scarce resources. 

B. Develop improved responses to extreme weather events (frost, freeze, heat, 
precipitation). 

The ability of farmers to employ new and improved methods of protecfing crops from 
extreme weather events would further reduce climate-related risks. These methods could 
include the following: 

• Development of new pmning strategies; 

• Shifting planfing dates; 

• Improving the efficiency of irrigation practices; 

• Improving cover crop and mulching pracfices; 

• Continued opfimizafion of feed rations to reduce the effects of heat stress; 

• Confinued research on improving the cooling capacity and efficiency of new and existing 
livestock facilifies. 

Potential Cost 

Relafively low when compared to the cost of no action. 

Timeframe for Implementation 

Near term: Many of these low-cost strategies have already had some level of research and 
represent low-cost^igh-return strategies with a relafively low level of risk. 

C. Develop improved responses to increased weed, disease and insect threats. 

Providing agriculture, forestry, and communities with the tools to manage weed, disease, 
and insect threats in the most environmentally sound manner will require concerted and 
continued research efforts, which should include, at a minimum, the following: 

• A primary focus on non-chemical control strategies for looming weed, disease, and insect 
threats; 

• Development of target-specific chemical control methods with reduced environmental 
impacts; 

• Continued research into species disruption effects of climate change specific to 
agricultural pest control; 

• Development of pest-resistant plant varieties. 
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Potential Cost 

Relatively low to moderate when compared to the cost of no acfion (i.e., no adaptation). 
The use of traditional means to manage new and increasing pressure from weed, disease 
and insect threats carries inherent environmental risks. Significant opportunities exist for 
private/public partnerships. 

Timeframe for Implementation 

Near term: Many of these low-cost strategies have already had some level of research and 
represent low-cost/high-retum strategies with a relatively low level of risk. 

D. Increase the accuracy of the existing real-time weather warning systems. 

Improved delivery of state-of-the-art weather forecasts will be needed to inform growers of 
extreme events and to allow farmers to take appropriate measures to protect at-risk crops. 
Needs include the following: 

• Development of sophisficated real-time weather monitoring and forecasting; current 
guidelines for many agricultural practices are based on outdated observations and the 
assumpfion of a stafionary climate. 

• Continued regional and climate science and modeling research to discern between normal 
climate variability and long-term climate shifts 

Potential Cost 

Low when compared to the cost of no action. 

Timeframe for Implementation 

Near term: Accurate weather forecasts in real time are critical to farmers making daily 
management decisions. Monitoring and forecasts also provide technical specialists and 
researchers with crhical informafion related to the movement of weeds, diseases, and 
insects. 

E. Support the development of decision-making tools to assist the agricultural 
community in adapting to climate change. 

Tools may include methods for assessing the cost and benefits of crop diversificafion, 
shifting planting dates and/or locations, introduction of new varieties, changes in 
management strategies, and infrastructure changes. These tools will be crucial in 
determining the opfimal fime for adaptation investment. Needs include the following: 

• Development of new economic decision tools for farmers that incorporate the best 
available science; 

• Development of new decision tools for policy makers that integrate economic, 
environmental, and social equity impacts of agricultural adaptafion efforts. 
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Potential Cost 

Relatively low to moderate when compared to the cost of no action. Decision-making tools 
also help research and implementation dollars to be invested efficiently. 

Timeframe for Implementation 

Near term and requiring continual revisions to account for improving adaptation strategies. 

F. Increase climate change impact education and outreach efforts to 
agricultural producers. 

Inform agricultural producers ofthe impacts of climate change and enable the delivery of 
applied research and decision-making tools to the farm level. Ensure that adaptation 
strategies are integrated into farm management systems. 

Potential Cost 

Relatively low, especially when coupled with agricultural mitigation efforts as proposed in 
Climate Action Plan Mifigation Strategy AFW4, Integrated Farm Management Planning 
and Applicafion. 

Timeframe for Implementation 

From 2010-2013, build the technical capacity necessary to deliver this type of program, 
including pilot-programs. In 2013 roll out the statewide integrated program. 

G. Ensure equity Is incorporated Into programs targeting agricultural 
adaptation. 

In addition to regional variability in vulnerability related to the scale of impacts from 
climate change, there is also vulnerability due to the diversity of farm size in New York 
State. Small family farms with little capital to invest in on-farm adaptation strategies are 
most at risk and less able to take advantage of cost-related scale economies associated with 
such measures. Survival of many smaller farms will hinge on making good decisions 
regarding not only the type of adaptation measures to take but also the timing ofthe 
measures. The most vulnerable farmers will be those without access to training about the 
full range of strategies or those who lack adequate information to assess risk and 
uncertainty. 

Potential Cost 

Relatively low for development of decision-making tools and outreach and education 
efforts. Relatively low to moderate for cost-shared incentive programs. 

Timeframe for Implementation 

2010 -2013. Development of programs to address equity concems. 2013. Statewide 
integrated program roll-out. 
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Impacts/Vulnerabilities Addressed 

Some crops may have yield or quality losses associated with increased frequency of drought, 
increased summer high temperatures, increased risk of freeze injury as a resuh of more variable 
winters, and increased pressure from weeds, insects, disease, or other factors. Milk production 
per cow will decline in the region as temperatures and the frequency of summer heat stress 
increase unless farmers adapt by increasing the cooling capacity of animal facilifies. 

Environmental Justice Considerations 

In New York State, there is a range of equity and environmental jusfice (EJ) issues at the 
intersection of climate change and agriculture. Particular agricultural sectors, regions, and crops 
will be most at risk from exposure to climate change and burdened by adaptation measures. 
Adaptation to climate change will put addifional stresses on the fragile and economically 
important dairy industiy in the region. Regional vulnerabilities include farmers on Long Island 
facing a disproportionate risk of crop damage from increasing storm frequency. Finally, certain 
crops have disproportionate vulnerabilities, such as perennials for which the cost and economic 
risk of changing crops as an adaptafion strategy is sometimes much higher than for annual crops. 

In addifion to supply-side dimensions, climate change also may impact agricultural demand. 
Changes in climate both in New York State and in other regions may disrupt supply chains, 
leading to closing of retail centers and limiting consumer access to markets. Low-income farmers 
with insufficient information and training or without access to credit or infrastructure are 
particularly at risk when condifions demand immediate flexibility and require the ability to 
quickly line up altemafive supply lines and retail locafions. 

Under such condhions, rural, resource-dependent communifies may feel pressure to supplement 
incomes or diversify their business beyond agriculture but may lack the training or capital 
necessary to engage in such strategies. Decreasing yields and the high costs of adaptation may 
translate into significant downstream job losses and cascading economic effects across rural 
communities. Low-wage, temporary, seasonal, and/or migrant workers are particularly exposed 
to these shifts. 

Examining equity in adaptafion involves evaluafing exisfing vulnerabilities, but it also requires 
evaluafing the unintended outcomes, extemalities (secondary consequences), and emergent 
processes of specific adaptafion strategies. Successful adaptation by individual farmers or 
regions may create downstream inequities. As some farmers successfully adapt, other farmers 
may experience relative increases in inequality related to rural income and agricultural 
productivity. Certain industries (such as the grape and wine industries) also may consolidate in 
such ways that it becomes difficuh for smaller businesses to enter the market. Increasing 
chemical inputs, such as fertilizers and pesticides, may create or exacerbate inequitable 
distributions of human health burdens, or negafively affect waterways, disproportionately 
impacting low-income or natural resource-dependent communities involved in hunting- and 
fishing-related revenue. Furthermore, degrading land and community health could drive down 
property values, exacerbating geographic inequifies. Finally, increasing natural resource use, 
whether it is water for irrigation or energy for cooling, may result in increased utility costs and 
prices. These increases are felt most by low-income families who proportionally spend more on 
these basic goods than middle- and upper-income families. 
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Addressing and avoiding spillover effects in the implementation of adaptafion measures require 
engaging local communifies and agricultural managers in each stage ofthe planning process. 
This includes mechanisms for expressing and addressing property disputes and conflicting 
claims to resources, collaborative regional planning across sectors and communifies, and 
training/retraining to provide informafion regarding strategies and best practices. In particular, 
adaptation strategies focused at regional or state scales have the capacity to marginalize local 
actors who are unable to capitalize on social or economic networks or access policymaking 
procedures. 

More broadly, equity should be considered along every part and process ofthe agriculture food-
supply chain. For example, climale stress on agriculture could impact the quality, accessibility, 
and affordability of local produce. This has implications for food security among low-income 
groups, communhies with fragile connecfions to markets offering nutntional options, or those 
otherwise burdened by pre-exisfing poor nutrifion. 

Co-benefits and Unintended Consequences 

Climate change may provide an incenfive for farmers and consumers to take advantage of some 
opportunities that benefit both the farmer and the environment. Some of these opportunities may 
eventually be applicable to carbon-offset payments in emerging carbon-trading markets: 

• Conserve energy and reduce greenhouse gas emissions (increases profit margin and 
minimizes contribution to climate change); 

• Increase soil organic matter (improves soil health and producfivity and, because organic 
matter is mostly carbon derived from CO2 in the atmosphere via plant photosynthesis, 
reduces the amount of this greenhouse gas in the atmosphere); 

• Improve nitrogen-use efficiency (synthetic nitrogen fertilizers are energy intensive to 
produce, transport and apply; and soil emissions of nitrous oxide increase with nitrogen 
fertilizer use); 

• Enter the expanding market for renewable energy using marginal land for wind and solar 
energy, biomass fuels, and energy from anaerobic digestion of manure and food processing 
wastes ; 

• Improve manure management (reduces nitrous oxide, methane and CO2 emissions, and can 
be used as renewable energy source in manure digesters); 

• Increase consumer support—from households to large institufional food services—of local 
"food shed" networks. 

Adaptive acfions taken to address specific climate change vulnerabifities may have addhional 
effects beyond their primary intenfions. In some cases adaptive acfions may raise new problems, 
while in others it is possible to design actions with multiple co-benefits. 

• Increased water use and increased chemical loads to the environment. Increases in water and 
chemical inputs will not only increase costs for the farmer but may also have society-wide 
impacts in cases where the water supply is limited, by increasing the reactive nitrogen and 
pesficide loads to the environment, and the risks to food safety, and by increasing human 
exposure to pesticides. 
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• Increased energy use and greenhouse gas emissions may be associated with some adaptation 
strategies. Examples include increased use of cooling fans in livestock facilities, more energy 
use to pump irrigafion water as more farmers expand irrigation capacity or pump from deeper 
wells, and increased energy use associated with increased use of products that are energy 
intensive to manufacture, such as some fertilizers and pesticides. 

• Changes in land use could resuh from changes in cropping systems and other farm 
adaptations. Harvesting of wooded areas for biofuel crops and increased diversion of corn 
acreage for biofuel markets are possible. Such effects can be averted with appropriate 
strategic planning, and efforts toward this end have been initiated in the Renewable Fuels 
Roadmap and Sustainable Biomass feedstock Supply for New York Slate (NYSERDA 2010). 
Land clearing for expansion of food or forage crop acreage may occur, particularly if other 
producfion regions ofthe country are more adversely affected by climate change than New 
York. 

• Cascading negafive effects on rural economies (see Environmental Justice Considerations 
above). 

Recommendation 2. Incorporate anticipated Increases in the incidence of 
weeds, diseases, and insect threats due to climate 
change in current detection, monitoring, and Integrated 
pest management efforts. 

An overall increase in the number of outbreaks of a wider variety of insects and pathogens is-
likely. Addhionally, there are strong empirical reasons for expecting climate change and/or rising 
levels of CO2 to benefit undesirable (noxious and invasive) weeds more than crops. New York 
State is fortunate to have existing statewide programs that target these specific threats while 
minimizing social, environmental, and economic costs. This policy recommendafion has the dual 
purposes of inifializing a comprehensive evaluation of existing programs to identify gaps; and 
leveraging existing state programs through expansion of outreach and education materials and 
curriculum, research and development of new management strategies, and enhanced coordination 
of monitoring, detection, and response efforts. Since many of these threats (specifically insects) 
have impacts beyond the farm that require similar responses, the Community Integrated Pest 
Management Program is included in the policy recommendafions. (Note: Ecosystems 
Recommendation 1 discusses invasive species.) 

Specific Actions 

A. Conduct a formal evaluation of the capacity of existing federal, State, and 
local agriculture and forestry programs or systems focused on identifying 
and monitoring existing and emerging weed, disease, and Insect threats as a 
response to a changing climate. 

Federal, State, and an increasing number of local governments have programs focused on 
addressing the threats of weeds, disease, and insects in an economically and 
environmentally sound manner. An evaluation and gap analysis of these programs is 
necessary to address problems that may reduce the ability to adequately respond to these 
increasing threats in a cost-effective and proactive fashion. 
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Potential Cost 

Cost of a review and evaluation should be relatively low. 

Timeframe for Implementation 

2010-2011. This recommendafion should be implemented in the near term to ensure state 
resources are expended efficiently. 

B. Develop coordinated protocols and multiple response tactics such as the 
development and deployment of pest-resistant plant varieties, regional 
coordination for early detection, and rapid-response approaches to emerging 
threats. 

Existing State programs focused on agricultural and forestry threats are important 
mechanisms for ensuring the viability of these industries, which will increasingly face these 
threats under a changing climate. Integrated pest management programs are important 
mechanisms for communhies to address infestation problems in housing, schools, 
recreational facifities, houses of worship, and other gathering places. 

Potential Cost 

For the past several years the Integrated Pest Management (IPM) program has been funded 
through a legislafive appropriation of approximately $1 million annually for the agricultural 
IPM program and $400,000 for the community IPM program. Due to State budgetary 
constraints, funding for the 2010-2011 budget year was cut to $500,000 for agricultural 
IPM and $0 for community IPM. Historically, the IPM program has used the state IPM 
allocation to leverage $2-$3 million for New York State by obtaining grants from federal 
and private sources. With significanfiy reduced State funding, much of this leveraged 
funding will be lost. The New York State Cooperative Agricultural Pest Survey program 
has been funded exclusively through federal funds at $235,000 annually for the past several 
years. The public benefit of expanding these and similar programs is expected to 
significanfiy outweigh the cost of full programmatic funding. 

Timeframe for Implementation 

2010-2012. Restorafion to historical funding levels should occur in the very near term as 
some programs that have experienced reduced levels of funding have had to cut staff and 
programs. 2012-2020: Expanded funding should occur in areas idenfified in the 
comprehensive review and evaluafion of existing programs and be consistent with the 
fimeline found in the Climate Action Plan Mitigation Strategy for IPM under AFW 4 
1.2(e). 

ImpactsA/ulnerabllitles Addressed 

Resources being impacted include all agricultural crops and forests. The increase in weeds, 
disease, and insect pressure will resuh from several climafic factors including higher 
temperatures, increased frequency of intense precipitation, and increased CO2. 
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Environmental Justice Considerations 

Decreasing yields and the high costs of adaptation may translate into significant downstream job 
losses and cascading economic effects across rural communities. Low-wage, temporary, seasonal 
and/or migrant workers are particularly exposed to these shifts. 

Co-beneflts and Unintended Consequences 

Early detection and rapid response to emerging or increasing weed, disease, and pest pressure 
while minimizing the use of chemicals to control these pressures will provide for reduced 
chemical loads to the environment. This will result in improved water and air quality, and 
improved public health. Employing a comprehensive and integrated approach to addressing these 
concems will also decrease input costs for the farmer. 

Recommendation 3. Evaluate and develop mechanisms to more effectively 
protect livestock from the effects of greater temperature 
variability and extremes. 

The dairy industry in New York is likely to be affected by rising temperatures under climate 
change. These changes are expected to cause longer and more frequent episodes of heat stress for 
dairy cows, resulfing in potenfial production losses and reduced calving rates. Mechanisms to 
protect dairy livestock from the projected temperature changes should be developed. 

specific Actions 

A. Channel appropriate resources to continue research, development, and 
deployment of livestock protection measures and techniques such as 
climate-related modifications to feed management systems and approaches. 

Short-term impacts of heat stress in dairy cows include decreases in feed intake and milk 
production; long-term effects include higher incidence of lameness and poorer reproductive 
performance. Modification of feed rations has proved to partially ameliorate heat stress 
effects in dairy cows. 

Potential Cost 

A comprehensive strategy of feed management that addresses muhiple environmental 
concerns at the same time is a relatively low-cost approach under which muhiple public 
benefits can be realized. The difficulty is assigning or accredifing benefits to individual 
funding sources, which are often based on single-resource objectives. 

Timeframe for Implementation 

Should be consistent with the fimeline for Precision Feeding for Mifigafion found under 
Climate Action Plan Mifigation Strategy AFW 4 1.3(f), which begins in 2013 and 
progressively ramps up to meet 2050 targets. 

B. Support the Increased installation of energy-efficient cooling systems and 
other structural or mechanical interventions. 

Increasing the cooling capacity of existing livestock facilities is an obvious adaptation 
strategy to address heat stress in livestock but will bring with it increased expenditures in 
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energy costs. Opportunifies to deploy energy-efficient systems and maximize on-farm 
generation of clean renewable energy to power these systems should be encouraged and 
supported. 

Potential Cost 
Cost of providing technical assistance will likely be relafively low. Costs of providing 
financial assistance to make stmctural and mechanical modificafions will be relatively 
moderate to high. Costs to deploy renewable energy technologies will be relatively high. 
Mulfiple funding programs exist for the implementation of renewable energy technologies 
and the conduct of energy efficiency audits, as well as implementafion of energy efficiency 
measures. Ability to use necessary stmctural and mechanical modifications as an eligible 
cost-share when coupled with renewable energy technologies to address heat stress in 
livestock as part of an adaptation strategy should be explored. 

Timeframe for Implementation 

Heat stress in livestock is already having a negative impact across New York State; there is 
also a high certainty that this will continue for the foreseeable future. Investments made 
now will be less expensive than in several decades. Many of these practices will require 
significant planning and design as well as capital. To ensure confinued compethiveness and 
long-term viability ofthe New York State livestock (dairy) industry, these policy opfions 
should be pursued in the near term. Additionally, timelines for the complementary 
mitigation policies have been established with near-term and long-term goals. 

ImpactsA/ulnerabilltles Addressed 

The New York State Livestock Industry will likely experience producfion loss and reduction in 
calving rates due to heat stress. The ClimAID assessment concluded that negafive economic 
impacts on the New York State dairy industry will be substantial unless dairies are able to adapt. 

Environmental Justice Considerations 

Vulnerability and capacity to adapt to climate change may vary substantially across different 
dairy regions in New York State due to differences in climate change exposure, regional cost 
structures, farm sizes, existing farm infrastructure, and overall productivity. Should climate 
change induced heat stress have a highly detrimental effect on dairy farming in the state overall, 
those regions with higher concentrations of dairy farms are likely to experience a more 
substantial economic disruption. 

Differences in farm and herd size are also potentially significant factors in determining 
vulnerability and capacity to adapt to climate change. Comparison of small versus large farms 
throughout the state reveals significant differences in the costs, milk producfion per cow, capital 
efficiency, income, and profitability. All of these differences may affect the overall capacity of 
smaller farms to adapt to climate change, particularly if such adaptation requires significant new 
outlays of capital for the purchase and installation of cooling systems in dairy bams, as well as 
addifional costs associated with energy for operating the equipment, and the installafion of on-
farm renewable energy generation. 
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Co-beneflts and Unintended Consequences 

• Contribufing to the compefitiveness and long-term viability of a significant, albeit currently 
struggling, sector of the upstate rural economy; 

• Contribufing to the size diversity of New York State livestock farms; 

• Increasing the energy efficiency and renewable energy capacity of New York State, leading 
to greenhouse gas reductions. 
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Coastal Zones Adaptation Vision Statement 

By 2050, all coastal waterfront communities, including those in the Hudson River estuary, and 
critical coastal resources and infrastructure, have prepared for and are protected from the 
changing climate. 

Background 

The U.S. Coastal Zone Management Act of 1972, as amended in 1996, defines the coastal zone 
as the land inward ofthe shoreline needed to control or manage uses that are likely to directly 
and significantly impact coastal waters or are likely to be "affected by or vulnerable to sea level 
rise." New York State considers coastal waters to extend three miles into the open ocean and up 
to the state lines of Connecficut and New Jersey along the shore. In this assessment, the coastal 
zone is considered to include the shoreline of New York State, including coastal wetland areas 
and inland areas adjacent to the shoreline that are likely to be affected by sea level rise and 
coastal storms. Also considered are the potenfial effects of climate change up the Hudson River 
to the Federal Dam at Troy and the influence rising ocean temperatures may have on migratory 
and sedentary fish and shellfish populafions. 

Coastal ecosystems include near-shore sub-tidal areas, the low-marsh intertidal zone, high-
marsh, beaches, dunes, stream channels, rocky platforms, sea grass meadows, algal beds, and 
tidal flats. Even in a densely populated urban environment such as New York City, these coastal 
ecosystems provide numerous functions and values. Tidal marshes provide wildlife habitat, 
storm surge protection, wave attenuation, pollution absorption, and aesthetic appeal. More than 
300 species of birds spend part of their life cycle in New York's coastal shores, feeding, resting, 
or nesting. Every May and June, thousands of horseshoe crabs come to spawn on the sandy 
beaches of Long Island, New York City, and Westchester County. Many bird species depend on 
the horseshoe crab eggs or other invertebrates ofthe tidal zone to replenish their fatty reserves 
and continue on migration routes along the Atlantic fiyway. 

Coastal marshes and wetlands are highly sensitive and must maintain a delicate balance as they 
are affected by rapid sea level rise, wave erosion, sediment deposition, and other forces; these 
important ecosystems provide wildlife habitat, protect coastlines against storms, and absorb 
pollufion. New York State's coastal marshes are limited to the north and south shores of Long 
Island, New York City, Westchester County, and Hudson River. In the fidally influenced portion 
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ofthe Hudson River Estuary (up to the Troy Dam), the dominant ecological communities are 
freshwater and brackish tidal marshes, freshwater tidal swamps, tidal creeks, mud and sand flats, 
and freshwater sub-tidal aquatic beds. However, these are limited to north ofthe Tappan Zee 
Bridge, as there is little or no break in shoreline armoring (bulkheads and riprap) from Manhattan 
to the bridge. 

The New York State coastline is comprised of a unique combinafion of glacial bluffs, pocket 
beaches, and extensive barrier island—bay systems. Long Island is particularly vulnerable to the 
effects of shoreline erosion since h is largely formed of sand and gravel deposits left by the 
retreating glaciers after the end ofthe last ice age around 20,000 years ago. The south shore of 
Long Island is a sandy environment consisfing largely of barrier islands, spits, and back-barrier 
salt marshes that are very erodible and subject to inundation. 

Climate Impacts 

The coastal zone ofthe New York City metropolitan region faces both ongoing and future 
natural hazards of flooding, beach erosion, and sea level rise. The anticipated global sea level 
rise due to climate warming will have a significant impact on New York's coastal areas, in 
addition to other impacts like ocean circulation changes and higher water temperatures. The 
effects of global sea level rise will be amplified In New York State due to coastal subsidence 
caused by ongoing adjustments ofthe Earth's cmst to the mehing ofthe ice sheets that began 
20,000 years ago. 

New York's coastal zones are becoming more developed, increasing the consequences of 
flooding and coastal erosion. Sea level rise will greatly amplify current risks to coastal 
populafions and will lead to permanent inundation of low-lying areas, more frequent flooding by 
storm surges, and increased beach erosion. Saltwater could reach farther up the Hudson River 
and estuaries, contaminafing urban water supplies, while increased water depth could permh the 
tide and storm surges to propagate faster up the Hudson River to the Troy Dam, increasing flood 
risk far from the ocean coast. 

Sea level rise may become the dominant stressor acting on vulnerable sah marshes. Loss of 
coastal wetlands reduces fish and shellfish populations. Higher water temperatures also affect 
these populations. Some marine species, such as lobsters, are moving north out of New York 
State, while other species, such as the blue claw crab, are increasing in the warmer waters. 

High water levels, strong winds, and heavy precipitation resulting from strong coastal storms 
already cause billions of dollars in damages and disrupt transportafion and power distribution 
systems. Barrier islands are being dramatically altered by strong coastal storms as ocean waters 
wash over dunes, create new inlets, and erode beaches. Warming ocean waters have the potential 
to produce stronger storms by increasing the source of energy for these storms. 

Non-climate-related stresses will compound the effects of climate change. In the coastal region, 
most of these are associated with human consumption of natural resources and land-use 
practices. For example, coastal development, construction of organized drainage, and impervious 
surfaces has led to a reduction in groundwater recharge and degraded coastal water quality. The 

11-18 



New Yorit State Climate Action Council 
Interim Report 11-9-10 

interconnecfion among precipitafion, land use, and local fish populations has also been 
documented, suggesting that increased urbanization may lead to a reduction in stream 
biodiversity. In addifion to water-quality-related stresses, fish stocks and other marine 
ecosystems may be affected by harvesting practices, disease, normal population dynamics 
(increased predation), and recruitment processes. Over-development along the coast increases the 
demand for groundwater, which could lead to drawdown ofthe aquifer and increased saltwater 
intmsion. Coastal infrastmcture inhibits natural migration of marine systems, including wetlands 
and barrier islands. 

Impacts and Vulnerabilities Addressed for All Sea Coastal Recommendations 

Sea level rise will progressively affect both human and natural systems, affecting water levels on 
the ocean and estuarine coastline including the Hudson Estuary to the Troy dam; shortening 
flood-recurrence intervals; increasing risk and geographic extent of coastal hazards such as 
storm-surge-related flooding, erosion, and groundwater intrusion. New York State needs the best 
available climate data to best plan for climate impacts. As oufiined in the "Common Themes" 
secfion of this chapter, the provision of climate data and projections could be facilitated through 
state support of a Climate Science. The guidance that would be provided by this organization 
would be extremely helpful to decision makers in all sectors affected by climate change. 

Recommendation 1. New York State should endorse a coordinated set of 
projections for sea level rise and associated changes in 
flood-recurrence intervals In all coastal areas, including 
the Hudson River to the Federal Dam at Troy, for use by 
State and local agencies and authorities for planning 
and decision-making purposes. 

New York State should formally endorse projecfions for sea level rise and associated changes in 
flood-recurrence intervals in all coastal areas. It is necessary to factor this information into 
planning and decision making now to reduce risk to communhies and infrastructure vulnerable to 
sea level rise and strong storms and to conserve coastal natural systems, where the greatest threat 
from sea level rise is the constmction of protective barriers that will prevent them from naturally 
migrating inland in response to rising waters (see Recommendation #2). Columbia University, 
NASA/Goddard Institute for Space Studies has developed projections for sea level rise for the 
enfire coastal area of New York State based on the findings and methodology ofthe 
Intergovemmental Panel on Climate Change (IPCC) and leading climatologists and glaciologists. 
These projections have been adopted by the New York State Sea Level Rise Task Force 
(SLRTF), New York City Panel on Climate Change (NPCC), and the NYSERDA Statewide 
Climate Impacts and Adaptation Assessment (ClimAID). However, projections should be 
regularly updated, modified, and refined. 

Potential cost 

There would be no direct cost to endorse the recently developed projections ofthe New York 
State Sea Level Rise Task Force, NYC Panel on Climate Change, and ClimAID. The cost of 
updating projections in the future may be minimal, since projections are expected to be based on 
existing global and regional models. The adopfion of sea level rise projections offers the 
opportunity to change planning and decision making to reduce future impacts. Some coastal 
development opportunities may not be pursued as projections of vulnerability are factored into 
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permitting decisions. If no projecfions are adopted, New York State could incur significant long-
term costs from flood damage and potentially damaging ad hoc responses to flood events. 
Funding will be needed to support the revision of statewide projections of climate change on a 
regular basis. 

Timing of implementation 

This recommendation should be implemented immediately. In New York State people and 
infrastructure are currently at very high risk of a powerful storm event in coastal areas. Coastal 
ecosystems are at greatest risk from human decisions to erect protective barriers in response to 
flood events. These risks are increasing over time due to sea level rise. The endorsement of sea 
level rise projecfions, followed by State policy, regulatory acfions, and decision making changes, 
will support new planning and development processes in coastal areas aimed at reducing these 
risks. 

Environmental Justice Considerations 

Incorporafion of projections of future conditions in State policies, planning, and decision making 
will make State spending more efficient by emphasizing appropriate development. Identification 
of area of greatest risk and the direction of resources to vulnerable communities within such 
areas would help reduce risk to those communities. Vulnerable communifies will need assistance 
if they must relocate from high-risk areas, and there may be community objections to changes in 
State spending necessary to address sea level rise. 

Co-benefits and Unintended Consequences 

Adopfion of sea level rise and storm-recurrence would provide the basis for a wide variety of 
State and local planning efforts. See recommendafions 2-5. 

Recommendation 2. Integrate sea level rise and flood-recurrence Interval 
projections into all relevant agency programs and 
regulatory, permitting, planning, and funding decisions. 

All State agencies should factor the projecfions of sea level rise and associated impacts from 
Recommendation 1 into relevant aspects of long-term planning, programming, permitting, 
regulating, and funding decisions. As necessary, the State should seek and/or provide technical 
guidance to make appropriate policy changes. Agencies should require or complete analyses of 
storm and sea level rise impacts over the design life of proposed projects in State permitting and 
funding decisions. Agenî ies should regularly update, modify, and refine guidance documents 
and plans based on current and new information on sea level rise. Local govemments should also 
incorporate considerations of sea level rise into planning, zoning, and permitting decisions. 

Potential cost 

Although incorporafion of sea level rise projections into agency decision-making per .ŷ  would 
have minimal staff costs, resulting decisions could include cosfiy capital oufiays, reduction of 
some economic opportunifies, and potential controversy. For example, denial of permits within a 
greater portion of the jurisdictional adjacent wefiand area, may lead to legal challenges regarding 
private property rights. However, incorporafion of these projecfions into agency decision making 
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can lead to better planning for future condhions, prevention of loss, and avoidance ofthe larger 
dramafic and potentially catastrophic costs of inaction. 

Timing of implementation 

Immediate action is necessary to respond to the causes and impacts of sea level rise and climate 
change. Given current agency cooperation on adaptation efforts, this recommendation could 
reasonably be implemented within two to five years. Delays in planning for current and 
increasing risks of sea level rise and coastal hazards will result in greater the risk to humans, 
infrastmcture and ecosystems. 

Environmental Justice Considerations 

Incorporation of sea level rise projections in agency decisions would likely enhance protection of 
communifies within areas of environmental justice concern. For example, sea level rise 
projecfions should be used to prioritize the analysis of potential toxic exposures in Significant 
Maritime and Industrial Areas (SMIA) and inform Waterfront Revitalization Programs (WRP). 
However, there is the potential for some decisions to affect such communifies disproportionately, 
for example by resulfing in decreased property values or reduced opportunities for economic 
development. Agency decisions must include clear evaluation and description of risk, robust 
public participafion, and enhanced efforts for public involvement in areas of environmental 
jusfice concem. With increased regulatory protection against building in flood zones, a tradition 
of constmcfion on cheaper land that historically is fiooded may be prevented, saving state and 
community resources. 

Co-benefits and Unintended Consequences 

Specifics vary by program and type of decision, but co-benefits of accounfing for sea level rise in 
regulatory decision making would generally include minimizing the extent of erosion and coastal 
flooding and inundafion, thereby enhancing protection of critical natural habitats providing new 
opportunifies for passive recreation; reducing the risk of disruption of important communication, 
transportafion, and health services; improving land-use planning; reducing potenfial for forced 
relocation; and reducing expenditures for shoreline armoring and beach nourishment. 
Unintended consequences could include intensified land use outside the coastal zone, capital 
outlays for elevation and relocation, and pofitical ramificafions. 

Recommendation 3. Identify and map areas of greatest current risk from 
coastal storms and greatest future risk from sea level 
rise and coastal storms In order to support risk 
reduction actions In those areas 

New York State should take action immediately to define the most vulnerable coastal areas and 
revise standards for development and redevelopment to reduce risk in these areas, taking into 
account the progressive nature of sea level rise. Regulatory and planning programs to reduce risk 
will require identification, classification, and mapping of high-risk areas including the following: 

• Areas at greatest risk from sea level rise; 

• Areas at risk from storm surge with current sea levels; 

• Areas at risk from storm surge with sea level rise. 
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In addifion, criteria should be developed to identify areas that may be sites of dune, barrier 
island, and/or wetland migration in response to sea level rise. Maps ofthe coastal zone should be 
updated to include these areas. All ofthe above maps should be updated on a regular basis and 
the most up-to-date maps should always be used for official decision making. 

The following information will be needed to fully assess vulnerability: localized projections of 
climate effects; projections of storm surge; environmental information such as high resolufion 
elevation and bathymetry; spatial information for natural, built, and human resources; socio
economic data; and development models such as build-out scenarios. 

This recommendafion is consistent with and critical to the implementafion of several 
recommendafions of the New York State Sea Level Rise.Task Force (SLRTF) and the ClimAID 
Statewide Climate Impacts and Adaptafion Assessment. 

Potential cost 

The New York State Office of Cyber Security and Critical Infrastructure, in coordination with 
the NYSDEC and NYSERDA, is seeking to initiate a mapping mission to collect high resolution 
elevation data using light detection and ranging technology (LiDAR) on the coastal regions of 
New York State. High resolufion contours of 1 foot are desired to be developed for all coastal 
areas of Long Island and the Hudson River estuary from its mouth at New York City, north to 
the Troy Dam. This effort would provide the resolution necessary to map communifies and 
crhical infrastmcture at greatest risk of sea level rise in the near term (next 30-50 years), and to 
project the most likely path of inland tidal wetland migrafion in response to sea level rise. The 
total cost, including the development of maps, is esfimated to be nearly $ 1 million. The 
combined costs ofthe development and update of storm surge projecfions, build-out scenarios, 
and tidal wetland migration areas could be significant but may benefit from federal support. 

Timing of implementation 

Recommendafions for enhanced elevafion mapping should be advanced immediately. At a 
minimum, digital base maps from the National Flood Insurance Program could be utilized as the 
basis for mapping projected flood plain inundation in 2050 and 2100. The technology exists to 
complete revised storm-surge projecfions and build-out scenarios, but funding is needed for 
research to identify coastal areas most suitable for tidal wetland migration. With adequate 
funding the extension of interactive mapping tools with high-resolufion elevafion data to enable 
visualization of future sea level rise and storm surge scenarios could take 2-5 years to develop. 

Environmental Justice Considerations 

Assessment of areas vulnerable to sea level rise could be used to identify program and planning 
needs to serve less affluent communities and to enable effective adaptation in those areas. Public 
investments could be used to support communities that have a lack of capacity to address the 
highest risks from coastal flooding. However, there is the potential for updated mapping products 
to result in decreased property values or reduced opportunifies for economic development in 
areas that are highly vulnerable to flooding. 
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Co-beneflts and Unintended Consequences 

Identification of high-risk coastal areas would allow identification of priorhies for capital 
investment funding to reduce risk, enhanced management planning for at-risk natural habitats, 
preservafion of areas for public access and passive recreation, and the identification of risk to 
communicafion, transportafion, and health services. Unintended consequences could include the 
development of land-use conflicts and the pofitical ramifications of mapping high-risk areas 
coastal areas with high property values. 

Recommendation 4. Reduce vulnerabilities In coastal areas at risk from sea 
level rise and storms (coastal risk management zone) 
and support Increased reliance on non-structural 
measures and natural protective features to reduce 
impacts from coastal hazards. 

Where appropriate, the preference for new development and re-development in the coastal risk 
management zone should be for projects or actions consistent with policies and programs that 
emphasize reliance on natural protective features and non-structural measures, such as elevation 
and relocafion, to minimize negafive impacts from coastal storms, erosion and sea level rise. 
Support should be provided to regional and/or local planning that aims to reduce risk from sea 
level rise and coastal hazards, to projects or acfions identified in plans to conserve natural 
protective features and to secure opportunities for habitat migration in response to sea level rise, 
and to implement site-appropriate stmctural and non-structural measures to reduce risk of coastal 
hazards. Decision makers must be cognizant ofthe sensitive nature of land-use decisions and 
provide for local participation in decisions. Policies and programs must be consistent with the 
New York State Coastal Management Program Policies (Article 42).and Coastal Zone 
Management Act and should accomplish the following: 

A. Development of Coastal Resilience Plans 

Direct public investment, programs, and policies toward regional, county and/or local 
planning offices in coastal areas to support the development of long-term, regional-scale 
coastal resilience plans. Opportunities to develop partnerships at the federal level should 
also be pursued. Coastal resilience plans would be developed with the participafion ofthe 
appropriate local govemments and authorities. They should strive to reduce vulnerability in 
the coastal risk management zone through non-structural measures wherever possible; to 
idenfify areas of significant public investment, water dependent uses, and/or crifical 
infrastructure that require stmctural protection because options for relocation, elevation, or 
employment of non-structural measures are not feasible; and to oufiine opportunifies to 
reduce vulnerability during recovery and restoration following high-intensity coastal 
storms. 

Potential Cost 

State support is needed for the funding, guidance, and technical assistance necessary for the 
development of Coastal Resilience Plans and a policy shift toward a preference for non
structural solutions. Overall costs would be low, provided supporting recommendations on 
data acquisifion and mapping are completed, compared to the costs of inaction. 
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B. Assistance In Funding Measures to Reduce Risk 

Direct public investment, programs and policies to assist regional, county, and/or local 
planning offices in coastal areas to implement the risk-reduction measures outlined in 
approved coastal resilience plans. 

Potential Cost 

In the last five years, New York State spent more than $22.6 million in projects to protect 
public infrastructure, and commercial and residenfial property in high-risk coastal areas 
from erosion and flooding. Tens of millions of dollars are being allocated for coastal 
protection structures in the coming decades. Funding for these types of projects should be 
redirected over time to reduce vulnerability in coastal communifies and support non
structural measures that will reduce long-term risk from coastal hazards with minimal 
ecosystem impact. 

Timing of implementation 

Modification of State coastal policies and programs to advocate and support preparation of 
coastal resilience plans should be proposed in the near term. Other planning supported by the 
State or involving State facilifies or infrastructure should be coordinated with coastal resilience 
plans. Specific criteria that should be addressed in coastal resilience plans and the standards by 
which such plans would be evaluated for completeness should be identified. Plan preparation 
will take fime and should be started as soon as possible. It will take a minimum of 2- 5 years for 
the first coastal resilience plans to be prepared after they are initiated. The completion of plans in 
all ofthe coastal areas of New York State would take several years depending on the 
commitment of funding. 

Environmental Justice Considerations 

Less affluent communifies and individuals will have difficulty finding adequate resources to 
develop coastal resilience plans. Lower income community members in low-lying coastal areas 
may also have more at stake than, for example, second-home owners on the coast, and less time 
and resources to devote to participating in local planning efforts, and their needs may be 
overlooked if they don't have adequate representation. Assistance for developing plans, adapfing 
public infrastmcture and facifities, and addressing the needs of private low-income property 
owners is needed. Incenfives should ensure participatory planning in low-income communities. 

Co-beneflts and Unintended Consequences 

• Community planning for sea level rise will help identify critical development, infrastructure, 
and natural resource assets for risk management. 

• Planning to reduce sea level rise impacts is more likely to secure natural resources than 
individual or uncoordinated acfions in response to storm events as they occur. It is also 
possible that mapping of natural resources and systems will improve as a resuh of regional 
planning. 

• Vacated lands could be converted to public-access points with broad community benefits. 
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• Allowing natural features to migrate and adjust to changing conditions via natural processes 
(breaching, washover, migrafion, etc.), unhindered by development improves their long-term 
survivability and flood-protecfion benefits to communifies. 

Recommendation 5. Develop a long-term interagency mechanism to 
regularly evaluate climate change science; set research 
priorities to foster adaptation; coordinate programming, 
regulatory, and funding actions; and assess progress In 
adapting to climate change and sea level rise 

A permanent mechanism is needed to ensure interagency and multi-organizational coordination; 
to review projecfions ofthe anticipated impacts of climate change on a regular basis following 
the IPCC schedule (roughly every 5 years); to develop priorities for federal. State, and local 
research and policy and regulatory inifiafives to respond to climate change; and to oversee 
progress in Council-recommended policy implementation, including the recommendations ofthe 
SLRTF and the ClimAID statewide impacts assessment. Prioritized recommendations for federal 
policy changes should also be developed since federal programs and policies often contribute 
indirectly to increasing or maintaining risk. Opportunities for regional coordination should also 
be investigated. The creafion of a New York State Climate Science Insfitute would greatly assist 
these efforts. 

With broad support at the execufive level this recommendation could be highly effecfive at 
addressing state management of resources. Effective interagency communication would reduce 
duplication of efforts, allow expression of a broad range of perspecfives on challenges, and a 
pool of resources and strategies to address them, and would provide a structure for policy 
adjustments, improving resiliency as new and better information becomes available. 

Potential cost 

Agencies will require staff to organize the interagency effort and advance these 
recommendations, develop products and disseminate informafion, and facilitate integration of 
new policies and programs into agency operafions. Funding will be needed to monitor climate, 
impact, and adaptation indicators. 

Timing of implementation 

Action is needed immediately to advance agency coordination, initiate discussions with partner 
agencies, and establish information priorifies. This recommendafion could be implemented 
within 2 years. 

Environmental Justice Considerations 

Groups or communifies with the least economic resources will be disproportionately affected by 
climate change because they are most likely to be living in more vulnerable areas and living in 
less durable homes, and have the least personal resources to enable them to adapt. The proposed 
interagency work group could offer a forum to discuss environmental justice issues and potential 
solufions, idenfify long-term funding so advocates for environmental justice can participate, and 
provide a venue for addressing related needs in state agency operations. 
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New Yorî  State Climate Action Council 
Interim Report 11-9-10 

Co-benefits and Unintended Consequences 

True interagency coordination on climate change would have an enormous benefit to regional 
and local govemments. Regulated entities in the coastal zone must deal with an array of 
uncoordinated agency funding and regulatory programs that can confuse even the most seasoned 
of local officials. Consolidation of policy and regulatory priorifies, funding programs, and 
technical assistance, and integration across agencies, could conserve both state and local 
resources and tax dollars. At a minimum, the interagency group offers an opportunity for State 
agencies to present unified informafion concerning climate change and sea level rise and a forum 
for two-way communication with communities and community groups on climate change 
adaptation needs. If climate change projections, and protecfive policies and regulafions are not 
adopted to reduce vulnerability in high-risk coastal areas, New York State could incur significant 
long-term costs into the billions of dollars and increased risk to life and property. 

BssepQan© 

Vision Statement 

Ecological systems will continue to sustain healthy, diverse, well-distributed and abundant 
populations offish, wildlife, plants, and human communities that are adapted to survive and 
thrive in a world impacted by unprecedented and accelerating climate change. 

Background 

New York State covers an area of 54,077 square miles, including 47,047 square miles of land, 
1,894 square miles of inland lakes and rivers, and 3,988 square miles ofthe Great Lakes. 
Variations in topography and in proximity to bodies of water cause large climatic variations and 
distinct ecological zones that support the complex web of biological diversity and provide 
important ecosystem services. 

Valuable ecosystem services provided by New York's landscapes include harvested products 
(food, fimber, biomass, and maple symp), clean water and flood control, soil conservation and 
carbon sequestration, biodiversity support and genetic resources, recreation, and preservation of 
wild places and heritage sites. New York's ecosystems recharge groundwater supplies and 
reduce soil erosion by creating catchments that enhance rainwater infiltration into soils as 
opposed to allowing rapid runoff of storm water into streams. The healthy vegetation of 
landscapes helps to stabilize and conserve soils, and also sequesters carbon above ground in the 
standing biomass of trees and perennial plants and below ground in the form of roots and soil 
organic matter. The diverse flora and fauna supported by New York landscapes play a role in 
maintaining earth's biological heritage, and the complex interactions among species benefit 
society in many ways, such as natural control of insect pests and disease. Genetic diversity will 
be essential for the natural adaptation of ecosystems to environmental stresses such as high 
temperatures and drought that will be exacerbated by climate change. In addition, genetic 
diversity has potenfial economic value in the search for new pharmaceuticals or organisms or 
compounds with biotechnology applications. 
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Ecosystems, as defined here, encompass the plants, fish, wildlife, and resources of all natural and 
managed landscapes (e.g., forests, grasslands, aquatic systems) in New York Stale except those 
land areas designated as agricultural or urban. This sector includes timber and maple symp 
industries, and tourism and recreafion businesses conducted within natural and managed 
ecosystems. It also encompasses interior wetlands, waterways, and lakes as well as their 
associated freshwater fisheries and recreational fishing. 

The impacts of climate change cannot be viewed in isolation, as other stressors are also affecting 
ecosystems and will affect vulnerability to climate change. While society and policymakers are 
likely to focus on ecosystem services, adaptation interventions by natural resource managers-
often will be implemented at the level of species, communifies and habitats. As climate changes 
and the habitable zones of wild species confinue to shift northward and/or up in elevation 
throughout the century, natural resource managers will face new challenges in maintaining 
ecosystem services and difficult decisions regarding change in species composhion. 

Climate Impacts 

The inhial impacts of climate change on species are already apparent, with documented accounts 
of changes in the seasonal fiming of events like bud-break or flowering and species range shifts 
across the Northern Hemisphere. Within the northeastern United States, researchers have 
documented earlier bloom dates of woody perennials, earlier spring arrival of migratory birds, 
and other biological and ecological responses. Species and ecosystems are responding directly to 
climate drivers and indirecfiy to secondary effects, such as changes in fiming and abundance of 
food supply, changes in habitat and increased pest, disease and invasive species pressure. 
Uhimately, biodiversity, net primary producfivity, vegetafion water use, and biogeochemical 
cycles could be affected by climate change. To date, however, there is no unequivocal evidence 
of climate change impacts on ecosystem services such as carbon sequestration or water storage 
and quality in New York State. The certainty in projecting climate change impacts diminishes as 
projections are scaled up from individual species and ecosystem structure to ecosystem function 
and services. 

Within the next several decades New York State is likely to see widespread shifts in species 
composition in the state's forests and other natural landscapes, with the loss of spruce-fir forests, 
alpine tundra, and boreal plant communifies. Warmer temperatures will favor the expansion of 
some invasive species into New York, such as the aggressive weed, kudzu, and the insect pest, 
hemlock woolly adelgid. Some habitat and food generalists (such as white-tailed deer) may also 
benefit. Addhionally, higher levels of CO2 tend to preferentially increase the growth rate of fast-
growing species, which are often weeds and other invasive species. Both of these climate factors 
could also increase the productivity of some hardwood tree species, provided growth is not 
limited by other factors such as drought or nutrient deficiency. 

Lakes, streams, inland wefiands, and associated aquatic species will be highly vulnerable to 
changes in the timing, supply, and intensity of rainfall and snowmelt, groundwater recharge, and 
duration of ice cover. Increasing water temperatures will negatively affect brook trout and other 
native coldwater fish. 
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Recommendation 1. Continue to support and maintain the Invasive Species 
Task Force, Invasive Species Council, Invasive Species 
Advisory Committee, and Partnerships for Regional 
Invasive Species Management (PRISMS) and support 
the implementation of the recommendations of the 
Invasive Species Task Force. 

Invasive species pose a serious threat to the state's environment and economy, and these threats 
are exacerbated by the threat of climate change. Through the creafion ofthe Invasive Species 
Task Force, New York State has taken proactive steps to address the spread of aquatic and 
terrestrial invasive pests and pathogens and to ensure state agencies, NGOs, businesses, and 
researchers are coordinated in their efforts to control this threat. In order for the state to be 
properly prepared to rapidly respond to emerging invasive species threats from a changing 
climate, investments must be made to implement the recommendations ofthe Invasive Species 
Task Force (ISTF). 

The Invasive Species Council (ISC) has been established through legislafion to confinue the 
coordination of invasive species management across the state, enacting an important 
recommendation ofthe ISTF. In addifion, the Invasive Species Advisory Committee has been 
formed and is helping to coordinate the broader efforts of outside partners and to provide 
important recommendafions to the ISC. Both of these committees should be continued and 
supported to ensure that these important efforts continue. As these efforts progress, the state 
should ensure the federal govemment, neighboring states, municipal leaders, and NGOs are 
acfive participants in mifigafion and response efforts. The continuation ofthe PRISM is an 
important way to achieve that coordination. 

The ISC recenfiy completed a final report on development of a regulatory system for non-native 
species that would prevent the importafion and/or release of certain non-native species into the 
state and regulate the importation and sale of other invasive species. The recommended system 
would create the first official lists of invasive species for New York State. The recommendations 
in this report should be enacted, and an official regulatory system that would prevent future 
introductions of invasive species should be established. 

As rapid response plans are developed and implemented to address emerging threats, these plans 
must include specific steps and funding to remediate the damage caused to the affected 
ecosystems. This will ensure that native ecosystems are healthy, productive, and resilient in the 
face of climate change. Also, all such invasive species response and management efforts must be 
coupled with a strong public outreach effort that educates and engages private landowners and 
the public on these restoration efforts. 

Potential Cost 

Aquatic and terrestrial invasive species cost the state and businesses millions of dollars to control 
and in lost productivity, and these costs will increase as climate change causes a wider 
distribution of invasive species. Although the continued operation ofthe Invasive Species 
Council and Invasive Species Advisory Council has minimal costs associated with it, the 
implementafion ofthe recommendafions could be quite costly. However, when the recommended 
actions are considered as preventative measures, and the costs of no action are included in the 
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cost determination, h is likely that the cost of prevenfion is much smaller that the impact of no 
action. A discussion of this is included in the ISTF report. 

Timing of Implementation 

Near-term, as the impact is currently being experienced and must be addressed. Since h is hard to 
predict exactly which invasive species on the horizon will impact New York's ecosystems, 
invesfing in the creation of a rapid response plan is crifical to the capacity to address emerging 
invasives that may take 10-20 years to enter the state. 

Environmental Justice Considerations 

The spread of certain pests and pathogens, e.g., West Nile virus, is increasing and lower income 
communities may have fewer resources available for prompt and effective treatment. However, 
by proactively controlling invasive species, impacts to these communities can be reduced. There 
are opportunities to coordinate with adaptation recommendations from the public health sector. 

Co-beneflts and Unintended Consequences 

By investing in the control of invasive species now, the state will realize improved agricultural 
health and output, improved public health, improved water quality, improved ecosystem 
resilience, and improved habitat value for species. However, these control measures may 
potenfially increase costs of transportation of goods in the state and increase costs for certain 
recreational acfivities such as boating and fishing. 

Recommendation 2. Ensure that New York State's ecosystems sustain 
healthy, diverse, well-distributed, and abundant 
populations o f f ish , wildlife, plants, and human 
communities that are adapted to survive and thrive in a 
world impacted by unprecedented and accelerating 
climate change. 

Specific Actions 

A. Support State agency efforts to Incorporate an ecosystem-based 
management approach that factors ecosystem function, services, and 
biodiversity Into decision making, including management plans, funding 
decisions, and policies. 

Established as the result ofthe 2006 New York Ocean and Great Lakes Ecosystem 
Conservation Act (Act), the New York Ocean and Great Lakes Ecosystem Conservation 
Council (NYOGLECC) has a goal of integrafing ecosystem-based management (EBM) and 
smart-growth principles into state programs that manage human activities affecting ocean 
and Great Lakes ecosystem health . Much of New York State's response to climate change 
would benefit from an ecosystem-based management approach, as developed through the 
above inhiative, and should be applied on a statewide basis. 

See Draft Summary Report of Agency Guidelines and Recommendations. htlp://nvotilecc.org/repons.html 
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Potential Cost 

Confinued NYOGLECC activities are being undertaken within exisfing agency operating 
budgets. Several council agencies are incorporafing EBM principles into their respective 
organizational structures without significant addhional cost or creation of new programs. 

Timing of Implementation 

EBM integration underway for State agency decision making has mulfiple fimelines. 
Overall, NYOGLECC has advanced or completed priority recommendations on schedule 
according to its 2009 report. Confinuafion of this work is critical to developing additional 
momentum within the NYOGLECC member agencies as well as to the expansion ofthe 
concept to other agencies and broader regional enfities and organizations. 

Environmental Justice Considerations 

An ecosystem-based management approach, by definifion, includes the human component 
ofthe ecosystem as an integral part ofthe planning process. Environmental jusfice 
communifies in New York State's coastal areas are particulariy susceptible to many ofthe 
projected impacts of climate change, and an EBM approach will help to provide 
comprehensive solutions that target environmental and human needs. EJ communities must 
be involved with the planning and decision making from the start. 

Co-benefits and Unintended Consequences 

An EBM approach leads to greater efllciencies and effectiveness in the application of 
govemment funds to advance ecosystem goals and specific projects. 

B. To enable ecosystems to better respond to changing climate conditions, 
incorporate adaptive-management principles, techniques, and approaches 
Into New York's forest-management policies and programs. 

The State of New York manages more than 775,000 acres of state forests recognized for 
sustainable management by the Forest Stewardship Council and the Sustainable Forest 
Inhiative. The State holds conservafion easements on an additional 700,000 acres, some of 
which is managed for timber production. On these lands the state should develop forest best 
management pracfices (BMPs) for adaptafion to climate change and management for 
carbon sequestration. These BMPs could also be used by private forestland owners, who 
own the majority ofthe state's 18.5 million acres of forests. 

Potential Cost 

While funding for the research component of this recommendation would be substantial, 
little ofthe cost would fall on the State of New York. The benefits ofthe research would be 
applicable over the northeastern states that share common forest types; therefore, probable 
sources of funding would be those tradhionally used by the academic research community 
(e.g.. National Science Foundation, Environmental Protection Agency, U.S. Forest 
Service). 

The Department of Environmental Conservation already manages 768,000 acres for timber 
producfion. Therefore, the costs of giving priority to management pracfices that maintain 
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the resiliency of forests stressed by climate change would be minimal. Rather, it requires a 
redirection of management objectives. Addhional costs would be necessary in the 
demonstrafion component of this recommendation. This could be accomplished by adding 
four demonstration foresters to the DEC staff located across the state. An alternative 
approach would be to enhance Cornell University's Cooperafive Extension Service by an 
equivalent amount. The estimated cost of this would be approximately $500,000 per year, 
including salary, travel, and operating expenses. 

Timing of Implementation 

The impact of changing forest practices is measured in decades, not years. Therefore, it is 
important to implement BMPs immediately to realize the carbon benefits of forest 
management that would occur by mid-century. The demonstration portion of this 
recommendation should begin in 2011 using the best information available on the influence 
of climate change on forests and on carbon storage and sequestration. At the same time, the 
demonstrators would be emphasizing the flexibility associated with adaptive management 
practices so that adjustments in forest management could be made as more research 
becomes available or as landowner objecfives change. 

Environmental Justice Considerations 

There is little impact on environmental justice in the tradifional use ofthe term. However, it 
is important to point out that average incomes in rural areas are, on average, lower than in 
urban areas. 

Co-beneflts and Unintended Consequences 

Forests play an intriguing role in climate change in that the composhion of forests are 
likely to change if there is significant climate change, while at the same time they can play 
a role in mhigating the impacts of climate change. A related issue is the potential for 
woody biomass as a substitute for fossil fuels as an energy source. The potential for solid 
fuels in the form of pellets, gasification as a source of heat and electricity, and liquid fuels 
such as ethanol is in its infancy but will likely grow. Thus, the combination of impacts of 
climate change on forest composition, the potenfial for improved carbon sequestrafion and 
storage, and the potential for forest products as a source of energy that may be more carbon 
neutral than fossil fuels is of high priority. 

C. Protect and enhance the stability and function of stream, river, and aquatic 
coastal systems to accommodate changing climate conditions. 

Safeguarding the integrity and increasing the resilience of stream, river, and aquatic coastal 
systems and associated wildlife corridors will greafiy bolster the capacity offish and 
wildlife to meet the many challenges of climate change. The following four inter-related 
strategies will address this goal: 

• Maintaining and improving aquatic habitat connecfivity by removing or mifigafing man-
made aquatic barriers including culverts, dams, and shoreline armoring; 
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• Increasing the protection for in-stream habitat features such as cold-water refugia, 
oxygen-rich riffles and runs, and natural shorelines with undercut banks and overhanging 
vegetation; 

• Removing pollutants, including heat, from runoff entering water bodies; 

• Maintaining hydrologic flows consistent with the needs offish and wildlife and the 
funcfions of streams and rivers. 

Shoreline corridors provide effective means of movement and dispersal offish and wildlife. 
As such, they enable species to adjust their ranges in response to changing climate and 
environmental condhions. Much ofthe landscape is fragmented with human development, 
including subdivisions, roads, and commercial and industrial development. On the coast 
many shorelines are armored, preventing habitats like fidal wefiands from responding to sea 
level rise. This inhibits the ability of many species to adjust their ranges. However, New 
York has a rich and widely distributed network of streams and rivers. Providing shoreline 
buffers to coastal, stream, and river systems can provide the "transportation" system for 
fish and wildlife—both aquatic and terrestrial—to move on the landscape and establish 
new ranges in response to climate change. 

Potential Cost 

Protecting and restoring shoreline buffers will be a highly cost-effective strategy. 
Regulatory programs that protect existing buffers would require staffing. Although not 
inexpensive, these efforts are cost effective because they maintain existing habitats, offer a 
wide array of addhional social and environmental benefits, and prevent other societal costs 
(e.g., addressing the effects of flooding along stream corridors). Incentive programs that 
pay to restore or protect shoreline buffers would vary in cost depending on the nature and 
magnitude ofthe restoration required. 

Timing of Implementation 

Adopting policies to protect and restore buffers should be undertaken immediately; it is a 
no-regrets action that has both short-term and long-term benefits. Buffers are already being 
restored in the state, so elevating this as a priority could resuh in very rapid 
implementation. This is a durable effort that could continue to restore addifional buffers as 
future opportunities arise. Implementation of large-scale restoration programs would be a 
longer-term endeavor, with 86,000 miles of streams and rivers in the state, and 3000 miles 
of ocean and estuarine coasfiine, most of which have some degree of impact. It would be 
helpful to divide the state into priority watersheds and shoreline areas to concentrate initial 
attention and funding on the most critical areas. 

Environmental Justice Considerations 

This strategy would have positive impacts on all communities in the state, including EJ 
communities. Creating green space along shorelines and stream corridors improves the 
local environment and contributes positively to the quality of life in highly urbanized areas. 
Since the environmental justice community may have the least means to address the 
impacts of climate change, acfions in environmental jusfice areas should be given high 
priority. Providing adequately sized road stream crossings such as bridges and culverts will 
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significantly decrease the frequency and severity of flooding at these key junctures, 
improving safety for the traveling public and residents alike. Conserving the natural 
processes of tidal wetlands, dunes, and barrier islands can also contribute to coastal flood 
protection from strong storms. 

Co-benefits and Unintended Consequences 

The co-beneflts of protecting and restoring riparian buffers are numerous: improved flood 
protection, improved protection of transportation infrastructure and surface drinking 
waters, improved water quality, increased availability of important habitats, increased 
property values, reduced threats of erosion (including to agriculture lands), improved 
public health, decreased costs of drinking-water treatment, decreased costs of farming, 
improved recreafion opportunities, and reduced liability insurance premiums. Conversely, 
by protecting additional land adjacent to streams, there will be a somewhat reduced 
availability of developable or farmable land with perhaps a corresponding decreased tax 
base for local communhies, although this probably would be offset by the reduced cost of 
infrastructure maintenance and improved quality of life benefits. 

Recommendation 3. Develop a research and monitoring plan to detect, 
record, and analyze changes in species, habitat 
composition, natural cycles, and fish and wildlife health, 
and effectively address current and future threats in 
changing climate conditions. 

To effectively manage the natural resources of New York State, practitioners must understand 
the baseline condition of species, habitats, and population trends. Rapidly changing climate and 
associated changes in habitats and ecological community stmcture will likely increase fish and 
wildlife exposure to stressors (both existing and those caused by climate change), compromise 
their ability to adapt to stress, and affect the ability to detect harmful trends in fish and wildlife 
ecology and health. An increase in the capacity to identify key stressors is needed to inform 
management decisions and abate threats. Assessments of species' and habitats' climate 
vulnerabifities, including exposure sensifivity and adapfive capacity, should be used to priorifize 
conservation actions. 

The informafion from baseline condhion surveys, stressor identificafion, and vulnerability 
analyses will directly inform the development of a research and monitoring plan for New York. 
Such a plan should be based on explicit, predicfive, and measurable objecfives and indicators, 
and include monitoring protocols that can reliably detect signs of climate change impacts. 

Potential Cost 

Developing a research and monitoring plan will not be of extremely high cost and can most 
likely be done with current staif if prioritized. On the other hand, implementing the plan will 
have high start-up costs and will be fairly labor-intensive. This is a primary reason why most 
New York entities have not conducted whole-scale resource monitoring to date, though there are 
exceptions. 

Inaction on this recommendation is far more costly to society and ecosystems in the long term 
than is implementation. Sound science forms the basis of effective adaptation strategies in 
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response to expected impacts from climate. In addifion to the loss of ecosystem services gained 
directly and indirectly from nature, New York also stands to lose tens of millions of dollars 
annually from various grants and federal funding if it cannot demonstrate effectiveness of its 
conservation actions.. 

Timing of Implementation 

The advent of climate change has increased the need for, and urgency of, developing and 
implementing a monitoring plan. 

Environmental Justice Considerations 

This recommendation would provide benefits across the state and all communhies. Science-
based projections of future condhions and vulnerabilifies will assist in identifying communhies 
most at risk, result in more efficient state spending and reduce long-term risk. 

Co-beneflts and Unintended Consequences 

The research and monitoring detailed above will assist in incorporafing adapfive-management 
principles into New York's natural resource management programs, protecting the stability and 
funcfion of stream and river systems, developing and implementing an educafion and outreach 
strategy, and protecting and managing important migratory and dispersal corridors. To be 
effective, all of these activhies must be based on sound science. This recommendafion will also 
increase partnering efforts, maintain and leverage funding, help prioritize conservation actions, 
and maintain critical ecosystem services. 

Conversely, by allocafing staff time and dollars to research and monitoring, other management 
programs may be negatively affected in the short term. This will most likely be offset by greatly 
informing future management efforts to achieve the most cost-effecfive conservafion actions. 

Recommendation 4. Expand climate change education and outreach 
Initiatives for students, landowners, and local 
governments. Include sound scientific Information on 
the potential Impacts of climate change on natural areas 
and ecosystem services. 

Developing outreach and education mechanisms based upon up-to-date and reliable climate 
change data is a necessary component ofthe Climate Acfion Plan and the State's Climate Smart 
Community Program. Climate change education should be a component of general science 
curricula, and teachers across New York State and at all levels should be provided with reliable 
scienfific information and have access to a suite of curriculum materials, including study lessons 
and student activity plans related to climate change. 

On-the-ground and accessible demonstrafion sites reinforce climate educafion inifiatives. The 
State should seek to secure funding and incentives for environmental educators to develop 
interpretive materials and assist schools in climate change education. Further, the State should 
encourage all agencies with programs related to education, resource management, and 
community planning to develop materials and displays that demonstrate the impacts associated 
with climate change and the role of each agency in the mifigafion of these impacts. 
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Education and outreach to private landowners and land managers are critical to advancing on-
the-ground climate-smart land management practices. State agencies involved in resource 
management should provide landowners and local govemments with information on climate-
smart BMPs related to planfing climate resilient species, stochasfic event planning, and 
optimizing wildlife habitat, managing riparian buffers, and controlling invasive species. 
Expanding and focusing current community technical assistance efforts to include standardized 
climate-smart BMPs is one way to expand education and outreach mechanisms to landowners 
and land managers across New York State. 

Potential Cost 

The costs of integrafing climate educafion modules into general science curriculum standards are 
varied and long-term, and depend largely on the needed course materials relative to the level of 
training. The cost to New York State agencies to construct and implement climate demonstration 
sites and projects is immediate and short-term, but as leaming sites for students and chizens 
would yield long-term benefits. The costs associated with expanding outreach to landowners and 
local communhies may be offset substanfially by effecfive coordinafion of non-govemmental 
and state technical assistance inifiatives. 

Timing of Implementation 

For New York State to successfully meet current and future challenges associated with climate 
change, educafion and outreach policy and mechanisms must be implemented immediately. 
Currently, there are successful efforts being undertaken across New York State; however, these 
initiatives must be expanded to adequately prepare New Yorkers for the myriad of impacts 
associated with climate change. Education and outreach to students, landowners, and local 
communities will require ongoing strategies, immediate implementation, and long-term resolve. 

Environmental Justice Considerations 

Educafion and outreach activhies should be multi-lingual and mulfi-cultural, and include input 
from environmental Jusfice communities as to the most effective means of communication. 

Co-benefits and Unintended Consequences 

The co-benefits associated with efficient education and outreach of students, landowners, and 
local communifies are vast and varied. They include improved land management practices on 
private lands; expanded community energy efficiency, development, and planning initiatives; 
increased locally conserved lands; expanded green-technology workforce; clean-energy 
innovation; constituent support for environmental policies; increased wildlife habitat suitability 
as a result of changing land management practices; and increased wildlife habitat connecfivity. 
Unintended consequences associated with pursuing dynamic goals include effort fragmentafion 
resulfing in inefficiency, complex delivery mechanisms that reduce effectiveness, and cross-
effort redundancy. Progress metrics must be cleariy established upon policy and mechanism 
implementafion due to the ongoing nature and qualitative components inherent to many 
education and outreach initiatives. 
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Vision Statement 

Ensure that the energy generation and delivery infrastructure throughout the state will prepare 
for, and adapt to, a changing climate by building system resilience, while providing the public 
with clean, safe, and reliable services. 

Background 

Energy is derived from a wide variety of fuel sources and technologies in New York State. 
Roughly 49 percent ofthe state's electricity is generated in-state using fossil fuels; nuclear power 
(30 percent) and renewables (21 percent) account for the balance. The generation mix varies 
widely in different parts ofthe state. The state's annual electricity load has increased by about 4.3 
percent per year. New York City is by far the largest load zone in the state, responsible for 
approximately one-third of total annual electricity demand statewide 

Thermal energy needs are satisfied in a variety of ways. New York State is home to more than a 
dozen district energy systems, which centrally generate steam, hot water, or cold water and 
distribute it to customers via a series of underground pipes. Natural gas and heating oil are the 
most commonly used sources of heating fuel in buildings around the state. 

Reliable energy systems are critical to commerce and quality of life. New York State's electricity 
and gas supply and distribution systems are highly reliable, but weather-related stressors can 
damage equipment, disrupt fuel supply chains, reduce power plant output levels, or increase 
demand beyond the energy system's operational capacity. 

Climate Impacts 

Global climate change is expected to alter both average climate and the frequency and intensity 
of extreme weather events in New York State, affecting energy demand, system efficiency, and 
power supply potential. In certain cases, climate change may help New York's energy system 
funcfion more smoothly, by eliminafing weather-related supply chain problems through milder 
winter weather in some areas for example. However, climate change is more commonly 
predicted to adversely affect system operafions, increase the difficulty of ensuring supply 
adequacy during peak demand periods, and exacerbate already-problematic conditions, such as 
the urban heat-island effect. 

Impacts of climate change on energy demand are likely to be more significant than impacts on 
supply. Decreases in heating demand will primarily affect natural gas markets, while increases in 
cooling demand will affect electricity markets; such changes will vary regionally. 

On the supply side, more frequent heat waves will cause an increase in the use of air 
condifioning, stressing power supplies and increasing peak demand loads. Increased air and 
water temperatures will affect the efficiency of power plants. Transformers and distribution lines 
for both electric and gas supply are vulnerable to extreme weather events, temperature, and 
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flooding. Coastal infrastructure in downstate areas is vulnerable to flooding as a resuh of sea 
level rise and severe storms. 

Renewable generation may also be affected. Hydropower, located primarily in upstate areas, is 
vulnerable to drought and changes in precipitation patterns. The availability and reliability of 
solar power systems are vulnerable to changes in cloud cover, although this may be offset by 
advances in technology; wind power systems are similarly vulnerable to changes in wind speed 
and direction. The effect of climate change on biomass as an energy feedstock is unclear, though 
biomass availability depends to some degree on weather condifions during the growing season. 

The indirect financial impacts of climate change may be greater than the direct impacts of 
climate change. These indirect impacts include those on investors or insurance companies linked 
to vulnerable energy system assets or on customers forced to grapple with changing energy 
prices resuhing from changing climate condifions. 

Recommendation 1. Ensure the accuracy of electric demand and peak 
demand forecasting for planning purposes and build 
resilience for meeting peak demand. 

Currenfiy, forecasts of long-term energy use and peak demand are based on historical use of 
electric and gas utilifies. Forecasts do not currently reflect the energy requirements that would 
result from changes in temperature or greater occurrences of heat events anticipated in the future 
resuhing from climate change. 

Specific Actions 

A. Incorporate best available projections of changes in seasonal average 
temperatures and increased frequency of extreme heat events In near- and 
long-term demand forecasting for electricity and natural gas. 

Peak demand forecasts in particular should be revised to incorporate predicted higher 
seasonal average temperatures and increased frequency of extreme heat events. These 
climate impacts will likely result in increased energy use and/or increased reliance on 
demand response, energy storage, and other energy resources to meet peak demands. 

B. Plan to meet regional demand growth and improved system resiliency 
through local Implementation of demand response and energy efficiency 
measures, greater use of localized distributed generation, energy storage, 
other energy-supply technologies, and smart-grid technologies, beyond 
those efforts already underway and planned. 

The current regulatory and planning frameworks should be made more flexible and 
adaptable to a rapidly changing climate and related adaptafion and mitigation efforts and 
accommodate new and emerging technologies more quickly to meet emerging needs. 

Impacts/Vulnerabilities Addressed 

Higher seasonal average temperatures and greater frequency of heat events will contribute to 
transmission line sags and to increased energy demands, possibly resulfing in additional stress on 
distribution transformers. Energy-demand forecasts are already implemented to ensure that 
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regional distribution capacity exceeds projected peak-load demand, thereby ensuring reliability 
of energy services. The regional load-planning process is an appropriate location for integrating 
temperature increases into demand forecasts, because problems with reliability will have 
disparate impacts based on where people live (e.g., urban heat islands). Furthermore, 
identificafion of energy efficiency and renewable distributed generafion opportunhies through 
this process can decrease the need to build additional distribution infrastructure. Planning for 
long-term increases in temperature will resuh in a more holisfic approach to balancing the costs 
between distribution infrastructure and demand-reduction opportunities. 

Energy demand will be impactedheterogeneously throughout the state. Some distribution 
systems will be impacted more than others, depending on regional characteristics. Rural areas 
could likely be impacted to a lesser extent than urban areas where there is a measurable heat-
island effect. 

Potential Cost 

This recommendation calls for more effective planning and for incorporating projected 
temperature changes into demand forecast modeling. Doing so may add to the complexity of 
forecasting, but the increase in costs should be minimal. Identifying load condifions under high-
temperature scenarios will facilitate more accurate cost/benefit comparisons between options for 
delivery infrastructure and for demand-reduction. 

Timing of Implementation 

Near-term: Incorporation of temperature increases into regional long-term load planning should 
begin at next opportunity (2-5 years). 

Environmental Justice Considerations 

There is concem over localized impacts of energy use and a desire to ensure that reductions in 
energy use result in localized emission reductions that improve regional air quality, including 
opportunities associated with peak-demand generation units. Better regional demand forecasting 
and planning can protect overburdened communities by accurately projecting future 
infrastructure requirements and identifying new sources of power or energy savings that reduce 
emissions for EJ neighborhoods by sifing these facifities elsewhere, distributing the negative 
effects of power production, or reducing the need for operafing those units presently located in or 
near affected communities, while maintaining electric system reliability. 

Recommendation 2. Increase utilities' and energy providers' resiliency to 
climate-related impacts. 

Climate models predict that higher ocean and atmospheric temperatures will contribute to the 
addition of energy to the global hydrologic cycle. As a result, it is predicted that New York State 
and the northeastern United States will experience more frequent and intense storm events. 
Higher wintertime temperatures may also contribute to more frequent ice storms. Electric 
outages that resulted from the March 2010 nor'easter storm in downstate New York 
demonstrated that heavy of precipitafion coupled with high winds can be damaging to the electric 
transmission and distribufion system. Many utilities in the southeastern United States operate in 
areas where high-energy storms occur. The exchange of risk-management criteria between 
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southeastem and northeastem utilities helps to establish the best management pracfices that 
maintain reliability at the lowest achievable cost and should continue. 

Specific Actions 

A. Ensure that best available projections concerning the frequency and severity 
of extreme storm events are incorporated into State and regional emergency 
response plans. 

State and regional emergency response plans should continue to work with a spectrum of 
stakeholders including utilhies, first responders, community organizafions, and individual 
households to gather necessary information, share it effectively, and use it to continuously 
improve emergency preparedness. 

B. As part of a statewide vulnerability assessment and planning effort, ensure 
that detailed statewide maps are available to assist in identifying areas and 
infrastructure at high risk from storm and flood damage. 

Energy infrastructure includes electricity generation, transmission, substation, and 
distribution facilities; interstate natural gas pipelines, storage facilifies, compressor stafions, 
and local distribution systems; propane facilities; and transportation and storage systems 
for a wide range of petroleum products (including pipelines, large and small-scale storage 
tanks, barge and rail operations, and various transfer facifities). Development of inventories 
of this infrastructure and potential vulnerabilifies to climate change is critical to priorifizing 
protection of existing facilities. 

C. Work with organizations such as the Electric Power Research Institute (EPRI) 
and NYSEARCH (a voluntary sub-organization within the Northeast Gas 
Association) to survey and assess utility Industry best practices for 
Increasing resilience to climate change. 

Development of effective protocols and procedures for considering climate change-related 
risks in decisions to locate, design, and build energy infrastructure, both to maintain the 
reliability of exisfing systems and to meet the future energy needs is important. To 
incorporate innovations and best practices in climate adaptation, the State energy- planning 
process should evaluate strategies and techniques employed by utilifies, regulators, and 
independent power producers regionally, nafionally, and internationally. This evaluation 
process would examine the appropriateness of strategies and techniques for particular 
regions in the state. 

ImpactsA/ulnerabllitles Addressed 

Outages on the electric distribution system during storm events can limh delivery of health care 
and emergency services, banking, commerce, and air conditioning, heating, communication, and 
transportation pathways. Currently, no central resource to identify areas ofthe state most likely 
to experience one or all of the possible impacts exists. Recommendation 2.B. calls for a 
centralized state mapping system to document the areas of high risks of weather-related damage 
to infrastructure. This information will inform ufilities and the Public Service Commission (as 
well as other infrastmcture-owning stakeholders) about which areas are most susceptible to 
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wind-tunnel effect, flooding, ice formation, erosion and other impacts from major storm events 
and which factors should be addressed in their infrastructure's risk assessments. 

Differences in the manner in which infrastructure will be impacted by major storms across the 
state is a primary reason for identifying infrastructure risk through a central mapping program. 
Some distribution systems are more likely to be impacted by coastal storms from mid to late 
summer, whereas others are more likely to be impacted by severe snow and/or ice storms in the 
winter. Some utilhies will also be susceptible to both types of storm events. Differences in 
regional characteristics will be a determining point for benchmarking. 

Potential Cost 

It is assumed that utilifies and generators will upgrade their infrastructure to more resilient 
equipment as storms events become more frequent as a result of climate change. This set of 
recommendations seeks to minimize the cost of this process through analysis, climate 
forecasting, and benchmarking. Specifically, the cost of building resilience to climate change can 
be minimized or avoided if infrastmcture is priorifized and triaged based on compelling long-
term benefits and/or risk reducfion (e.g., avoiding significant outages). 

Timing of Implementation 

Near to mid-term (10 years): Planning for and coordinafing greater communication among 
emergency responders, ufilhies, and their customers, and independent power producers should 
proceed on an ongoing basis. Tracking infrastructure damage caused by storm-related incidents, 
inhiating benchmarking between ufilifies, and developing best-management practices should be 
completed within the next 5-10 years. 

Environmental Justice Considerations 

During periods of storm acfivity, fuel and electric distribution can be compromised, as can 
communication pathways. Currently, utilities maintain records and prioritize restoration of 
services for individuals with home heahh care needs, emergency service providers, and hospitals. 
A significant or serious public health problem could arise if both electric power and 
communication networks are compromised at the same time. Leading up to and preceding large 
storm events, communicafing with this at-risk population will be a critical and necessary public 
health concem. Communicafion efforts should be multi-lingual. 

IMaite KtesBJo 

Vision Statement 

Begin planning now to protect and promote public health by reducing individual and community 
vulnerability to the potentially significant public health consequences of climate change. 
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Bacltground 

A diverse state, with populations spread unevenly over urban and rural service areas. New York 
is one of 26 states that rely primarily on a county-based system for public health service delivery. 
Local health departments operate under the authority of either the county legislature or local 
board of health. The resuh is a highly decentralized system with a non-uniform provision of core 
services. For example, local health departments provide environmental health services in 37 out 
of New York's 62 counfies, while the State Department of Public Health provides service to the 
other areas. The New York State Public Health Council has identified this decentralization of 
public health service delivery as a key obstacle to efficient coordination of programming and 
data resources for climate-health preparedness. The Council has recommended regional, multi-
county initiafives, which are proven models for more efficient and equitable distribution of 
expertise and services. 

In an effort to improve health care provision, in 1996 New York State initiated a data and 
knowledge communicafion program linking a wide range of partners, including hospitals, local 
health departments, nursing homes, diagnostic centers, laboratories, insurance provider networks, 
and federal agencies. Current communication networks—Health Alert Network (state and city 
levels), the Health Provider Network, and the Health Information Network—are viewed as "both 
very helpful and very underufilized" by the Public Health Association of New York City. 
However, as a result of non-standardized data systems, the value of these networks across user 
groups is compromised. These would be appropriate organizations to target for climate-health 
educational outreach and to evaluate climate-health interventions. 

Some current health conditions are considered potentially sensitive to the changing climate. 
Cardiovascular disease is the leading cause of death in the state and is made worse by extreme 
heat and poor air quality. Childhood asthma is an important current health challenge in many 
parts of New York State, especially in the five counties that comprise New York City, and is 
made worse by poor air quality. New York State has experienced the emergence of several 
vector-borne diseases (those spread by carriers such as mosquitoes and ticks) in the past few 
decades. 

Climate Impacts 

Climate change vulnerabilities in the public health sector are, to a large extent, those in which 
public health and environmental agencies are already engaged. However, climate change places 
an additional burden on public health agencies that are already burdened by low levels of staffing 
and funding. Climate-related risk factors include heat events, extreme storms, disrupfions of 
water supply and quality, decreased air quality, changes in fiming and intensity of pollen and 
mold seasons, and alterafions in patterns of infectious disease vectors and organisms. Demand 
for health services and the need for public health surveillance and monitoring will increase as 
climate continues to change. 

As a result of these climate risks, some climate-related health vulnerabilities have emerged. 
Heat-related illness and death are projected to increase, while cold-related death is projected to 
decrease. Increases in heat-related death are projected to outweigh reductions in cold-related 
death. Cardiovascular and respiratory-related illness and death will be affected by worsening air 
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quality, including more smog, wildfires, pollens, and molds. Allergy and asthma cases are 
projected to increase and become more severe. 

Vector-borne diseases, such as those spread by mosquitoes and ticks (e.g.. West Nile virus), may 
expand or their distribution patterns may change. Water- and food-borne diseases are likely to 
increase without adaptation intervention. Water supply, recreational water quality, and food 
production will be at increased risk due to increased temperatures and changing precipitation 
patterns. 

More intense storms and flooding could lead to increased stress and mental health impacts, 
impaired ability to deliver public health and medical services, increased respiratory diseases such 
as asthma, and increased outbreaks of gastrointesfinal diseases. 

These vulnerabifities span a range from the relafively direct, data-rich, and well understood to 
more complex, muhi-factorial systems for which both data and models are currenfiy 
underdeveloped. Uncertainfies pervade any effort to predict either direct or indirect health 
impacts of climate change. These uncertainties increase the importance of building resilience 
into the public health system to cope with inevitable surprises to come. Vulnerability 
assessments combined with a full accounting of uncertainties will help in prioritizing climate-
health preparedness plans, informing communities on which actions should be taken first which 
informafion gaps are most critical to fill. 

Recommendation 1. Improve or establish robust public health mechanisms to 
reduce the potential for heat-related morbidity and 
mortality in New York State. 

Projections indicating that extreme heat events in New York State are likely to increase in 
frequency, intensity, and duration point to the need for mechanisms to reduce the potential for 
heat-related morbidity and mortality. These mechanisms include expanded outreach and 
education activhies, assessment ofthe adequacy of existing heat warning systems and cooling 
center programs, working with utilities to address health needs associated with heat-related 
power outages, working with community-based organizafions to provide assistance to vulnerable 
populafions, and implementing a statewide plan to reduce the urban heat-island effect. 

Specific Actions 

A. Assess the adequacy of existing heat-warning systems and, as necessary, 
expand the capacity of existing cooling-center programs. For the latter, 
factors that should be considered include siting, potential transportation 
obstacles, effects of power outages or flooding, and other needs of 
vulnerable population/communities. 

As heat-related climate events increase in frequency and severity, significant addhional 
resources may be needed to prevent heat-related morbidity and mortality. A thorough 
assessment of existing systems and programs must be undertaken as soon as possible. 

Potential Cost 
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State and local agencies will need additional staff resources to effectively implement this 
action. Other partners, such as academic researchers and community representatives, also 
may seek compensation for their efforts. Significant capital costs are likely to be associated 
with the sifing of any additional cooling centers, relocating exisfing cooling centers, and 
with any necessary maintenance of cooling centers. Costs of staffing and operating some 
cooling centers and providing for public transportation to cooling centers also may be 
significant. 

Timeframe for Implementation 

New York State already uses systems to warn people about excessive heat. Therefore, 
while the recommended assessment of existing systems should begin in the near term, it 
has somewhat less urgency than some ofthe other recommended public health strategies 
and actions described in this section. Given the anticipated increase in the frequency and 
intensity of extreme heat events, work to begin expanding and enhancing cooling center 
programs should begin as soon as possible. 

B. Enhance existing education and outreach activities, employing multilingual 
and culturally sensitive approaches and making use of appropriate media to 
increase awareness of the public health consequences of heat exposure and 
measures to avoid heat-related morbidity and mortality. Efforts should target 
particularly vulnerable populations. 

Education and outreach may be the single most important way to reduce heat-related 
morbidity and mortality. To achieve effective awareness of heat-waming systems and use 
of cooling-center programs, efforts should be tailored to reach target audiences. 
Addifionally, many vulnerable people lack personal mobility and may not be easily 
reachable via public-service announcements. Often they will be under physician care for 
chronic medical conditions; it may be effective to work with physicians and managed-care 
organizations to help get information to vulnerable patients, and to provide a 
communications link that those patients can use to call for help. Physicians and managed-
care organizations might also be in the best position to identify those most vulnerable 
according to medical condifion, language, and residenfial information (e.g., living on the 
top floor). 

Potential Cost 

One or more agencies should be provided with the necessary staffing resources to 
implement this action or be directed to reallocate exisfing resources. Addhional costs will 
include those associated with publishing and distributing printed materials, purchasing 
space and time for commercial media message distribution (e.g., newspaper, radio, 
television) and social-networking media via the Intemet, and necessary training (e.g., 
training of people to effectively deliver key messages). 

Timeframe for Implementation 

Implementafion of this action should begin immediately upon adopfion of a final Climate 
Action Plan, as heat-related illness and death are already a problem under current climate 
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conditions. Since outreach programs already exist, refinement or expansion ofthe efforts 
may be achieved relafively quickly. 

C. Coordinate with utilities to develop an approach to address the public health 
needs resulting from power disruptions associated with extreme heat events. 

A spectrum of stakeholders including state and local agencies, ufilities, and community 
organizations must work together to identify the best ways to protect public health if heat 
events resuh in power disrupfions. Local electricity generation resulting from demand 
response programs also can exacerbate poor air quality. 

Potential Cost 

It may be possible to accomplish inifial planning efforts by redirecting exisfing resources. 
Possible costs associated with any necessary acfions identified by the initial planning 
efforts are unknown at this fime. 

Timeframe for Implementation 

Implementation of this acfion should begin as soon as possible. 

D. Expand upon existing community-based volunteer networks and, as needed, 
establish additional networks to Identify and assist vulnerable populations 
including senior citizens, people with Impaired mobility, and people with 
limited English-language proficiency. 

Volunteer efforts may be needed to augment outreach and education activifies in order to 
better protect the most vulnerable populations in climate-related emergency situations. 
Volunteers would need climate change educafion and awareness training. Such networks 
could become part of existing community-based emergency preparedness activities. 

Potential Cost 

See 1-B above. 

Timeframe for Implementation 

See 1-B above. 

E. Develop and Implement a statewide "Green Cool-down Plan" to reduce the 
heat-island effect, with a particular focus on the most vulnerable 
communities. 

Reflective building materials and green space can significanfiy reduce heat islands. 
Because communities with the least amount of green space often suffer most acutely from 
the heat-island effect, a plan to address and mifigate this phenomenon's negative impacts 
would be of significant benefit. The proposed statewide "Green Cool-down Plan" could 
build on existing programs and plans focused on creating open space and recreational 
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facilities, promoting urban forestry and agriculture, and employing green infrastructure 
practices. Augmenfing building codes to maximize reflectivity of roofs, windows, and 
exterior walls in vulnerable urban neighborhoods should also be considered. These acfions 
would contribute to both mitigation and adaptation efforts in the state. 

Potential Cost 

Inhial costs of developing this plan should not be substanfial as they probably would be 
limited to providing agencies and authorities with adequate staff resources and expertise (or 
redirecting exisfing resources) to develop an effecfive plan. Costs of implementing the plan 
could be substantial, but these costs probably would, to a greater or lesser extent, be 
balanced by the cost benefits achieved after implementation. 

Timeframe for Implementation 

Ideally, implementafion would begin as soon as sufficient staff resources are available. 

ImpactsA/ulnerabllitles Addressed 

Climate change is likely to increase the frequency, intensity, and duration of extreme heat events 
in New York State. Extreme heat can directly cause an increase in heat-related morbidity and 
mortality, including increased risks for those with medical condifions such as cardiovascular 
disease, renal disease, emphysema, and others. Extreme heat also may lead to increased 
electricity demand, potenfially resulfing in short-term blackouts and brownouts, which can lead 
to other health effects. Weather conditions associated with extreme heat events often are 
associated with an overall decline in air quality. 

All New Yorkers are vulnerable to the range of possible public health consequences associated 
with extreme heat events. However, certain sensitive populations are thought to be especially at 
risk for heat-related morbidity and mortality. The effects of extreme heat may be exacerbated in 
urban areas because of urban heat-island effects. Addifionally, some people (e.g., in more rural, 
northern areas) may less readily acclimatize to heat and may be more sensitive to extreme heat 
events. 

Environmental Justice Considerations 

Research indicates that while the health consequences of climate change may affect all sectors of 
society, low-income people and people of color are likely to experience the greatest harm. These 
same populations often have limited transportation choices, as well, restricting their capacity to 
move to cooler areas or cooling centers. The California Climate Adaptation Strategy idenfifies 
factors that could contribute to health inequities related to people's exposure to extreme heat: 

• Chronic illness co-morbidity: Some low-income and minority communhies may have a 
higher prevalence of chronic illnesses that place individuals at greater risk of heat-related 
illness. Especially vulnerable are people who are receiving treatments at home that 
require electricity to operate and those who may have no means of transport to a medical 
clinic or facility. 
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• Exposure to urban heat-island effect: Low-income individuals and people of color are 
often concentrated in urban areas subject to the heat-island effect. 

• Access to air-conditioning: Low-income individuals are less likely to have air 
condifioning. Differences in air condhioning prevalence have been shown to exacerbate 
racial differences in mortality due to heat effects 

• Occupation: Some workers (e.g., agricultural and construction workers, road crews) are 
especially at risk of heat illness due to the combination of outdoor work in hot weather 
and jobs demanding physical exertion. 

• Fear of crime: People in some communifies (e.g., low income communhies) may be 
reluctant to open doors and windows for ventilafion during heat waves for fear of crime. 

Co-benefits and Unintended Consequences 

Public access to cooling centers and other air-conditioned spaces during extreme heat events can 
help to reduce people's exposure to outdoor air pollutants such as ozone, reducing the risk of air 
pollufion-related health effects. Implemenfing a statewide "green cool down" plan to reduce 
urban heat-island effect can potentially reduce energy use, resuhing in reducfions in greenhouse 
gas emissions. This also can reduce energy costs. Increases in the amount of urban green space 
(e.g., through urban forestry or the creation of additional urban park space) also can contribute to 
healthier lifestyles if people take advantage of such spaces for exercise and recreation. 

Recommendation 2. Educate, empower, and engage all New Yorkers to foster 
a better understanding of the public health consequences 
of climate change and take actions to reduce or eliminate 
those consequences. 

The success of public health adaptation strategies will require that all New Yorkers, from policy 
makers and govemment officials to the general public, have access to information about the 
health consequences of climate change and the importance of allocating resources to reduce or 
eliminate those consequences. 

Specific Actions 

A. Raise the awareness of policy makers. State and local government officials, 
community leaders, businesses. Institutions, health-care providers, and the 
general public about the public health significance and related costs of 
climate change. 

Statewide awareness ofthe public health consequences of climate change is essential to the 
success of climate change adaptafion. 

Potential Cost 

Initially, the costs associated with implementation will be those for adequate staff resources 
to develop the educafion and outreach program. Since this will be an ongoing campaign, 
those costs will be ongoing. Addifional costs will include those associated with publishing 
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and distributing printed materials, purchasing space and time for commercial media 
message distribution, social networking via the Intemet, and training. Implementation costs 
should be compared to the costs of no action. 

Timeframe for Implementation 

Implementation should begin as soon as possible, when necessary staff resources are 
available. 

B. Create effective outreach materials and mechanisms focused on vulnerable 
and/or hard-to-reach populations, identify key health and mental health-care 
providers for training and capacity building, and establish sustained 
community dialogues that communicate critical Information. 

The creation and dissemination of mulfilingual and multicultural outreach materials and the 
identification of outreach mechanisms will be more effective with input from key 
community stakeholders, including health care professionals, religious and civic leaders, 
and community-based organizations. Such community leaders are often best positioned to 
communicate the possible public health consequences of climate change and its impact on 
their particular town, city, or neighborhood. 

Potential Cost 

The costs of this action are a subset ofthe costs of 2-A, above. 

Timeframe for Implementation 

Implementafion should begin as soon as possible, when necessary staff resources are 
available. 

ImpactsA/ulnerabllitles Addressed 

There is an immediate need to provide effective communication to improve understanding of 
climate change and advance a public sense of urgency. Individuals can then see the local impact 
climate change can have on their lives, from day-to-day to extreme weather events. Preparing 
and alerting the public of these events provides an opportunity for climate change 
communication. 

Environmental Justice Considerations 

Different cultures, languages and literacy levels pose challenges to any public health educafion 
and outreach effort. While these challenges may be present in any populafion or community, they 
all are likely to be present in environmental justice communifies, which are likely to be among 
the communifies at the greatest risk of climate-related public health consequences. Implemenfing 
this recommended strategy will require an awareness of these challenges and the incorporation of 
approaches (e.g., employing a mulfilingual approach that incorporates cultural differences) to 
overcome them. Collaborafion with community leaders also can help to idenfify approaches to 
overcome communicafion challenges. 
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Co-benefits and Unintended Consequences 

Public health and safety messages must be received, understood, and acted upon to be effective. 
Cultural, linguistic, and technological advances in health and safety communication mechanisms, 
strategies, and techniques may help to inform difficult-to-reach populafions. Lessons leamed in 
trying to inform people about ways to reduce the health impacts of climate change may help to 
improve all public health communication programs. 

Recommendation 3. Assess and improve the capacity of existing public health 
preparedness, response, and recovery programs to 
respond to climate-related impacts and direct resources 
where needed. 

A number ofthe potential health consequences of climate change are associated with events that 
may resuh in public health emergencies (e.g., floods, severe summer and winter storms, extended 
power outages). White New York currently has robust public health preparedness, response, and 
recovery programs, the capacity of those programs to handle the anticipated increase of extreme 
weather-related events must be evaluated and any necessary measures to enhance the capacity of 
the programs should be implemented. 

Specific Actions 

A. Assess and, as necessary, enhance the capacity of existing preparedness, 
response, and recovery programs. 

Measures such as expanding capacity for coordinafion and communicafion, evaluating 
exisfing eariy waming systems and the logistical feasibility of evacuafion plans, and 
enhancing overall preparedness ofthe public health response to the potential increase in 
severe climate-related events may require additional planning and resources. 

Potential Cost 

Inifial costs of performing the necessary assessment(s) may be limited to staff resources 
needed (e.g., through redirection of existing staff resources). Costs for 
enhancing/expanding program capacity are unknown at this time. 

Timeframe for Implementation 

Implementation of this acfion should begin as soon as adequate staffing resources are 
available. 

B. Determine how existing telecommunications technology and social 
networking systems can be better Integrated Into early warning and 
evacuation systems. 

In the era of texfing. Twitter, and Facebook, informafion of interest to an individual can be, 
and often is, communicated in real-time. These technologies have already proved to be 
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extraordinarily valuable in crisis situations and should be fully incorporated into the 
emergency management system. 

Potential Cost 

The costs of this action are a subset ofthe costs of 3-A, above. 

Timeframe for implementation 

Implementation of this acfion should begin as soon as adequate staffing resources are 
available. 

ImpactsA/ulnerabllitles Addressed 

In terms of emergency management, the most vulnerable populations are those that are not able 
to prepare for, respond to, or recover from emergency events without significant support because 
of their social, physical, or mental status (e.g., people at hospitals, nursing homes, or that require 
oxygen therapy; disabled or homeless people). 

Environmental Justice Considerations 

The potential for climate change to affect people's health in communities that already experience 
inequitable environmental burdens is discussed elsewhere in this section. 

Co-benefits and Unintended Consequences 

Any climate-change-related enhancements to public health preparedness and emergency 
management programs in New York State will better prepare those programs for all public health 
emergencies. 

Recommendation 4. Build community resilience and integrated public health 
capacity to reduce human health impacts of climate 
change. 

The effects of climate change on natural systems and the built environment can resuh in a 
spectrum of adverse public health consequences. The health consequences can be reduced by 
implementing measures to enhance the ability of individuals and communities to recover from 
climate change impacts and measures to help facilitate an efficient, coordinated public health 
response to climate-related events. These measures include planning for climate change at the 
state and local levels, directing the resources necessary to increase the climate resilience of 
individuals and communhies, and coordinafing emergency preparedness planning with a range of 
local enthies. 

Specific Actions 

A. Consider the possible public health-related impacts of climate change in 
planning, programs, policies, and regulations. 
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Currently state and local agencies often make planning, policy, and regulatory decisions 
without considering climate change and the corresponding public health implicafions. This 
can decrease community resilience and increase climate-related risks and impacts. Future 
planning should include community resiliency planning efforts already underway. 

Potential Cost 

Given the numerous enthies to which this acfion would be applicable and the diversity of 
programs, policies, and regulafions, the cost of this acfion is likely to be significant. 

Timeframe for Implementation 

Implementation of this action should begin as soon as adequate staffing resources are 
available. 

B. Increase the resilience of communities by providing additional support for 
healthy-built environment concepts, such as smart growth and green 
Infrastructure, and for local and urban agriculture initiatives that strengthen 
food security. 

Healthy-built environment concepts will help attenuate flooding, reduce the urban heat-
island effect, and reduce air pollution, all of which are likely to be exacerbated by climate 
change and affect public health. Additional resources (both state and federal) should be 
directed to adaptation strategies that also protect and improve human health as critical 
components of building community climate change resilience. Implementafion of these 
concepts will also lead to improved human health overall, which will make individuals 
more able to cope with the effects of climate change, such as extreme heat events. These 
efforts can yield mifigafion co-benefits as well by reducing greenhouse gas emissions. 

Potential Cost 

Addhional staff resources or redirection of exisfing staff resources will be necessary for the 
planning and program design activifies. Costs of implemenfing the plan(s) that would be 
developed could be substantial, but these costs likely would, to a greater or lesser extent, be 
balanced by the cost benefits achieved after implementation. 

Timeframe for Implementation 

Uifimate implementation of this action could occur over the longer term (e.g., 5-10 years), 
but planning activities could begin as soon as adequate staffing resources are available. 

C. Require that emergency preparedness plans include coordination and 
communication among critical stakeholders such as community-based 
organizations, local businesses, local health departments, utilities, and local 
government leaders. 
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Coordination and communication with key stakeholders, including people who live and 
work in a community, are integral aspects of well-formulated emergency preparedness 
plans. 

Potential Cost 

The costs of this action are a subset ofthe costs of 3-A, above. 

Timeframe for Implementation 

Implementafion of this acfion should begin as soon as adequate staffing resources are 
available. 

Impacts/Vulnerabilities Addressed 

Climate change impacts in muhiple sectors can have indirect effects on public health. These 
effects can compound the more direct public health impacts of change in climate and weather 
pattems. Adequate integrated public health capacity and the resilience of communhies will serve 
to reduce the consequences of climate change discussed throughout this document. 

Environmental Justice Considerations 

Some New York communifies of color and low-income status already suffer from disparities in 
health outcomes and disproportionate burdens of environmental insults. These communhies,.. 
especially in urban areas, typically have limited access to resources such as adequate health care, 
nutritious food, adequate housing, and safe neighborhoods (see the NYS 2009 Energy Plan 
Environmental Justice Brief). Furthermore, lower incomes can restrict opportunities to engage in 
health promoting behaviors. For these reasons, low income communities and communifies of 
color are particularly vulnerable to the impacts of climate change on public health, essential 
resources, and infrastmcture. These communities may lack the resilience necessary to effectively 
adapt to changing climate and recover from impacts to public health and resources. 

The combinafion of limited access to essenfial resources (such as health care, clean air, and 
others), and elevated incidence or prevalence of some health outcomes, results in the 
vulnerability of many communhies of color or low income. Solutions include ensuring equity in 
access to resources and reducing health disparities. 

Co-benefits and Unintended Consequences 

Community resilience and integrated public health capacity that are developed in an effort to 
promote adaptation to climate change can have many co-benefits. Communities that are prepared 
to absorb the stresses of climate change impacts with minimal public health consequences will 
also be best prepared to absorb shocks from natural disasters unrelated to climate change, as well 
as from terrorism, crime, and other threats. Since programs that bolster resilience to climate 
change also impart resistance to other threats, efforts can be carried out collaboratively with 
other preparedness and capacity-building programs and the program costs shared. 
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Recommendation 5. Evaluate and enhance, as necessary, the capacity of 
existing surveillance programs for vector-, food-, and 
water-borne diseases and disease-causing agents to 
monitor and respond to the anticipated climate change-
related increase in such public health threats. 

New York State currently has extensive and robust programs for detecting, preventing, and 
controlling vector-, water-, and food-bome diseases, and disease-causing agents. However, 
changes in temperature and precipitation are likely to cause changes in the distribution and 
numbers of disease-causing vectors and changes in the quality of water used for drinking, 
recreation, and food production. These changes may resuh in increases in the incidence of some 
diseases (e.g., Lyme disease, West Nile virus, eastern equine encephalitis. Salmonella food 
poisoning). New York should implement measures so that exisfing programs, at both the State 
and local levels, are adequately prepared for the possible increase in these kinds of diseases and 
disease-causing agents. 

Specific Actions 

A. Evaluate the capacity of existing programs, enhance surveillance of disease 
and disease-causing agents, and enhance the capacity of public health 
programs that control disease-causing agents. 

New York State programs for the detection, prevention and control of vector-, water-, and 
food-bome diseases, and disease-causing agents are likely to require additional resources. 

Potential Cost 

Although uncertain, it may be possible to accomplish the evaluafion of existing program 
capacity with limited additional staffing resources. The costs associated with any necessary 
program enhancements are unknown at this time but could be estimated as part ofthe 
evaluation of existing program capacity and would be offset to a degree by the avoided 
health impacts. 

Timeframe for Implementation 

Since New York State already has extensive and robust programs in this area, immediate 
implementafion may not be necessary. If feasible, inifial implementation of this action (i.e., 
the recommended program evaluation) should begin as soon as adequate staffing resources 
are available. 

B. Provide necessary assistance to local governments. 

Much ofthe burden of responding to extreme climate variability and climate change will 
fall upon local govemments. Mechanisms for providing assistance to these entifies will be 
essenfial. 

Potential Cost 
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Costs of determining the kinds of assistance that may be needed for local governments are 
a subset ofthe costs of 5-A. Costs of actually providing any necessary assistance to local 
governments could be substantial but are unknown at this time. 

Timeframe for Implementation 

Same as for 5-A, above. 

C. Expand analytical laboratory capacity to support essential environmental 
monitoring, disease surveillance, and outbreak investigation/control 
activities. 

Adequate analyfical laboratory capacity is a crifical component in detecting and preventing 
vector-, water-, and food-borne diseases. 

Potential Cost 

Addhional staffing may be needed to evaluate existing laboratory capacity. The cost of any 
possible expanded analytical laboratory capacity is unknown at this time. 

Timeframe for Implementation 

Same as for 5-A, above. 

ImpactsA/ulnerabllitles Addressed 

The interaction of climate, vector populations, and other factors in determining incidence of 
vector-bome illnesses remains complex and not adequately understood. Validated models to 
predict future vector-, water-, and food-borne disease incidents in New York under extreme 
climate variability and climate change scenarios are not available. Even qualitative assessments 
remain highly uncertain. This recommendafion would help address these gaps. 

Environmental Justice Considerations 

People with compromised immune systems will be particularly vulnerable to the increase in 
infecfious diseases resulting from climate change. In addhion, people of color, people living in 
remote areas, and persons of low socioeconomic status are often medically underserved, and so 
are potentially more likely to delay treatment for infections. 

Small communities with limited resources to direct toward water and wastewater infrastructure 
may have a relatively high risk for water-borne illness. Similariy, small communhies that rely on 
surface water supplies may find those supplies threatened by increased chemical and microbial 
contaminafion resuhing from the impacts of climate change. 

Co-benefits and Unintended Consequences 

Implementation of this recommendation may improve New York's capacity to prevent and 
control many vector-, water-, and food-bome diseases that are not related to climate change. For 
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example, microbiologists and epidemiologists that investigate food-bome Salmonella outbreaks 
resulting from climate change are also available to investigate outbreaks due to many other 
agents. 

Implementation may also improve New York's capacity to respond to agents that may be 
deployed by bioterrorists. The U.S. CDC lists plague {Yersiniapestis), botulism (Clostridium 
botulinum toxin), and viral hemorrhagic fevers among its Category A (high-priority) bioterrorism 
agents. Category B (second-highest priority) biotertorism agents include food safety threats (e.g.. 
Salmonella species, Escherichia coli 0157:H7, Shigella); viral encephalhis (alphaviruses [e.g., 
Venezuelan equine encephalitis, eastem equine encephalhis, westem equine encephalhis]); and 
water safety threats (e.g.. Vibrio cholerae, Cryptosporidium parvum). These potential 
bioterrorism agents are also vector-, water-, and/or food-borne disease agents. 

Recommendation 6. Assess and prepare for the significant public health risks 
associated with hazards related to sea level rise. 

Rising coastal waters and the associated potential increase In storm surges can cause widespread 
coastal flooding, which may result in a range of adverse public heahh and safety outcomes. The 
risks to be addressed include storm surges, flooding, poor indoor air quality, saltwater 
contamination of public water supplies, post-traumatic stress, increases in disease vectors, 
inundafion-related contaminafion problems, impaired access to health care, and loss of food 
security. 

The SLRTF has been assessing the anticipated effects of sea level rise and developing 
recommendations for state action to address them. This Climate Action Plan recommendation 
supports the implementation ofthe public health recommendation'* developed by the Sea Level 
Rise Task Force. Addifional information can be found in the Coastal Zones section of this 
chapter. 

Potential Cost 

Addhional agency staff resources are likely to be needed to implement this action. 

Timeframe for Implementation 

Implementation should be initiated as soon as possible after New York State adopts the 
recommendafions ofthe SLRTF. According to the draft SLRTF recommendafion, full 
implementation may occur within two to five years. 

ImpactsA/ulnerablllties Addressed 

Sea level rise itself and the associated potential increase in storm surges are likely to cause an 
increase in coastal flooding. Forecasted storm surges from coastal storms may result in 
population evacuations that will displace people from home and work, which can have a range of 
possible health consequences including lack of access to medications and roufine or emergency 

http://www.dec.nv.gov/energv/45202.html 
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medical care. Health care facilities may be at risk of flooding and may require evacuation, 
relocation, or protecfion (e.g., by floodwall construcfion). The flooding that may occur has the 
potential to cause a range of adverse public health consequences. 

Environmental Justice Considerations 

As with all ofthe potenfial health consequences of climate change, sea level rise and its attendant 
consequences will likely have the greatest effect on some people who are members of ethnic and 
racial minorities and people who are poor. People in these groups may live in areas that are 
subject to severe flooding from coastal storms, yet these areas may be poorly prepared to avoid 
the consequences of flooding. Poor people may lack the resources and means to evacuate high-
risk areas and many, if not most, will have limited options in securing temporary or permanent 
alternative housing. Any loss of community centers, senior centers, and public recreational 
facilifies may have a greater effect on poor than on more affluent communities. Overall, most of 
the possible effects (e.g., contamination resulting from combined sewer overflows and releases 
of toxic materials, power outages, mold growth) probably will have greater consequences for the 
poor. Actions to adapt to sea level rise must, as a priority, address the public health issues that 
will be confronted by these most at-risk populations. 

Co-benefits and Unintended Consequences 

Measures to avoid the public health consequences of sea level rise may include the construcfion 
of new dwelling units, commercial space, and other structures away from flood-prone areas. New 
construction inifiafives will present opportunifies to create healthier buih environments. Climate-
smart building pracfices can increase the energy efficiency of buildings and lead to energy cost 
savings for building owners and occupants. 

Recommendation 7. Conduct and support research on the public health 
consequences of climate change and their effective 
incorporation into adaptation strategies. 

A New York State research plan on the public health aspects of climate change would enable a 
more thorough understanding ofthe possible consequences of climate change. The plan also 
would provide a foundation for assessing the effectiveness of adaptation strategies so that those 
strategies can be optimally designed and modified to reduce or eliminate the health consequences 
of climate change. 

Specific Actions 

A. Develop a research agenda that Includes making use of health Impact 
assessments, developing appropriate health indicators, and assessing the 
effectiveness of adaptation technologies. 

Developing a coherent research agenda focused on climate-related public health impacts 
and issues will help shape public policy and facilitate more efficient and effective use of 
scarce public resources. This research, together with monitoring and surveillance efforts, 
could help to identify and refine strategies to reduce the impacts of climate change on 
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human health, reduce uncertainties about the possible impacts, and design effective 
adaptation strategies. 

Potential Cost 

It may be feasible to develop a research agenda by redirecting existing staff resources. New 
York State agency costs of performing any research may be partially offset by seeking 
grant funding. 

Timeframe for Implementation 

Immediate or even near-term implementafion of this action is probably not essenfial, but if 
feasible, implementation should be inhiated as soon as necessary resources are available. 

B. Develop participatory methods to assess the effectiveness, accessibility, and 
quality of public health-related climate change adaptation programs. 

To further strengthen and develop measures, policies, and programs focused on the public 
health dimension of climate change adaptafion, New York State should develop and 
implement assessment methodologies and pracfices designed to fully engage a wide 
spectrum of stakeholders, especially those members ofthe public most at risk from 
particular climate change-related health impacts such as heat-related morbidity and 
mortality, post-emergency mental distress, and respiratory, cardiovascular, and other 
diseases. 

Potential Cost 

While it may be feasible to perform this activity by redirecfing existing staff resources, 
some limited addifional staffing may be required. 

Timeframe for Implementation 

Same as for 7-A, above. 

ImpactsA/ulnerabllitles Addressed 

Climate-related risk factors include heat events, extreme storms and storm surge events, 
disruptions of water supply and quality, decreased air quality, and alterations in pattems of 
infectious disease vectors and organisms. Demand for health services and the need for public 
health surveillance and monitoring will increase as climate confinues to change. Climate change 
places an additional burden on public health agencies that are already burdened by low levels of 
staffing and funding. 

Environmental Justice Considerations 

Expanded research can improve the understanding of potential health impacts to traditionally 
underserved groups that are likely to be affected by climate change. 
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Co-benefits and Unintended Consequences 

Research to advance public health adaptation to climate change would enable proactive measures 
and overall community public health and resilience. Developing methods to link and quantify 
relationships among climate change, changes in energy production and use, air pollution, and 
health outcomes would provide opportunities for improved public health protection and its 
associated societal benefits. 

The costs of investing in public heahh research will be offset by reduced health care costs 
resulting from improved preparedness and adaptation (Ebi et al., 2009). Ebi et al., 2009 
concluded: "(g)iven the real risks that climate change poses for U.S. populations, the National 
Institutes of Health, Centers for Disease Control and Prevention, U.S. Environmental Protection 
Agency, and other agencies need to have robust intramural and extramural programs with 
funding of >$200 million annually. Despite the risks, extramural federal funding of climate 
change and health research is estimated to be <$3 million per year." 

tteOsseouinmiiflsg^ 

Vision Statement 

Prepare for, and adapt to, a changing climate by building increased resilience into the 
communications infrastructure via opportunities for system-level redundancy, diversity, risk 
management, and review. 

Background 

Telecommunications infrastructure is vital to New York State's economy and welfare; its 
capacity and reliability are essential to the effective functioning of global commerce and the 
state's economy and are especially vital during emergencies. The sector has important public 
functions, but it is largely privately operated. The rapid technological changes inherent in the 
sector mean that the planning horizons and life spans for much of its infrastructure are at best on 
the order of a decade. The sector is tightly coupled to the energy sector, with power outages 
affecfing the reliability of communicafion services; many of its communicafion lines also are 
located on the same poles as power lines. Modem digital technologies, including communication 
services based on fiber optics, broadband, and the Internet, can be more vulnerable to power 
outages than traditional landline technology. 

A focus ofthe communication infrastmcture sector is how to ensure that the perpetual 
introduction of new technologies enhances the reliability and uninterrupted access to services, 
rather than degrading these services. Such a focus is essential both now and in the future, when 
the perils from climate change may increase. 

Climate Impacts 
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Communicafion service delivery is vulnerable to hurricanes, lightning, ice, snow, wind storms, 
and other extreme weather events, some of which are projected to change in frequency and/or 
intensity. Communication lines and other infrastructure are vulnerable to the observed and 
projected increase in heavy precipitation events and resulting flooding and/or freezing rain. In 
coastal and near-coastal areas, sea level rise in combinafion with coastal storm surge flooding 
will be a considerable threat later this century. The delivery of communication services is 
sensifive to power outages, such as those resulting from the increased demand associated with 
heat waves, which are expected to increase with climate change. 

Under current climate conditions and severe weather events, there are already serious 
vulnerabilifies that in many instances prevent the telecommunications sector from delivering 
services to the public that are resilient to extreme events. If the sector could be made more 
resilient to the current climate, then the incremental threat from climate change is likely to be 
more manageable. 

Recommendation 1. Agencies and authorities, including municipalities, 
with jurisdiction over communication infrastructure, 
should prepare detailed inventories of 
telecommunications facilities, networks, and 
corridors; prioritize critical Infrastructure; and 
complete climate vulnerability assessments of 
critical infrastructure and corridors within their 
jurisdictions. 

All agencies and authorities, including municipalities, with jurisdiction over communication 
infrastructure, should prepare inventories of existing and proposed critical infrastmcture and 
infrastructure corridors to assess their vulnerability to the impacts of climate change. Inventories 
should encompass the wide variety of elements and technology included in New York Stale's 
telecommunications sector, including cable television, Intemet, network services, 
telecommunications, and medical and emergency services. The inventory should identify the 
most critical systems and facilities. 

The inventories should be used to conduct vulnerability assessments for crifical infrastructure. 
These assessments should rely on State-accepted climate change projections and consider how 
these projecfions may impact each communication facility and component over time. 
Assessments should also include detailed financial and social impact analyses that account for 
interdependencies within the sector and between the communications and energy sector. This 
informafion should be incorporated into long-term planning, design, funding, and operafion of 
communication infrastructure at the State and local levels. 

Development of inventories and vulnerability assessments must be coordinated across 
jurisdictions to eliminate duplication of efforts and allow for prioritization of critical 
infrastructure at the State level. While the costs of these assessments and actions to reduce the 
vulnerabilifies to communicafion infrastructure could be significant in the near term, they may be 
dwarfed by the potential costs related their failure as the result of a changing climate. 

Specific Actions 
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A. Agencies and authorities with jurisdiction over telecommunications 
Infrastructure in New York State should identify and Inventory existing and 
proposed communication components, facilities, networks, and corridors; 
and prioritize infrastructure that is essential to support critical state and 
local functions such as emergency preparedness and response capabilities. 

The purpose of these inventories is to identify all communications infrastructure and 
prioritize infrastmcture that is vital to the health, safety, and welfare ofthe people in the 
state. The inventory process must be coordinated among responsible agencies to eliminate 
duplication of effort and allow for priorhization of infrastructure statewide. Priorhization of 
infrastructure should be based on crifical movement of data volume, type and, number of 
users, and the ability to interconnect regions within both New York State and adjacent 
states. Information should be provided to all communicafion agencies to assist in inventory 
preparation. 

Potential Cost 

Esfimates to prepare baseline inventories differ according to municipality or agency 
jurisdictional size, resources, and communication infrastructure. 

Timeframe for Implementation 

The dependency ofthe state and its residents on telecommunications infrastructure 
necessitates that an effort to inventory critical infrastructure should be undertaken in the 
near term. 

B. Agencies and authorities should conduct vulnerability assessments using 
New York State-accepted climate change projections to assess the impact of 
projected climate change on priority communication infrastructure. 

Vulnerability assessments should be conducted using state-accepted projections for climate 
change such as those developed through the NYSERDA-sponsored ClimAID project. 
Vulnerability assessments should include detailed financial and social impact analyses 
including interdependencies of facilhies and communication infrastructure. 

Potential Cost 

Regionally downscaled climate projecfions have been developed as part ofthe ClimAID 
project. Statewide, this effort is broadly estimated to require a staff time effort in the 
several millions of dollars. Some cost will be associated with updafing climate projections 
on a regular basis. 

Timeframe for Implementation 

The vulnerability assessments should be undertaken in the near term and build on the 
inventory. The vulnerability assessment should be updated on a periodic basis to 
incorporate revised climate projecfions. 
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Environmental Justice Considerations 

Key community-level infrastructure may be at risk from the effects of climate change, which 
could especially affect underserved EJ communities. Accessibility is a crifical concem when 
planning evacuation and emergency procedures. New York State should give special 
considerafions to those communhies dependant on landline communication due to lack of access 
to wireless technology. Future priorifization of adaptafion strategies and funding should 
coordinate with local community resiliency plans and incorporate impacts to all communifies, 
especially EJ communifies. 

Recommendation 2. Incorporate state endorsed climate change projections Into 
all relevant planning, design, funding, and operational 
decision making within New York State's 
telecommunication and information infrastructure sector. 

When facilities such as communication networks are designed, planners project data-transfer 
volume so that the design will be adequate for future needs. Similarly, projections are available 
for future climate condifions. Climate change poses structural as well as operational hazards to 
the state's communicafion infrastructure. The growth ofthe telecommunication networks and 
data-transfer volume and the variability of climate change result in highly dynamic condifions 
for the communication sector. The level of dynamism in the sector can be expected to increase in 
the future. 

A coordinated interagency effort should begin now to develop and implement specific design 
policies to incorporate projected effects of climate change into the design of facilifies as 
appropriate for their expected design life. In this way the risks to communication infrastructure 
and users, and the costs of premature replacement, may be reduced or avoided. 

Specific Actions 

A. State agencies responsible for the management of communication 
Infrastructure should develop specific design and operational guidance 
based on climate change projections and incorporate it into communication 
projects and investments. 

The projects being designed and buih today will face significant climate-related changes in 
conditions during their design lives. A well-designed facility, built with provision for those 
anficipated future condifions, offers major savings over one that will quickly become 
obsolete and require replacement. Examples of specific actions include avoiding 
installation of fiber optic cables in areas that are at high risk of flooding or sea level rise, 
and ensuring that communication centers that are in zones at high risk of flooding and sea 
level rise are identified and their relocation opportunities evaluated. 

Potential Cost 

Tens of thousands of dollars in staff time to develop needed guidance and criteria based on 
state-accepted climate projections. 
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Timeframe for Implementation 

A significant opportunity exists to incorporate the most recent regional projecfions for 
climate change based on the best available science into state agency decision-making 
processes. 

B. Direct funding as available for adaptive changes to existing critical 
communication networks used for emergency preparedness and response 
that are at greatest risk from climate Impacts. 

There are critical communication networks that are a major component of emergency 
preparedness plans (evacuafion networks) and emergency response plans (relief supply 
networks and access to recovery responders and equipment). If these networks are not 
changed to make them more resilient to future extreme weather events projected by climate 
change forecasts, emergency preparedness and response plans could be adversely impacted. 

Potential Cost 

No estimated cost for addressing this recommendation has been developed at this time. A 
realistic cost cannot be prepared until the potential impacts and adaptive changes have been 
idenfified. 

Timeframe for Implementation 

Near term (I -3 years): New York State is increasingly vulnerable to large storm events in 
coastal areas that can cause service disrupfions and threaten public safety. 

Environmental Justice Considerations 

The specific impact on EJ communities is not known at this time. As the critical 
communication networks serve both EJ communifies and non-EJ communifies alike, it is 
anticipated that this recommendation will allow more resilient emergency evacuafion 
networks and resilient response to weather-related emergencies to EJ communities. 

C. Develop models, guidance, standards, and financial support where possible 
to help local governments Implement adaptive measures for priority 
communication Infrastructure. 

New York State design standards and guidance curtently provide the framework for design 
for county and municipal communication agencies across the state and for much private 
development as well. Local agencies do not have the resources to develop specific criteria 
of their own, and local standards and guidance are most often modeled on those of county 
or State entities. 

Potential Cost 

Tens of thousands of dollars in staff fime to produce guidance for local officials. 
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Timeframe for Implementation 

As soon as possible. 

Environmental Justice Considerations 

Specific impacts are not known at this fime; however, increased resiliency ofthe 
communication sectors could positively affect all state residents. 

Recommendation 3. Where feasible and cost effective, reduce vulnerability of 
telecommunication infrastructure to extreme weather 
events through efforts to increase redundancy, shift toward 
a more distributed network, and reduce the 
interdependency of communication infrastructure and 
between communication and energy infrastructure. 

Specific Actions 

A. Foster a shift toward a more distributed network of communication 
infrastructure, including expansion of wireless services. 

This will ensure that crifical operational elements will not be lost if a specific locafion is 
impacted by an extreme event (e.g., flooding). Grouping different types of critical 
infrastructure, such as ducts and wiring, in one location or facility can increase 
vulnerability. By increasing the geographic diversity of communicafion centers, there is 
less chance that mulfiple networks will fail at the same time. For example, redundant 
switching nodes could be developed in several locations to ensure system operation should 
one node go out of service. Diversity may also be increased by having communicafion 
services use fiber opfic rings in the local loop or set up altemafive switching when a central 
communicafions center fails. 

Potential Cost 

Significant investment in some areas. Incremental costs associated with planned capital 
investments for system upgrades. 

Timeframe for Implementation 

As soon as possible. 

B. Planning for investments in communications infrastructure and for changes 
in operations should support, and be coordinated with, adaptation and 
operations of other sectors, particularly the energy sector (e.g., smart grid). 

Potential Cost 
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Large-scale investment— in the many millions of dollars; may be integrated into capital 
investment cycle. 

Timeframe for Implementation 

Coordinafion activifies should begin as soon as possible. 

C. Ensure system redundancies for communications Infrastructure, including 
communication towers, at high risk of flooding and high winds. 

Potential Cost 

Large-scale investment—can be integrated into capital investment cycle. 

Timeframe for Implementation 

As soon as feasible in coordinafion with capital investment cycles. 

Environmental Jus t i ce Cons idera t ions 

Siting of addifional communication infrastmcture should take into account EJ considerations. 

Recommendation 4. Improve the dialogue on climate resiliency between state 
agencies and private telecommunications service providers 
and provide increased accountability for service 
disruptions 

Specific Action 

A. To provide increased accountability carriers and other communication 
service providers should be required to report compliance with the Federal 
Communications Commission's standards 

A significant challenge ofthe privafized sector is that reports of service outages to federal 
and State regulators are not accessible to the public and are not uniformly mandatory across 
the different types of services. In addhion, service provider networks are not required to 
report on their vulnerability to extreme events or the quality of their service. It is 
recommended that reliability, survivability, and diversity be promoted according to FCC's 
Network Reliability and Interoperability Councils. Better reporting could be achieved by 
requiring service providers to file regular reports with the Public Service Commission. It 
may be necessary to improve reporting mechanisms and other areas of dialogue in this 
industry to ensure resiliency of this sector. 

Potential Cost 

Many tens of thousands of dollars of personnel hours 

11-63 



New York State Climate Action Council 
Interim Report 11-9-10 

Timeframe for implementation 

As soon as reasonable. 

Environmental Justice Considerations 

No immediate, identified issues. 

ItenEpeoiaftnri 

Vision Statement 

Advance transportation and land-use choices that increase the resilience ofthe state's 
transportation system to climate change; address specific regional vulnerabilities and those in 
common, including known infrastructure deficiencies; and be consistent with the state's 
commitment to smart growth land use, recognizing that all decisions must seek to safeguard and 
improve the safety and mobility of people, and goods and services with regard to social equity. 

Background 

New York State is home to a 113,000-mile network of interstate and State highways, including 
16,000 bridges, a 4,600-mile rail network, which includes the largest mass transh system in the 
U.S., some 500 public and private aviafion facilifies, more than 130 public transh operators, four 
port authorities, and numerous private ports. Transportation contributes about 10 percent ofthe 
state's economy—about $100 billion annually. 

The highest concentration of transportation infrastructure is generally located in regions that are 
population centers and vital drivers ofthe global, national and, state economies. Threats to these 
dense metropolitan transportation systems (especially New York City) would have far-reaching 
impacts. 

Ground transportation systems (roads and rails) in coastal population centers are often placed 
underground in tunnels very close to or below sea level. Since transportation is a networked 
system, delays, failures, and catastrophic failures in one system can affect other systems. 

Transportation occurs by different modes: land, air, and water. On land, it can be divided into 
road, rail, and pipeline. The goods of transport are people and freight (the latter including raw 
materials, supplies, finished products, and waste). In urban concentrations, mass transit systems 
serve the commuting populations going to and from daily work, school, shopping, etc. In 
suburban and rural areas, largely private vehicular transportation on roads and highways 
dominates but also reaches the central business districts of cities. Long-distance and interstate 
traffic on the roads is complemented by railway, water, and air transport. 

Climate Impacts 
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The impacts of climate change have significant consequences for the transportation sector. Over 
the next few decades, heat waves, heavy precipitation events, and windstorms are likely to 
dominate the causes for moderate, more frequent transportation problems such as fiooded streets 
and delays in mass transit. By 2050 at the latest, sea level rise and storm surge will become more 
significant threats. By later this century, this threat will be so severe that major adaptations will 
have to be in place, not only in the coastal zone, but all the way to cities including Troy and 
Albany as sea level rise and storm surge propagate up the tide-controlled Hudson River. Low-
lying transportation systems such as subways and tunnels, especially in coastal and near-coastal 
areas, are at particular risk of flooding as a result of sea level rise and heavy-precipitation events. 

Materials used in transportation infrastructure, such as asphalt and train rails, are vulnerable to 
increased temperatures and frequency of extreme heat events. Air conditioning requirements in 
buses, trucks, and trains, and venfilation requirements for tunnels will increase. Runways will 
require lengthening in some locations since hotter air provides less lift, necessitating higher 
speeds for takeoff 

The Great Lakes may see a shorter season of winter ice cover, leading to a longer shipping 
season. However, reduced ice cover is also likely to mean an increase in lake effect snow events, 
which cause various transportafion problems. 

Air- and land-based transportation systems are vulnerable to ice and snowstorms, although 
requirements for salting and snow removal may decrease as snow tends to turn more often into 
rain. Freeze/thaw cycles that disturb roadbeds may increase as winter temperatures rise. New 
York State has the most days per year of freezing rain in the nation. This affects air and ground 
transportation directly, and indirectly through electric and communicafion outages. 

Recommendation 1. Encourage all State, regional, and local transportation 
agencies and authorities, including municipalities with 
Jurisdiction over transportation infrastructure, to prepare 
detailed inventories and climate vulnerability 
assessments of critical transportation infrastructure and 
corridors within their jurisdictions. 

All State, regional, and local transportafion agencies and authorifies, including municipalities, 
with jurisdiction over transportation infrastructure should prepare inventories assessing the 
vulnerability of critical transportation infrastructure and corridors from the effects of climate 
change using best available. State-endorsed climate change projections. These vulnerability 
assessments should include a baseline inventory of all transportation infrastructure and consider 
how projected climate change would affect each facility. Inventories should include detailed 
financial and social impact analyses. While the costs of new assessments and reducing the 
vulnerabilities ofthe state's transportation systems could be significant in the near term, such 
costs are expected to be dwarfed by a failure to address the changing climate. 

Specific Actions 
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A. Key transportation corridors, designated according to the critical movement 
of people and/or freight and their importance to Intra- and Interstate travel, 
should be provided to transportation agencies. 
As a necessary step prior to preparing inventories. New York State should identify key 
transportation corridors (see also recommendations 5 and 6), including both highway and 
non-highway routes (examples of such routes are existing coastal evacuafion routes). 
Designation of key corridors should be based on crifical movement of both people and 
freight and the ability to interconnect regions within New York State and adjacent states. 
Information should be provided to all transportation agencies to assist in inventory 
preparation. 

Potential Cost 

Statewide, this effort may potenfially cost $5-15 million. Included in this estimate are paid 
hours of staff currently in state or agency service and consultant staff. 

Timeframe for Implementation 

This effort is estimated to take 12-18 months and would occur concurrently with work 
under Recommendation I .B. 

B. New York State should endorse a coordinated set of climate change 
projections and provide these to State transportation agencies, regional and 
local planning agencies and authorities, local municipalities, and other 
transportation stakeholders such as privately owned railroads, airports and 
marine shipping operators. 
To ensure consistency of these transportafion inventories, New York State should endorse 
projections for climate change variables and impacts such as sea level rise, heat indices, 
precipitation rates, in particular rainfall intenshies, and extreme-storm events. 

Refinement ofthe model projections and regular updates should be conducted. 

Potential Cost 

The majority ofthe climate projection work is complete. Refinement of models and 
updates will be relafively low cost. 

Timeframe for Implementation 

This effort would be an ongoing exercise. 

C. Integrate climate change into vulnerability assessments, which should 
Include a baseline inventory of existing and proposed transportation 
infrastructure and analyses of potential financial and social Impacts based 
on climate projections endorsed by New York State. 
Using climate change projections and key corridor definitions, all State transportation 
agencies, regional and local planning agencies and authorifies, and local municipalities 
should assess the vulnerability of all transportafion infrastmcture and corridors within their 
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jurisdicfion from the effects of climate change, including considerafion of how climate 
change projecfions would affect each facility in given timeframes. Inventories should 
include financial and social impact analyses. Each individual agency, authority, and 
municipality should consider all New York State idenfified key transportation corridors, 
including interdependencies of adjacent agencies facilifies. This underscores the need for 
statewide agency collaboration and communication during the development of each 
inventory 

Potential Cost 

Estimates to prepare baseline vulnerability inventories differ depending on 
municipality/agency jurisdictional size, resources, and transportation infrastructure. 
Statewide, this effort is broadly estimated to cost up to $15 million dollars 

Timeframe for Implementation 

Baseline Vulnerability Inventories: This effort is estimated to takel2-18 months and would 
occur following efforts under I-A and 1-B. 

D. To facilitate investment decisions evaluate which freight and passenger 
transport systems are most resilient to climate change. 
New York State should determine which transportation modes, structures, and facilities are 
the most resilient to climate change using the inventory created under this recommendation 
and the long-term vision for transportation from Recommendation 4. Various metrics, such 
as dollar-value-risk per person served and tons of CO2 per passenger miles traveled would 
be applied to projects so that they can be evaluated consistently across the state. Results of 
this effort would be used in recommending priorities for infrastmcture investment. New 
York State should prioritize infrastructure investments that support the Climate Action Plan 
adaptation-planning processes and greenhouse gas reduction efforts. 

Potential Cost 

Estimates to accomplish the administrative planning associated with this task range from 
$l-$5 million. This estimate is gamered from similar state agency costs and is largely 
based on staff fime and does not include actual engineering implementafion costs that 
cannot yet be estimated. 

Timeframe for Implementation 

This effort is esfimated to take 12-18 months and would closely follow work completed 
under recommendations I-A and B but would occur prior to work under Recommendation 
6-B. Work under Recommendation 5 would be used in Recommendafion 1-C. 

Impacts/Vulnerabilities Addressed 

Vulnerability assessments should take into account all potenfial climate change impacts on this 
sector. In particular, rising sea levels, more frequent and severe riverine flooding, higher 
temperatures, and generally increasing variability of weather should be considered. 
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Environmental Justice Considerations 

Key community-level infrastructure may be at risk from the effects of climate change, which 
could especially affect underserved communifies. New York State should give special 
considerafions to those communities dependant on mass transit due to lack of access to cars. 
Accessibility is a critical problem when planning evacuation and emergency routes. Future 
prioritizafion of adaptation strategies and funding should coordinate with local community 
resiliency plans, and incorporate impacts to all communities, especially environmental justice 
communifies. 

Co-benefits and Unintended Consequences 

Vulnerability inventories would help idenfify both existing and future infrastructure problems 
and needs, especially in areas where aging infrastructure may already be at risk even without 
future climate change. New York State can use these assessments in prioritizafion of capital 
dollars. Building resiliency and efficiency into the state's transportation system in order to better 
adapt to climate change will also dramafically reduce GHG emissions, having a significant effect 
on climate change mhigafion. Costs could include intensified land uses in certain areas, capital 
outlays, and political ramificafions. 

Recommendation 2. Prioritize transportation infrastructure that Is essential for 
emergency preparedness and response capabilities. 

Protecting critical transportation routes, such as those that are a major component of emergency 
preparedness plans (evacuation routes) and emergency response plans (relief supply routes and 
access to recovery responders and equipment), from climate-related impacts should be a priority 
for New York State. If these routes are not altered or protected so that they are more climate 
resilient, emergency preparedness and response plans could be adversely impacted. 

Specific Action 

A. Direct funding, as available, for adaptive changes to critical transportation 
routes used for emergency preparedness and response that are at greatest 
risk from climate impacts. 
New York State should direct funding for adapfive changes to crifical transportation routes 
used for emergency preparedness and response that are at greatest risk from climate change 
impacts. There are critical transportation routes that are a major component of emergency-
preparedness plans (evacuation routes) and emergency-response plans (relief supply routes 
and access to recovery responders and equipment). If these routes are not changed to make 
them more resilient to future extreme weather events projected by climate change forecasts, 
emergency preparedness and response plans could be adversely impacted by future weather 
events. 

Potential Cost 
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No estimated cost for addressing this recommendation has been developed at this fime. A 
realistic cost cannot be prepared until the potential impacts and adaptive changes have been 
identified. 

Timeframe for Implementation 

Near-term (1-3 years). New York State is increasingly vulnerable to climate change, 
especially large storm events in coastal areas. 

Impacts/Vulnerabilities Addressed 

Disruption of emergency preparedness plans and response due to climate change impacts on 
transportation facilifies. 

Environmental Justice Considerations 

The specific impact on environmental jusfice communities is not known at this fime. As the 
crifical transportafion routes serve both EJ communifies and non-EJ communities alike, it is 
anticipated that this recommendafion would allow more resilient emergency-evacuafion routes 
and resilient response to weather-related emergencies in EJ communhies. 

Co-benefits and Unintended Consequences 

This proposal would assist in reducing the backlog of maintenance work on key transportafion 
routes. 

Recommendation 3. Incorporate State-endorsed climate change projections 
into all relevant planning, design, and operational 
decision making within New York State's transportation 
sector. 

When facilifies such as highways are designed, planners project future traffic levels so that the 
design will be adequate for future needs. Similarly, projections are available for future climate 
condifions. Most significant of these for the transportation sector are rising sea levels and 
increased flooding due to increased runoff from increasingly intense storms and rainfall. Unlike 
traffic congestion, these changes pose structural as well as operational hazards to the state's 
infrastmcture. Yet transportafion agencies currently design their projects, not for anticipated 
future condifions, but for the condhions ofthe past, even though those condhions have 
undergone documented change and are predicted to continue to change in the future. 

A coordinated interagency effort should begin now to develop and implement specific design 
policies to incorporate projected effects of climate change into the design of facilities as 
appropriate for their expected design life. Efforts should be made to reduce runoff from existing 
sources to offset projected increases. In this way the risks to infrastructure and users and the 
costs of premature replacement can be reduced or avoided. 

Specific Actions 
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A. To the extent feasible, State transportation agencies should develop specific 
design criteria and operational guidance based on climate change 
projections, to be incorporated into current and future transportation 
projects and investments. 
Transportation infrastructure projects such as highway and rail embankments, bridges and 
culverts, and yard facilities, typically have design lives of 50 years or more. In many cases, 
the expectation is that the life ofthe project will then be further extended by rehabilitafion. 
The projects being designed and built today will face significant climate-related changes in 
condifions during their design lives. A well designed facility, built with provision for those 
anficipated future condifions, offers major savings over one that will quickly become 
obsolete and require replacement. 

Potential Cost 

Tens of thousands of dollars in staff time. This figure does not include actual engineering 
implementafion costs that cannot yet be estimated. 

Timeframe for Implementation 

As soon as possible, since some transportation infrastructure projects are currently being 
designed and, once constructed, will last for decades. Unless these projects account for 
future climate conditions, they may be at risk from future climate impacts. 

B. Stormwater management techniques and approaches should be 
incorporated wherever possible into existing contributors and across all 
sectors— private, commercial, municipal, etc. 
Greater stormwater runoff control is necessary to reduce pressures, especially on urban 
drainage systems. Stormwater is currently regulated for new projects, but contributions 
from existing, unmanaged sources will continue to increase unless those sources can be 
retrofitted to reduce runoff. This effort should include an assessment of opportunities to 
create or maintain open spaces with permeable surfaces, to lessen the degree that storm 
surges will sweep toxic substances inland. 

Potential Cost 

Incremental increase to large expenditure for retrofitting existing runoff sources, depending 
on how aggressive action is targeted. 

Timeframe for Implementation 

Implementation should begin as soon as possible, when necessary staff resources are 
available. 

C. Develop models, guidance, standards, and financial support where possible 
to help local governments Implement adaptive measures for priority 
transportation infrastructure. 

11-70 



New Yori( State Climate Action Council 
Interim Report 11-9-10 

New York State design standards and guidance currently provide the framework for design 
for county and municipal transportation agencies across the state and for much private 
development as well. Local agencies do not have the resources to develop specific criteria 
of their own. 

Potential Cost 

Tens of thousands of dollars in staff time. This figure does not include actual engineering 
implementation costs that cannot yet be estimated. 

Timeframe for Implementation 

Implementation should begin as soon as possible, when necessary staff resources are 
available. 

ImpactsA/ulnerabllitles Addressed 

Planning should take into account all impacts of climate change on this sector, in particular sea 
level rise, increasing rainfall and storm intensifies, more frequent and severe flooding on rivers 
and streams. 

Environmental Justice Considerations 

Infrastructure improvements should take into consideration environmental justice issues and seek 
collaboration at the local level. 

Co-benefits and Unintended Consequences 

Undesirable consequences of designing for future increases in sea level, storm surge, and flood 
discharges may be environmental effects. Higher embankments have wider footprints and, in 
low-lying areas, may encroach more into wetlands. Regulatory agencies may be reluctant to 
issue permits for structures to accommodate future conditions. Culverts that are oversized for 
today's condhions may spread lower flows too thin for fish passage. Care to mitigate these 
problems as much as possible would be necessary. 

Recommendation 4. The New York State Transportation Master Plan should 
consider and incorporate State-endorsed climate 
projections. 

The Transportation Master Plan projects trends in usage of personal vehicles, non-vehicular 
travel, public transportation, and freight movement to 2030, and seeks to guide transportation 
planning and investment to meet those needs. It does address the need to reduce greenhouse gas 
emissions, thus helping to mifigate their effect on climate change, but it does not address the 
changes that will occur, even if all the mhigafion goals are achieved. These changes will reshape 
demographic, economic, and travel trends by the end ofthe century and beyond. Planning for 
long-lived infrastructure must include those factors that will shape the needs and use of that 
infrastructure beyond the near term. 
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Specific Action 

A. Policy direction for the siting, design, operation, and maintenance of key 
transportation infrastructure elements should include climate change 
projections for the entire proposed useful life of those elements. 
The current Transportation Master Plan attempts to steer the course of transportation 
planning to meet the expected needs ofthe state to 2030. However, the effects of climate 
change are expected to increase over periods well in excess of this planning horizon. At the 
same time, the typical life cycles of many transportation infrastructure elements are also 
well in excess of a 20-year planning window. Efficient and effective transportafion 
planning and resource allocation must consider the full life cycle of these elements. 

Potential Cost 

The decision to develop a long-range Transportation Master Plan will in itself have 
minimal cost. The implementation of such apian is likely to involve major and continuing 
capital outlays. Relocation of major transportation facilities, or raising them above 
expected flood levels, will require a tremendous increase in funding, even while existing 
systems must be maintained as new ones are developed to replace them. Each project that 
is undertaken on vulnerable facilifies without such planning is one that will suffer 
premature obsolescence and require more costly replacement or retrofitting as the effects of 
climate change are felt. 

Timeframe for Implementation 

The State should take immediate action to develop and implement long-range planning that 
incorporates the effects of climate change. The long life cycles of transportafion 
infrastructure elements guarantee that they wiil be affected. 

Impacts/Vulnerabilities Addressed 

All climate-change impacts to this sector should be considered, in particular rising sea levels, 
more frequent and severe riverine flooding, higher temperatures, and generally increasing 
variability of weather. 

Environmental Justice Considerations 

EJ considerations and input from EJ communifies should be included in sifing and design efforts. 

Co-benefits and Unintended Consequences 

Adopfion of a truly long-range Transportafion Master Plan could spur economic development, as 
businesses see that preparations are being made for a long-term stable system to meet their 
transportation needs. A responsible transportation plan could influence development and land-
use decisions that would reduce the overall vulnerability ofthe state to climate change. In the 
nearer term, the large capital outlays needed to develop this new transportation system may have 
a dampening effect on the state's economy and will certainly face significant pofitical challenges. 
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Recommendation 5. Transportation investments in New York State must be 
consistent with smart growth/transit-oriented 
development principles. 

"Sprawl" refers to dispersed, homogeneous, and automobile-dependent land use pattems. 
Current policies and planning practices did not intend to encourage sprawl but have contributed 
to dispersed developmental pattems in many areas ofthe state. These developments favor 
automobile use over walking and transit, resulting in limited travel options. Smart growth 
encourages more efficient land-use patterns and transit-oriented development, and intelligent 
land-use choices, such as not building critical infrastructure in a potentially vulnerable location. 

Smart-growth principles discourage development of remote properties or large swaths of 
previously undeveloped land. Natural systems, such as wetlands, forests, and barrier islands, 
provide services such as flood protection, storm buffering, and water infiltration that would be 
prohibitively expensive to replicate with human-built systems. In addition, smart growth would 
encourage infill and transit-oriented developments. This type of growth and development would 
provide two adaptation benefits; preservation of natural systems that provide adaptation services 
and less infrastructure exposed to climate impacts. Increased travel options will provide 
transportation system redundancy that can be utilized if certain components ofthe transportation 
network were to fail due to weather extremes. 

Transportation and land use must be planned together. The effective integration of transportation 
and smart growth helps ensure success in other climate adaptation and mitigation measures 
related to ecological corridors, agriculture and food security, watershed management, water 
access and distribufion, etc. 

Specific Actions 

A. Infrastructure Investments should be assessed for their ability to implement 
the Transportation and Land Use Technical Work Group long-term vision for 
transportation, reducing vulnerability to climate impacts while Improving 
travel choices and transportation network efficiency. 
New York State should develop strategic approaches to lower the severity of climate 
impacts and reduce system vulnerability to climate change impacts. State efforts to 
incorporate compact land-use pattems and transit-oriented development (TOD) into growth 
strategies and master plans should continue. 

Where Recommendation 1D considers different types of infrastmcture, this 
recommendation considers the location of that infrastmcture. 

Effective implementation of smart-growth policies would help focus climate change 
adaptation efforts on population centers and crifical transportation routes, while helping to 
reduce future climate risk through intelligent and directed land use and transportation 
investments. 

11-73 



New York State Climate Action Council 
Interim Report 11-9-10 

Increased travel options that result from compact development and better planning will 
provide choices and altemafives that can be used if certain components ofthe state's 
transportation network were to suffer damage or failure as a result of climate change 
impacts. 

Potential Cost 

The Governor's Smart Growth Cabinet should remain operational. Capital expenditures 
will be necessary to provide attractive incentives to local communifies promoting smart 
growth. 

Incorporafing smart-growth/TOD principles into agency decision making and local 
planning efforts would have minimal direct costs. However, resulfing decisions likely will 
necessitate higher implementation costs. It is crifical to note that the costs resulfing from 
no-action (i.e., business as usual) transportation and land-use planning would likely be 
much higher. Land-use pattems would confinue to be unsustainable, the State would not be 
able to minimize crhical points of failure and the transportafion system would remain 
vulnerable to climate change. 

Infrastructure investments are always costly, for both new infrastructure and existing 
infrastructure upgrades. Using the inventory developed under Recommendation 1, this 
recommendafion aims to make spending more efficient in the long term in two primary 
ways: 

• Directing funds away from new infrastructure with high climate risk and toward 
infrastructure with low climate risk and high adaptive capacity; 

• Directing funds toward exisfing infrastructure that is deemed crifical to adaptation 
capacity. 

Timeframe for Implementation 

This action should be implemented as soon as possible. Transportafion, land-use, and 
planning decisions being made today will influence growth and development for the next 
several decades. New York State should start now to effect significant change in 
development pattems and transportation infrastmcture in order to adequately adapt to 
climate change impacts. 

B. Infrastructure investments should be designed and constructed to protect 
and preserve natural resources and ecosystems that provide essential 
climate-adaptation services or benefits in addition to meeting transportation 
needs. 
Ecosystems provide crifical and varied services, which are typically unrecognized and 
under-valued but must be preserved. Natural systems, such as wetlands, forests, and barrier 
beaches, provide services such as flood protection, storm buffering, and water infiltration 
that would be prohibifively expensive to replicate with human-buih systems. Smart growth 
would discourage development of remote properties or large swaths of previously 
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undeveloped land, allowing natural systems to provide climate-adaptation services and 
reducing exposure of infrastructure to climate impacts. 

Potential Cost 

Municipalifies may require addhional staff or incur costs by hiring consultants to 
accomplish ecosystem evaluafions. State agencies will require staff hours to provide 
guidance. Administrative planning costs, based on staff hours, are estimated to be under 
$lmillion statewide, annually. 

Timeframe for Implementation 

Transportation, land-use, and planning decisions being made today will influence growth 
and development for the next several decades. New York State should start as soon as 
possible to effect any significant change in development pattems and transportafion 
infrastructure to adequately adapt to climate change impacts. 

C. Incorporate redundancy and travel choices into the transportation system to 
adapt to climate change impacts that may affect certain components of the 
transportation network. 
Serious and sustained financial choices and investments that increase investment in transh 
(or shared low-carbon and zero-carbon modes) and existing infrastructure are needed to 
build redundancy and provide travel choices in the transportation network. Planning and 
building for a greater emphasis on shared modes of transportation will build efficiency and 
resiliency into transportation systems, reducing vulnerability to climate change impacts. 

Potential Cost 

The cost of this acfion is not yet quanfified and will depend on the specific policies 
employed. Costs may be in the form of tax incentives for developers or grants for local 
govemments. 

Timeframe for Implementation 

New York State should start as soon as possible to effect any significant change in 
development pattems and transportation infrastmcture to adequately adapt to climate 
change impacts. 

Impacts/Vulnerabilities Addressed 

Significant shifts in populafion and business may occur in response to the increase in flooding 
and coastal inundation, resuhing in new or altered transportation needs. Any component ofthe 
transportation system that exists in close proximity to water or in low-lying areas will be 
vulnerable to damage or diminished funcfion as a result of climate change. 

Environmental Justice Considerations 
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Economically disadvantaged citizens need transportation choices and typically rely on public 
transportation. Implementing this recommendation and expanding transit options throughout the 
state would benefit these groups. It has been shown that coordinated and well-planned transit-
oriented development typically improves economic condifions and raises property values. 
However desirable this may be, senshivity to the risk of pricing out poorer residents that might 
no longer be able to afford to live in these communifies is necessary. 

Co-benefits and Unintended Consequences 

Co-benefits and costs are similar to EJ considerations. Seniors will also benefit from having 
addifional transportation choices. The most significant co-benefit of this recommendation is that 
inverting mode-splh and building resiliency and efficiency into the transportation system will 
also dramatically reduce GHG emissions, having a significant effect on climate change 
mhigafion. Costs could include intensified land uses in certain areas, capital outlays, and political 
ramifications. 

\5!feife(?5te0SQaKse© 

Vision Statement 

As water is vital to New York's economic and environmental future, the State must pursue 
actions that will maintain this rich resource in the face of climate change and increase resiliency 
to the effects of climate change. 

Background 

New York State has an abundance of water resources. Despite having only 0.3 percent ofthe 
world's populafion, the state is bordered by lakes containing almost two percent ofthe world's 
fresh surface water: Lake Erie; Lake Ontario, and Lake Champlain. Central New York is home 
to the Finger Lakes, which are the largest ofthe state's 8,000 lakes as well as some ofthe largest 
inland water bodies in the United States. The state has several high yielding groundwater 
aquifers, particulariy those of Long Island. It has an average rainfall of almost 40 inches, which 
readily supplies numerous small municipal reservoirs as well as the extensive New York City 
reservoir system located in the Catskill Mountains and lower Hudson River Valley. 

Water resources are managed by a diverse array of large and small agencies, govemments, and 
institutions, with little statewide coordination. In 2000, New York State's 19 million residents 
consumed approximately 2,200 million gallons per day of fresh surface water and 890 million 
gallons per day of fresh groundwater for public water-supply, irrigation and industrial uses. Of 
this neariy 3,100 million gallons per day of consumption, only about 10 percent was for 
industrial and agricultural use. This water comes from a diverse range of sources, each with 
different levels of vulnerability to climate change. 

New York State's water and wastewater treatment infrastmcture is in dire need of repair and 
upgrade. A needs survey conducted by DEC in cooperation with the New York State 
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Environmental Facilities Corporation (EFC) and the U.S. Environmental Protecfion Agency 
(EPA) determined that $36 billion of water treatment improvements and $40 billion of 
wastewater treatment improvements are necessary in New York State. The anticipated added 
challenges associated with a changing climate will only exacerbate the situafion. 

Although New York is a water-rich state, it must continue to strengthen its capabilities to better 
understand and manage its water resources. This is especially true given the growing demand for 
water, including water for human consumption and energy production. As other parts ofthe 
country experience large changes in drought frequency and intensity. New York's water 
resources may become a defining economic asset resulfing in the migrafion of people and 
businesses into the state. This may bring some economic benefits but wil! also present new 
challenges as pressure on water resources increases. This potential has been recognized in the 
Great Lakes-St. Lawrence River Basin Water Resources Compact. New York State's water 
budget should be assessed to better understand the availability, limitations, and allocations of 
water and how that budget intersects with economic development, population growth, and 
ecological health. This would also allow for better planning of water resources for competing 
uses, including agricultural, industrial, ecosystem, and human uses. 

Climate Impacts 

Although there are several water-quality concems directly linked to average air temperatures, in 
general, hydrologic processes are dependent on multiple interacting climate factors. In addifion 
to temperature, possible future changes in timing and quantity of snow, rainfall, and evaporafion 
will all have impacts on the state's water resources. 

Rising air temperatures intensify the water cycle by driving increased evaporation and 
precipitafion. The resuhing altered patterns of precipitation include more rain falling in heavy 
events, often with longer dry periods in between. Such changes can have a variety of effects on 
water resources. 

• The frequency of heavy downpours has increased over the past 50 years. This trend is 
projected to continue, causing an increase in localized flash flooding in urban areas and hilly 
regions. 

• Flooding has the potential to increase pollutants in the water supply and inundate wastewater 
treatment plants and other vulnerable development within floodplains. 

• Less frequent summer rainfall is expected to result in additional and possibly longer summer 
dry periods, affecting water supply systems with limited storage. 

• Reduced summer flows on large rivers and lowered groundwater tables could lead to 
conflicts among competing water users. 

• Increasing water temperatures in rivers and streams will affect aquatic heath and reduce the 
capacity of streams to assimilate effiuent from wastewater treatment plants. 
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Because New York is already experiencing water-resource challenges, the recommendations 
provided here represent actions that will enhance New York's water resources legacy. The 
anficipated effects of climate change add urgency to implementing these recommendations; 
however, these actions would also serve to improve water resources in the state independent of 
climate change. 

Recommendation 1. Enact into law Governor's Program Bill #51-Water 
Withdrawal Regulation (S.8280-A/A.11436-B) to authorize 
implementation of a comprehensive statewide water 
management program to better regulate the use and 
consumption ofthe state's water resources. 

This legislation directs DEC to implement a statewide permitting program for significant water 
withdrawals; generally, systems with a capacity of equal to or greater than 100,000 gallons per 
day would be regulated. Currently, water uses are managed by a piecemeal regulatory scheme; 
on Long Island, groundwater withdrawals are subject to a DEC permit, and in the Delaware and 
Susquehanna river basins, water withdrawals are regulated by the applicable interstate river basin 
commission. Elsewhere, only public-water supplies are regulated. This legislafion would provide 
a rational and more consistent statewide approach. This legislation would provide DEC with 
more comprehensive information on water uses across the state and allow DEC to better manage 
New York State's water resources, which will become increasingly important as water 
availability changes with a changing climate. Addifionally, this legislation would allow DEC to 
meet one of its obligations under the Great Lakes-St. Lawrence River Basin Water Resources 
Compact. Under the Compact, DEC must implement a regulatory program for all water 
withdrawals in New York's portion ofthe Great Lakes Basin by December 2013. Without this 
new program. New York State would continue to lack the necessary data to fully understand the 
statewide level of water demand for water supply; commercial, industrial, and agricultural uses; 
and the state's ability to meet future demand in a changing climate. 

Potential Cost 

DEC staff would be required to promulgate regulations and manage the new permitting program. 

Timing of Implementation 

The statewide permitting program would be implemented upon adoption of regulations by DEC, 
which would require passage ofthe legislation. 

Recommendation 2. Build greater resilience to projected climate change 
impacts into drinking-water and wastewater infrastructure 
systems. 

New York State communhies should prepare for increased frequency and intensity of flooding 
and short-term drought due to climate change. Infrastmcture must be adaptable and designed to 
be resilient to a changing climate to avoid service disruption and costly damage, particularly to 
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drinking-water and wastewater infrastructure, which can have dramatic impacts to public health, 
ecosystems, and local economies. Real-time monitoring systems should be used to evaluate 
vulnerability of facilhies and determine strategic upgrades and replacement of existing 
infrastmcture. Planning and design standards for new and, where feasible, upgrades to existing 
water infrastructure should emphasize the use of smaller and more distributed systems that foster 
groundwater recharge, system redundancies for critical populations, and systems that are 
adaptable to and operable under a wide range of flood and drought conditions to reduce 
vulnerability of human and natural systems to the effects of climate change. 

Specific Actions 

A. The State and all other governmental bodies with jurisdiction over drinking 
and wastewater infrastructure should, as part of their asset management 
strategies, prepare detailed inventories of critical water infrastructure within 
their jurisdictions and conduct climate vulnerability assessments that 
consider changing climate conditions and potential climate impacts over the 
full Intended service lives ofthe identified Infrastructure. 

Potential Cost 

The costs of modifying planning and permitting processes to accommodate new risk 
assessment processes to evaluate infrastructure decisions are considerable. However, 
accurate information is required for planning, especially for new infrastructure projects that 
will cost many millions or even billions of dollars. The costs of no action could be 
enormous. Disrupfions to crifical infrastructure can cause the loss of essential services, 
public-health impacts, and hardship to local residents; compromise economic activity; and 
entail costly repair and reconstruction. 

Timing of Implementation 

Near-term. As potential impacts are determined and adaptation actions are prioritized, 
water managers can implement certain no-regrets actions; that is, climate change 
considerations can add momentum and potentially expedite initiatives that have already 
been idenfified as priorities. By factoring climate projections into infrastructure investment 
decision making now, better choices will be made regarding how to deal with aging 
infrastructure and how to make existing and new infrastructure climate resilient in the 
future. By wisely incorporating climate-change impacts into infrastructure decision making 
now, authorities can avoid costly adaptation efforts later. 

Environmental Justice 

Implementation of this strategy will increase the resiliency of critical infrastmcture 
throughout New York State, providing a benefit to all. However, this strategy may have a 
particular environmental justice benefit by focusing attention on neglected infrastructure in 
vulnerable urban communities with more limited adapfive capacity. In addition, because 
many water-treatment facilities and other water infrastructure are located in EJ 
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communhies, the proposed vulnerability assessments will identify particular problems and 
challenges before they become acute, thus helping to mhigate negafive impacts on host 
communifies. 

Co-benefits and Unintended Consequences 

By increasing the resiliency of infrastructure, service disruptions will be reduced, limiting 
the health consequences that may arise from disruption of critical services, e.g., wastewater 
treatment or public transportation. Through better design of wastewater treatment plants, 
release of untreated waste into water bodies due to infrastructure flooding can be reduced, 
eliminating a potential source of environmental pollution. A flexible system can maximize 
operational approaches to adaptation such as green infrastructure that can produce a 
spectrum of co-beneflts, including air-quality improvements and energy savings. Such a 
system can also potentially resuh in the design and implementation of smaller, 
infrastructure improvements that have lower cost and impact, consume less energy, and 
reduce hydrological impacts, but sfill effecfively meet needs. Co-benefits of infrastructure-
capital upgrades could include additional features to increase water-supply storage or flood 
prevention. 

B. Relevant State and local agencies should update permit and design 
standards for drinking-water and wastewater Infrastructure to factor in 
projected climate impacts, particularly precipitation-related events such as 
more intense rainfall events, reduced winter snow cover, and increased 
frequency of short-term droughts. 

Potential Cost 

An update to the hydrologic data that inform infrastructure design standards (TP 40) is 
currently funded and underway; however, resources will have to be dedicated to 
appropriately integrate the updated data into agency design standards. 

Timing of Implementation 

Updated hydrologic data should be incorporated into design standards by relevant agencies 
immediately upon completion. The USDA Natural Resources Conservation Service has 
funded the Northeast Regional Climate Center to provide updates to current rainfall 
frequency estimates. An assessment of ongoing programs and activities would inform 
investment In additional data collection and research. 

Environmental Justice 

This action would provide greater protecfion to the most vulnerable communifies by 
reducing flooding of crhical infrastructure in low-lying areas and ensuring the sustained 
quality of drinking water. 
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Recommendation 3. Adopt statewide and region-wide comprehensive 
sustainable water-resources-management strategies that 
consider climate change to preserve water quality and 
water quantity for human and natural communities, and 
encourage watershed-wide collaboration. 

The natural hydrologic cycle is shaped by and adapted to accommodate a wide range of 
hydrologic and hydraulic conditions while being resilient to damage. Where State polices can 
mimic the efficiency of natural processes they will enhance the state's ability to adapt to climate 
change. Storm-water, wastewater, and water-supply permit guidance should reflect this goal. 

Sound watershed management is a key component of sustainable water policy. A comprehensive 
sustainable water-resources strategy would fully recognize groundwater and surface water as a 
single, integrated resource that Is essential to the ecological integrity and economic vitality ofthe 
state. Watersheds do not function based on polifical boundaries, and impacts to water quality and 
quantity are cross-jurisdicfional. Inter-municipal and inter-agency collaboration to manage water 
resources is essenfial. In addition, climate impacts to water resources and management strategies 
will vary across the state and region due to varying levels of urbanization and infrastructure 
investment, economic factors and planning priorhies, and the water needs of natural systems. For 
this reason many water issues are best addressed on a watershed or sub-watershed level and 
regional and intermunicipal watershed plans are needed. Where watersheds cross state 
boundaries, region-wide approaches should be developed. 

Planning at this scale should include the following: 

• Regional water budgets to ensure that the quality and quantity of surface water and 
groundwater are conserved and protected, particularly for critical waters; 

• Regional conservafion of wetlands and crifical fish and wildlife habitats; 
• Identification of regionally important projects needed to adapt to impending impacts of 

climate change and sea level rise, including protecfion or management of water supply, water 
quality, living resources or aquafic resources; 

• Climate impacts on the Great Lakes, resulfing in changing lake condhions and lake levels 
and related water-management issues. 

Specific Actions 

A. All water-related permit programs and policies should minimize alterations 
and disruptions to the natural hydrologic cycle to the extent possible. 
Regulatory agencies should implement this recommendation at multiple 
scales, including site-level planning and construction, as well as more 
regional watershed scales. 
Technical guidance and design standards should be created and incorporated in storm
water, wastewater, and water-supply permit guidance, and permit reviews and approvals. 
This guidance and design standards should strive to maximize the ability of infrastructure 
and to mimic the hydrologic cycle through the following: 
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• Couple water-supply withdrawals and wastewater infrastructure to limit water transfer 
between watersheds to ensure that used water is returned to its donor source, reducing 
infrastructure and energy costs, helping to meet the needs of aquafic life, and providing 
for renewal of ground and surface-water resources; 

• Require the reuse of wastewater and gray water in new development; 
• Develop and enforce a zero-runoff storm water policy for new construcfion and maximize 

infiltration of storm water onsite at existing developed sites; 
• Provide stronger protection for the preservation of natural hydrologic pathways by 

minimizing land disturbance, avoiding sensitive areas (e.g., steep slopes, recharge areas 
sustaining groundwater dependent ecosystems, wetlands, and stream corridors), avoiding 
soil compacfion, and reducing impervious surface area; 

• Require the use of resilient (e.g., drought-tolerant) native tree cover and planfings, and 
the removal of invasive species where landscaping is done. 

Potential Cost 

Although revising policy to address the need to mimic natural hydrology wherever possible 
may have minimal financial impact on state agencies, it is a paradigm shift in thinking and 
may require considerable costs to local project sponsors to meet new requirements. Federal 
and state funding agencies involved with water projects, such as EFC, DEC, DOH and EPA 
should require these types of recommended acfions. 

Timing of Implementation 

A phased implementation approach could be taken over the next decade to 
comprehensively weave these philosophies into water policy, funding, and programs. 

Environmental Justice 

Without careful planning, there is the potential for some decisions to affect such 
communifies disproportionately, for example, by resulting in decreased property values or 
reduced opportunifies for economic development. Agency decisions should include robust 
public participafion, with enhanced efforts for public involvement in areas of 
environmental justice concern. 

Co-benefits and Unintended Consequences 

Co-benefits of minimizing disruption ofthe natural hydrologic cycle include improved 
water quality, integration of many environmental program goals, improved fiood-water 
attenuation, improved groundwater recharge, protection of river corridors, improved in-
stream health, and reduced stream sedimentation. 

B. Create mechanisms to foster development and State approval of regional 
intermunicipal watershed-management plans that address expected climate 
change impacts and to protect and improve the quality, quantity, and 
ecological function of surface and groundwater resources, while balancing 
human health, safety, and socio-economic factors. 
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Watershed management plans should be developed at the watershed or sub-watershed level 
by regional, State, and local officials; they should be officially endorsed and adopted by 
local governments and approved by relevant State agencies. State funding for water 
infrastructure should be condifioned upon completion of intermunicipal watershed 
management plans. These plans should include vulnerability assessments to inform 
planning efforts that consider factors such as water availability, flooding, and water quality. 
Vulnerability assessments done on a more localized basis should incorporate projected 
regional impacts, which are crhical for effective State-level planning and protecfion of New 
York State's water resources. 

Local and regional watershed planning will also address knowledge and management gaps 
related to groundwater systems, such as the extent, quality, and quantity of groundwater 
systems, and the role of groundwater in supporting ecological systems as the climate 
changes. Rural residents rely primarily on groundwater for drinking water and other 
domestic use. Climate change has the potential to negatively affect groundwater recharge; 
new development should be limited in areas where groundwater resources are already 
stressed. While the protection of groundwater may be regulated for human uses, current 
measures do not consider groundwater requirements for the maintenance of ecosystem 
integrity. This considerafion is necessary for the protection of ecosystems. Projecfions of 
future water availability, human use, and ecosystem requirements should be updated 
regulariy as new climate and water-use information is developed. 

Potential Cost 

Research leading to the characterization of groundwater resources has traditionally been 
conducted by the USGS with resources to meet local match requirements provided by 
cooperating agencies. TEPA also provides grants to the National Rural Water Association 
for groundwater assessments for towns on a case by case basis. Additional state resources 
for mapping and assessment of groundwater sources could improve planning decisions and 
ensure sufficient drinking-water resources are available for new development. The 
preparation of watershed-management plans has been funded in part by the New York State 
Department of State under Title 11 ofthe Environmental Protection Fund Local Waterfront 
Revitalization; and DEC, with CWA Section 319 funding, and grants under the Hudson 
River Estuary Program. Technical assistance in the preparation of watershed management 
plans could be provided outside ofthe State grant-assistance context, albeh at a lesser level, 
with the need for geographic targeting by limited agency staff. 

Timing of Implementation 

The preparafion of intermunicipal watershed-management plans is ongoing in New York 
State. Incorporation of climate change adaptafion can begin immediately. The mechanism 
for formal state approval of intermunicipal watershed-management plans could be 
established within a year. 

Environmental Justice 
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Water-quality testing occurs for public water supplies; however, the same scrufiny is not 
afforded to private water supplies, such as private wells. Watershed-management planning 
could focus on surface waters, groundwater, or both, including water for human uses (e.g., 
consumption and recreation that supports local economies), as well for sustaining water-
dependent ecosystems. For those communifies that have difficulty providing matching 
funds for State grants, a lesser local match may be needed to encourage participation in 
watershed-management planning. 

Recommendation 4. Allow "room for rivers." Acknowledge the dynamic nature 
of rivers on the landscape and strive to reduce risk to 
critical infrastructure and human development as the risk 
of flooding increases with climate change. 

While a patchwork of interrelated river-corridor, wetland, and floodplain programs exists at the 
federal. State, and local levels, no comprehensive river-corridor program exists. Agencies with 
jurisdicfion over streams, rivers, and their channels, corridors and floodplains should create 
policies and regulatory approaches to protect the dynamic nature of river corridors and strive to 
reduce risk to communities through non-structural measures like land-use planning and the 
elevation and relocation of highly vulnerable structures. 

Specific Actions 

A. Coordinate with key federal and local stakeholders such as the Federal 
Emergency Management Agency (FEMA), U.S. Department of Agriculture, 
and county soil and water conservation districts to identify and map areas of 
greatest current risk from riverine flooding and erosion due to movement of 
rivers across the landscape. 
Flood-mapping efforts must be modemized to be an effecfive tool in emergency planning. 
Flood maps should be completed and updated using climate change projecfions and flood 
studies and made electronically accessible to local govemments. In partnership with federal 
agencies, multi-layered, geographic-information-system mapping should be used to 
idenfify, classify, and map high-risk areas. Crifical data include high-resolufion elevafion 
and bathymetry; spafial informafion for natural, built, and human resources; socio
economic data; sites that, if flooded, could contribute to toxic contamination; and 
development models that include build-out scenarios. DEC's floodplain-management 
program currently has only indirect enforcement capability. Legislative reform is needed to 
ensure wise management of floodplains. 

B. Work with federal agencies to reduce new development in areas at high risk 
of riverine flooding and undertake long-term managed relocation or elevation 
of existing structures in these areas. Restructure disaster-recovery policies 
to ensure that redevelopment efforts strive to reduce long-term risk. 
New York should eliminate incenfives for development in high-risk fioodplain areas. 
Federal disaster-recovery policies should be reformed so that reconstruction of damaged 
homes and infrastmcture incorporates current standards and knowledge of flood risks due 
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to climate change, rather than simply funding replacement-in-kind of damaged structures 
and systems. 

Potential Cost 

FEMA, in partnership with DEC, is mapping areas at greatest risk for riverine flooding in New 
York. However, the considerable costs (tens of millions of dollars) associated with conducfing 
fiood studies and collecfing the high-resolution elevation data necessary to generate accurate 
maps statewide has left many areas ofthe state still without accurate maps. Additional resources 
to conduct flood studies and collect high-resolution elevafion data using LiDAR (Light Detection 
and Ranging) technology would allow for complete and accurate mapping of areas at greatest 
risk. In the absence of resources to complete the mapping, in the near term incentives could be 
provided to local govemments to regulate floodplains and to limit development along stream and 
river corridors at minimal cost. New York State could also institute a setback regulation for river 
and stream corridors through State law; however, the mapping effort described above would 
have to be completed at considerable cost to enable enforcement of this regulation. 

As the risk of large flood events increases so does the cost of State response and assistance 
during and after flood events. It may soon become more cost effective to map and regulate areas 
at greatest risk of flooding to reduce vulnerability. Signiflcant resources will also be needed to 
support elevafion and/or relocation of structures in high-risk areas. 

Timing of Implementation 

Implementing a program to reduce the vulnerability of structures and facilhies in areas at high 
risk of flooding should begin soon, as this effort would take many years of planning due to its 
complexity, the need for the creation of an advisory committee, and perhaps the eventual 
creation of a State law to reduce the vulnerability of stmctures, homes, and facilhies to flooding. 

Environmental Justice 

Stricter management of floodplains can depress property values in areas no longer deemed 
developable. Any program to move people out of these regions or discourage development in 
floodplains would require adequate mechanism for compensafion and reestablishment of 
households outside ofthe floodplain. 

Co-benefits and Unintended Consequences 

Enhanced protection of riparian corridors offers many co-benefits, integrating many DEC and 
environmental program goals, including enhancement of riparian areas as greenhouse gas sinks, 
providing upland wildlife habitat, protecfing water quality, improving flood-water attenuation, 
increasing biodiversity, and enhancing public access and scenic beauty. 

Recommendation 5. Incorporate water-related climate projections into State 
and local emergency-management planning. 

Specific Actions 
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A. State emergency-management and local hazard-mitigation plans should 
incorporate the best available projections of climate-related impacts, such as 
increased frequency of extreme rainfall, coastal storms, temperature 
extremes, and short-term droughts. 
Expected increases in the frequency of extreme climate events should be factored into 
emergency planning, response, and recovery capacity. Floods tend to be relafively 
localized. Droughts may affect the whole state at once, but their significance will vary 
depending on local resilience (e.g., some ground water-fed water supplies and those 
supplied by the Great Lakes may not be as significantly affected). Mifigation will 
necessarily include improving infrastructure to opfimize system redundancy and fiexibility. 

B. Establish appropriate legal mandates, secure stable funding, and develop 
guidance for participatory vulnerability assessments and adaptation-
planning processes at the local and regional levels. 
While climate change is global, its impacts will be felt on a local level. Flooding is 
expected to increase in many areas ofthe stale; the location, extent, and severity of 
flooding may be very different from that currently experienced. Drought will also have 
locally and regionally disparate effects. Hundreds of communities within New York State 
will be affected by climate change; appropriate resources, including funding and guidance, 
are necessary for communifies to plan for the mitigation of their particular risks. 

Potential Cost 

The development of State guidance for local governments to help them conduct vulnerability 
assessments that include the best available climate information should be of relafively low cost. 
Costs associated with assessments and planning will require staff time at the local level as well 
as some funding for coordination efforts at the local and regional levels, and guidance and tools 
should be designed to minimize these costs. 

Timing of Implementation 

Climate projections should be incorporated into emergency-response plans immediately. 
Vulnerability assessments and specific adaptation-planning efforts should begin following the 
development of guidance and tools for local assessments. 

Environmental Justice 

Some low-income communities and communifies of color are particularly vulnerable to the 
impacts of climate change, and may lack the resilience necessary to effectively adapt to changing 
climate and recover from impacts. Implementing guidance and planning efforts, especially at the 
local level, will require the incorporation of approaches specific to the needs of these 
communhies (e.g., employing a mulfilingual approach that incorporates cultural differences). 
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Chapter 12 
Multi-Sector Policies and Issues 

A number of issues and policies were idenfified by members ofthe Technical Work 
Groups as having cross-sectoral impacts or considerations. This chapter ofthe Climate 
Acfion Council (Council) Interim Report summarizes the environmental justice concerns 
and considerations raised by environmental and community-based representatives; near-
and long-term workforce training requirements for a clean energy economy; marketing, 
education, and outreach; and a subgroup report that addressed the impacts and strategies 
related to the transition to electric vehicles. 

Environmental Justice Considerations and Concerns Related to 
tiie Climate Action Plan Process and to Policy Options 
Development 
The transition to a low-carbon economy and the projected consequences of climate 
change will have disparate impacts across the different communities (urban, suburban, 
and rural), sectors and demographic groups of New York State. From the very beginning 
ofthe Climate Action Plan process, the Council made assessing how any proposed 
climate change mitigation and adaptation policies would affect the most vulnerable New 
Yorkers a priority. Communities and households struggling with poverty, unemployment, 
health problems, political disenfranchisement and other challenges will often lack an 
adequate understanding ofthe climate-related risks they face and/or the necessary 
resources to adapt effectively to rapidly accelerating climate change. 

To ensure that concems and issues of importance to New York State's most vulnerable 
communhies were adequately addressed in the process, the Council made a determined 
effort to reach out to and integrate input from a spectrum of community-based or focused 
organizations and environmental jusfice (EJ) groups. From the very beginning, 
individuals who represented these viewpoints and who could also bring to bear different 
regional perspectives were invited to join the Technical Work Groups that formed the 
backbone ofthe Climate Action Planning effort. Additional EJ and community-based or 
focused representatives were later added to each Technical Work Group to further 
strengthen the community perspective. Key EJ stakeholders were also asked to join the 
Integration Advisory Panel, a body charged with considering cross-cutting and mulfi-
sectoral issues that emerged during the process. 

In addhion to this representafion on the Technical Work Groups, the Council partnered 
with the New York State Department of Environmental Conservation's (DEC's) Office 
of Environmental Justice to implement an unprecedented outreach effort focused on 
community-based organizations and EJ stakeholders across the state. This effort included 
organizing two statewide videoconferences, hosting a series of EJ Coordination and 
Advisory teleconferences at critical points in the process, and circulating survey 
instruments on the proposed mitigation and adaptation policies to a wide variety of 
stakeholders. 
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The videoconferences, held in March and May, were broadcast from DEC's headquarters 
in Albany to the agency's regional offices in Buffalo, Syracuse, and New York City and 
were open to the public. The EJ Coordination and Advisory teleconferences afforded a 
broader group of stakeholders an opportunity to learn about the Climate Action Plan 
process and offer their input and advice about key issues to the EJ and community-based 
or focused representatives serving on the Technical Work Groups. Finally, the two 
surveys that were distributed across the state afforded stakeholders an opportunity to 
submh their views about the potenfial negative and posifive aspects ofthe mhigafion and 
adaptation policies under consideration. The results of these surveys were consolidated 
and distributed to the membership ofthe Technical Work Groups and made available to 
the general public online. 

Holistic Approach to Environmental Justice and Climate Change Policy 
In addition to the extensive outreach, coordination, and input-gathering effort described 
above, EJ concems were incorporated into the analytical effort to identify and design 
potenfial policies at a fundamental level. The full descripfion of each proposed policy 
(see online appendices) features a discussion of any significant EJ considerafions that 
came out ofthe Technical Work Group deliberations or that were identified as a result of 
stakeholder input or further staff analysis. The short policy descriptions contained in the 
main body ofthe Climate Action Plan also highlight any EJ concems under the "Special 
Considerations" secfion. The explicit integration of EJ concems in the Climate Acfion 
Plan's deliberative and analytical processes reflects a commitment by New York State to 
approach these critical environmental policy areas in a holistic fashion. Accordingly, 
many ofthe proposed policies that emerged from the different Technical Work Groups 
have explicit or implicit benefits for EJ communities, including reductions in air 
pollution, additional resources for community development, and the upgrading or phasing 
out of aging infrastructure and facilhies. 

There are many examples of how the proposed Climate Acfion Plan policies will benefit 
EJ communhies in each ofthe sectors. In policy opfion PSD-1, which is focused on shing 
power generation, the Council explicitly acknowledges the role of EJ communities and 
the need to take into consideration the cumulative impacts of various environmental 
burdens as part ofthe shing process, and implementafion of PSD-8, which addresses 
Exisfing Fossil Fuel Plants Policies, would resuh in improved efficiency and the 
reducfion of emissions in neighborhoods that host power plants. Community and EJ 
stakeholders strongly endorsed the smart growth principles and initiatives featured in 
several ofthe policies such as TLU-10, which called for supporting the establishment of 
Priority Growth Centers, or TLU-l 1 's call for more Transit-Oriented Development. 
Finally, many stakeholders expressed support for the focus on workforce development 
and green collar jobs found in many ofthe policies, indicating that this was an important 
issue for their communhies as New York begins to move to a low-carbon economy. 

While many ofthe proposed policies have specific EJ implications, over the course ofthe 
Climate Acfion Plan process, several overarching concems about the potenfial shift to a 
low-carbon economy and New York State's efforts to adapt to climate change emerged. 
These included the need to increase attention and devote resources to facilitating 
meaningful public participafion and community engagement, the importance of 
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preserving and expanding procedural safeguards in official decision-making processes 
such as permitting and shing, and the application of fair share principles with respect to 
the distribution of burdens and amenities. 

Effective Community Engagement and Public Participation 
Research shows that most Americans do not feel a personal connection to climate 
change-related issues. They are aware of it, they may even rank it as a concern, but 
according to a 2008 Pew Research Center for People and the Press, they do not perceive 
it as a near-term priority on par with economic concerns. In fact, despite increasingly 
forceful calls from the scienfific community for urgent action, climate change has slipped 
to the bottom ofthe list of American priorities. Given the addhional socioeconomic 
stresses they face, this dynamic is likely to be even stronger in low-income communities 
and communifies of color. 

One ofthe key ingredients found in communifies across the world that have successfully 
engaged on climate change-related issues is the presence of strong and sustained local 
leadership. Community and EJ stakeholders engaged in the Climate Action Plan process 
repeatedly stressed the need to incorporate adequate public awareness-raising and 
community engagement measures into the Climate Action Plan. They stressed that 
without sustained local dialogues to educate community members and build support for 
the various policies, the desired paradigm shift to a low-carbon economy would be much 
more difficuh. Already, because of past difficulties, misunderstandings, and procedural 
missteps, many EJ leaders are wary of official decision-making and planning processes 
that they feel have served them poorly in the past. Explicitly acknowledging and 
addressing such problems and shortcomings was idenfified as a crhical component of 
developing and implementing the Climate Action Plan. 

Communicating effectively about climate change is a formidable challenge. Efforts to 
convince the public ofthe urgency ofthe problem and translate climate change-related 
risks into a near-term danger on par with other imminent societal and personal threats 
have not been successful. Community and EJ stakeholders discussed the reality that 
awareness-raising and public education activities around climate change often have been 
piecemeal and sporadic, and have lacked the kind of targeted. New York-specific context 
to make them as effective as possible. Given the relafively low-level of awareness and 
understanding ofthe risks and hazards associated with most climate shocks in EJ 
communities, stakeholders identified a need for more coordinated, statewide awareness-
raising activhies that include tools and guidance to help communhies frame climate-
related risks within a local context. 

Informed and aware households and communities represent an invaluable asset to State 
and local authorities with respect to climate change. Community and EJ stakeholders 
indicated that making use of this asset fully would require consultation, participafion, 
assessment, and planning at levels lower than municipal govemment. Thus, they argued 
that adequate resources and technical assistance devoted to community capacity building 

Psychology of Climate Change Communications, Columbia University Cenier for Research into 
Environmental Decisions. 2009. 
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should be an integral part of New York State's Climate Action Plan, but they pointed out 
that State programs have not always provided resources for this kind of effort. 

For example, stakeholders repeatedly cited the expirafion ofthe Intervenor Fund 
established under Article X ofthe Public Service Law goveming the construction and 
operafion of electric generating facilhies with capacifies of 80 megawatts or more as a 
great model mechanism for community-level capacity building. The Intervenor Fund 
channeled resources to localhies and community-based organizafions to help defray the 
costs of technical experts and consultants. Article X expired in 2003. While revival of 
this mechanism is being considered as part ofthe Power Supply and Delivery (PSD) 
Technical Work Group's efforts, it has potential applicability beyond the siting of 
proposed power generation facilities. 

Permitting, Siting, and Environmental Impact Assessment 

Community and EJ stakeholders raised concems about the implicafions of some ofthe 
proposed policy approaches for hard-won procedural safeguards designed to ensure 
adequate access to official decision making in areas such as permitting, the sifing of 
facilhies and infrastructure, and conducting environmental impact assessments. 
Specifically they cited language regarding the need to "overcome barriers" as troubling. 
They contended that "EJ communities have long been victimized by proposals that evade 
zoning and shing law review" and that carving out excepfions in order to advance climate 
change-related goals would be strongly opposed. As an example, they pointed to a 
specific controversy that occurred in New York City in 2000, when the New York Power 
Authority (NYPA) met with determined resistance to a plan to site natural gas-fired 
turbines exclusively in EJ communifies. A lawsuit and citywide protests ensued, resulting 
in a court order direcfing NYPA to prepare an environmental impact statement. 

Implementation of many ofthe policies proposed for inclusion in the Climate Acfion Plan 
by the different Technical Work Groups could have implications for shing and 
environmental impact assessment. For example, implementafion of PSD-3, which is 
focused on increasing development and dissemination of energy storage technologies, 
should take account ofthe implications of sifing such facilities in EJ communifies where 
power generafion facilifies are already clustered. Similarly, in considering PSD-9, which 
is focused on Technology, Research, Development, and Deployment, stakeholders cited 
the need to apply the precautionary principle to forestall unforeseen long-term health 
impacts in cases where relatively new and untested technologies were deployed in 
overburdened communities. 

As part ofthe Climate Action Plan process, EJ stakeholders have emphasized the 
importance of assessing the cumulative risks and impacts of different types of stressors, 
facilities and infrastructure on the health and quality of life of communities. The term 
"cumulafive risks and impacts" refers to a combination of factors that resuh in certain 
communhies or sub-populafions being more susceptible to environmental stressors of 
varying kinds, including being more exposed to environmental toxins, or having 
compromised ability to cope with and/or recover from such exposure.' Because ofthe 
breadth and nature ofthe policies proposed for the Climate Action Plan, stakeholders 
highlighted the potential for implementafion to either increase cumulafive impacts or 
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decrease them depending on the specific design of individual policies and the interacfions 
among several of them in a given community. The importance of adequately analyzing 
the public health implications ofthe proposed policies was also emphasized. 

Finally, timely access to information and transparency were advanced as crhical issues 
that cut across all the policy areas. The central importance to EJ communities of 
processes that required formal public notice and participation procedures such as federal' 
and State permitting was repeatedly stressed by stakeholders. 

Waterfront Facilities and Public Health 
Throughout the community-focused and EJ coordinafion and advisory dialogue, various 
concerns about the vulnerability of waterfront facilifies, such as wastewater treatment 
plants, petroleum/chemical bulk storage sites, and solid waste management facilities, and 
the risks they represent to surrounding communities in the context of climate change 
were raised by the stakeholders. In particular, the medium- and long-term contamination 
consequences associated with coastal flooding proved a source of considerable concem. 

The types of hazards associated with storm surge and other inundation events are 
numerous. In addition to injury and death caused by the direct contact with flood waters, 
such events can lead to a host of environmental health risks due to direct contamination 
of homes and other buildings, contamination of drinking water sources with either 
infectious or chemical material, and disruption of sewage systems and of solid waste 
collecfion and disposal systems. Flooding could also potentially lead to the contamination 
of water bodies such as reservoirs, ponds, and lakes. Typically, it is during the recovery 
phase in the aftermath of an inundation event that these kinds of environmental impacts 
become apparent. 

The following crifical knowledge gaps related to epidemiological risk factors and public 
health interventions have been idenfified already in the literature on the public health 
impacts of fioods: 

• The mental health impacts of flooding, especially the long-term impacts, and their 
principal causes, which have been inadequately researched even in high-income 
settings; 

• The nature and magnitude of mortality risks in the period after flooding; 

• Quantificafion ofthe risks of infecfious and vector-bome diseases following floods; 

• The effecfiveness of warning systems and public health measures in reducing flood-
related health burdens; 

• The health-related costs of flooding that are often given little weight in decisions 
about specific interventions; 
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• Quantification ofthe degree to which climate and land use change will contribute to 
flood risk and associated health burdens in different settings.^ 

Specifically, stakeholders indicated a need to analyze the potential health risks associated 
with human exposure to toxins during and after storm surge events, particularly in areas 
of high-populafion density. They advocated for the development of maps with overlays of 
all industries and toxic materials associated with specific industrial processes in areas 
vulnerable to storm surge and coastal flooding. 

Fair Share of Burdens and Benefits 

Equity concerns and ethical considerafions have been increasingly applied to 
intemational, national, state, and local efforts to address climate change, drawing on 
some ofthe debates originafing in the environmental jusfice movement.^ Historically, a 
fundamental principle ofthe EJ movement is that no population should be forced to bear 
a disproportionate share ofthe environmental consequences resulting from industrial, 
commercial, or municipal operations or from the execufion of govemment programs and 
policies. 

Community and EJ stakeholders observed that achieving this ideal within the context of a 
transifion to a low-carbon economy and climate change means more than just treating 
communities in an equitable manner. They pointed out that the reality that, by definition, 
overburdened EJ communities are not starting at the same place as more affluent, 
polhically powerful communifies and that balancing this legacy of environmental 
pollufion and burdens in the context of climate change would require a more nuanced 
approach. Specifically, stakeholders argued that overburdened communities merited a 
greater proportion ofthe beneficial demonstration projects, pilot programs, and 
innovafive policy inifiafives being proposed for inclusion in the Climate Acfion Plan. In 
addition, they contended that any efforts to streamline approval processes or remove 
barriers to innovation or implementation must take into account existing burdens in and 
potenfial detrimental impacts on vulnerable communhies. 

Near- and Long-Term Workforce Training and Development 
Requirements for a Clean Energy Economy 
The Residential, Commercial/Insfitutional, and Industrial (RCI) Technical Work Group 
identified near-term workforce training and development as a priority policy option 
within that sector during the Climate Acfion Plan process. However, this issue cuts across 
all Technical Work Groups, as each sector of our economy seeks to implement new 
technologies and practices for a clean energy economy and makes permanent changes in 
the way we, as a state, use our resources. The existence of a suitably skilled workforce is 
assumed in the quantification of all other policy options in this Interim Report. Specific 
examples of training needs that would be necessary to implement the policy opfions 

^ Ahem, Mike, Kovats, R. Sari, Wilkinson, Paul 2005. "Global Health Impacts of Floods; Epidemiologic 
Evidence." Epidemiologic Reviews. Johns Hopkins Bloomberg School of Public Health. 

' Cutter, Susan. 1995. "Race, Class and Environmental Justice." Progress in Human Geography 19:107-
118. 
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identified during the Climate Acfion Plan process were identified for all mitigation 
Technical Work Groups and are incorporated into the Workforce Training and 
Development Policy (RCI-6). (See Chapter 6 for the policy summary. The complete 
Policy Options Document is available at www.nyclimatechange.us.) 

Workforce training and development are primarily intended to improve productivity 
(quality of producfion output) by improving the knowledge, skills and abilhies ofthe 
workforce. The Workforce Training and Development policy option examines the 
following near-term workforce development strategies and programs: 

• Energy efficiency; 

• Site-based clean and renewable energy resources; 

• Power supply and demand; 

• Smart grid technologies; 

• Codes and standards; 

• Agriculture, forestry, and waste; 

• Transportation; 

• Manufacturing and other related areas. 

Opportunities to prepare and expand upon current workforce training, continuing 
education, credentialing, licensing, on-the-job training, recruitment and job placement 
efforts are identified. Initiatives will focus on the following: 

• Mid-stream decision makers and building professionals in the residenfial, 
mulfifamily, and commercial building sectors; 

• Industrial and power systems engineers and skilled technicians; 

• Manufacturing engineers and technicians; 

• Biorefinery, upstream, or feedstock production training related to biomass energy as 
well as downstream training for conversion facility personnel; 

• Integrated farm management processes and systems; 

• Forest management focusing on upstream workers; 

• Waste reducfion, recycling, and composting 

Workforce training also was addressed by the Economic Development Subgroup (see the 
Building Block #2 secfion of Chapter 13: Sfimulafing a Clean Energy Economy in New 
York) but from a long-term perspecfive, focusing instead on developing strategies that 
identify and respond to workforce development needs as they arise and on education and 
training of future generations of workers that will be needed for the low-carbon economy 

A skilled workforce must exist for companies to grow and locate in the State. In an 
innovafion-based economic model, a full spectrum of skill levels is needed. A dynamic 
workforce development system designed to meet the needs of a low-carbon economy 
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must take a long view to develop the human capital needed to prepare New York and 
capture the benefits of a clean economy. The K-12 system must educate children in math 
and science more effectively, help them understand the need for environmental 
sustainability and altemafives to a carbon-based economy, and prepare them for 
entrepreneurship. The higher education system must continuously evolve to reflect the 
needs ofthe changing economy through new curricula and through the establishment of 
low-carbon economy-centered certifications and degree programs. Incumbent workers 
must have access to workforce development programs to help them continuously upgrade 
their skills to meet the needs of their employers. Finally, new energy service jobs, 
combined with proper training, would create opportunities for professionals to remain 
and work in New York and create pathways out of poverty, an equally important social 
objective. 

The Economic Development Subgroup identified elements ofthe workforce development 
system necessary to evolve with the changing economy, key market barriers that must be 
addressed by a comprehensive workforce investment strategy over the 2050 planning 
horizon, and the need for public revenues for workforce development and training 
programs. 

Outreachi, Education and Capacity Building for Acceptance and 
Adoption of the Climate Action Plan and the Creation of a Low-
Carbon Economy 
Many State agencies are active participants in the Climate Action Plan process, and h is 
necessary that these agencies are fully committed to implementafion ofthe Climate 
Action Plan, achieving the goal of 80 by 50, and the creafion of a low-carbon economy. 
Govemment should not only lead by example but will be responsible for developing an 
implementation strategy that is effective in meeting program goals and that guides the 
transifion to a low-carbon economy in a cost-effective, and politically and socially 
acceptable manner. 

The full engagement of State agencies and local governments should begin with an 
intemal outreach and education effort that promotes the Climate Action Plan and will be 
pivotal in the development of programs, information, and incenfives. Climate change 
considerations should be part of roufine govemment activifies and decisions. Such an 
effort will help communicate that the policies designed to achieve our greenhouse gas 
(GHG) goals need not be burdensome but can lead to more efficient operations. 

A parallel robust, well-funded, and effective external outreach, education, and awareness-
raising effort should focus on the substantial economic, social, and environmental 
benefits the Climate Acfion Plan will generate. A public campaign would be based on the 
lessons of and responses to the government outreach and education plan. Without critical 
support from the public, some officials charged with implementing aspects ofthe Climate 
Action Plan may have little motivation or desire to devote capital resources and personal 
energy required to achieve its ambhious goals. Implementation of many ofthe policy 
opfions will prove more challenging without widespread support. Messaging should 
emphasize budget control, safety and security, health, and smart investment approaches 
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that account for uncertainty such as sea level rise and the consequences and costs of no 
acfion. 

Summary ofthe Impacts and Strategies Related to the Transition 
to High Penetration of Electric Vehicles: Conclusions ofthe 
Electric Vehicle Subgroup 
The full report ofthe Electric Vehicle Subgroup is attached to this Interim Report as 
Appendix G. 

Figure 12-1 presents on estimate of market penetration developed in a recent New 
York plug-in hybrid electric vehicle study 

2010 2015 2020 2025 2030 2035 2040 2045 2050 

• Conventional vehicles • Hybrid Electric Vehicles • Plug-in Hybrid Electric Vehicles 

Draft Report: Grid Impact of Plug-In Hybrid Electric Vehicles. Electric Power Research Institute. 2010. 
NYSERDA Agreement 10995. 

At present, the transportation sector produces 39.5% of New York State's combustion-
based inventory of GHG, with the gasoline-fueled light-duty vehicle sector being 
responsible for the vast majority of those emissions. Plug-in electric vehicles (EVs), plug-
in hybrid electric vehicles (PHEVs), and fuel-cell vehicles (FCVs) powered by hydrogen 
derived from electrolysis offer the potenfial to displace a signiflcant portion of this 
petroleum consumpfion by using electricity for all or portions of vehicle trips. If this 
electricity had a low- or near-zero-carbon intensity, the carbon footprint from this 
segment could be nearly eliminated. A cross-sectoral electric vehicle subgroup was 
established to identify the impacts to mulfiple economic sectors of a transifion to a high 
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penetration of grid-powered vehicles and to establish a consensus, where possible, on a 
comprehensive, multisectoral strategy to achieve this penetration. 

Impacts of High Penetration of Grid-Powered Vehicles on Several 
Economic Sectors 
The members ofthe subgroup idenfified many impacts of a transition to high penetration 
of grid-powered vehicles on several economic sectors, as listed below: 

Power Supply—Generation 

• Through the mid-term (2025), the state has adequate generation capacity to 
accommodate the maximum (30%) anticipated penetration of EVs and PHEVs. 

• Smart charging to minimize grid impacts will be necessary. 

• New York's current off-peak generafion mix provides PHEVs significant GHG 
reducfions as compared to convenfional vehicles; however, the grid will be required 
to be near carbon-free to maximize GHG reductions. 

Transmission 

• Through the mid-term (2025), the state's transmission grid has adequate capacity to 
accommodate the maximum (30%) anficipated penetration of EV and PHEVs with 
smart charging. 

Distribution 

• Near- to mid-term: local distribufion (transformer) upgrades are likely to be 
necessary. 

• Longer term: large numbers of EVs requiring quick charge may require local storage. 

• Business models, polic,y and regulatory acfions encouraging smart charging and 
allowing third-party sale of electricity may be necessary. 

Charging Infrastructure 

• Building codes addressing Level II and Level 111 charging in new residential and 
commercial garage construction will significantly reduce costs. 

• Building codes that address garaging hydrogen-fueled vehicles should be part ofthe 
long-term solution. 

• Policy and regulafions should encourage the development of a variety of business 
models for charging or refueling (battery swap, etc.). 

Vehicles 

• PHEVs, EVs, and FCVs that have acceptable performance are a reality. 

• Vehicles that derive their fuel from the electric grid are likely to become a cost-
effecfive means of achieving carbon-free mobility. 

• In the near term, incenfives will likely be necessary to induce adoption. Gas may have 
to reach $4/gallon and research and development (R&D) will be needed to improve 
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performance and reduce cost before EVs and PHEVs are economically compelling 
without incentives.'' 

• In the near- and mid-term, battery-powered vehicles will predominate. The 
advantages of fuel cell vehicles having greater range, performance, and quick-fill 
capacity may, when vehicle costs are reduced, lead commercial fleets inifially and 
later private vehicles to invest in localized hydrogen infrastructure based on 
electrolysis from off-peak carbon-free grid power. 

Identified Strategies to Facilitate Transition to High Penetration of Grid-
Powered Vehicles 

The members ofthe subgroup idenfified several strategies to facilitate transifion to high 
penetration of grid-powered vehicles: 

• 

• 

Provide near- and long- term support of RifeD for renewable technologies, methods to 
reduce carbon from fossil sources and vehicle-to-grid technology, battery chemistry, 
and innovafive business models (battery leasing, battery change out, etc.). Increase 
R&D for energy storage technologies that can accommodate large quantities of 
excess power generated from renewable sources and base load nuclear power for on-
demand and Level III quick-charge vehicle charging. Demonstrate technical options 
for vehicle charging. 

Develop technologies (energy storage, smart charging) and policies (EV electric 
rates) that facilitate and promote vehicle charging at times when the carbon intensity 
ofthe grid is lowest. Stationary electrical storage may be necessary to minimize 
negative grid impacts and allow the ufilization of excess renewable electricity 
generated in off-peak times. 

De-carbonize the electric grid to the greatest extent possible. 

Develop, strengthen, and expand financial incentives and rate structures that will 
encourage low- or zero-carbon generafion and off-peak, valley-filling charging. 
Establish an electricity rate structure with incentives for EV owners to charge during 
off-peak hours with highest incentives during overnight hours. Rates should 
encourage vehicle-charging load growth that is consistent with minimized negative 
impact on the grid and that provides positive economic incenfives to consumers. 
PHEV-specific dynamic pricing may be one way to introduce dynamic pricing to 
consumers. Financial incenfives and disincenfives for desired market transformafion 
and behavior change among consumers will be necessary to accelerate low-carbon 
vehicle market penetration. 

Adopt smart charging systems that recognize that grid emergencies, could mitigate 
the extent and severity of emergencies. Explore financial incenfives for providing 
transmission level grid support. Techniques such as smart charging, load shifting, and 
stafionary storage all have the potenfial to mitigate most ofthe anticipated distribution 
system problems for the next decade. 

•* National Academies, Transitions to Alternative Transportation Technologies, 2010. 
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Assess the feasibility and potential need for quick electric charge, hydrogen filling 
stafions, and hybrid bio-PHEV infrastructure to meet the variety of duty cycles, cost 
constraints, and vehicle user needs. Continuous improvements in vehicle technology 
will be needed together with significant long-term infrastructure investment. Public 
policy should be technology neutral and, in the near term, focus on low-carbon 
vehicle incenfives such as feebates for low-carbon vehicles, and tax credits and buy-
downs for fueling infrastructure. 

Develop and implement financial incentives and disincentives for desired market 
transformafion and behavior to accelerate low-carbon-vehicle market penetration. 
Manufacturer competifion may be the most cost-effective way to reduce vehicle cost, 
with battery manufacturing capacity and robust demand being dominant factors. A 
robust market can be encouraged through incentives, adequate charging 
infrastructure, and education. Policy mechanisms like a low-carbon fuel standard, 
vehicle purchase feebates, or other carbon pricing mechanism will be needed for 
EVs/PHEVs to be economically compethive in the near term. 

Infrastructure investment will also be a necessary element and may require 
adjustments in public policy and public investment. Standardize physical 
interconnecfions (plugs, voltages, etc.) and communicafions protocols of 
infrastructure. 

Revised tariffs would allow charging infrastructure providers to resell electricity they 
purchase from utilities. Costs for infrastructure upgrades should not be bome by 
individual customers. A preferred altemafive is to use revenue derived from a broader 
base to cover the cost of upgrades specific to the supply of electricity for plug-in 
vehicle charging. 

Promote the installafion of advanced metering to enable consumers to benefit from 
favorable electric rate stmctures. 

Land use considerations include preferential parking, high-occupancy-vehicle lanes, 
and lower tolls for low-carbon vehicles. 

Support and develop awareness-raising and capacity-building efforts including 
consumer educafion programs that make use of all appropriate media such as 
television, newspaper, and the Intemet. This effort should include public policy and 
financial support such as tuifion assistance for educational and workforce 
development programs at appropriate institutions of higher leaming. 

Develop standards that are compatible with smart-grid and Level III charging and 
building codes that require both residenfial and commercial new garage construction, 
to provide circuitry that conforms will enable lower cost market penetration and safer 
and more reliable service. Policy and regulations should encourage standardization of 
vehicle charging interfaces at the regulated utility level and with vehicle 
manufacturers. 
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Chapter 13 
Stimulating a Low-Carbon Energy Economy 

in New York 

Introduction 
Economic growth and responsible stewardship ofthe environment must coexist and must be 
designed to be complementary. The key is to invest in businesses and in environmental pracfices 
that simultaneously promote job growth while helping society mhigate and adapt to climate 
change. While some policy options discussed in this plan may impose costs on society in the 
near term, many provide economic benefit today and even greater benefit in the future. 

Developing New York's clean energy economy' offers one ofthe most viable means of 
stimulafing environmentally sustainable economic activity in New York in the 21^^ century. New 
York has a long history of progressive energy and environmental policy action, as discussed 
elsewhere in this Interim Report, and such early acfion is the foundation upon which the State's 
80 by 50 planning process is being built. The State's leadership in clean energy provides many 
examples ofthe economic development and in-State job creation value of such investments (see 
Table 13-1 at the end of this chapter). 

Much has been written about the potential growth ofthe burgeoning clean energy economy, and 
the competition for these emerging markets is global. President Obama has stated that "the 
nation that leads the clean energy economy will lead the global economy." China is aggressively 
pursuing dominance in the supply of new clean energy products,^ and Germany is establishing 
itself as a leader in several efficiency industries. In the U.S., the Pew Center on Global Climate 
Change reports that the clean energy economy is emerging as a vital component of America's 
new economic landscape; many states are trying to revitalize their economies on the prospect of 
worldwide market expansion for clean energy products and services. 

But not all regions will emerge as market leaders. The successful regions will be those which 
build on strategic assets, which make investments of adequate scale and duration, and which 
have broad business, political and public support for these ventures. 

' "Clean energy economy" in this section is the broad definition of all industries and sectors contributing to a low-
carbon economy. This includes energy efficiency, renewable energy, low-carbon transportation technologies and 
systems, and lean manufacturing, similar to the definition used by the Pew Charitable Trusts in its report, The Clean 
Energy Economy: Repowering Jobs. Businesses and Investments Across America. June 2009. 

^ Center for American Progress. Out ofthe Running: How Germany, Spain, and China are Seizing the Energy 
opportunity and why the United States Risks Getting Left Behind, March 2010. See also: Breakthrough Institute and 
The Information Technology and Innovation Foundation, Rising Tigers, Sleeping Giants: Asian Nations Set to 
Dominate the Clean Energy Race by Out-Investing the United States. November 2009. 

3 The Economist. The Green Machine; A Second Wind for Germany. March 11, 2010. 

4 The Pew Charitable Trusts. The Clean Energy Economy: Repowering Jobs, Businesses and Investments Across 
America. June 2009. 
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New York is well posifioned to compete in this economic race: New York has long been a leader 
in energy technology innovafion and commercialization, with a well established world-class 
research infrastructure, and is home to a major financial and venture capital industry. New York 
has a superior higher education system, the natural resources necessary to power a low-carbon 
economy, and a producfive and skilled labor force that can readily transition into new energy 
industries and markets. 

This chapter first details New York's significant clean energy assets and then describes the 
building blocks critical for nurturing our clean energy economy. Finally, this chapter presents 
strategies designed to promote long-term and 
sustained economic growth in New York related 
to clean energy technologies and innovations for 
the future low-carbon economy. These strategies 
can make New York a regional, national, and 
intemational hub of clean technology industry and 
innovafion— with the goal of creating good jobs 
for New Yorkers. 

These strategies can make 
New York a regional, 
national and international 
hub of clean technology 
industry and innovation for 
the future low-carbon 
economy - with the goal of 
creating good jobs for New 
Yorkers. 

While other chapters ofthe Interim Report focus 
on policy options to reduce greenhouse gas 
emissions and to adapt to a changing climate, this 
chapter attempts to bridge climate policies with 
strategies to foster clean energy business growth 
and clean energy job creation. It does not attempt 
to measure the economy-wide impacts of climate 
policy, but work is underway to develop such 
analyses. (These economic assessments, including 
analysis of macroeconomic impacts of proposed policies, will be presented in the final Climate 
Acfion Plan and will require re-evaluation in progressively greater detail throughout policy 
development and implementafion.) 

New YorIc Clean Energy Assets and Limitations 

New York Clean Energy Assets 

The unique regional differences in New York's economy provide a wide variety of advantages 
for the state. Upstate New York has strengths in innovation and high-tech industry, value-added 
manufacturing, and large amounts of untapped renewable energy potential and natural resources. 
Both Rochester and Albany rank among the top ten most patents per capita across the U.S.^ and 
the State ranks 2nd in total number of clean energy patents (see Figure 13-1).^ New York City 
and downstate regions complement upstate assets with large investment and financial services, 
access to venture capital, and the country's largest consumer market. The state routinely scores 
well in national rankings of innovative, knowledge-based economies in the country, such as in 

^Greenberg, A.. The Knowledge Economy: America's Most Innovative Cities. Forbes Magazine. May 24'̂ , 2010. 
http://www.forbes.com/2010/Q5/24/patents-funding-jobs-technology-innovative-cities.html. 

^Heslin, Rothenberg Fariey & Mesiti, P.C. CleanTech Patent Index. 2009 
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the Kauffman report, which ranks New York as 5th best prepared to transition into a new 
knowledge based economy.' 

Types of Capital in New York State 

• Human capital: New York State boasts one ofthe most educated workforces in the country. 
Overall, 31% of New Yorkers have a bachelor's degree, and 14% hold a graduate degree. 
New York's workforce is the 4th most educated in the country, below only Massachusetts, 
Maryland, and Connecticut. Human capital is the most valuable asset in an innovafion, 
knowledge-based economy. 

• Financial capital: Despite an ailing economy. New York City remains the global financial 
capital. The city is home to many Fortune-500 corporations and has one ofthe largest 
banking centers. This immense source of financial capital, if targeted correctly, will be 
pivotal in funding new technology and startup companies throughout the transition into a 
clean energy economy. 

• 

• 

Natural capital: New York State has vast assets in low-carbon natural resources that will 
help fuel the clean energy economy including wind, solar, hydro, and biofuels. According to 
the New York Stale Energy Plan, if fully developed, these renewable resources could meet 
nearly 40 percent of New York's projected primary energy needs in 2018^. 

Manufacturing infrastructure: New York State has an extensive manufacturing 
infrastmcture (and associated labor force), particularly in the upstate region, that could be 
transitioned into new growth markets in clean energy. 

' Atkinson and Andes, The 2008 State New Economy Index, Benchmarking Economic Transformation in the States, 
Kauffman Foundation. November 2008. 

^ The Brookings Institution Metropolitan Policy Program, The State of Metropolitan America. 2010. 

' New York State Energy Planning Board, 2009 State Energy Plan. December 2009. 
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Figure 13-1. Clean-Energy Patents: Geographic Distribution 2002-2008 
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Academic and Research Institutions 

New York State is home to a large number of leading universities and research centers, including 
two Ivy League univershies, seven members ofthe Associafion of American Universifies, over 
20 major research institutions, and a wide breadth of smaller colleges.'" New York State ranks 
2nd in the country in number of doctoral scientists and currently enrolled graduate students and 
3rd in the country in the number of doctoral engineers.'' These institufions play a crifical role in 
the development ofthe state's vital human capital assets, and we must ensure the state continues 
to have the employment opportunities necessary to retain this talent. 

However, these academic and research institutions provide more than just an educated 
workforce: they conduct the initial research and development for new technologies that are 
commercialized in the private sector. Recently, five New York research laboratories were 
awarded multimillion-dollar Energy Frontier Research Centers grants by the U.S. Department of 
Energy. These research centers, at SUNY Stony Brook, Brookhaven National Laboratory, 
Columbia University, Cornell University, and General Electric Global Research, are working to 

'° New York State Energy Planning Board. 2009 State Energy Plan,. December 2009. 

" New York City Investment Fund. Cleantech: A New Engine of Economic Growth for New York State. January 
2007. 
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dramatically transform the new energy technologies available to the industry. The State helped 
fund these New York proposals in order to leverage the sizable federal funds. 

New York universities have also entered the emerging field of nanotechnology, which promises 
advancement in clean energy technologies, including photovoltaics, battery storage, and other 
renewables. The College of Nanoscale Science and Engineering ofthe University at Albany is 
the first college in the world dedicated to the emerging disciplines of nanotechnology. The 
college's $6 billion-dollar complex already employs 2,500 scienfists and has attracted 250 
industry sponsorships. '̂  The above section highlights only a few examples of research and 
development being conducted at universities throughout the state. 

Training Institutions 

At the community college and local levels. New York State has recently developed an extensive 
network of clean energy training programs at 32 facilities across the State. These programs have 
conducted over 16,000 trainings of individuals in new energy efficiency and renewable energy 
markets and are poised to continue to develop the workforce needed for critical components of a 
low-carbon economy. [See Highlight Box] 

Industry and Private Enterprise 

Industry and private enterprise is the most important sector ofthe economy regarding job 
growth. Fortunately, the state currently has 67,000 employees in the management, scienfific, and 
technical consuhing services industry and 54,000 employees in the scienfific research and 
development sector. '̂  These industries pay average salaries of $98,000 and $64,000 
respectively, both well above the state average.'"* Although these jobs are only a small portion of 
the innovation and clean energy economy, they are representative ofthe economic benefits 
involved in a transifion to a low-carbon economy. Furthermore, these sectors will transifion 
easily into the new economy and thus provide a strong base of human capital that can be 
expanded on. When coupled with growth in value-added manufacturing, the potential for 
economic growth and creation of jobs is dramatic. 

Industries and private corporations throughout New York have already been successful in 
creafing or attracting clean energy businesses and jobs. The sector already boasts 3,300 clean 
energy businesses employing over 34,000 people, making the State a national and international 
leader in the sector.'^ These businesses include large corporafions and small startups alike. For 
example. General Electric recenfiy opened its $45 million Renewable Energy Global 
Headquarters in Schenectady, New York. Emphasizing smart growth principles, GE created 650 
new jobs in the city, with the capacity for growth in the future. Another example of new 
economic development is Global Foundries' new semiconductor manufacturing facility in 

'̂  College of Nanoscale Science and Engineering. University at Albany, http://cnse.albanv.edu/ 

'̂  U.S. Department of Commerce, Bureau of Economic Analysis - regional Economic Accounts. 
http://www.bea.gov/reeional/index.htm^psp 

'"* United States Department of Labor, Bureau of Labor Statistics. 

" The Pew Charitable Trusts, The Clean Energy Economy: Repowering Jobs. Businesses and Investments Across 
America, June 2009. 
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Saratoga County, currently the largest economic development project in the country. This 
facility is expected to bring over a thousand jobs to the local economy. 

Over the last decade, New York has lost 40 percent of its manufacturing jobs, well above the 
national average. '̂  The transifion to a clean energy economy could provide value-added 
manufacturing jobs to a region with a surplus of skilled workers with manufacturing experience 
and underufilized industrial sites, particularly in upstate New York. GE and Global Foundries are 
only examples ofthe many existing and potential economic development opportunhies available 
to the state. Recognizing that other states have faced manufacturing job losses and will seek to 
lure manufacturing plants to their borders, the more quickly New York is able to form the culture 
of innovation that can create new energy businesses, the more likely that capital, talent, and other 
businesses will find New York an attracfive place to locate. 

Public Institutions and Government 

Another set of assets New York has to help catalyze economic development through clean 
energy and climate policy are its public institufions and units of state and local government. 
These insfitufions can together bridge academic, private, and public research and development 
programs by streamlining govemment incentives and funding while fostering a culture of 
cooperation within the clean energy sector. An economic transition on the scale required for 
achievement ofthe 80 by 50 goal will require substanfial and coordinated public planning and 
guidance. 

Specific Clean Energy Core Competencies in New York 

The New York Academy of Sciences recently conducted an assessment of areas of economic 
growth potential in New York. It identified four economic growth areas and enabling 
technology core competencies in New York: advanced materials, biotechnology, information 
technology, and clean technology. The Academy further identified six areas within clean 
technology with the greatest economic promise for the state: photovoltaics, energy storage, fuel 
cells, bioenergy, smart electric grid, and integrated building technologies (Figure 13-2). These 
innovation assets align with the technologies needed for a low-carbon future. 

'^ Saratoga Technology + Energy Park, http://step.nvserda.orp/index.html. 

" New York City Investment Fund. Cleantech; A New Engine of Economic Growth for New Yoric Slate. January 
2007. 

'^New York Academy of Sciences. Innovation & Clean Technology in New Yoric Stale: A New Economic 
Engine,.August 2010. 
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Figure 13-2. Clean Energy Innovation Assets in New York 
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• Systems Integration 

New York Clean Energy Limitations 

Social Capital and Integration Networking 

While New York has significant assets, they are not fully integrated with each other and with the 
transition to a cleaner economy. As a result, developments in one sector ofthe economy can 
sometimes have difficulty translafing into other areas. For instance, while New York leads the 
nation in research and development, only 4 percent of academic research in New York is funded 
from industry. '̂  This is below the national average and demonstrates the potential for more 
university-industry collaborafion. While New York is home to more than 20 major research 
institutions, and its universities place it 2"*̂  among the states in attracting federal research and 
development (R&D) funding, these univershies lag behind in incubafing new companies. 

The growth of an innovation economy requires many connections among many participants, 
much like a natural ecosystem. Key participants include university researchers, technology 
developers, sources of capital, entrepreneurs and executives, service providers, business 
advisors, and others with a stake in commercializing new energy technologies. Better networks 
in New York would accelerate technology commercialization by promoting the early formation 
of muhifaceted teams to bring new technology to market and by reducing the time and costs 
involved in identifying and engaging suitable commercializafion resources such as capital, key 

The Pew Charitable Trusts. The Clean Energy Economy: Repowering Jobs, Businesses and Investments Across 
America. June 2009. 
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personnel, complementary capabilifies, and strategic partners. Some promising public and 
private sector activities are underway to address this gap.^° 

Venture Capital 

Despite the large financial industry in New York City, one ofthe problems arising from the lack 
of integration networking is inadequate venture capital investments. Venture capital is a critical 
component for an economic transifion of this magnitude. These investments are necessary to 
move products and technologies from the research and development phase into demonstration 
and commercialization. As Figure 13-3 demonstrates. New York venture capital investments lag 
behind other tradhional high-tech centers of innovafion and entrepreneurial. If this pattem 
continues. New York will risk losing advances in research and development to startups in other 
parts ofthe country. 

Regulatory and Tax Structure 

New York must ensure that its tax system, fee structure, and regulatory environment all 
encourage rather than discourage economic activity in targeted industries. The cost of doing 
business is a primary factor in firms' location decisions, and the entire range of State policies and 
laws can affect a business's costs— from fees to licensing requirements to property taxes to tax 
treatment of investment income. The State must undertake a comprehensive analysis of all 
impediments to clean energy job and business growth in order to identify barriers and suggest 
policy and statutory solutions. 

Legislative and Regulatory Uncertainty 

Uncertainty and risk associated with a developing economy can slow the generation of new 
companies, the entry of entrepreneurs into the market, and the fiow of investor capital. The 
current legislafive and regulatory uncertainty regarding climate policy, both at the federal and 
state levels, may be a barrier to entry or expansion for firms and individuals. Regulatory and 
legislative actors can help by building future certainty regarding laws, goals, and responsibilifies 
throughout the state. This was a clear recommendation offered by a number of investors in the 
clean energy sector, convened as part ofthe Climate Action Plan process. New York State has 
the opportunity to obviate much of this concem by cleariy integrafing into all its policies the core 
values of wise use of energy and the in-state production of abundant clean energy. 

See Upstate Venture Connect, www.uvc.org 
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Figure 13-3. Venture Capital 
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Policy Options to Drive Clean-Energy Economic Growth in New York 

Figure 13-4 illustrates the major building blocks of an 
innovafion-based clean energy economy: 

• Robust market demand for clean energy products and 
services, 

• Skilled clean energy workforce and dynamic 
workforce development system, 

• Vibrant technology innovation and 
commercializafion ecosystem, 

• Focused and sustained economic development 
strategies to support clean energy, 

• Fully engaged private and public sector. 

Each of these elements is critical, along with the 
fundamental access to capital. 

A portfolio of policies 
strategically designed to 
support these critical 
elements would maximize 
economic development 
potential in New York and, 
if properly executed, would 
turn climate policy into an 
engine for economic 
growth. 

13-9 



New York State Climate Action Council 
Interim Report 11-9-10 

Figure 13-4. Building Blocks of a Clean Energy-Innovation Economy 

Building Block #1: Creating Robust Market Demand for Clean Energy Products 
and Services 

Strong market demand must exist in order for companies to make investments in facilifies, 
manufacturing, services infrastructure, and R&D. Demand can be created through a variety of 
policies at the intemafional, national and state levels. Such policies include market-pull policies 
(e.g., the Renewable Portfolio Standard, or RPS), financial incentives/disincenfives (e.g., a 
carbon tax), regulations and/or codes, procurement guidelines, and a variety of other mechanisms 
addressed through this Interim Report. Market demand is the foundation for advancing a clean 
energy economy. 

The greenhouse gas mitigation policy options presented throughout this Interim Report would 
stimulate local demand for clean energy technologies and services (see Chapters 5 through 8) 
and thereby lay the foundafion for a clean energy economy in New York. While policies that 
drive larger markets (i.e., national and regional policies) will mobilize more private capital and 
will do so more quickly, history has demonstrated that State policies can move markets in the 
clean energy arena and create local economic growth.^' '̂ ^ Just as we have seen several European 
nafions surpass the U.S. in the commercial development of solar and biomass technologies 

'̂ New York Renewable Portfolio Standard Evaluation Report. March 31, 2009. 

^̂  Lawrence Berkeley National Laboratory. Renewable Portfolio Standard in the United States: A Status Report with 
Data Through 2007. April 2010. 
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because of public policy support and a mofivated customer base. New York's climate policies 
have the potential to significantly stimulate the local clean energy economy. 

It is important to note, however, that not all clean energy/climate policies will necessarily create 
local jobs. For example, a Renewable Portfolio Standard that is met through the acquisifion of 
out-of-state renewable energy credits is not likely to directly create jobs in New York, although it 
will bolster overall demand for renewable energy products. Energy efficiency policies, on the 
other hand, have the dual benefit of not only being the most cost-effective greenhouse gas 
mifigation opfions but of also providing substantial local benefits in the form of installation and 
service jobs. This in part has been a strong driver behind policies such as the Green Jobs Green 
NY legislation. From the perspecfive of supporting new technology firms, Columbia University's 
Amar Bhide has idenfified "venturesome consumption" as a key driver for value-creating 
innovation for venture-backed firms and notes that local markets enable the growth of new 
technology firms.^^ 

One ofthe key issues for any state or region in designing such policies is the timing and level of 
financial incentive. Regions and states that move out ahead of other areas with more aggressive 
policies will capture the attenfion of investors and companies looking to grow in clean energy. 
On the other hand, the policy design must avoid over-incentivizing and creafing markets that are 
not sustainable. Policymakers must carefully weigh the costs incurred by the consumer in 
subsidizing a low-carbon technology vs. the benefits in terms of sfimulating local jobs, 
environmental protection, etc. In considering this for electric energy efficiency and renewable 
resource policies, the price suppression benefits should be factored into the analysis, given that 
investments in energy efficiency and renewable energy can have the effect of lowering the net 
costof electricity to o//consumers. [See Table 13-1]. All of these factors must be carefully 
considered in designing policies that stimulate market demand. 

Building Block #2: Designing a Dynamic Workforce Development System 

A skilled workforce must exist in order for companies to grow and locate in the State. In an 
innovation-based economic model, a full spectrum of skill levels is needed— from the technician 
servicing customers' repair and installafion needs to the chief executive officer needed to attract 
investment and run a company. A dynamic workforce development system meeting the needs of 
a clean energy economy must take a long view to develop the human capital needed to prepare 
New York and capture the benefits of a clean economy. The K-16 system must educate New 
Yorkers in math and science, help them understand the need for environmental sustainability and 
altematives to a carbon-based economy, and prepare them for entrepreneurship. The higher 
education system must continuously evolve to reflect the needs ofthe changing economy 
through curriculum modifications and through certifications or degree programs. Incumbent 
workers must have continuous access to education and training to upgrade their skills throughout 
their working career in order to meet the changing needs of their employers. Finally, nurturing 
the enfire spectrum of skill levels will keep professionals living and working in New York while 
creafing pathways out of poverty to raise the standard of living for our most vulnerable 
populations. 

•̂' Bhide, A. The Venturesome Economy: How Innovation Sustains Prosperity in a More Connected World. 
Princeton University Press. 2008. 
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Chapters 6 and 12 ofthe Interim Report idenfify a range of specific workforce development 
needs largely associated with requirements for 
installing and servicing new energy technologies and 
ensuring that we have skilled labor all along the supply 
chain. This Clean Energy Economy Chapter looks 
more broadly at the educational and workforce 
development needs over the long term and identifies 
ways to grow the human capital needed to move New 
York State toward a low-carbon future. 

The State must invest 
in a dynamic workforce 
development system 
that can position its 
workforce for jobs in 
growth markets. Because we cannot predict the technologies in future 

demand, we must develop the means to identify and 
respond to workforce development needs as they arise. 
Robust information sharing among the stakeholders 
involved in K-16 education, higher educafion, worker training, and industry^"* is necessary to 
create a workforce development system that is not only comprehensive along the entire spectrum 
of skill levels but is also dynamic enough to nimbly adjust curricula and trainings as technologies 
and employer needs evolve. This information-sharing must be incorporated into a confinuous 
feedback loop among constituents— businesses, employees, and educators. As needs, 
technologies and gaps evolve, the workforce development system must be designed to also 
evolve. 

Such a system includes three essential elements: 

• Labor market characterization: Assessing, projecting, and monitoring market demand and 
describing the labor market characteristics ofthe state's high-priority clean energy sectors, 
including staffing pattems, skill requirements, earnings, career ladder opportunhies, 
occupational trends and labor supply, and demand assessment. Widespread deployment of 
new technologies is not possible without trained a installation and service workforce. 

• Program development: Designing programs to meet supply and demand. Must identify 
needed skills and expertise, map gaps in available workforce skills, inventory, and design 
training programs/apprenticeships. Must meet needs of all participants (workers, employers) 
by addressing barriers to training and employment and engaging economically disadvantaged 
communhies. 

• Coordination: Full spectrum of training activities (public sector, private sector) to leverage 
resources, to market opportunities, and to establish certifications and standards. Note that 
"clean energy jobs are not unique to the clean energy industry, and require the same range of 
education, skills and eamings as jobs in other energy sectors and jobs in the construction and 
manufacturing industries."^ 

These strategic elements are neither driven by the market nor sustainable in the market without 
public support, and a workforce with the requisite skills to properly analyze, design, install, and 

ARRA New York State Department of Labor grant for green-business survey. 
" New York State Department of Labor. New York State's Clean Energy Industry: Labor Market and Workforce 
Intelligence. May 2009. 
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maintain industrial and technological advances will not evolve as quickly as needed without 
public investment. Intervention will continue to be particulariy vital for reaching tradhionally 
underrepresented and economically disadvantaged communities and populations. 

The past several years have seen a precipitous decline in federal support for state-administered 
workforce development programs. New York State has not supplemented the decreased federal 
dollars. To ensure adequacy of resources, policymakers will need to dedicate revenues for 
workforce development. Allocafing a portion of Climate Action Plan public investments to 
workforce development can help ensure the ability ofthe workforce development system to 
change with the needs of employers and the labor force, particularly by supporting the crifical 
incorporation of real-time labor market and workforce intelligence into program and curriculum 
development. 

The methodological basis for public workforce investment strategy over the 2050 planning 
horizon is not likely to change from that of today. This includes addressing the following: 

• Barriers and bottlenecks that prevent the market from producing the requisite workforce 
development activifies necessary to achieve the goals ofthe Climate Action Plan; 

• Breadth of services: K-16, continuing education for adults, continuous access (both 
availability and cost) for skills upgrades; 

• Comprehensively cataloging job and training opportunifies; existence of gaps will justify and 
help direct use of public funds; 

• Evaluation, measurement, and verification ofthe benefits of public investment in workforce 
development to support the Climate Acfion Plan; must set clear, relevant, and achievable 
goals. 

Key market barriers that must be addressed by a comprehensive public workforce investment 
strategy over the 2050 planning horizon are likely the same as we face today: 

• Matching outcomes to investments: The objective of clean energy workforce development 
programs is to improve worker proficiency in knowledge, skills, and abilifies required ofthe 
jobs to manufacture, install, operate, and maintain the technology advances in clean energy. 
These goals cannot be measured by simple metrics, such as job placement rates or wage 
increases, but must instead be measured by more difficult metrics that would assess 
participants' increased skills or knowledge. The positive producfivity effects of workforce 
development investments are conclusively documented in the literature, and this remains 
critically important in valuing the effectiveness of workforce development programs. 

• Loss of income while participating in training: For many individuals, the immediate need to 
work to cover basic needs far exceeds the delayed greater income potential from not working 
and participating in training. Therefore, public workforce development investments must 
include sufficient funding for needs-related payments to encourage individuals to participate 
in training. 

• Loss of business productivity while training employees: Some worker skills can be acquired 
only through on-the-job training, which can be costly to the business through lost 
producfivity of its existing staff Support for incumbent worker training and on-the-job 
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training through compensafion for lost productivity is an important component of a 
workforce development portfolio. 

Need for employment-related supports: Remediation of employment barriers, such as 
transportafion, child care, costs of tuition and materials, will remain an integral part of 
successful workforce development investments targeted at entry-level poshions. 

• Need for training capacity: Training infrastructure includes curriculum development, school 
startup and accreditations, and worker certification. It also includes the cost to properly equip 
workers with the requisite tools necessary for the job. Public workforce investments must 
provide support for capacity building to advance skills proficiency in installation work, 
operation work, and maintenance work in the clean energy industry. 

• Need for markefing and outreach: The need to publicize the availability of training programs 
is particularly relevant in economically disadvantaged communhies. Public workforce 
investments should include sufficient funding to promote clean energy training initiatives and 
opportunities, focusing inifially on low-income residential building performance and urban 
ecology. 

Building Block #3. Catalyzing a Technology Innovation and Commercialization 
Ecosystem 

The challenges of 80 by 50 will not be solved with today's technology. ̂ ^ Experts across the 
globe are recommending substantial and sustained investment in energy and environmental 
technology R&D on top of new approaches to technology commercialization.^' It is well 
documented that technology innovation is responsible for over half the U.S. annual GDP 
growth. A full ecosystem comprised of inventors, entrepreneurs, financiers, and market experts 
wiil together spur creation of new clean energy companies that will take the necessary risks 
needed to produce new products and services. New York has the key ingredients for a robust job-
creating energy-technology innovation system '.With greater alignment of policies, New York 
could reap substantial economic gains related to emerging clean energy growth markets. 

New York has a long history of supporting innovation in energy technology—dating back to the 
days of Edison and the demonstration ofthe world's first electrical grid, the worid's first 
electrically illuminated city, and one ofthe largest renewable energy-hydropower developments 
in the early 20th century. From an organizational standpoint, the New York State Legislature had 
the foresight in the 1970s to create an institution to focus exclusively on innovafion in energy 
technology and, specifically low-carbon energy technology, through the creation ofthe New 
York State Energy Research and Development Authority (NYSERDA). But meeting a challenge 

^̂  Edmonds, Jae and Gerry Stokes. Launching a Technological Revolution in Climate Policy for the 21st Century: 
Meeting the Long-Term Challenge of Global Warming. Edited by David Michel. Center for Transatlantic Relations. 
2003. 

" Intemational Energy Agency. Global Gaps in Clean Energy RD&D, 2010. See also Bill Gates: Gates Path to an 
Energy Revolution. New York Times,. August 24, 2010. 

*̂ Robert Sokolow, Nobel-Prize winning economist on innovation and growth economics. See also American 
Council on Economic Competitiveness. 

'̂ New York Academy of Sciences. Innovation and Clean Technology in New York State. 2010. 
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as transformative as 80 by 50 goes beyond a single organizafion's mission. Such a challenge will 
only be met through concerted and coordinated policy, program, procurement, and investment 
practices in all agencies of State government. And most importantly, such a challenge will only 
be met if we can unleash the creativity of private enterprise, where products will uhimately be 
introduced into markets. 

The current global level of investment in energy technology innovation is nowhere near adequate 
to solve the energy-climate challenge, nor is it commensurate with the economic opportunities 
associated with new emerging growth markets.•'*' However, there are signs of change. Large 
corporafions are increasing their investments and partnerships in clean energy technology. Start
up companies are emerging with greater frequency in the clean energy business space. Venture 
capital investment in clean energy is at a record-high level nationally. And in the past few years, 
there has been a higher level of federal funding available for energy R&D relative to the past two 
decades. 

The challenge to New York is to seize these economic opportunities, revitalizing and 
diversifying the State's economy— both by creating an environment that sfimulates new high-
growth start-ups and by encouraging confinued investment in innovation and commercialization 
at larger, more established businesses that have the capital and human resources needed to make 
major improvements in technology. 

Research and development is a crifical component in an innovation system, but creating a vibrant 
technology innovation and commercialization ecosystem requires more than R&D. The State 
must acfively promote innovation and entrepreneurship to bring the fruits of R&D investments to 
the market and to realize local economic benefits. The recommendafions presented herein build 
on NYSERDA's three decades of experience in working with New York businesses to 
commercialize new energy technology and are supplemented with recommendations from 
stakeholders and several recent reports on actions needed to stimulate innovation in New York, 
including the Task Force on Diversifying the New York State Economy through Industry-Higher 
Educafion Partnerships (IHETF)^', the Public Policy Institute ofthe New York State Business 
Council,^^ Center for an Urban Future,^^ the New York City Investment Fund,̂ "* and several 
review papers by the New York Academy of Sciences. 

°̂ United Nations Foundation, Scientific Research Society. Confronting Climate Change. February 2007. 

'̂ Task Force on Diversifying the New York State Economy through Industry-Higher Education Partnerships, Final 
Report. December 2009. 

'̂  Public Policy Institute. Transcending the Hamster Cage: Unfettering New York's Static Innovation Economy. 
January 2010. 

^̂  Center for Urban Future. Building New York City's Innovation Economy. September 2009. 

*̂ New York City Investment Fund. Cleantech: A New Engine of Economic Growth for New York State. January 
2007. 
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The creation of new ventures, in particular high-growth ventures, is critical both to the State's 
climate strategy and to its economic development goals. Startup companies account for the bulk 
of job creation and economic growth. From 1980 to 2005, nearly all net job creafion in the U.S. 
came from companies less than five years old. 
Even though jobs are constantly being created 
and destroyed by businesses of all ages, high-
growth startups compensate for job losses by 
firms that close, even during recession.''^ 

The State must actively 
promote innovation and 
commercialization and 
entrepreneurship to bring the 
fruits of R&D investments to 
the market and to realize 
local economic benefits. 

However the focus cannot be solely on direcfing 
State funding to capital for startup companies in 
the hopes of encouraging their formation and 
helping to sustain them through lean and 
dangerous early days. This strategy must be 
preceded by other policies that set the stage: For 
example, policies to enhance the entrepreneurial 
climate by providing entrepreneurial training 
and expanding access to technology are valuable strategies in their own right and often a 
necessary precursor for direct funding programs to be successful. ^̂  Examples of these corollary 
policies follow: 

• To convert New York's research capacity to sustainable economic Impact, the IHETF Final 
Report wisely calls for a statewide culture that emphasizes commercialization, and 
recommends a number of steps to foster this culture: 

o Changing practices at universities to emphasize entrepreneurship and technology 
commercializafion;, 

o Calling on industry to engage universities strategically and to sponsor relevant research, 

o Increased availability of capital for seed stage companies and the creation of support 
structures that help entrepreneurs start up and grow, 

o Adopfion of an economic development policy that emphasizes business creation and 
talent retention, rather than industry attraction, 

o Networking universities and their industry counterparts together. 

• The current State Energy Plan also calls for policies and programs in line with the IHETF 
Report that create an environment encouraging innovation at each stage ofthe clean energy 
product and business cycle: from research, development, and entrepreneurship through value-
added manufacturing. Confinuing development of policies that foster the innovation 
ecosystem for clean energy technologies and supporting public-private partnerships to lower 

" Haltiwanger, Jarmin, and Miranda, Jobs Created From Business Startups in the United States, Kauffman 
Foundation, January 2009. http://www.kauffman.org/uploadedFiles/BDS Jobs Created „011209b.pdf) 

^̂  Horrell and Litkn, Af̂ er Inception: How Enduring is Job Creation by Startups?, Kauffman Foundation, July 2010. 
http://www.kauffTnan.org/uploadedFiles/finn-formation-inception-8-2-10.pdf) 

'̂ Lemer, J., Boulevard of Broken Dreams: Why Public Efforts to Boost Entrepreneurship and Venture Capital Have 
Failed and What to Do About It, Princeton University Press, 2009. 
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the risk of investing in new energy technologies, are essential elements of a prosperous low-
carbon future. 

• In addhion to creating an environment conducive to high-growth startups in clean energy. 
State policies and programs must further capitalize on the tremendous assets associated with 
the many large corporate R&D centers in New York, such as GE, IBM, and General Motors, 
all of which are making major investments in clean energy technology and markets. From an 
economic development standpoint, one ofthe key challenges in working with mulfinational 
firms is that the economic activity and commercialization activity cannot be constrained to 
any one state—these are highly competitive global operations. One successful new public-
private partnership model that appears to provide value for large clean energy businesses as 
well as small startups is the New York Battery and Energy Storage Technology Consortium 
(NY-BEST). Under this collaborafive effort, interdisciplinary industry and academic teams 
have been established to advance energy storage technology, with the public funding going to 
expand access to university talent in New York State needed by the industrial partner. This 
effort at networking helps to retain the economic acfivity in New York by building linkages 
and, as an example, has proved to be successful in helping to expand GE's battery business in 
New York State. 

• Lastly, New York needs improved linkages between its technology and investment capital. 
The New York City Investment Fund, in its report Cleantech: A New Engine of Economic 
Growth for New York State suggests that the State could work with regional business 
organizations to establish periodic forums in which the venture community is exposed to 
technology developed at academic and industrial research facilhies in New York. 

Together, these and other measures applied to clean energy technologies can promote the 
innovation ecosystem with many connections among its participants— university researchers, 
technology developers, sources of capital, entrepreneurs and executives, service providers, 
business advisors, and others with a stake in commercializing new energy technologies. Such an 
ecosystem will accelerate technology commercialization by promofing the early formation of 
muhifaceted teams to bring new technology to market and by reducing the time and costs 
involved in idenfifying and engaging suitable commercializafion resources such as capital, key 
personnel, complementary capabilities, and strategic partners. 

Looking beyond State policy, New York should advocate for national policies that play to New 
York's strengths in energy innovation (see also Chapter 14). For example, the federal R&D tax 
credit has again expired. New York should consider pushing for an aggressive and permanent 
federal R&D tax credit, which would benefit many industrial energy R&D activities in the State. 
Of paramount importance. New York State should advocate for substantial and sustained federal 
investment in energy R&D, without which progress toward a low-carbon future will be 
extremely slow. New York should also continue to encourage the U.S. Department of Energy to 
embrace new models for energy technology innovation, including those that are far more 
decentralized than the energy research models ofthe past few decades. These models can help 
support regional energy innovation consortia that can accelerate the pace of energy technology 
development and commercialization. 
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Building Block #4. Focused and Sustained Economic Development Strategies 
that Support Clean Energy 

New York must embrace a model for economic development that builds on the state's strengths 
as a knowledge-based economy, with high-value-added manufacturing capabilities, recognizing 
that the state will struggle to compete in low-cost commoditized markets. The State's economic 
development policies should support the retention of jobs and the creafion of new businesses and 
jobs in emerging high-growth markets, such as clean technology industries. The State's 
economic development policies must embrace the new emerging economy ofthe 21̂ ^ century— 
an economy whose growth is based on innovation, knowledge, and entrepreneurship. 

To position New York as a leader in the clean economy, the State should integrate into its core 
values the principles of wise use of energy and instate production of abundant clean energy. 
Codifying these values through a muhi-generational commitment will help sway decision makers 
in commerce and investment to tie their futures to New York State. To build New York's 
prosperity in the emerging economy, policymakers should also link economic development 
strategy with nurturing and growing the clean economy. 

Economic development strategies for the short term are very different from strategies for the 
long term. Decision makers today are called on to defend against poaching threats from other 
states and nations, to mitigate community upheavals from facility closures, and to sway multi-
state businesses to consolidate operafions In New York rather than in facilities elsewhere. Much 
ofthe work of economic developers in New York is to support and protect our exisfing 
commercial/industrial base. 

Economic development strategies for the long term, however, are not tied to any specific 
business or immediate need but are focused on creating the culture and infrastructure needed to 
generate new economic activity: to grow the 
workforce through cutting-edge K-16 schools 
and workforce development programs, to grow 
innovation through R&D investments and 
support of entrepreneurs, to grow firms and 
businesses with technical assistance for 
expansion and for access to new markets, to 
grow investment by improving borrowers' 
access to capital, and to grow commerce 
through market generation. 

To build New York's 
prosperity in the emerging 
economy, policymakers 
should link New York's 
economic development 
strategy with nurturing and 
growing the clean energy 
economy. 

Beginning immediately, the State should 
engage in the following activifies: 

• More strategically allocate monies made 
available each year for individual firm 
incentives to focus on high-growth areas 
such as clean energy. Relevant programs financed in New York State are administered by 
several agencies, including but not limited to Empire State Development, Department of 
Environmental Conservation, Department of State, Department of Labor, NYSERDA, and 
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New York State Foundafion for Science, Technology and Innovafion (NYSTAR). Strategic 
allocafion could be accomplished in part through the annual budgeting process. 

• Engage in a robust marketing campaign targeted to high-growth green firms, both startup 
businesses and expanding manufacturers, and both home-grown and out-of-state firms. 
Catalog and exploh our compethive advantages, including but not limited to 

o Hydro resources (good for water-intensive activifies like food processing and 
microprocessor fabrication facilitlesj, multi-climate geography (test-bed for climate-
based research); 

o Populafion/industrial center of massive eastem seaboard market; 

o Global financial center; 

o Intemational connections (immigrant population, points-of-entry, United Nafions, etc.); 

o Demographics (multilingual and highly educated populace, highly productive 
workforce); 

o Transportation infrastructure. 

• Work more aggressively with existing New York scientists and researchers on 
commercialization of promising technologies. [See Building Block #3 above and Chapter 10 
on RD&D needs]. 

• Change State procurement laws and practices both to strengthen New York State as a 
purchaser and to increase demand for products manufactured in New York [related to 
Building Block #1 above]. Specific actions could include the following: 

o Internalize true greenhouse gas costs of manufacture and transportation of purchased 
goods in order to preference those whose production is most aligned with the goals ofthe 
80 by 50; 

o Work with the federal government to ensure that multilateral and bilateral agreements 
regarding energy and electricity procurement are aligned with climate change goals; 

o Consider revising the weighting on bids for RPS to increase the value of New York's 
economic benefits, giving greater priority for bids with relatively more New York-
manufactured materials equipment and services with posifive employment impacts; 

o Strengthen goals for State agency purchasing.''^ 

The greater impact, however, will be structurally changing our economic infrastmcture to align 
our education and workforce development systems, our regulatory framework, and our tax 
structure to encourage the growth and risk taking that will put New York on the top. Four critical 
long-term strategies to create the culture and infrastructure are identified below: 

Long-term strategy #1: Align workforce training, K-12, and higher educafion with goals of 
clean energy. 

• Develop entrepreneurship and ecology curricula; expand training in, and networks of, 
entrepreneurs (also noted in Building Block #3 above). 

"** Current statements of goals are embodied in Executive Orders U4, #111, and #142. 
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• Increase the focus on STEM subjects (science, technology, engineering, and math). 

• Incorporate the diversity of New York's populafion in education and social programs. 

• Adopt proposals developed in the IHETF and within the State University of New York's 
(SUNY) "Power of SUNY" strategic plan. 

Long-term strategy #2: Provide public clean energy R&D investments and encourage private 
investments in R&D, innovation, and commercialization (related to Building Block #3 above). 

• Greater performance-based public support of university research centers, university-industry 
partnerships, technology "de-risking" through public-private partnerships, and improved 
transhion to private ventures especially in emerging markets. 

• Create a State Venture Capital Investment Fund. 

• Allow SUNY to restructure, creafing marquee university centers. 

• Enact a bond act to finance clean technology upgrades in New York's infrastructure. 

Long-term strategy #3: Grow commerce through generating and nurturing the market for clean 
economy. 

• Encourage networks of investors; facilitate relationship building and startup mentoring. 

• Make New York State an early adopter of promising technologies. 

• Bolster export assistance for New York manufacturers. 

• Continuously upgrade transportation networks— air freight, rail cargo, and deep-water ports. 

Long-term strategy #4: Create a tax and regulatory environment supportive of clean energy. 

• Consumer behavior: encourage certain purchases (electric vehicles. Energy Star products, 
renewable energy fuels) and discourage certain purchases (high-GHG emitfing fuels, old 
cars). 

• Property-owner behavior: encourage green buildings (zoning, insurance benefits, and 
consumer taxes on non-green materials) and discourage high-risk or sprawl construction 
(zoning, higher fees to expand public services). 

• Investor behavior; reward profit associated with green businesses, share risk through 
allowing tax write-offs of green-investment losses. 

• Licensing/certification: make New York State the leader in defining certain niche areas of 
expertise in low-carbon clean energy markets (e.g., as has been done with the establishment 
ofthe Building Performance Institute in New York). 

A state's financing structure can create an environment where technology firms are bom and 
grow and thrive in the private market without government intervention. While taxes and fees are 
often considered simply a source of revenue, how they are structured can have significant 
impacts on decision making and economic behavior. While a comprehensive analysis ofthe tax 
and regulatory systems is beyond the scope of this paper, a temporary commission composed of 
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both industry and State agencies should be created to study and propose reforms that would 
encourage business growth in New York's emerging clean energy economy. 

Long-term strategy #5: As part of community revitalizafion, develop locations suitable for 
clean energy businesses. 

Building Block #5: Encouraging Full Private and Public Sector Engagement 

Achieving a goal as transformational as 80 by 50 is possible only with the full and sustained 
commitment of all levels ofthe public and private sectors. Success ofthe Climate Acfion Plan 
and the requisite clean energy revolufion"will uhimately depend on linkages and support from 
the federal govemment, the State government, businesses and corporations, academic 
institufions, not-for profits, and municipal govemments— each of which plays an important role 
in the transformation to a clean energy economy. And without support from the public at large, 
policymakers in New York will struggle to advance and sustain the ambitious climate-energy 
policies presented herein. In the current fiscal environment, these climate-energy policies will be 
compefing for resources with other important policy and near-term social needs. 

To facilitate this full engagement, we must: (i) capitalize on the unique roles that each entity 
plays in our society, (ii) engage a broad spectrum of society, and (iii) ensure that each entity is 
fully aware ofthe challenge and empowered to act. 

Roles: The public sector's role in establishing a policy framework to internalize the price of 
carbon and stimulate innovation will be absolutely crhical. Other important public sector roles 
such as supporting a robust educational system, sponsoring research whose benefits are either too 
long-term or high-risk for any individual private entity, invesfing in existing and new low-carbon 
infrastructure, and leading by example will be vital to this transformafion. Businesses must be 
willing to invest in opportunhies that are climate friendly and reduce the energy requirements for 
delivering the goods and service that they provide. Given a supportive policy climate, many 
businesses appear poised to do this.^^ Private companies can advance a technology into a 
commercial product, although some government risk sharing will be needed in the early stages of 
development. 

Substantial private capital will be needed to transform our energy system and make the necessary 
physical investments. New forms of public-private partnerships will be needed to mobilize the 
capital required to achieve this transformation. New financing models for consumers will be 
needed to increase access to capital for energy efficiency and renewable energy investments. 
New financing models for technology developers and project developers will be needed to bridge 
the "valley-of-death.'*'' New forms of loan guarantees will be needed to mhigate risk associated 
with first-of-a-kind large-scale projects. Specific recommendations clarifying and illustrating the 
roles ofthe many different participants in the emerging clean energy economy are described 
throughout this Interim Report. 

^̂  Jeff Immelt (General Electric) and John Doerr (Kleiner, Perkins, Caufleld & Byers). Washington Post. August 3, 
2009. 

*° Bloomberg New Energy Finance. Solutions to the Next Generation Clean Energy Project Financing Gap. June 21, 
2010. 
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Engaging a Broad Spectrum of Society: To 

accelerate and sustain a transformational shift to a 

clean energy economy in New York, a broad 

spectrum of society will need to be engaged and 

benefits must accme to a diverse cross-secfion ofthe 

populafion. Jobs must be available for all skill levels, 

from so-called green collar positions to corporate 

posifions. Ensuring this kind of broad and inclusive 

engagement will require a range of policy 

mechanisms, from targeted workforce development 

initiatives to community-based approaches and 

mechanisms for establishing effecfive training-lo-

jobs networks/programs, such as the use of existing 

local groups and institutions as informational and 

organizational hubs. These types of community-based efforts can also help to ensure that green 

jobs programs and inhiafives take into considerafion and build upon New York State's rich 

cuhural and ethnic diversity. 

Realizing a 
transformation as 
significant as 80 by 50 
will require the full and 
sustained engagement of 
the public and private 
sector—at all levels. 

Table 13-1 Economic Impacts of Clean Energy Investments 
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Energy efficiency investments have demonstrated a positive impact on the New York State economy. For the 11 -
year period from 1999 through 2009, New York's System Benefits Charge program has demonstrated that for 
every dollar invested in energy efficiency, New Yori< State realizes $4.7 in statewide economic and environmental 
benefits. These benefits include the creation of 5,300 additional jobs in the New York economy. In addition, these 
energy efficiency investments have increased personal income by $1.7 billion, and improved the overall New York 
economy by increasing the gross state product by $2.4 billion.''^ 
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A recent evaluation of the State's Renewable Portfolio Standard (RPS) program shows that investments in 
renewable energy technologies can provide positive economic benefits. This analysis concluded that the RPS 
program resulted in creation of approximately 22,670 total job-years, including approximately 6,490 direct job-
years and 16,180 indirect job-years.''^' '^ For every incentive dollar paid to support the construction ofthe new 
renewable energy facilities, the State realized over $6 of total economic benefit. In addition to the jobs created, the 
RPS program was also noted to reduce overall electricity costs for consumers, as well as result in economic 
benefit from reduced pollution that would have been otherwise emitted from fossil fuel power plants. 

*" NYSERDA. New York's System Benefits Charge Programs Evaluation and Status Report, Quarterly Report to the 
Public Service Commission, Quarter Ending March 31, 2010. Final Report. May 2010. 

*̂  Three construction jobs that are in effect for one year are the equivalent of three job years. A single job that 
persists for three years also represents three Job years. 

" KEMA, Inc. and Regional Economic Development Research Group, Inc.. NYSERDA Main Tier RPS Economic 
Benefits Report. November 14, 2008. 
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Analysis conducted for the 2009 State Energy Plan demonstrates that aggressive energy efficiency and renewable 
energy policies can result in reductions in electricity prices for New Yori< energy consumers. When looking at 
energy efficiency, the State Energy Plan examined the impact to electricity prices if the current 15 by 15 policy goal 
was achieved. That analysis demonstrated that the net retail price of electricity paid by consumers is expected to 
be reduced by 0.4 to 0.9 cents per kilowatt hour, which would equal a total annual bill savings to ratepayers of 
$600 million to $1.4 billion in the year 2015. This analysis accounts for both the expected Increases in annual 
customer bills to implement the program, as well as the expected decreases in annual customer bills due to the 
reduction in wholesale electricity prices due to the reduced need for electricity, and the reduced need for power 
generated by the most inefficient and expensive fossil fuel power plants and for importing electricity from outside 
New York. 

The 2009 State Energy Plan also conducted a similar analysis to measure the effect on electricity prices of the 30 
by 15 renewable energy policy goal. The renewable energy analysis demonstrated that the net retail price of 
electricity paid by consumers is expected to be reduced by 0.06 to 0.16 cents per kWh by 2018, which would equal 
a total annual bill savings to ratepayers of $93 million to $262 million. Like the energy efficiency analysis, this study 
accounts for both expected cost increases to implement the program, and the expected decreases in annual 
customer bills due to reduced electricity prices and the reduced need for electricity from fossil fuel power plants 
from imported electricity. 

tl^^^n^rgyitecfin^^^^^ in Economic Development 
It is well documented that investments in technology innovation lead to economic growth. Evaluation ofthe System 
Benefit Charge energy R&D portfolio has shown that for every one dollar co-invested with New York business 
partners in energy product development. Gross State Product has increased by over four dollars." 

? >^''.:vM'V 7 t ^ Clean Energy Work fo r ce Deve lopment : 
' 1^ '; : : J ^ o s j t i o n i n g N e w Y o r k e r s f b r J o b s In a Low-Carbon E c o n o m y 

New York State has been supporting energy efficiency and renewable energy workforce development and training 
initiatives for approximately 10 years, and has created a networi< of over 32 clean energy training facilities across 
the state. This includes the Center for Energy Efficiency and Building Science (CEEBS), headquartered at Hudson 
Valley Community College, an expansive network of 18 locations that develop and deliver wort̂ force development 
building science training across the state. To date, over 5,150 students have been trained through CEEBS. 

NYSERDA has also worthed closely with groups such as the Building Perfonnance Contractors Association, the 
New York State Builders Association, the US Green Building Council, the Association for Energy Engineers, and 
others to provide funding support for energy efficiency training to over 5,850 practitioners. Though this network, 
partners have provided training in solar water heating, small and large wind, geothennal, fuel cells, PV, and 
anaerobic digestion to 4,900 installers, designers, builders, and architects on renewable energy technologies. 

Finally, NYSERDA is wori<ing with 25 new training partners to develop career pathways and other technical 
training initiatives that target low-income applicants with a priority to serve unemployed and underemployed 
individuals. Career pathway and technical training initiatives will train an additional 6,900 participants by June 
2012. 

•" NYSERDA New York's Systems Benefits Charge Program Evaluation and Status Repor., Final Report. March 
2010. 
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Chapter 14 
National and Regional Action and Coordination 

Introduction 
Successfully mifigafing the impacts that climate change will have on New York's people, 
environment, and economy will require coordinated policy and action by all levels of U.S. 
government—federal. State, and local. Given the global nature ofthe climate change challenge, 
federal government acfion will be essential to successfully position the American economy in an 
evolving intemational marketplace and to enable the United States to lead efforts to achieve a 
global solufion. In addifion, strong federal acfion will create a fertile arena for development of 
the new technologies that will be needed to achieve the scale of emission reductions needed. 
Further, federal acfion will help to establish a level playing field in the domesfic economy, 
ensuring that all states have equal access to the opportunities that will arise from the growth of 
the clean energy economy and share in bearing any costs to achieve the policy. 

In the absence of comprehensive federal climate and clean energy policy, American states have 
served the time honored role as the laboratories for climate change and clean energy policy 
development. New York in particular has played a pivotal role among states in climate change 
policy development and in recognizing that its domestic energy, environment, and economic 
development interests can be successfully augmented through participation in regional efforts. A 
regional platform with neighboring states can take advantage of access to larger markets for in
state products and services. The broader supply chain created throughout the region also provides 
for expanded opportunifies for New York consumers. Further, the development of cooperative 
regional programs offers real proof that success can be achieved on the sub-national level and 
that certain strategies are perhaps best approached on this regional level, taking account ofthe 
local natural and human resources and needs. 

State actions are also best accomplished when coordinated with local government activities. 
Local govemments are beginning to assume crhical roles in the implementation of various 
climate strategies. Several county and municipal govemments in New York have engaged in 
climate action planning for their communities, while interest and participation in New York's 
Climate Smart Communhies Program is consistently growing. Indeed, absent local govemment 
coordination and cooperation, many ofthe recommendations and program implementation needs 
in this statewide strategy could be frustrated. Finally, climate change is, at its core, a global issue 
that will require the dedicated action and attention by all govemments, industries, and citizens. It 
is imperative over the long-term that the federal govemment identify and act upon the 
environmental responsibilities and economic consequences of nafional climate change policy and 
do so in a manner that can provide economic advantage. In the absence of an intemational treaty 
agreement or U.S. nafional climate or energy policy, New York State acfion has and can confinue 
to demonstrate to both the federal govemment and the intemational community how creative and 
effective strategies can be developed at the local level and are appropriately translated for 
national and intemafional application. 

This chapter ofthe Climate Action Council Interim Report (Interim Report) idenfifies the 
necessary policy and programmatic action needed at the federal level as well as the opportunities 
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posed by working on a regional platform with neighboring states to achieve New York's climate 
change goals. This discussion will address activities that New York has undertaken at the 
nafional and regional level and will idenfify certain policy opfions identified through the Climate 
Action Plan processes that will require development beyond the idenfified portfolio of state-
focused policy options. 

The Lay of the Land: Existing and Proposed National and Regional 
Programs 
New York is not preparing a climate plan in a vacuum. New York has been actively engaged in 
working with regional partners and other national and sub-nafional jurisdicfions in implementing 
climate change and clean energy programs. Although President Obama supports clean energy 
and climate protection, his administration has not been able to secure the support of Congress 
and it faces constant crhicism for advancing agency-level climate protecfion policies. Even in the 
highly partisan pofitical environment of Washington, DC, the Obama Administration is moving 
ahead with a number of programs spread across numerous agencies to support development of a 
low-carbon economy. 

Climate Programs 

Regional Partnerships 
The Regional Greenhouse Gas Inifiafive (RGGI) is a prime example of an effecfive regional 
program that can inform the development of a national policy. Recognizing that electricity flows 
across state lines, the 10 RGGI states (Connecticut, Delaware, Maine, Maryland, Massachusetts, 
New Hampshire, New Jersey, New York, Rhode Island, and Vermont) developed a regional cap-
and-invest program that limits power sector emissions across the region. Rather than getting 
mired in the polifics of handing out allowances to incumbent polluters, the RGGI states have 
opted for distribufing the allowances via an auction and the states are using the proceeds to 
stimulate the clean energy economy. The RGGI states are now commencing a program review to 
evaluate the program's performance and determine what additional changes should be made to 
improve the program. Similar regional programs are being developed by westem states and 
Canadian provinces (Arizona, Brifish Columbia, Califomia, Manitoba, Montana, New Mexico, 
Ontario, Oregon, Quebec, Utah, and Washington, with other states, Canadian provinces, and 
Mexican states as observers) and by midwestern states (Iowa, Illinois, Kansas, Michigan, 
Minnesota, Wisconsin are members, with addhional observer states). 

RGGI has advanced several key principles that provide a foundation for a national cap-and-
invest program. First, allowances must be recognized as an authorizafion to pollute the public's 
atmosphere, and they should be given away to private parties only for truly compelling reasons. 
The authorization to pollute also represents a very valuable resource that can be sold with the 
proceeds used to fund efficiency and clean energy programs that reduce electricity bills. Second, 
very strict criteria and standards for enforcing the integrity and genuineness of offsets is essential 
to the success ofthe whole program. Offsets that do not fully offset a complete ton of carbon 
dioxide would serve as counterfeh credits that threaten the integrity of an emission reduction 
program. RGGI has done an excellent job of protecfing offsets by assuring their leghimacy. Most 
importantly, RGGI has demonstrated that properly designed market-based mechanisms for 
emission reductions can be engines, not impediments, to economic growth. 
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Given the success of their collaborafion in the power sector, the RGGI states are also expanding 
their efforts into the transportation area. Environmental, energy, and transportation agency heads 
for the ten RGGI participafing states, the Commonwealth of Pennsylvania, and the District of 
Columbia have agreed to form the Transportafion and Climate Inifiafive (TCI), and are 
collaborating to develop regional strategies to reduce emissions from the transportation sector. 
One ofthe first TCI initiafives is evaluation and development of infrastructure needs for a key 
carbon reduction strategy—increasing the use of electric vehicles. 

The Interim Report discusses several strategies that can be implemented on a regional level to 
maximize the climate benefits and avoid emissions leakage and compethive disadvantages to in
state industries. Among the strategies that are considered for regional implementation are a 
regional cap-and-invest program that would build upon the strong RGGI foundation (PSD-6), a 
regional low-carbon fuel standard (TLU-4), and regional pricing mechanisms for the 
transportafion sector (TLU-12). In addition, the interim report recognizes that other policies to be 
implemented on a state level would benefit from regional implementation, including the low-
carbon portfolio standard (PSD-6). 

Ultimately, strong regional programs present a powerful model and foundation for federal and 
even intemational acfion. For example, regional cap-and-invest programs like RGGI and the 
Western Climate Inhiative can be linked to form the foundation of a nafional climate program 
that would be implemented by the U.S. Environmental Protecfion Agency (EPA) under the Clean 
Air Act or legislated by Congress. By acting first to develop the regional templates. New York 
and its regional partners are well-positioned to prosper under the eventual federal program. New 
York and other RGGI and western states are also participafing in the International Carbon Action 
Partnership (ICAP), with a goal of developing the basis for an intemational market-based 
approach to reducing carbon emissions. New York's participation in ICAP helps to build support 
for intemational climate efforts. 

Federal Climate Legislation 
Congress has tried repeatedly to enact climate legislation in recent years. Each ofthe proposed 
bills was based on the common architecture of an economy-wide nafional cap-and-trade program 
that would be administered at a federal level. Each ofthe bills would establish an emissions cap 
that declines each year unfil the cap in 2050 is 17-20 percent of the initial cap. Each year, 
allowances up to the level ofthe cap would be issued. In early years, most of those allowances 
would be issued for free to various stakeholders while, in later years, most ofthe allowances 
would be aucfioned, with proceeds being used to support the goals ofthe program. Compliance 
could also be achieved through offsets, which are emission reductions from outside the program, 
either domesfic or intemational. These bills also included various complementary programs, 
including transportation measures and support for low-carbon technologies such as carbon 
capture and sequestration and renewable energy. The bills usually recognized a role for the states 
in achieving the climate goals, but many of them sought to preempt or displace state cap-and-
trade programs, at least temporarily. 

To date, these efforts have met with mixed success. In a close vote, splh along party lines, the 
House of Representatives in 2009 passed the American Clean Energy and Security Act, to 
establish a national cap-and-trade program that would meet a target of reducing national 
emissions 83 percent by 2050 from a 2005 baseline (essenfially the same as the goal of Governor 
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Paterson's Executive Order 24). Senate efforts to enact similar legislation, however, have all 
been unsuccessful. 

It is unknown what form future federal legislafive efforts will assume. When such legislation is 
finally enacted. New York will need to reevaluate the strategies that are in place to address 
climate change to identify those that should be altered or required to be disconfinued as a resuh 
ofthe federal legislafion. A comprehensive federal climate program that is designed to achieve 
the same level of reductions as New York's climate plan will lessen the need for several ofthe 
policy options idenfified in this Interim Report. Many ofthe strategies discussed in this Interim 
Report, however, will continue to have significant value both in achieving climate goals and in 
building a clean energy economy in New York and enabling New Yorkers to thrive in a climate-
constrained world. 

Regulation under the Clean Air Act 
EPA has begun implemenfing regulafions to reduce greenhouse gas (GHG) emissions, based on 
the Supreme Court's decision in Massachusetts v. EPA that carbon dioxide and other GHGs are 
air pollutants under the Clean Air Act. Earlier this year, EPA issued a determination that GHGs 
endanger public health and the environment, setting the stage for a variety of regulatory 
measures. First, EPA promulgated emission standards for automobiles and other light-duty 
vehicles for 2012-2016, and the Obama Administration has announced that EPA will be 
extending those standards to future years and heavy duty vehicles. Second, EPA has issued 
regulafions that would govern major new sources of GHG emissions, which will have to 
implement the best available control technology for reducing such emissions. 

In the absence of federal legislation, EPA can expand these efforts to include emission standards 
for new and existing power plants and industrial sources. In the coming years, EPA may issue 
new source standards under section 111 ofthe Clean Air Act for new cement plants, refineries 
and ufility boilers, among other source categories. When it issues such standards goveming GHG 
emissions from new sources, EPA is required to issue guidelines to the states for regulating such 
emissions from existing sources. Such state standards could take the form of plant-specific 
requirements or allowance-based programs if EPA determines that such market mechanisms 
constitute the best emission reduction system that has been demonstrated. In addition, the Clean 
Air Act provides states with the ability to implement programs to control such sources if it can 
demonstrate that its approach would achieve greater emission reductions than implementation of 
EPA's guidelines. 

New York supports EPA's use of its recognized authority to complement and strengthen other 
regulatory measures identified in this report. In the transportation sector, stronger emission 
standards set by EPA are a critical tool for reducing GHG emissions because New York does not 
have authority to set its own emission standards (although it can adopt standards set by 
Califomia). Regarding stationary sources, EPA programs that require all states to achieve 
emission reducfions from existing sources will not only reduce nafional emissions more than 
New York can achieve acting alone or in partnership with other states, but they will also help to 
level the playing field on which New York industries compete with those in other states. 
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Federal Energy Programs 
Energy Research and Development 
Successful models of federally supported research and development activities include Energy 
Frontier Research Centers (EFRCs), Advanced Research Projects Agency-Energy (ARPA-E), 
and Energy Innovation Hubs. EFRCs target early stage research by leading researchers and are 
funded over a multi-year period at $25 million per year, aiming to solve grand challenges in the 
energy space. ARPA-E employs a more entrepreneurial funding model targeted at further 
developing cutting-edge technologies that are often considered high-risk technologies. Energy 
Innovafion Hubs complement these two programs by supporting collaborative cross-disciplinary 
teams in priority technology areas to help speed the commercializafion ofthe technologies. In 
addifion to providing direct support for research and development acfivities, the federal 
govemment can encourage private investment by providing tax credits for investments in energy 
research and development. 

Federal Subsidies and Other Measures to Support Energy Projects 
The federal govemment—primarily the U.S. Department of Energy (DOE)—devotes substanfial 
resources to the support of all types of energy projects, including renewable energy, nuclear 
power, carbon capture and sequestration and even fossil fuel extraction. Examples include: 

• Production tax credits and investment tax credits constitute a primary means of federal 
support for renewable energy projects, but the availability of such credits will expire in 2011 
unless they are extended by Congress. 

• Loan guaranties for new nuclear plants; nuclear energy also benefits from the liability 
framework provided by the Price-Anderson Act, pursuant to which the federal government 
backstops the liability of plant owners for plant accidents. 

• DOE support for carbon capture and sequestration (CCS), including the FutureGen project, 
which is intended to demonstrate the success of CCS at a commercial scale, and numerous 
grants nationwide for CCS applications. 

• Support for fossil fuel extraction in the form of favorable tax treatment and access to federal 
lands and waters at below market lease rates. 

• Tax credits for homeowners and businesses to purchase energy efficient products and 
vehicles, and renewable systems (solar, wind, and geothermal). 

The federal government's loan guarantee and tax credit programs have been effective in 
advancing new technologies in the marketplace. These programs are critical to helping mitigate 
investment risk and spurring private financing of large-scale demonstrations and manufacturing 
facilhies of new technologies that would otherwise have been difficuh to secure. Available tax 
credits are helping homeowners and businesses overcome the cost barrier s to purchase of 
efficiency and renewable technologies. Over the next few years, as the nation continues to 
grapple with an underperforming economy, financing for large infrastructure projects and 
investment in energy efficient and clean technologies is expected to remain tight, thereby making 
these federal programs all the more necessary to bringing clean energy technologies to market. 
Several of these tax credits are set to expire and Congress should look to extend those where the 
market has not yet matured to the point where purchases are being made routinely by consumers 
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Recommendations for National and Regional Efforts to Advance 
NewYork 's80by50Goal 
For some climate policies, it will be to New York's advantage to be a first mover, taking 
advantage of economic opportunhies and enhancing quality of life. For other policies, meeting 
the climate challenge requires more than acfion by New York alone. As reflected in many ofthe 
policies in the Interim Report, New York will pursue regional partnerships that achieve more 
change, in a more equitable manner, than New York acting alone. In the near future, however, 
substantial emission reducfions will be needed nationwide and intemationally to mifigate the 
profound damage from climate change. National efforts will not only help to achieve the climate 
goals underlying this effort, but they will also enable New York businesses to compete on a level 
playing field with their compefitors in other states and nations. Therefore, the adopfion of 
comprehensive policies by the federal govemment is a high priority for New York. 

Many ofthe measures idenfified in this interim report are also effecfive in reducing emissions 
when implemented on a regional scale. Regional programs result in more emission reductions, 
they help to maintain a level playing field, and they limit the emission leakage that can resuh 
from some State programs. Leakage occurs when, as a result of a State program, some emitting 
activity moves to other states or sectors that are not covered by the program at issue, sometimes 
resulting in overall higher levels of carbon emissions. This unintended consequence of state-
based or regional approaches can be effectively limited or eliminated when program 
requirements are dispersed over the broadest possible universe of program participants. 

Participation by New York in national and regional programs can result in greater reductions at a 
lower marginal cost than programs implemented by a single state. New York should take 
advantage ofthe financial resources offered by the federal govemment to support clean energy 
deployment in New York, with its attendant economic benefits. New York should also seek to 
leverage federal research and development investments to develop the technologies needed to 
achieve the 80 by 50 goal. More detailed opportunifies for such collaboration are described 
below. 

New York should seek the implementation of national or regional market 
mechanisms to price carbon and reduce emissions. 
Lack of specific acfion by the federal govemment has maintained the status of GHG emissions as 
an economic and environmental externality to the economy. Extemalifies arise when market 
actors who are responsible for a negative consequence, in this case the climate change resultant 
from GHG emissions, are not provided sufficient information, incenfive, or economic signal to 
change behaviors to account for the extemality. Thus, a fundamental goal of climate policy is to 
establish an economic price on carbon emissions from all sectors as a means to internalize the 
extemality. Placing a price on carbon enables economic actors to assess market options based on 
the going-forward cost they will incur as a resuh of their GHG emissions, and determine the 
optimal activity to manage such costs. As a result, the environmental and climate damages 
associated with GHG emissions will be fully incorporated into economic decision making. 

Federal inaction to date has created a large degree of uncertainty regarding future carbon pricing, 
resuhing in a high-risk business environment and frustrating development of altemate 
technologies. For example, GE's CEO Jeffrey Immelt, long a proponent of national climate 
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policy acfion, recenfiy stated that, "the U.S. needs to establish a long-term price signal on carbon 
emissions in order for companies to provide appropriate funding for innovafion regardless of 
fuel, as well as revive nuclear energy."' 

Carbon pricing can take a variety of forms, including regulatory mechanisms, such as a carbon 
tax, regulatory fees and permit requirements, or market-based mechanisms such as cap-and-trade 
or cap-and-invest programs. Although these mechanisms differ in policy design and program 
specifics, they all have the same effect of accounting for damages associated with GHG 
emissions. Given the relative large contribufion of carbon emissions from energy-using 
activifies, idenfifying and internalizing the cost of carbon in energy consumption should drive 
increased energy efficiency and investment in lower-carbon emitfing energy sources. As a result, 
establishing a price on carbon will allow markets to contribute to solving the problem of GHG 
emissions. 

Market-based solutions are often preferred to regulatory solutions because they can be 
economically efficient if properly designed. This efficiency maximizes net societal benefits by 
decreasing emissions in the least-cost way. Rather than forcing emission reduction through 
uniform technology mandates, market solutions allow market actors fiexibility to select least-cost 
methods of emission reducfion. Not only do market mechanisms increase efficiency but placing a 
price on emissions can also establish strong incenfives for technological innovation. Market-
based solutions have been successful in several environmental programs, albeit at a smaller scale 
than is needed to achieve climate mhigation goals, including chlorofiuorocarbon trading for 
stratospheric ozone protection, sulfur dioxide trading under the U.S. Clean Air Act to combat 
acid rain, and nitrogen oxide trading to reduce smog in the eastern United States. Given the 
broad impact of these environmental needs and the comparative wide-scale impact of carbon 
emissions on climate change, use of market-based solutions has become a preferred option in the 
climate policy dialogue. 

New York and its interested stakeholders should continue to advocate for federal legislation that 
helps to achieve climate goals, treats all states equitably, and establishes the strong federal-state 
parmership that is needed to fully address climate change, ensuring that State efforts continue to 
have value in the context of a national cap on emissions and that early adopter states/regions do 
not get penalized under a federal program. Also important is to develop a nafional policy that 
maintains the integrity of market signals by allocating allowances based on economic principles, 
not pofitical reasons. 

Unfil a comprehensive federal program is in place, statewide and regional policies seeking to 
develop price signals serve as important early steps in the process to establish national programs 
and can provide the building blocks for such national efforts. When EPA evaluates how best to 
use its authority under the Clean Air Act to regulate GHG emissions, it should seek to build on 
the success of RGGI and the other regional programs. Coordinated regional programs can serve 
as the foundation for a homogenous national carbon market that will create a more level playing 
field for businesses and industry across the country. Coordinated regional policies can also 
reduce the emission leakage that occurs if emission reductions in one area are offset by an 

Albany Times-Union, U.S. energy policy is 'stupid,' Immelt says. Kim Chipman and Rachel Layne. Bloomberg 
News. Sept. 24, 2010. 
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increase in emissions in another. In electricity and other markets, uneven applicafion of carbon 
price signals could create competifive disadvantage, raise prices for some consumers over others 
and fail to fully achieve the desired GHG emissions reducfions. 

Uhimately, an international market-based approach to reducing GHG emissions will provide the 
most cost-effective means of reducing emissions in an equitable manner. New York should 
continue to work with other states, nations, and other sub-national entities to create the 
foundation for an international carbon market. New York's participation in ICAP is an effective 
way to develop that common approaches and metrics that will be essential to the funcfioning of 
an intemational carbon market. 

Leveraging the opportunities available under federal programs can help create a 
robust market demand for clean energy. 
Federal policy plays an essenfial role in the development of clean energy in the United States and 
in New York specifically. Federal programs can help create demand for clean energy and 
facilitate the development ofthe supplies to meet the demand. Ultimately, a vigorous nafional 
renewable electricity standard could be a strong driver of such development. In the nearer term, 
New York should seek to leverage the opportunities that are provided by existing federal 
programs such as the availability of investment tax credits and producfion tax credits. 

National Renewable Electricity Standard 
Like a national market-based GHG reduction program, a strong national renewable energy 
standard will create strong market incentives for the development of clean energy resources, 
leading to innovafion and cost reducfion. A national standard must build upon exisfing state 
measures and should not be designed in an inflexible manner that prejudices New York and other 
early movers. If structured appropriately, a national program for renewable energy purchase 
requirements will help to level the playing field among the states. It should not be structured in a 
way that creates economic disparities or favors the economic development needs of one state or 
region over another. 

Any national renewable electricity program that is predicated on the long-range transmission of 
electricity must consider the technical feasibility ofthe transmission and distribution system to 
deliver such energy without eroding local reliability rules and standards. Unintended 
consequences that could frustrate climate initiatives should be avoided. For example, although 
transmission upgrades can help provide a larger market for clean energy technologies and 
services, they should not be allowed to interfere with expanded opportunity for renewable energy 
businesses located in New York. 

Continued Production and Investment Tax Credits 
The availability of production and investment tax credits for renewable energy projects has been 
a major stimulus for renewable energy development. At the same time, however, these programs 
often serve to complicate the financing of renewable energy development by businesses that may 
not have an exisfing tax liability to offset with the credits. Nevertheless, if an energy transaction 
is properly designed to take advantage ofthe credits, it can lead to the deployment of renewable 
energy in New York in support ofthe goals of this plan. New York agencies and authorifies 
should be mindful ofthe opportunifies and limitations and support New York businesses is their 
efforts to reap the benefits of these federal programs. 
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These credh programs are due to expire in 2011, absent an extension by Congress. Although 
New York should advocate for the extension of such programs and it should also consider 
accelerating the implementation ofthe current renewable portfolio standard to take advantage of 
the credits while they sfill exist. 

Federal Support for State and Local Weatherization and Efficiency Programs 

U.S. Department of Energy programs such as the State Energy Program and Weatherization 
Assistance Program provide states with annual funds to deploy commercially available 
technologies into the marketplace. These programs experienced a large increase under the 
Americian Recovery and Reinvestment Act (ARRA), and state programs were ramped- up 
accordingly. A new Energy Efficiency Conservation Block grant program was introduced under 
ARRA that provides states and local governments with funding for local projects. These types of 
programs, which can be tailored by each state to address its own needs, are an important source 
of ongoing base revenue. A mechanism to sustain federal funds for these critical programs at a 
robust level post-ARRA should be pursued. Falling back to the low historical appropriation 
levels does not allow New York and its local governments to take advantage ofthe infrastructure 
that has been buih for delivery of these federal programs. 

National electricity transmission policy should facilitate achievement of New 
York's climate goals. 
Considerable debate has resulted from the development of nafional energy policies that seek to 
advance nafional program goals, for example national electric reliability standards or renewable 
energy programs, but do so in a manner that takes away from traditional state powers and 
authority. A more robust national transmission grid can help to achieve national climate goals in 
the long run but the development of a national grid must proceed in a manner that does not 
interfere with state climate goals and local renewable energy development. 

One such controversy revolves around legislative proposals that would expand the authority of 
the Federal Energy Regulatory Commission (FERC) to override state authority to site 
transmission lines where such lines are proposed in areas of designated national interest. The 
Energy Policy Act of 2005 directed the Department of Energy to identify national interest 
electric transmission corridors (NIETCs), wherein FERC received new authority to approve 
transmission projects located within a designated NIETC that fail to receive state approval within 
a one-year time period. Such new backstop approvals could potentially override state-based 
decision-making, which is more accountable to local needs and concems. While the NIETCs 
were identified in the context of augmenfing system reliability, recent legislative proposals 
would expand this FERC backstop authority beyond the NIETC designation to include 
transmission projects to support national renewable electricity standard objectives. 

In addifion, FERC decision-making on cost allocation for mulfi-state projects has centered on 
what is known as the beneficiary pays principle. On a generalized basis, FERC will allocate the 
costs of a transmission project among the universe of designated beneficiaries in proportion to an 
administratively-determined benefit. In some cases, costs may be allocated among end-users, 
who may benefit from new energy supply sources, and generators, who may benefit from access 
to new markets. However, in many instances, FERC has designated the end-user as the sole 
beneficiary, making it fully liable for the total costs of transmission projects. 
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This combination of expanded FERC backstop authority and a beneficiary pays policy could 
have negative ramifications for New York and northeastern electric energy markets and 
potenfially frustrate renewable energy and climate policy objectives. Predicating a national 
renewable energy policy on the long-range transmission of energy from certain qualifying 
renewable resources (e.g., wind resources located in midwestern states) to remote load that must 
meet the procurement requirements ofthe new program interferes with state sovereignty and can 
sfifle the development of renewable energy in the consuming markets. Thus, expansion of 
regulatory decision-making at FERC to facilitate this outcome is likely to interfere with New 
York's own policy objectives to develop renewable energy resources and achieve in-state 
economic development. Further, long-range transmission of remote energy resources may not be 
delivered at an advantageous price and all potential costs of a renewable energy strategy should 
be considered prior to development of a program platform that creates inequhies. Finally, if done 
too soon—before the renewable resources are developed in the midwestem states—the opening 
of new transmission capacity from the Midwest to the Northeast may also open new markets for 
highly carbon-intensive coal-based generation, thereby increasing emissions, frustrafing 
northeastem climate policies, and interfering with the goal of reducing the leakage of emissions 
from RGGI and other climate programs in the northeast. 

Federal agencies should cooperate to create and implement regulatory 
frameworks that foster energy efficiency and distributed renewable energy. 
Federal policies fundamentally affect climate action activhies at state and local levels. Such 
federal regulatory acfion must coordinate among the necessary federal agencies and entities to 
ensure success of new program structures and retain existing state-based policies and authorities 
as new national programs are created. 

Property Assessed Clean Energy (PACE) financing seeks to address and overcome the most 
common obstacles inhibifing greater energy efficiency investment and retrofits. These include 
the sizable upfront costs, lack of appropriate financing and lengthy payback periods that may 
extend beyond the ownership ofthe home. Unlike a typical mortgage or loan, PACE loans are 
provided by local govemments and municipalhies rather than banks and are designed to be paid 
back to the local govemment through a property tax lien by a separate fee added to a home's 
property tax bill. As a result, the loan is tied to the property rather than the person who inhially 
took out the loan. When the property is sold, the remaining energy efficiency and retrofit 
payments are then paid by the new owner. Furthermore, the payments are structured so that they 
are less than the savings associated with decreased utility bills, thus representing a net increase in 
disposable income. 

PACE programs achieved considerable early success and adoption quickly spread across the 
country. The program originated in the city of Berkeley, Califomia in 2008 and, as of June 2, 
2010, there were 23 states with PACE legislation or pre-existing authority and 5 states with 
pending legislation. New York State has enacted a PACE financing program and several 
municipalhies are in the process of designing and implemenfing local initiafives. The Obama 
administration supported the program as a key component ofthe American Recovery and 
Reinvestment Act of 2009 and the "Recovery through Retrofit" program that provides federal 
funding for PACE programs. 
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Despite this support, concems with the interaction of PACE liens with more traditional home 
mortgages have affected the confidence of federal lenders Fannie Mae and Freddie Mac to 
advance this instrument. The mortgage companies' federal regulator, the Federal Housing 
Finance Agency (FHFA), has advised the mortgage lenders that they cannot lend to participants 
in PACE financing programs nor can an exisfing homeowner with a Fannie/Freddie mortgage 
join in a PACE program. With the two federally regulated companies owning about half of all 
U.S. mortgages, industry practices will likely follow suit and put an end to PACE financing. 

This recent development regarding PACE programs highlights the contrary policies currently 
found at the federal level. Without a national energy policy applied across all sectors and 
branches of govemment, there will continue to be confusion and counteractive policies in place. 
Without an overarching federal policy in place, political and economic uncertainty will continue 
to restrain programs and investments that promise considerable economic, environmental, and 
social benefits. As New York has an interest in advancing the PACE program, the State should 
advocate for resolufion ofthe FHFA concems in a manner that preserves the value ofthe PACE 
program without negatively affecting the lending market. 

New York should actively participate in national market transformation initiatives 

To achieve the 80 by 50 goal, the most efficient products and supporting services must make 
their way into the market. This is best accomplished through joint acfion by states and the federal 
govemment to encourage the entire supply chain to produce, distribute, install, and service 
equipment to the highest efficiency and quality standards. Efforts should focus on a continuing 
process to assess the efficiency levels of products on the market and partnerships with industry to 
ratchet up efficiency and incorporate new technology solufions as rapidly as possible. Companies 
that sell and install such equipment must be trained and certified to ensure quality and certainty 
that measures are achieving their efficiency potential. Organizafions such as the Consortium for 
Energy Efficiency, American Council for an Energy Efficient Economy, and Alliance to Save 
Energy and others work nationally to develop consensus around voluntary standards and market 
transformation strategies designed to accelerate efficiency. It is vital that New York continue to 
be a leader in this process and to push for introduction of advanced energy codes and product 
standards that raise the floor on efficiency, complemented by an evolving set of strategies that 
supports above-code acfions. These types of market intervenfions must be sustained over the 
long term to avoid backsliding, and to be able to incorporate new technologies that will emerge 
in the future. 

New York should take advantage of the federal government's advanced energy 
technology investment policy. 

The significance ofthe 80 by 50 goal calls not only for accelerated deployment ofthe many 
existing low-carbon energy technologies and products that are currently available today, but also 
for the research and development of new energy technologies that can be deployed in the future 
to help meet the climate change challenge. Specific research and development needs to achieve a 
near-zero, low-carbon future are identified further in Chapter 10 of this Interim Report. The 
development of new clean energy technologies requires a substanfial and sustained commitment 
from the federal govemment, similar to its level of research investment in other areas, such as 
health care and defense. 
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In tesfimony before the U.S. Senate Committee on Energy and Natural Resources in 2009, DOE 
Secretary Steven Chu remarked on the importance of federally supported energy research and 
development, saying "[w]e have many technologies in hand today to begin a transhion to a low-
carbon economy, and we are accelerating that work through the Recovery Act. But, over the 
long-term, we will need breakthroughs and better technologies to make the steep reductions in 
GHG emissions we need."^ Secretary Chu went on to stress the importance of early stage 
technology investment, saying "It is imperative that govemment provide R&D funding, 
especially at the front end when private investments would not recoup the full value ofthe shared 
social good or when a new technology would displace an embedded way of doing business." 
Providing such support is especially critical given the current economic climate, where private 
companies are focusing their limited resources on shorter term, lower risk investments to 
advance their current technologies. New York supports the recent expansion of federal funding 
for energy technology research, development, demonstration and commercial deployment, and 
should advocate for sustained increased levels of federal support to accelerate the development 
of such technologies. New York should also seek to facilitate federal funding of research and 
development in New York, enabling New York to benefit from the associated economic 
opportunities for development ofthe clean energy economy. 

Federal investment in, and support for, nuclear technology and carbon capture 
and sequestration will help New York achieve its climate protection goals. 

In the short term, low-carbon renewable technologies will play a major role in transformafion of 
New York's energy sector. In the longer run, advances in low-carbon baseload power 
technologies—such as carbon capture and sequestration (CCS) for fossil fuel-based technologies 
and new nuclear power technologies—will help to achieve a diverse energy portfolio that fosters 
carbon emission reducfions in the long-term, while providing the needed levels of system 
reliability. The further development and deployment of these baseload technologies will assist in 
achieving the State's 80 by 50 goals while also preserving system reliability. Given the 
substantial financial commitment needed to advance the technology in these areas, the federal 
govemment is best positioned to make the necessary investments. However, New York should 
seek to take advantage of federal research dollars to fund research, development, and deployment 
of these technologies in New York. 

Nuclear Energy 
The federal govemment plays an essential role in the development of nuclear energy. The U.S. 
Nuclear Regulatory Commission (NRC) has exclusive jurisdiction over the siting of new nuclear 
plants. Moreover, the cost of new plants, the need for a permanent depository for radioactive 
used fuel, and the international implicafions of potenfial nuclear proliferafion are all issues 
beyond the control of New York and other states. The strong federal role is also manifested by 
the Price-Anderson Act, which provides a federal backstop for nuclear liability, by the federal 
legislation that requires establishment of a permanent storage facility and by the substantial 
federal loan guaranties for new nuclear power. 

The longstanding issues surrounding the reprocessing or disposal of used nuclear fuel and the 
decommissioning of nuclear units are particularly crifical. New York awaits the results ofthe 

^ Statement of Steven Chu, Secretary of Energy, Before the Committee on Energy and Natural Resources, United 
States Senate. January 21, 2009. Hhttp://enerey.senate.gov/public/ files/ChuTestimonv.pdf 
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blue ribbon panel that is developing recommendations for dealing with high level radioactive 
waste now that Yucca Mountain is no longer a viable altemafive. The issue of waste disposal 
must be addressed by the federal govemment before nuclear power is to play a role in a clean 
energy economy. 

The recent applications to the NRC for new reactor development have all been for large scale 
units of several hundred megawatts. Many smaller scale reactors, however, are being developed 
and several are in service outside ofthe United States. Designs such as the Wesfinghouse IRIS 
unh feature enhanced safety, simplicity, and competifive economics and the GE-Hitachi PRISM 
unit is a below grade unit that uses recycled spent fuel from other plants and features passive 
cooling providing for greater safety and security. Commercial development of smaller units is 
desirable from several aspects including greater market penetration by many more developers, as 
the financial capital requirements are much lower and the ability to site units where most needed 
for load and voltage support. Small nuclear units may also be received more favorably by local 
communhies because ofthe shorter construction time (less disrupfion), enhanced safety and 
security features, and potentially less burden on emergency preparedness organizations. The 
further development and deployment of this technology could be facilitated by federal economic 
incentives and loan guarantees and by the pre-approval of reactor designs, allowing for the 
expedited review of applicafions administered by the NRC. 

Carbon Capture and Sequestration 
The federal government supports the confinued use of coal in the nafion's fuel mix because it is a 
domesfic fuel that limits reliance on foreign sources of energy. Coal mining is also a major 
economic driver in the Appalachian states and the northern Rockies. However, coal-fired power 
plants have carbon emissions that are more than double those of efficient natural gas-fired plants 
of a similar capacity. In an economy that is based on the 80 by 50 goal, coal can only be 
continued as a fuel if CCS is made commercially available. Therefore, the federal Department of 
Energy has devoted substantial sums to developing CCS technology. 

New York's climate planning process recognizes that to continue generating electricity with 
fossil fuels means that CCS technology may play a crifical role. Eventual coupling of efficient 
combined cycle natural gas technology with CCS will resuh in even lower emission rates than 
coal with CCS and will reduce the attendant environmental concems associated with coal-fired 
generation, including emissions of mercury, sulfur dioxide, and other pollutants, and coal waste 
ponds. Therefore, New York could seek to take advantage ofthe federal research and 
development acfivities directed at CCS and will focus a portion of its own limited research and 
development funding on New York-specific development activifies, including assessment of 
potential storage facilities and pilot projects involving gas-fired plants. 

Regional and national transportation initiatives will be essential to achieving New 
York's climate goals. 
The Transportation and Land Use (TLU) Technical Work Group has identified and discussed the 
inherent value of nafional and regional action on transportafion policy needs, idenfifying critical 
work on several fronts. New York has already taken action on several of these initiatives, as 
permitted within its state authorities and powers. Specific recommendations for national action 
or expansion of regional acfivity are idenfified below. 
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More generally, New York should continue to engage federal agencies in developing national 
transportation strategies that facilitate the transformation ofthe transportation sector nationally. 
For example. New York has been and should continue to advocate for a change in exisfing 
federal funding formulas to increase the direction of federal investment to low-GHG 
transportation modes and raise the proportion of federal funds for transit, rail, and other modes 
that reduce GHG emissions. 

Vehicle Standards 
As mentioned above, the EPA has issued GHG emission standards for model years 2012-16 and 
has indicated an intention to strengthen these standards further in future years. Complementing 
EPA action, the U.S. Department of Transportation (DOT) has issued corporate average fuel 
economy standards (CAFE) that are commensurate with EPA's GHG emission standards. Taking 
into account the emissions inventory forecasts for activities covered by these regulations, ever-
stronger GHG emissions and CAFE standards will be essential for New York to achieve its own 
statewide emission reducfions. New York should actively participate in actions by these federal 
agencies to continuously advance standards that are consistent with the State's 80 by 50 
emissions reduction needs from this sector over time. 

Recognizing that national standards are a floor for performance, New York should continue to 
exercise its authority to work with Califomia and other states to develop and adopt stricter 
Califomia standards, as necessary to achieve climate goals. For example, Govemor Paterson was 
recently joined by eight other govemors (Maine, Massachusetts, Vermont, Pennsylvania, 
Maryland, Oregon, Washington, and New Mexico) in advocating for more aggressive vehicle 
standards starting in 2016, when the current standards are fully implemented, thus setting the 
stage for the next level of federal government action. 

Low-Carbon Fuels 
New York State is currently working with 10 other northeastern states to develop a regional 
framework for a low-carbon fuel standard, which would set standards for the carbon intensity of 
transportation fuels in the region and encourage the development and use of lower carbon fuels. 
As with the RGGI program and other activifies in the TCI program, development of a region-
wide low-carbon fuel standard (LCFS) can serve as an example of how regional market 
development can set the stage for national action. In addition to working on a regional platform, 
New York should seek to transfer program successes to shape a national program. Because 
transportation fuels markets are responsive to global market dynamics, a LCFS that is 
implemented on a broader scale will have more of an effect on the broader market for fuels. A 
national program would have to incorporate the concerns for sustainable biofuels that have been 
raised by New York in the regional LCFS process. 

Regional Transporta t ion Pricing Strategies 
As described in the TLU chapter, a number of transportation and land use initiatives that can be 
adopted by New York would be more producfive if implemented on a regional or national scale. 
For example, a multi-state transportation cap-and-trade program could develop a credit-based 
program wherein appropriate entities that provide transportation fuels to consumer markets 
would be permitted to hold and trade credits for the GHG emissions represented from the fuels 
they sell into the market. As with the RGGI program, such credits could be auctioned, with 
revenue contributing to public transportation and transportation system efficiency improvements. 
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Other identified policies worth pursing on a regional basis include collaborafion on 
implementing pay-as-you-drive insurance or other pricing mechanisms that encourage reductions 
in vehicle miles traveled and that can be implemented in a manner to replace or supplement 
gasoline taxes. New York should continue to examine and develop appropriate policies with 
other regional partners. 

Regional Rail Initiatives 
By its nature, expansion of rail-based transportation options (both passenger and freight) should 
be pursued on a regional and/or national level. On a regional level, New York should engage 
neighboring states to plan and invest in infrastructure to support both high speed rail and freight 
inifiatives, both of which should be designed to shift passengers and goods from air and roads to 
rail. New York should continue to work with its partners in the TCI to further develop a three-
year work plan for freight inhiatives, including the development of long-term approaches to 
move freight effectively and efficiently through the region while promofing economic growth, 
enhancing communifies, and addressing GHG emissions. With respect to high speed rail. New 
York should continue to work with the Northeast Corridor Group to explore and develop options 
for implementation of high speed rail technologies and service among northeastem states, 
including intra-state New York services that link with regional services. 

New York should advocate for strict national standards for new products and 
sources of greenhouse gas emissions. 
In many areas—appliances, vehicles, and new sources of air pollufion— the baseline efficiency 
or emission standards are set by the federal government. Recognizing that efficiency and 
emission reductions are achieved most effecfively when incorporated into initial designs, these 
standards should be set at levels that will achieve the most substanfial emission reducfions from 
the outset. For example, the Department of Energy should be encouraged to set the most 
stringent efficiency standards for new appliances and electronic products and, as explained 
above, EPA and the U.S. Department of Transportafion should set vehicle and emission 
standards respectively that support the national transition to a low-carbon transportation sector. 

In many cases, more stringent state standards are preempted. Therefore, unless the federal 
govemment ensures that new products are highly efficient, h may be difficult for New York to 
meet its climate goals. 

National education policy to foster innovation and technology is important to 
achieving New York's climate protection goals. 
Integral to any economic policy that relies on innovation and technology advances in the energy 
and climate sciences area is an educafion policy that fosters interest in and provides sufficient 
opportunity and support for education programs in sciences, technology, engineering, and math 
(STEM) subjects. 

Primary and secondary education opportiinities have been given some modest support. The 
President's Council of Advisors on Science and Technology (PCAST) has advocated for an 
Educate to Innovate program, designed to provide support for these STEM education programs, 
to increase and expand the country's academic base, and to inspire young students to develop an 
interest in technical studies. New York should support the current PCAST recommendations as 
the baseline of support for primary and secondary education programs. 
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Support for primary and secondary education is only one piece of a long-term educafion policy 
that is needed to maintain the nafion's compefitive position among emerging economies 
throughout the world. Ensuring the strength of university programs and U.S. research institutions 
in the STEM subjects, especially with respect to advanced energy technologies, is equally 
fundamental to the development of a strategic American advantage in the clean energy and 
climate change arena. Strong nafional policies in this area are likely to benefit New York, given 
the concentration of existing academic and research institutions already thriving in the State. A 
high level of this academic and research acfivity is needed to attract the private technology 
development, and manufacturing opportunities that seek academic partnership to foster the 
innovafion needed for technology, product, and services development. Continued federal support 
and focus on STEM research and advanced educafion will assist New York in maintaining this 
high level of activity. 

The federal government should foster infrastructure investments that advance 
climate change program objectives. 
A primary function ofthe federal govemment is to foster investment in essenfial infrastmcture 
systems that permit individual citizens to live in a healthy and modem environment. At various 
times in the past, these massive investments have been focused on advancing technologies, 
transportation options and human services— such as roads, bridges, railroads, water systems, 
energy systems, housing, information, and telecommunications systems—to accommodate a 
growing population and an expanding economy. From these infrastructure investments, private 
industry was able to make investments for products and services, confident in the ability to move 
goods to all parts ofthe country and for export. This infrastructure also provided a level of 
economic efficiency that allowed the United States to gain economic advantage over most, if not 
all, other nafions. Indeed, the 20̂  century American economic miracle would not have been 
possible without the developed infrastructure, in large part supported by the federal government. 

While these 20th century investments have served their purpose, the nation is faced with new 
infrastructure needs that will be critical for the economy of the 21 st century. The systems that are 
in place formed the foundation of an economy dependent upon carbon-based fuel resources. 
Going forward, investments should be directed to systems that require a lower-intensity fuel 
input or energy output. Major low-carbon infrastmcture investments, such as high speed rail or 
electric vehicle charging systems, will require a strong commitment going forward. The federal 
govemment also has a significant role to play in the build-out ofthe nation's electricity 
infrastructure. Just as the govemment took the lead in investing in the interstate highway system, 
h should seek to develop a more intelligent electricity grid that is capable of better transmitting 
power from the source of generation to use, adapting to unexpected events, and incorporating 
large amounts of renewable energy resources. 

Given the long life of infrastructure, the federal government should now begin to account for the 
carbon-reduction needs over the life of infrastructure investments. Continued commitments and 
assistance from the federal govemment should be assessed through a lens that accounts for the 
40-year need to de-carbonize the economy, and seeks out strategic opportunities. Such 
assessments should develop a shadow price for carbon—in the absence of market or other price 
signals—that would be used in analyzing costs and benefits of altemafive policy and investment 
options. In addition to changes in the decision making required for federal infrastructure 
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investment, the federal government should also initiate a process to reprioritize near-term project 
and program acfivity throughout all administrative agencies ofthe government. 

Federal and state policy should engage localities and communities as active 
participants in achieving climate goals. 
Many ofthe policies recommended for further considerafion require the acfive participation of 
local communifies. Engagement of municipalities will be particularly critical given the local 
govemment roles in transportafion planning and land use decisions. In a home rule state such as 
New York, with land use planning and control powers disbursed among more than 1600 
municipalhies, h can be difficult to develop regional solufions to sprawl and other smart growth 
issues without community participation. 

However, many local govemments lack the financial means, mechanisms, personnel, or expertise 
to undertake many climate actions. Federal and state programs, such as New York State's 
Climate Smart Communifies program, can encourage and facilitate local action by providing 
funding, technical resources, practical assistance, and consistent tracking and reporting of 
successes and barriers. 

Local govemments also serve critical liaison roles with community organization and acfion, thus 
helping to expand citizen participafion in the realizafion of climate strategies and goals. Local 
govemment actions are amplified as they are often adopted by residents, businesses and other 
organizations within a community, and local governments can be effecfive in actively 
encouraging behavioral change in residents. 

New York should support efforts to achieve an intemafional solufion to climate change. 
Uhimately, a solution for climate change will require the participation of all ofthe world's 
community of nations. New York recognizes this truth and is committed to act. But climate 
change will not be solved by the actions of New York and other nations acting alone. Therefore, 
New York can play a crhical role in providing an example ofthe policies that can be 
implemented worldwide to mitigate climate change. 

Although the development of an intemafional solution can be a painstaking process that takes 
decades of effort. New York should engage in efforts to achieve that goal. In addition to 
supporting the federal government's efforts to negotiate an intemational solution. New York can 
advocate more directly by engaging other nations and international actors and educating them 
about New York's own experiences in mitigating climate change while building economic 
opportunifies. 

New York and other states have already played an active role in supporting the federal 
govemment's efforts to obtain an international solufion to climate change. State-level action is 
even more critical now that Congress has abandoned any efforts to pass climate legislation. 

Conclusion 
Achieving a comprehensive solution to global climate change requires New York to collaborate 
with regional partners and the federal govemment on emission reduction strategies, and to seek 
acfion across the community of nations. Although comprehensive federal legislation is 
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preferable, unfil such legislation is in place, the federal government should seek to target its 
broad suite of policies and programs towards the goal of reducing carbon emissions. Towards 
that end, federal policies should promote low-carbon behavior, not the continued exploitafion of, 
and reliance upon, fossil fuels. 
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Chapter 15 
Acronyms and Abbreviations 

$/tC02e 

15 by IS 

30 by 15 

40 by 30 

45 by 15 

80 by 50 

AARA 

ACE NY 

ADP 

AEO 

AFW 

ARPA-E 

ASHRAE 

BlOO 

B20 

BAU 

BBtu 

BCF 

BLS 

BMP 

Btu 

CAES 

CAFE 

CAP 

CARS 

CARB 

CCS 

CEEBS 

CFL 

CH4 

CHP 

dollars per metric ton of carbon dioxide equivalent 

NYS energy agencies' goal to implement energy efficiency programs reducing 
electricity demand by 15% by the 2015. 

NYS goal to increase the NYS market share of renewable energy to 30% by the 2015. 

NYS benchmark to reduce GHG emissions by 40% below 1990 levels by 2030 

NYS energy policy to meet 45 percent of New York's electric energy needs from 
energy efficiency and renewable energy by the year 2015 

NYS goal to reduce GHG emissions by 80% of 1990 levels by 2050 

American Recover and Reinvestment Act 

Alliance for Clean Energy New York 

Adaptation 

Annual Energy Outlook (U.S. DOE-EIA) 

Agriculture, Forestry, and Waste Management 

Advanced Research Projects Administration—Energy 

American Society of Heating, Refrigerating and Air-Conditioning Engineers 

fuel blend of 100% biodiesel 

fuel blend of 20% biodiesel and 80% gasoline 

business as usual 

billion British thermal units 

billion cubic feet 

US Dept. of Labor Bureau of Labor Statistics 

Best management practice 

British thermal unit 

Compressed-air energy storage 

corporate average fuel economy standards 

Climate Action Plan 

California Air Resources Board 

California Air Resources Board 

carbon capture and storage 

Center for Energy Efficiency and Building Science (CEEBS) 

compact fluorescent light 

methane 

combined heat and power 
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ClimAID 

CO2 

COie 

CRP 

DEC 

DOE 

DOT 

ElO 

E85 

EBM 

EC 

EEPS 

EFC 

EFRCs 

EIA 

EISA 

EJ 

EMB 

EMEP 

EO 

EPA 

EPRI 

EV 

FCV 

FEMA 

FERC 

g 

GCM 

GDP 

GGE 

GHG 

GREET 

GSP 

GWh 

GWP 

GWP 

Integrated Assessment for Effective Climate Change Adaptation Strategies in New 
York State 

carbon dioxide 

carbon dioxide equivalent 

Conservation Reserve Program (USDA) 

(New York State) Department of Environmental Conservation 

lUnited States] Department of Energy 

[U.S.] Department of Transportation 

fuel blend of 10% ethanol and 90% gasoline 

fuel blend of 85% ethanol and 15% gasoline 

Ecosystem-based Management 

Elemental Carbon 

Energy Efficiency Portfolio Standard 

[New YorkState] Environmental Facilities Corporation 

Enei^y Frontier Research Centers 

Energy Information Administration (US DOE) 

Energy Independence and Security Act of 2007 

environmental justice 

ecosystem-based management 

[New York] Environmental Monitoring, Evaluation, and Protection Program 

Executive Order 

[US] Environmental Protection Agency 

Electric Power Research Institute 

electric vehicle 

fuel cell vehicle 

Federal Emergency Management Authority 

Federal Energy Regulatory Commission 

Gram 

global climate model 

gross domestic product 

gallons of gasoline equivalent 

greenhouse gas 

Greenhouse [gasesj Regulated Emissions and Energy [use inlTransportation [modell 

gross state product 

gigawatt-hour (one million kilowatt-hours) 

Global Warming Potential 

global warming potential 
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HadCM3 

HOPE 

HDV 

HERS 

HFC 

HVAC 

l&F 

IC 

ICAP 

ICC 

lECC 

IGCC 

IHETF 

iLUC 

IPCC 

IPM 

IPM 

ISC 

ISO 

ISTF 

kg 

kgN 

kV 

kW 

kWh 

LandGEM 

lb 

lb 

LCFS 

LCPS 

LDPE 

LDV 

LED 

LEED 

LF 

LFG 

LFGcost 

(UK Met Office) Hadley Centre Climate Model Version 3 

high-density polyethylene 

heavy-duty vehicle 

Home Energy Rating System 

Hydrofluorocarbon 

heating, ventilating and air conditioning 

inventory and forecast 

Internal Combustion 

International Carbon Action Partnership 

International Code Council 

International Energy Conservation Code 

integrated gasification combined cycle 

Industry-Higher Education Partnerships 

Indirect land use change 

Intergovernmental Panel on Climate Change 

Integrated Pest Management 

Integrated Planning Model® 

Invasive Species Council 

Independent System Operators 

Invasive Species Task Force 

kilogram 

kilogram Nitrogen 

Kilovolt 

Kilowatt 

kilowatt-hour 

Landfill Gas Emissions Model 

pound 

Pound 

low-carbon fuel standard 

low-carbon portfolio standard 

low-density polyethylene 

light-duty vehicle 

light-emitting diode 

Leadership in Energy and Environmental Design (Green Building Rating System™] 

landfill 

landfill gas 

landfill gas cost model 
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LiDAR light detection and ranging technology 

LIPA Long Island Power Authority 

LSE load-serving entities 

metric ton 1,000 kilograms or 22,051 pounds 

mi mile 

MM million 

MMBtu million British thermal units 

MMt million metric tons 

MMtC million metric tons of Carbon 

MMtCOj million metric tons of carbon dioxide 

MMtC02e million metric tons of carbon dioxide equivalent 

MSW municipal solid waste 

MTA Metropolitan Transportation Authority 

MW megawatt (one thousand kilowatts) 

MWh megawatt-hour (one thousand kilowatt-hours) 

N nitrogen 

N/A not applicable 

NjO nitrous oxide 

NAS National Academy of Sciences 

NASA U.S. National Aeronautics and Space Administration 

NGCC natural gas combined cycle 

NGCT natural gas combustion turbine 

NIETCs national interest electric transmission corridors 

NIST National Institute of Standards and Technology 

NOAA National Oceanic and Atmospheric Administration 

NPCC New York City Panel on Climate Change 

NPV net present value 

NRC [US] Nuclear Regulatory Commission 

NREL National Renewable Energy Laboratory (US DOE) 

NY-BEST New York Battery and Energy Storage Technology Consortium 

NYC New York City 

NYCDOT New York City Department of Transportation 

NYISO New York Independent [Transmission! System Operator 

NYOGLECC New York Oceans and Great Lakes Ecosystem Conservation Council 

NYPA New York Power Authority 

NYS New York State 

NYSDEC New York State Department of Environmental Conservation 
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NYSDPS 

NYSERDA 

NYSTAR 

NYTO 

O&M 

OC 

ODS 

PACE 

PANYNJ 

PAYD 

PCAST 

PET 

PFC 

PHEV 

PMEFC 

PRISM 

PSC 

PSD 

PV 

R&D 

RCI 

RD&D 

RDD&D 

RGGI 

RIT 

RPS 

RTO 

RTO 

SBC 

SECCC 

SEQRA 

SFe 

SLRTF 

SMES 

SMIA 

SO2 

SO4 

New York State Department of Public Service 

New York State Energy Research and Development Authority 

New York State Foundation for Science, Technology and Innovation 

New York Transmission Owners 

operation and maintenance 

Organic Carbon 

ozone-depleting substance 

Property Assessed Clean Energy 

Port Authority of New York and New Jersey 

Pay-As-You-Drive 

President's Council of Advisors on Science and Technology 

polyethylene terephthalate 

perfluorocarbon 

plug-in hybrid electric vehicle 

proton-membrane exchange fuel cell 

Partnerships for Regional Invasive Species Management 

[New York] Public Service Commission 

Power Supply and Delivery 

photovoltaic 

research and development 

Residential, Commercial/Institutional, and Industrial 

research, development, and demonstration 

research, development, demonstration, and deployment 

Northeast Regional Greenhouse Gas Initiative 

Rochester Institute of Technology 

Renewable Portfolio Standard 

regional transmission organization 

regional transmission organization 

System Benefit Charge 

State Energy Conservation Construction Code 

State Environmental Quality Review Act 

sulfur hexafluoride 

Sea Level Rise Task Force 

superconducting magnetic energy storage 

Significant Maritime and Industrial Areas 

sulfur dioxide 

sulfate 
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STEM science, technology, engineering and math 

SUNY State University of New York 

SWAP State Wildlife Action Plan 

t Metric ton 

T&D Transmission and Distribution 

tC metric tons of carbon 

TCI Transportation and Climate Initiative 

tC02e metric tons of carbon dioxide equivalent 

tC02e/MWh metric tons of carbon dioxide equivalent per megawatt-hour 

TDM Travel Demand Management 

TLU Transportation and Land Use 

TOD Transit-Oriented Development 

TRB Transportation Research Board 

TSD transit-supportive development 

TSM transportation system management 

TWG Technical Work Group 

UNFCCC United Nations Framework Convention on Climate Change 

USDA United States Department of Agriculture 

USFS United States Forest Service (USDA) 

USGCRP US Global Change Research Program 

V2G vehicle-to-grid 

VMT vehicle miles traveled 

WRP Waterfront Revitalization Programs 

WW wastewater 

yr year 

ZNE zero-net energy 
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Appendix A 
Executive Order Establishing the 
New York Climate Action Council 

In August of 2009 Governor David A. Paterson signed Executive Order No. 24 setting a 
goal to reduce greenhouse gas emissions in New York State by 80 percent below the 
levels emitted in 1990 by the year 2050. The Execufive Order also created the New York 
Climate Action Council with a directive to prepare a draft Climate Action Plan by 
September 30, 2010. Executive Order No. 24 is copied below. 

Executive Order No. 24: ESTABLISHING A GOAL TO REDUCE 
GREENHOUSE GAS EMISSIONS EIGHTY PERCENT BY THE YEAR 2050 

AND PREPARING A CLIMATE ACTION PLAN 

WHEREAS, an emerging scientific consensus recognizes that the increased concentration 
of carbon dioxide in the atmosphere, along with other heat-trapping greenhouse gasses, 
resulfing from the combusfion of fossil fuels and other human sources, warms the planet 
and changes its climate; and 

WHEREAS, many scientists warn that unmitigated climate change is expected to resuh 
in significant adverse impacts to our communhies, economy and environment; and 

WHEREAS, according to the scienfific assessments ofthe United Nations 
Intergovemmental Panel on Climate Change, and other work, substantial reductions in 
greenhouse gas emissions by mid-century have the potential to minimize the most severe 
climate change impacts currently predicted; and 

WHEREAS, the reducfion of global wanning and limitafion of climate change effects 
requires a collaborative, international effort to reduce the emission of greenhouses gases 
around the globe; and 

WHEREAS, New York and other states should work collaborafively with the federal 
govemment to develop and implement plans and policies that will achieve reductions in 
greenhouse gas emissions in the United States; and 

WHEREAS, expanding and advancing energy efficiency and renewable energy projects 
will reduce greenhouse gas emissions and create newjobs; and 

WHEREAS, New York State has demonstrated leadership in this effort by undertaking 
acfions such as: 

• Execufive Order No. 2 (2008): Establishing a State Energy Planning Board and 
Authorizing the Creation and Implementation of a State Energy Plan: 
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Executive Order No. 4 (2008): Establishing a State Green Procurement and Agency 
Sustainability Program: 

Creation ofthe Govemor's Smart Growth Cabinet; 

Adoption of goals and practices for energy efficiency and green building technology 
in State buildings, and for the use of biofuels in State vehicles and buildings; 

Creation ofthe New York State Office of Climate Change in the New York State 
Department of Environmental Conservation; 

Participafion in the Regional Greenhouse Gas Initiative, a ten-state cooperafive effort 
to reduce greenhouse gas emissions from electric power plants by means of a cap and 
trade system; 

Creation of an Energy Efficiency Portfolio Standard, which is intended to reduce the 
State's electricity consumption by 15 percent below projected levels by 2015, 
complementing the State's System Benefit Charge and Renewable Portfolio Standard; 

The formation of a Renewable Energy Task Force and a Sea Level Rise Task Force; 

Collaborafion with other northeastem and mid-Atlanfic states on the development of a 
regional low carbon fuel standard; 

Establishment of a " 45 x 15" Inifiafive, which set a goal to meet 45% of New York's 
electricity needs through improved energy efficiency and clean renewable energy by 
2015; 

Adopfion of regulafions establishing greenhouse gas exhaust emission standards for 
motor vehicles; 

Enactment of legislation requiring new motor vehicles to bear labels disclosing 
information to consumers about vehicle greenhouse gas emissions; 

Enactment of legislafion establishing "green" residenfial and State building programs; 

Enactment of legislafion expanding the State's "net metering" laws, allowing 
increased development of renewable energy by electricity customers; 

Enactment of Legislation expanding energy efficiency and clean energy inifiatives of 
the New York Power Authority to public entifies; and 

Investment of billions of dollars by the New York State Energy Research and 
Development Authority, the New York Power Authority and the Long Island Power 
Authority in existing, expanded and new energy efficiency and renewable energy 
programs; and 

WHEREAS, h is appropriate to build upon the important environmental benefits obtained 
through these actions and to establish a State-wide goal for the reduction of greenhouse 
gasses, and to develop a plan that enables New York to participate fully in the national 
and intemational efforts to combat climate change. 
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NOW, THEREFORE, I, David A. Paterson, Governor ofthe State of New York, by 
virtue ofthe authority vested in me by the Constitution and laws ofthe State of New 
York, do hereby order as follows; 

1. It shall be a goal ofthe State of New York to reduce current greenhouse gas 
emissions from all sources within the State eighty percent (80%) below levels 
emitted in the year nineteen hundred ninety (1990) by the year two-thousand fifty 
(2050). 

2. There is hereby created a Climate Acfion Council ("Council") consisfing ofthe 
Commissioners of Agriculture and Markets, Economic Development, 
Environmental Conservation, Housing and Community Renewal, and 
Transportafion; the Chairs ofthe Public Service Commission, and Metropolitan 
Transportation Authority; the Presidents ofthe New York State Energy Research 
and Development Authority, Long Island Power Authority, New York Power 
Authority and Dormitory Authority ofthe State of New York; the Secretary of 
State; the Director ofthe Budget; the Director of State Operafions; and the Counsel 
to the Govemor. The Director of State Operations shall serve as the Chair ofthe 
Council. 

3. The Council shall prepare a draft Climate Acfion Plan on or before September 30, 
2010. The Council shall hold regional public comment hearings on the draft Plan, 
and shall allow at least 60 days for the submission of public comment. Thereafter, 
the Council shall prepare a final Climate Action Plan which shall be reviewed and, 
if warranted, adjusted annually by the Council. 

4. In aspiring to meet the greenhouse gas emission reducfion goal, the Council, in 
preparing the Climate Acfion Plan, shall: 

a. inventory greenhouse gas emissions within the State, including the relative 
contribufion of each type of emission source; 

b. identify and assess short-term and long-term actions to reduce greenhouse 
gas emissions and adapt to climate change across all economic sectors, 
including industry, transportafion, agriculture, building construcfion and 
energy production; 

c. identify and analyze the anticipated reductions, and the economic 
implicafions thereof, as a result of each action; 

d. identify the anticipated life-cycle implications, consequences, benefits and 
costs of implementing each action, including implicafions, consequences, 
benefits and costs to the State, local govemments, business and residents 
from implementafion of each option and action; 

e. identify whether such actions support New York's goals for clean energy 
in the new economy, including specific short-term and long-term 
economic development opportunities and disadvantages related to 
greenhouse gas emission reductions and the development and deployment 
of new and emerging technologies and energy sources; 

f coordinate its activities with the State energy planning process ofthe State 
Energy Planning Board; 

A-3 



New Yort< State Climate Action Council 
Interim Report 11-9-10 

g. identify existing legal, regulatory and policy constraints to reducing 
greenhouse gas emissions, assessing the impacts of climate change, and 
adapting to climate change, and recommend ways to address any such 
constraints; 

h. establish esfimated timelines for considering and implementing actions; 
and 

i. undertake such acfions, and compile such addifional material, as deemed 
appropriate by the Council in carrying out its responsibilities under this 
Order. 

5. Members ofthe Council may designate an execufive staff member to represent 
them and participate on the Council on their behalf, subject to the approval ofthe 
Chair. A majority ofthe members ofthe Council shall constitute a quorum, and all 
acfions and recommendafions ofthe Council shall require approval of a majority of 
the total members or their representatives. 

6. The entities represented on the Council are authorized to provide the primary staff 
and other resources that are necessary for the Council to comply with this Order. In 
addhion, every other agency, department, office, division and public authority of 
this State shall cooperate with the Council and furnish such information and 
assistance as the Council determines is reasonably necessary for h to comply with 
this Order. 

7. The Council may convene advisory panels to assist or advise it in areas requiring 
special expertise or knowledge. 

8. The Climate Acfion Plan is not intended to be static, but rather a dynamic and 
confinually evolving strategy to assess and achieve the goal of sustained reductions 
of greenhouse gas emissions. 

G I V E N under my hand and the Privy Seal ofthe State in the City of Albany this sixth 
day of August in the year two thousand nine. 

David A. Paterson 
Govemor 

Lawrence Schwartz 
Secretary to the Govemor 

A-4 



New York State Climate Action Council 
Interim Report 11-9-10 

Appendix B 
Description of New York State 

Climate Action Council Process 

Creation of the New York State Climate Action Council 

In August 2009, Govemor David A. Paterson signed Executive Order 24 establishing the goal of 
reducing greenhouse gas (GHG) emissions from all New York sources to 80 percent below 1990 
levels by 2050 and creating the New York State Climate Acfion Council (Council). The purpose 
ofthe Council is to assist New York in identifying the best opportunifies to mifigate and adapt to 
climate change, reduce costs associated with climate change activifies, and foster economic 
growth in New York. 

The Council 's Response to Date: In fulfillment ofthe requirements ofthe Executive Order, 
the Council has held six meetings between November 2009 and December 2010, and formed 
three extemal panels to assist and advise in areas requiring special expertise or knowledge: 
Technical Analysis, which consists of five Technical Working Groups; Muhi-Sector Integration; 
and 2050 Visioning. 

For planning and progress benchmarking purposes, the Council adopted an interim GHG 
reducfion goal of 40 percent below 1990 levels by 2030, or one-half of the 80 by 50 goal at the 
mid-point between 2010 and 2050. 

The Council and supporting panels crafted sector-specific vision statements that describe the 
major characteristics of each mhigafion and adaptation sector in 2050 as necessary or desirable 
to achieve the 80 by 50 goal. 

The Council and supporting panels reviewed over 300 muhi-sector GHG mitigation policy 
options and approved for inclusion in this Report a package of draft mifigation policy options to 
reduce GHG emissions and address related energy and economic issues in New York State. 
Many of these draft recommendafions have been individually analyzed for their likely GHG 
reduction potential and net direct cost or savings to the New York economy. 

The Council and supporting panels performed a systemafic review of vulnerabilifies to the 
effects of climate change and approved draft adaptation policy recommendations across eight 
sectors for inclusion in this Report. 

The Climate Action Plan Process 

The Council began the formal deliberative process at the first meeting ofthe Integration 
Advisory Panel and Technical Working Groups on January 14, 2010. The Integration Advisory 
Panel has met in person five times, and the five Technical Work Groups have met in person and 

' Integrated analysis ofthe policies which takes into consideration policy interactions and overlaps, as well as 
macroeconomic, or indirect economic impacts on income, GSP, employment and prices, will be completed in the 
next phase ofthe Plan process. 
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by teleconference bi-weekly since January 2010. The five Technical Work Groups considered 
potential policy options in the following sectors: 

• Power Supply and Delivery (PSD) 

• Residential, Commercial/Institutional, and Industrial (RCI) 

• Transportation and Land Use (TLU) 

• Agriculture, Forestry, and Waste Management (AFW) 

• Adaptation (ADP) 

The four Mitigafion Technical Work Groups (PSD, RCI, TLU, and AFW) focused on 
opportunities to mitigate GHG emissions or enhance the sequestration of atmospheric carbon 
dioxide within their respective sectors. The fifth, the Adaptation Technical Work Group, focused 
on policies that anficipated highly likely climate impacts over the next 100 years in eight 
economic and natural resource sectors, seeking to enhance potential benefits and reduce the cost 
and security risks associated with unavoidable climate impacts. 

New York State agency participation has been extensive throughout the process, with project 
leadership and coordination provided by the New York Energy Research and Development 
Authority (NYSERDA) and the Department of Environmental Conservation (DEC). The Center 
for Climate Strategies provided facilitafion and technical assistance to the process, including 
facilitafion and technical support for each ofthe Technical Work Groups, based on a detailed 
proposal approved by NYSERDA. 

The Technical Work Groups served as advisors to the Council and consisted of Council member 
agency staff and addifional public, private and non-profit sector stakeholders with specific 
interest and expertise. Members ofthe public were invited to observe and provide input at all 
meetings ofthe Integrafion Advisory Panel and Technical Work Groups. A series of four public 
informational meetings were held around the State during the process. Planning process 
documents and deliberative and analytical products were posted to the Plan's public web site, 
which also provided an addhional venue for public input. 

Prior to a joint organizational meefing ofthe Integration Advisory Panel and Technical Work 
Groups the appointed participants attended a "2050 Visioning Conference" hosted by the New 
York Academy of Sciences and organized by Brookhaven National Laboratory. The focus ofthe 
conference was to place the challenge ofthe 80 by 50 goal into real-world context, and by 
example illustrate the kinds of transformational change needed to achieve the goal. 

After getting organized and reviewing the preliminary inventory and forecast the Technical 
Work Groups crafted sector-specific vision statements with supplemental text providing detail 
about the sector's demand for and use of energy, as well as advisory comments on related 
matters. 

Mitigation Policy Process: Following the development ofthe vision statements, the four 
Mitigation Technical Work Groups then generated an addhional set of New York State-specific 
policy options to be added to the catalog of existing states actions. Catalog policies were 
reviewed by representatives ofthe environmental justice community and participants in 
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NYSERDA's ClimAID project with written comments added to each policy in the catalog 
reflecting their concems for whether and how the policy might affect disadvantaged 
communities, or be affected by anticipated near-term climate effects. 

Where available, an estimate ofthe general potential for each cataloged mifigafion policy to 
reduce GHG emissions in New York and a rough estimate ofthe direct cost or savings per ton of 
emissions reduced were provided to Technical Work Group members. Most of these estimates 
were derived from research sponsored by NYSERDA and conducted by the Center for Climate 
Strategies, thled Development of New YorkState Greenhouse Gas Abatement Cost Curves. 

Technical Work Group members also scrutinized and recommended enhancements to the New 
York State inventory and forecast of GHG emissions developed by NYSERDA with assistance 
from the Center for Climate Strategies (contained in the New York Greenhouse Gas Emissions 
Inventory and Forecast report and summarized in Chapter 3). The inventory, which begins in 
1990, serves as the benchmark against which progress toward the 80 percent below 1990 
emissions levels goal is-measured. The forecast serves as the baseline or 'business-as-usual' 
projecfion of future emissions assuming no measures to reduce them are enacted beyond those 
already in place or approved. 

The inventory and forecast and the analysis of most mifigation policies cover the six types of 
gases included in the United States (U.S.) Greenhouse Gas Inventory: carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), hydrofiuorocarbons (HFCs), perfluorocarbons (PFCs), and 
sulfur hexafluoride (SFe). The inventory and reference case projections include detailed coverage 
of all economic sectors and GHGs in New York State, including future emission trends related to 
energy, the economy, and population growth. 

Once the Technical WorkGroups had settled upon their broad sector visions for 2050, 
commented on the draft inventory and forecast, and reviewed the technical potentials and 
anticipated environmental jusfice and climate impact implications ofthe catalog policies, 
members engaged in a process of selecting priority policies for development and analysis. This 
process allowed the Technical Work Groups to regroup the catalog policies into logical policy 
bundles organized around sets of technologies, e.g., renewable electricity generation, or policy 
instruments, e.g., a renewable portfolio standard. 

Technical Work Group-proposed priorities were reviewed by the Integration Advisory Panel and 
Council, uhimately yielding 39 priority policy bundles across the four mifigafion sectors. The 
Technical Work Groups then set about the task of defining each policy as it could be 
implemented in New York State and specifying GHG reduction goals and fiming. Each policy 
was developed using a template calling for: 

Policy Descripfion 

Policy Design 

Implementafion Mechanisms 

Related Policies and Programs in Place 

Esfimated GHG Reductions and Costs or Cost Savings 
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• Key Uncertainties 

• Additional Benefits and Costs 

• Adaptation to Climate Change Considerations (if any) 

• Environmental Jusfice Considerations (if any) 

• Feasibility Issues 

Once the policy design, goals and timing were settled, the Center for Climate Strategies analysts 
began to analyze the priority policy bundles designated for quanfification. The analytical 
assumptions, data sources and methods were carefully.reviewed and revised as needed by 
NYSERDA, DEC, other participating State agencies and Technical Work Group members. In 
some cases, muhiple scenarios or sensifivity analyses were produced for policies or sub policies, 
and, depending on the results, policy designs were sometimes adjusted by the Technical Work 
Groups in response to the first analysis. 

The four Mitigation Technical Work Groups have met in person or by teleconference bi-weekly 
through October 2010, not including small group meetings. Chapters 6 through 9 contain 
summaries of these mitigation policies including their analytical results. The analytical results 
presented here describe the potential effectiveness ofthe mitigation policies on a stand-alone 
basis; that is, it is assumed each policy is being implemented in isolafion, and that none ofthe 
other recommended policies are implemented as well. This analysis generally does not consider 
interacfions among policies or overlapping emissions reductions. It is therefore not appropriate to 
sum up the reducfions or costs associated with individual policies in this Report to esfimate a 
cumulative result. 

Adaptation Policy Process: Unlike mitigation climate action planning, which has been 
undertaken in over 20 states and for which generally accepted methods have been developed, 
adaptation policy development is relatively new. A few other states have examined the 
adaptation challenge, but prior to the New York Climate Action Plan no state had attempted the 
comprehensive effort to investigate likely unavoidable climate impacts across eight sectors, 
assess their social, environmental, public health and economic risks, and propose dozens of 
measures to address them. 

While there are many similarities, the Adaptation Technical Work Group followed a different 
process than that described above for the Mitigation Technical Work Groups. The Adaptation 
Technical Work Group was divided into eight sector subgroups as follows: 

• Agriculture 

• Ocean Coastal Zones 

• Ecosystems 

• Water Resources 

• Public Health 

• Transportation 
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• Energy 

• Communications 

Like the Mitigation Technical Work Groups, each Adaptation Technical Work Group subgroup 
crafted their own 2050 vision statement and then followed a formal process to guide the 
formafion of recommendations. Informing this process were the draft results ofthe ClimAID 
research funded by NYSERDA and conducted by teams from Columbia and Cornell 
Universities, and the City University of New York, as well as the State Sea Level Rise Task 
Force and elements of New York City's PlaNYC. 

The goals ofthe adaptation policies are somewhat different from the mifigafion goals. 
Recommended adaptation polices seek to address one or more ofthe following: 

• Prepare, protect, or improve climate resiliency 

• Improve climate monitoring, surveillance and data collecfion 

• Improve decision-making tools to enhance incorporation of climate projecfions in decision
making, permit and design criteria 

• Evaluate and enhance New York's capacity to respond, e.g., through climate-informed 
emergency response plans and protocols 

• Develop new strategies and promote advances in related technology through research and 
development 

• Promote the inclusion of climate science in education curricula and other forms of 
educational outreach 

• Improve coordinafion among federal, regional, state and local governments 

• Idenfify and address equity issues 

The Adaptation Technical Work Group created its own policy description template to fully 
describe their policy proposals and evaluate them according to criteria developed by the group. 
The adaptation policy template included the following: 

• Climate Variables and Probabilities 

• Impacts on Resources (Likelihood, Consequence, Magnitude) 

• Timing of Risk and Overall Risk 

• Adaptation Strategy 

• Policy/Mechanism (Who, What, Where, How) 

• Potential Cost 

• Feasibility 

• Timing of Implementation 

• Efficiency 
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• Resiliency 

• Environmental Justice Considerafions (Distribufion, Degree) 

• Co-benefits and Costs 

• Research/Information Needs 

The Adaptation Technical Work Group has developed policy recommendations across the eight 
sectors, which are summarized in Chapter 11. The full Adaptation Technical Work Group met by 
teleconference 12 fimes since January 2010, with one in-person meeting, and the eight subgroups 
met dozens of times separately to develop their recommendations. As with the mitigation 
policies, the Integrafion Advisory Panel and the Council reviewed and commented on the 
adaptation policy sets as they were being developed. 

Public Engagement: Key to the Climate Action Plan process design is the active engagement 
ofthe public. As shown in Appendix C, the Technical Work Groups and Integrafion Advisory 
Panel count among their members many representatives of environmental jusfice communities, 
business and industry, academia, non-government organizations, trade associations, regional and 
local governments, and state agencies. In addition to appointed membership on process 
committees, four public informafional meefings were held including two with special focus on 
environmental justice concerns. An informational webinar will be provided, and three public 
hearings will be held to solich comment on this Interim Report. 

To facilitate ongoing public involvement, all Technical Work Group and Integration Advisory 
Panel meeting summaries, documents, drafts and work products were posted to the public web 
site www.nyclimatechange.us. which provided an opportunity to submh electronic comments or 
quesfions. In addifion, every Technical Work Group and Integration Advisory Panel meeting or 
teleconference was open to the public, and each meeting agenda provided an opportunity for 
public comment or question. 

In addition to the mulfiple public engagement opportunifies described above, those living in 
economically disadvantaged communities have been represented and their concems voiced 
through formal integration of environmental justice concems throughout the process. Through 
representation on the Integration Advisory Panel and Technical Work Groups, and by 
incorporation of written comments and guidance at key junctures in the deliberations, the authors 
of these recommendations have heard and sought to incorporate these concems into the policy 
designs. 

In all, dozens of comments were received during Technical Work Group conference calls, about 
25 comments and other inquiries were received through the web site portal, and approximately 
125 people attended the first four informational meetings. 

Next Steps 

While the idenfification of mhigafion and adaptation policies for New York and the 
quanfificafion of a subset of these for their GHG reduction potential and cost is a major 
achievement, to fully safisfy Execufive Order 24 more must be done. Public comment on this 
Interim Report will be taken for a 90-day period, during which three public hearings will be held. 
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Comments received will be reviewed by the Council and addressed in the draft Climate Action 
Plan as appropriate. 

This Report idenfifies cross-sector policies and issues (Chapter 12), but the analysis contained 
here assumes each policy is implemented in isolation. The next phase ofthe planning process 
will consider all policy interacfions and produce a methodologically correct 'sum ofthe parts' 
projection for Acfion Plan emission reduction potentials and costs. 

Also to be included in the next phase is a macroeconomic analysis ofthe impact ofthe 
recommended policies on the broader New York economy. Costs and savings associated with 
policies in this Report consider only the direct costs and savings to society, defined as within the 
geographic boundaries of New York State. Secondary, indirect, or macroeconomic impacts such 
as statewide employment, income, energy price and Gross State Product impacts will be 
examined next with the results presented in the Final Climate Action Plan Report. 

Many climate-sensifive policies are not new. Indeed, much progress has already been achieved 
through enactment of measures unrelated to climate concems. Energy efficiency has long been 
both an economic and national security priority; the GHG benefits are considered 'co-benefits' 
of these policy goals. Likewise, many ofthe policies recommended here offer co-benefits of their 
own. In particular, efforts that result in reduced burning of fossil fuels often resuh in lowered 
emissions of pollutants other than CO2. Criteria pollutants, such as particulates, sulfur dioxide, 
nitrogen oxides and air toxics emissions, may also be mifigated by climate-driven actions. Some 
of these pollutants adversely affect human health and, therefore, impose economic and societal 
costs. To more completely assess the value of these policies, the next phase of this planning 
process will include a co-benefits analysis to project the level of non-C02 pollutant reductions 
and estimate the related benefits in improved human health and reduced cost associated with 
treafing resuhing illnesses. 

As discussed in Chapter 14, some ofthe most effective acfions New York State could pursue 
would either require or greatly benefit from the participafion of our regional neighbors or the 
federal government. Following the issuance ofthe Final Climate Acfion Plan Report in 2011, the 
State will move toward implementafion ofthe Plan, which will require engagement with regional 
neighbors and the federal govemment on a variety of policy recommendations. 

Critical to the charge of Executive Order 24 is demonstrating that the policies proposed here, 
after enhanced analysis and refinement, can achieve the goal of total statewide emissions 80 
percent below New York State emissions in 1990. The analysis contained here covers the period 
from 2010 through 2030. Some key policies have also had GHG reductions estimated between 
2030 and 2050, but cost estimates are limited to the next twenty years due to the increasing 
uncertainty associated with longer-range projections. The Final Climate Action Plan Report will 
therefore contain an addhional analysis showing whether the 2050 goal will be achieved by the 
implementation ofthe Plan's recommendations. 
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Appendix C 
Members of the Integration Advisory Panel 

and Technical Work Groups 

New York Climate Action Plan Process 
Integration Advisory Panel 

Timothy Banach 
Bard College 

Eddie Bautista 

NYC Environmental Justice Alliance 

Alan Belensz 

NYS Dept. of Environmental Conservation 

Janet Besser 
National Grid 

Paul Beyer 

NYS Department of State 

Glen Bruening 

Counsel to Governor Paterson 

Robert Catell 
Stony Brook University 

Soma Chengalur 

Kodak 

Robert Chinery 

NYS Department of Health 

Jeffrey Cohen 

NYS Department of Public Service 

Cecil Corbin-Mark 

We Act for Environmental Justice 

Steve Cornell 
NRG Energy 

Paul DeCotIs 

Long Island Power Authority 

Debra Devine 

NYS Homes & Community Renewal 

M a t t Driscoll 
NYS Environmental Facilities Corporation 

Curtis Fisher 
National Wildlife Federation 

Adam Freed 

NYC Mayor's Office 

Dominic Frongillo 

Town of Caroline 

Ma t t Fronk 

Rochester Institute of Technology 
General Motors (retired) 

Gerry Gallagher 
Ecology & Environment 

Ashok Gupta 
Natural Resources Defense Council 

Peter Iwanowicz 
Governor's Office Representative 

Patrick Jackson 
Corning 

Janet Joseph 

NYS Energy Research & Development Authority 

Steve Levy 
Sprague Energy 

Edward Mal loy 
NYS Buildings & Construction Trades Council 

Jennifer McCormick 
NYS Department of Economic Development 

Tim M o u n t 

Cornell University 

Carol Murphy 

Alliance for Clean Energy New York 

John Nolon 
Pace University Land Use Law Center 

Joseph Gates 
Consolidated Edison Company 

Jessica Ottney 
The Nature Conservancy 
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Ron Rausch 

NYS Department of Agriculture & Markets 

Mike Richter 
Environmental Capital Partners 

Victoria Simon 
New York Power Authority 

Jodi Smits Anderson 

Dormitory Authority of the State of New York 

Jared Snyder 
NYS Dept. of Environmental Conservation 

Eleanor Stein 

NYS Department of Public Service 

Sean Sweeney 

Cornell Global Labor Institute 

Wi l l iam Sweet 
Golub Corporation 

Ernest Tollerson 

NYS Metropolitan Transportation Authority 

Larry Walker 

Cornell University 

Lynn Weiskopf 
NYS Department of Transportation 

Johanna Wel l ington 
General Electric 

Elizabeth Yeampierre 

United Puerto Rican Organization of Sunset 
Park (UPROSE) 
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New York Climate Action Plan Process 
Adaptation Technical Work Group Members 

*indicate5 lAP member 

Robin Schlaff, Co-Chair 
NYS Dept. of Environmental Conservation 

Mark W a t s o n , Co-ChaIr 

NYS Energy Research & Development Authority 

Jim DeZolt {ret ired co-chair) 
NYS Dept. of Environmental Conservation 

Fred Anders 

NYS Department of State 

Christine Costopoulos 

NYS Economic Development 

Ar t DeGaetano 
Cornell University, ClimAID 

Paul Dibbell 

Town of Hunter 

A lon Domlni tz 

NYS Dept. of Environmental Conservation 

Projjal Dutta 
NYS Metropolitan Transportation Authority 

•Curt is Fisher 
National Wildlife Federation 

*Adam Freed 
Mayor's Office, New York City 

Kevin Gleason 

NYS Department of Health 

Dave Haight 

American Farmland Trust 

M ike Hervey 
Long Island Power Authority 

Elisabeth Kolb 

NYS Department of Transportation 

Megan Linkin 

Swiss Re 

Sean Mahar 

Audubon New York 

Gary McVoy (retired) 
NYS Department of Transportation 

*Ron Rausch 
NYS Department of Agriculture & Markets 

Pat Riexinger 
NYS Dept. of Environmental Conservation 

Cynthia Rosenzweig 
Columbia University/NASA, ClimAID 

Wi l l iam Solecki 

Hunter College, ClimAID 

Rene VanSchaack 

Greene County Industrial Development 
Authority 

Dave Westman 
Consolidated Edison Company of New York 

Ross Whaley 

SUNY College Environmtal Science and 
Forestry, Emeritus 

Michael Wi ronen 

Ecology & Environment 

•El izabeth Yeampierre 
United Puerto Rican Oganization of Sunset Park 

(UPROSE) 

Center fo r Cl imate Strategies 

Steve Chester Lead ADP Facilitator 

Bil l ! Dougherty Co-Facilitator, Analyst 

Katie Pasko CCS Support 

State A g e n c y L ia isons 

Mark Lowery NYS Dept. of Env. Conservation 

Kristin Marcel l NYS Dept. of Env. Conservation 

Carl Mas NYS Energy Research & Development 

Authority 

Amanda Stevens NYS Energy Research & 

Development Authority 

Mar i lyn W u r t h NYS Dept. of Env. 

Conservation 
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New York Climate Action Plan Process 
Agriculture, Forestry and Waste Management Technical Work Group 

Members 

" îndicates lAP member 

Rob Davies, Co-ChaIr 
NYS Dept. of Environmental Conservafion 

•Ron Rausch, Co-Chair 

NYS Department of Agriculture & Markets 

GregAlbrecht 
NYS Department of Agriculture and Makets 

Ben Ballard 
Morrisville State 

Anton io Bento 
Cornell University 

Dan Conable 
Cato Analytics 

Resa Dimino 
NYS Dept. of Environmental Conservation 

Barbara Eckstrom 

Thompkins County 

Michael Gainer 
Buffalo ReUse 

Judith LaBelle 
Glynwood Center 

Jerry Leone 
Casella Waste Systems 

Jeff Peterson 

NYS Energy Research & Development 

Authority 

•Jessica Ot tney 

The Nature Conservancy 

Kellie-Terry Sepulveda 

The POINT Community Development Corp 

Erin Sharkey 

Massachusetts Avenue Project 

DougShelmadine 

Sheland Farm 

Ma t t Smith 
Finite Carbon 

Peter Stein 
The Lyme Timber Company 

Joe VIsalli 
Adirondack Research Consortium 

Tim Volk 

SUNY College of Environmental Science & 
Forestry 

•Larry Walker 
Cornell University 

Jeff Wi l l iams 
New York Farm Bureau 

Center fo r Cl imate Strategies 

Steve Roe Lead AFW Facilitator 

Rachel Anderson AFW Co-Facilitator 

Bradley Strode AFW Co-Facilitator 

C l imAID L ia ison 

David Wol fe Cornell University 

s ta te Agency L ia isons 

Sloane Crawford NYS Dept. of Env. 
Conservafion 

Steve Hammond NYS Dept. of Env. 

Conservation 

Jeff Mapes NYS Dept. of Env. 

Conservation 

Scott Menra th NYS Dept. of Env. 

Conservation 

Mar i lyn W u r t h NYS Dept. of Env. 

Conservation 
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New York Climate Action Plan Process 
Power Supply and Delivery Technical Work Group Members 

'̂ indicates lAP member 

•Jeff Cohen, Co-Chair 

NYS Department of Public Service 

•Jared Snyder, Co-ChaIr 

NVS Dept. of Environmental Conservation 

Bruce Bailey 
AWSTrueWtnd 

•Janet Besser 
National Grid 

Peter Carney 
NYISO 

Keith Corneau 
Empire State Development Corporation 

•Steve Cornell 
NRG Energy 

Jim Gallagher 

NYC Economic Development Corporation 

•Ashok Gupta 

Natural Resources Defense Council 

Jeff Guynup 

International Assn. of Heat and Frost 
Insulators & Allied Workers 

Erin Heaney 

Clean Air Coalition of Western NY 

Radmila Ml le t lch 

Independent Power Producers of New York 

Jim Misewich 
Brookhaven National Laboratory 

• Carol Murphy 
Alliance for Clean Energy New York 

•Joseph Gates 
Consolidated Edison Company of New York 

Jim Parmelee 
Long Island Power Authority 

• M i k e Richter 
Environmental Capital Partners 

•Victor ia Simon/Br ian Ross 
New York Power Authority 

Jaime Stein 
Sustainable South Bronx 

Robert Teetz 
National Grid 

Jim Torpey 
SunPower Corporation 

Mark Torpey 
NYS Energy Research & Development 

Authority 
Jaime Van Nostrand 

Pace University Energy and Climate Center 

Sundar Venkataraman 
General Electric 

Center f o r Cl imate Strategies 

Jeff Wennberg Lead PSD Facilitator 

Bllll Dougherty Senior Analyst 

Katie Pasko Support 

C l imAID L ia ison 

Michael Hyams Columbia University 

s ta te A g e n c y L ia isons 

Dave Coup NYS Energy Research & 

Development Authority 

David Gardner NYS Dept. of Env. 

Conservafion 

Steve Hammond NYS Dept. of Env. 

Conservation 

Karl Michael NYS Energy Research & 

Development Authority 
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New York Climate Action Plan Process 
Residential, Commercial/Institutional and Industrial (RCI) 

Technical Work Group Members 

indicate lAP Member 

•Jodi Smits Anderson, Co-Chair 

Dormitory Authority of the State of New York 

Karen Vi l leneuve, Co-Chair 

NYS Energy Research & Development Authority 

Floyd Barwig 

NYS Department of Public Service 

Joseph Berman 

Golub Corporation 

Laura Caruso 

SEIU Local 32BJ 

Robert Damico 

NYS Homes and Community Renewal 

Bill Davies 

Davies Office Refurbishing 

Mike Deering 

Long Island Power Authority 

Susanne DeRoches 

Port Authority of New York & New Jersey 

Christopher Diamond 

Steven Winter Associates 

Shannon Fales 

Real Estate Board of New York 

• A d a m Freed 

NYC Mayor's Office 

•Domin ic Frongillo 

Town of Caroline 

Jim Gebhardt 

NYS Environmental Facilities Corporation 

Steve Groseclose 

Global Foundries 

Jeremy Hof fman 

Laborers' International Union of N. America 

Phil Hopke 

Clarkson University 

Sharon Jack-Will iams 

Dunbar Association 

Patrick Jackson 

Corning 

Ron Kamen 

EarthKind Solar 

Amel ia LoDolce 

City of Binghamton 

Danielle Mer fe ld 

General Electric Global Research Center 

David Meyer 

Pathfinder Engineers 

Jackson Morr is 

Pace University Energy and Climate Center 

Ron Peister 

NYS Department of State 

Ron Shif fman 

Pratt Institute 

Tim Stout 

National Grid 

Elizabeth Welner 

Conservation Services Group 

Roy W o o d 

Kodak Corporation 

Center fo r Cl imate Strategies 

Hal Nelson Lead RCI Facilitator 

Eric Bellieveau Energy Efficiency Expert 

C l imAID L ia ison to RCI TWG 

Stuart Gaffin Columbia University 

State Agency L ia isons t o RCI TWG 

David Gardner NYS Dept. of Env. Conservation 

Steve Hammond NYS Dept. of Env. 

Conservation 

Carl Mas NYS Energy Research & Development 

Authority 

Michel le Salisbury NYS Energy Research & 

Development Authority 
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New York Climate Action Plan Process 
Transportation and Land Use 

Technical Work Group Members 

'indicates lAP member 

•Paul Beyer, Co-ChaIr 

NYS Department of State 

•Ernest Tol lerson, Co-Chair 

Metropolitan Transportation Authority 

Gerry Bogacz 

NY Metropolitan Transportation Council 

Lena DeSantis 

Port Authority of NY and NJ 

Richard Drake 
NYS Energy Research & Development 

Authority 

An thony Freslna 
Laborer's Union 

• M a t t h e w Fronk 

Rochester Institute of Technology 
General Motors (retired) 

Ross Gould 

Environmental Advocates of New York 

•Steve Levy 

Sprague Energy 

T imothy Mathews 
Transport Workers Local 100 

Kevin M o r r o w 

eTec 

•John Nolon 
Pace University Land Use Law Center 

Maur ice O'Connell 
CSX Transportation 

Anne Reynolds 
NYS Dept. of Environmental Conservation 

Deb Stacey 

Capital District Transportation Committee 

•Eleanor Stein 
NYS Department of Public Service 

•Wi l l i am Sweet 
Golub Corporation 

Eric Walker 
People United for Sustainable Housing 

(PUSH) Buffalo 

John Zamurs 
NYS Department of Transportation 

Center fo r Cl imate Strategies 

Lewison Lem Lead TLU Facilitator 

Hillel Hammer Senior TLU Consultant 

James Winebrake Senior TLU Consultant 

C l imAID L ia ison 

Rae Z immerman, NYU 

s ta te Agency L ia i sons 

Steve Hammond NYS Dept. of Env. 

Conservafion 

John Marschi lok NYS Dept. of Env. 

Conservation 

Carl Mas NYS Energy Research & 

Development Authority 

Lois New NYS Dept. of Env. Conservafion 

Adam Ruder NYS Energy Research & 

Development Authority 

Michael Sheehan NYS Dept. of Env. 

Conservation 
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Appendix D 
Overview of Current New York State 

Climate and Energy Policies 

New York Stale has inhiated or participates in programs on regional, state, and local levels that 
reduce greenhouse gas emissions and encourage energy independence, energy efficiency and 
renewable energy. 

Greenhouse Gas Inventory and Reduction 

The Regional Greenhouse Gas Initiative (RGGI) 

New York is one often Northeastem and Mid-Atlantic states participating in the RGGI cap and 
invest program. The New York CO2 Budget Trading Program (6NYCRR Part 242) and the CO2 
Allowance Auction Program (21NYCRR Part 507) took effect January 1, 2009. Emissions of 
carbon dioxide from electric power generating facilities will be reduced ten percent by 2018. 
Auction proceeds support statewide investments in energy efficiency, renewable and clean 
energy, and innovative carbon abatement technologies, as guided by the RGGI Operating Plan. 

The Climate Registry 

The Climate Registry is a partnership of businesses, environmental organizations and states with 
standards for estimating and reporting greenhouse gas emissions (carbon dioxide (CO2), 
methane, nitrous oxide (N2O), hydrofiuorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 
hexafluoride (SFe)). Twenty-one New York public and private organizations have enrolled as 
Founding Reporters and committed to inventory and report their emissions under the Registry's 
protocol. 

Adoption of California Vehicle Emissions Standards 

Califomia is the only state that is not preempted by federal vehicle emissions standards and, as a 
result, is permitted to set stricter standards than those that apply to the nation as a whole. Once a 
rule has been adopted in Califomia, other states seeking standards for a higher level of emissions 
controls are permitted to adopt such Califomia standards as well. New York has adopted the 
most recent Califomia standards, which would reduce greenhouse gas emissions from cars by 37 
percent and from light trucks 24 percent by 2016. 

Regional Low-Carbon Fuel Standard 

The Regional Low-Carbon Fuel Standard is a market-based, technologically neutral emissions-
performance standard under development by 11 Northeast and Mid-Atlantic states (Connecticut, 
Delaware, Massachusetts, Maryland, Maine, New Hampshire, New Jersey, New York, Rhode 
Island, Vermont, and Pennsylvania) that will reduce the carbon intensity of transportation fuels 
sold in the region. 
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The Transportation and Climate Initiative 

This initiative is a coordinated regional effort by 12 Northeast and Mid-Atlantic jurisdictions 
(Connecticut, Delaware, Massachussetts, Maryland, Maine, New Hampshire, New Jersey, New 
York, Rhode Island, Vermont, Pennsylvania, and the District of Columbia) to reduce 
transportation sector greenhouse gas emissions and further the development of a clean energy 
economy. The participating jurisdictions are working to reduce greenhouse gas emissions, 
minimize our transportation system's reliance on high-carbon fuels, promote sustainable growth, 
address the challenges of vehicle miles traveled, and help build the clean energy economy. 

Climate Smart Communities 

This program includes ten-point pledge for municipalities to reduce greenhouse gas emissions, 
prepare for climate change, and invest in green economies. Launched February 2009, the Climate 
Smart Communities Pledge has already been adopted by at least 85 New York communities. 

Office of Climate Change 

The charge ofthe Office of Climate Change is to lead development of programs and policies that 
mitigate greenhouse gas emissions and help municipalities and individuals adapt to the effects of 
climate change. In addition to implementing RGGI, the Office is developing the full suite of 
responses needed for significant emissions reductions and for successful adaptation to changing 
temperatures, sea levels, precipitation and other climate factors. 

Energy Eff iciency and Renewable Energy 

45 by 15 

Adopted in the 2009 State Energy Plan, this energy policy is designed to meet 45 percent of New 
York's electric energy needs from energy efficiency and renewable energy by the year 2015. 
Along with program requirements from the State's energy authorities, this policy is implemented 
by two key programs: 

Renewable Portfolio Standard (RPS) 

This program requires 30 percent of electricity in New York to be supplied from 
renewable energy sources by 2015 and provides financial incentives to support 
development of renewable energy sources. To date, the RPS has lead to the development 
of over 1300 MW of renewable power including large-scale facilities and thousands of 
customer-sited renewable resources. New York is one of 27 states to use a RPS to drive a 
transition to renewable sources of electricity. 

Energy Efficiency Portfolio Standard (EEPS) 

This program is designed to contribute to reducing energy demand 15 percent from 
forecasted levels by 2015, through energy efficiency. This program is expected to provide 
more than $4 billion in benefits to customers, along with thousands of Jobs to support 
energy efficiency programs, such as retrofitting outdated and inefficient residential, 
commercial and industrial properties and installing new energy efficient equipment. 
Additional energy efficiency gains are anticipated to contribute to the 15 percent 
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reduction also include strengthening efficiency standards for appliances and buildings, 
and address energy efficiency opportunities for New York's largest energy consumer-
State govemment. 

System Benefits Charge (SBC) 

The System Benefits Charge supports the implementation of a portfolio of energy efficiency and 
clean energy activities. The SBC program provides New York-based investment in research, 
development and demonstration of emerging energy technologies, supports business 
development of new companies that are providing innovative products and services, and 
provides support for accelerating the introduction into the market and use of energy efficiency 
and clean energy technologies. This program also provides targeted energy efficiency services 
for low-income customers. 

Green Buildings 

The Green Buildings Tax Credit Program provides state tax credits to owners and tenants of 
eligible buildings that meet certain energy and environmental performance standards. Large 
commercial and residential buildings that meet these standards will have lower environmental 
impacts than buildings that would otherwise meet a lower level of performance, based on 
existing building codes. The program is also designed to provide general information and foster 
contacts among building design teams and building owners to help new and rehabilitated 
commercial, industrial, and institutional buildings achieve higher levels of energy and 
environmental performance. In addition to the tax credit program, a new incentive program to 
foster interest in high-performance single-family residential buildings has also been initiated. 

Renewable Energy Task Force 

Comprised of 20 private-sector and govemment representatives, the Renewable Energy Task 
Force issued a Report in February 2008, listing 16 specific policy and program recommendations 
which constitute a roadmap to significantly increase the use of renewable energy in New York. 
Recommendations include greater solar energy production, expanding the State's RPS, and 
business incentives to attract renewable energy producers and expand the State's "green collar" 
workforce. This Report has launched several successful inhiatives, including the Vehicle Miles 
Traveled Task Force, a Renewable Fuels Roadmap and Sustainable Biomass Feedstock Supply 
For New York', and other projects which will provide the foundation to advance the 
recommendations into sound energy and environment programs. 

Net Metering 

Net Metering allows electricity customers with qualified renewable energy systems - including 
home-based solar and wind systems and farm-based waste digester systems - to sell excess 
electricity generated by such facilities to the local utility. Several 2008 laws authorized 
expansion ofthe existing programs, increasing the maximum amount of energy that utilities are 
required to buy from host energy sites through net metering. 

NYSERDA Report 10-05. April, 2010. 
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state Operations Policies 

Designed to affect State govemment operations and improve the energy and environmental 
performance of State assets and resources, several programs have been initiated and 
implemented through Executive Order (EO). These EO actions include: 

Green and Clean State Buildings and Vehicles Guidelines (EO 111) 

EO 111 requires State buildings to reduce energy consumption by 35 percent of 1990 
levels by 2010, and mandates that State agencies select ENERGY STAR qualified 
products. Construction and renovations must follow Leadership in Energy and 
Environmental Design (LEED) green building standards. 

state Green Procurement and Agency Sustainability Program (EO 4) 

EO 4 promotes the State purchase of environmentally-friendly commodities, services and 
technologies, as well as agency sustainability and stewardship programs. 

Use of Biofuels and Alternative Fueled Vehicles (EO 142) 

EO 142 requires State agencies to phase in renewable heating and transportation fuels. 
The State is working to assess the environmental, social, and health effects of biofuels 
and has developed a Renewable Fuels Roadmap that lays out a sound future for New 
York in this area. 

Climate Change Adaptat ion 

New York State Sea Level Rise Task Force 

The Sea Level Rise Task Force was created by the State Legislature in 2007 to assess sea level 
rise effects to the State's coastlines and to recommend protective and adaptive measures for 
coastal communities and natural habitats. The Task Force will produce a report of 
recommendations by January 1,2011. 

NYS Interagency Local Government Adaptation Workgroup 

This ad hoc workgroup facilitates development of recommendations for local adaptation 
planning, decision-support tool development and cooperative management of pilot projects. 

state Wildlife Action Plan (SWAP) Vulnerability Assessments 

These habitat type vulnerability assessments and assessments of threats to species of special 
concem identiiy potential actions for SWAP. 
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Appendix E 
Methods of Quantification 

The Climate Action Plan used an overall analytical approach applied across the four greenhouse 
gas mhigation sectors. Key elements ofthe overall approach are described in the Quantification 
Methods Memorandum. The key elements are divided into the following three sections: Overall 
Approach, GHG Emissions and Emission Reductions, and Cost Analysis Methods. Separate 
memoranda, the "Common Assumptions Memos," focus on key analytical methods that are 
specific to each ofthe four Technical Work Group areas, and follow the Quantification Methods 
Memorandum. 
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Draft Quantification Methods Memorandum 

New York State Climate Action Plan 

Prepared for: 

The New York State Energy Research and 
Development Authority 

and 
The New York State Department of 

Environmental Conservation 
Albany, NY 

Prepared by: 

The Center for Climate Strategies (CCS) 

July 23, 2010 
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INTRODUCTION 
The purpose ofthe Quantification Memorandum is to explain the methodologies and identify key 
assumptions for developing sector-specific estimates of greenhouse gas (GHG) emission 
reduction potential, incremental costs, and cost effectiveness for Climate Action Plan 
recommended policies for New York. This memorandum also addresses the data sources/types 
and methods that will be needed to support the analysis of sector-specific GHG mitigation policy 
options associated with statewide implementation of aggregated technologies and best practices. 

The first part of this memorandum discusses key elements ofthe overall analytical approach that 
apply across all four Technical Work Group sectors. The key elements are divided into the 
following three sections: Overall Approach, GHG Emissions and Emission Reductions, and Cost 
Analysis Methods. Separate memoranda, the "Common Assumptions Memos," focus on key 
analytical methods that are specific to each ofthe four Technical Work Group areas. 

Overall Approach 
Emission Sources 

The project was divided into four Technical Work Group sectors to analyze the emission 
reduction potential and associated costs of individual GHG mitigation policy options and refiect 
the relationship between reduction potentials and cost per metric ton of carbon dioxide 
equivalent (C02e) emissions avoided. The four sectors include: 

(1) Residential, Commercial/Institutional, and Industrial (RCI); 

(2) Power Supply and Delivery (PSD); 

(3) Transportation and Land Use (TLU); and, 

(4) Agriculture, Forestry, and Waste Management (AFW). 

The analysis of policy options will focus on those that are or may be applicable in New York 
State. When relevant, and as allowed by the availability of data, budget and project time, the 
analysis will include geographic differences in the application and costs of mhigation policies 
(e.g.. New York City versus the rest ofthe state). At a minimum, in-state emission reductions 
and costs will be estimated for technologies and best practices as applied in New York State. 

Subject to review by the Integration Advisory Panel, emission reductions will also be estimated 
for technologies and best practices applied within the state that result in emission reductions 
outside ofthe state. For instance, a major benefit of recycling is the reduction in material 
extraction and processing (e.g., aluminum production). While a policy may increase recycling in 
New York, the reduction in emissions may occur where this material is produced. Where 
significant emissions impacts are likely to occur outside the state, this will be clearly indicated. 
However, for the purpose of counting emissions reductions against New York's goal, only in
state reductions will be included. 
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Fuel Cycle Coverage 

For the purposes of this study, the full fuel cycle represents the range of activities associated with 
fuel extraction, processing, distribution, and consumption. For the PSD, RCI, AFW and TLU 
sectors, GHG reductions for each mitigation policy option will be based upon the full fuel cycle 
because information is available to support this type of analysis for these sectors. Tracking the 
full range of fuel use inputs is essential for accurately tracking fuel cycle carbon emissions for 
technology options displaying very different performance characteristics. The approach involves 
identifying all the possible stages ofthe fuel cycle and quantifying the fuel input per unit of 
energy produced (electricity or fossil fuel). 

Fuel cycle impacts will be reported for each source for which information is available to support 
a fuel cycle analysis. Where fuel cycle emission reductions are captured, there will often be two 
sets of emission reductions estimated; the total fuel cycle reductions; and those estimated to 
occur within the state. For the purpose of counting emissions reductions against New York's 
goal, only in-state reductions will be included. In most cases, these will be difficuh to separate 
based on available information. Therefore, by default, the in-state reductions will often be those 
associated with fuel combustion and known in-state processes. Emission reductions from in-state 
processes associated with non-combustion reduction sources include only those processes that 
are known to occur within New York State (e.g., landfill emission reductions, but not the 
upstream GHG emissions embedded in the waste component) and exclude processes where the 
geographic origin ofthe mhigated emissions is uncertain (e.g., emissions from 
extraction/processing/packaging of virgin materials into usable products). 

Life Cycle Coverage 

For the purposes of this quantification, life cycle represents the energy and materials used for 
manufacture, its energy use during useful life, and disposal and/or capacity to be recycled. As the 
Climate Action Plan Council has conveyed interest in reporting in-state GHG reductions - with 
fuel-cycle reductions considered as co-benefits - full life cycle analyses may not be performed. 
Should sufficient data and parameters become available to execute a full life cycle analysis, CCS 
will include life cycle analysis, listing life cycle GHG reductions as co-benefits. 

Pollutant Coverage and Global Warming Potentials 

The analysis will cover the following six GHGs: carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), hydrofiuorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride 
(SFe). Emissions of these gases will be presented using a common metric, COse, which accounts 
for the relative contribution of each gas to global average radiative forcing by multiplying the 
emissions of each pollutant by its Global Warming Potential (GWP)—a unhless factor 
representing the ratio ofthe radiative forcing of each GHG to the radiative forcing of CO2 (the 
GWP for CO2 is I). Table E-l shows the 100-year GWPs published by the Intergovemmental 
Panel on Climate Change (IPCC) in its Second, Third, and Fourth Assessment Reports. To be 
consistent with the GHG emissions inventory and forecast for the state of New York, the 100-
year GWP's published in the Second Assessment Report ofthe IIPCC will be used to convert 
mass emissions to a 100-year GWP basis. Use ofthe 100-year GWP's published in the IPCC's 
Second Assessment Report is also consistent with U.S. Environmental Protection Agency (EPA) 
and IPCC guidance for consistency with how U.S. national, state, and country-specific GHG 
emissions inventories have been developed in the past. 
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Qualitative information on the criteria air pollutants and toxic air pollutants will also be included 
when this information is identified for individual technologies and practices in order to support 
co-beneflts analysis. 

Table E-1. 100-Year Global Warming Potentials from the Second, Third and Fourth 
Assessment Reports o f the IPCC 

Gas 

CO2 

CH4 

N2O 

HFC-23 

HFC-125 

HFC-134a 

HFC-143a 

HFC-152a 

HFC-227ea 

HFC-236fa 

HFC-4310mee 

CF4 

C2FQ 

C4F10 

C6F14 

SFe 

100-year GWP (2nd 
Assessment)^ 

1 

21 

310 

11,700 

2,800 

1,300 

3,800 

140 

2,900 

6,300 

1,300 

6,500 

9,200 

7,000 

7,400 

23,900 

100-year GWP 

(3rd Assessment)^ 

1 

23 

296 

12,000 

3,400 

1,300 

4,300 

120 

3,500 

9,400 

1,500 

5,700 

11,900 

8,600 

9,000 

22.200 

100-year GWP 
(4th Assessment) ' 

1 

25 

298 

14,800 

3,500 

1,430 

4,470 

124 

3,220 

794 

1,640 

7.390 

12,200 

8,860 

9,300 

22,800 

• The methane GV\/P includes the direct effects and those indirect effects due to the production of troposphertc ozone 
and stratospheric water vapor. 

An inventory for elemental (black) carbon (EC) and organic carbon (OC) will also be developed, 
so that potential co-benefits related to climate forcing and regional haze can be assessed, at least 
in a semi-quantitative fashion. CCS will use methods that it has used in several other states to 
develop a base year and projection year EC/OC inventory. 

Time Period of Analysis 

Fuel cycle emission reductions and incremental costs will be calculated relative to the 
characteristics ofthe baseline that would otherwise prevail in New York up through the end of 
the planning period, 2030. 

Second Assessment: http://www.epa.gov/climatechange/emissions/downloads/ghg_gwp.pdf 1995. Because only 
a summary ofthe Second Assessment Report if available online, an EPA document is cited which has the table from 
the IPCC report. 

^Third Assessment: http://www.ipcc.ch/ipccreports/tar/wgl/248.htm, 2001. 

•'Fourth Assessment: http://www.ipcc.ch/pdf/assessment-report/ar4/wgl/ar4-wgl-chapter2.pdf, 2007. 
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The analysis will report annual emission reductions for 2020 and 2030. The present value ofthe 
cumulative incremental costs, and undiscounted cumulative C02e emission reductions, will be 
reported forthe period starting with the inhial year ofthe phase-in ofthe policy, up through 
2030. For example, if an RCI policy includes a complete phase-in overtime of more efficient 
plug load technologies (i.e., computers, televisions, video machines, etc) the annual GHG 
reductions will be reported for the years 2020 and 2030. The present value ofthe cumulative 
incremental costs and the undiscounted cumulative emission reductions will be reported for the 
entire period from the beginning ofthe phase-in up through 2030. 

Start and End Years for Analysis 

The beginning ofthe analysis period for which GHG reduction benefits and incremental costs 
will be calculated is the year 2011, considered to be the earliest year for which GHG mitigation 
options could be introduced in NY. The end ofthe analysis period is 2030. 

Transparency 

Data sources, methods, implementation mechanisms, key assumptions, and key uncertainties will 
be documented and supported by references to provide transparency on how the key analytical 
outputs for each policy option were developed and applied. Information provided by the state 
agencies and project participants will be used to ensure best available data sources, methods, and 
key assumptions using their expertise and knowledge to address specific issues in New York 
State. Modifications will be made through facilitated discussions. 

Key Analyt ical Outputs and Metrics 

GHG emission reductions 

Net GHG reduction potential in physical units of million metric tons (MMt) of carbon dioxide 
equivalent (C02e) will be estimated for each quantifiable policy for each target year, 2020 and 
2030, and cumulative reductions through 2030. As noted earlier, full fuel cycle or life cycle 
analysis will be used to evaluate net energy (and emissions) performance of policy options, as 
appropriate. Net analysis ofthe effects of carbon sequestration will be conducted where 
applicable. (See the section on "GHG Emissions and Emission Reductions" for additional 
details.) 

Costs 

Net capital, operating and maintenance (O&M), and fuel costs will be estimated for each ofthe 
policy options that are determined quantifiable. Costs will be discounted as a muhi-year stream 
of net costs to arrive at the "net present value cost" associated with implementing new 
technologies and best practices. It is proposed that costs be discounted for all options in constant 
2005 dollars using a 5 percent annual real discount rate. The nominal discount rate will be 
calculated by adding the projected inflation rate over the analysis period."* Capital investments 

•"The inflation rate for the analysis period is assumed to be 2.2%, subject to approval by the Integration Advisory 
Pane! and Climate Action Council. Capital and other costs reported in nominal dollars will be converted to 2005S 
using the inflation rate for the NY state region as reported by the Bureau of Labor Statistics 
(http://www.bls.gov/ro2/news.htm) 
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will be represented in terms of annualized or amortized costs over the project period. 
Discounting will begin in this initial year ofthe analysis period (i.e., assumes investment occurs 
in the beginning ofthe year). Policies that resuh in energy savings relative to the baseline 
technology or practice may result in a cost savings (recorded as a negative value). As noted 
above, the discount rate will be kept constant for the evaluation of all GHG mitigation options -
risk and uncertainly will be accounted for by calculating option-specific cash flows that account 
for policy, practice, or technology differences. 

Cost-effectiveness 

The cost effectiveness for each quantified policy will be calculated by dividing the present value 
cost by the cumulative (undiscounted) reduction in metric tons of GHG emissions. Because 
monetized dollar value of GHG reduction benefits are not available, physical benefits will be 
used instead, measured as dollars per metric ton of carbon dioxide equivalent (tC02e) or "cost 
effectiveness" evaluation. Both positive costs and cost savings (negative value) will be estimated 
as a part of compliance cost. When combined with GHG impact assessments, the results of these 
cost estimates will be aggregated into a sectoral summary table and sector and economy-wide 
stepwise marginal cost curves. 

Direct vs. indirect effects 

Socio economic impact of policy options and scenarios will include direct effects, but will not 
include indirect and distributional effects. Direct effects are those bome or created by the 
enthies, households or populations subject to the policy or implementing the new policies; for 
example, a policy encouraging the purchase of advanced technology vehicles would include an 
evaluation ofthe incremental cost ofthe vehicles, and the savings on fuel cost and associated 
GHG emissions. Indirect effects are defined as those borne or created by the entities, households 
or populations other than those implementing the policy recommendation; in the above example, 
this could be the number of jobs created/lost by the alternative GHG mitigation investments, or 
the reduction in ambient air pollution concentrations. Distributional effects refer to the extent to 
which a GHG mhigation policy design may result in disproportionate impacts on different 
regions, sectors, communities, or households. Some examples of direct and indirect net costs and 
benefits metrics are included in Annex 1 at the end of this memo for purposes of illustration. 

End effects 

For GHG mitigation options whose lifetimes extend beyond the end ofthe analysis period (i.e., 
beyond 2030), only costs and benefits that fall within the analysis period will be fully included in 
the analytical results. For long-lived investments (e.g., public transport infrastructure, nuclear 
power plants) whose costs and benefits extend beyond 2030, GHG reductions up through 2050 
will be quantified in order to be able to offer a direct comparison with the 80 by 50 goal. In order 
to make this comparison, sectoral business-as-usual GHG projections will be estimated for the 
2031 -2050 period using simple extrapolation techniques, except for technologies that mature at 
the end ofthe study period or decline in effectiveness discontinuously after 2030. Incremental 
costs in the 2031-2050 period will be accounted for qualitatively in the write-up of results. 
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Non-GHG (external) impacts and costs 

Environmental co-benefits such as reductions in criteria air pollutants which in tum would lead 
to reduced public health impacts from productive activities in New York are to be analyzed 
separately. Qualitatively, CCS will document measures that are expected to have other non-GHG 
impacts, including water quality, water use, solid waste reduction, and environmental justice 
issues and will provide information as available and needed to support quantification of these 
impacts. 

Biomass supply & demand 

Within the AFW Common Assumptions memorandum, estimates of biomass supply will be 
prepared. Estimates are provided for all known feedstocks, including municipal solid waste fiber, 
in units of dry tons and million British Thermal Units (MMBtu). During the course of GHG 
quantification, CCS will maintain a spreadsheet to be used by the team to track demand by each 
mhigation approach (e.g., biomass to energy, liquid biofuels production). 

Uncertainty / Sensitivity Analysis 

Key uncertainties and feasibility issues will be identified and discussed qualitatively. For 
instance, the certainty of energy price forecasts and technology change rates may vary 
significantly across certain sectors and actions. Characterization ofthe source and potential 
magnitude of uncertainty will be useful to policymakers as they make future policy decisions. To 
the extent that data are available and time and resources allow, a quantitative assessment of 
uncertainty or certain parameter sensitivities will be included in the analysis of policy options by 
conducting sensitivity analysis. 

GHG Emissions and Emission Reduct ions 

New York State GHG Emissions Inventory and Forecast 

To estimate statewide impacts associated with potential policies, information on current and 
future energy use and the extent of application (penetration) of both baseline and policy options 
will be needed. Working with CCS, NYSERDA has prepared a comprehensive GHG emissions 
inventory for 1990 through 2008 and a forecast to 2030 for all emission source sectors. The 
emissions inventory and forecast has been prepared at the state-level representing a planning 
inventory rather than a compliance inventory. Forecast data used to support the development of 
New York's 2009 State Energy Plan were used to revise the forecast of energy demand and 
emissions. Historical fuel use data used in preparing the inventory are provided in a separate 
publication; these data rely on data published by the U.S. Energy Information Administration.^ 

Calculation of Emission Reductions for Policy Options 

Emission reductions for individual policies will be estimated incremental to baseline emissions 
based on the change (reduction) in emissions activity (e.g., physical energy units) or as a 
percentage reduction in emissions activity (e.g., physical energy units or emissions) depending 

^ Patterns and Trends, New York State Energy Profiles: 1993-2008, prepared by New York State Energy Research 
and Development Authority Energy Analysis Program. 
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on the availability of data. This information will be needed to support the cost-effectiveness 
calculation for each policy option. 

Fuel- and pollutant-specific emission factors will be used to convert physical units of emissions 
activity to emissions. The emission factors will be based on those that NYSERDA uses to 
prepare the GHG emissions inventory and forecast for New York State, and are provided in the 
Sector-specific "Common Assumptions" memoranda. For fuel combustion sources, fuel-specific 
oxidation factors will be used with emission factors to estimate emissions. Fuel combustion 
oxidation factors refer to the percentage of fuel that is fully oxidized during the combustion 
process. Table E-2 provides the oxidation factors to be used for this analysis; these factors are 
based on those used in the EPA's most recent GHG inventory for the U.S. 

Table E-2. Fuel Combustion Oxidation Factors 

Fuel 

Coal 

Natural Gas and LPG 

Distillate and Residual Oil 

Municipal Solid Waste 

Oxidation Factor 

0.990 

0.995 

0.990 

0.980 

Energy Conversion Factors 

Energy conversion factors refer to the energy density of fuels used in New York. These factors 
are provided in the Sector-specific "Common Assumptions" memoranda. Energy conversion 
factors obtained from NYSERDA will be used for this project. Otherwise, default energy 
conversion factors will be taken from Table Y-2 (Conversion Factors to Energy Units (Heat 
Equivalents)) of Appendix Y in the EPA's most recent GHG Inventory forthe U.S.^ 

Cost Analysis Methods 
Cost Effectiveness 

Because the monetized dollar value of GHG reduction benefits are not available, physical 
benefits are used instead, measured as dollars per tC02e (cost or savings per metric ton) or "cost 
effectiveness." Both positive costs and cost savings (negative values) are estimated as a part of 
mitigation cost. When combined with GHG impact assessments, the results of these cost 
estimates will be aggregated into a stepwise marginal cost curve that can be broken down by 
sector or subsector as needed, as well as sub state region for key measures. 

The net cost of saved carbon of a proposed policy option is calculated by dividing the cumulative 
future streams of incremental costs, discounted back to the present time, by the cumulative 

^ U.S. EPA, April 2010. Inventory of US Greenhouse Gas Emissions and Sinks: 1990-2008. Available at: 
http://epa.gov/climatechange/emissions/usinventoryreport.html. 

' Available at: http:/yosem ite.epa.gov/oar/globaI warm ing.nsf/Uniq ueKey Loo kup/LHO DSM JTCL/$ File/2003-final-
inventory _annex_y.pdf. 
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undiscounted net C02e reductions achieved by the technology or best practice. Mathematically, 
the equation to be used is as follows: 

^ ^ ^ ^ f ^ h i L C . - L O r A , ) \ 

f ^ * - O + Dr)' ^ 

J^iCOier-COiem) 
1=0 

where: 
CSC = Cost of saved carbon (or cost-effectiveness) of a technology or best practice, 

S/tC02e avoided 
LCm = Levelized cost of a technology or best practice, $/activity unit 
LCr = Levelized cost ofthe baseline or reference technology or best practice, $/activity 

unh 
A = Amount of activity affected by the technology or best practice in year t, activity unit 
Dr = Real discount rate, dlmenslonless 
C02er = C02e emissions associated with the baseline or reference technology or best 

practice in year t, metric tons C02e 
C02em = C02e emissions associated with a technology or best practice in year t, metric tons 

COje 
t = year in the evaluation period (0 < t < 40) 

Activity units refer to a unit indicator of GHG emissions activity for a policy option. The activity 
units will vary depending on the Sector and within each sector the individual option. The activity 
units are used to normalize data for comparison ofthe policy option to the baseline. For example, 
for the Power Supply and Delivery sector, MWh of gross electricity generation could be used as 
the activity unit such that dollars per megawatt-hour ($/MWh) would be used as the activity unit 
for the "LCm" and "LCr" terms and MWh would be used as the activity unh for the cost terms in 
the equation. 

The results ofthe analyses will be used to develop a GHG abatement cost curve which will rank 
each technology or best practice in the order of its cost effectiveness for reducing a metric ton of 
C02e emissions. This ranking will be represented in the form of a curve that is similar 
conceptually to Figure E-1. Each point on this curve represents the cost-effectiveness of a given 
policy option relative to its contribution to reductions from the baseline, expressed as a 
percentage. The points on the curve appear sequentially, from most cost-effective in the lower 
left area ofthe curve, to the least cost-effective options located higher in the cost curve in the 
upper right area. 
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Figure E-1. Example Cost Curve 

The costs of each policy option that will be evaluated will be levelized and converted into dollars 
per activity unit. The cost components to be considered include capital, fixed O&M, variable 
O&M, and fuel costs. Other sector-specific costs (e.g., transmission of electricity) will be 
included as applicable to each sector. 

The levelization calculation is similar to amortization and its purpose is to develop a level stream 
of equal dollar payments that lasts for a fixed period of time. The levelization formula to be used 
in the analysis is as follows: 

^ ^ ^ [ P V * D r * i \ + D r y ] 

where: 
LC 
PV 
D. 
t 

((1-F £>.) ' ) - ! 

Levelized cost ofthe a technology or best practice, $/activity unit 
Present value of discounted cost stream 
Real discount rate, dimensionless 
Levelization period, or number of years over which payments are to be made 

There are several parameters that will be used in the levelization process. Some are technology-
specific (e.g., plant lifetime, capacity factor), others are state-specific (e.g., state income tax 
rate), others are market-driven (cost of capital), while others are a matter of policy (e.g., real 
discount rate). 

Capital Costs 

Capital costs represent the material, equipment, labor, and other costs associated with the 
implementation of a policy option relative to the baseline or reference technology or practice. 
For policy options that require a capital investment, these costs will be annualized using a fixed 
charge rate (FCR), a factor that is the sum ofthe cost of capital (equals the cost of debt plus the 
cost of equity), taxes, and depreciation. Differences between public/private financing costs will 
be captured through sector-specific assumptions regarding equity/debt fractions and depreciation 
schedules. For long-term capital investments that extend beyond 2030, the investment will be 
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annualized over its operational lifetime; only costs incurred within the 2011-2030 analysis period 
will be fully included in the presentation of quantitative results. 

Annual O&M Costs 

O&M costs refer to labor, equipment, and fuel costs related to annual operation and maintenance 
of policy measures and are differentiated into annual expenditures (i.e., variable O&M) and fixed 
expenditures (i.e., fixed O&M). Variable O&M estimates are provided in activity units over the 
full period of operation ofthe technology. O&M costs are described and included in the LCC 
when there is a differential between the baseline technology and the GHG-reducing altemative. 

Forecast of Fuel Demand, Prices, and Costs 

Fuel demand and price forecasts will be based on the information developed for New York's 
State Energy Plan. This information will include fuel demand and price forecasts for 2011 
through 2030 by sector and fuel type in both physical (e.g., gallons, cubic feet, barrels) and 
energy (e.g., British thermal units [Btu]) units. The sectors covered include electricity 
generation; residential, commercial/institutional, and industrial; and transportation. The fuels 
covered include natural gas, petroleum (motor gasoline, kerosene, liquefied petroleum gas, 
distillate and residual oil), and coal, nuclear fuel, and renewable fuels (biomass and landfill gas). 
For the purpose of developing abatement cost curves, the fuel demand and price forecasts 
developed by NYSERDA, NYISO, and other sources will be used for all sectors. Fuel costs 
(including avoided fuel costs) will be calculated using this information along with fuel 
consumption estimates developed for each technology or best practice. 

Avoided Electricity Generation Costs 

For policy options in the RCI, agriculture, and waste sectors that reduce electricity demand, the 
amount and cost of electricity avoided will be estimated. Information on avoided electricity costs 
will refiect the consensus ofthe project research team, NYSERDA, and the Climate Action 
Council. 

Interactions with the Regional Greenhouse Gas Initiative (RGGI) 

RGGI is a ten-state agreement to reduce GHG emissions through a cap and trade system focused 
only on the supply of electric power. States within RGGI have negotiated a regional CO2 
emission cap for the power sector of 188 million short tons per year through 2014 (cap of 64 
million short tons for NY), with the cap being strengthened by 2.5 percent per year over the 
period 2015 through 2018. The energy modeling undertaken to develop New York's State 
Energy Plan fully incorporates the RGGI program in the reference case forecast. Hence, all 
power sector GHG mitigation policies to be analyzed are considered incremental to the RGGI 
program since they will achieve greater GHG emissions than the RGGI program. In addhion, a 
more stringent RGGI program itself will be analyzed as part ofthe PSD-6 option. 

Documentation 

Documentation ofthe work completed for each policy option for each sector will be completed 
in a template format that addresses the items listed below (among others) to ensure consistency 
for comparison of information and also assist with identifying data gaps that will be addressed. 
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Work Group Sector 

Name of policy option 

Policy Description 

Policy Design (Goals and Timing for implementation and parties involved or affected by 
implementation ofthe policy.) 

Implementation Mechanisms 

Quantification: Estimated GHG Savings and Costs per MtC02e (GHG reduction potential in 
2020 and 2030, Cumulative GHG reduction potential, net cost, data sources, and quantification 
methods) 

Key Assumptions and Uncertainties 

Co-Benefits and Extemal Costs (qualitative discussion) 
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Annex 1: Examples of Direct/Indirect Net Cost and Benefit Metrics 

Note: These examples are meant to be illustrative and are not necessarily comprehensive. 

A. Direct Costs and/or Savings 
Transportation and Land Use (TLU) Sector 
• Incremental cost of more efficient vehicles net of fuel savings, net of fuel savings. 

• Incremental cost of implementing Smart Growth programs, net of saved infrastructure and 
service costs plus fuel savings and reduced consumption. 

• Incremental cost of mass transit investment and operating expenses, net of any saved 
infrastructure and service costs (e.g., roads) 

• Incremental cost of altemative fuel, net of any change in maintenance costs 

• Net effects of carbon sequestration from land use measures 

Residential, Commercial, and Industrial (RCI) Sectors 
• Net capital costs or savings (or incremental costs or savings relative to standard practice) of 

improved buildings, appliances, equipment (cost of higher-efficiency refrigerator versus 
refrigerator of similar features that meets standards) 

• Net operation and maintenance (O&M) costs or savings (relative to standard practice) of 
improved buildings, appliances, equipment, including avoided/extra labor costs for 
maintenance (less changing of compact fluorescent light (CFL) or light-emitting diode (LED) 
bulbs in lamps relative to incandescent) 

• Net fuel (gas, electricity, biomass, etc.) costs (typically as avoided costs from a societal 
perspective) 

• Cost/value of net water use/savings 

• Cost/value of net materials use/savings (for example, raw materials savings via recycling, or 
lower/higher cost of low-global warming potenfial (GWP) refrigerants) 

• Direct improved productivity as a result of industrial measures (measured as change in cost 
per unit output, for example, for an energy/GHG-saving improvement that also speeds up a 
production line or results in higher product yield) 

Energy Supply (ES) Sector 
• Net capital costs or savings (or incremental costs or savings relative to reference case 

technologies) of renewables or other advanced technologies resulting from policies 

• Net O&M costs or savings (relative to reference case technologies) renewables or other 
advanced technologies resulting from policies 

• Avoided or net fuel savings (gas, coal, biomass, etc.) of renewables or other advanced 
technologies relative to reference case technologies resulting from policies 

• Total system costs (net capital + net O&M + avoided/net fuel savings + net imports/exports + 
net transmission and distribution (T&D) costs) relative to reference case total system costs 
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Agriculture, Forestry, and Waste Management (AFW) Sectors 
• Net capital costs or savings (or incremental costs relative to standard practice) of facilifies or 

equipment (e.g., manure digesters and associated infrastmcture, generator; ethanol 
production facility) 

Net O&M costs or savings (relative to standard practice) of equipment or facilities 

Net fuel (gas, electricity, biomass, etc.) costs or avoided costs 

Cost/value of net water use/savings 

Cost/value of carbon sequestration from land use measures 

Reduced VMT and fuel consumption associated with land use conversions (e.g., as a resuh of 
fore St/range land/crop I and protection policies) 

B. Indirect Costs and/or Savings across All Sectors 
Net value of employment and income impacts, including differential impacts by socio 
economic category 

Re-spending effects on the economy from financial savings 

Net changes in the prices of goods and services in the region 

Health benefits of reduced air and water pollution 

Ecosystem benefits of reduced air and water pollution 

Value of quality-of-life improvements 

Value of improved road and community safety 

Energy security 

Net embodied energy of materials used in buildings, appliances, equipment, relative to 
standard practice 

Improved productivity as a result of an improved working environment, such as improved 
office productivity through improved lighting (though the inclusion of this as indirect might 
be argued in some cases) 

Higher cost of electricity in the region 
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AFW Common Assumptions Memorandum - Draft 

To: NYS Climate Action Plan Agriculture, Forestry, and Waste Management 

Technical Workgroup 

From: Steve Roe and Brad Strode 

CC: Tom Peterson, Jeff Wennberg, Randy Strait, Sandra Meier 
Subject: Assumptions used in the quantification of opfions for the AFW Technical Work 

Group 

Date: July 12,2010 

This memorandum summarizes methods, data sources, and key assumptions to be used to 
estimate the GHG reductions and costs for AFW sector mitigation options. The information 
presented here builds on the general approaches and data sources laid out in the overview 
quantification memorandum covering all sectors (including common emission factors, cost 
assumptions, etc.). 

Quantifying reductions of GHG (particularly future reductions) is an inherently complex process 
and assumptions are important inputs into the quantification methodologies and models used to 
estimate mitigation costs and benefits. Models are representations of reality, and require the best 
available data on likely futures. An emphasis should be placed on using assumptions that are 
based on the best available data using local or regional data (when available) rather than national 
level data. 

CCS has developed estimates of GHG emissions and forecasts for the AFW sector to supplement 
the inventory prepared by DEC (which primarily covered combustion sources). These inventory 
and forecast data are needed to support the development of mitigation cost curves and to provide 
context to the selection of mhigation priorhies. For emission inventories previously developed 
by CCS, the only sector for which consumption-based emissions data are provided is the 
electricity consumption sector. Other sectors ofthe inventory tend to only include GHG 
emissions that occur within the state as a result of energy consumpfion or other GHG emission 
process (e.g., methane from landfilled waste). For example, for fuel combusfion in the RCI and 
Transportation sectors, only the emissions associated with fuel combustion are provided, not 
those associated with the extraction, transport, processing, and distribution of each fuel. 
Similarly, for waste management, only emissions associated with waste management processes 
in New York would be included in the inventory (e.g., landfilling, waste combusfion), not those 
associated with production and transportation ofthe initial packaging or product that became a 
component ofthe solid waste stream. In addhion, emissions from the management of New York 
waste that is exported out of state are not included. 

For some mitigation options, fuel cycle emission reductions can be esfimated, and h should be 
recognized that there are likely to be at least a portion of emission reductions that occur out-of-
state as a resuh of in-state mhigafion acfions: 
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• Fossil fuel consumpfion: inventory esfimates are based only on the GHG emissions 
associated with the combustion of each fuel; fuel cycle emission reductions are estimated 
using GHGs from combustion plus the embedded GHGs from extraction, transportation, 
processing, and distribution; 

• Solid waste management: landfill methane emissions or total GHG emissions are associated 
only with waste combustion and decomposition for in-state managed waste; fuel cycle 
emission reducfions include the landfill/waste combusfion emissions plus those associated 
with production and distribufion ofthe initial packaging or product (e.g., net difference of 
use of virgin materials versus recycled materials). Also, emission reductions that occur out of 
state from reductions in exported waste should be captured in the analysis; and, 

• Biofuels consumption: for fossil fuel displacement benefits, the inventory includes only 
GHGs from fossil fuel combustion; fuel cycle emission reducfions are estimated using the 
fuel cycle gasoline/diesel emission factors compared to fuel cycle biofuel emission factors 
(captures total GHGs from fuel production, processing, and distribufion). 

For the AFW Technical Work Group, CCS will estimate the in-state GHG reductions for each 
mifigafion option selected for analysis. Where data and methods are available to do so, CCS will 
also specify the fuel cycle emission reducfions, reporting these reductions as co-benefits. This 
method is based on the most recent guidance from Climate Action Plan project leaders. CCS also 
strives to estimate fuel cycle reductions for GHG mitigation in the other work group areas 
(Areas); so, it is important for the Climate Action Council to understand the ramifications of this 
(e.g., measurement of fuel cycle GHG reductions against a GHG forecast that is not based on 
fuel cycle emission estimates). 

Common assumptions used in the development of mitigation opfions in other sectors (especially 
energy supply and transportation) are also used for the quantification of many AFW mitigation 
policy options. These could include future costs of fossil fuels, electricity consumption-based 
emission factors, costs for new electricity generafion, and future gasoline and diesel 
consumption. In the discussion of common assumptions for the AFW sector in the secfions 
below, CCS also notes instances where the AFW analysis will borrow common assumptions 
from other sectors. These common assumptions have been documented in the overview 
quantificafion memorandum, as well as the Area-specific memos (e.g.. Power Supply and 
Delivery (PSD), Transportation and Land Use (TLU)). 

Quantification Process 
The analysis includes spreadsheet modeling techniques in which assumptions are transparent and 
readily accessible for review. The assumptions delineated in the following document are for the 
quanfificafion ofthe policy options developed by the AFW Technical Work Group. This 
quanfificafion of costs and CO2 reducfions entails the following steps: 

• Develop stand-alone GHG reduction and cost estimates for each quantifiable option; 

• Once completed, the stand alone options will be adjusted to reflect existing acfions; 

• To assess the AFW emission reductions without double-counting, it is necessary to consider 
overiaps and interactions within the AFW policies and measures; 
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• Options will be also be modified to reflect overiaps between AFW options and other 
Technical Work Group options. Potential interactions occur between AFW policies and 
measures that deploy renewable energy with PSD; Residential, Commercial, and Industrial 
(RCI); and TLU mifigation measures. 

Common Methods, Assumptions, and Data Sources for GHG Mitigation 
Forestry - Afforestation/Reforestation: Assumed Sequestration Rates and Costs 
Carbon sequestered by afforestation activities is assumed to occur at the same rate as carbon 
sequestration in average New York state forests. Average carbon storage rates were determined 
based on USFS GTR-NE-343,^ assuming afforestation activity with a forest type distribution of 
70% maple-beech-birch, 15% oak-hickory, and 15% white-red-jack pine. This distribufion is 
reflective ofthe average forest composition in New York and is based on the major forest types 
idenfified by USFS.^ A 45-year project period is assumed, such that the rate of forest carbon 
sequestration under afforestation projects for an average acre in New York was estimated at 1.1 
metric tons of carbon (tC)/acre/year (see Table E-3). 

Table E-3. Average carbon sequestration rate for afforestation projects 

(^!ijaiifiGy;D 
Maple-beech-birch 

Oak-hickory 

White-red-jack pine 

70% 

15% 

15% 

0.8 

0.8 

0.8 

50.6 

56.2 

37.1 

Weighted Average 

KGtScSlwSSn 
1.1 

1.2 

0.8 

1.1 

to/acre = metric tons of carbon per acre. Excludes soil organic carbon pool due to 
the uncertainty in those estimates. 

For reforestation projects, CCS would also use data from the same publication to derive an 
average sequestration rate. Reforestation refers to projects occurring on lands that had recently 
been under forest cover (such as planfing projects following clear-cut harvesfing). 

10 Estimated per acre costs for afforestation in New York were obtained from Walker et al. 2007, 
who surveyed state foresters, regional foresters, or other foresters and related specialists in the 
USFS, universities, and forest companies, and reported the results on a state-by-state basis. Costs 
include site preparation, labor, seedlings, and herbivore protection (Walker et al. 2007). Average 
per-acre afforestation costs in New York were estimated to be $550 for both hardwoods and 
softwoods. This is a one-time cost incurred in the year of planting. 

^ J.E. Smith, L.S. Heath, K.E. Skog, and R.A. Birdsey. 2006. Methods for calculating forest ecosystem and 
harvested carbon with standard estimates for forest types ofthe United States. USDA USFS Northeastem Research 
Station. General Technical Report GTR-NE-343. (This document is also published as part ofthe US DOE 1605(b) 
Voluntary GHG Reporting Program). See http://nrs.fs.fed.us/pubs/gtr/ne etr343.Ddf 

'Carbon in United States Forests and Wood Products, 1987-1997: State-by-State Estimatesby Richard A. Birdsey & 
George M. Lewis, (available at http://www.fs.fed.us/ne/global/pubs/books/epa/slates/NY.htm) 

'° S. Walker, S. Grimland, J. Winsten, and S. Brown. 2007. Terrestrial carbon sequestration in the Northeast: 
opportunities and costs part 3A: opportunities for improving carbon storage through afforestation of agricultural 
lands. Report to The Nature Conservancy Conservation Partnership Agreement by Winrock Intemational, prepared 
with the support ofthe US DOE under Award No. DE-FC26-01NT41151. 
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Agriculture - Land Value and Conservation Easement Costs 
If better informafion on conservation easement costs is not available for agricultural lands (e.g., 
historical in-state costs paid for conservation easements), the mitigation cost quantification will 
assume Conservation Reserve Program (CRP) annual payments as a proxy for easement costs. 

CRP land annual payments for New York were projected across the mitigation period based on 
historical payments (see Table E-4), and is escalated to account for increased land value across 
the period." 

Table E-4. 2007 and projected CRP payments 12 

mi? 
2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

f5J:lVI:iTT7v1lr;7rrr7ft 

66,544 

67,832 

69,144 

70,482 

71,846 

73,236 

74,654 

76,098 

77,571 

79,072 

80,602 

82,162 

83,752 

85,372 

87,024 

88,708 

90,425 

92,175 

93,959 

95,777 

97,630 

99,519 

101,445 

103,408 

/?(.Iilihni^y..M.n 

$4,863 

$5,040 

$5,223 

$5,414 

$5,611 

$5,815 

$6,027 

$6,246 

$6,473 

$6,709 

$6,953 

$7,206 

$7,469 

$7,741 

$8,022 

$8,314 

$8,617 

$8,931 

$9,256 

$9,593 

$9,942 

$10,304 

$10,679 

$11,068 

^^MRaymenti 
^ H n S / a c r e J 

$73.08 

$74.30 

$75.54 

$76.81 

$78.09 

$79.40 

$80.73 

$82.08 

$83.45 

$84.85 

$86.27 

$87.71 

$89.18 

$90.67 

$92.19 

$93.73 

$95.30 

$96.89 

$98.51 

$100.16 

$101.83 

$103.54 

$105.27 

$107.03 

^ ^ • 2 0 0 S £ / a c r e ) ] 

$66.29 

$67.39 

$68.52 

$69.67 

$70.83 

$72.02 

$73.22 

$74.45 

$75.69 

$76.96 

$78.25 

$79.56 

$80.89 

$82.24 

$83.61 

$85.01 

$86.44 

$87.88 

$89.35 

$90.85 

$92.37 

$93.91 

$95.48 

$97.08 

" Under the Conservation Reserve Program (CRP), the USDA establishes contracts with agricultural producers to 
retire environmentally sensitive land. During the 10- to 15-year CRP contract period, farmland is converted to grass, 
trees, wildlife cover, or other conservation uses providing environmental benefits, including improvement of surface 
water quality, creation of wildlife habitat, preservation of soil productivity, protection of groundwater quality, and 
reduction of offsite wind erosion damages. The program also assists farmers by providing a dependable source of 
income. See http://www.fsa.usda.gov/Imemet/FSA_File/annual_consv_2007.pdf 

'^See http://www.fsa.usda.gov/Intemet/FSA_File/annual_consv_2007.pdf 
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Agriculture - Tilling Practices 

The reduction in fossil diesel fuel use associated with changing land use from intensive 
agriculture to alternative land use or practices is estimated at 3.5 gallons/acre. The fuel cycle 
fossil diesel GHG emission factor is 12.3 tCO2e/l,000 gallons.''* This will be revised as needed 
to reflect the value assumed in the TLU section of this memorandum (i.e., based on the 
NYGREET model). 

Agriculture - Fertilizer Application G H G Emissions and Costs 
The fertilizer cost informafion provided in Table E-5 is taken from U.S. Department of 
Agriculture, Economic Research Service's U.S. fertilizer use and price information (see 
http://www.ers.usda.gov/DatayfertiIizeruse/). A weighted price of applied nitrogen was derived 
from this information using the most recent data available from United States Department of 
Agriculture (USDA). 

Table E-5. Average US price 

— 

Apr 2007 

2006 

2006-2007 

of common nitrogen fertilizers 

H H H ^ I ^ I B A v e r u i i e l u l s ' t a r m l p n c e s T o T i S B i e c t Q d l T Q r t i i i z e r u ^ ^ ^ ^ H I B ^ B B 

l a m m o n i S i ^ ^ l 
•NlUggen] 
Isolutloni 

m r r r v T V I ^ ArmTTrmrnn AnrHTrnttrm 

$/short ton 

523 277 453 382 288 

N content (%) 

82 30 46 34 21 

$/stiort ton nitrogen 

638 923 985 1.124 1,371 

US Consumption 

3,821,891 10.104.319 5.369.913 963,710 1,218.964 

Weighted $/short ton nitrogen 

862 

To predict fertilizer prices in the future, the historical growth rate for fertilizer prices was used. 
Nominal (unadjusted for inflation) growth in fertilizer prices between 1990 and 2007 averaged 
7.96% growth. However, when this figure is adjusted for inflation, this growth rate is 
significantly less dramafic. A growth rate for fertilizer price was used because fertilizer prices 
can fluctuate dramatically, and therefore holding these prices constant (in real dollars) did not 

'̂  Reduction associated with less intensive land use (e.g., fewer passes). The estimate is based on conservation 
tillage compared with conventional tillage, at 
http://www.conservationinformation.org/Core4Brochures/CTBrochure.pdf, accessed May 2008. 

" Fuel-cycle emissions factor for fossil diesel from J. Hill et al., "Environmental, Economic, and Energetic Costs 
and Benefits of Biodiesel and Ethanol Biofuels," Proceedings ofthe National Academy of Sciences, 103(30):! 1206-
11210. From the assessment used to evaluate U.S. soybean-based biodiesel life-cycle impacts. See 
http://www.pnas.org/cgi/content/full/103/30/11099. 

" USDA ERS. Table 7. "Average U.S. farm prices of selected fertilizers." 
http;//www.ers.usda.gov/Data/FertilizerUse/ Accessed 10/7/08. 
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seem an accurate estimate. Another option would be to tie fertilizer prices to natural gas prices, 
because natural gas costs make up 70 percent of all fertilizer production costs.'^ However, given 
the uncertainty involved in estimating natural gas prices, as well as the potential impact of price 
fluctuations (which will cause fertilizer prices to rise in the face of uncertainty), this method was 
not used. 

The avoided fuel cycle GHG emissions (i.e., emissions associated with the producfion, transport, 
and energy consumption during application) were taken from Wood and Cowie. The estimate 
provided for the U.S. (taken from West and Marland, 2001 '^) was 858 grams (g) COie per 
kilogram of nitrogen (kgN).' In addition to the avoided fuel cycle emissions, land application 
nitrous oxide emissions also need to be accounted for. Traditionally, CCS has used informafion 
generated by the U.S. EPA's State Inventory Tool. In the absence of altemative data, CCS will 
use this tool to determine nitrous oxide emission estimates and the assumed emissions factor for 
nitrogen applied (i.e., X kg C02e / kgN applied). Combining these two emission factors provides 
a total emissions factor per kilogram of nitrogen applied. 

Waste Management - Recycling Capital Costs 
For other states, CCS has used a value of Sl29/household for recycling program capital costs, 
based on an analysis in Vermont. ̂ '̂  CCS will research the availability of capital cost data specific 
to New York City and the rest ofthe state to determine whether more state-specific data are 
available. 

Waste Management - Landfill and Compost Tipping Fees and Transpor ta t ion Cost 
Diverting waste from landfills can reduce costs by avoiding fipping fees. The average landfill 
tipping fee assumed to represent New York State is $45/ton.^' Additional transportation and 
transfer costs are assumed to add $55 per ton to the total disposal cost. CCS will consult the 
AFW Technical Work Group regarding the potential growth rate of tipping fees. Tipping fees for 
composfing facilities and recycling haulers must also be considered. Tipping fees for composfing 
facilities can range from $15/ton to $50/ton depending on location and type of material being 
received. For other states, CCS has assumed a tip fee to recycling haulers of $10/ton. It is to be 

'̂  Huang, Wen-yuan. "Impact of Rising Natural Gas Prices on U.S. Ammonia Supply." USDA. August 2007. 
http://www.ers.usda.gov/PubIications/WRS0702/ Accessed 10/7/08. 

" Sam Wood and Annette Cowie (2004) A Review of Greenhouse Gas Emission Factors for Fertilizer Production 
Research and Development Division, State Forests of New South Wales, Cooperative Research Centre for 
Greenhouse Accounting. 

'* West, T. O. and Marland, G. 2001. A Synthesis of Carbon Sequestration, Carbon Emissions and Net Carbon Flux 
in Agriculture: Comparing Tillage Practices in the United States. Agriculture, Ecosystems and Environment 1812, 1-
16. 

'̂  These emission factors provide an estimate ofthe typical fuel cycle GHG emissions (including resource 
extraction, the transport of raw materials and products, and the fertilizer production processes) per unit weight of 
fertilizer produced (i.e., gC02e/kg fertilizer). 

°̂ P. Calabrese, Casseila Waste Management, personal communication, S. Roe, CCS, 2007. 

'̂ Personal communication from Resa Dimino of NYS DEC. Provided to B. Strode (CCS) via e-mail. 

^̂ J. Ketchum, Waste Management, personal communication with S. Roe, CCS, November 20, 2007. 
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assumed that recycling and composfing facilifies are closer to the point of generation and an 
incremental increase in these activities will not lead to a change in transportation costs. 

Waste Management - Value of Recycled Materials 

Current US market prices for recycled materials are available from the RecycleNet. This 
service reports current prices for materials such as scrap metal and scrap plastic, as well as, 
curbside recyclables, including newspapers, office paper, loose waste paper, polyethylene 
terephthalate (PET), high-density polyethylene (HDPE), aluminum, steel cans, and glass. 
However, due to the large scale of variability in market prices for recycled material seen in 
recent years, the value of recycled materials is uncertain. DEC has indicated that NYC estimates 
total recycling revenues at $7 to $12 million per year. 

Waste Management - EPA Waste Management Software Tools 

EPA has several models that may be used to estimate GHG impacts or costs of waste 
management mifigation opfions. The Landfill Gas Energy Cost Model (LFGcost-Web) 
estimates costs for landfill gas energy projects. The Waste Reduction Model (WARM) estimates 
GHG emission reductions from different waste management practices. The Landfill Gas 
Emissions Model (LandGEM) is a tool for estimating emissions from MSW landfills. 

All AFW Sectors - Energy Consumption Emission Factors 

Both fuel cycle and standard (fuel combustion) emission factors for energy consumpfion will be 
taken from the PSD and TLU quanfification methods memoranda, as applicable (e.g., 
transportation fuels will be taken from the TLU section). 

All AFW Sectors - Fuel Prices 

As with emission factors above, assumptions for fuel prices will be taken from the applicable ES 
or TLU quantification methods memoranda. 

All AFW Sectors - Electricity Capital Costs and Capacity Factors 

Where these estimates are needed, they will also be taken from the PSD quantification methods 
memorandum. 

All AFW Sectors - Renewable Incentives 
Inclusion ofthe federal producfion tax credit (PTC) in the levelized cost estimates for renewables 
in the mitigation options analyzed needs to be considered. The federal Renewable Electricity 
Production Tax Credit has been around in some form since 1992 but seems to always be about to 
expire (currently December, 2012 for wind and December, 2013 for other renewable sources). 
The exisfing incentive for closed-loop biomass is 2.00/kWh. Electricity from open-loop biomass, 
landfill gas, and municipal solid waste resources receives a 1.00/kWh credh. 

" RecycleNet Spot Market Pricing, http://www.scrapindex.com/index.html. 

^ EPA Waste Management Tools, http://www.epa.gov/cleanenergy/energy-programs/state-and-local/by-
topic/waste.html. 
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PSD Common Assumptions Memorandum - Draft 

To: NYS Power Supply and Delivery Technical Workgroup 

From: Bill Dougherty and Jeff Wennberg 

CC: Tom Peterson, Randy Strait, Jared Snyder, Carl Mas 

Subject: Assumptions used in the quantification of options for the PSD Technical Work 
Group 

Date: August 4, 2010 

This memo outlines proposed data sources used to quantify the greenhouse gas (GHG) impacts 
and costs for those PSD Technical Work Group policy options that are considered amenable to 
quanfification. The memo will be reviewed in an upcoming Technical Work Group call so that 
comments on the assumptions may be made and altemative data sources recommended for 
Technical Work Group approval. Any changes to this memo will be incorporated and the revised 
memo will be used as documentafion for the modeling results. 

The scope of this memo only covers the major assumptions directly related to the quanfification 
ofthe PSD policy options. Recall that the emissions reducfions and costs in the quanfificafion of 
the policy options occur against the backdrop ofthe GHG forecast that includes recent state 
actions. The effects ofthe policy options are therefore incremental to the activity projected under 
the forecast. The assumptions embedded in the New York Inventory and Forecast were reviewed 
during a PSD Technical Work Group call held early in the process. 

Quantification Process 
The analysis includes spreadsheet modeling techniques in which assumpfions are transparent and 
readily accessible for review. The assumptions delineated in the following document are for the 
quanfification ofthe priority policy opfions developed by the PSD Technical Work Group. 

This quantificafion of incremental costs from the introduction of GHG mifigation opfions and 
their corresponding C02e reductions entails the following steps: 

• Establish the levelized cost and GHG emission characteristics ofthe appropriate power 
supply resource(s) in the Baseline GHG forecast that would be displaced by the technologies 
in each priority GHG mifigafion policy. 

• Develop stand-alone levelized cost estimates for each technology included as part of a 
quantifiable policy option. Some policies might require that CCS evaluate different scenarios 
(e.g., renewable resource mix). This will be approached on a case-by-case basis through 
Technical Work Group-generated design of sensitivity analyses. 

• Estimate the incremental costs and GHG reductions for each stand-alone policy. 
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• After the stand-alone analysis is complete, perform an integrated supply/demand analysis for 
the PSD sector that accounts for overiaps and any potenfial double counfing among PSD, 
RCI, TLU, and AFW policies. To account for the issue of credh associated with emission 
reductions, we propose to start with the Mitigation Case demand forecast, then develop a 
GHG Mitigafion Case capacity expansion plan to meet that demand. This implies a RCI-PSD 
opfion analysis sequence and seems most consistent with the way expansion plans would be 
developed, given demand foresight. 

PSD Baseline 
An understanding ofthe Baseline capacity expansion plan, annual electricity generation and 
associated GHG emissions will be based on the New York State GHG Emissions Forecast 
developed by NYSERDA (2009). Electricity transmission and distribution losses are esfimated at 
9 percent on average, based on modeling work done by NYSERDA and the New York 
Independent System Operator^^, and are assumed to be constant across all regions. As the 
Baseline forecast is only available through 2018, a linear extrapolafion will be made out to the 
end ofthe analysis period (i.e., 2030) consistent with an assumption that the system emissions 
intensity rate (i.e., tC02e/MWh) for the 2019-2030 period is the same as the 2018 level. 
Technical supporting documents forthe Baseline forecast (i.e., technology performance 
assumptions, fuel prices, capacity additions, etc) have been provided by NYSERDA and will be 
used to better understand the Baseline modeling outputs. 

PSD Mitigation 
Electricity generafion from GHG mitigation technologies are calculated at the technology level 
and aggregated up based on the policy design. For instance, the electricity produced by 
renewable sources in the Renewable Portfolio Standard are estimated based on the stipulated 
resource mix relafive to the mix of fossil resources that would be displaced in the Baseline. An 
assessment ofthe mix of fossil resources displaced in the Baseline will be made on a policy-by-
policy basis in consultation with NYSERDA and the Technical Work Group. 

Cost Assumptions 
The incremental costs to implement the PSD options are the difference between the levelized 
costs of GHG mitigation options and the levelized costs ofthe resources displaced in the 
Baseline. The assumptions associated with costs calculafions are: 

• Forecasted fossil fuel prices for the PSD sector and well as technology cost and performance 
assumpfions will be consistent with those used to develop the Baseline power supply 
forecast. 

Forecasted technology cost and performance assumptions for GHG mitigation options will be 
consistent with those used to develop the NYSERDA Cost Curve study. These will be 
augmented/adjusted as needed in consultation with NYSERDA and the Technical Work 
Group. 

2S Personal communication with Ted Lawrence at NYSERDA on November, 12, 2008. 
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Electricity Imports 

The GHG emissions associated with electricity imports assumes that the emissions intensity over 
the analysis period is a constant 0.36 metric tons COi/MWh on a consumpfion basis. This is 
based the State Energy Plan "starting point" generation, demand, and GHG forecasts. It is 
assumed that cost impacts associated with changes in electricity imports are based on the annual 
wholesale electricity prices. 

Effects of Recent Actions 
Relevant recent actions that are not included in the NYSERDA forecast will be accounted for to 
the extent possible. We assume that the effects ofthe Renewable Portfolio Standard are included 
in the NYSERDA electricity and fuel forecasts. It is important to note that the 'Starting Point' 
only includes the 25 percent RPS. The 45 byl5 policy is a bit complicated in that the new 30% 
RPS is linked to a reduction In load leading to an output where new renewable generation is not 
much larger. The exisfing Integrated Planning Mode! (1PM) runs for the different cases will be 
reviewed to assess the prospects for a parameterized analysis (i.e., no new IPM runs). In any 
event, this issue will be further discussed with NYSERDA as the quanfification gets underway. 

Other Assumptions 
The following assumpfions are generic to all options: 

• Real discount rate: costs and benefits from each option are discounted at a 5 percent real 
discount over the 2011 -2030 period as specified by the Climate Acfion Plan Quantification 
Methods Memorandum. 

• GHG emission factors: Fuel-based emissions factors are as specified by the Climate Acfion 
Plan Quanfificafion Methods Memorandum. 

• Technological Change: The impacts of technology leaming on capital costs of PSD 
technologies will be folded into the levelized cost calculations consistent with assumptions 
developed in the NYSERDA Cost Curve study. The ongoing NYSERDA review of solar-PV 
price forecasts should be completed by the time the quantification gets underway. In 
addition, we will aim to incorporate any recommended assumptions from the EPRI review of 
the Cost Curve study. 

Moreover, the quanfificafion of each ofthe PSD policy options requires addifional assumptions 
that are germane to each option. These are identified in the design for each option and will be 
incorporated into the analysis in consultation with NYSERDA and the Technical Work Group. 
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RCI Common Assumptions Memorandum - Draft 

To: NYS Climate Action Plan Residenfial, Commercial/institufional and Industrial 

Technical Workgroup 

From: Hal Nelson and Steve Bower 

CC: Tom Peterson, Jeff Wennberg, Randy Strait, Karen Villeneuve, Jodi Smits-

Anderson 
Subject: Assumpfions used in the quantification of options forthe RCI Technical Work 

Group 

Date: July 26, 2010 

This memo outlines proposed data sources used to quantify the greenhouse gas (GHG) impacts 
and costs for those RCI Technical Work Group policy options that are considered amenable to 
quantification. The memo will be reviewed in an upcoming Technical Work Group call so that 
comments on the assumptions may be made and alternative data sources recommended for 
Technical Work Group approval. Any changes to this memo will be incorporated and the revised 
memo will be used as documentafion for the modeling results. 

The scope of this memo only covers the major assumptions directly related to the quantificafion 
ofthe RCI policy options. Recall that the emissions reducfions and costs in the quantification of 
the policy opfions occur against the backdrop ofthe inventory and forecast. The effects ofthe 
policy opfions are therefore incremental to the activity projected under the inventory and 
forecast. The assumptions embedded in the New York Inventory and Forecast were reviewed at 
during the February 5*, 2010 RCI Technical Work Group call. 

Quantification Process 
The analysis includes spreadsheet modeling techniques in which assumptions are transparent and 
readily accessible for review. The assumptions delineated in the following document are for the 
quanfification ofthe policy opfions developed by the RCI Technical Work Group. This 
quanfificafion of costs and CO2 reducfions entails the following steps: 

• Develop stand-alone cost esfimates for each quantifiable opfion 

• Once completed, the stand alone opfions will be adjusted to reflect exisfing acfions such as 
the NYS energy efficiency portfolio standard and the April, 2010 customer sited renewable 
portfolio standard. These are actions that are not in the reference case forecast, but are likely 
to occur. Adjusting for existing actions eliminates potential "double counting" of greenhouse 
gas reducfions. 
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• To assess the RCI emission reducfions without double-counfing, h is necessary to consider 
overlaps and interactions within the RCI policies and measures as they affect similar types of 
energy use. 

• Options will be also be modified to refiect overlaps between RCI options and other Technical 
Work Group options. Potential interactions occur between RCI policies and measures that 
deploy renewable energy with Power Supply and Delivery (PSD) and Agriculture, Forestry 
and Waste (AFW) mitigation measures. One interacfion that could be modeled is the effect of 
New York's renewable portfolio standard (RPS) and the Power Supply and Delivery policy 
options on the assumed carbon intensity of electricity delivered to the RCI sectors. 

RCI Energy Reductions 
Energy savings from efficient technologies and best practices are calculated at the technology 
level and aggregated up based on energy consumption at the relevant end use. For instance, the 
electricity savings from light emitting diode (LED) technologies are esfimated based on the 
incremental energy efficiency of LED lighfing over the assumed reference technology. These 
energy savings are then adjusted for lighting energy use as a percent ofthe RCI sectoral sales, 
less business as usual LED penetration. Electricity savings are also adjusted for transmission and 
distribufion (T&D) losses according to the formula: 

Eq J). Annual energy efficiency deployment: [(technology or practice electricity savings) 
/(}-T&D losses)] 

Annual baseline energy consumpfion and GHG emissions will be derived from the most recent 
NYSERDA NYS GHG Emissions Inventory. 

• The baseline electricity demand comes from the "starting point" forecast for RCI sectors 
through 2030. 

• The fuel consumption forecast comes from most recent NYSERDA forecast. 

Electricity T&D losses are esfimated at 9 percent based on modeling work done by NYSERDA 
and the NY Independent System Operator . Electricity T&D losses are assumed to be constant 
across all regions and load periods even though peak electricity T&D losses are higher than 
baseload T&D losses. Natural gas T&D losses are not initially accounted for as energy savings 
from avoided natural gas transmission and distribution usage are assumed to be modest. The 
GHG benefits from reduced gas demand will be discussed qualitafively, but if quantification of 
policies to conserve natural gas show significant reductions, then avoided fugitive methane 
emissions might be estimated. 

Methodology for Avoided Carbon Dioxide (CO2) Calculations 
Energy reductions for fuel in physical units (Btu) will be converted into GHG emissions 
reductions according to their relevant emissions factors presented in the quantification methods 
memorandum. For electricity reductions, the GHG impacts for grid connected RCI policy 
options are quanfified according to the following formula: 

Personal communication with Ted Lawrence at NYSERDA on November, 12, 2008. 

E-28 



New York State Climate Action Council 
Interim Report 11-9-10 

Eq 2). CO2 Reductions in year,: Electric efficiency deployment (GWh) in year, * CO2 
intensity in tons per GWh in year, 

To estimate emissions reducfions from policy opfions that are expected to displace conventional 
grid-supplied electricity (i.e., energy efficiency) a straightforward approach is employed based 
on input from NYSERDA and other stakeholders. Consumpfion-based emission intensity has 
been developed that accounts for emissions from imported power, instate generation as well as 
CO2 emissions from transmission and distribution losses. A weighted average approach to instate 
generation and imports was employed based on the State Energy Plan "starting point" 
generation, demand, and GHG forecasts. Imports over the period were credited at 0.36 metric 
tons CO2 / MWh for all periods. The consumption based intensity divides CO2 emissions from 
the power sector by electricity demand (instead of generation). ^ Due to reductions in forecasted 
T&D losses as well as increased penetration of renewables and other lower carbon fuels, the 
forecasted emissions intensity in metric tons C02/MWh is forecasted to decline dramatically in 
NY in the near term. The following table shows the electricity emissions intensity assumptions 
employed: 

Table E-6: Consumption-Based Electricity Emissions Intensity [2009 PLACEHOLDER] 

Year 

2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

Tonnes CO2 / M W h 

0.42 

0.38 

0.35 

0.33 

0.31 

0.31 

0.30 

0.30 

0.30 

0,29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

0.29 

" The consumption based approach is slightly higher than the production based intensity. The consumption based 
approach makes more sense from a theoretical standpoint as emissions from T&D losses are mitigated from RCI end 
user activities. 
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Year 

2026 

2027 

2028 

2029 

2030 

Tonnes COj / MWh 

0.29 

0.29 

0,29 

0.29 

0.29 

Cur ren t electricity load forecasts are available through 2030. 
This approach provides a transparent way to estimate emissions reductions and to avoid double 
counting (by ensuring that the same megawatt hours (MWh) from a fossil fuel source is not 
"avoided" more than once). It can be considered a "first-order" approach; it does not attempt to 
capture a number of factors such as the distinction between peak, intermediate, and baseload 
generafion; issues in system dispatch and control; impacts of nondispatchable and intermittent 
sources such as wind and solar; or the dynamics of regional electricity markets. These 
relationships are complex and could mean that policy options affect generafion and emissions (as 
well as costs) in a manner somewhat different than esfimated here. Nonetheless, this approach 
provides reasonable first-order approximations of emissions impacts and offers the advantages of 
simplicity and transparency that are important for stakeholder processes. 

Figure E-2. 2005 CO2 Emissions In New York State 

CO2 from Fuel Combustion by Fuel Type -2005 
Total CO2 from Fuel Combustion: 240.77 Million Tons (87% ofTotal GHGs) 
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Cost Assumptions 
The cost to implement the RCI options are the net difference between the avoided costs of 
energy and the cost ofthe energy efficiency measures where: 

Net costs (benefits): Energy efficiency deployment * (avoided cost of energy ~ levelized cost of 
measures including administrative costs) 

The assumptions associated with costs calculations are: 

• Forecasted fuel prices for the RCI sectors come from the most recent NYSERDA price 
forecast. 

• Avoided electricity prices from Optimal (2010) for the RCI sectors are used for avoided costs 
and are estimated in the following manner: 

o For each year following the end ofthe available forecast period, the prices are changed 
by the annual forecasted change in price of electricity from table 67 ofthe detailed 
outputs to the AEO 2010 for the NERC region.^^ 

Effects of Recent Actions 
Relevant recent actions that are not included in the NYSERDA forecast will be accounted for to 
the extent possible. The federal Energy Independence and Security Act (EISA) of 2007 was 
signed into law in December 2007. This law contains several requirements that will reduce GHG 
emissions as they are implemented over the next few years. We assume that the effects ofthe 
EISA are included in the NYSERDA electricity and fuel forecasts. 

Relevant updates to New York's mandatory building energy codes are also idenfified in the 
analysis. NYS' residenfial code is based on the 2004 International Code Council's Intemational 
Energy Conservation Code (lECC). For commercial buildings New York references the 2003 
lECC code and American Society of Heafing, Refrigerafing and Air-Conditioning Engineers 
(ASHRAE) 90.1 standards. 

Planned acfivities such as the NYS Energy Efficiency Portfolio Standard (EEPS) 15% efficiency 
target by 2015 (45 by 15), as part ofthe Govemor's proposal to have 45% of electricity come 
from renewables and energy efficiency, will be explicitly modeled as appropriate.^^ The April 
2" , 2010 RPS order will be included as a recent action "wedge" between what would have 
happened in the baseline through 2015 and the Climate Action Plan policies. 

Evolving policies with market-driving effects such as the govemor's Executive Order III for 
state buildings, which ends in 2010, New York City legislation in response to the Mayor's 
PlaNYC2030, and other currently planned energy efficiency interventions by NYSERDA, Long 
Island Power Authority (LIPA), and New York Power Authority (NYPA) will be analyzed, as 

http://www.eia.doe.gov/oiaf/archive/aeo08/index.html 
'̂ A scenario with the effects ofthe 15% energy efficiency savings by 2015 is estimated as the difference between 

the "starting point" load forecast and the 15x15 in the most recent forecast file. 
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budget and project time allow, to assess baseline penetration rates of selected efficiency 
measures. 

Other Assumptions 
The quantificafion of each ofthe policy opfions requires addhional assumptions that are germane 
to each option and are described in detail in the policy option document. For instance, there are 
many building code assumptions in that policy option. However, the following assumptions are 
generic to nearly all options: 

• Real discount rate: costs and benefits from each option is discounted at a 5 percent real 
discount over the 2010-2030 period as specified by the NY Climate Acfion Plan 
Quanfificafion Methods Memorandum. 

• Technological Change 

o An examinafion of historical energy efficiency equipment, including compact florescent 
lights, solar PV, heat pump water heaters, and other measures shows learning curves that 
result in capital cost reducfions over fime. The installed costs and value of energy savings 
are sensitive to future conditions. Leaming curves will be used for selected measures to 
account for economies of scale in production which result in cost reductions over time. 
Leaming curves will come from the most recent, reliable data sources. 
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TLU Common Assumptions Memorandum - Draft 

To: New York Climate Action Council 

From: Hillel Hammer 

cc: Tom Peterson, Jeff Wennberg, Randy Strait, Sandi Meier, Ernest Tollerson and 

Paul Beyer 

Subject: Analysis and Assumptions for Transportation and Land Use Policy Opfions 

Date: July 12,2010 

This memo summarizes key elements of methods of analysis aimed at estimafing potential 
greenhouse gas (GHG) emission reductions and cost effectiveness of Transportation and Land 
Use (TLU) policy options in the New York State Climate Action Plan process. The process of 
policy analysis is intended to support state-specific design and analysis of draft policy opfions, 
while providing for both consistency and flexibility. 

Key general guidelines for policy analysis as conducted by Center for Climate Strategies' 
consultants are presented first, followed by specific elements of policy analysis methods and 
assumpfions for Transportafion and Land Use issues. 

1. GENERAL GUIDELINES FOR POLICY ANALYSES 
The following oufiines the central guidelines for policy analysis. For a complete description of 
all general guidelines for policy analysis, see Draft Quantification Methods Memorandum—New 
YorkState Climate Action Plan, July 2010 ('Quantification Memo'). 

Fuel Cycle Coverage 
GHG reducfions for each mifigation option in TLU will be based upon the full fuel cycle because 
informafion is available to support this type of analysis for this sector (see more in Section 2 
below). 

Life Cycle Coverage 
As mentioned above, there are other mifigation policy options that will also have important life 
cycle impacts. These include those associated with reducing non-fuel consumables, such as 
concrete and steel. Life cycle impacts will be reported for each source for which information is 
available to support a life cycle analysis. For TLU, this will focus mosfiy on constmction 
materials, where possible. It will not be possible to identify in-State versus out-of-state sources 
for these construction materials. 

Pollutant Coverage and Global Warming Potentials 
The analysis will cover the six Kyoto GHGs, presented as carbon dioxide equivalent (C02e), 
which indicates the relafive contribufion of each gas to global average radiative forcing. This will 
be based on the approach outlined by the Intergovernmental Panel on Climate Change (IPCC) in 
its Second Assessment Report, consistent with the draft GHG emissions inventory and forecast 
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for the state of New York and with the U.S. Environmental Protecfion Agency (EPA) and IPCC 
guidance. 

Time Period of Analysis 
For each sector, life cycle emission reducfions and incremental life cycle costs will be calculated 
relative to the characteristics ofthe Baseline that would otherwise prevail in New York up 
through the end ofthe planning period, 2030. 

The analysis will report annual emission reductions for 2020 and 2030. The net present value of 
the cumulafive costs, and cumulative emission reductions, will be reported for the period starting 
with the initial year ofthe phase-in ofthe policy, up through 2030. For long-term capital 
investments, the investment will be annualized over the lifetime ofthe project operation, and the 
portion included In the analysis period will be included. 

Transparency 
Analyses will be performed in spreadsheet format to the extent practicable, to enable maximum 
transparency and facilitate review. Exceptions to this will be only in cases where extemal models 
such as GREET are required (see details on the model in Secfion 2). 

Data sources, methods, implementation mechanisms, key assumptions, and key uncertainfies will 
be documented and supported by references to provide transparency on how the key analytical 
outputs for each policy option were developed and applied. Information provided by the state 
agencies and project participants will be used to ensure best available data sources, methods, and 
key assumptions using their expertise and knowledge to address specific issues in New York 
State. Modificafions will be made through facilitated discussions. 

Key Analytical Outputs and Metrics 
GHG Emission Reductions 

Net GHG reducfion potenfial in physical units of million metric tons (million metric tons or 
MMt) of carbon dioxide equivalent (C02e) will be estimated for each quantifiable policy for 
target years 2020 and 2030, as well as the total for the entire analysis period. 

Costs 

Net capital, operafing and maintenance (O&M), and fuel costs will be esfimated for each ofthe 
policies that are determined quantifiable. Costs will be discounted as a muhi-year stream of net 
costs to arrive at the "net present value cost" associated with implementing new technologies and 
best practices. It is proposed that costs be discounted in constant 2005 dollars using a 5 percent 
annual real discount rate. The nominal discount rate will be calculated by adding the projected 
inflation rate over the analysis period. Capital investments will be represented in terms of 
annualized or amortized costs over the project period. (See the section on "Cost Analysis 
Methods" for addhional details.) 

Cost savings (e.g., fuel savings) will be included, represented as a negative cost. If significant 
financing costs or split incentives (cases where the benefits are not reaped by the investor) are 
expected, these will be identified. 
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Cost-effectiveness 

The cost effectiveness—cost or savings per tone—for each quantified policy, represented as 
dollars per MMt C02e (S/MMtCOie), will be calculated by dividing the present value cost by the 
cumulafive (undiscounted) reduction in GHG emissions. When combined with GHG impact 
assessments, the results of these cost estimates will be aggregated into a sectoral summary table 
and sector and economy-wide stepwise marginal cost curves. 

Direct vs. Indirect Effects 

"Direct effects" are those bome by the enthies subject to or directly affected by the policy or 
entifies implemenfing the new policies. For example, direct costs are net of any financial benefits 
or savings to the enfity. Direct effects will be quantified. 

"Indirect effects" are those bome by enthies other than those defined for "direct effects". Indirect 
effects will not be quantified. 

Non-GHG (External) Impacts and Costs 

Environmental co-benefits such as reductions in criteria air pollutants, which in tum would lead 
to reduced public health impacts from producfive acfivifies in New York, will not be quanfified. 
Qualitafively, CCS will document measures that are expected to have other non-GHG impacts, 
including, but the physical and monetary costs or savings associated with these extemal impacts 
will not be included explichly in this analysis. 

Uncertainty / Sensitivity A nalysis 

Key uncertainfies and feasibility issues will be identified and discussed qualitatively. 

Calculation of Emissions 

Emission reductions will be estimated incremental to baseline emissions based on the change 
(reduction) in emissions acfivity (e.g., reduced vehicle miles traveled—VMT), calculated either 
direcfiy, by using the same factors applied in the baseline inventory (e.g., reduction in fuel 
consumed and fuel-based emission factors), or as a fraction ofthe baseline inventory (e.g., 
fraction of baseline VMT and associated emissions reduced). 

Emissions associated with electricity consumption will be calculated based on the procedures 
oufiined for the PSD sector. Electric demand by vehicles may be calculated using the NY-
GREET model (see Secfion 2 below). 

Calculation of Costs 
Net capital, operating and maintenance (O&M), and fuel costs will be esfimated for each ofthe 
policies that are determined quanfifiable. Costs will be discounted as a multi-year stream of net 
costs to arrive at the "net present value cost" associated with implementing new technologies and 
best practices. It is proposed that costs be discounted for all options in constant 2005 dollars 
using a 5 percent annual real discount rate. The nominal discount rate will be calculated by 
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adding the projected inflafion rate over the analysis period.^*' For full details on cost calculafion, 
see the Quantification Memo. 

Documentation 
Documentation ofthe work will be completed in a template format that addresses the following 
items (among others): 

Work Group Sector 

Name of policy opfion 

Policy Description 

Policy Design (Goals and Timing for implementafion and parties involved or affected by 
implementafion ofthe policy.) 

Implementation Mechanisms 

Quantificafion: Esfimated GHG Savings and Costs per MtC02e (GHG reducfion potential in 
2020 and 2030, Cumulafive GHG reduction potenfial, net cost, data sources, and quanfification 
methods) 

Key Assumptions and Uncertainties 

Co-Benefits and Extemal Costs (qualitative discussion) 

POLICY ANALYSIS METHODS AND ASSUMPTIONS SPECIFIC TO 
TRANSPORTATION AND LAND USE ISSUES 

Policy analysis of transportafion and land use issues is inherenfiy complex, given the inter
relationships between transportation systems, land use, and other important aspects of societal 
well-being. Policy analysis methods for transportafion and land use as conducted by consultants 
for CCS is based upon many years of well-established professional practice and methods that are 
widely accepted in the fields of public policy analysis, urban and transportation planning, 
transportation engineering, and environmental sciences. The information provided here provides 
informafion about analyses relating to the potential changes in GHG emissions in the 
transportation sector resulting from the combustion of transportation fuels and use of electric 
power. In addhion, GHG emissions associated with the production and transport of standard and 
altemafive fuels ('fuel-cycle emissions') and with constmcfion acfivity and materials are 
included where information and methods are readily available. 

There are four general categories of factors that impact upon the emission from the transportation 
sector: vehicles, fuels, systems, and travel activity. These four factors interact in a complex 

°̂ The Inflation rate for the analysis period is assumed to be 2.2%, subject to approval by the Integration Advisory 
Panel and Climate Action Council. Capital and other costs reported in nominal dollars will be converted to 2005$ 
using the inflation rate for the NY state region as reported by the Bureau of Labor Statistics 
(http://www.bls.gov/ro2/news.htm) 
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fashion to affect GHG emission. In addition, direct and indirect emissions may be associated 
with construction and infrastmcture. 

Underlying Premises and Methodology 
Simple spreadsheet modeling techniques in which assumpfions are transparent will be used for 
the analyses as much as possible. To ensure consistent results across options, common factors 
and assumptions will be used for the following items: 

Independent and integrated analyses: Each option will first be analyzed individually and then 
addressed as part of an overall integrated analysis. 

Fuel Costs and Projected Escalation: Fuel cost estimates will be based on common sources 
wherever possible. For example, fossil fuel price escalation will be indexed to the U.S. 
Department of Energy (DOE) projections as indicated in their most recent Annual Energy 
Oufiook (AEO). 

Consumption-Based Approach: The analysis uses a consumption-based approach where 
emissions are calculated on the basis ofthe consumption of transportation fuels (represented as 
direct fuel consumption or as vehicle miles traveled) to provide energy to New York consumers, 
as opposed to a production-based approach, which considers the emissions from in-state 
production of transportation fuels. 

Life cycle Emissions: Life cycle greenhouse gas emissions are considered on a case-by-case 
basis. The primary focus ofthe analysis of Transportation and Land Use issues is upon the direct 
combustion of transportation fuels to provide energy. Energy cycle of fuels will be included, and 
construction impacts will be included where practicable. 

Overlap with Other Sectors: Where TLU options overlap with options being considered in other 
Technical Work Groups, the analysis for these options will be conducted in close coordination 
with the assumptions and other inputs used in other CCS analyses. 

Data Sources 
TWG members are often in a good position to obtain and provide data sources that are specific to 
New York, and these will be used as much as possible, including data already provided by 
NYSDOT, MTA, and others. Where New York-specific information cannot be readily obtained 
from the Technical Work Group, the analysis relies on other local data available to the 
consultants, and on published data from the DOE, EPA, national laboratories, other federal 
agencies, and other state climate change processes. 

The analysis of renewable fuels and the use of electricity for vehicles will be based on output 
from the New York-specific application ofthe Argonne National Laboratory's Greenhouse 
Gases, Regulated Emissions, and Energy Use in Transportation model (NYGREET), prepared 
for this effort (also used in the baseline inventory). 
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General data sources will include: 

Baseline Historical Energy Consumption by Sector 

Historical energy consumption in the state, by sector, is from the DOE Energy Information 
Administration (EIA) State Energy Data available at http://www.eia.doe.gov/ 
emeu/states/seds.html. 

Baseline Historical Vehicle Fleet. Fuel Use, and Travel Activity Data 

Baseline data on the state vehicle fleet, fuel use, and travel activity data is obtained from the 
latest inventory and forecast provided by NYSERDA. (Data sources, and methods of analyses 
for the baseline and forecast are described in the inventory and forecast.) 

Baseline Forecast GHG Emissions 

Baseline forecasts of future GHG emissions for the transportation and land use sector is obtained 
from the inventory and forecast report. 

Energy Price Projections through 2030 

Energy prices by region are from the EIA Supplemental Tables to the AEO 2010, with 
projections through 2030. Adjustments to the EIA projecfions are made on a case-by-case basis. 

Cost Inclusion 
The analytical methods being used can incorporate a wide variety of costs, depending on the 
availability of cost data. Fuel costs are incorporated into all analyses where relevant. Other types 
of costs will be explicitly considered in the analysis if they can be readily estimated. Types of 
costs that may be incorporated include: 

Annualized Capital costs levelized (amortized); 
Operations and maintenance cost; and 
Administrative costs. 
Types of costs that will not be incorporated include 
Extemal costs, such as the monetized environmental or social benefits and impacts (e.g., the cost 
of damage by air pollutants on structures and crops), quality-of-life improvements, and health 
impacts and benefits (e.g., improved road safety); 
Energy security benefits; and 
Macroeconomic impacts related to reduced or increased consumer spending, and shifting of cost 
and benefits among different sectors ofthe economy. 

E-38 

http://www.eia.doe.gov/


New York State Climate Action Council 
Interim Report 11-9-10 

Appendix F 
2050 Visioning: 

Brookhaven National Laboratory Report 

As part of its climate acfion planning, the state of New York is unique in undertaking a visioning 
process to assist the long-range goal of reducing greenhouse gas emission 80 percent below the 
levels emitted in 1990 by the year 2050. To develop a plan capable of setting in motion the 
radical, long-term changes required to achieve the 80 by 50 goal, the Council and its technical 
work groups and panel — indeed, decision makers at many levels — must be able to imagine the 
kind of low-carbon clean energy future toward which they are working. 

An initial step in that visioning process was a conference held January 5, 2009, Envisioning a 
Low-Carbon Clean Energy Economy in New York. The conference, organized by the New York 
Academy of Sciences, Brookhaven National Laboratory, the New York State Energy Research 
and Development Authority, and the New York State Department of Environmental 
Conservafion, involved members ofthe Climate Action Council, the Integration Advisory Panel, 
and the Technical Work Groups. 

Led by subject matter experts, the participants in the workshop explored innovative strategies for 
meeting the State's energy needs, reducing energy demand, managing greenhouse gas (GHG) 
emissions, driving technological change, and creating economic opportunhies for "green-tech" in 
New York. The workshop considered specific scenarios that outlined possible pathways to 
reducing GHG emissions. The purpose was not to validate a particular pathway, but rather to 
explore possibilifies and their implications, as well as to identify obstacles to achieving the goal. 

The January conference led to the creation ofthe report, Envisioning a Low-Carbon Clean 
Energy Economy in New York, produced by Brookhaven National Laboratory and appended here 
in its entirety and keeping its original pagination. 
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Envisioning a Low-Carbon 2050 for New York State 

Important note to readers: 

This is the first complete draft of a paper designed to inform the NYS Climate Action 
Councirs work to develop a State Climate Action Plan. 

The Council's mandate Is uncommonly broad in scope. It has a planning horizon far longer 
than what most planners address. It entails large uncertainties. No clear precedent for an 
enterprise of this scope exists. 

Consequently, this draft paper is necessarily provisional. As the planning process proceeds, 
the paper will be revised, and It will steadily gain in value as fresh Insights are acquired and 
the knowledge base it draws from expands. 

One feature of this paper is a description of three scenarios that Illustrate different versions 
of a low-carbon 2050 future for the state. It's Important that readers understand that these 
scenarios are offered for illustrative purposes only. In no sense do they constitute the 
elements of a plan, and Indeed even a casual review of them reveals that there is no way in 
which they could be fashioned into a plan. Rather, they're intended to facilitate and provoke 
thinking about the future. 

We hope other parties will generate their own 80x50 scenarios and share them. The ability 
to imagine a sustainable future, model It rigorously, and explore it Is as vital to achieving 
that future as the clean-energy technologies, best management practices, and behavioral 
changes that must be developed, advanced, and adopted. 
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Envisioning a Low-Carbon 2050 for New York State 

SUMMARY 

The State of New York alms to reduce state greenhouse gas (GHG) emissions to 80% below 
1990 levels by 2050. The fact that the state is already more energy efficient than most 
other states makes this goal particularly ambitious. A State Climate Action Council Is 
charged with developing a draft Climate Action Plan by November, 2010. Toward this end. It 
has organized technical work groups and an Integration advisory panel of stakeholders and 
experts. 

To develop a plan capable of setting in motion the radical, long-term changes required to 
achieve the 80x50 goal, the Council and its team must be able to imagine the kind of low-
carbon future toward which they are working. To facilitate this, the Council also formed a 
2050 Visioning Advisory Panel. Comprising experts from many fields, that panel was 
convened at a workshop held on January 5, 2010. 

This draft visioning paper draws from insights and knowledge shared at that workshop, and 
from other expert sources. It also draws from three GHG mitigation scenarios for 2050 that 
we developed for the workshop to illuminate how a low-carbon future might be achieved, 
and what it would mean. Making assumptions about future energy demand, patterns of 
energy use, the technologies that might be available to supply needed energy with reduced 
emissions, and what their levels of performance might be, we estimated emissions for each 
major sector of the state's economy. We found that reaching the 80x50 goal Is challenging 
and that modeling required aggressive assumptions. 

Together, the workshop, scenario development, and the crafting of this visioning paper 
constitute a "visioning process." Its focus has been manifold: an examination of 
technologies that might prove scalable and those that might be dead ends, of technical 
issues that require assessment, of policies that favor or constrain GHG reductions, and of 
management and societal changes needed to reduce emissions. 

While the state's energy future cannot be predicted, some points are already clear, among 
them, these: 

o Reducing emissions Is imperative because atmospheric levels of GHGs are already 
perilously high, and emissions are cumulative - and there are real costs associated 
with inaction. 

o The 80x50 goal is ambitious, and achieving it will require investments in new energy 
systems and infrastructure that have very low or no net carbon emissions. Patterns 
of energy use will also need to change. 

o Energy efficiency is an essential, but not sufficient, strategy that can be aggressively 
pursued today. 
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A broad shift from reliance on burning fossil fuels to electricity generated from low
er no-carbon sources, or widespread use of carbon capture and sequestration, will be 
needed. 

Transportation and buildings (residential and commercial) will have to move away 
from reliance on combustion of fossil fuels to alternate sources with significantly 
lower carbon or no carbon emissions. 

Development and redevelopment based on smart growth principles, as well as the 
building design practices, building technologies, and construction methods can 
significantly reduce the energy demand for buildings, as well as transportation. 

Incremental, short-term planning cannot achieve the goal. Near-term decisions -
both those taken and not taken - can preclude longer-term options, such as 
infrastructure projects requiring long lead times. Key climate strategies must reflect 
this inexorable reality. 

The goal must be pursued in part through extensive, long-term partnering among all 
levels of government and across the region, and between the public and private 
sectors. It will take sustained effort on the part of all. 
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THE BROAD CONTEXT FOR THIS PAPER 

In the face of climate change, the stakes are so high, the challenge so immense, and the 
opportunities so richly promising that business as usual and conventional wisdom are 
themselves risky. Innovation is imperative — not only in technology but in ways of thinking, 
working, and living. 

In fact, what's demanded transcends "Innovation": transforming an entire economy from 
largely carbon-based energy sources to largely carbon-neutral sources in a scant 40 years 
will be a true revolution, a radical shift that can renew New York's economy, enhance its 
natural environment, and improve its citizens' quality of life for generations to come. 

For this revolution to succeed, institutions must be mobilized, businesses must adapt or fall, 
and individuals, families, and communities must make better-informed energy choices. And 
all of this change must be scaled up massively and rapidly. 

The 80x50 chal lenge 

Recognizing the benefits of action and the risks of inaction, in August 2009 the Governor 
signed Executive Order 24. which tasks the State to reduce GHG emissions from all sources 
within the state to a level 80% below the 1990 level by 2050. It establishes a Climate 
Action Council that Is to develop a Climate Action Plan to achieve that goal, taking into 
account economic and other considerations. The plan is to be drafted by November, 2010. 
The Council will hold public comment hearings on the draft and after reviewing comments 
prepare a final plan. 

That plan will be reviewed annually and revised as appropriate. The Executive Order says It 
"is not intended to be static, but rather a dynamic and continually evolving strategy to 
assess and achieve the goal of sustained reductions of greenhouse gas emissions." 

To advance and inform its work, the Council has convened stakeholders from New York, as 
well as experts from New York and beyond, and organized them into technical work groups 
and an integration advisory panel. Working In support of the Council and these groups is the 
Center for Climate Strategies. The Council's comprehensive web site offers detailed 
information about its work, and It links to the New York Greenhouse Gas Emissions 
Inventory and Forecast. Readers unfamiliar with the Council are urged to consult the site for 
essential Information that complements this paper. 

How v is ioning cont r ibutes to the Councirs work 

To develop a plan capable of setting in motion the radical, long-term changes required to 
achieve the 80x50 goal, the Council and its technical work groups and panel must be able to 
Imagine the kind of low-carbon clean energy future toward which they are working. To 
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facilitate this, a 2050 Visioning Advisory Panel comprising experts drawn from many fields 
was convened at a January 5, 2010, workshop held at the New York Academy of Sciences. 
At the workshop, the experts made presentations and responded to concerns and questions 
from the floor. (The link above leads to a link to a webinar of the workshop, the slides 
speakers showed, and the agenda.) 

This draft paper draws from insights and information shared at the January workshop. It 
also draws from many other expert sources, such as reports from the National Academies of 
Science. And it draws from three GHG mitigation scenarios for 2050 that we developed for 
the workshop, described below. Together, the workshop, the development of scenarios, and 
the crafting of this visioning paper constitute what may be termed a "visioning process." 

The focus of the process has been manifold: an examination of technologies that might 
prove scalable and of those that might be dead ends, of technical Issues that must be 
addressed, of policies that favor or constrain GHG reductions, and of management and 
societal changes needed to reduce emissions. Of course, policies that favor GHG reductions 
must be implementable. But for a time horizon so far distant, at this early stage, technical 
feasibility and cost considerations can be considered only in broad-brush terms. This paper 
treats them accordingly. 

Our scenarios suggest that, in concept, the 80x50 goal is technically possible. The overall 
visioning process makes clear that incremental, short-term planning alone cannot meet the 
goal and that even a sophisticated long-term approach must surmount serious challenges. 
This in turn underscores how important it is that climate change vulnerability analyses and 
adaptation planning proceed on equal footing with mitigation efforts. 

But the scenarios reveal a world of opportunities, too, that hold tremendous potential for 
the state's economy and its citizens' well being. 
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THE APPROACH TO ENVISIONING A LOW-CARBON 2050 

The technical work groups that are contributing to development of the State's Climate 
Action Plan process are responsible for recommending specific strategies, policies, and 
actions for the Council's consideration. The visioning process, defined above, was designed 
to complement their work. Scenarios are a uniquely valuable tool for this purpose. Scenarios 
have been widely and routinely used, for many years. In many fields, as a tool for exploring 
options and contingencies. The three scenarios we developed for the State's January 
visioning workshop Investigated the technical feasibility of the 80x50 goal and identified 
some technology options and best practices that could achieve the goal. The scenarios also 
helped us identify some significant technical barriers and policy issues that might facilitate 
or constrain those options. 

To model and gain insight into possible futures, we "worked backward" from an Imagined 
mid-century New York that has far lower GHG emissions. Making assumptions about future 
energy demand, patterns of energy use, what technologies might be available to supply 
energy and reduce emissions and what their levels of performance might be, we estimated 
emissions for each major sector of the economy, considering many Interchangeable 
elements that might be dictated by policy implementation, technology breakthroughs, or 
market developments in the US and abroad. 

The value of the scenarios Is In providing a framework for thinking concretely about how 
energy efficiency, new energy technologies, fuel switching, best practices, and other 
matters might shape the path to a low-carbon future. Scenario modeling can also provide 
insight into performance levels for new energy technologies such as plug-In hybrid electric 
vehicles (PHEVs), or emission-reduction technologies such as carbon capture and storage 
(CCS). 

All three of the 80x50 scenarios share important characteristics: 

o An end state is postulated for each major energy-consuming sector of the economy: 
Transportation, Electricity Production and Distribution, Residential Buildings, 
Commercial Buildings, and Industrial. These end states are largely characterized by 
their technological characteristics, such as low carbon-emitting central generation of 
electricity, electric vehicles, and net-zero carbon emission buildings. 

o Next, the ramifications of these technology options are examined. For example, if the 
state were to depend on hydrogen as a transportafion fuel, how would the hydrogen 
be produced? Similariy, if the goal is low-carbon electricity central generation, what 
are the technology options for generating that power? 

o Finally, the resulting scenario is referenced to a projection of what the energy use 
may be in absence of carbon abatement policies; that is, in the "business as usual 
case" (BAU). This comparison illuminates, for example, the magnitude of energy-
efficiency gains that might be required, or the extent to which projected 
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transportation needs that light duty vehicles would otherwise meet could be met by 
expanded mass transit Instead. 
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THREE SCENARIOS FOR 2050 

Models, assumpt ions, a n d l im i ta t ions 

The three scenarios were designed to answer these basic questions: 

o What are possible, illustrative scenarios in which NYS GHG emissions would be 
~80% lower than the 1990 level of ~251.4 million metric tons (MMt) of CO2 
equivalent (COze)? (a goal of about 51 MMt) 

o What are the implications of such scenarios? 

To support the modeling exercise, a macro model of statewide GHG emissions was 
developed. Data are presented in Table 1, below. Emissions data for 2007 are the most 
recent available and are considered "current" for the purpose of this paper. NYSERDA 
projects that 2025 annual GHG emissions will be 266 MMT C02e, a relatively small increase 
from current levels. The relative contributions of the various sectors remain unchanged, 
except that the "Other Source" category (non-fuel combustion) is projected to surpass 
residential emissions by 2025. ("BAU" is the "business as usual projection.") 

Table 1 . Sector <3HG Emissions for Select Years ( In Mi l l ion Metr ic Tons COiC) 

1990 

(actual ) 

2007 

(actual ) 

2025 

( forecast) 

2050 

(BAU 
Project ion) 

SMiiflsaiXCHivS 

Residential 

Indus t r ia l 

TOTAL 

34.1 

KTSSa 

25.0 

1^ 
251.4 

37.6 

19.2 

257.7 

34.7 

18.7 

266.0 

40.8 

21.9 

326.6 

Scenario modeling was a rigorous process that began by estimating the total energy 
demand that might have to be met In 2050 In each sector. This was done by extrapolating 
current forecasts and assuming modest growth in state GDP and hence energy demand. 
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These assumptions create the future "business as usual" (BAU) emissions scenario - the 
case that perpetuates the path we are on. BAU energy demand projection estimates the 
energy supply needed to support the state's economy in 2050 given our current patterns of 
transportation, energy use and efficiency. 

The foundation of our scenario development is a state-level, coupled-sector macro model of 
energy supply flows and corresponding (calculated) emissions for each sector of the 
economy. In addition, possible reductions in non-energy related emissions (the "Other", 
non-energy related category) were estimated. 

Table 2. Estimated Energy Demand by Sector 

2007 

(actual) 

2025 

(forecast) 

2050 

(BAU 
Projection) 

fclra n spo rtatiom 

Q0:9miX9S3i^ 

GsMSSii 

Electric 

Residential 

ILco m'merci a li 

Industrial 

165,000 GWh 

591Tbtu 

^mmB 
191 Tbtu 

187,000 GWh 

629Tbtu 

270,000 GWh 

721Tbtu 

v/ĝ ^OOfi!) t . :; \^mmsi : I 

180 Tbtu ISOTbtu 

In the table above "LDV" means 'light duty vehicle; "HDV" means "heavy duty vehicle; 
"VMT" means "vehicle miles traveled." 

We then took the energy demand forecast for each sector, presented in Table 2, above, and 
traced energy flows through each sector as primary energy (e.g., coal, biomass) and energy 
carriers (e.g., gasoline, #2 and #6 oil, coal, etc.) would be used for such purposes as 
creating electricity, heating homes, providing power for businesses and manufacturing 
sectors, and fueling light duty and heavy duty vehicles. For each of those uses, we 
calculated corresponding emissions. Fuel energy content and emissions factors for 
combustion come from US EPA data tables. 

Significantly, unlike conventional "wedge" models, which treat sectors as freestanding, the 
coupled-sector model we employed reflects the fact that switching technologies in one 
sector may raise or lower demand in another. For example, two scenarios (the "Yellow" and 
"Ultraviolet") depend on widespread use of PHEVs in the transportation sector, resulting in a 
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decrease in gasoline demand and an increase electricity demand; thus, primary energy 
demand switches to the electricity sector. 

A note of caution: The scenario modeling provides insights into how technologies and 
patterns of energy use may have to change to meet emissions targets. But there are 
limitations to using the scenarios. This sort of modeling is not a practical planning tool, as It 
does not account for the crucial factor of scalability, or for economic, regulatory, and other 
barriers to the implementation of any given technology, including the availability of the raw 
material required. Nor does it take into account lifecycle analyses of nuclear power and 
renewable energy technologies. The models also do not consider the future Interaction 
between a changing climate and energy use and impacts on the performance of different 
technologies. 

The models do include estimates of the pert'ormance of new and emerging energy 
technologies for which the predicted development time scales are commensurate with the 
State's 40-year planning timeframe. Assumptions about the performance of new, emerging 
energy technologies are based on credible estimates from available literature, though there 
can be no guarantee that as-built systems will meet the estimated levels of performance, be 
economically viable, or penetrate the market at rates needed to meet assumed levels. 

A note on methodology and references: For more information on methodology and data 
sources used in our modeling, please see Appendix A. For more detail on the scenarios, see 
Appendix B. 

Basic s t rategies fo r reducing emissions 

Developing scenarios that illustrate potential approaches to meeting the 80x50 emissions 
target of ~5Q MMT C02e requires recognition of the fact that those emissions result from 
activities that power our society and our economy, providing food, shelter, heating and 
cooling, communications, transportation, and innumerable other things essential to well-
being. Cutting GHG emissions could have real-world consequences If low-carbon or no-
carbon energy sources don't adequately replace fossil sources. 

The scenarios rely on four key strategies to reduce GHG emissions: 

o The simplest and the most cost-effective is energy conservation through energy 
efficiency. 

o Reducing combustion from fossil fuels is another obvious strategy, as that 
combustion accounts for about 87% of all GHG emissions in New York State, with the 
largest fraction coming from the transportation sector (38%), followed by on-site 
combustion in the residential, commercial, and industrial sectors (37%), and then 
from electricity generation (22%). All scenarios assume that combustion of fossil 
fuels should only be used when and where necessary, or where controls such as CCS 
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effectively limit emissions. Minimizing point sources of combustion such as vehicles 
and use of oil and natural gas for heating, and switching to electricity, coupled with 
simultaneously reducing the GHG footprint of the electricity supply, thus constitutes 
the second strategy. 

o The third strategy Is to drive fuel switching where combustion must still be used, as 
in aviation and cement production, to minimize the GHG footprint. 

o Using local, point-of-use renewable energy technologies such as solar to reduce the 
reliance of homes and businesses on centrally generated electricity is the fourth 
strategy. 

By varying these strategies and devising portfolios of energy technologies and practices that 
could implement them, we created three scenarios that we named "Yellow," "Deep Blue," 
and "Ultraviolet." The Yellow scenario falls far short of the 80x50 goal; the other two 
scenarios meet it, in different ways. 

The Yel low scenario 

The Yellow scenario does not meet the ~50 MMT C02e GHG emissions challenge. It is 
intended to be a "first cut" at reducing GHG emissions through increased efficiency: the 
adoption of more efficient energy technologies that are largely available today, or will be 
soon. This scenario assumes a significantly different mix of light-duty vehicles (LDV) in use 
in 2050, with 30% being conventional internal combustion engines with an average of 37 
mpg, 30% being hybrid electric vehicles (HEV) with an average of 50 mpg, and 40% being 
plug-in hybrid electric vehicles (PHEV) with 95% all-electric miles. This produces a modest 
Increase in demand in the electricity sector of about 20,000 GWh. The use of intermodal 
freight shipping is assumed to reduce vehicle miles traveled (VMT) for HDV by about 30%. 

In the electricity sector, it's assumed that New York State wind and hydro-electric 
generation will be built out to meet the maximum forecasts developed by NYSERDA, and 
that there will be a very significant increase (up to 100,000 GWh) of utility-scale solar 
electric generation or other renewable source such as off-shore wind. Where combustion is 
used for electricity, a switch to higher-efficiency natural gas combustion turbine (NGCT) and 
integrated gasification combined cycle (IGCC) power plants with CCS at 90% is assumed. 
It's also assumed that present levels of nuclear power generation can be maintained. 
Transmission and distribution losses are reduced by 50% to an average of 4 % for the entire 
system. Residential, commercial, and Industrial sectors reduce electricity demand via 
Energy Star+ efficiency gains. 

This scenario Includes elimination of 75% of all fossil fuel combustion In the residential and 
commercial sector, with natural gas and liquid fuels replaced by electricity, some generated 
on-site via solar (about 10% ofthe energy demand), and the balance generated at utility 
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plants. Industrial emissions are reduced by curtailing fossil fuel combustion overall by 75% 
and using only natural gas and #2 oil; coal is eliminated in favor of natural gas. 

Reductions In non-energy emissions (the "Other" category) assume elimination of sulfur 
hexafluoride (SFe) dielectric from the transmission and distribution grid. Per molecule, SF6 
has the highest GHG warming potential, about 23,900 times that of C02. Reducing natural 
gas line leaks (by 50%), implementing a broad and aggressive reduce, reuse, and recycle 
policy, and eliminating leaks of alternative refrigerants (hydroflourocarbons [HFCs]) would 
reduce emissions from these sources significantly. 

The Yellow scenario results in about 114 MMT C02e emissions, a reduction of 55 percent 
below the 1990 level. I t thus falls far short of the 80x50 goal - a sobering fact, given how 
much it differs from today's energy patterns. 

The Deep Blue scenar io 

The Deep Blue scenario meets the ~50 MMT COje GHG emissions challenge. It begins with 
the efficiency savings outlined In the Yellow Scenario and then explores alternatives if fossil 
fuel combustion in the residential and commercial sectors were to be eliminated, thereby 
driving an increase in electricity demand. Some of the increased electricity demand is 
assumed to be met with a larger fraction of point-of-use solar. 

The Deep Blue scenario explores the impact of widespread adoption of hydrogen-powered 
light-duty vehicles for 100% of the LDV VMT with an equivalent of 65 mpg. The scenario 
assumes that hydrogen is produced through high-temperature steam electrolysis using gas-
cooled high-temperature nuclear reactors. Because this approach employs a carbon-free 
electricity source, emissions are minimized. The calculations suggest the need for ~5 to 7 
GW of nuclear capability for electrolysis. Gas-cooled reactors are well known conceptually, 
but significant technological and regulatory developments are needed. An alternative source 
of electricity could involve the use of IGCC or natural gas combined cycle (NGCC) with CCS. 
High-temperature steam electrolysis is an unproven technology at this time. The scenario 
does not address infrastructure issues associated with the transformation to a hydrogen-
based transportation system. 

The scenario assumes that 100% of all fossil fuel combustion in the residential and 
commercial sectors is eliminated and that the use of natural gas and liquid fuels is replaced 
by electricity, some generated onsite via solar (about 40% of the energy demand), the 
balance generated at utility plants. Industrial emissions are reduced by curtailing fossil fuel 
combustion overall by 75% and using only natural gas and #2 oil; coal is eliminated in favor 
of natural gas. Importantly, 8.4 MMT of the 13 MMT In emissions in the industrial sector are 
residual emissions from asphalt, petrochemical production, etc. I t will be important to 
devise methods for curbing emissions from asphalt production to make further reductions. 
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Electricity demand is met from carbon-free sources, including 30% from nuclear (including 2 
new plants that would Increase nuclear power generation by 25,000 GWh, not counting the 
additional reactors required for hydrogen generation), 30% from renewables (maximum 
hydro, wind, and 100,000 GWh of solar), and 40% from NGCC plants with 90% CCS. It Is 
important to note that the emission levels from NGCC limit generation from this source 
unless CCS is achievable at levels higher than 90%. This would make the future use of 
natural gas or coal for the electricity sector dependent upon the viability of CCS for locations 
and geologies within the state, and upon the amount of C02 that can ultimately be stored. 

In addition, the Deep Blue scenario assumes that emissions In aviation and the residential, 
commercial, and Industrial sectors could be significantly reduced through the use of in
state, bio-derived oils for transportation (diesel), aviation (jet fuel), and heating. Given the 
potential for reduced emissions in the aviation, residential, and commercial sectors - as well 
as for HDV transportation - these replacement fuels warrant serious consideration, as do 
studies of the feasibility of supplying bio-derived oils for fuel from within the state. At 
present, net carbon emissions from these sources are assumed to be zero or close to zero, 
as carbon emitted by combustion of the biofuel is offset by carbon sequestered by plants 
grown to supply fuel. (See EPA's 2009 U.S. Greenhouse Gas Emissions Inventory Report.^ 
Further study regarding the total carbon cycle associated with the use of these fuels is 
warranted to validate the emissions assumptions. 

The Deep Blue scenario estimates emissions at 53 MMT. It thus achieves a 79 percent 
reduction in GHG emissions below the 1990 level. 

The Ul t rav io let scenar io 

Another possible future was devised that would also meet an 80 percent reduction by 2050. 
Like Deep Blue, the Ultraviolet scenario is much more aggressive than the Yellow scenario. 
It too begins with the efficiency savings outlined in the Yellow scenario and explores 
alternatives if fossil fuel combustion in the residential and commercial sectors were 
eliminated, thereby driving an increase in electricity demand. A part of this electricity 
demand is met through local, point-of-use solar. 

The Ultraviolet scenario explores the impact of shifting to widespread use of PHEVs where 
95% of VMT are all-electric miles, with 5% of VMT coming from bio-ethanol at 50 mpg. This 
is an aggressive goal, well beyond current predictions for most studies of PHEV market 
penetration and performance improvements through 2030. Significant increases In 
electricity demand are postulated via elimination of fossil fuel combustion in the 
transportation sector for LDV. 

The scenario assumes that 100% of all fossil fuel combustion in the residential and 
commercial sector is eliminated and that the use of natural gas and liquid fuels is replaced 
by electricity, some generated onsite via solar (about 40% of the energy demand), the 
balance being generated at utility plants. Industrial emissions are reduced by curtailing 
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fossil fuel combustion overall by 75% and only using natural gas and #2 oil; coal is 
eliminated in favor of natural gas. As in the Deep Blue scenario, 8.4 MMT of the 13 MMT in 
emissions In the industrial sector are residual emissions from asphalt, petrochemical 
production, etc. 

The significant Increase in electricity demand Is met largely with carbon-free sources: 35% 
from nuclear (including '^10-12 new plants), 35% from renewables (maximum 
hydroelectric, maximum on-shore wind, and 100,000 GWh of solar or other utility scale 
renewable such as offshore wind), and 17% from NGCC plants with 90% CCS. This scenario 
employs as much NGCC with CCS as is practical to meet overall emissions targets, thereby 
requiring a larger fraction (and level) of carbon-free sources. They are assumed to be met 
with new nuclear plants. 

As with the Deep Blue scenario, this scenario relies on the use of low carbon-intensity bio-
derived fuels (in-state ethanol) to supply the liquid fuel needed for non-electric miles in the 
LDV category, and on the use of biofuels in the aviation sector. 

The Ultraviolet scenario estimates emission at 55MMT, a 78 percent reduction in GHG 
emissions below the 1990 level. 
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SERIOUS CHALLENGES POSED BY THE LOW-CARBON GOAL 

The scenarios, presentations, and discussion at the January 5 workshop illuminated issues 
and challenges facing the Council. In particular three sectors - transportation, electricity 
generation, and buildings - emerged as particularly challenging and significant. At present, 
the transportation sector produces 34.3% of the state's GHG inventory; electricity 
generation, 19 .1%; residential uses, 14.6%; commercial uses, 10.6%. The "business as 
usual" (BAU) case for 2050 projects that the transportation sector will produce 35%; 
electricity generation, 23 .1%; residential, 12.5%; commercial, 10.8%; and industrial, 
6.7%. 

The text below discusses the challenges those sectors present. 

Serious Challenge: Transpor tat ion 

Mobility is essential to social and economic welfare. By all measures. New York is one of the 
most mobile states in the nation. It has over 11 million licensed drivers, 10.5 million motor 
vehicles - virtually all of them operating on fossil fuel, and joined by similar vehicles that 
travel to New York from other states - and 113,000 miles of roads, along with 4,800 miles 
of railroads, 18 commercial airports, and 495 public use and private airports. Ensuring a 
safe, secure, reliable, efficient, low-carbon transportation system is vital to the state's 
future. (See Strategies for a New Aoe: New York State's Master Transportation Plan for 
2030.1 

Today's transportation systems are defined by technological, socioeconomic, land use, and 
public policy factors. Transportation demand is growing, and patterns of travel are changing 
and increasingly reliant on multiple, interdependent modes of transportation. Congestion in 
urban areas is growing, and transportation systems In these areas are bounded by the built 
environment. Over the next 40 years, the transportation system will have to support the 
same or greater levels of mobility while lowering emissions dramatically. And the 
importance of transportation security to national and economic security is expected to 
increase. 

Over the past three decades, tremendous growth In the transportation sector and the 
decline In US oil production have made the US and New York Increasingly dependent on 
foreign supplies of petroleum. Today, about 60% of the oil consumed in the US is imported. 
In New York, transportation accounts for about half of petroleum consumption, the 
equivalent of about 300 million barrels per year, or about 4% of the US total. As the 
potential for disruptions in world oil supply and production of refined petroleum products 
increases, so does the risk of disruption to the state's transportation system. Given 
projected growth in demand for oil in emerging markets, notably China and India, the cost 
of oil and the reliability of supply are important risk factors to consider. 
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Within the transportation sector, road transport is the largest consumer of energy and the 
largest source of emissions. The major contributors to emissions are light duty vehicles 
(LDV), a category that includes automobiles, SUVs, motorcycles, and light trucks, and heavy 
duty vehicles (HDV), which includes trucks for road freight as well as buses. After road 
transportation, aviation is the next biggest contributor. Another important factor is the 
impact of the design and construction of the local built environment on mobility and 
patterns of use of available modes of transportation. 

Addressing transportation requires a holistic look at all the factors that can improve 
efficiency as well as reduce emissions. In general, approaches to transportation examine 
(1) society's future mobility needs, (2) the technical efficiency of a given mode of 
transportation and the potential for improvements, (3) the effects of the operating 
environment, and (4) the mix of transportation modalities and potential systems 
performance improvements via changes in the mix of modalities. 

Transportat ion and the bu i l t env i ronment 

The New York metropolitan area enjoys an extensive public transportation system that Is 
well integrated into the region. Some 4.8 million passengers use public transportation on a 
daily basis. The high density of housing, proximity to public transportation, and its relative 
ease of use contribute to this high level. Aspects of the region have attributes of "compact, 
mixed-use development" - also known as "smart growth." 

In all o f the mitigation scenarios, a significant reduction in projected VMT level for 2050 
(240 billion miles) is assumed. The assumption is that smart growth can promote greater 
reliance on public transportation and/or increase walking and bicycle travel. At the January 
5 visioning workshop, success stories about smart growth in urban and suburban areas 
were recounted - notably for Arlington, Virginia, and Portland, Oregon. They offer models 
for New York's suburbs and for cities other than New York City; for example, the corridors in 
Long Island along the Long Island Railroad and major traffic arteries. 

Over the 40-year horizon of the Climate Action Plan, many urban and suburban centers will 
very likely be rebuilt or redeveloped. This will create opportunities to reshape the state's 
transportation system and its use - If transportation planning and redevelopment efforts are 
approached hollstically and use smart-growth practices. As redevelopment in urban and 
suburban areas occurs, more compact, mixed-use development that includes higher 
population and employment densities, competitive alternatives to automobile use such as 
pedestrian and bicycle paths, street networks that provide connectivity between 
destinations, and easy access to public transportation can all reduce residential and 
commercial energy use, GHG emissions, and VMT. 

A recent and comprehensive study by the Transportation Research Board of the National 
Academies explores the impact of and correlation between driving behavior and the built 
environment. I t concludes that compact, mixed-use development can reduce VMT by 
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differing means and amounts depending on where the development in a region occurs. The 
study reports that the literature suggests "that doubling residential density across a 
metropolitan area might reduce VMT by about 5-12%, and perhaps as much as 25% if 
coupled with higher employment concentrations, significant public transit improvements, 
mixed uses, and other supportive demand management measures." It also notes that more 
study is needed to better understand the causal links between specific design elements in 
land use, transportation pathways, high density housing, employment centers, and other 
factors and reductions in VMT and increased use of public transportation. 

To significantly reduce VMT would require changes In current practices and patterns of 
development in suburban areas. In home-rule states like New York, land use is largely a 
function of local governments, which can be reluctant to zone for higher-density housing 
because local residents often resist it. Statewide change would require that state-level 
policies be enhanced with incentives that encourage and support compact, mixed-use 
developments that would result in greater energy efficiency, increased use of public 
transportation, and reduced VMT and GHG emissions. 

These efforts would be facilitated by communitywide design standards (the equivalent of 
LEED certification); the development of partnerships among State and local governments 
and private developers; tax incentives; coordinated State, federal, and local infrastructure 
Investments; coordination with regional transportation authorities and operators; and 
rezoning to support appropriate transit development. 

L ight du ty vehicles 

In 2007 New York State residents drove over 140-billion VMT and consumed some 7.6 
billion gallons of gasoline [EIA, Energy Consumption 2007], largely through the use of 
personal vehicles. As our mitigation scenarios reveal, significant emission reductions are 
possible in the transportation sector. The scenarios explore three alternative future vehicle 
fleets: one a mix of conventional, hybrid, and plug-in hybrid electric vehicles (PHEVs) 
(Yellow scenario); one dominated by hydrogen vehicles (Deep Blue); and one dominated by 
PHEVs (Ultraviolet). The latter two scenarios show that fuel switching will drive increased 
demand for electricity production, either for vehicle re-charging or electrolysis of steam for 
hydrogen production. Of course, emissions reductions would only be realized by the use of 
nearly carbon-free electricity sources such as renewables, nuclear, or natural gas or coal-
fired plants with CCS. 

What will it take for the US to realize 100% PHEV or 100% all-hydrogen powered cars on 
the road in 2050? Significant changes to automobile technology, of course. However, 
replacing New York's entire fleet of automobiles wiil take time. The lifetime of a car is long; 
the mean lifetime Is about 15 years: half the cars sold today will still be on the road in 15 
years, and it will take about 25 years for 95% of the autos sold today to be retired. (See the 
ORNL Transportation Energy Data Book [2009 ORNL-6984]). Thus, to achieve a fleet 
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composed of 100% PHEV cars in 2050, 100% of the cars sold in 2025 and every year 
thereafter would have to be PHEVs. The same case applies to hydrogen-fueled cars. 

Another reason why changing the entire fleet will take time is that it takes time for 
transportation equipment and automobile manufacturers to adopt new technology and 
integrate it into their product lines and manufacturing processes. At present, automobile 
models undergo a complete redesign approximately once every 8 years, and new designs 
are locked in about 2 years in advance. Thus, it could take from 5-10 years for a new 
automobile design to be brought to market, and another 25 years to completely change 
over the fleet. 

For PHEVs, this penetration rate is more aggressive than what experts are predicting. For 
example, a recent study by the National Academy of Sciences (NAS), Transitions to 
Alternative Transportation Technologies - Pluo-in Hybrid Electric Vehicles, concluded that 
PHEVs are "unlikely to achieve cost effectiveness before 2040 at gasoline prices below $4.00 
per gallon," given the higher costs when compared to conventional vehicles. Further, the 
NAS PHEV study concluded that "at a maximum practical rate, as many as 40 million PHEVs 
could be on the road by 2030, but various factors (e.g., high cost of batteries, modest 
gasoline savings, limited availability of places to plug in, competition from other vehicles, 
etc.) are likely to keep the number low." 

PHEVs are scheduled to enter the US market in the 2011-2013 timeframe. They will have an 
all-electric range of ~30-60 miles. For mass-market penetration, a greater all-electric range 
of around 100 miles or more would be needed - underscoring the need to develop higher 
performance battery technologies. Costs must come down, too. Drivers include electronic 
controls, drive trains, and batteries. Lithium-ion battery technology has been developing 
rapidly, though costs are still high and, according to the NAS study, expected to decline only 
by about 35% by 2020. Further technology development will likely reduce costs below these 
levels, as well as increase storage density and reliability, possibly by using alternative 
chemistries to lithium ion batteries. 

Other notable barriers include the need for suitable charging stations or battery exchange 
facilities and consumer acceptance of PHEVs, especially if PHEVs cost more than similar 
functioning hybrid electric vehicles and require daily (or more frequent) recharging. 
Adoption of PHEVs by large vehicle fleets, such as federal, state, and local government 
fleets, may be an appropriate first step to increase adoption. If costs are reasonable. 

The Deep Blue scenario explores the potential impact of fuel switching from gasoline to 
hydrogen for vehicles. Hydrogen vehicle technologies largely follow two paths: direct 
burning of hydrogen In a suitably modified internal combustion (IC) engine or use of 
electrochemical fuel cells (proton-membrane exchange fuel cell [PMEFC]) which, in turn, 
drives an electric motor. Hybrids of electric and combustion processes are also conceivable 
- PMEFC with batteries, for example. It is important to note that hydrogen-based ICs and 
PMEFCs have applications in local point-of-use generation of electricity. It's conceivable that 
ICs and PMEFCs could be used for hot water, lighting, and heating In residential and 
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commercial applications, as well. Studies of the energy efficiency of hydrogen (such as the 
National Academies of Science's The Hvdroaen Economy) find that the hydrogen vehicles 
would not substantially reduce total energy use per mile driven (the "wheels to wheels" 
energy per mile driven) unless the hydrogen were produced from wind or solar power. 

The Deep Blue scenario relies on nuclear power with high temperature electrolysis of water 
to produce hydrogen, with electricity and heat generated from a nuclear reactor. Alternate 
approaches include steam reforming of methane using process heat provided by a very-high 
temperature nuclear reactor, or through a thermochemical cycles, such as the sulfur iodine 
process. Steam reforming of methane is widely used in industry to make hydrogen today, 
and this process is well established. Carbon release from steam reforming of methane would 
compromise emissions gains through the use of nuclear power and is a potential 
showstopper, though carbon capture is not inconceivable. 

Beyond nuclear-based approaches that rely on steam reforming, several technologies are 
envisioned for large-scale or central generation of hydrogen. Coal and natural gas 
integrated gasification combined cycle (IGCC) or natural gas combined cycle (NGCC) plants 
could also serve as a heat source for steam reforming of methane - and for much smaller 
hydrogen generation scales, solar PV or wind could be used for electrolysis. Of these 
sources, only nuclear and renewable-based hydrogen production have a zero-carbon 
footprint, and with the advent of carbon capture and storage (CCS) technologies, central-
station hydrogen production from coal or natural gas plants would have a carbon footprint 
five to ten times smaller than that of gasoline. The price of hydrogen is highly dependent on 
the way hydrogen would be produced and associated emissions from the generating source. 
Thus, today, nuclear-based, as well as NGCC or IGCC with CCS, appear to be cost-
competitive with gasoline, while the higher cost of electricity generated by renewable 
sources is two to five times more expensive. 

At best, hydrogen represents a long-term option. Significant technological and infrastructure 
breakthroughs are needed before it's considered viable. Significant improvement in the 
energy density of hydrogen storage, reductions in fuel cell costs, increased lifetime and 
reliability, as well as cost reductions In hydrogen production are needed. Safety is also an 
important factor. Initially, transportation and distribution of hydrogen would entail transport 
by truck to regional distribution centers, using compressed gas cylinders. Over time, the use 
of hydrogen to fuel vehicles would require construction of infrastructure such as pipelines 
and fueling stations. 

To overcome some of the barriers to adoption of hydrogen fuel for PHEVs, New York State 
would have to work with other states and the federal government to develop requirements 
that drive the market toward new vehicle technologies. In the meantime, fuel efficiencies 
and carbon reductions will be realized through improvements to conventional vehicle 
technologies and greater market penetration of hybrid electric vehicles. 
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Heavy du ty vehicles 

Trucks carry the bulk of freight transport. In New York State, 90 percent of commodities by 
weight are moved by truck, while only 3 percent are moved by rail - a more efficient and 
less GHG-intensive mode. Freight traffic is expected to grow significantly, with a 
concomitant growth in VMT. More-efficient, less GHG-intensive modes of transport are 
clearly needed. In general, there are two ways to reduce HDV emissions: directly reducing 
truck emissions, and shifting freight from trucks to more efficient and less GHG-intensive 
modes. 

The factors that affect truck emissions and efficiency include (1) the nature of the fleet mix 
(the size of the trucks), (2) the fuel-efficiency of the trucks, (3) the operating environment 
(built environment, road conditions, traffic and congestion, etc.), (4) how trucks are 
operated (speed and Idling), (5) the nature of the cargo and truck loading (weight, density, 
containerized vs. open-bed freight, etc.). 

The mix of trucks and their patterns of use are extremely heterogeneous. Efforts to reduce 
emissions should focus on the largest fuel consumers: tractor-trailers and straight trucks. 
Tractor-trailer efficiency improvements should start with retrofits to reduce truck frame 
drag. Estimates indicate that truck retrofit packages (such as aero-cab, front flaring, side 
skirts, rear tail flaring, low rolling-resistance tires) can improve truck efficiency on the order 
of 5-10%. Retrofit packages can be readily adopted for existing fleeting. (The Union of 
Concerned Scientists offers Information on green trucks. Scroll down that web page for a 
link to a study by the technology firm TIAX, Heavv-Dutv Truck Retrofit Technology: 
Assessment and Regulatory Approach.) 

In addition, future truck fleets will rely on advanced truck engine designs, such as hybrid-
electric engines, with an estimated efficiency increase of 7-9%. Adoption of new engine 
technologies will take time, as the market is conservative and fieet turnover is much slower 
than for LDVs: the median lifetime of a HDV is well over 20 years. This implies that the 
penetration of a new technology will take significantly longer in the HDV market than in the 
LDV market. Consideration should be given to policies that may speed adoption of new 
technologies. 

Biodiesel Is the first advanced biofuel in large-scale commercial production. Biodiesel 
produced from domestic soybean oil Is assumed by the EPA to reduce GHG emissions by 
57% compared to petroleum diesel fuel, and the EPA's lifecycle analysis recognizes that the 
GHG reduction could be as high as 85%. (See 
http://www.epa.qov/otag/renewablefuels/420f 10006.pdf. 1 In the US, biodiesel production is 
now expanding rapidly (see 
http://www.biodiesel.org/pdf files/fuelfactsheets/Production Graph Slide.pdn. In 2005, 
production was 75 million gallons; in 2007, 450 million gallons; in 2008, approximately 700 
million gallons. By 2011, 1 billion gallons of biodiesel will be produced. An assessment of the 
resource available to produce biodiesel indicates that feedstock available today could 
produce more than 1.7 billion gallons per year. 
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I n t e r m o d a l 

Convenience and cost are the key factors that determine the mode of transportation for the 
shipment and distribution of goods. In New York State, the predominant method for 
transport of freight is by truck, with up to 90% by weight shipped by truck. Truck 
transportation is the most energy and GHG Intensive modes of the movement of freight. A 
key challenge to reducing GHG emissions in the transportation sector is then to reduce 
emissions from truck transport of freight. This can be most readily accomplished by 
reducing GHG emissions from trucks and/or shifting freight to other modes of transport with 
lower emissions. New York State will have to investigate policy options to bring about modal 
shifts. These would include: 

• Financial assistance to develop more efficient organization of supply-chains, including 
advanced logistics capabilities and optimal positioning of trans-shipment points and 
distribution centers. 

• Increasing fuel and economy standards for trucks, speed limit 
reduction/enforcement, and development of anti-idling policies and electrification of 
rest-stops. 

• The development and adoption of advanced technologies, particularly the 
development of no or low net-carbon bio-diesel fuels and waste heat recovery 
systems to power air conditioning/electronics. 

• Reducing congestion by increasing non-truck modes of transportation; provide 
incentives and build infrastructure to encourage switching from truck to rail or water 
transport. 

Av ia t ion 
Emissions reductions in the aviation sector can come from advances in three areas: 
improved efficiency through advances in technology, development, and adoption of suitable 
bio-derived fuels, and improvements to operations and air traffic management. 

Significant emissions reductions in the aviation system will come from new composite 
materials that result In airframe weight reductions, as well as improvements to engine 
design. For example, as much as 50% ofthe primary structure of the new Boeing 
Dreamliner is made from advanced composite materials. Coupled with advanced engine 
designs, this will Increase fuel efficiency as much as 20% over similar sized aircraft, while 
permitting air speeds characteristic of the fastest wide-bodies, mach 0.85. 

The National Academies'Airports Cooperative Research Program Is examining alternatives 
to fossil fuels, as Is a coalition that includes the Federal Aviation Administration. Industry 
interest in the subject Is growing. Currently, new biofuels - "biojet" are being developed for 
the military. This represents a significant opportunity for reduction of net carbon emissions 
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from the aviation sector if a sufficient supply of biofuels can be developed for wide-scale 
adoption and use. 

Changes to air traffic management are expected to lead to ~10% reductions in fuel use, 
through better management of holding patterns, more efficient take-off and landing 
trajectories, and minimization of suboptimal routes. Switching modes of travel can reduce 
emissions, too. Many short-distance flights could be replaced by inter-city high-speed rail; 
for example, between New York City and Albany, as well as Buffalo. 

Serious Challenge: Electr ici ty Supply 

Electricity generation is currently among the largest sources of GHG emissions and is 
projected to remain so under the BAU case. New York's current electricity generation 
system is a diverse mix of primary energy sources, with about 53% of net generated 
electricity coming from fossil fuel-fired electric generating units. With a diverse resource mix 
and a solid base In renewable energy, the state's electric sector is expected to contribute 
approximately 75.5 million tons of C02e to the GHG emissions inventory in 2050 

The electricity sector presents a serious challenge for a set of reasons: 

o All mitigation scenarios place increased demand on the electricity sector. 

All three 80x50 scenarios assume total electricity demand in excess of 400,000 GWh, a 
50% increase over the BAU case. This is typical of mitigation strategies - for example, 
see the results of the Global Technology Strategy Project. The reasons are several. The 
most important is that it is much easier and more cost effective to manage any residual 
carbon emissions at a central electric generation facility than in highly distributed 
sources like vehicles or buildings. In the 80x50 scenarios, energy demand is driven to 
electricity by the almost complete conversion of the building sector to electricity, the 
substitution of electricity for liquid fossil fuels as an energy carrier In the transportation 
sector (most notably in the Yellow and Ultraviolet scenarios), and a general shift from 
fossil fuels to electricity in the industrial sector. 

The flexibility of electricity as an energy carrier has led to continued growth in its use. 
The electricity sector has been well studied, and many technological improvements are 
made every year. These improvements are quite Important: efficiency improvements in 
the conversion of energy stored in fossil fuels to electricity has a direct impact on the 
capital cost of all electricity generation resources. Even more important, improvements 
in the efficiency of end-uses of electrical energy reduce total demand for electricity. The 
scenarios for each of the major end-uses begin with an assumption of large 
improvements in end-use efficiency, ranging from 20-30%. Generally, it's expected that 
the electric generation sector could be decarbonized more easily than distributed uses of 
energy could be. 
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o Renewable resources within the state are not adequate to meet the challenge. 

The major renewable sources of electric power that are carbon free are wind, solar, and 
hydropower. With the exception of large hydroelectric facilities, these resources are 
distributed: they collect a local resource. Moreover, in comparison with, for example, a 
large thermal electric facility like coal or nuclear, they generate far less energy per unit 
of land. The Yellow scenario includes practically all of the available renewable energy 
resources in the state, and it includes only resources from within the state. The 
renewables are over and above the renewable sources assumed to be integrated with 
buildings. 

Wind is a relatively mature technology, and it's relatively easy to estimate how much 
wind energy is available. The current analysis includes both on-shore and off-shore wind 
resources. On-shore wind deployment is increasing around the worid, but every 
deployment faces challenges. The first is the actual siting of the turbines, which is often 
resisted locally for aesthetic and environmental reasons. Second, wind is an intermittent 
resource and places special demands on the grid, as discussed below. The scenarios are 
fairiy optimistic about success in siting turbines, and they assume wind power's 
straightforward integration into the grid (as estimated In a 2003 study). They also 
assume that the current 873 GWh of wind can be expanded to 42,000 GWh by 2050, 
meeting just over 10% of total projected demand. 

Solar is a far less mature technology in terms of both efficiency of conversion and 
experience with actual installation. The Yellow scenario assumes that 100,000 GWh of 
demand will be met by grid-installed solar (~25% of 2050 demand); currently in New 
York the value is zero. This makes the Yellow scenario quite aggressive in several 
regards. First, this amount of solar energy requires a large amount of land, probably far 
more than is commonly assumed. For the current generation of solar PV sited In New 
York, It would take about 1 % of the area of New York to generate 100,000 GWh of 
electricrty. Second, it requires a massive improvement In the ability to manufacture 
photovoltaic (PV) devices. Most current solar technology is based on silicon, and despite 
large increases in PV cell production, global consumption of silicon for solar applications 
only recently passed consumption of silicon for semiconductor devices such as 
computers. Without low-cost, mass production of solar cells on the scale of products like 
paper or steel, large-scale deployment of solar energy is unlikely. Finally, solar, like 
wind, is an intermittent resource with special requirement for integration with the grid. 

New York has significant hydropower resources, thanks to Niagara/Horseshoe Falls and 
the St. Lawrence Seaway. Further upgrades and expansions, with a small component of 
new dams, could significantly increase electric output to the grid and reduce GHG 
emissions. The Yellow scenario assumes that 10,300 GWh of hydropower will be added 
to the 25,500 GWh, satisfying nearly 10% of projected 2050 electricity demand. 
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In summary, the relatively aggressive goals included in the Yellow scenario, which are 
incorporated in the other two scenarios, meet less than 50% of projected 2050 demand, 
and indeed In the future they may not be met. But other sources of renewable energy 
might improve the prospects of success. The largest is probably offshore wind. In 
addition, full-scale testing of kinetic, in-hver hydropower applications is under way in the 
East River and St. Lawrence River. These projects and maximum build-out were not 
considered in our analysis, but they could add slightly to the total hydropower package 
of emission reduction technologies and strategies. 

o Low carbon-emitting central generation options all entail serious issues. 

The discussion of renewable electrical energy options above underscores the fact that 
demand for central generation of electricity will continue. This demand must be met with 
low-carbon or no-carbon conversion technologies. Currently in New York, large central 
generation relies on fossil fuel and 42,500 GWh of nuclear power. Options considered in 
detail in the scenarios are expanded use of nuclear generation and use of fossil fuels 
with carbon capture and storage (CCS). 

The future of nuclear power generation is uncertain, but nuclear power could satisfy a 
good portion of a future electricity demand or hydrogen production demand (as 
discussed above). All o f the scenarios assume a continuation of the existing level of 
nuclear power generation; each takes a different approach to nuclear. The Yellow 
scenario meets the low-carbon generation option without expanding the current nuclear 
fleet. The Deep Blue scenario assumes expansion of nuclear power generation by 2 new 
plants that would generate 25,000 GWh, not counting the additional reactors required 
for hydrogen generation. The Ultraviolet scenario expands the nuclear supply of electric 
power by 118,000 GWh, meeting a total of 40% of 2050 electric demand with nuclear 
power, comparable to the amount planned by Japan. 

The scenarios do not speak to the resolution of specific issues associated with nuclear 
power. Expanding nuclear power will require substantial capital investments and federal 
loan guarantees. It would require investment in scientific research into and technological 
advances in alternative fuel cycles and nuclear waste management. I t would require 
public acceptance of license renewals for existing nuclear power plants, expansion of 
current plants, and siting of new plants. 

Fossil fuel combustion with CCS is a significant component of all three scenarios, 
accounting for 190,000 GWh of energy in the Yellow scenario, 170,000 GWh in Deep 
Blue, and 70,000 GWh in Ultraviolet. Both coal (IGCC) and natural gas are included in 
differing amounts in the scenarios. While important in implementation, the fuel choice is 
non-substantive in comparison with other challenges associated with CCS. They Include 
efficiency of capture and storage, establishment of storage reservoirs, and construction 
of infrastructure to transport C02 from its point of generation to the point of storage. 
Notably, CCS is not yet commercially available and in fact has not yet been successfully 
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demonstrated on a commercial scale. Moreover, the regulatory scheme that would 
govern it remains to be defined, and the capacity for large scale CCS in New York is not 
presently known. 

Probably the most important CCS challenge is efficiency of capture and storage. The 
scenarios assume a capture efficiency of 90%, with the electricity sector contributing 24, 
13, and 10 MMT C02e for the Yellow, Deep Blue, and Ultraviolet scenarios respectively. 
For the latter two scenarios, which do meet the 80x50 goal, CCS still produces 20-25% 
of total emissions. The improvement of CCS technology to, for example, 99% would 
significantly reduce emissions. 

Storage and transport of C02 present closely related issues. The capacity to store C02 is 
not homogeneously distributed throughout the state. Further, little is yet known about 
the suitability and capacity of those sites to store C02. There will be a trade-off between 
siting of generation sources and siting storage facilities. Certainly, concentrating 
emissions sources near large-capacity storage reservoirs would simplify implementation 
and reduce costs. But it could also further increase the burden on the grid. NYSERDA's 
studies of New York's potential for CCS are important to defining the long-term 
potential. 

Finally, it should be noted that as 2050 approaches, nuclear fusion may become a viable 
zero-carbon source of electricity. The scenarios assume it won't be sufficiently well 
developed to meet energy demand in 2050, but as the State looks beyond its 2050 
target to continuing emissions reductions, this technology may be important. Decisions 
made between now and 2050 can impact its availability in the long run. 

Infrastructure for electricity transmission and distribution must evolve to meet demand 
and other services the grid must provide. 

Fortunately, growing demand for electricity is accompanied by substantial research into 
and development and deployment of new technologies, which are shaping the grid of the 
21^* century - and at a time when capital improvements to New York's aging grid 
infrastructure are needed. The smart grid will deliver substantial benefits: greater 
reliability, enhanced security, "smarter" use of information technology, integration of 
renewable power generation, better storage technology, and sophisticated demand-
management strategies. The ability to manage demand can yield another benefit: 
avoidance of the huge costs of building more power-generating plants. 

The 80x50 scenarios assume three significant demands on the grid. One is the need for 
increased capacity to carry energy. The capacity increases can be met in two ways. The 
most straightforward is to install higher-capacity transmissions lines and to increase 
capacity through upgrades to substations, transformers, and distribution lines. Since all 
three scenarios call for a 50% improvement in transmission and distribution (T8iD) 
efficiency (which contributes as much to emission reductions as all of the hydro 

25 October}. 2010 



Envisioning a Low-Carbon 2050 for New York State 

enhancements), the upgrades will both increase capacity and reduce T&D losses. 
Another method Is changing from conventional T&D lines to high-temperature 
superconductors. This technology both increases capacity and decreases losses, and it's 
already employed in two locations in New York State. However, it's complex to 
manufacture, and manufacturing capabilities must be radically scaled up and costs 
shrunk before it can be widely deployed. 

The second demand on the grid arises from reliance on large amounts of solar and wind: 
their intermittency must be managed and compensated for. As intermittent loads grow, 
this becomes a larger and larger problem. In general, the approach been viewed as a 
question of "what do you do when the sun goes down, or the wind stops blowing?" This 
Implies the availability of a backup energy resource. Because baseload power from 
thermal resources (nuclear and fossil with CCS) performs best if it operates 
continuously, increasingly the view is that energy storage might be the best option for 
intermittent sources. 

Hydro resources have some limited storage capacity, allowing their output to be 
increased when demand grows. However, without "high" dams like those in western US 
states, this storage is limited. NYSERDA is studying the potential of below- ground 
compressed air storage potential in New York. The next step Is to introduce storage 
technology, such as batteries, or in the long run, superconducting magnetic energy 
storage (SMES). This kind of storage has the added value of serving as a convenient 
means of helping to manage transients In the system, as well. Managing storage to 
compensate for intermittency will be greatly enhanced by incorporating information 
technology into the smart grid. 

The smart grid also facilitates another strategy for managing intermittency: demand 
response, in which loss of generation is compensated for by a sophisticated demand-
reduction strategy that targets fiexible and non-essential loads, shutting them off for a 
short period of time. These loads can be at the commercial and industrial level, but 
recent and ongoing demonstrations also show success in the residential sector through 
use of smart meters and smart appliances. 

Finally, the changing mix of end uses on the demand side will alter the temporal demand 
for electricity on time scales ranging from daily to seasonal. In general, this is a design 
and load-dispatch problem. What generation resources do you bring on, when, to 
minimize the cost of generation? To satisfy peaks in demand with the more-expensive 
generation resources and, through pricing strategies, encourage end-users to not use 
resources during peak demand periods? Switching of peaks among seasons, from 
summer peaking to winter peaking, for example, can create resource mismatches for 
resources that may have a strong seasonal variability, such as hydro and solar. 

The scenarios assume the largest new demand will come through vehicle electrification. 
Studies have shown that smart electronics in, for example, PHEVs can manage that 
demand to fill In periods of otherwise lower demand. This allows baseload plants to 
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operate more or less continuously, with consequent greater efficiency. Charging the 
PHEV "appliance" can also become part of the demand-response network used to 
manage intermittency - another benefit of the emerging smart grid. 

Challenge: The Bui ld ing Sector - Residential & Commercial 

A critical challenge to reaching the 80x50 goal is in the performance of residential and 
commercial buildings. Reaching mid-century GHG reduction goals will require that buildings 
function with minimal or no net-energy input (input from the electric grid or from onsite use 
of high-carbon fuels). New residential, commercial and industrial building systems will need 
to significantly reduce, and eventually eliminate, onsite fossil fuel combustion for space 
heating, water heating, cooking, and other needs, and supply electricity through onsite 
generation from low-carbon energy sources. 

The strategy suggested in this vision requires that buildings function with minimal or no net-
energy input from onsite use of high-carbon fuels and that to the extent possible their 
energy demand not be shifted to the grid.. These new residential, commercial and Industrial 
building systems will reduce, and eventually eliminate, onsite fossil fuel combustion for 
space heating, water heating, cooking, and other needs, and will supply electricity through 
onsite generation from low-carbon energy sources. 

The relationship of the building sector to other sectors is a critical aspect of the 80x50 
challenge. These relationships fall within four broad areas: 

o End uses: Residential and commercial buildings represent a growing sector of energy 
demand. This demand is a central part of the standard of living we enjoy. An 
example is the growing use of personal electronics in residences and the 
development of large datacenters that support the new Internet enabled economy, 
particularly the global financial Industry based In New York. The critical first step in 
any carbon reduction strategy will be increasing the end use efficiency of the 
equipment and devices within structures. Reductions of 30% in each electricity and 
natural gas use is rather straightforward through the adoption of more efficient end-
use technologies, such as more efficient lighting, space heating/cooling, water 
heating, computers, and televisions - as well as through the use of modern controls. 

o Structures - A substantial component of the energy demand in the buildings sector is 
for space conditioning. End use efficiency has an important impact on this demand, 
particularly in the commercial sector where the cooling demand created by waste 
heat from devices and equipment. In New York the challenge of structures is 
exacerbated by the fact that much of the building infrastructure already exists. This 
will lead to important challenges in Improvements of the performance of building 
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envelopes and the creation of cost effective retro-fit options for key building systems 
such as windows and increased sealing and insulation. 

Distributed generation - One real option for building is the promise of distributed 
generation. The use of both photovoltaics and passive solar heating as well as the 
exploitation of geothermal resources through such technologies as ground source 
heat pumps offers real promise. The greater the contribution of these technologies to 
both efficiency and meeting electric demand the less the buildings sector will 
contribute demand to the already growing burden on the grid. There are many 
policies options that can help reduce the capital costs barrier could be strong 
enablers of broader adoption of distributed generation technologies in residential and 
commercial sectors. 

Communities and the promise of smart growth - Probably the most important trend 
will be the increased view of the buildings sector as a component of communities. 
Many of the elements above are even more valuable when one considers collections 
of structures and seeks to manage energy for these aggregations. Distributed 
generation for communities can include wind and local biomass conversion for heat 
and power. The community can become part of a micro-grid that not only effectively 
manages the electric demand of the community but also can be the basis of using 
the community as a dispatchable demand response resource for the wider grid. 
Finally, if the communities take on the "smart growth" approach both In new 
construction but also in re-development, the communities themselves can have 
appositive impact on other sectors, most notably transportation. 

There has been extensive work on energy efficiency in buildings, done by the Worid 
Business Council on Sustainable Development, the National Academy of Science, the 
Pew Center on Climate Change, and Lawrence Berkelv National Laboratory, which 
offer key data and insights to the energy savings potential. A difficulty in comparing 
the energy efficiency potential across studies is the variation in methodologies and 
measures within each of them. However, there are some common themes worth 
noting. 
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BOTTOM-LINE ISSUES AND CONSIDERATIONS 

The scenarios that inform the visioning process can be further manipulated to yield more 
insights into interrelationships among mitigation strategies for various sectors. But even at 
present, and the benefit of insights and knowledge gained at the January 5 visioning 
workshop and from yet other sources, it's clear that major decisions are necessary to 
achieve the 80x50 goal. 

Many of those decisions must be made sooner rather than later, as they affect long-lead-
time matters such as infrastructure investments and research and development strategies 
that can help or hinder progress. Moreover, the early adoption of some measures won't 
preclude later adoption of others. Thus, identifying pivotal future decisions and sequencing 
them becomes a serious challenge in Its own right. 

The text below discusses issues that follow from the discussion of serious challenges above, 
and that emerged from the visioning process and other sources. Some concern single 
economic sectors; some span two or more. While it can be difficult to differentiate technical 
issues from policy issues, we've tried: the points immediately below are primarily technical 
in nature; policy considerations follow. 

Technical considerat ions 

o Gains In energy efficiency are critical to achieving a low-carbon future. The scenarios 
don't specify mechanisms, technologies, or practices necessary to achieve these gains, 
but their importance is clear. 

o Very soon, a risk assessment table for critical technologies, such as CCS, nuclear, and 
solar, should to be developed. This table would highlight the barriers to and compare the 
types of uncertainty associated with each technology, facilitating the identification of 
both policy measures and research Investments. 

o Electrification Is an essential strategy, too, and a move to electrification is consistent 
with the energy needs of a 21^*-century economy based on information technology, 
biotechnology and nanotechnology. If New York's demand for electricity nearly doubles 
by 2050, a number of issues arise. For one thing, electrification transcends selecting 
non-carbon emitting central generation technologies and arranging for their siting and 
financing. Demand on transmission and distribution systems will Increase, too. This 
means that ongoing planning for the smart grid and associated technologies must be 
part of the Climate Action Plan strategy. 

And growing demand will alter not only the amount of electricity needed but when 
demand peaks, on timescales ranging from daily to annually. How the load duration 
curve, one measure of changing demand. Is managed wiil be an important part of the 
smart grid. This may include the use of storage to facilitate handling of larger quantities 
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of intermittent renewable resources, and the use of active demand management 
technologies like demand response. 

o Electrification of buildings could create a stranded asset in the gas distribution system. 
The existing Infrastructure for gas and its continued expansion may create a structural 
barrier to the goal of reducing highly distributed point sources of GHG emissions. On the 
other hand, pipelines moving C02 from gas combustion facilities to storage reservoirs 
may be co-located along rights of way, provided they are appropriately located. 

o All scenarios call for the phase-out of fossil fuel generation that free-vents carbon to the 
atmosphere. The schedule for retiring or converting existing facilities thus becomes an 
issue. 

o Similarly, existing nuclear power plants are on the critical path for a future that 
continues to rely on nuclear power. These plants would have to be replaced or re
licensed. If relicensed, it would probably be for a maximum of 20 years; they'd then be 
replaced. 

o Nuclear and/or fossil fuel combustion with CCS, which is largely undemonstrated, are 
important for decarbonization of centrally generated power. Both require long lead times 
and large capital outlays. CCS also requires significant infrastructure for storage, which 
will include site selection and certification as well as some pipeline infrastructure. 
The regulatory scheme that would govern siting and operations of CCS facilities and 
storage locations remains to be defined. 

o The transformation to a hydrogen economy would require a new infrastructure for 
producing and delivering hydrogen to consumers. The development of gas-cooled, high-
temperature nuclear reactors to produce hydrogen would require new plant designs, 
which would require licensure. Safety regulations for transportation and storage of 
hydrogen would also be needed. 

o In our scenarios we've included some technologies that are emerging but not yet 
commercial, such as CCS. Others are unproven, such as large energy storage. We 
omitted nuclear fusion, an unproven technology, and direct air capture of carbon 
dioxide, which is speculative at this time. These all have theoretical potential to help 
achieve the 80x50 goal, but the timeline for making changes requires technologies that 
are in development today, and ready for deployment at scale within approximately a 
decade. The current International roadmap for fusion would have the first demonstration 
reactor online In about 2040. 

o The scenarios assume complete success; for example, total conversion of the building 
sector to electricity, or to net-zero carbon emissions. Inevitably, there will be "leakage," 
which will place further limitations on emissions from other sectors or technologies. 
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Renewable resources play a major role in all three scenarios. But even with expected 
gains in renewable energy technology efficiencies, the state's renewable resources can't 
meet all of projected future energy needs. And, distributed resources used on a large 
scale would require large tracts of land for solar arrays, wind farms, and biomass 
cropping. The scenarios assume all renewable resources would come from within the 
state. This is consistent with the State's desire to develop its own resource and energy 
industry. But out-of-state renewable resources could be used, too, and perhaps In some 
cases more cheaply. Opening the market could take pressure off in-state only resources. 

Sustainable biomass is a limited resource. What's the best allocation for its use? Should 
it be used for transportation (as in our scenarios), to heat buildings, or for power with 
CCS, which could create a carbon sink? 

The grid-installed solar electric assumption in the scenarios is quite optimistic and may 
not be met without significant energy conversion improvements in photovoltaic panels 
and systems. Distributed solar awaits gains in scalability, reductions in cost, and the 
creation of large-scale installation capabilities. The scenarios don't Include some 
renewable technologies that may be fungible and that could help reduce emissions, such 
as geothermal and hydrokinetic energy sources. 

The transportation sector is an extremely large, diffuse source of GHG emissions. Ail of 
the scenarios largely call for eliminating gasoline and diesel as energy carriers and 
replacing them with bio-fuels, hydrogen, or electricity. The sector is diverse, with each 
of the subsectors - light duty vehicles (LDV), heavy duty vehicles (HDV), mass transit, 
and aviation - having its own special needs. Key issues Include these: 

— Transportation options create an infrastructure demand that must be accounted 
for in planning. The current network of fueling stations for LDV and HDV is pervasive, 
with one or more fueling station in virtually every community and neighborhood in 
the state. Pushing vehicles to electricity adds demand to the distribution system, 
while a hydrogen-based vehicle system would necessitate replacement of key 
components of this extensive refueling network. 

— the specifics of how to reduce VMT aren't addressed in the scenarios. They're 
Important: e.g., reducing VMT means increased demand on and expansion of mass 
transit, as well as potential impacts on community design, development, and 
redevelopment. 

-- Significant improvements in vehicle fuel efficiency are important to the mitigation 
scenarios. Whether national standards will be sufficient to drive this change is 
questionable. 

o The state's residential and commercial sectors are a major source of emissions, and 
the scenarios call for substantial improvements in energy efficiency and the source of 
energy used for space conditioning, hot water, and cooking. At the January 
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workshop, the point was made that many building professionals have little concept of 
how much buildings contribute to GHG emissions, and how little it costs to mitigate 
them. New York City's new Green Codes, a major effort commissioned by the Mayor 
and City Council Speaker, may offer a useful guide for other cities in the state, for 
starters. 

But even if all building owners, managers, and tenants were committed to greening 
the existing building stock, the workforce needed to Install energy retrofits may not 
be adequate to the job: training may be required, along with financing schemes that 
facilitate retrofits. 

o Al! three scenarios assume use of distributed renewable energy in the building 
sector. This resource is over and above transmission-connected resources accounted 
for In the electricity sector. The Deep Blue and Ultraviolet scenarios call for the 
residential sector and commercial sector to be zero emissions, not net-zero. If the 
strategy evolves to a net-zero standard, other emissions not accounted for in the 
scenarios will have to be offset. 

o Serious methodological questions must be addressed. For example, how well 
understood are interconnections among complex physical systems—the networks of 
energy Inputs and feedback loops—that drive emissions? That link energy use and 
water use? Should estimates of GHG emissions include embedded energy, which 
produces emissions beyond the state's borders? How far should lifecycle analyses 
go? 

o With a goal of 51 MMT C02e, even small sources of emissions become important. 
Emissions reductions strategies for several sources (e.g. asphalt production, SF6 
leakage, etc.) are not immediately clear. Work is needed to develop strategies for 
management of emissions from all sources. 

o Interdependencies. The interdependencies, and consequent vulnerabilities, of 
transportation, water, energy, and communication systems have direct 
consequences for system performance and thus for climate change adaptation and 
mitigation. System managers and operators must be helped to understand and 
manage those interdependencies. 

Pol icy considerat ions 

o Incipient policy conflicts and synergies. The Climate Action Plan has pervasive 
ramifications for the state's economy and social fabric. Many existing State policies 
may facilitate or hinder achievement of the 80x50 goal. Policies made by other states 
and the federal government can affect New York's ability to pursue its chosen path. 
For example interstate commerce (tourism, freight, and aviation) is shaped by 
federal policy. Large-scale renewable energy involves significant land-use choices, 
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for siting of wind and solar facilities and use of biomass resources; local choices and 
policies may affect the State's ability to meet its renewables goals. 

Policy gaps. What regulatory scheme will be required to cover the siting for CCS 
facilities, pipelines, and storage sites, and the permitting of CCS operations? For gas-
cooled, high-temperature nuclear reactors that would produce hydrogen? For new 
technologies yet to emerge? Designing and implementing regulatory "infrastructure," 
so to speak, might be no small undertaking in Its own right. 

The need for partnering. Related to policy confiicts and synergies Is the great need 
for partnering among all levels of government and between the public and private 
sectors, with regional collaboration being a point strongly urged at the January 5 
workshop. The inclusiveness and openness already demonstrated by the NYS Climate 
Action Council and the State's many other climate and energy initiatives, including 
the State's aggressive partnering with local governments through the Climate Smart 
Communitv Pledge, augurs well for this. Obviously, close partnering with the 
business community will remain a long-term necessity. 

Long-term consequences of near-term decisions, and lack of decisions. Decisions 
made, and not made, about matters that require long lead times, such as major 
infrastructure projects, and that have long-term consequences, such as land-use 
policy and a commitment to CCS, cast long shadows into the future. Whatever the 
choice of low-carbon sources of electricity (CCS, nuclear, solar) and of energy carrier 
for transportation (electricity or hydrogen), the electricity sector must plan for the 
expansion of the grid and improvement of transmission and distribution. Some early 
actions, such as improving energy efficiency, have value regardless of other choices 
made; others may have value only in relation to specific choices of technology, such 
as development of CCS infrastructure. It's important to remember that achieving a 
low-carbon future requires a portfolio of actions, and that "easy" decisions aren't 
substitutes for hard ones. 

The rate at which policies drive change matters to success. But this important factor 
is difficult to manage. The Climate Action Council is working in a field in motion, as 
technologies evolve, economic conditions change, and other parties, including the 
federal government, make decisions that have consequences for New York. 

Stranded capital Investments. Practically all energy-related technologies require both 
infrastructure and capital investment from the private sector, and those investments 
are generally large. If they are foreclosed because of decisions that support the 
80x50 goal before they've delivered a full return on Investment or reached the end of 
their useful lifetimes, the result will be stranded capital investments - both a major 
hidden cost of carbon mitigation and a source of resistance to future change. 

Investments by the State. The current performance of many technologies assumed 
by the mitigation scenarios - such as PV, offshore wind, large-capaclty/low-cost 
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batteries, PHEVs, CCS, zero-energy commercial buildings and LEDs - is Inadequate 
to meet the 80x50 goal. Those technologies will require investment to boost 
performance. Sources like DOE-National Lab Roadmaps and the National Academies' 
study, America's Energy Future, identify step-function improvements in technology 
and major investments in infrastructure needed to achieve a low-carbon economy. 

Motivating change. The scenarios make no explicit assumptions about individual 
behavior. How to motivate individuals to modify their energy consumption and 
patterns of use, drew considerable interest at the January workshop, and warrants 
the attention the State Climate Action Council. 
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CODA 

Insidiously, carbon emissions are cumulative: they persist In the atmosphere for up to 
thousands of years. This means that as levels of emissions grow, reducing them to levels 
deemed acceptable becomes ever harder. And because New York is already more energy-
efficient than most states, reducing emissions from what is already a low baseline is harder, 
still. 

Against this physical reality, the momentum of business as usual is not to be 
underestimated: it's one of the most powerful forces in the world. And yet, the nature of 
business as usual continually evolves. The "installed base" of current energy technologies 
represents trillions of dollars in sunk costs and powerful special interests. Fossil fuels are 
cheap, abundant, and convenient. Options for scaling up alternatives to them, affordably, 
are not yet In hand. Yet history tells us that technologies, and markets, continue to change. 
The brutal realities of fiscal deficits are certain to constrain important efforts to achieve the 
80x50 goal. And yet they also make the very real economic opportunities generated by that 
goal even more compelling. 

Notably, the assets and advantages that the State enjoys can be game-changers, too. 
Executive Order 24 is soundly and sensibly conceived. The Climate Action Council's 
approach to its task is exemplary. It enjoys the benefit of committed top-down leadership; 
many motivated state employees who possess technical expertise, policy savvy, and Insight 
into how government and the political system work; a broad-spectrum approach that 
engages a large number of committed stakeholders in the NGO and private sectors; and a 
deep commitment to achieving environmental justice. 

Crucially, the Council is rapidly gaining insight Into the staggering magnitude of the 
challenge it has been tasked to address and the nature of the strategies it can employ. 

Over coming decades, New Yorkers - long celebrated for being tough, resourceful, and 
creative - may well prove to be the equal of the 80x50 challenge. Every megaton of GHG 
emissions avoided will be a gain, and the societal and economic transformation achieved in 
vigorous pursuit of sustainability will create a future for our children and grandchildren and 
generations beyond that is better than the present we inhabit. 
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APPENDIX A 

Supplemental I n fo rma t i on on Methodology & Data Sources 
for the Baseline Forecast of Energy Demand 

and the "Business as Usual " Case 

The input to the macro coupled-sector modeling is the baseline projection for energy 
demand by sector and fuel type in 2050. These values were estimated by a constant growth 
(% per year) extension of the modeling conducted In the development of the New York 
State Greenhouse Gas Emissions Inventory and Forecast for the 2009 State Energy Plan, 
which estimated the GHG emissions by sector and fuel type to 2025. 

Forecasts of petroleum and coal use for residential, commercial, industrial, and non-highway 
transport sectors were based on U.S. Energ'y Information Administration (EIA) forecasts for 
Mid-Atlantic fuel demand, along with natural gas projections provided by Energy and 
Environmental Analysis, Inc. (ref: Energy Demand and Price Forecast, 2009 State Energy 
Plan). 

Forecasts for fuel use for the electricity sector and net imports of electricity were based on 
output from ICF International's Integrated Planning Model® (IPM), an electricity sector 
modeling software used to support the development of the 2009 State Energy Plan. Energy 
demand by sector and fuel type was modeled to 2025. From 2025 to 2050, a constant 
annual rate of growth or decline was assumed. In addition, emissions projections for 2025 
and 2050 are also estimated and presented in Table 2 above. These projections include 
estimated emission reductions due to RGGI and partial implementation of New York's 15x15 
energy efficiency ooal. 

Forecasts of NYS vehicle miles of travel (VMT) were estimated from historical NYS 
Department of Transportation VMT data f https://www.nysdot.Qoy/diyisions/policy-and-
strateov/darb/dai-unit/ttss/repository/vmt O.odO. NYDOT estimates that VMT will continue 
to grow at a 1.1% per year growth rate out to 2030, and Is assumed to grow at this pace to 
2050. The annual rate of growth of VMT was 2.5% between 1975 and 1990, and 1.7% 
between 1990 and 2005 (See Strategies for a New Age: New York State's Transportation 
Master Plan for 2030.) On-highway diesel and gasoline fuel use was based on NYS VMT 
along with the Department of Energy's Energy Information Agency-projected vehicle 
economy, and was the basis the estimate of emissions from the transportation sector. 

Finally, non-fuel combustion GHG emission forecasts for the industrial sector were based on 
the projected growth of New York industries. These forecasts were created using Policy 
Insight® version 8.0, macroeconomic modeling software from Regional Economic Models 
Inc. Estimates for emissions from hydrofluorocarbon (HFC) refrigerant substitutes are scaled 
from EPA projections for national emissions by New York State's relative use of air 
conditioning, refrigerators, and freezers. Emissions from electricity transmission and 
distribution were assumed to continue to decline, following the long-term historical trend. 
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A more detailed explanation of the forecasting methods can be found in the NYS State 
Energy Plan Energy Demand and Price Forecast Assessment. GHG emission forecasts are in 
large part based on these energy-use forecasts. A more detailed explanation of the sources 
and methodologies for GHG emissions can be found in the New York State Greenhouse Gas 
Emissions Inventory and Forecast for the 2009 State Energy Plan. 
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Appendix G 
Electric Vehicle Workgroup Report 

Background^ 
The transportation sector currently produces 39.5 percent of New York State's combustion-based 
inventory of greenhouse gases (GHGs). The gasoline-fueled light-duty vehicle sector is 
responsible forthe vast majority of those emissions. Plug-in electric vehicles (EVs), plug-in 
hybrid electric vehicles (PHEV), and fuel cell vehicles (FCVs) powered by hydrogen derived 
from electrolysis, offer the potential to displace a significant portion of this petroleum 
consumption by using electricity for all or portions of vehicle trips. If this electricity has a low-
or near-zero carbon intensity, the carbon footprint from this segment could be nearly eliminated. 

The New York Climate Action Council established five Technical Working Groups representing 
key sectors ofthe economy. Each Technical Work Group was tasked with providing technical 
analysis and developing policy options for GHG reductions in each sector. The GHG reduction 
potential of electrically powered vehicles will be influenced by the policies developed in three 
sectors: Transportation and Land Use; Power Supply and Delivery; and Residential, 
Commercial/Institutional, and Industrial Buildings and Infrastructure. The cross-sector Electric 
Vehicle Subgroups was established to identify how transitioning to a high penetration of grid-
powered vehicles would affect muUiple economic sectors and to establish, where possible, a 
consensus on a comprehensive transition strategy for all sectors. 

The Approach 
The Cross-Sector subgroup consisted of members from the Transportation and Land Use, Power 
Supply and Delivery, and Residential, Commercial/Institutional, and Industrial Technical Work 
Groups. The approach used was: (1) segment the flow of electricity from source to vehicle into 
five stages; (2) identify the questions and issues in each segment that need to be addressed to 
achieve significant market penetration of plug-in vehicles with maximum GHG reductions; and 
(3) research the issues, establish findings, and describe strategies or approaches that address the 
issues. Where appropriate, the group made an attempt to identify mid- and long-term issues. 

In addition to the individual sector perspective and expertise ofthe Technical Work Group 
members, the group invited participation and presentations from several outside sources. These 
included vehicle manufacturers Ford and Tesla and a manufacturer/supplier of charging station 
infrastructure. 

' This report was developed by representatives from the Climate Action Council's Transportation and Land Use 
(TLU), Power Supply and Delivery (PSD), and Residential Commercial/Institutional, and Industrial (RCI) Technical 
Working Groups. The report describes cross-sector issues and policies associated with a transition to electric-grid-
powered vehicles. 

^ Subgroup Members; Richard Drake (NYSERDA), Eleanor Stein ( NYS DPS), Matt Fronk (RIT), Jamie Van 
Nostrand (Pace University), Joe Oats (Consolidated Edison), Steve Cornell (NRG Energy), Kerry-Jane King 
(NYPA), Carol Murphy (ACE NY), John D'Aloia (NYS DPS), Steven Tobias (National Grid), Matt Nielsen 
(General Electric), Dave Coup (NYSERDA), John Zamurs (NYS DOT), and David Gardner (NYS DEC). 
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Summary 

General: A top priority should be an in-depth analysis ofthe coincidental overlays of: EV-
charging load profiles; future intermittent and non-dispatchable generation growth in New York 
State; and projected residential, commercial/institutional, and industrial electrical load growth in 
the state. The findings in this appendix are based on available analysis as referenced in the 
report. 

Power Supply—Generation 

• Through the mid-term (2025), New York State has adequate generation capacity to 
accommodate the maximum (30 percent) anticipated penetration of EVs and PHEVs. 

• "Smart charging" to minimize grid impacts will be necessary. 

• New York's current off-peak generation mix provides PHEVs significant GHG reductions, as 
compared to conventional vehicles. However, to maximize GHG reductions, the transmission 
grid will need to be near carbon-free. 

• Through the mid-term (2025), the state's transmission grid has adequate capacity to 
accommodate the maximum (30 percent) anticipated penetration of EVs and PHEVs with 
smart charging. 

Distribution 

• Near to mid-term: Local distribution (transformer) upgrades are likely to be necessary. 

• Longer term: The large number of EVs requiring quick charge may require local storage. 

• Business models, policies, and regulatory actions encouraging smart charging and allowing 
third-party sale of electricity may be necessary. 

Infrastructure 

• Building codes addressing Level II and Level III charging in new residential and commercial 
garage construction will significantly reduce costs. 

• Building codes that address garaging hydrogen-fueled vehicles should be part ofthe long-
term solution. 

• Policies and regulafions should encourage the development of a variety of business models 
for charging/refueling (battery swap, etc.). 

Vehicles 

• PHEVs, EVs, and FCVs demonstrating acceptable performance are a reality. 

• Vehicles deriving their fuel from the electric grid are likely to become a cost-effective means 
of achieving carbon-free mobility. 
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• Near term: Incentives will likely be necessary to induce adoption. Gas may need to reach 
$4/gallon and research and development (R&D) will be needed to improve performance and 
reduce cost before EVs and PHEVs are economically compelling without incentives."^ 

• Near- and mid-term: Battery vehicles will predominate. The advantages of FCVs having 
greater range, performance, and quick fill together with lower vehicle cost may compel 
commercial fleets initially and later private vehicles to invest in localized hydrogen 
infrastructure based on electrolysis from off-peak carbon-free grid power. 

Table G -1 . Electr ic Gr id Powered Veh ic le—Cl imate Pol icy Issues by Category 

^ : f Inf rastructu re;-f' 
?^(Buildlng8 and^^ .-

Vehiclef+fEnd-User 

A-1: How much 
generation is 
needed to meet 
the new load? 

A-2: What COje 
intensity is 
required to 
achieve 80 by 
50? How do we 
achieve it? 

A-3: What is the 
desired load 
shape for EVs to 
minimize the 
carbon intensity 
of required 
generation? 

B-1: Do we have 
sufficient 
transmission 
capacity to meet 
the new load? 

B-2: Does this new 
load create any 
major reliability 
issues (e.g., 
stability, thermal, 
voltage)? 

B-3: Are there 
transmission-level 
investments that 
would reduce the 
carbon intensity of 
an EV load? 

C-1: Do we have 
sufficient 
distribution 
capacity to meet 
the new load? 

C-2: Does this new 
load create any 
major reliability or 
infrastnjcture cost 
issues (e.g., 
stability, thermal, 
voltage)? 

C-3: Are there legal, 
regulatory, or 
policy actions that 
could reduce 
transaction 
obstacles and 
accelerate a 
transition to 
electrified 
transportation? 

C-4: Who should pay 
for any required 
upgrades? The 
individual 
beneficiary or the 
rate base? 

C-5: Will fast-fill 
fueling require 
distribution-scale 
stationary energy 
storage (hydrogen 
or electric)? 

D-1: What charging 
inft-astructure/ 
strategy is 
needed? 

D-2: Are changes 
necessary in retail 
electricity rate 
structures? If so, 
how should they 
be changed? 

D-3: V\/hat kind of 
advanced 
metering Is 
needed? 

D-4: What land-use 
issues need to be 
addressed? 

D-5: What kind of 
consumer 
education is 
needed? 

D-6: How do we bring 
upfront costs down 
for consumers? 

D-7: What codes and 
standards need to 
be 
created/updated? 

E-1: What charging 
technologies are 
needed (e.g., 
smart charge)? 

E-2: What battery 
technologies are 
most suitable for 
this application? 
Are they available 
and cost-
effective? 

E-3: What vehicle 
platform(s) seems 
the most viable? 
Can EVs meet 
driver needs, or 
will we need fuel 
cellorbio-PHEVs 
to meet range 
requirements? 

E-4: Who will service 
these vehicles? 

E-5: What is the rate 
of advanced low 
cartDon vehicle 
introduction 
needed to meet 
80 by 50? How do 
we get more cars 
"in the pipeline"? 

E-6: How do we bring 
upfront costs 
down for 
consumers? Are 
incentives 
required to 
overcome the 
high cost of 
electric vehicles? 

80 by 50 = 80percent reduction in carbon from 1990 levels by 2050; CO2 = carbon dioxide; EV = electric vehicle; 
PHEV = plug-in electric vehicle. 

^ Transitions to Alternative Transportation Tec/ino/og/ej, National Academy of Sciences, 2010. 
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Strategies 

A. Power Supply: Generation 

A-I How much new generation is needed?"^ 

New York's electric supply is sufficient to meet electric vehicle megawatt (MW) requirements in 
the near-to-mid-term (2025). According to a National Renewable Energy Laboratory study, "a 50 
percent penetration of PHEVs would increase the per capita electricity demand by around 5-10 
percent, while increasing total electrical energy consumption (but without requiring additional 
generation capacity)." However, an increased proportion of low- or zero-carbon generation to 
displace traditional fossil plants must be brought on line to meet the 80 by 50 goal. This assumes 
that smart charging will be implemented as grid-fueled vehicle penetration grows. It may be 
necessary for public policy or rate structures to provide incentives and disincentives to 
implement adoption. 

• Strategy: Near-term and long-term continued support of R&D for renewable technologies, as 
well as methods to reduce carbon from fossil sources; continued financial incentives/rate 
structure to encourage low-/zero-carbon generation and off-peak, valley filling charging. 

A-2 What electric grid carbon dioxide (CO2) intensity is required to achieve 80 by 50? 

The nation has experienced a significant increase in the carbon intensity ofthe grid over the past 
20 years. Therefore, for the United States to achieve an 80 percent reduction in carbon from 1990 
levels by 2050, the country must cut its current rate of 5.8 billion tons COi/yearto 1 billion 
tons/year. This equates to approximately a 4 percent reduction each year for the next 40 years. 

The carbon intensity ofthe grid varies significantly as a function of grid load, with off-peak 
power having the lowest carbon footprint. In New York, the electric grid is responsible on 
average for approximately 800 pounds (lb) of CO2 for every MW produced. At this level of 
intensity, an all-electric car typically produces approximately 0.3 lbs. of CO2 per mile while a 
convenfional vehicle getting 26 miles per gallon (MPG) produces 0.77 lbs. CO2 per mile. 
Therefore, with today's generation mix, an electric vehicle provides on average a 61percent 
reduction in CO2. With the current generation mix, New York State would be unable to achieve 
the 80 by 50 goal, even if elective vehicles were used for all travel. While off-peak power is less 
carbon intense and "smart (off-peak) charging" has the potential to provide some benefit in the 
near term, a high percentage of grid-powered vehicles and a near-zero carbon footprint from the 
electric grid will be required in order to achieve the 80 by 50 goal 

• Strategy: (I) Develop technologies (energy storage, smart charging) and policies (EV electric 
rates) that promote vehicle charging at times when the carbon intensity ofthe grid is lowest 

" EPRI/NYSERDA, Grid impact of PHEVs, 2010; NREL, An Evaluation of Utility System Impacts and BenefUs of 
Optimally Dispatched Plug-In Hybrid Electric Vehicles, Oct. 2006; PNNL, Impacts Assessment of Plug-In Hybrid 
Vehicles on Electric Utilities and Regional U.S. Power Grids, 2007. 

^ Intemational Energy Agency, "CO2 Emissions from Fuel Combustion - Highlights," 2009; U.S. DOE, Annual 
Energy Review, Table 12.2, 2009; CARB, 2050 Greenhouse Gas Emissions Analysis: Sta^Modeling in Support of 
the Zero Emission Vehicle Regulation, 2009. 
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(i.e., off-peak). (2) De-carbonize the grid to the greatest extent possible. Achieving more than 
a 60 percent reduction in vehicle-mile carbon intensity from EVs will require a grid with a 
much lower carbon footprint. 

A-3 What is the desired load shape for EVs to minimize the carbon intensity of required 
generation? 

EV charging should move to off-peak charging. Conversely, charging immediately upon 
returning home (4-6 p.m.) should generally be avoided, as this could compete with other 
electrical loads. Furthermore, moving charging to overnight hours would correlate with the 
production profile of zero-carbon wind resources in New York (as well as base-loaded hydro and 
nuclear power). 

• Strategy: Create an electricity rate structure with incentives for EV owners to charge during 
off-peak hours, with the highest incentives during overnight hours. 

B. Transmission 

B-1 Do we have sufficient transmission capacity to meet the new load?^ 

The transmission system will not require added capacity specifically for EV charging because 
PHEV vehicle adoption is not anticipated to seriously affect generation (MW of supply). 

• Strategy: This assumes smart charging and other strategies to shift demand from peak hours. 
Otherwise, no specific strategy is required, assuming upgrades to the transmission system 
due to expected load growth outside of EV. 

B-2 Does this new load create any major reliability issues (e.g., stability, thermal, voltage)?^ 

System reliability could be reduced as a result of a high utilization scenario, as less reserve 
capacity is available. With smart charging, reliability issues are not expected. With further 
advancements in vehicle-to-grid (V2G) technology, it is possible that vehicle storage may 
provide benefits to transmission system reliability. While it appears that PHEVs are much better 
suited to support short-term ancillary services, such as regulation and spinning reserve, a large 
fleet of PHEVs could replace a moderate percentage (perhaps up to 25 percent) of conventional 
low-capacity-factor (rarely used) generation used for periods of extreme demand or system 
emergencies. Overall, the ability to schedule both charging and very limited discharging of 
PHEVs could significantly increase power system utilization. 

^ NYISO, "Altemate Route: Electrifying the Transportation Sector." June 2009. 

' KEMA, Assessment of Plug-in Electric Vehicle Integration with ISO/RTO Systems, report for ISO/RTO Council; 
PNNL, Impacts Assessment of Plug-In Hybrid Vehicles on Electric Utilities and Regional U.S. Power Grids, 2007. 
(Note: KEMA is not an acronym, it is the name of an intemational testing and certification company.) 

* PNNL, Impacts Assessment of Plug-In Hybrid Vehicles on Electric Utilities and Regional U.S. Power Grids, 2007; 
NREL, An Evaluation of Utility System Impacts and Benefits of Optimally Dispatched Plug-In Hybrid Electric 
Vehicles, Oct. 2006 
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• Strategv: Adopting "smart charging" systems that recognize grid emergencies could mitigate 
the extent and severity of these events. Confinue R&D into V2G technology. Explore 
financial incentives for providing grid support. 

B-3 Are there transmission-level investments that would reduce the carbon intensity of an EV 
load? 

The issues of vehicle range, fueling infrastructure, and cost will be challenging. Quick-charge 
(Level III) electric charging may require stafionary storage or other upgrades. Range issues can 
be overcome with FCVs; however, quick-fill public hydrogen infrastructure would require a 
major investment. A third option, hybrid bio-PHEV, may be the easiest pathway on the vehicle 
side; however, low-carbon cellulosic ethanol is not yet a proven option. 

• Strategy: All ofthe above opfions should be developed; all may be needed to meet the variety 
of duty cycles, first cost versus operating cost constraints, and user needs. In all cases, 
continuous improvements in vehicle technology will be needed, together with significant 
long-term infrastructure investment. Public policy should be technology-neutral and, in the 
near term, focus on low-carbon vehicle incenfives, such as feebates for low-carbon vehicles 
and tax credits and buy-downs for fueling infrastructure. 

C. Distribution 

C-7 Do we have sufficient distribution capacity to meet the new load? 

To achieve the penetration rates required by the 80 by 50 target, some distribution system 
upgrades will undoubtedly be needed. Because of clustering and a slower penetrafion rate of pure 
battery versus PHEV, current analysis indicates that upgrades involving distribution transformers 
and customer service - not primary feeders or transformers - will be needed at a local level. 
Impacts can vary greatly from system to system. Some distribution systems have a ratio of 
customers to service transformers as low as 2 to I, while others, such as Rochester Gas and 
Electric, have ratios of 9 to I. This will resuh in different impacts on the distribution systems in 
different distribution systems. In systems that are largely underground, there is some potential 
for underground cables and transformers to have inadequate cool-down periods at night, should 
significant load be shifted to off-peak nighttime periods on feeders that are highly loaded during 
the day. So, although the load growth rate is generally expected to be within the normal bounds 
of planning activities and load growth, there will be situations requiring special consideration 
and study. 

• Strategies: Smart charging, load shifting, and stationary storage ail have the potential to 
mitigate most ofthe anticipated problems for the next decade. 

^ EPRI/NYSERDA, Analysis of Grid Impact of PHEVs in New YorkState. 2010; Quanta Technology, "Thoughts 
and Opinions on the Impact of Plug-in Hybrid Electric Vehicles," 2008. 

G-6 



New York State Climate Action Council 
Interim Report 11-9-10 

C-2 Does this new load create any major reliability or infrastructure cost issues (e.g., 
stability, thermal, voltage)? 

As noted in B-2, (transmission), distribufion reliability issues are not expected with smart 
charging. With further advancements in V2G technology, it is possible that vehicle storage may 
actually provide benefits to distribution system reliability. 

• Strategies: Financial incenfives for desired market transformation and disincentives for 
unwanted behavior will be necessary to accelerate low-carbon vehicle market penetrafion. 
Infrastructure investment will also be a necessary element and may require adjustments in 
public policy and public investment. 

C-3 Are there legal, regulatory, or policy actions that could reduce transaction obstacles and 
accelerate a transition to electrified transportation? 

• Strategy: Consider revised tariffs in New York that would allow charging infrastructure 
providers to resell the electricity they purchase from ufilities. 

C-4 Who should pay for any required upgrades? The individual beneficiary or the rale base? 

It could be argued that the advent of PHEVs is similar to the widespread adoption of air 
conditioning in the 1960s. The ufilities incorporated this new load as a part of their normal 
planning process, and the cost was added to the rate base. 

• Strategy: Costs should not be bome by individual customers. A preferred alternative is to use 
revenue derived from a broader base to cover the cost of upgrades specific to the supply of 
electricity for plug-in vehicle charging. 

C-5 Will fast-fill fueling require distribution-scale stationary energy storage (hydrogen or 
electric)? 

• Strategy: Since fast-fill charging is likely to be required by a user at a time other than off-
peak hours, purchase ofthe stationary electrical storage may be necessary to minimize 
negafive grid impacts and allow the ufilizafion of excess renewable electricity generated in 
off-peak times. 

D. Infrastructure (Buildings and Facilities) 

D-1 What charging infrastructure/strategy is needed? 

It seems generally accepted (and reinforced with surveys, PlaNYC, Electric Power Research 
Institute, etc.) that the most important locations for charging infrastructure are those facilities 
where vehicles are parked routinely for extended periods, such as home garages or places of 
work. New business models together with communication and transaction protocols will need to 
be standardized to allow smart charging that benefits the grid and consumer. 

There are potential legal and regulatory barriers or policy choices related to the introduction of 
electric vehicle charging facilities on private premises and for public use. Under current New 
York law, all sellers of electricity to end users are electric corporations subject to Public Service 
Commission (PSC) regulafion over rates and practices. New York has three overall options: (1) 
New York state could exercise this jurisdiction to set prices for EV charging that encourage 
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electric car consumpfion and ensure off-peak charging to minimize grid impact (the Michigan 
approach); (2) the state could lightly regulate or forbear from regulating EV charging, to 
encourage new entrants and competition (the California approach); or (3) the state could amend 
its laws to deregulate enfirely the sale of electricity as a motor vehicle fuel (to open the EV 
charging market completely, without any governmental oversight as to price and conditions, 
while safety and reliability restrictions would remain). Each approach has its own advantages, 
costs, and risks, and the policy and legal discussion is ongoing. 

• Strategies: First priority: Standardize physical interconnections (plugs, voltages, etc.) and 
communications protocols. Second priority: Pursue public policy and regulatory actions that 
support the development of business models that allow the sale of electricity by third parties 
(non-utility), aggregafion of loads for business transacfions, private and public investment in 
publicly accessible vehicle charging, and development and deployment of standardized 
quick-charge (Level III) technology. 

D-2 Are changes necessary in retail electricity rate structures? If so, how should they be 
changed? 

California's Public Ufilities Commission has established special rates for EV charging and off-
peak use. Remote-controlled charging could also occur by allowing customers to charge their 
vehicles at any location and be billed for the energy at a rate determined by the location ofthe 
vehicle, rather than at a residential rate. 

• Strategy: Establish EV electric rates that encourage vehicle charging load growth that is 
consistent with minimized negative impact on the grid and that provides posifive economic 
incenfives to consumers. PHEV-specific dynamic pricing may be one way to introduce 
dynamic pricing to consumers while minimizing adverse customer reaction with regard to 
existing retail loads. 

D-3 What kind of advanced metering is needed? 

Using advanced meters, vehicle charging would be one of several home energy uses that could 
be managed through automation. Even simple time-of-use residential meters could provide 
customers with the incentive and the ability to manage their energy use for charging PHEVs. 

• Strategy: Advanced metering will be required to enable consumers to benefit from favorable 
electric rate structures. Ufility specifications and business models will determine meter 
specifications. PSC tariffs allowing rate-base recovery of additional costs specific to EV 
charging as opposed to unique customer cost may be helpful. 

D-4 What land use issues need to be addressed? 

• Strategy: Provide preferenfial parking, high-occupancy vehicle lanes, and lower tolls for low-
carbon vehicles. 

KEMA, Assessment of Plug-in Electric Vehicle Integration with ISO/RTO Systems, report for ISO/RTO Council 
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D-5 What kind of consumer education is needed? 

• Strategy: Produce television, newspaper, and web site information for consumers similar to 
the current New York Slate Energy Research and Development Authority media campaign 
promoting change-out of incandescent lighting to compact fluorescent lamps. 

D-6 How do we bring upfront costs down for consumers? 

• Strategy: See D-2 and D-3. 

D-7 What codes and standards need to be created/updated? 

Vehicle charging communications has received some support from automakers because it could 
allow for a single industry standard for recharging mechanisms to meet the needs ofthe electric 
utility system. Automakers would prefer to see a single vehicle standard that could be universally 
implemented, as opposed to a patchwork of standards and technologies across state boundaries or 
ufility service territories. 

The addition of Level II charging infrastructure to an existing building can typically cost $3,000, 
which can be an impediment to sales. When charging infrastructure is incorporated in new 
construction, the cost is $300. 

• Strategy: Develop standards that are compatible with smart-grid/smart-charging Level III and 
building codes that require conforming circuitry in both residential and commercial new 
garage construction. This will enable lower-cost market penetration and safer/more reliable 
service. Policy and regulafions should encourage standardizafion of vehicle charging 
interfaces at the regulated utility level and with vehicle manufacturers. 

E. Vehicle (End User) Strategies" 

E-I What charging technologies are needed (e.g., smart charge)? 

Smart charging will be needed as grid-fueled vehicle penetrafion grows. Shifting the vehicle 
charging load to off-peak time may be the biggest long-term issue. It may be necessary for public 
policy or rate structures to provide incentives and disincentives to implement adoption. Society 
of Automofive Engineers and Insfitute of Electrical and Electronics Engineers standards are 
under development, and there are several technical approaches that will enable vehicle-grid-
building communication and smart charging. Energy storage technology will likely be necessary 
to mitigate large quantities of on-peak or fast-charging use in the future. 

• Strategy: Near term: Encourage demonstrations of technical options, monitor performance, 
and explore behavioral influences of rate structures and public policy. Long term: Enact 
appropriate rate adjustments and incentives to mitigate grid problems, and conduct R&D of 

" National Academy of Sciences, Transitions to Alternative Transportation Technologies—Plug-in Hybrid Electric 
Vehicles, 2009; The Electrification Coalition, Electrification Roadmap, 2009 {200 million EVs by 2050); CARB, 
2050 Greenhouse Gas Emissions Analysis: Staff Modeling in Support ofthe Zero Emission Vehicle Regulation, 
2009; David L. Greene and Andreas Schafer, Reducing Greenhouse Gas Emissions from US. Transportation, 
prepared for Pew Center on Global Climate Change, 2003. 
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energy storage technologies that can utilize large quantities of excess power generated from 
renewable sources and baseload nuclear power (which are difficult to tum down) for on-
demand and Level III quick-charge vehicle charging. 

E-2 What battery technologies are most suitable for this application? Are they available and 
cost-effective? 

Confinued advances are required in battery technology and manufacturing. Significant cost 
reductions will be required to allow grid-charged vehicles to compete with petroleum at anything 
less than $4/gallon. This may be difficult with lithium-ion technology, because ofthe currently 
low labor costs and as-of-yet undetermined sources of cheaper materials. 

• Strategy: Continue R&D into the next generation of battery chemistry and explore innovative 
business models (battery leasing, battery change out, etc.). 

E-3 What vehicle platform(s) seems the most viable? Can EVs meet driver needs, or will we 
need fuel cell or bio-PHEVs to meet range requirements? 

The issues of vehicle range, fueling infrastructure, and cost will be challenging. Quick-charge 
(Level III) electric charging may require stationary storage or other upgrades. Range issues can 
be overcome with FCVs. However, quick fill public hydrogen infrastructure would require a 
major investment. Hydrogen only provides significant GHG benefits over convenfional hybrids 
when the hydrogen is produced through electrolysis or via thermo-nuclear means. Therefore, 
hydrogen is a long-term option that can provide benefits if and when there is adequate (or an 
excess of) zero-carbon electricity. A third option, hybrid bio-PHEV, may be the easiest pathway 
on the vehicle side. However, low-carbon cellulosic ethanol is not a proven option. 

• Strategies: None ofthe above options should be abandoned. All may be needed to meet the 
variety of duty cycles, first cost versus operating cost constraints, and user needs. In all cases, 
continuous improvements in vehicle technology will be needed together with significant 
long-term infrastructure investment. Public policy should be technology-neutral and in the 
near term should focus on low-carbon vehicle incentives, such as feebates for low-carbon 
vehicles, a low-carbon fuel standard and tax credits, and buy-downs for fueling 
infrastructure. 

E-4 Who will service these vehicles? 

• Strategies: To build the skilled workforce needed, adopt public policy and financial support 
for educational and workforce development programs at community colleges and the Board 
of Cooperafive Educafion Services and other publicly supported schools and provide tuifion 
assistance for these programs. 

E-5 What is the rate of advanced low-carbon vehicle introduction needed to meet 80 by 50? 
How do we get more cars "in the pipeline "? 

Over 90 percent of vehicle miles are traveled with vehicles less than 15 years old. Therefore, to 
achieve a near total transifion to low-carbon travel by 2050, nearly all vehicles sold after 2030 
would need to be low carbon. 
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• Strategies: Offer financial incentives for desired market transformation and disincentives for 
unwanted behavior to accelerate low-carbon vehicle market penetration. Fund infrastmcture 
investments, which may require adjustments in public policy and public investment. 

E-6 How do we bring upfront costs down for consumers? Are incentives required to 
overcome the high cost of electric vehicles? 

• Strategy: Manufacturer competition may be the most cost-effective way to reduce vehicle 
cost, with battery manufacturing capacity and supply-demand being dominant factors. A 
robust market can be encouraged through incentives, adequate charging infrastructure, and 
education. A low-carbon fuel standard, vehicle purchase feebate, or other carbon pricing 
mechanism will be needed for EVs/PHEVs to be economically competifive in the near term. 
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Appendix H 
ClimAID Report Summary 

Prior to the Governor Paterson's Execufive Order 24 creating the Climate Acfion Council 
the New York Energy Supply and Development Authority (NYSERDA) was undertaking 
research on climate change under its Environmental Monitoring, Evaluation, and 
Protection (EMEP) program. A key project of this program is the Integrated Assessment 
for Effective Climate Change Adaptation Strategies in New York State, known as 
ClimAID. 

ClimAID was undertaken to provide decision-makers with cutting-edge informafion on 
the state's vulnerability to climate change and to facilitate the development of adaptation 
strategies informed by both local experience and scienfific knowledge. Involving the 
work of scientists from universities throughout New York state and key stakeholders, the 
assessment identifies critical vulnerabilifies, climate risks, and adaptation strategies 
specific to New York State, for a range of key sectors: agriculture, coastal zones, 
ecosystems, energy, public health, telecommunicafions, transportafion, and water 
resources. 

A draft summary ofthe ClimAid project's work. Responding to Climate Change in New 
York, is appended here in its entirety keeping its original pagination. The larger materials 
on which this summary is based were critical to the Council's Adaptation Technical 
Work Group. Several ofthe ClimAID report authors served on this group. 
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Responding to Climate Change in New York state 

Climate change is already beginning to affect the 
people and resources of New York State, and 
these impacts are projected to grow. At the 
same time, the state has the potential capacity 
to address many climate-related risks, there
by reducing negative impacts and taking 
advantage of possible opportunities. 

ClimAID: the Integrated Assessment for 
Effective Climate Change Adaptation 

^ I Strategies in New York State was under-
. - taken to provide decision-makers with cut-

, ting-edge information on the state's vulner
ability to climate change and to facilitate 
the development of adaptation strategies 
informed by both local experience and scien
tific knowledge. 

This state-level assessment of climate change 
impacts is specifically geared to assist in the develop
ment of adaptation strategies. It acknowledges the need to 

_.. plan for and adapt to climate change impacts in a range of sec-
'.:'\. tors: Water Resources, Coastal Zones, Ecosystems, Agriculture, Energy, 

Transportation, Telecommunications, and Public Health. 

The author team for this report is composed of university and research 
scientists who are specialists in climate change science, impacts, and 
adaptation. To ensure that the information provided would be relevant 
to decisions made by public and private sector practitioners, relevant 
stakeholders from state and local agencies, non-profit organizations, 
and the business community participated in the process as well. 

This document provides a brief, general synthesis of highlights from a 
larger technical report that includes much more detail, case studies, 
and references. The larger report provides useful information to deci
sion makers, such as state officials, city planners, water and energy 
managers, farmers, business owners, and others as they begin respond
ing to climate change in New York State. 
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CLIMATE RISKS FOR NEW YORK STATE 

Temperatures are increasing, precipitation 
patterns are changing, and sea level is rising. 
These climatic changes are projected to 
occur at much faster than natural rates 
because of increased amounts of green
house gases in the atmosphere. Some types 
of extreme weather and climate events have 
already increased In frequency and intensity 
and these changes are projected to continue. 

These climate changes are already having 
impacts in some aspects of society, the 
economy, and natural ecosystems and these 
impacts are expected to increase. Not all of 
these changes will be gradual. When certain 
tipping points are crossed, impacts can 
increase dramatically. Past climate is no 
longer a reliable guide to the future. This 
affects planning for water, energy, and all 
other social and economic systems. 

Heat Waves 

Hea! waves will l:)ecorne rnoi'e M U 
irequenl and inlense, increas-'^ 
ing heat-relaled illness and ^ 
cleall'i and posing nev̂ j c h a l - ^ 
lenges lo the energy system\ ^ 
air quality, and agriculture. J \ * 

Heavy Downpours - ^ ? u ^ - ' 

Heavy downpours are increasing,^-^ • ,; ' r 

and are projecled !o increase '^Wl^^-91^' 

lurllier. These can lead lo flood-

ing and relalecl inipacis on T 

water qualily, infraslruclure, and 
'4 agricullLire. . H 

Interactions 

Interaclions between climate -

change and other stresses suisj 

as pollution and increasing 

demand for resources ' i 

V'/ill create new "V'ir>ki-r 

challenges. [/• 3 

:,.;:* 1 
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Summer Drought 
Summer droughi is project- - ^ i 

ed lo increase, affecling -Vv 

agriculture^ ecosystems, -y-. 

and energy prodLiclion. S; 



Wide Ranging Impacts 
Major clianges lo ecosystems 

including species range shifts, 

population crashes, and other 

sudden transformations could 

have wide ranging impacts, not 

only for natural systems .but also 

for-health-, agriculture, and-'other 

sectors.f- •, "• • '"• • 
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Coastal Flooding 

Coaslal flooding clue to sea level 

rise and storm surge will 

increasingly put lives and prop

erty al risk. Health, water qualily, 

energy infrastructure, and 

coastal ecosystems are all c 

affected. 
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