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The figures and tables in this document are drawn 
from the ClimAID Technical Report: Responding to 
Climate Change in New York State: The ClimAID 
Integrated Assessment for Effective Climate Change 
Adaptation. 
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 NOTICE 

This report was prepared by Columbia University, the City University of New 
York, and Cornell University in the course of performing work contracted for and 
sponsored by the New York State Energy Research and Development Authority 
(hereafter NYSERDA). The opinions expressed in this report do not necessarily 
reflect those of NYSERDA or the State of New York, and reference to any 
specific product, service, process, or method does not constitute an implied or 
expressed recommendation or endorsement of it. Further, NYSERDA, the State of 
New York, and the contractor make no warranties or representations, expressed or 
implied, as to the fitness for particular purpose or merchantability of any product, 
apparatus, or service, or the usefulness, completeness, or accuracy of any 
processes, methods, or other information contained, described, disclosed, or 
referred to in this report. NYSERDA, the State of New York, and the contractor 
make no representation that the use of any product, apparatus, process, method, or 
other information will not infringe privately owned rights and will assume no 
liability for any loss, injury, or damage resulting from, or occurring in connection 
with, the use of information contained, described, disclosed, or referred to in this 
report. 
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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 greenhouse 
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 
Heat waves will become more 
frequent and intense, increas
ing heat-related illness and 
death and posing new chal
lenges to the energy system, 
air quality, and agriculture. 

Interactions 
Interactions between climate 
change and other stresses such 
as pollution and increasing 
demand for resources 
will create new 
challenges. 

Summer Drought 
Summer drought is projected 
to increase, affecting water 
supply, agriculture, 
ecosystems, and 
energy production. 
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Heavy Downpours 
Heavy downpours are increasing 
and are projected to increase 
further. These can lead to flood
ing and related impacts on 
water quality, infrastructure, 
and agriculture. 



Wide-ranging Impacts 
Major changes to 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. 

Coastal Flooding 
Coastal flooding due to sea level 
rise and storm surge will 
increasingly put lives and prop
erty at risk. Health, water quality, 
energy, infrastructure, and 
coastal ecosystems are all 
affected. 

Opportunities 
Climate change may create 
new opportunities related to a 
longer, warmer growing season 
for agriculture, and the potential 
for abundant water resources. 
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Each region of New York State (as defined 
by ClimAID) has unique attributes that will 
be affected by climate change. Many of 
the issues highlighted below are described 
in more detail in the sector discussions 
that follow. 

Region 1:  Western New York 
Great Lakes Plain 
• Agricultural revenue highest in state 
• Relatively low rainfall, increased summer 

drought risk 
• High-value crops could need irrigation 
• Improved conditions for grapes projected 

Baseline 2050s 2080s 
Temperature 48ºF +3.0 to 5.5º   +4.5 to 8.5º 

Precipitation 37in         0 to +10%     0 to +15% 

Region 6:  Tug Hill Plateau 
• Important region for hydropower 
• Lake effect snows could increase in the short term 
• Snowmobiling opportunities decline 
• Great Lakes water levels may decline 

Baseline 2050s 2080s 
Temperature 44ºF +3.5 to 5.5º   +4.5 to 9.0º 

Precipitation 51in         0 to +10%     +5 to 15% 

Region 3: Southern Tier 
• Dairy dominates agricultural economy 
• Milk production losses projected 
• Susquehanna River flooding increases 
• One of the first parts of the state hit by 

invasive insects, weeds, and other pests 
moving north 

Baseline 2050s 2080s 
Temperature 46ºF +3.5 to 5.5º   +4.5 to 8.5º 

Precipitation 38in         0 to +10%     +5 to 10% 

Region 2: Catskill Mountains 
and West Hudson River Valley 
• Watershed for New York City water supply 
• Spruce/Fir forests disappear from mountains 
• Popular apple varieties decline 
• Winter recreation declines; summer 

opportunities increase 
• Hemlock wooly adelgid destroys trees 
• Native brook trout decline, replaced by bass 

Baseline 2050s 2080s 
Temperature 48ºF +3.0 to 5.0º   +4.0 to 8.0º 

Precipitation 48in         0 to +10%     +5 to 10% 
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Region 4: New York City and Long Island 
• Highest population density in the state 
• Sea level rise and storm surge increase 

coastal flooding, erosion, and wetland loss 
• Challenges for water supply and 

wastewater treatment 
• Heat-related deaths increase 
• Illnesses related to air quality increase 
• Higher summer energy demand stresses 

the energy system 

Region 5: East Hudson 
and Mohawk River Valleys 
• Major rivers characterize this region 
• Saltwater front moves further up the 

Hudson River 
• Potential contamination of New York 

City's back-up water supply 
• Propagation of storm surge up the 

Hudson from the coast 
• Popular apple varieties decline 

Region 7:  Adirondack 
Mountains 
• Popular tourist destination 
• Loss of high-elevation plants, animals, 

and ecosystem types 
• Winter recreation declines; summer 

opportunities increase 
• Milk production declines, though less 

than other regions 

Baseline 2050s 2080s 
Temperature 42ºF +3.0 to 5.5º   +4.0 to 9.0º 

Precipitation 38in          0 to +5%     +5 to 15% 

Baseline 2050s 2080s 
Temperature 50ºF +3.0 to 5.5º   +4.0 to 8.0º 

Precipitation 38in          0 to +5%     +5 to 10% 

Baseline 2050s 2080s 
Temperature 53ºF +3.0 to 5.0º   +4.0 to 7.5º 

Precipitation 47in         0 to +10%     +5 to 10% 



Projected Annual Temperature Change, 2080s  (ºF) Projected Annual Precipitation Change, 2080s (%) 

                4ºF 4.5 5 5.5 6 6.5 7 7.5 -2% 0  2 4 6 8 10 

Average annual temperatures are projected to increase by Precipitation across New York State may increase by 
4.0 to 9.0ºF by the 2080s, with the lower end of this range approximately 5 to 15 percent by the 2080s, with the 
projected under lower greenhouse gas emissions scenarios greatest increases in the northern parts of the state. 
and the higher end under higher emissions scenarios. A mid Much of this additional precipitation may occur during 
range emissions scenario, A1B, was used for the maps the winter months as rain, while late summer and early 
above, yielding temperature increases of about 7ºF for most fall precipitation could decline slightly. Both maps show 
of the state. The A1B trajectory is associated with relatively the average across 16 global climate models. 
rapid increases in emissions for the first half of this century, 
followed by a gradual decrease in emissions after 2050. 

7HPSHUDWXUHV�DUH�H[SHFWHG�WR�ULVH�DFURVV�WKH�VWDWH��E\ &RQWLQXLQJ�WKH�REVHUYHG�WUHQG��PRUH�SUHFLSLWDWLRQ�LV 
����WR���)�E\�WKH�����V����WR�����)�E\�WKH�����V��DQG H[SHFWHG�WR�IDOO�LQ�KHDY\�GRZQSRXUV�DQG�OHVV�LQ�OLJKW 
��WR���)�E\�WKH�����V��7KH�ORZHU�HQGV�RI�WKHVH�UDQJHV UDLQV� 
DUH�IRU�ORZHU�JUHHQKRXVH�JDV�HPLVVLRQV�VFHQDULRV��LQ 
ZKLFK�VRFLHW\�UHGXFHV�KHDW�WUDSSLQJ�HPLVVLRQV��DQG�WKH 6HD�OHYHO�ULVH�SURMHFWLRQV�WKDW�GR�QRW�LQFOXGH�VLJQLILFDQW 
KLJKHU�HQGV�IRU�KLJKHU�HPLVVLRQV�VFHQDULRV��LQ�ZKLFK PHOWLQJ�RI�WKH�SRODU�LFH�VKHHWV��ZKLFK�LV�DOUHDG\ 
HPLVVLRQV�FRQWLQXH�WR�LQFUHDVH���7KHVH�DUH�QRW�WKH�EHVW REVHUYHG�WR�EH�RFFXUULQJ��VXJJHVW���WR���LQFKHV�RI�ULVH 
DQG�ZRUVW�FDVHV��KRZHYHU��6KDUS�FXWV�LQ�JOREDO�HPLVVLRQV E\�WKH�����V����WR����LQFKHV�E\�WKH�����V��DQG���WR��� 
FRXOG�UHVXOW�LQ�WHPSHUDWXUH�LQFUHDVHV�ORZHU�WKDQ�WKH LQFKHV�E\�WKH�����V��6FHQDULRV�WKDW�LQFOXGH�UDSLG�PHOW� 
ERWWRPV�RI�WKHVH�UDQJHV��ZKLOH�D�FRQWLQXDWLRQ�RI�EXVL� LQJ�RI�SRODU�LFH�SURMHFW���WR����LQFKHV�RI�VHD�OHYHO�ULVH�E\ 
QHVV�DV�XVXDO�FRXOG�UHVXOW�LQ�LQFUHDVHV�KLJKHU�WKDQ�WKH WKH�����V�����WR����LQFKHV�E\�WKH�����V��DQG����WR��� 
KLJK�HQGV�� LQFKHV�E\�WKH�����V� 

$QQXDO�DYHUDJH�SUHFLSLWDWLRQ�LV�SURMHFWHG�WR 
LQFUHDVH�E\�XS�WR���SHUFHQW�E\�WKH�����V��XS�WR 
���SHUFHQW�E\�WKH�����V��DQG�XS�WR����SHUFHQW 
E\�WKH�����V��7KLV�ZLOO�QRW�EH�GLVWULEXWHG�HYHQ� 
O\�RYHU�WKH�FRXUVH�RI�WKH�\HDU��0XFK�RI�WKLV 
DGGLWLRQDO�SUHFLSLWDWLRQ�LV�OLNHO\�WR�RFFXU�GXULQJ 
WKH�ZLQWHU�PRQWKV�DV�UDLQ��ZLWK�WKH�SRVVLELOLW\ 
RI�VOLJKWO\�UHGXFHG�SUHFLSLWDWLRQ�SURMHFWHG�IRU 
WKH�ODWH�VXPPHU�DQG�HDUO\�IDOO�� 

Projected Seasonal Precipitation Change, 2050s (% change) 

ClimAID Region Winter Spring Summer Fall 

1. Western New York Great Lakes Plain +5 to +15 0 to +15 -10 to +10 -5 to +10 

2. Catskill Mountains and West Hudson River Valley 0 to +15 0 to +10 -5 to +10 -5 to +10 

3. Southern Tier +5 to +15 0 to +10 -5 to +5 -10 to +5 

4. New York City and Long Island 0 to +15 0 to +10 -5 to +10 -5 to +10 

5. East Hudson and Mohawk River Valleys +5 to +15 -5 to +10 -5 to +5 -5 to +10 

6. Tug Hill Plateau +5 to +15 0 to +10 -5 to +10 -5 to +10 

7. Adirondack Mountains +5 to +15 -5 to +10 -5 to +5 -5 to +10 
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Observed and Projected Annual Temperature Change 

Annual temperature (°F) (Region 4) 7KHVH�FOLPDWH�UHODWHG�ULVNV�ZLOO�DIIHFW�WKH�VWDWH
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HFRQRP\�DQG�HQYLURQPHQW��6RPH�RI�WKH�PRVW
 
VHULRXV�YXOQHUDELOLWLHV�DQG�SRWHQWLDO�DGDSWDWLRQ
 

VWUDWHJLHV�DUH�KLJKOLJKWHG�LQ�WKLV�UHSRUW�
 

The amount of future temperature rise New York state will experi
ence depends largely on the level of global heat-trapping emis
sions. Temperature increases under three possible emissions sce
narios are shown, each run with 16 global climate models. These 
are neither best case nor worst case; actual changes could be 
lower if emissions are cut aggressively, or higher if the world con
tinues on a business as usual course. The shaded area indicates 
the full range of possible temperature rise projected by the models 
for these scenarios. 

Higher temperatures and increased 

heat waves have the potential to 
• increase fatigue of materials in 

water, energy, transportation, and 
telecommunications infrastructure;

• affect drinking water supply; 
• cause a greater frequency of 

summer heat stress on people, 
plants, and animals; 

• alter pest populations and habits, 
affecting agriculture and ecosys
tems; 

• change the distribution of key 
crops such as apples, cabbage, 
and potatoes; 

• reduce dairy milk production; 
• increase electricity demand for 

cooling; 
• lead to declines in air quality that 

are linked to respiratory illness; 
and 

• cause more heat-related deaths. 

 

Increased frequency of heavy 

downpours has the potential to 
• affect drinking water supply; 
• heighten risk of river flooding; 
• flood key rail lines, roadways, 

and transportation hubs; and 
• increase delays and hazards 

related to extreme weather 
events. 

Sea level rise and coastal flooding 

have the potential to 
• increase risk of storm surge-related 

flooding along the coast; 
• expand areas at risk of coastal 

flooding; 
• increase vulnerability of energy 

facilities located in coastal areas; 
• flood transportation and telecom

munication facilities; and 
• cause saltwater intrusion into some 

freshwater supplies near the coasts. 

Projected Sea Level Rise for New York State (inches) 

Modeled Sea Level Rise 2020s 2050s 2080s 

GCM-based +1 to +5 +5 to +12 +8 to +23 

Rapid ice melt scenario +4 to +10 +17 to +29 +37 to +55 

The central range of sea level rise projections across New York City and up the 
Hudson River Estuary to the Troy Dam is shown, rounded to the nearest inch, 
based on the average of the ClimAID Global Climate Model (GCM)-based scenario 
for a range of greenhouse gas emissions as reported by IPCC 2007 and the 
ClimAID rapid ice melt scenario (based on accelerated melting of the Greenland 
and West Antarctic Ice Sheets). 7 
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WR�FRSH�ZLWK�WKHLU�FRQVHTXHQFHV� 

1HZ�<RUN�6WDWH�DV�D�ZKROH�LV�JHQHUDOO\�FRQVLGHUHG�WR 
KDYH�VLJQLILFDQW�UHVRXUFHV�DQG�FDSDFLW\�IRU�HIIHFWLYH 
DGDSWDWLRQ�UHVSRQVHV��+RZHYHU��WKH�FRVWV�DQG�EHQHILWV 
RI�DGDSWDWLRQ�ZLOO�QRW�EH�HYHQO\�GLVWULEXWHG�WKURXJK� 
RXW�WKH�VWDWH��7KHUH�FDQ�DOVR�EH�D�YDULHW\�RI�XQLQ� 
WHQGHG�FRQVHTXHQFHV�RI�DGDSWDWLRQ�RSWLRQV��)RU 
H[DPSOH��EXLOGLQJ�VHD�ZDOOV�WR�SURWHFW�FRDVWDO�SURSHU� 
W\�IURP�ULVLQJ�VHD�OHYHOV�FDQ�H[DFHUEDWH�WKH�ORVV�RI 
FRDVWDO�ZHWODQGV�WKDW�VHUYH�WR�SURWHFW�FRDVWOLQHV�IURP 
VWRUP�VXUJH�GDPDJH�� 

$GDSWDWLRQV�XQGHUWDNHQ�LQ�RQH�VHFWRU�RIWHQ�KDYH 
LPSOLFDWLRQV�IRU�RWKHU�VHFWRUV� 

)RU�H[DPSOH��LQFUHDVHG�XVH�RI�DLU�FRQGLWLRQLQJ�LV�DQ 
DGDSWDWLRQ�WR�UHGXFH�KHDW�UHODWHG�LOOQHVV�DQG�GHDWK�LQ 
WKH�KHDOWK�VHFWRU�DV�ZHOO�DV�WR�UHGXFH�KHDW�VWUHVV�RQ 
OLYHVWRFN�LQ�WKH�DJULFXOWXUH�VHFWRU��+RZHYHU��VXFK�D 
VWUDWHJ\�ZRXOG�LQFUHDVH�SHDN�VXPPHU�HQHUJ\�XVH� 
LQFUHDVLQJ�GHPDQGV�RQ�ERWK�HQHUJ\�DQG�ZDWHU 
UHVRXUFHV��,I�LQFUHDVHG�WUHH�SODQWLQJ�LV�XVHG�WR�UHGXFH 
XUEDQ�KHDW��LW�ZLOO�EH�LPSRUWDQW�WR�SODQW�ORZ�SROOHQ�WUHH 
VSHFLHV�EHFDXVH�DOOHUJHQLF�SROOHQ�LV�RQ�WKH�ULVH�LQ�D 
ZDUPHU��KLJKHU�&2� ZRUOG��7KHVH�H[DPSOHV�SRLQW�WR 
WKH�QHHG�IRU�LQWHJUDWHG�WKLQNLQJ�DERXW�DGDSWDWLRQ 
VWUDWHJLHV�WR�DYRLG�FUHDWLQJ�QHZ�SUREOHPV��,Q�DGGLWLRQ� 
FOLPDWH�FKDQJH�DQG�VRPH�DGDSWDWLRQ�RSWLRQV�FDQ�ZRUV� 
HQ�VRFLDO�DQG�HFRQRPLF�LQHTXDOLWLHV�WKDW�DUH�DOUHDG\ 
SUHVHQW�DQG�FUHDWH�QHZ�LQHTXDOLWLHV��7KLV�UDLVHV�HTXLW\ 
LVVXHV�WKDW�DUH�GLVFXVVHG�RQ�WKH�IROORZLQJ�SDJHV�� 

$GDSWDWLRQ�VWUDWHJLHV�GR�QRW�GLUHFWO\�LQFOXGH�DFWLRQV 
DLPHG�DW�UHGXFLQJ�WKH�VSHHG�DQG�DPRXQW�RI�FOLPDWH 
FKDQJH� 

$FWLRQV�WR�UHGXFH�FOLPDWH�FKDQJH��RIWHQ�FDOOHG�´PLWLJD� 
WLRQ�µ�LQYROYH�ORZHULQJ�HPLVVLRQV�RI�KHDW�WUDSSLQJ�JDVHV 
RU�LQFUHDVLQJ�WKHLU�UHPRYDO�IURP�WKH�DWPRVSKHUH� 
0LWLJDWLRQ�PHDVXUHV�ZRXOG�UHGXFH�FOLPDWH�FKDQJH 
LPSDFWV�LQ�WKH�ORQJHU�WHUP�� 
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7KHUH�DUH�LQWHUDFWLRQV�EHWZHHQ 
DGDSWDWLRQ�DQG�PLWLJDWLRQ� 

)RU�H[DPSOH��LPSURYLQJ�LQVXODWLRQ�DQG 
XVLQJ�UHIOHFWLYH�URRILQJ�PDWHULDO�NHHSV 
EXLOGLQJV�FRROHU�LQ�VXPPHU��DGDSWDWLRQ� 
DV�ZHOO�DV�UHGXFLQJ�HQHUJ\�XVH�DQG�WKH�UHODW� 
HG�KHDW�WUDSSLQJ�HPLVVLRQV��PLWLJDWLRQ���7KHUH 
FDQ�EH�D�YDULHW\�RI�LQWHUDFWLRQV�EHWZHHQ�PLWLJDWLRQ 
DQG�DGDSWDWLRQ�PHDVXUHV��6RPH�PHDVXUHV��VXFK�DV 
JUHHQ�URRIV��UHGXFH�HPLVVLRQV�E\�GHFUHDVLQJ�WKH�QHHG�IRU�DLU 
FRQGLWLRQLQJ�DV�ZHOO�DV�OHVVHQ�LPSDFWV�E\�NHHSLQJ�EXLOGLQJV�FRROHU 
DQG�UHGXFLQJ�VWRUPZDWHU�IORRGLQJ��2Q�WKH�RWKHU�KDQG��LQFUHDVLQJ�XVH 
RI�DLU�FRQGLWLRQLQJ�WR�DGDSW�WR�ULVLQJ�WHPSHUDWXUHV�UHVXOWV�LQ�LQFUHDVHG 
HPLVVLRQV��7KXV��PLWLJDWLRQ�DQG�DGDSWDWLRQ�PHDVXUHV�VKRXOG�EH�FRQ� 
VLGHUHG�LQ�FRQFHUW��%RWK�DUH�QHFHVVDU\�HOHPHQWV�RI�DQ�HIIHFWLYH 
UHVSRQVH�VWUDWHJ\��7KHVH�WZR�W\SHV�RI�UHVSRQVHV�DUH�DOVR�OLQNHG�LQ�WKDW 
PRUH�HIIHFWLYH�PLWLJDWLRQ�PHDVXUHV�ZRXOG�UHGXFH�WKH�DPRXQW�RI 
FOLPDWH�FKDQJH��DQG�WKHUHIRUH�DIIHFW�WKH�QHHG�IRU�DGDSWDWLRQ��� 

2XU�FKRLFHV�FDQ�PDNH�XV�PRUH�RU�OHVV�YXOQHUDEOH�WR� 
FOLPDWH�FKDQJH�� 

)RU�H[DPSOH��EXLOGLQJ�LQ�FRDVWDO�]RQHV�DQG�ULYHU�IORRG�SODLQV�DQG 
SDYLQJ�RYHU�ODUJH�DPRXQWV�RI�ODQG�PDNH�XV�PRUH�YXOQHUDEOH�WR�IORRG� 
LQJ�DQG�LQXQGDWLRQ�GXH�WR�VHD�OHYHO�ULVH�DQG�LQFUHDVLQJ�KHDY\�GRZQ� 
SRXUV��,Q�FRQWUDVW��GHFLVLRQV�PDGH�WDNLQJ�LQWR�DFFRXQW�WKH�DGDSWDWLRQ 
SULQFLSOHV�GHVFULEHG�KHUH�FDQ�PDNH�XV�OHVV�YXOQHUDEOH��WKDW�LV��EHWWHU 
DEOH�WR�ZLWKVWDQG�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH��+RZHYHU��HYHQ�WKH 
EHVW�HIIRUWV�WR�UHGXFH�YXOQHUDELOLW\�ZLOO�QRW�EH�VXIILFLHQW�WR�HOLPLQDWH 
DOO�GDPDJHV�DVVRFLDWHG�ZLWK�FOLPDWH�FKDQJH�LQ�WKH�ORQJ�WHUP�� 
7KH�JRDO�LV�WR�FUHDWH�D�PRUH�FOLPDWH�UHVLOLHQW�1HZ�<RUN�6WDWH� 
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Reduce other stresses to help improve the adaptive 
capacity of any system, making it more resilient to 
climate change. This is true for water and energy supply 
systems, natural ecosystems, and other sectors. 

• For ecosystems, options include reducing human trans
port of invasive species, controlling sprawl and other 
habitat destruction, and providing dispersal corridors to 
allow species range shifts in response to climate 
change. 

• For water and energy systems, options include lowering 
demand through efficiency measures and consumer 
education. 

• For coasts, reducing development and preserving wet
lands through various policies can help. 

• For human health, pollution reduction and better man
agement of chronic disease would increase resilience. 

Take advantage of normal capital repair and replace
ment cycles of infrastructure to build in climate change 
adaptations that are flexible to future conditions. 

• When building long-lived infrastructure, such as power 
plants, tunnels, and bridges, consider projected 
increases in temperature and sea level, and changes in 
precipitation patterns. 

• Designing a 1-foot floodwall with a strong enough foun
dation to support an added foot or two of height if 
needed is an example of flexible adaptation. 

• When building new dairy barns, design for better venti
lation and possibly the ability to add other cooling tech
nologies. 

• Incorporate climate change projections such as the 
increase in heavy downpours and sea level rise in 
capital investment decisions currently being made in 
storm water and wastewater systems. 
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Examine and revise regulatory mechanisms and land 
use policies such as zoning, setbacks, building codes, 
and incentives, taking climate change into account. 

• Regulations concerning infrastructure such as those 
that govern bridge height and clearance, dam height 
and strength, materials used, dimensions of drainage 
culverts for roads, roof strength, and foundation depth 
should be reconsidered. 

• Definitions of flood zones should be revisited and how 
they may change in the future should be considered. 

• Regulations that affect adaptive capacity should be 
assessed. For example, stronger regulations to control 
invasive species can help make ecosystems more 
resilient, and stronger efficiency standards can make 
water and energy systems more resilient. 

• Changes in treaties such as those governing water 
rights might be appropriate if the amounts and distribu
tions of the resources change. Risk sharing mecha
nisms, including various types of insurance and regional 
planning approaches, should also be examined. 

Improve monitoring, measurement, and data gathering 
and distribution to provide the information needed to 
adapt as climate change proceeds. 

• Monitor climate change science for the latest developments. 
• A central repository for information on new norms for 

climate, species, etc. would help to reduce uncertainty 
and better inform policy. 

• Monitoring the effectiveness of various adaptation 
strategies is important. 

• There is a need to better monitor hazards and events, 
and to archive and make this information widely avail
able. This might include air quality monitoring, citizen 
watches for invasive species, and real-time data gather
ing on the impacts of extreme weather events (such as 
crop and timber value lost, reduction in dairy produc
tion, cost of property damaged, and numbers of heat-
related illnesses and deaths). 

• In addition to monitoring hazards, events, and adapta
tion strategies, combine the tracking of these indicators 
to improve understanding of what impacts will result 
from various climate events and what adaptation strate
gies are effective. 
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&OLPDWH�FKDQJH�ULVNV��YXOQHUDELOLWLHV��DQG�FDSDFLWLHV 
WR�DGDSW�DUH�XQHYHQ�DFURVV�UHJLRQV��VHFWRUV��KRXVH� 
KROGV��LQGLYLGXDOV��DQG�VRFLDO�JURXSV� 

&HUWDLQ�JURXSV�ZLOO�EH�GLVSURSRUWLRQDWHO\�DIIHFWHG 
E\�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�� 

(TXLW\�LVVXHV�HPHUJH�EHFDXVH�FOLPDWH�FKDQJH 
LPSDFWV�DQG�DGDSWDWLRQ�SROLFLHV�FDQ�ZRUVHQ�H[LVWLQJ 
LQHTXDOLWLHV�DQG�FDQ�DOVR�FUHDWH�QHZ�SDWWHUQV�RI 
ZLQQHUV�DQG�ORVHUV� 

,QWHUJHQHUDWLRQDO�HTXLW\�LVVXHV�DULVH�IURP�WKH�IDFW 
WKDW�IXWXUH�JHQHUDWLRQV�ZLOO�VXIIHU�WKH�FRQVHTXHQFHV 
RI�SDVW�DQG�FXUUHQW�JHQHUDWLRQV·�DFWLRQV� 

7KH�VDPH�JURXSV��VXFK�DV�WKH�HOGHUO\��WHQG�WR�EH�DW 
ULVN�IRU�DGYHUVH�LPSDFWV�RI�FOLPDWH�FKDQJH�DFURVV 
PXOWLSOH�VHFWRUV� 

Employment in Agriculture, Forestry, Fishing, and Related Activities 

0–1% 
2% 
3–4% 
5–6% 
7–11% 

Percent of total county employment 

Areas/Locations 

• Rural areas, especially 
small towns, are more vulner
able to, and have less capac

ity to cope with, extreme events such as floods, 
droughts, ice storms, and other climate-related 
stressors. 

• Regions that depend on agriculture and tourism 
(such as fishing, skiing, and snowmobiling) may 
be especially in need of adaptation assistance. 

• Low-income urban neighborhoods, especially 
those within flood zones, are less able to cope 
with climate impacts such as heat waves, flood
ing, and coastal storms. 

• Coastal zones are vulnerable to sea level rise and 
storm surge. There are already numerous proper
ties in coastal zones that cannot get insurance, 
for example. 

Groups 

• Elderly, disabled, and health-
compromised individuals are 
more vulnerable to climate 

hazards, including floods and heat waves. 
• Low-income groups have limited ability to meet 

higher energy costs, making them more vulnerable 
to the effects of heat waves. 

• Those who lack affordable health care are more vul
nerable to climate-related illnesses such as asthma. 

• Those who depend on public transportation to get 
to work, and lack private cars for evacuating during 
emergencies, are vulnerable. 

• Farm workers may be exposed to more chemicals if 
pesticide use increases in response to climate 
change. 

• Asthma sufferers will be more vulnerable to the 
decline in air quality during heat waves. 
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Income Disparities Poverty Rates 

$32,409–$40,039 
$40,702–$44,487 
$44,511–$52,117 
$52,185–$65,205 
$66,296–$87,658 

Median income in 2007 (dollars) 
4.7–8.0% 
8.1–11.0% 
11.1–14.0% 
14.1–20.0% 
20.1–27.1% 

Percent below poverty line 

Firms and Industries 

• Smaller businesses are less 
able to cope with climate-
related interruptions and 

stresses than larger businesses. 
• With often more limited capital reserves, smaller 

firms are less able to withstand revenue loss 
associated with power and communication 
service disruptions. 

• Small businesses tend to have less capital available 
to make investments to promote adaptation, such 
as the use of snowmaking in ski areas, or adoption 
of new crops or techniques on small farms. 

Educational Attainment 

68–80% 
81–85% 
86–88% 
89–90% 
91–98% 
No data 

Percent HS Graduate or higher 

7KHUH�LV�D�QHHG�IRU�PRUH�DWWHQWLRQ�WR�KRZ�WKH 
LPSDFWV�RI�FOLPDWH�FKDQJH�DGDSWDWLRQ�SROLFLHV 
DIIHFW�GLIIHUHQW�SRSXODWLRQV��DUHDV��DQG�LQGXVWULHV� 
$IIHFWHG�FRPPXQLWLHV�DQG�SRSXODWLRQV�VKRXOG 
KDYH�D�YRLFH�LQ�WKH�DGDSWDWLRQ�SROLF\�SURFHVV� 
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1HZ�<RUN�6WDWH·V�FOLPDWH�KDV�DOUHDG\�EHJXQ�WR�FKDQJH��DQG�LPSDFWV�UHODWHG 
WR�LQFUHDVLQJ�WHPSHUDWXUHV�DQG�VHD�OHYHO�ULVH�DUH�DOUHDG\�EHLQJ�IHOW�LQ�WKH 
VWDWH��ZLWK�DVVRFLDWHG�FRVWV��)XWXUH�FOLPDWH�FKDQJH�KDV�WKH�SRWHQWLDO�WR�FDXVH 
HYHQ�PRUH�VLJQLILFDQW�HFRQRPLF�FRVWV�IRU�1HZ�<RUN�6WDWH��$GGLWLRQDO�HFR� 
QRPLF�FRVWV�DUH�OLNHO\�WR�DSSURDFK�RU�H[FHHG�WHQ�ELOOLRQ�GROODUV�SHU�\HDU�E\ 
WKH�PLGGOH�RI�WKLV�FHQWXU\��+RZHYHU��PDQ\�FRVWV�RI�FOLPDWH�FKDQJH�DUH�VWLOO 
QRW�NQRZQ�DQG�DUH�GLIILFXOW�WR�HVWLPDWH��&OLPDWH�FKDQJH�UHODWHG�HFRQRPLF 
LPSDFWV�ZLOO�EH�H[SHULHQFHG�LQ�DOO�VHFWRUV��W\SHV�RI�FRPPXQLWLHV��DQG�UHJLRQV 
DFURVV�WKH�VWDWH� 

Regions 

$OO�UHJLRQV�RI�WKH�VWDWH�ZLOO�LQFXU�HFRQRPLF�FRVWV�DVVRFLDWHG�ZLWK 
FOLPDWH�FKDQJH��6SHFLILF�HFRQRPLF�LPSDFWV�ZLOO�DIIHFW�SDUWLFXODU 
UHJLRQV��)RU�H[DPSOH��WKH�QHJDWLYH�LPSDFW�RQ�WKH�VWDWH·V�ZLQWHU 
UHFUHDWLRQ�LQGXVWU\�ZLOO�DGYHUVHO\�DIIHFW�WKH�&DWVNLOO�DQG 
$GLURQGDFN�UHJLRQV� 

Types of Climate Impact Costs 

Direct costs include costs that are incurred as the 

direct economic outcomes of a specific climate event 7KH�FRDVWDO�]RQH��EHFDXVH�RI�LWV�UHODWLYH�H[SRVXUH�DQG�YXOQHUDELOL� 
or aspect of climate change. Direct costs can be W\�WR�VWRUPV�DQG�WKH�FRQFHQWUDWLRQ�RI�UHVLGHQFHV��EXVLQHVVHV��DQG 
measured by standard methods of national income LQIUDVWUXFWXUH�RQ�WKH�VKRUH��ZLOO�H[SHULHQFH�WKH�JUHDWHVW�HFRQRPLF 
accounting, including lost production and loss of LPSDFW�RI�DQ\�VLQJOH�UHJLRQ��7KH�XUEDQL]HG�DUHDV�RI�WKH�VWDWH�ZLWK 
value to consumers. KLJK�SRSXODWLRQ�GHQVLW\�ZLOO�LQFXU�KLJKHU�SXEOLF�KHDOWK�FRVWV 

EHFDXVH�RI�H[LVWLQJ�DQG�SURMHFWHG�XUEDQ�KHDW�LVODQG�FRQGLWLRQV��� 
Indirect costs are costs incurred as secondary out

comes of the direct costs of a specific event or facet 
Sectorsof climate change. Examples include jobs lost in 

firms that provide inputs to firms directly harmed by 
climate change. $OO�VHFWRUV�ZLOO�LQFXU�FRVWV�DVVRFLDWHG�ZLWK�FOLPDWH�FKDQJH��KRZHY� 

HU��WKH�FRVWV�ZLOO�EH�KLJKO\�XQHYHQ�DFURVV�DQG�ZLWKLQ�VHFWRUV� 
Impact costs are direct costs associated with the 

impacts of climate change, for example the reduction � $OO�VHFWRUV�DUH�OLNHO\�WR�H[SHULHQFH�VLJQLILFDQW�HFRQRPLF 
in milk produced by dairy cows due to heat stress. LPSDFWV�WKDW�PD\�DOWHU�WKH�RYHUDOO�VWUXFWXUH�DQG�IXQFWLRQ�RI 

WKH�VHFWRU� 
Adaptation costs include direct costs associated � :DWHU��DQG�IORRGLQJ�UHODWHG�PDQDJHPHQW�FRVWV�ZLOO�DIIHFW 
with adapting to the impacts of climate change, such DOPRVW�DOO�VHFWRUV� 
as the cost of cooling dairy barns to reduce heat � 7KH�KLJKHVW�GLUHFW�HFRQRPLF�FRVWV�RI�FOLPDWH�FKDQJH�DUH 
stress on dairy cows. FRQQHFWHG�WR�ODUJH�VFDOH�FDSLWDO�LQYHVWPHQW��KRXVLQJ��DQG 

FRPPHUFLDO�DFWLYLW\�LQ�WKH�FRDVWDO�]RQH�� 
Costs of residual damage are direct costs of � 6HFWRUV�VXFK�DV�DJULFXOWXUH�DQG�WHOHFRPPXQLFDWLRQV�DUH 
impacts that cannot be adapted to—for example, LQKHUHQWO\�G\QDPLF��FKDQJLQJ�DQQXDOO\��VHDVRQDOO\��DQG�LQ 
reductions in milk production due to heat stress that VRPH�FDVHV�HYHQ�GDLO\��7KH�HFRQRPLF�FRQVHTXHQFHV�RI 
may occur if cooling capacity is exceeded. FOLPDWH�FKDQJH�ZLOO�EH�ZRYHQ�LQWR�WKH�ULVN�PDQDJHPHQW�DQG 

RSHUDWLRQV�RI�WKHVH�VHFWRUV�� 
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Economic Diversity of Population in the 
1-in-100-year Coastal Flood Zone 

New York City and Long Island are among the areas most at 
risk from climate change. The areas in color on this map are 
already at risk from coastal flooding during storms, and much 
more land will be at risk as sea level rise accelerates. The 
impacts and costs of climate change and adaptation options 
in this heavily developed coastal zone will be large and varied. 
There is a great deal of property in harm’s way, including long-
lived, high-value infrastructure such as roads, airports, 
bridges, and power plants. As shown on the map, the popula
tion of this region is very diverse, from low income inner-city 
neighborhoods to very high income communities. 

Timing 

(FRQRPLF�FRVWV�RI�FOLPDWH�FKDQJH�LPSDFWV�ZLOO�JHQHUDOO\ 
LQFUHDVH�WKURXJKRXW�WKH�FHQWXU\�DV�WKH�UDWH�RI�FOLPDWH 
FKDQJH�DFFHOHUDWHV��6RPH�RI�WKH�ODUJHVW�FRVWV�ZLOO�EH 
DVVRFLDWHG�ZLWK�H[WUHPH�HYHQWV�VXFK�DV�ODUJH�VFDOH�IORRGV 
DQG�KHDW�ZDYHV��&RVWV�DVVRFLDWHG�ZLWK�DYHUDJH�FOLPDWH 
FKDQJHV�DUH�H[SHFWHG�WR�LQFUHDVH�PRUH�VORZO\�RYHU�WLPH��� 

7KH�WLPLQJ�RI�LPSDFWV�FRXOG�EH�PRUH�PL[HG�IRU�VHFWRUV 
WKDW�DUH�H[SHFWHG�WR�H[SHULHQFH�ERWK�SRWHQWLDO�EHQHILWV 
DQG�FRVWV��)RU�H[DPSOH��LQ�WKH�DJULFXOWXUDO�VHFWRU��VKRUW� 
WHUP�FRVWV�FRXOG�HYHQWXDOO\�EH�RYHUZKHOPHG�E\�WKH 
HPHUJHQFH�RI�ORQJHU�WHUP�EHQHILWV��RU�YLFH�YHUVD�� 

Climate Change Adaptation 
Costs and Benefits 

7KH�LPSOHPHQWDWLRQ�RI�DGDSWDWLRQ�VWUDWHJLHV�ZLOO�EULQJ 
HFRQRPLF�EHQHILWV�WR�WKH�VWDWH��)RU�HDFK�VHFWRU��D�ZLGH 
YDULHW\�RI�DGDSWDWLRQ�RSWLRQV�DW�YDU\LQJ�FRVWV�DUH 
DYDLODEOH� 

� 7UDQVSRUWDWLRQ��WKH�FRDVWDO�]RQH��DQG�ZDWHU�UHVRXUFHV 
ZLOO�KDYH�WKH�PRVW�VLJQLILFDQW�FOLPDWH�FKDQJH�LPSDFW 
FRVWV�DQG�ZLOO�UHTXLUH�WKH�PRVW�DGDSWDWLRQV� 

� (QHUJ\��WHOHFRPPXQLFDWLRQV��DQG�DJULFXOWXUH�VHFWRUV 
KDYH�FRVWV�WKDW�FRXOG�EH�ODUJH�LI�WKHUH�LV�QR�DGDSWD� 
WLRQ��EXW�DGDSWDWLRQ�WR�FOLPDWH�FRXOG�EH�VHHQ�DV�D 
UHJXODU�SDUW�RI�PRGHUDWH�UH�LQYHVWPHQW� 

� 7KH�EHQHILW�FRVW�UDWLR�FRPSDULQJ�DYRLGHG�LPSDFWV�WR 
FRVWV�RI�DGDSWDWLRQ�LV�KLJKHVW�IRU�WKH�SXEOLF�KHDOWK 
DQG�FRDVWDO�]RQHV�VHFWRUV��PRGHUDWH�IRU�WKH�ZDWHU 
UHVRXUFHV��DJULFXOWXUH��HQHUJ\��DQG�WUDQVSRUWDWLRQ�VHF� 
WRUV��DQG�ORZ�IRU�WKH�WHOHFRPPXQLFDWLRQV�VHFWRU� 
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.H\�&OLPDWH�,PSDFWV� 

5LVLQJ�DLU�WHPSHUDWXUHV�LQWHQVLI\�WKH�ZDWHU�F\FOH�E\�GULYLQJ�LQFUHDVHG 
HYDSRUDWLRQ�DQG�SUHFLSLWDWLRQ��7KH�UHVXOWLQJ�DOWHUHG�SDWWHUQV�RI�SUHFLSLWD� 
WLRQ�LQFOXGH�PRUH�UDLQ�IDOOLQJ�LQ�KHDY\�HYHQWV��RIWHQ�ZLWK�ORQJHU�GU\�SHUL� 
RGV�LQ�EHWZHHQ��6XFK�FKDQJHV�FDQ�KDYH�D�YDULHW\�RI�HIIHFWV�RQ�ZDWHU 
UHVRXUFHV�� 

+HDY\�GRZQSRXUV�KDYH�LQFUHDVHG�RYHU�WKH�SDVW����\HDUV��DQG 
WKLV�WUHQG�LV�SURMHFWHG�WR�FRQWLQXH��FDXVLQJ�DQ�LQFUHDVH�LQ 
ORFDOL]HG�IODVK�IORRGLQJ�LQ�XUEDQ�DUHDV�DQG�KLOO\�UHJLRQV�� 

)ORRGLQJ�KDV�WKH�SRWHQWLDO�WR�LQFUHDVH�SROOXWDQWV�LQ�WKH�ZDWHU 
VXSSO\�DQG�LQXQGDWH�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG�RWKHU 
YXOQHUDEOH�GHYHORSPHQW�ZLWKLQ�IORRGSODLQV� 

/HVV�IUHTXHQW�VXPPHU�UDLQIDOO�LV�H[SHFWHG�WR�UHVXOW�LQ�DGGL� 
WLRQDO��DQG�SRVVLEO\�ORQJHU��VXPPHU�GU\�SHULRGV��SRWHQWLDOO\ 
LPSDFWLQJ�WKH�DELOLW\�RI�ZDWHU�VXSSO\�V\VWHPV�WR�PHHW 
GHPDQGV�� 

5HGXFHG�VXPPHU�IORZV�RQ�ODUJH�ULYHUV�DQG�ORZHUHG�JURXQG� 
ZDWHU�WDEOHV�FRXOG�OHDG�WR�FRQIOLFWV�DPRQJ�FRPSHWLQJ�ZDWHU 
XVHUV� 

,QFUHDVLQJ�ZDWHU�WHPSHUDWXUHV�LQ�ULYHUV�DQG�VWUHDPV�ZLOO 
DIIHFW�DTXDWLF�KHDWK�DQG�UHGXFH�WKH�FDSDFLW\�RI�VWUHDPV�WR 
DVVLPLODWH�HIIOXHQW�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV� 

Context 

New York State has an abundance 
of water resources, including large 
freshwater lakes, high-yielding 
groundwater aquifers, and major 
rivers. 

Water resources are managed by 
a diverse array of large and small 
agencies, governments, and insti
tutions, with little statewide coordi
nation. 

Water resources are already sub
ject to numerous human-induced 
stresses, such as increasing 
demand for water and insufficient 
water supply coordination; these 
pressures are likely to increase 
over the next several decades. 

Water quality is already at risk from 
aging wastewater treatment 
plants, continued combined 
sewage overflow events, and 
excess pollution from agricultural 
and urban areas. 
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Projected Rainfall and Frequency of Extreme Storms 
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The amount of rain falling in a "100-year" storm is projected to increase (red line), 
while the number of years between such storms ("return period") is projected to 
decrease (blue line). Thus, rainstorms will become both more severe and more fre
quent. These results, from the UK Met Office Hadley Centre Climate Model Version 3 
(HadCM3), are broadly consistent with those of the other 15 GCMs used by ClimAID. 



$GDSWDWLRQ�2SWLRQV The Number of Rainfall Events over One Inch, 1960–2100 

$GDSWDWLRQ�FDQ�EXLOG�RQ�ZDWHU�PDQDJHUV·�H[LVWLQJ�FDSDFLW\�WR 
KDQGOH�ODUJH�YDULDELOLW\��6WUDWHJLHV�FDQ�EH�GHVLJQHG�WR�EH�IOH[� 
LEOH�WR�D�UDQJH�RI�IXWXUH�FRQGLWLRQV��1HZ�<RUN
V�UHODWLYH 
ZHDOWK�RI�ZDWHU�UHVRXUFHV��LI�SURSHUO\�PDQDJHG��FDQ�FRQ� 
WULEXWH�WR�UHVLOLHQFH�DQG�QHZ�HFRQRPLF�RSSRUWXQLWLHV� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
�� 5HORFDWH�LQIUDVWUXFWXUH�VXFK�DV�ZDVWHZDWHU�WUHDWPHQW 
SODQWV�DQG�KLJK�GHQVLW\�KRXVLQJ�WR�KLJKHU�HOHYDWLRQV�DQG 
RXWVLGH�RI�KLJK�ULVN�IORRGSODLQV��)RU�LQIUDVWUXFWXUH�WKDW 
PXVW�UHPDLQ�LQ�WKH�IORRGSODLQ��HOHYDWH�VWUXFWXUHV�DQG 
FRQVWUXFW�EHUPV�RU�OHYHHV�WR�UHGXFH�IORRG�GDPDJH�� 

�� $GRSW�VWRUPZDWHU�LQIUDVWUXFWXUH�DQG�PDQDJHPHQW�SUDF� 
WLFHV�DQG�XSJUDGH�FRPELQHG�VHZHU�DQG�VWRUPZDWHU�V\V� 
WHPV�WR�UHGXFH�SROOXWLRQ� 

/DUJHU�VFDOH�6WUDWHJLHV 
�� 8VH�PXOWLSOH�VWUDWHJLHV�WR�LQFUHDVH�ZDWHU�XVH�HIILFLHQF\� 
&RQVHUYH�ZDWHU�WKURXJK�OHDN�GHWHFWLRQ�SURJUDPV��XVH�RI 
ORZ�IORZ�VKRZHUKHDGV��WRLOHWV��DQG�ZDVKLQJ�PDFKLQHV��DQG 
UDLQ�EDUUHOV�IRU�JDUGHQ�ZDWHULQJ��5HVHDUFK�HTXLWDEOH 
ZDWHU�SULFLQJ�SURJUDPV� 

�� (VWDEOLVK�VWUHDPIORZ�UHJXODWLRQV�WKDW�PLPLF�QDWXUDO�VHD� 
VRQDO�IORZ�SDWWHUQV��LQFOXGLQJ�PLQLPXP�IORZ�UHTXLUH� 
PHQWV��WR�SURWHFW�DTXDWLF�HFRV\VWHP�KHDOWK� 

�� ([SDQG�EDVLQ�OHYHO�FRPPLVVLRQV�WR�SURYLGH�EHWWHU�RYHU� 
VLJKW��DGGUHVV�ZDWHU�TXDOLW\�LVVXHV��DQG�WDNH�OHDGHUVKLS�RQ 
PRQLWRULQJ��FRQVHUYDWLRQ��FRRUGLQDWLRQ�RI�HPHUJHQF\ 
UHVSRQVH��DQG�QHZ�LQIUDVWUXFWXUH� 

�� 'HYHORS�PRUH�FRPSUHKHQVLYH�GURXJKW�PDQDJHPHQW�SUR� 
JUDPV�WKDW�LQFOXGH�LPSURYHG�PRQLWRULQJ�RI�ZDWHU�VXSSO\ 
VWRUDJH�OHYHOV�DQG�WKDW�LQVWLWXWH�VSHFLILF�FRQVHUYDWLRQ 
PHDVXUHV�ZKHQ�VXSSOLHV�GHFOLQH�EHORZ�VHW�WKUHVKROGV� 
8SGDWH�DQG�HQODUJH�VWRFNSLOHV�RI�HPHUJHQF\�HTXLSPHQW�WR 
KHOS�VPDOO�ZDWHU�VXSSO\�V\VWHPV�DQG�WR�DVVLVW�GXULQJ�HPHU� 
JHQFLHV� 

&R�EHQHILWV 
&RQWLQXLQJ�DQG�H[SDQGLQJ�FXUUHQW�ZDWHU�UHVRXUFH�PDQDJH� 
PHQW�SUDFWLFHV��VXFK�DV�UHGXFLQJ�VWRUPZDWHU�UXQRII�LQWR 
ZDWHU�ERGLHV��ZLOO�EHQHILW�SROOXWLRQ�FRQWURO�DV�ZHOO�DV�FOLPDWH 
DGDSWDWLRQ���(QFRXUDJLQJ�ZDWHU�FRQVHUYDWLRQ�VWUDWHJLHV�DQG 
PLQLPXP�IORZ�FULWHULD�WR�SUHSDUH�IRU�SRWHQWLDO�VXPPHU 
GURXJKWV�ZLOO�KHOS�WR�JXDUDQWHH�ZDWHU�VXIILFLHQF\� 
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The observed number of rainfall events exceeding one inch 
from 1960 to 2000 is shown by the black line, and the pro
jected number of such events, using the HadCM3 model, is 
show by blue line. These results are broadly consistent with 
those of the other 15 GCMs used by ClimAID. 
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3DUWLFXODUO\�9XOQHUDEOH�*URXSV 

6PDOOHU�ZDWHU�V\VWHPV�DUH�PRUH�YXOQHUDEOH�WR�GURXJKW�DQG 
RWKHU�W\SHV�RI�ZDWHU�VXSSO\�GLVUXSWLRQV�WKDQ�ODUJHU�V\VWHPV� 
VLQFH�ODUJH�V\VWHPV�WHQG�WR�EH�PRUH�FORVHO\�PDQDJHG�DQG 
RIWHQ�KDYH�PRUH�UHVRXUFHV�IRU�GHDOLQJ�ZLWK�GURXJKW�� 

7KH�HOGHUO\�DQG�SHRSOH�ZLWK�GLVDELOLWLHV�WHQG�WR�EH�PRUH�YXO� 
QHUDEOH�WR�LPPHGLDWH�IORRG�KD]DUGV�GXH�WR�OLPLWHG�PRELOLW\�� 

5DSLGO\�GHYHORSLQJ��KLJKHU�LQFRPH�H[XUEDQ�FRPPXQLWLHV 
PD\�H[SHULHQFH�ZDWHU�VFDUFLW\�DV�GHPDQG�LQFUHDVHV�LQ�WKHVH 
DUHDV�DQG�RYHUZKHOPV�ORFDO�VXSSOLHV� 

/RZHU�LQFRPH�RU�QRQ�(QJOLVK�VSHDNLQJ�SRSXODWLRQV�PD\� 
EH�SDUWLFXODUO\�YXOQHUDEOH�WR�LQFUHDVLQJ�OHYHOV�RI�GLVHDVH� 
FDXVLQJ�DJHQWV�LQ�WKH�ZDWHU�VXSSO\�RU�FRQWDPLQDQWV�LQ�ZHOO 
ZDWHU�DV�WKH\�PD\�EH�OHVV�DZDUH�RI�JRYHUQPHQW�SURJUDPV 
DQG�ZDUQLQJV�DQG�KDYH�OHVV�DFFHVV�WR�KHDOWK�FDUH� 

Flood Events per County, 1994–2006 
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Number of FEMA-declared flood disasters in 
New York State counties. (FEMA) 

Susquehanna River Flooding, June 2006 
The value of preparedness 

Flooding is already a major problem across New York State with damages costing an average of $50 million each 
year. There are several flood management strategies that can help solve current problems while addressing possible 
future ones. 

The June 2006 Susquehanna River flood—the largest on record since gauging began on the river in 1912—pro
vides insights into strategies that can be used to reduce flood risks and impacts. Record precipitation from June 25 
to 28, totaling 3 to 11 inches, culminated in significant flooding in the basin. Twelve counties in New York and thirty 
in Pennsylvania were declared disaster areas. Rainfall coupled with runoff from steep hillsides contributed to river 
water levels rising from less than 5 feet to nearly 21 feet in nine hours. Broome County incurred the most damages. 

In Broome County, about 3,350 properties were flooded. Fifty-eight percent of the flooded properties were residen
tial and 10 percent were commercial. Nearly 30 percent of the shopping area, two sewage treatment plants, a pub
lic works facility, a hospital, and several hundred miles of roads were also flooded. The town of Conklin was the 
hardest hit, with 30 percent of its properties flooded, followed by 13 percent in Kirkwood, and 10 percent in Port 
Dickinson. In total, 1,020 of the properties that were flooded were not within FEMA's Special Flood Hazard Area, 
including 723 residential properties. These properties were valued at more than $46.3 million and were exempt from 
having federally mandated insurance. 

Despite the very rapid onset of the flood and the thousands of properties that were inundated, there were only four 
deaths, thanks to the Susquehanna River Basin's well-developed flood-response system. The area has an excellent 
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Distribution of Flood Risks in a Select Area in Broome County Water Level of the Susquehanna River at Conklin, 
(Properties flooded in 2006 relative to FEMA floodzone designation) during the June 2006 Flood 
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Days of very heavy rain on top of already saturated soils from 
weeks of rain caused a huge spike in the level of the 
Susquehanna River (chart above), flooding thousands of 
properties, including the Endicott sewage treatment plant 
(photo below). 

warning-and-response system that links NOAA-based 
weather forecasts to real-time USGS streamflow data and 
coordinates with regional and local emergency response 
teams. The June 2006 response included pre-flood commu
nity-wide warnings and evacuations, water pumping and sand bag efforts, and emergency evacuations and medical 
services during the flood. Such a system is not inexpensive to operate: a single USGS gauge can cost nearly 
$20,000 per year to maintain and the system has nearly 10 such gauges. However, the value of such an early 
warning system is apparent when large floods do occur, and the system will remain important for the future. 

While the area has extensive levees and dams, some are outdated and the current system is not adequate to deal 
with potential higher-magnitude floods. Development within the floodplains behind these barriers has intensified, 
making communities more vulnerable and damages greater when floods occur. Strategies to help further reduce 
flood risk include moving out of the highest risk areas with homeowner buyouts following floods, and relocating 
infrastructure, such as wastewater treatment plants, out of floodplains. This strategy was used successfully in 
Conklin and elsewhere. It reduces subsequent flood risk, both to lives and buildings, and monetary costs can be 
comparable to or less than costs to expand levees. It also expands natural flood-control processes by expanding 
the undeveloped areas so that floodwaters can spread out and dissipate instead of being forced downstream. In 
some areas, downstream flooding can also be lessened by reducing stormwater runoff through improving soil infil
tration capacity, expanding vegetated surfaces, and decreasing impervious surfaces such as roads. 
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.H\�&OLPDWH�,PSDFWV� 

+LJK�ZDWHU�OHYHOV��VWURQJ�ZLQGV��DQG�KHDY\�SUHFLSLWDWLRQ�UHVXOWLQJ�IURP�VHYHUH 
FRDVWDO�VWRUPV�DOUHDG\�FDXVH�ELOOLRQV�RI�GROODUV�LQ�GDPDJHV�DQG�GLVUXSW�WUDQV� 
SRUWDWLRQ�DQG�SRZHU�GLVWULEXWLRQ�V\VWHPV��6HD�OHYHO�ULVH�ZLOO�OHDG�WR�PRUH�IUH� 
TXHQW�DQG�H[WHQVLYH�FRDVWDO�IORRGLQJ��:DUPLQJ�RFHDQ�ZDWHUV�UDLVH�VHD�OHYHO 
WKURXJK�WKHUPDO�H[SDQVLRQ�DQG�KDYH�WKH�SRWHQWLDO�WR�VWUHQJWKHQ�WKH�PRVW 
SRZHUIXO�VWRUPV� 

%DUULHU�LVODQGV�DUH�EHLQJ�GUDPDWLFDOO\�DOWHUHG�E\�VWURQJ�FRDVWDO 
VWRUPV�DV�RFHDQ�ZDWHUV�RYHUZDVK�GXQHV��FUHDWH�QHZ�LQOHWV� 
DQG�HURGH�EHDFKHV� 

6HD�OHYHO�ULVH�ZLOO�JUHDWO\�DPSOLI\�ULVNV�WR�FRDVWDO�SRSXODWLRQV 
DQG�ZLOO�OHDG�WR�SHUPDQHQW�LQXQGDWLRQ�RI�ORZ�O\LQJ�DUHDV� 
PRUH�IUHTXHQW�IORRGLQJ�E\�VWRUP�VXUJHV��DQG�LQFUHDVHG�EHDFK 
HURVLRQ�

/RVV�RI�FRDVWDO�ZHWODQGV�UHGXFHV�VSHFLHV�GLYHUVLW\��LQFOXGLQJ 
ILVK�DQG�VKHOOILVK�SRSXODWLRQV� 

6RPH�PDULQH�VSHFLHV��VXFK�DV�OREVWHUV��DUH�PRYLQJ�QRUWK�RXW 
RI�1HZ�<RUN�6WDWH��ZKLOH�RWKHU�VSHFLHV��VXFK�DV�WKH�EOXH�FODZ 
FUDE��DUH�LQFUHDVLQJ�LQ�WKH�ZDUPHU�ZDWHUV� 

6DOWZDWHU�FRXOG�UHDFK�IDUWKHU�XS�WKH�+XGVRQ�5LYHU�DQG�LQWR 
HVWXDULHV��FRQWDPLQDWLQJ�ZDWHU�VXSSOLHV��7LGHV�DQG�VWRUP 
VXUJHV�PD\�SURSDJDWH�IDUWKHU��LQFUHDVLQJ�IORRG�ULVN�ERWK�QHDU 
DQG�IDU�IURP�WKH�FRDVW� 

6HD�OHYHO�ULVH�PD\�EHFRPH�WKH�GRPLQDQW�VWUHVVRU�DFWLQJ�RQ 
YXOQHUDEOH�VDOW�PDUVKHV� 

Context 

New York's coastal zones are becoming 
more developed, further increasing the
 

consequences of flooding, coastal ero
sion, and sea level rise. 

More than a half million people live within
 

the 100-year coastal floodplain in New
 

York State. 

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 deposi
tion, and other forces. These important 
ecosystems provide wildlife habitat, pro
tect coastlines against storms, and
 

absorb pollution. 

Coastal impacts propagate into inland 
areas, such as up the Hudson River, all
 
the way to the Troy Dam.
 

The impacts of climate change occur in the context of numerous 
other stresses, many of which are also caused by human activi
ties. While climate change increases air and water temperatures 
and alters precipitation and runoff patterns, pollution from sur
rounding land use practices (such as sewage discharges and 
contaminated stormwater runoff from developed and agricultural 
areas) is an additional stress that harms fish and shellfish in the 
coastal zone. The map shows shellfish closures for the Peconic 
River Estuary in 2005 and the nearby land use practices that 
contribute to such closures. 
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$GDSWDWLRQ�2SWLRQV 

,PSOHPHQWDWLRQ�RI�DGDSWDWLRQ�VWUDWHJLHV�LQ�FRDVWDO�]RQHV 
LV�FRPSOLFDWHG�E\�WKH�FRPSOH[�LQWHUDFWLRQV�RI�QDWXUDO�DQG 
KXPDQ�V\VWHPV�DQG�FRPSHWLQJ�GHPDQGV�IRU�UHVRXUFHV��� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH 
6WUDWHJLHV 
��0RYH�VDQG�RQWR�EHDFKHV��DOWKRXJK�GRLQJ�VR�FDQ�OHDG 
WR�KDELWDW�GLVUXSWLRQ�DQG�HURVLRQ�LQ�WKH�DUHD�RI 
UHPRYDO��DQG�LV�RQO\�D�WHPSRUDU\�VROXWLRQ��$GG�VHGL� 
PHQW�IURP�VKLSSLQJ�FKDQQHOV�WR�PDUVKHV��DOWKRXJK�WKLV 
PD\�QRW�NHHS�XS�ZLWK�WKH�UDWH�RI�ORVV� 
��&RQVLGHU�XVH�RI�HQJLQHHULQJ�EDVHG�VWUDWHJLHV�VXFK�DV 
FRQVWUXFWLQJ�RU�UDLVLQJ�VHD�ZDOOV��DQG�ELR�HQJLQHHUHG 
VWUDWHJLHV�LQFOXGLQJ�UHVWRULQJ�RU�FUHDWLQJ�ZHWODQGV� 
��6LWH�QHZ�LQIUDVWUXFWXUH�DQG�GHYHORSPHQWV�RXWVLGH�RI 
IXWXUH�IORRGSODLQV��WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�HIIHFWV 
RI�VHD�OHYHO�ULVH��HURVLRQ�RI�EDUULHU�LVODQGV�DQG�FRDVW� 
OLQHV��DQG�ZHWODQG�LQXQGDWLRQ� 

/DUJHU�VFDOH�6WUDWHJLHV 
��%X\�RXW�ODQG�RU�SHUIRUP�ODQG�VZDSV�WR�HQFRXUDJH�SHRSOH 
WR�PRYH�RXW�RI�IORRG�SURQH�DUHDV�DQG�DOORZ�IRU�ZHWODQGV 
WR�VKLIW�LQODQG��(QDFW�UROOLQJ�HDVHPHQWV�WR�KHOS�SURWHFW 
FRDVWDO�ZHWODQGV�E\�SURKLELWLQJ�VHD�ZDOO�FRQVWUXFWLRQ 
ZKLOH�VWLOO�DOORZLQJ�VRPH�QHDU�VKRUH�GHYHORSPHQW� 
��,PSURYH�EXLOGLQJ�FRGHV�WR�SURPRWH�VWRUP�UHVLVWDQW 
VWUXFWXUHV�DQG�LQFUHDVH�VKRUHOLQH�VHWEDFNV� 

3DUWLFXODUO\�9XOQHUDEOH�*URXSV 

:LWKLQ�WKH�FRDVWDO�]RQH��HOGHUO\�DQG�GLVDEOHG�UHVLGHQWV 
DQG�KRXVHKROGV�ZLWKRXW�FDUV�DUH�SDUWLFXODUO\�YXOQHUDEOH 
WR�IORRG�KD]DUGV�DV�WKH\�KDYH�PRUH�GLIILFXOW\�HYDFXDWLQJ 
LQ�D�WLPHO\�PDQQHU� 

/RZ�LQFRPH�SRSXODWLRQV�OLYLQJ�LQ�FRDVWDO�DQG�QHDU� 
FRDVWDO�]RQHV�ZLOO�EH�OHVV�DEOH�WR�UHFRYHU�IURP�GDPDJHV 
UHVXOWLQJ�IURP�H[WUHPH�ZHDWKHU�HYHQWV�WKDQ�ZLOO�ZHDOWK� 
LHU�SRSXODWLRQV� 

5DFLDO�DQG�HWKQLF�PLQRULWLHV�DUH�PRUH�YXOQHUDEOH�WR 
H[WUHPH�HYHQWV�WKDQ�QRQPLQRULW\�SRSXODWLRQV��$IULFDQ 
$PHULFDQV�DQG�/DWLQRV�UHSUHVHQW�D�VLJQLILFDQW�SRUWLRQ�RI 
WKH�SHRSOH�OLYLQJ�LQ�WKH�1HZ�<RUN�&LW\�IORRG�]RQH�� 

&ROGZDWHU�PDULQH�VSHFLHV��VXFK�DV�OREVWHUV��DUH�YXOQHUD� 
EOH�WR�LQFUHDVHV�LQ�VHD�VXUIDFH�WHPSHUDWXUH��DQG�VRPH�DUH 
DOUHDG\�EHJLQQLQJ�WR�PRYH�QRUWK�RXW�RI�1HZ�<RUN�6WDWH 
ZDWHUV�� 

)UHVKZDWHU�HFRV\VWHPV�LQ�HVWXDULHV�DUH�YXOQHUDEOH�WR 
VDOWZDWHU�LQWUXVLRQ�DV�VHD�OHYHO�ULVHV�� 

1HZ�<RUN
V�KLJKO\�GHYHORSHG�DQG� 
SRSXODWHG�FRDVWOLQHV�DUH�YXOQHUDEOH�WR 

VHYHUH�FRDVWDO�VWRUPV��VXFK�DV�KXUULFDQHV� 

Projected Flooding 

Projected flood map for 1-in-10 year storm event for Long 
Beach and surrounding bay communities for ClimAID rapid 
ice melt scenario. 

&R�EHQHILWV 
3URWHFWLQJ�ZHWODQG�DUHDV�KDV�PLWLJDWLRQ�DQG�RWKHU 
HFRV\VWHP�VHUYLFH�FR�EHQHILWV�EHFDXVH�WKH\�SURYLGH�FULW� 
LFDO�IXQFWLRQV�VXFK�DV�FDSWXULQJ�FDUERQ��SURYLGLQJ�KDEL� 
WDW�IRU�ILVK�DQG�RWKHU�VSHFLHV��DQG�VHUYLQJ�DV�D�EXIIHU�IRU 
VWRUP�VXUJH��� 
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Effects of Sea Level Rise on Vital Coastal Wetlands 

Salt marshes are essential ecosystems in New York State that provide a 
number of services including protection against coastal storm damage, 
habitat for migratory birds, nurseries for local fisheries, and recreation 
opportunities for residents. Over the past several decades, the area of 
these essential ecosystems has declined dramatically. 

While sea level rise is currently a relatively minor component among 
several human-induced stressors (including draining of marshes, building 
sea walls, and dredging navigation channels) that may be contributing to 
the submergence and loss of vulnerable marshes, sea level rise may 
become the dominant factor in future decades. 

At Jamaica Bay in New York City, island salt marsh area declined by 20 
to 35 percent between the mid-1920s and mid-1970s. Since the mid
1970s, despite the implementation of regulations limiting dredging and 
filling activity, the rate of loss has accelerated: by 2008 close to 70 per
cent of the mid-1920s marsh area had been lost. In a 2003 pilot project 
at Big Egg Marsh, sediment was sprayed to a thickness of up to 3 feet 
and plugs of Spartina alterniflora, a marsh plant, were planted. In 2006 at 
Elder's Point East, a large-scale, $12 million restoration project used 
sand from maintenance dredging to artificially elevate the marsh. At both 
sites, the elevated stands of marsh plants are currently thriving. The suc
cesses of these two projects led to initiation of the 2010 restoration at 
Elder's Point West with plans underway for Yellow Bar Hassock.  

Udalls Cove Park in Queens and Pelham Bay Park in 
the Bronx have also experienced significant marsh 
loss. At Udalls Cove Park, marsh area has declined 
by 38 percent since 1974 and by 33 and 45 percent 
at two locations in Pelham Bay Park. Monitoring sta
tions have been established in these parks to track 
the changes. The data are being used in combina
tion with projected rates of sea level rise and aerial 
photographs to assist park managers, scientists, and 
public advocates in managing and thereby perhaps 
minimizing salt marsh loss in the coming decades. 

Udalls Cove Park Preserve, Queens, NY 

1951 1974 1999 2005 

Salt Marsh Loss Comparisons 
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Sea Level Rise and Severe Coastal Storms 
Vulnerability of urban and suburban communities 

New York's highly developed and populated coastlines are vulnerable to 
severe coastal storms, such as hurricanes. The urban and suburban regions 
of Long Beach and the communities along the mainland coastline of Great 
South Bay are two examples of areas at risk. Flood adaptation strategies for 
such areas require a holistic approach that promotes resiliency across 
communities. 

Sea level rise in combination with a coastal storm that currently occurs 
about once every 100 years on average is expected to place a growing 
population and more property at risk from flood and storm damage. In 
2020, nearly 96,000 people in the Long Beach area alone may be at risk 
from sea level rise under the rapid ice melt scenario; by 2080, that number 
may rise to more than 114,500 people. The value of property at risk in the 
Long Beach area under this scenario ranges from about $6.4 billion in 2020 
to about $7.2 billion in 2080. 

To help protect against the effects of 
sea level rise and coastal storm flood
ing, a number of adaptation strategies 
could be undertaken. In terms of 
financial cost, relocating agricultural 
and low-density residential develop
ment further away from the coast may 
be an appropriate adaptation strategy. 
Engineering-based strategies, such as 
constructing levees and sea walls, can be appropriate for moderate- and 
high-density development, although they involve tradeoffs. 

Each adaptation measure may create new patterns of winners and losers. 
For example, sea walls may protect some people within a community while 
others are left vulnerable to flooding. Sea walls also prevent wetlands from 
migrating inland, resulting in the loss of wetlands that are important nurs
eries for marine species and that also help protect the coastline from dam
age during storms. Relocating from high-risk coastal areas will put popula
tion pressures on some upland communities, potentially increasing property 
values and putting low-income people at a disadvantage. Such patterns of 
vulnerability need to be considered when planning for adaptation to reduce 
climate change impacts. 

6HD�OHYHO�ULVH�ZLOO�OHDG�WR 
PRUH�IUHTXHQW�DQG�H[WHQVLYH 

FRDVWDO�IORRGLQJ�� 

Flood Zone for a 1-in-100 Year Storm 
in Great South Bay 

The map shows areas projected to be 
flooded in three future time periods based 
on projections from 7 global climate mod
els, 3 emissions scenarios, and the rapid 
ice melt scenario used in ClimAID. 
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:LWKLQ�WKH�QH[W�VHYHUDO�GHFDGHV��1HZ�<RUN�6WDWH�LV�OLNHO\�WR�VHH�ZLGH� 
VSUHDG�VKLIWV�LQ�VSHFLHV�FRPSRVLWLRQ�LQ�WKH�VWDWH
V�IRUHVWV�DQG�RWKHU�QDW� 
XUDO�ODQGVFDSHV��ZLWK�WKH�ORVV�RI�VSUXFH�ILU�IRUHVWV��DOSLQH�WXQGUD��DQG 
ERUHDO�SODQW�FRPPXQLWLHV� 

&OLPDWH�FKDQJH�ZLOO�IDYRU�WKH�H[SDQVLRQ�RI�VRPH�LQYDVLYH�VSHFLHV�LQWR 
1HZ�<RUN��VXFK�DV�NXG]X��DQ�DJUHVVLYH�ZHHG��DQG�WKH�KHPORFN�ZRROO\ 
DGHOJLG��DQ�LQVHFW�SHVW��6RPH�KDELWDW�DQG�IRRG�JHQHUDOLVWV��VXFK�DV 
ZKLWH�WDLOHG�GHHU��PD\�DOVR�EHQHILW� 

$�ORQJHU�JURZLQJ�VHDVRQ�DQG�WKH�SRWHQWLDO�IHUWLOL]DWLRQ�HIIHFW�RI 
LQFUHDVLQJ�FDUERQ�GLR[LGH�FRXOG�LQFUHDVH�WKH�SURGXFWLYLW\�RI�VRPH 
KDUGZRRG�WUHH�VSHFLHV��SURYLGHG�JURZWK�LV�QRW�OLPLWHG�E\�RWKHU�IDFWRUV 
VXFK�DV�GURXJKW�RU�QXWULHQW�GHILFLHQF\�� 

&DUERQ�GLR[LGH�IHUWLOL]DWLRQ�WHQGV�WR�SUHIHUHQWLDOO\�LQFUHDVH�WKH�JURZWK 
UDWH�RI�IDVW�JURZLQJ�VSHFLHV��ZKLFK�DUH�RIWHQ�ZHHGV�DQG�RWKHU�LQYDVLYHV�� 

/DNHV��VWUHDPV��LQODQG�ZHWODQGV��DQG�DVVRFLDWHG�DTXDWLF�VSHFLHV�ZLOO�EH 
KLJKO\�YXOQHUDEOH�WR�FKDQJHV�LQ�WKH�WLPLQJ��VXSSO\��DQG�LQWHQVLW\�RI 
UDLQIDOO�DQG�VQRZPHOW��JURXQGZDWHU�UHFKDUJH��DQG�GXUDWLRQ�RI�LFH 
FRYHU� 

,QFUHDVLQJ�ZDWHU�WHPSHUDWXUHV�ZLOO�QHJDWLYHO\�DIIHFW�EURRN�WURXW�DQG 
RWKHU�QDWLYH�FROGZDWHU�ILVK� 
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Context 

The vast majority of New York's 
forests and other natural landscapes 
are privately owned  (more than 90 
percent of the state's 15.8 million 
acres of potential timberland), with 
implications for land-use planning 
and policies. 

Urbanization and other land-use 
changes have fragmented large, 
connected habitats important for 
species dispersal and migration. 

Increasing deer populations cause 
economic losses to agricultural 
crops and urban landscapes, and 
their selective feeding in natural land
scapes alters plant community struc
ture with cascading effects on other 
species. 

Many non-climate stressors currently 
have negative effects on New York's 
ecosystems. These stressors include 
invasive species, air pollution, acid 
precipitation, and excess nitrogen 
and phosphorus in the state's 
waterways. 



$GDSWDWLRQ�2SWLRQV 

:KHQ�FRQVLGHULQJ�DGDSWDWLRQ�VWUDWHJLHV�IRU�HFRV\VWHPV��LW�LV�LPSRU� 
WDQW�WR�PDQDJH�SULPDULO\�IRU�YLWDO�HFRV\VWHP�VHUYLFHV�DQG�ELRGLYHUVLW\ 
UDWKHU�WKDQ�DWWHPSWLQJ�WR�PDLQWDLQ�WKH�FXUUHQW�PL[�RI�VSHFLHV� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
�	 'HYHORS�PDQDJHPHQW�LQWHUYHQWLRQV�WR�UHGXFH�YXOQHUD� 
ELOLW\�RI�KLJK�SULRULW\�VSHFLHV�DQG�FRPPXQLWLHV��DQG 
GHWHUPLQH�PLQLPXP�DUHD�QHHGHG�WR�PDLQWDLQ�ERUHDO�RU 
RWKHU�WKUHDWHQHG�HFRV\VWHPV� 

/DUJHU�VFDOH�6WUDWHJLHV 
�	 0DLQWDLQ�KHDOWK\�HFRV\VWHPV�VR�WKH\�DUH�PRUH�WROHUDQW 
RU�EHWWHU�DEOH�WR�DGDSW�WR�FOLPDWH�FKDQJH�E\�PLQLPL]LQJ 
RWKHU�VWUHVVRUV�VXFK�DV�SROOXWLRQ��LQYDVLYH�VSHFLHV��DQG 
VSUDZO�DQG�RWKHU�KDELWDW�GHVWUR\LQJ�IRUFHV� 

�	 )DFLOLWDWH�QDWXUDO�DGDSWDWLRQ�E\�SURWHFWLQJ�ULSDULDQ�]RQHV 
DQG�PLJUDWLRQ�FRUULGRUV�IRU�VSHFLHV�DGMXVWLQJ�WR�FOLPDWH 
FKDQJHV� 

�	 ,QVWLWXWLRQDOL]H�D�FRPSUHKHQVLYH�DQG�FRRUGLQDWHG�PRQL� 
WRULQJ�HIIRUW�DQG�DFFHVVLEOH�GDWDEDVH�WR�WUDFN�VSHFLHV 
UDQJH�VKLIWV�DQG�RWKHU�LQGLFDWRUV�RI�KDELWDW�DQG�HFRV\VWHP�UHVSRQVH 
WR�FOLPDWH�FKDQJH��,GHQWLI\LQJ�DQG�SULRULWL]LQJ�ZKDW�WR�PRQLWRU�DQG� 
LQ�VRPH�FDVHV��GHYHORSLQJ�QHZ�LQGLFDWRUV�ZLOO�EH�UHTXLUHG� 

&R�EHQHILWV 
0DLQWDLQLQJ�KHDOWK\�HFRV\VWHPV�LQ�D�FKDQJLQJ�FOLPDWH�ZLOO�DOORZ 
WKHP�WR�FRQWLQXH�WR�SURYLGH�VHUYLFHV�VXFK�DV�SURYLVLRQ�RI�ZDWHU 
UHVRXUFHV��PDLQWHQDQFH�RI�ELRGLYHUVLW\��DQG�UHFUHDWLRQ�� 

Ecosystem Services 

Healthy ecosystems are our life support system, providing us with 
essential goods and services that would be extremely expensive or 
impossible to replace. Ecosystems purify air and water, and provide 
flood control. They supply us with products like food and timber, 
and sequester carbon and build soils. They provide recreation, 
hunting and fishing, and wild places in which to enjoy nature. 
Human disruption of ecosystems, through climate change and 
other factors such as habitat destruction and pollution, can reduce 
ecosystems’ ability to provide us with these valuable services. 

1HZ�<RUN
V�VWDWH�ILVK��WKH�EURRN 
WURXW��LV�DW�SDUWLFXODU�ULVN�IURP�KHP� 
ORFN�ORVV�DQG�LV�DOUHDG\�DW�ULVN�IURP 

LQFUHDVLQJ�WHPSHUDWXUHV�� 

Ecoregions 
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&RPPXQLWLHV�ZKRVH�HFRQRPLHV�GHSHQG�RQ�VNLLQJ�DQG�VQRZPR� 
ELOLQJ�ZLOO�EH�QHJDWLYHO\�DIIHFWHG�E\�KLJKHU�WHPSHUDWXUHV�DQG 
UHGXFHG�VQRZSDFN�� 

&RPPXQLWLHV�WKDW�GHSHQG�RQ�WRXULVP�DVVRFLDWHG�ZLWK�FROGZDWHU 
ILVKHULHV�VXFK�DV�WURXW�FRXOG�EH�SDUWLFXODUO\�YXOQHUDEOH��DOWKRXJK 
WKHUH�FRXOG�EH�LQFUHDVHV�LQ�ZDUPHU�ZDWHU�ILVK�VSHFLHV�VXFK�DV 
EDVV�WKDW�FRXOG�KHOS�RIIVHW�WKHVH�ORVVHV�� 

&KDUDFWHULVWLFV�WKDW�PDNH�VSHFLHV�DQG�FRPPXQLWLHV�KLJKO\�YXO� 
QHUDEOH�WR�FOLPDWH�FKDQJH�LQFOXGH��EHLQJ�DGDSWHG�WR�FROG�RU 
KLJK�HOHYDWLRQ�FRQGLWLRQV��EHLQJ�QHDU�WKH�VRXWKHUQ�ERXQGDU\�RI 
WKHLU�UDQJHV��KDYLQJ�D�QDUURZ�UDQJH�RI�WHPSHUDWXUH�WROHUDQFH� 
KDYLQJ�VSHFLDOL]HG�KDELWDW�RU�IRRG�UHTXLUHPHQWV��EHLQJ�VXVFHSWL� 
EOH�WR�QHZ�FRPSHWLWRUV��LQYDVLYH�VSHFLHV��RU�SHVWV��KDYLQJ�SRRU 
GLVSHUVDO�DELOLW\��KDYLQJ�ORZ�JHQHWLF�GLYHUVLW\��DQG�KDYLQJ�ORZ 
SRSXODWLRQ�OHYHOV� 

9XOQHUDEOH�VSHFLHV�DQG�HFRV\VWHPV�LQFOXGH��VSUXFH�ILU�IRUHVWV�RI 
WKH�$GLURQGDFN�DQG�&DWVNLOO�PRXQWDLQV��ERUHDO�DQG�DOSLQH�WXQ� 
GUD�FRPPXQLWLHV�RI�WKH�$GLURQGDFN�PRXQWDLQV��KHPORFN 
IRUHVWV��EURRN�WURXW��$WODQWLF�VDOPRQ��DQG�RWKHU�FROGZDWHU�ILVK� 
VQRZ�GHSHQGHQW�VSHFLHV�VXFK�DV�VQRZVKRH�KDUH��YROHV��DQG 
RWKHU�URGHQWV��DQG�WKHLU�ZLQWHU�SUHGDWRUV�VXFK�DV�IR[�DQG 
EREFDW��PRRVH��ELUG�VSHFLHV�VXFK�DV�%DOWLPRUH�RULROH�DQG 
URVH�EUHDVWHG�JURVEHDN��DPSKLELDQV�DQG�RWKHU�ZHWODQG�VSHFLHV� 

Seasonal Snow Depth at Wanakena (Adirondacks) 
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Snowpack is projected to decline sharply due to future 
warming. The black line shows historical snowpack, and 
the colored lines show projected snowpack over the 
months with snow for three future time periods under one 
relatively high emissions scenario (A2) using one global 
climate model, UK Met Office Hadley Centre Model ver
sion 3 (HadCM3). These projections are broadly consis
tent with those of other models used in ClimAID. 
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Cascading Effects of Climate Change on Animals, Plants, and the Economy 

Shaded and cool hemlock forests provide unique wildlife habitat and are the single most 
prevalent conifer species in New York State. Suitable habitat for the eastern hem
lock is expected to decline in New York as a result of increasing average 
summer temperatures as well as the spread of the invasive insect the 
hemlock woolly adelgid. The hemlock woolly adelgid is already 
well established in New York and recently has spread to the 
central part of the state, in part due to rising winter tempera
tures that are allowing the insect to survive the winter. 
Hemlocks already are dying from infestations in New York's 
southern and Hudson Valley regions. Currently there is no way to prevent the spread 
or the effects of the insect. Extensive loss of hemlock forests will have cascading, far-
reaching effects on a variety of wildlife species and their ecosystems. 

Infested Counties 
Eastern Hemlock 

New York's state fish, the brook trout, is at particular risk from hemlock loss and is Range
 
Newly Infested (2009)


already at risk from increasing temperatures. The southern extent of the habitable range 
for brook trout is in New York and the historical abundance of the fish is likely to be severely reduced by 
warming. Brook trout depend on coldwater refuges in streams and lakes to survive. Lakes that become 
unstratified will lack coldwater refuges and are likely to lose all of their trout. These represent about 41 
percent of brook trout lakes in the Adirondack Mountains, for example. Brook trout in streams and rivers 
will also be vulnerable as water temperatures rise along with air temperatures. Their vulnerability will be 
complicated by the extensive loss of hemlock forests, which shade and maintain lower water tempera
tures in streams. 

The loss of brook trout will cause changes in New York's fishing economy and may have disproportionate effects on 
small, fishing-dependent communities in which millions of dollars are spent by tourists who come to fish for trout. 
Possible adaptation strategies for keeping steams cool enough for brook trout include maintaining or increasing vege
tation that provides shade along rivers, streams, and lake shorelines, and minimizing disturbances that would impede 
water flows and groundwater inputs. 

Even more important from an economic perspective are the broader impacts of climate change on mountain forests. 
The local economies of the Adirondacks, Catskills, and Finger Lakes are dominated by tourism and recreation. Two-
thirds of the current tree species in mountainous areas of the Adirondacks are projected to be outside of their sustain
able climate zone and in severe decline by the end of this century if current emissions trends continue. 

Hunting, fishing, and wildlife viewing make significant contributions to New York State's economy. More than 4.6 mil
lion people fish, hunt, or wildlife watch in the state, spending $3.5 billion annually on equipment, trip-related expendi
tures, licenses, contributions, land ownership and leasing, and other items. The loss of spruce-fir forests and alpine 
meadows will negatively affect these experiences and their economic contributions to the state. 

Winter recreation is another major component of the economic value of the state's natural ecosystems. New York has 
more ski areas than any other state, hosting an average of 4 million visitors each year, contributing $1 billion to the 
state's economy, and employing 10,000 people. New York is also part of a six-state network of snowmobile trails that 
totals 40,500 miles and contributes $3 billion each year to the Northeast regional economy. Shorter, warmer winters 
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,QFUHDVHG�VXPPHU�KHDW�VWUHVV�ZLOO�QHJDWLYHO\�DIIHFW�FRRO�VHDVRQ�FURSV�DQG 
OLYHVWRFN�XQOHVV�IDUPHUV�WDNH�DGDSWLYH�PHDVXUHV�VXFK�DV�VKLIWLQJ�WR�PRUH 
KHDW�WROHUDQW�FURS�YDULHWLHV�DQG�LPSURYLQJ�FRROLQJ�FDSDFLW\�RI�OLYHVWRFN 
IDFLOLWLHV�� 

,QFUHDVHG�ZHHG�DQG�SHVW�SUHVVXUH�DVVRFLDWHG�ZLWK�ORQJHU 
JURZLQJ�VHDVRQV�DQG�ZDUPHU�ZLQWHUV�ZLOO�EH�DQ�LQFUHDV� 
LQJO\�LPSRUWDQW�FKDOOHQJH� 

:DWHU�PDQDJHPHQW�ZLOO�EH�D�PRUH�VHULRXV�FKDOOHQJH�IRU 
1HZ�<RUN�IDUPHUV�LQ�WKH�IXWXUH�GXH�WR�LQFUHDVHG�IUHTXHQ� 
F\�RI�KHDY\�UDLQIDOO�HYHQWV��DQG�PRUH�IUHTXHQW�DQG 
LQWHQVH�VXPPHU�ZDWHU�GHILFLWV�E\�PLG�WR�ODWH�FHQWXU\� 

2SSRUWXQLWLHV�WR�H[SORUH�QHZ�FURSV��QHZ�YDULHWLHV��DQG 
QHZ�PDUNHWV�ZLOO�FRPH�ZLWK�KLJKHU�WHPSHUDWXUHV�DQG�D 
ORQJHU�JURZLQJ�VHDVRQ� 
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Context 

The agriculture sector in New York 
State 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 
the state's economy.  

A large majority of New York agri
culture is currently rain-fed without 
irrigation, but summer precipitation 
is currently not sufficient to fully 
meet crop water needs most years. 

Economic pressures have led to 
consolidation into fewer, larger 
farms, particularly in the dairy indus
try. The costs of adapting to climate 
change may intensify this trend. 

Agriculture is sensitive to the volatile 
and rising costs of energy, a chal
lenge that climate change is likely to 
exacerbate. 

Early season produce can provide a large fraction of a farmer’s income. 
Heavy downpours can delay spring planting and/or damage crops, greatly 
reducing this important source of revenue. 



$GDSWDWLRQ�2SWLRQV 

$�FKDQJLQJ�FOLPDWH�SUHVHQWV�FKDOOHQJHV�DQG�SRWHQWLDO 
RSSRUWXQLWLHV�IRU�1HZ�<RUN�6WDWH�IDUPHUV��5HVSRQGLQJ 
ZLOO�QHFHVVLWDWH�ERWK�RQ�IDUP�DQG�VWDWH�OHYHO�VWUDWHJLHV� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
�	 &KDQJH�SODQWLQJ�GDWHV��YDULHWLHV��RU�FURSV�JURZQ�� 
�	 ,QFUHDVH�IDUP�GLYHUVLILFDWLRQ� 
�	 ,PSURYH�FRROLQJ�FDSDFLW\��LQFOXGLQJ�WKH�XVH�RI�IDQV 
DQG�VSULQNOHUV�LQ�GDLU\�EDUQV� 

�	 ,QFUHDVH�FRQWURO�RI�SHVWV��SDWKRJHQV��DQG�ZHHGV�DQG 
XVH�QHZ�DSSURDFKHV�WR�PLQLPL]H�FKHPLFDO�LQSXWV�� 

�	 'HYHORS�QHZ�FURS�YDULHWLHV�IRU�SURMHFWHG�1HZ�<RUN 
FOLPDWH�DQG�PDUNHW�RSSRUWXQLWLHV� 

�	 ,QYHVW�LQ�LUULJDWLRQ�DQG�RU�GUDLQDJH�V\VWHPV� 

/DUJHU�VFDOH�6WUDWHJLHV 
�	 'HYHORS�GHFLVLRQ�WRROV�WR�DVVLVW�IDUPHUV�LQ�GHWHUPLQ� 
LQJ�WKH�RSWLPXP�WLPLQJ�DQG�PDJQLWXGH�RI�LQYHVW� 
PHQWV�WR�FRSH�ZLWK�FOLPDWH�FKDQJH� 

&R�EHQHILWV 
7KHUH�DUH�VHYHUDO�RSSRUWXQLWLHV�IRU�UHGXFLQJ�JUHHQKRXVH 
JDV�HPLVVLRQV�ZLWK�DJULFXOWXUH�DGDSWDWLRQ�RSWLRQV� 
LQFOXGLQJ�LPSURYHG�PDQXUH�PDQDJHPHQW��JHQHUDWLRQ�RI 
RQ�VLWH�HQHUJ\��LQFUHDVLQJ�WKH�XVH�RI�VRLO�RUJDQLF�PDWWHU� 
DQG�XVLQJ�QLWURJHQ�IHUWLOL]HU�PRUH�HIILFLHQWO\��� 

Changes for the grape industry 
New York's grape harvest ranked third in the nation in 2007, with the crop valued at nearly 
50 million dollars. In recent years, however, challenges associated with cold injury to crops 
have cost the state’s agriculture industry millions of dollars. Increasing temperatures at the begin
ning of winter reduce cold hardiness and can raise the probability of midwinter damage. In late 
winter or early spring (after the winter-chilling requirement has been met), an earlier arrival of 
spring or a prolonged warm period may lead to premature budding and increased vulnerability to 
spring frost. Projections indicate a slight increase in the 
potential for spring frost injury in Concord grapes. 

In the long term, warmer winters and a longer growing 
season may bring opportunities to introduce a wider 
range of high-value, less cold-tolerant European red 
wine grape varieties such as Cabernet Sauvignon and 
Zinfandel, that currently are constrained by the state's 
climate. 

Adaptation strategies to avoid damage from spring frost 
events (such as using wind machines that pull warmer 
air down from high above ground during temperature 
inversions, and changing pruning and mulching 

As climate warms, the date of last frost comes ever earlier in the 
strategies) are well established. New research will year. The chart shows the date of last frost as the number of days 
be required to integrate weather forecasts into after January 1. The black line shows observations. The red line 

shows a model projection (HadCM3) based on a lower emissions 
early-warning systems for extreme events such as scenario (B1) while the green line shows that model's projection 
hard freeze and spring frost events. Linking these based on a higher emissions scenario (A2). Higher emissions 

mean more warming and hence cause the last frost day to occur warning systems to the susceptibility of crops to 
even earlier in the year. This model's projections are broadly con

damage could help reduce losses. sistent with those of the other models used in ClimAID. 
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'DLU\�PLON�SURGXFWLRQ�DQG�WKH�SURGXFWLYLW\�DQG�RU�TXDOLW\�RI 
VRPH�FRRO�VHDVRQ�FURSV�VXFK�DV�DSSOHV��SRWDWRHV��DQG�FDEEDJH 
ZLOO�EH�SDUWLFXODUO\�YXOQHUDEOH�WR�LQFUHDVHV�LQ�VXPPHU�KHDW 
VWUHVV��$GDSWDWLRQV�VXFK�DV�LPSURYLQJ�FRROLQJ�FDSDFLW\�RI�GDLU\ 
EDUQV�RU�FKDQJLQJ�YDULHWLHV�RU�FURSV�DUH�VWUDLJKWIRUZDUG�EXW�ZLOO 
QRW�EH�FRVW�IUHH�RU�ULVN�IUHH��)RU�H[DPSOH��WKH�VWDWH�FRXOG�ORVH 
VRPH�IDYRULWH�YDULHWLHV�RI�DSSOHV��VXFK�DV�0F,QWRVK�DQG�(PSLUH� 
IRU�ZKLFK�LW�FXUUHQWO\�KDV�QDWLRQDO�UHFRJQLWLRQ��DQG�KDYH�WR 
UHSODFH�WKHP�ZLWK�PRUH�KHDW�WROHUDQW�YDULHWLHV� 

6PDOOHU�IDUPV�PD\�KDYH�OHVV�LQIRUPDWLRQ�DQG�WUDLQLQJ�DQG�OHVV 
FDSLWDO�WR�LQYHVW�LQ�DGDSWDWLRQ�VWUDWHJLHV�VXFK�DV�VWUHVV�WROHUDQW 
SODQW�YDULHWLHV��LQFUHDVHG�FKHPLFDO�DQG�ZDWHU�LQSXWV��DQG 
HQKDQFHG�OLYHVWRFN�FRROLQJ���%\�DGGLQJ�WR�DOUHDG\�VHYHUH�FRP� 
SHWLWLYH�SUHVVXUH��FOLPDWH�FKDQJH�LV�OLNHO\�WR�H[DFHUEDWH�FXUUHQW 
WUHQGV�WRZDUGV�FRQVROLGDWLRQ�LQWR�IHZHU��ODUJHU�IDUPV��HVSHFLDOO\ 
LQ�WKH�GDLU\�VHFWRU� 

)DUPV�VSHFLDOL]LQJ�LQ�FRRO�VHDVRQ�FURSV�PD\�KDYH�FKDOOHQJHV 
ILQGLQJ�DSSURSULDWH�QHZ�YDULHWLHV�WKDW�PHHW�ERWK�SURGXFWLRQ 
GHPDQGV�DQG�PDUNHW�H[SHFWDWLRQV� 

:LWKRXW�SURDFWLYH�GHYHORSPHQW�RI�QRQ�FKHPLFDO�DSSURDFKHV� 
LQFUHDVHG�SHVWLFLGH�DQG�IHUWLOL]HU�XVH�FRXOG�KDUP�VHQVLWLYH�HQYL� 
URQPHQWV��VXFK�DV�VWUHDPV�DQG�ULYHUV��� 

Seasonal Differences in Soil-Water Balance 
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The chart shows historical averages for each month of the year for precipita
tion, evaporative water loss from soils and plants, and runoff. Runoff is the 
fraction of precipitation that is not evaporated and exceeds the soil-holding 
capacity and thus passes into deep groundwater or into streams. The red 
line shows that there is a moisture deficit in summertime as evaporative 
losses increase due to higher temperatures, resulting in virtually no runoff 
during the warmest months. ClimAID projections show that both the sum
mer deficit and winter excess are expected to increase in a warming climate. 

Projected Degree Days above 60ºF Prior to Last Frost 
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As temperatures rise, plants flower earlier in the spring. 
This can make them more vulnerable to damage from 
late spring frost. Climate change has the potential to 
exacerbate this vulnerability in Concord grapes grown 
in New York State. The dotted blue line represents a 
cumulative degree-day threshold that would lead to 
bud break prior to the last spring frost for Concord 
grapes in the Fredonia region. Years exceeding the 
threshold would have a high risk of frost damage. As 
the chart shows, under a higher emissions scenarios 
(A2, green line), this is projected to happen much more 
frequently in the later part of this century. These results 
are broadly consistent with the other global climate 
models used in ClimAID. 
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Dairy Heat Stress 

Heat stress has both short- and 
long-term effects on the health and 
performance of dairy cattle, 
depending on severity and timing of 
the stress. Short-term impacts 
include decreases in feed intake 
and milk production. Under heat stress, cows spend less time 
resting and more time standing and walking. A decrease of 1 
hour of resting time is associated with a decrease of 2 to 
3 pounds of milk produced per cow. Severe heat stress 
can cause lameness and poor reproductive performance 
(calving), with subsequent long-term negative effects on 
milk production. While short-term responses can be par
tially reversed after a heat wave, long-term effects are 
less easily reversed. 

By the 2080s, the magnitude of annual N.Y. milk produc
tion decline associated with heat stress is projected to 
increase six-fold compared to current heat stress-related 
declines. Economic losses associated with the projected 
increase in heat stress range from $37 to $66 per cow 
per year. These ClimAID estimates took into account only 
short-term heat stress effects. They did not consider the 
potential long-term effects of severe stress on milk 
production, so they may underestimate losses. 

Modifying feeding and providing adequate water can help 
reduce heat stress in cows but cannot substitute for 
improving cooling capacity in dairy barns (for example, 
through improved ventilation, high airspeeds directly over 
the cows, and sprinkler systems). Many ventilation sys
tems are inherently more cost-effective when deployed for 
larger barns. Small farms that cannot afford these kinds of 
adaptation measures will be most vulnerable to the 
impacts of warming. 

%\�WKH�����V��WKH� 
PDJQLWXGH�RI�DQQXDO� 
1�<��PLON�SURGXFWLRQ 
GHFOLQH�DVVRFLDWHG�ZLWK 
KHDW�VWUHVV�LV�SURMHFWHG�WR 
FUHDVH�VL[�IROG�FRPSDUHG 
WR�FXUUHQW�KHDW�VWUHVV� 

UHODWHG�GHFOLQHV��� 

Variations in Dairy Sales 

$571,000–$14,800,000 
$14,800,001–$29,350,000 
$29,350,001–$47,597,000 
$47,597,001–$85,630,000 
$85,630,001–$178,920,000 
No data 

Sales per county (dollars) 

Distribution of Dairy Operations 

LQ
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1–23 
24–89 
90–192 
193–276 
No data 

Number of operations 
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,PSDFWV�RI�FOLPDWH�FKDQJH�RQ�HQHUJ\�GHPDQG�DUH�OLNHO\�WR�EH�PRUH�VLJQLIL� 
FDQW�WKDQ�LPSDFWV�RQ�VXSSO\��&OLPDWH�FKDQJH�ZLOO�DGYHUVHO\�DIIHFW�V\VWHP 
RSHUDWLRQV��LQFUHDVH�WKH�GLIILFXOW\�RI�HQVXULQJ�DGHTXDWH�VXSSO\�GXULQJ�SHDN 
GHPDQG�SHULRGV��DQG�ZRUVHQ�SUREOHPDWLF�FRQGLWLRQV��VXFK�DV�WKH�XUEDQ 
KHDW�LVODQG�HIIHFW� 

0RUH�IUHTXHQW�KHDW�ZDYHV�ZLOO�FDXVH�DQ�LQFUHDVH�LQ�WKH�XVH 
RI�DLU�FRQGLWLRQLQJ��VWUHVVLQJ�SRZHU�VXSSOLHV�DQG�LQFUHDVLQJ 
SHDN�GHPDQG�ORDGV� 

,QFUHDVHG�DLU�DQG�ZDWHU�WHPSHUDWXUHV�ZLOO�GHFUHDVH�WKH�HIIL� 
FLHQF\�RI�SRZHU�SODQWV��DV�WKH\�GHFUHDVH�FRROLQJ�FDSDFLW\�� 

&RDVWDO�LQIUDVWUXFWXUH�LV�YXOQHUDEOH�WR�IORRGLQJ�DV�D�UHVXOW�RI 
VHD�OHYHO�ULVH�DQG�FRDVWDO�VWRUPV�� 

+\GURSRZHU�LV�YXOQHUDEOH�WR�SURMHFWHG�LQFUHDVHV�LQ�VXPPHU 
GURXJKW� 

7KH�DYDLODELOLW\�DQG�UHOLDELOLW\�RI�VRODU�SRZHU�V\VWHPV�DUH�YXO� 
QHUDEOH�WR�FKDQJHV�LQ�FORXG�FRYHU��DOWKRXJK�WKLV�PD\�EH�RII� 
VHW�E\�DGYDQFHV�LQ�WHFKQRORJ\��ZLQG�SRZHU�V\VWHPV�DUH�VLPL� 
ODUO\�YXOQHUDEOH�WR�FKDQJHV�LQ�ZLQG�VSHHG�DQG�GLUHFWLRQ� 

%LRPDVV�HQHUJ\�DYDLODELOLW\�GHSHQGV�RQ�ZHDWKHU�FRQGLWLRQV 
GXULQJ�WKH�JURZLQJ�VHDVRQ��ZKLFK�ZLOO�EH�DIIHFWHG�E\�D 
FKDQJLQJ�FOLPDWH� 

7UDQVIRUPHUV�DQG�GLVWULEXWLRQ�OLQHV�IRU�ERWK�HOHFWULF�DQG�JDV 
VXSSO\�DUH�YXOQHUDEOH�WR�H[WUHPH�ZHDWKHU�HYHQWV��VXFK�DV 
KHDW�ZDYHV�DQG�IORRGLQJ� 

+LJKHU�ZLQWHU�WHPSHUDWXUHV�DUH�H[SHFWHG�WR�GHFUHDVH�ZLQWHU 
KHDWLQJ�GHPDQG��ZKLFK�ZLOO�SULPDULO\�DIIHFW�QDWXUDO�JDV�PDU� 
NHWV��ZKLOH�LQFUHDVHV�LQ�FRROLQJ�GHPDQG�ZLOO�DIIHFW�HOHFWULFLW\ 
PDUNHWV��VXFK�FKDQJHV�ZLOO�YDU\�UHJLRQDOO\� 

7KH�LQGLUHFW�ILQDQFLDO�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�WKH 
HQHUJ\�VHFWRU�PD\�EH�JUHDWHU�WKDQ�WKH�GLUHFW�LPSDFWV�RI 
FOLPDWH�FKDQJH��7KHVH�LQGLUHFW�LPSDFWV�LQFOXGH�WKRVH�WR 
LQYHVWRUV�DQG�LQVXUDQFH�FRPSDQLHV�DV�LQIUDVWUXFWXUH�EHFRPHV 
PRUH�YXOQHUDEOH�DQG�WKRVH�ERUQH�E\�FRQVXPHUV�GXH�WR 
FKDQJLQJ�HQHUJ\�SULFHV��DQG�WKH�QHHG�WR�XVH�PRUH�HQHUJ\� 
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Context 

The energy system in New York State is 
designed to cope with a wide range of 
climate variability. 

Climate change is likely to exacerbate 
existing risks rather than create new 
ones. 

Extreme, short-term weather events and 
changes in demand are particularly 
important to the energy industry. 

The state's annual electricity load has 
increased by about 4.3 percent per year. 
New York City and Long Island account 
for about half of the total demand. 

New York State's electricity sources vary 
regionally. For example, many fossil-fuel
fired plants are in New York City and 
Long Island while most of the state's 
hydropower is in western, central, and 
northern New York. 

Wind power deployment is expected to 
increase across the state. 

Natural gas is the most commonly used 
source of heating energy in buildings, 
although there are strong regional differ
ences, which reflect the lack of gas 
service in many parts of the state. 

Energy prices vary widely, with higher 
prices in eastern New York than in 

western parts of the state. 



$GDSWDWLRQ�2SWLRQV 

3ODQQLQJ�IRU�FOLPDWH�FKDQJH�PXVW�EDODQFH�WKH�QHHG�WR�PDNH 
HQHUJ\�V\VWHPV�PRUH�UHVLOLHQW�ZLWK�WKH�FRVW�RI�VXFK�LQYHVW� 
PHQWV�DQG�FKDQJHV��2QH�ZD\�WR�GR�WKLV�LV�WR�LQFRUSRUDWH 
DGDSWDWLRQ�SODQQLQJ�LQWR�WKH�UHSODFHPHQW�F\FOHV�RI�V\VWHP 
DVVHWV��ZKLFK�KDYH�D�ORQJ�EXW�UHODWLYHO\�IL[HG�OLIHVSDQ��$V 
WHPSHUDWXUHV�ULVH��LW�ZLOO�EH�HYHQ�PRUH�LPSRUWDQW�WR�HQFRXU� 
DJH�WKH�XVH�RI�HQHUJ\�HIILFLHQW�FRROLQJ�PHWKRGV�VXFK�DV 
VKDGLQJ�EXLOGLQJV�DQG�ZLQGRZV�RU�XVLQJ�JUHHQ�URRIV�DQG 
KLJKO\�UHIOHFWLYH�URRI�SDLQWV�WR�UHGXFH�EXLOGLQJV·�WHPSHUD� 
WXUHV��$OWKRXJK�GHPDQG�VLGH�PDQDJHPHQW��ZKLFK�HQFRXU� 
DJHV�FRQVXPHUV�WR�XVH�HQHUJ\�PRUH�HIILFLHQWO\��LV�DOUHDG\�D 
NH\�VWDWH�SROLF\��LW�FRXOG�EH�PDGH�DQ�HYHQ�JUHDWHU�SULRULW\� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
��8VH�WUDQVIRUPHUV�DQG�ZLULQJ�WKDW�IXQFWLRQ�HIILFLHQWO\�DW 
KLJKHU�WHPSHUDWXUHV� 
��&RQVWUXFW�EHUPV�DQG�OHYHHV�WR�SURWHFW�LQIUDVWUXFWXUH�IURP 
IORRGLQJ��LQVWDOO�VDOWZDWHU�UHVLVWDQW�WUDQVIRUPHUV�WR�SURWHFW 
DJDLQVW�VHD�OHYHO�ULVH�DQG�VDOWZDWHU�LQWUXVLRQ� 
��5HYLHZ�DQG�UHYLVH�WUHH�WULPPLQJ�SUDFWLFHV�WR�DFFRXQW�IRU 
FKDQJHV�LQ�YHJHWDWLRQ�GXH�WR�FOLPDWH�FKDQJH� 

/DUJHU�VFDOH�6WUDWHJLHV 
��$GMXVW�UHVHUYRLU�UHOHDVH�SROLFLHV�WR�HQVXUH�VXIILFLHQW�VXP� 
PHU�K\GURSRZHU�FDSDFLW\� 
��,PSURYH�HQHUJ\�HIILFLHQF\�LQ�DUHDV�WKDW�DUH�OLNHO\�WR�KDYH 
WKH�ODUJHVW�LQFUHDVHV�LQ�GHPDQG� 

&R�EHQHILWV 
,QFUHDVLQJ�HQHUJ\�HIILFLHQF\�FDQ�KHOS�SHRSOH�WR�DGDSW�WR 
KLJKHU�WHPSHUDWXUHV�ZKLOH�UHGXFLQJ�JUHHQKRXVH�JDV�HPLV� 
VLRQV�LQ�RUGHU�WR�PLWLJDWH�FOLPDWH�FKDQJH�� 

Fuels Used for Residential Heating in New York State by ClimAID Region 
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Projected Changes in Peak Electricity Demand for Heating and
 

Cooling, 2020s (compared to current peak demand)
 

Heating Season Cooling Season 
Weather Station Decrease in MWp Electricity Increase in MWp Electricity 

Demand in 2020s Demand in 2020s 

Buffalo 14–27 55–111 

Rochester 9–18 53–105 

Syracuse 19–37 61–122 

Massena 5–10 7–15 

Watertown 11–21 29–57 

Albany 15–29 63–126 

Poughkeepsie 12–25 72–145 

NY City (LGA) 40–80 249–497 

Islip 27–58 194–387 

ClimAID global climate models project that average annual tempera
ture will rise by 1.5 to 3.0°F in the 2020s compared to the 
1970–1999 baseline period. An analysis of the sensitivity of energy 
demand to these changes shows that while heating energy use will 
decrease slightly, cooling energy use will increase much more. 

New York State Electricity Generation 
by Fuel Type, 2008 
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3DUWLFXODUO\�9XOQHUDEOH�*URXSV 

)RU�ORZHU�LQFRPH�UHVLGHQWV��LQFUHDVHG�HQHUJ\�FRVWV�DVVRFLDWHG�ZLWK�DLU�FRQGL� 
WLRQLQJ�PD\�EH�GLIILFXOW�WR�DIIRUG�� 

/RZ�LQFRPH�UHVLGHQWV�OLYLQJ�LQ�XUEDQ�DUHDV��ZKLFK�DUH�DOUHDG\�VXEMHFW�WR 
XUEDQ�KHDW�LVODQG�HIIHFWV��PD\�EH�HVSHFLDOO\�YXOQHUDEOH�WR�KLJKHU�HQHUJ\�FRVWV�� 

1HZ�HQHUJ\�IDFLOLWLHV�WR�SRZHU�WKH�LQFUHDVHG�GHPDQG�IRU�DLU�FRQGLWLRQLQJ�PD\ 
SODFH�EXUGHQV�RQ�FRPPXQLWLHV�ORFDWHG�QHDUE\�� 

(OGHUO\��GLVDEOHG��DQG�KHDOWK�FRPSURPLVHG�UHVLGHQWV�DUH�HVSHFLDOO\�YXOQHUDEOH 
WR�HQHUJ\�RXWDJHV�DVVRFLDWHG�ZLWK�H[WUHPH�FOLPDWH�HYHQWV� 

Impacts of Extreme Heat in Cities
 

Sustained high temperatures contribute to increased energy usage during heat waves, primarily for cooling 
indoor space and industrial equipment. When high temperatures persist overnight during these extended 
heat events, the likelihood of outages increases.  While the network design of local grids tends to isolate 
outages geographically, limiting the number of customers affected, prolonged heat waves can cause multi
ple outages across a city. The impacts of power outages can extend well beyond the energy sector, affect
ing health, transportation, and telecommunication. 

In New York City, urban heat island effects already contribute to an increase in energy demand during hot 
summer periods. Worsening heat waves under climate change pose a challenge for the city's energy sector. 
Existing urban heat island patterns may become more intense, such that areas that are already warmer due 
to heat island effects may become relatively hotter during a heat wave. The effects of heat islands are espe
cially prominent in many lower income neighborhoods, such as Fordham in the Bronx and Crown Heights in 
Brooklyn. These neighborhoods often have fewer trees on the street and higher building density, both of 
which contribute to hotter conditions. 

Higher poverty areas of New York City, particularly in northern Manhattan, the South Bronx, and parts of 
Brooklyn, have lower rates of home air conditioning than other areas, putting them at greater risk for heat-
related health problems. But even households that have air conditioning in these areas may be reluctant to 
use it because of the high cost of energy, which represents a large portion of their household income. 
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Air conditioner
in home

73.7–82.8%
82.9–88.3%
88.4–92.2%
92.3–95.1%

Neighborhood income
Very low poverty (<10%)
Low poverty (≥10–<20%)
Moderate poverty (≥20–<30%)
High poverty (≥30%)

 

   
 

 
 

 

   
 

 
 

 

   
 

 
 

 

   
 

 
 

 

   
 

 
 

 

   
 

 
 

Location and Elevation of Power Plants in New York City Air Conditioning Distribution and Neighborhood Level Poverty 

The majority of New York City’s power plants are located at low 
elevations on the coast and are thus vulnerable to sea level rise 
and storm surge. 

eNeighborhood incom
(<10%povertyloweryV

<20%–10≥(povertyLow 
20≥poverty (Moderate 
)30%≥poverty (High 

)(<10%
)<20%

)<30%–20

emohin 
rioneitdnocriA

%82.8–.737
%38.8–.928
%22.9–.488
%15.9–.329

Neighborhoods with higher poverty rates, including Central Harlem, 
Washington Heights, Fordham, the South Bronx, Greenpoint, 
Williamsburg, Bedford-Stuyvesant, and others, have lower rates of 
in-home air conditioning than more affluent parts of the city. 

To provide enough power during heat waves to meet the increase in peak demand, less efficient and more 
highly polluting sources of power may be used. High ozone levels due to the combination of high tempera
tures and air pollution are particularly harmful for the elderly and ill. 

Power outages and other disruptions to supply have significant financial impacts, with costs to U.S. con
sumers ranging from $119 billion to $188 billion per year. The workforce—especially those living farther from 
their jobs or who are more dependent on forms of transportation that become inoperable during power out
ages—are likely to bear these losses. During the 2003 Northeast blackout, loss of wages was estimated to 
account for two-thirds of the total financial losses. 

Those providing emergency services, including emergency health professionals, also may have difficulty get
ting to work during a power outage, thereby increasing risks to individuals in need of assistance. During the 
2003 Northeast blackout, the health services sector had the second highest workforce losses as a result of 
business closures. Demand for emergency services during the outage increased significantly as did the rate 
of respiratory device failure. 

To protect against severe power outages, smart grid technology can be used to help avoid them altogether 
by providing network operators with clearer metrics of the potential risk. Reducing demand and distributed 
generation (which generates electricity from many small sources) can also help lessen the risk of power out
ages. During heat waves and in advance of peak demand, voluntary and mandatory load-reduction pro
grams that call for customers to reduce usage also can be employed. 
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Context 

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 
including the largest mass transit sys
tem in the U.S., some 500 public and 
private aviation facilities, more than 
130 public transit operators, four port 
authorities, and numerous private 
ports. Transportation contributes 
about 10 percent, or $100 billion 
annually, to the state's economy. 

The highest concentration of trans
portation infrastructure is generally 
located in regions that are population 
centers and vital drivers of the global, 
national, and state economy. Threats 
to these dense metropolitan trans
portation systems (especially New 
York City) would have far-reaching 
impacts. 

Ground transportation systems (roads 
and rails) in coastal population cen
ters are often placed underground in 
tunnels very close to or below sea 
level. 

Since transportation is a networked 
system, delays and failures in one 
part can affect other parts. 

36 

.H\�&OLPDWH�,PSDFWV� 

2YHU�WKH�QH[W�IHZ�GHFDGHV��KHDW�ZDYHV�DQG�KHDY\�SUHFLSLWDWLRQ�HYHQWV 
DUH�OLNHO\�WR�GRPLQDWH�WKH�FDXVHV�IRU�PRGHUDWH��PRUH�IUHTXHQW�WUDQV� 
SRUWDWLRQ�SUREOHPV�VXFK�DV�IORRGHG�VWUHHWV�DQG�GHOD\V�LQ�PDVV�WUDQVLW� 

%\�ODWHU�WKLV�FHQWXU\��LW�LV�YHU\�OLNHO\�WKDW�FRDVWDO�IORRGLQJ�ZLOO�EH�PRUH 
IUHTXHQW�DQG�LQWHQVH�GXH�WR�VHD�OHYHO�ULVH��0DMRU�DGDSWDWLRQV�DUH�OLNHO\�WR 
EH�QHHGHG��QRW�RQO\�LQ�WKH�FRDVWDO�]RQHV��EXW�DOVR�LQ�7UR\�DQG�$OEDQ\�DV 
VHD�OHYHO�ULVH�DQG�VWRUP�VXUJH�SURSDJDWH�XS�WKH�WLGH�FRQWUROOHG�+XGVRQ 
5LYHU� 

0DWHULDOV�XVHG�LQ�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH��VXFK�DV�DVSKDOW�DQG�WUDLQ 
UDLOV��DUH�YXOQHUDEOH�WR�LQFUHDVHG�WHPSHUDWXUHV�DQG�IUHTXHQF\�RI�H[WUHPH 
KHDW�HYHQWV�� 

$LU�FRQGLWLRQLQJ�UHTXLUHPHQWV�LQ�EXVHV��WUXFNV��DQG�WUDLQV��DQG�YHQWLOD� 
WLRQ�UHTXLUHPHQWV�IRU�WXQQHOV�ZLOO�LQFUHDVH� 

/RZ�O\LQJ�WUDQVSRUWDWLRQ�V\VWHPV�VXFK�DV�VXEZD\V�DQG�WXQQHOV��HVSHFLDOO\ 
LQ�FRDVWDO�DQG�QHDU�FRDVWDO�DUHDV��DUH�DW�SDUWLFXODU�ULVN�RI�IORRGLQJ�DV�D 
UHVXOW�RI�VHD�OHYHO�ULVH��VWRUP�VXUJH��DQG�KHDY\�SUHFLSLWDWLRQ�HYHQWV�� 

7UDQVSRUWDWLRQ�V\VWHPV�DUH�YXOQHUDEOH�WR�LFH�DQG�VQRZVWRUPV��DOWKRXJK 
UHTXLUHPHQWV�IRU�VDOWLQJ�DQG�VQRZ�UHPRYDO�PD\�GHFUHDVH�DV�SUHFLSLWDWLRQ 
WHQGV�WR�RFFXU�PRUH�RIWHQ�DV�UDLQ�WKDQ�VQRZ��)UHH]H�WKDZ�F\FOHV�WKDW�GLV� 
WXUE�URDGEHGV�PD\�LQFUHDVH�LQ�VRPH�UHJLRQV�DV�ZLQWHU�WHPSHUDWXUHV�ULVH�� 

5XQZD\V�PD\�QHHG�WR�EH�OHQJWKHQHG�LQ�VRPH�ORFDWLRQV�VLQFH�KRWWHU�DLU 
SURYLGHV�OHVV�OLIW�DQG�KHQFH�UHTXLUHV�KLJKHU�VSHHGV�IRU�WDNH�RII��1HZHU� 
PRUH�SRZHUIXO�DLUFUDIW�FDQ�UHGXFH�WKLV�SRWHQWLDO�LPSDFW�� 

7KH�*UHDW�/DNHV�PD\�VHH�D�VKRUWHU�VHDVRQ�RI�ZLQWHU�LFH�FRYHU��OHDGLQJ�WR 
D�ORQJHU�VKLSSLQJ�VHDVRQ��+RZHYHU��UHGXFHG�LFH�FRYHU�PD\�UHVXOW�LQ�DQ 
LQFUHDVH�LQ�´ODNH�HIIHFWµ�VQRZ�HYHQWV��ZKLFK�FDXVH�YDULRXV�WUDQVSRUWD� 
WLRQ�UHODWHG�SUREOHPV� 

1HZ�<RUN�6WDWH�KDV�WKH�PRVW�GD\V�SHU�\HDU�RI�IUHH]LQJ�UDLQ�LQ�WKH�QDWLRQ� 
7KLV�DIIHFWV�DLU�DQG�JURXQG�WUDQVSRUWDWLRQ�GLUHFWO\�DQG�DOVR�LQGLUHFWO\ 
WKURXJK�HOHFWULF�DQG�FRPPXQLFDWLRQ�RXWDJHV��,W�LV�XQNQRZQ�KRZ�FOLPDWH 
FKDQJH�ZLOO�LQIOXHQFH�WKH�IUHTXHQF\�RI�IUHH]LQJ�UDLQ�LQ�WKH�IXWXUH� 



$GDSWDWLRQ�2SWLRQV 

'LVDVWHU�PDQDJHPHQW�VWXGLHV�KDYH�VKRZQ�WKDW�HYHU\��� 
LQYHVWHG�LQ�SUHYHQWDWLYH�PHDVXUHV�VDYHV����LQ�ORVVHV�QRW 
LQFXUUHG� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
� 3HUIRUP�HQJLQHHULQJ�EDVHG�ULVN�DVVHVVPHQWV�RI�DVVHWV�DQG 
RSHUDWLRQV�DQG�FRPSOHWH�DGDSWDWLRQ�SODQV�EDVHG�RQ�WKHVH 
DVVHVVPHQWV��LQFOXGLQJ�ILQDQFLQJ�� 

� 3URWHFW�FRDVWDO�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH�ZLWK�OHYHHV� 
VHD�ZDOOV��DQG�SXPSLQJ�IDFLOLWLHV��HOHYDWH�EULGJH�ODQGLQJV� 
URDGV��UDLOURDGV��DLUSRUWV��DQG�FROOLVLRQ�IHQGHUV�RQ�EULGJH 
IRXQGDWLRQV��GHVLJQ�LQQRYDWLYH�JDWHV�DW�VXEZD\��UDLO��DQG 
URDG�WXQQHO�HQWUDQFHV�DQG�YHQWLODWLRQ�RSHQLQJV� 

� 5HORFDWH�FULWLFDO�V\VWHPV�WR�KLJKHU�JURXQG�RXW�RI�IXWXUH 
IORRG�]RQHV� 

� /HQJWKHQ�DLUSRUW�UXQZD\V�DQG�H[SDQVLRQ�MRLQWV�RQ�EULGJHV� 
XSJUDGH�WR�HQHUJ\�HIILFLHQW�DLU�FRQGLWLRQLQJ�RQ�WUDLQV��VXE� 
ZD\V��DQG�EXVHV��XVH�KHDW�UHVLVWDQW�FRQVWUXFWLRQ�PDWHULDOV 
IRU�SDYHPHQWV�DQG�UDLO�WUDFNV� 

/DUJHU�VFDOH�6WUDWHJLHV 
� &KDQJH�VWDQGDUGV�IRU�HQJLQHHULQJ�VSHFLILFDWLRQV�UHODWHG�WR 
FOLPDWH�VXFK�DV�IRU�KHDW�UHVLVWDQW�PDWHULDOV�DQG�WKH�FDSDFL� 
W\�RI�GUDLQDJH�V\VWHPV� 

� )RUP�DOOLDQFHV�WR�VHW�SHUIRUPDQFH�VWDQGDUGV�WR�UHGXFH 
FOLPDWH�ULVNV��IRUP�PXWXDO�LQVXUDQFH�SRROV�WKDW 
VSUHDG�ULVNV� 

&R�EHQHILWV 
0DNLQJ�LPSURYHPHQWV�WR� SXEOLF�WUDQVSRUWD
WLRQ�V\VWHPV�ZLOO�QRW�RQO\� IDFLOLWDWH�DGDSWD�
WLRQ��EXW�DOVR�HQKDQFH�HQHUJ\� HIILFLHQF\
DQG�LQFUHDVH�ULGHUVKLS��WKXV� KHOSLQJ�WR
UHGXFH�JUHHQKRXVH�JDV�HPLVVLRQV� DQG
PLWLJDWH�FOLPDWH�FKDQJH��� 

NY City Streets at Risk of Flooding 

As sea level rises, many more New York City streets will be 
at risk of flooding. The chart shows the total length in miles 
of NY City streets at risk of flooding under current sea level 
with a 100-year storm, and with 2 feet and 4 feet of sea 
level rise (consistent with the ClimAID projections). Under 
current conditions, about 11 percent of city streets are at 
risk. With 2 feet of sea level rise, that increases to about 25 
p
of

ercent. And with 4 feet of sea level rise, about 34 percent 
 NY City streets are at risk. 

New York City's Expanding Flood Zones 

�
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100-year flood zones for the New 
York City area under observed 
conditions (red, from FEMA); and 
for a sea level rise of 2 feet (yel
low), and of 4 feet (green). These 
sea level rise scenarios are consis
tent with the ClimAID projections. 
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/RZ�LQFRPH�DQG�HOGHUO\�SRSXODWLRQV��HVSHFLDOO\�LQ�XUEDQ�DUHDV��DUH�SDUWLFXODU� 
O\�YXOQHUDEOH�WR�GLVUXSWLRQ�WR�WUDQVSRUWDWLRQ�VHUYLFHV��OLPLWLQJ�WKHLU�DELOLW\�WR 
JHW�WR�ZRUN�RU�HYDFXDWH�GXULQJ�HPHUJHQFLHV�DQG�H[WUHPH�ZHDWKHU�HYHQWV� 

7UDQVSRUW�LQWHUUXSWLRQV�WDNH�D�SDUWLFXODU�WROO�RQ�ZRUNLQJ�ZRPHQ��ZKR�WHQG�WR 
KDYH�OHVV�VSDUH�WLPH�EHFDXVH�RI�FKLOG�DQG�IDPLO\�FDUH�DQG�RQ�DYHUDJH�HDUQ�OHVV 
WKDQ�PHQ� 

:RUNHUV�RQ�KRXUO\�SD\UROOV�FDQ�OHVV�DIIRUG�WUDQVSRUWDWLRQ�UHODWHG�ZRUN�ORVV�RU 
GHOD\V�FRPSDUHG�WR�PRUH�DIIOXHQW��VDODULHG�HPSOR\HHV�ZKRVH�SD\�GRHV�QRW 
GHSHQG�RQ�WKH�QXPEHU�RI�KRXUV�ZRUNHG� 

/RZHU�LQFRPH�QHLJKERUKRRGV��ZKHWKHU�UXUDO��VXEXUEDQ��RU�XUEDQ��JHQHUDOO\ 
KDYH�DOUHDG\�SRRU�WUDQVSRUWDWLRQ�RSWLRQV�DQG�OLWWOH�RU�QR�UHGXQGDQF\� 
,QFUHDVHV�LQ�H[WUHPH�HYHQWV�ZLOO�ZRUVHQ�WKHLU�VLWXDWLRQ� 

100-year Flood with 4-foot Sea Level Rise 
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A 100-year flood with a 4-foot rise in sea level (consistent with the ClimAID rapid 
ice melt scenario projections in the 2080s) would flood a large fraction of 
Manhattan subways, including virtually all of the tunnels crossing into the Bronx 
beneath the Harlem River (above right) and the tunnels under the East River (above 
left). Blue lines on the maps show flooded subway lines and tunnels. Background 
colors indicate topography, with areas greater than 30 feet in elevation in yellow. 
Since subway tracks are typically 20 feet below the street level, areas in yellow 
could avoid flooding given the ClimAID storm surge and sea level rise projections. 



Sea Level Rise and a 100-year Coastal Storm 
Impacts on New York City metropolitan area 

Sea level rise in combination with coastal storm surge has the ability to severely damage transportation 
systems in New York—particularly those in New York City and the surrounding metropolitan region— 
since much of the systems are located at low elevations, and some in tunnels below sea level. By the 
end of this century, the ClimAID projections show that sea level is expected to rise by 2 to 4 feet with 
significant implications for the transportation sector. 

Damages from a coastal storm in the New York City metropolitan area that currently occurs on average 
once every 100 years would be significant. At current sea level, economic losses from such a storm 
would amount to about $58 billion. Losses under a 2-foot sea level rise scenario increase to $70 billion 
and to $84 billion under a 4-foot sea level rise scenario. All sectors of the transportation system would 
be affected, including roads, railways, subways, airports, and seaports.  

The effects of such a flooding scenario would occur rapidly. For example, many of the tunnels lying 
below flood heights (including subway, highway, and rail) would fill up with water in less than 1 hour. At 
the low-lying La Guardia Airport, sea level rise would wipe out the effectiveness of existing levees, even 
for less severe storms. The outage times estimated for the various transportation systems range from 1 
to 29 days, depending on the infrastructure and sea level rise scenario. More detailed engineering-based 
vulnerability assessments are needed to improve these preliminary estimates. 

The social and economic effects of a 100-year storm would not be distributed evenly. People with limited 
mobility and transportation options would be affected the most, including low-income households, the 
disabled, and the elderly. These populations also may be less likely to access relief from centralized facili
ties located beyond walking distance. 

To protect against the impacts of a 100-year storm, sea walls, floodgates, and pumping stations could 
be constructed in the short term. In the long term, transportation infrastructure could be relocated to 
higher elevation areas, outside of the future floodplain, and some tunnel structures could be outfitted with 
engineered flood protection. The sustainability of a proposed barrier system to protect the New York har
bor has not been established and requires careful cost/benefit assessments of long-term risks and of exit 
strategies when prolonged sea level rise combined with coastal storm surge begins to exceed the finite 
design elevations of any such barrier system. 

Annualized losses from the expected climate hazards for the metropolitan transportation systems are 
estimated in the hundreds of millions of dollars per year now, increasing to billions of dollars per year by 
mid-century. Required annual capital costs to make the transportation systems resilient to climate haz
ards in this coastal setting are on the order of one quarter of the expected losses that are estimated to 
occur if no protective adaptation measures were undertaken. Therefore preventive measures are likely to 
be highly cost-effective, but require engineering assessments and must be in place before irreparable 
flood damage occurs. This will require capital investments. 
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&RPPXQLFDWLRQ�VHUYLFH�GHOLYHU\�LV�YXOQHUDEOH�WR�KXUULFDQHV��OLJKWQLQJ��LFH� 
VQRZ��ZLQG�VWRUPV��DQG�RWKHU�H[WUHPH�ZHDWKHU�HYHQWV��VRPH�RI�ZKLFK�DUH 
SURMHFWHG�WR�FKDQJH�LQ�IUHTXHQF\�DQG�RU�LQWHQVLW\� 

7KH�GHOLYHU\�RI�WHOHFRPPXQLFDWLRQ�VHUYLFHV�LV�VHQVLWLYH�WR 
SRZHU�RXWDJHV��VXFK�DV�WKRVH�UHVXOWLQJ�IURP�WKH�LQFUHDVHG 
GHPDQG�DVVRFLDWHG�ZLWK�KHDW�ZDYHV��ZKLFK�DUH�H[SHFWHG�WR 
LQFUHDVH�ZLWK�FOLPDWH�FKDQJH� 

&RPPXQLFDWLRQ�OLQHV�DQG�RWKHU�LQIUDVWUXFWXUH�DUH�YXOQHUDEOH 
WR�KHDY\�SUHFLSLWDWLRQ�HYHQWV��IORRGLQJ��DQG�RU�IUHH]LQJ�UDLQ�� 

,Q�FRDVWDO�DQG�QHDU�FRDVWDO�DUHDV��VHD�OHYHO�ULVH�LQ�FRPELQD� 
WLRQ�ZLWK�FRDVWDO�VWRUP�VXUJH�IORRGLQJ�ZLOO�EH�D�FRQVLGHUDEOH 
WKUHDW�ODWHU�WKLV�FHQWXU\� 

Context 

Telecommunications infrastructure is vital to New York State's economy and welfare; its 
capacity and reliability are essential to the effective functioning of emergency services as 
well as global commerce and the state's economy. 

The sector is largely privately operated, but it has important public functions. 

Because of rapidly changing telecommunications technology and deregulated, fiercely 
competitive markets, some operators often focus on short-term market share and prof
itability rather than pursuing long-term strategies to achieve reliability and redundancy. 

Under current climate conditions and severe weather events, there are already serious 
vulnerabilities that in many instances prevent the telecommunications sector from deliver
ing services to the public. 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. 

The sector is tightly coupled to the energy sector, with power outages affecting the relia
bility of communication services; many of its communication lines also are located on the 
same poles as power lines. 

Modern digital technologies, including telecommunication services based on fiber optics, 
broadband, and the Internet, can be more vulnerable to power outages than traditional 
landline technology that was—or in some places still is—self-powered. 

Wireless mobile phone services and landlines often share the same backbone network. 
In these instances, redundancy is essential to avoid simultaneous breakdowns. 

Reports of service outages to federal or state regulators are not accessible to the public 
and are not uniformly mandatory across the different types of services. 
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$GDSWDWLRQ�2SWLRQV 

&KDQJHV�WR�WHOHFRPPXQLFDWLRQV�LQIUDVWUXFWXUH�WR�PDNH�LW�PRUH 
UREXVW��UHVLOLHQW��DQG�UHGXQGDQW�ZLOO�UHGXFH�IXWXUH�FOLPDWH�UHODWHG 
RXWDJHV�� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
� 7ULP�WUHHV�QHDU�FRPPXQLFDWLRQ�OLQHV��SODFH�FRPPXQLFDWLRQ 
FDEOHV�XQGHUJURXQG�ZKHUH�WHFKQLFDOO\�DQG�HFRQRPLFDOO\�IHDVLEOH� 
� 3URYLGH�EDFNXS�SRZHU�DW�FHOO�WRZHUV�ZLWK�JHQHUDWRUV��VRODU� 
SRZHUHG�EDWWHU\�EDQNV��DQG�´FHOOV�RQ�ZKHHOVµ�WKDW�FDQ�UHSODFH 
GLVDEOHG�WRZHUV��([WHQG�WKH�IXHO�VWRUDJH�FDSDFLW\�WR�UXQ�EDFN� 
XS�JHQHUDWRUV�IRU�H[WHQGHG�WLPHV� 
� 5HORFDWH�FHQWUDO�FRPPXQLFDWLRQV�RIILFHV�RXW�RI�IXWXUH�IORRG� 
SODLQV� 
� ,PSURYH�EDFNXS�FHOO�SKRQH�FKDUJLQJ�RSWLRQV�E\�VWDQGDUGL]LQJ 
FKDUJLQJ�LQWHUIDFHV��LQFOXGLQJ�IRU�FDU�FKDUJHUV��ZKLFK�DOORZ�DQ\ 
SKRQH�WR�EH�UHFKDUJHG�E\�DQ\�FKDUJHU� 
� $VVHVV��GHYHORS��DQG�H[SDQG�DOWHUQDWLYH�FRPPXQLFDWLRQ�WHFK� 
QRORJLHV�WR�LQFUHDVH�UHGXQGDQF\�DQG�RU�UHOLDELOLW\� 

/DUJHU�VFDOH�6WUDWHJLHV 
� 5HDVVHVV�LQGXVWU\�SHUIRUPDQFH�VWDQGDUGV�FRPELQHG�ZLWK 
PRUH�XQLIRUP�UHJXODWLRQ�DFURVV�DOO�W\SHV�RI�WHOHFRPPXQL� 
FDWLRQ�VHUYLFHV��3URYLGH�EHWWHU�HQIRUFHPHQW�RI�UHJXOD� 
WLRQV��LQFOXGLQJ�XQLIRUP�PDQGDWRU\�UHSRUWLQJ�RI�RXWDJHV� 
� 'HYHORS�KLJK�VSHHG�EURDGEDQG�DQG�ZLUHOHVV�VHUYLFHV�LQ 
UXUDO�DUHDV�ZLWK�ORZ�SRSXODWLRQ�GHQVLW\�� 
� 'HFRXSOH�WHOHFRPPXQLFDWLRQV�LQIUDVWUXFWXUH�IURP�HOHF� 
WULF�JULG�LQIUDVWUXFWXUH�WR�WKH�H[WHQW�SRVVLEOH� 

&R�EHQHILWV 
,QFUHDVLQJ�UHGXQGDQF\�DQG�UHOLDELOLW\�LQ�WKH�WHOHFRPPXQL� 
FDWLRQV�VHFWRU�ZLOO�UHGXFH�RXWDJHV�QRW�RQO\�IURP�D�FKDQJLQJ 
FOLPDWH��EXW�DOVR�IURP�RWKHU�QRQ�FOLPDWH�UHODWHG�ULVNV� 
,PSURYLQJ�WHOHFRPPXQLFDWLRQV�WHFKQRORJ\�UHOLDELOLW\�ZLOO�DOVR 
KHOS�WR�UHGXFH�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�WUDYHO� 

Cable Modem Broadband Availability, 2009 
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Telecommunication technologies are dependent on reliable 
and consistent electric power. The number of electric grid 
disruptions caused by extreme weather has increased ten
fold since 1992. The fraction of all grid disturbances caused 
by weather-related phenomena has more than tripled from 
about 20 percent in the early 1990s to about 65 percent in 
recent years. While the figure does not demonstrate a 
cause and effect relationship between climate change and 
grid disruptions, it does suggest that weather and climate 
extremes have important effects on grid disruptions. 
Projections of future increases in extreme events suggest 
increased risks for the electric grid and the telecommunica
tions that depend on it. 
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&XVWRPHUV�LQ�UXUDO��UHPRWH�DUHDV�DUH�PRUH�YXOQHUDEOH�WR�VHUYLFH�GLVUXSWLRQV 
WKDQ�FXVWRPHUV�LQ�XUEDQ�DUHDV��EHFDXVH�WKH\�KDYH�IHZHU�EDFNXS�VHUYLFH 
RSWLRQV�DQG�RIWHQ�ODFN�ZLUHOHVV�DQG�EURDGEDQG�VHUYLFHV�� 

5HVWRUDWLRQ�RI�FRPPXQLFDWLRQ�VHUYLFHV�IROORZLQJ�D�VWRUP�W\SLFDOO\�KDSSHQV 
ILUVW�LQ�XUEDQ�DUHDV�DQG�WKHQ�LQ�UXUDO�DUHDV��ZLWK�VPDOOHU��UHPRWH�FRPPXQLWLHV 
OLNHO\�WR�EH�UHVWRUHG�ODVW��WKLV�SODFHV�SHRSOH�LQ�UXUDO�DUHDV�DW�LQFUHDVHG�ULVN 
GXULQJ�HPHUJHQFLHV�� 

:LWKLQ�UHPRWH��UXUDO�DUHDV��HOGHUO\��GLVDEOHG��DQG�KHDOWK�FRPSURPLVHG�SRSX� 
ODWLRQV�DUH�HVSHFLDOO\�YXOQHUDEOH�WR�FRPPXQLFDWLRQ�VHUYLFH�GLVUXSWLRQV�DVVRFL� 
DWHG�ZLWK�VWRUP�HYHQWV�GXH�WR�WKHLU�PRUH�OLPLWHG�PRELOLW\�� 

/RZHU�LQFRPH�SRSXODWLRQV�DUH�PRUH�OLNHO\�WR�GURS�ODQGOLQH�VHUYLFHV��WKLV 
LQFUHDVHV�WKHLU�ULVN�GXULQJ�HPHUJHQF\�VLWXDWLRQV��DV�D�UHVXOW�RI�WKHLU�PRUH�OLP� 
LWHG�FRPPXQLFDWLRQ�RSWLRQV� 

Emergency Radio Calls for the 1998 Ice Storm 
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The chart shows the number of emergency radio calls 
per day (blue) and blocked radio calls (red) because of 
overload, in one New York State county during the 
1998 ice storm. The graph covers 13 days, with a 
peak number of over 40,000 calls in one day. The first 
five days show normal background call traffic before 
the storm hit. 

Customers Without Power by Locality, December 2008 Ice Storm 
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Winter Storm in Central,  Western, and Northern New York 
Vulnerability of telecommunication services 

Severe winter storms in New York generally follow this pattern: a low-pressure 
system moves up the Atlantic Coast bringing warm moist air that encounters 
cold dry air in a high-pressure system over Canada and extends into the northern 
parts of New York. The northward movement of the counterclockwise-rotating 
storm system causes warm air to overrun the cold air mass. This typically forms 
three moving bands of precipitation as illustrated on the map to the right. 

It is uncertain how climate change will influence extreme winter storms, but 
telecommunications services are vulnerable even under the current climate. A hypothetical composite of 
historical extreme winter storms is described. While the three types of precipitation (rain, freezing rain, and 
snow) would not necessarily be expected to occur concurrently in these proportions, each of these types 
of extreme winter precipitation is currently expected to occur on average at least once per century. 
• Up to 8 inches of rain falls in the rain band in near-coastal New York over a period of 36 hours. 
• Up to 4 inches of freezing rain falls in the ice band in central New York, of which between 1 and 2 inches 

accumulates as ice, over a period of 24 hours. 
• Up to 2 feet of snow accumulates in the snow band in northern and western New York over a period of 

48 hours. 

A storm of this magnitude could result in widespread power and communication outages, with most peo
ple who lose electricity also losing communication services. In the Central New York ice storm area, about 
a half million people would be without power. It would take up to 10 days to restore power to half of these 
customers living in the larger cities such as Albany, Binghamton, and Schenectady, and up to five weeks to 
fully restore services to those living in remote, rural areas. Fewer people would be affected in the western 
and northern New York snow accumulation area. There services may be restored more quickly, first in cities 
and progressing to rural areas. 

Economic damages from productivity losses alone would amount to about 900 million dollars. Costs asso
ciated with direct damages—such as spoiled food, damaged orchards, replacement of downed poles and 
electric and phone wires, medical costs, and emergency shelter expenses—would be of a similar magni
tude. In total, productivity and direct damage costs would amount to about $2 billion. These numbers, 
however, likely underestimate the total costs, given that a 1998 ice storm resulted in losses of about $5.4 
billion in Canada alone. 

Those most vulnerable to power and communication service disruptions are those that are unable to leave 
their homes (those with limited transportation options) and those who lack access to cell phones, including 
elderly, low-income, disabled, and rural populations. 

To protect against communication and power outages, trees near power and communication lines can be 
trimmed, backup poles and wires can be stocked to replace those that are damaged, and readiness of 
emergency crews to assist with restoration can be arranged in advance of storms. Increasing the fuel sup
ply to extend the duration of emergency backup power at mobile phone cell towers with difficult road 
access is especially important in areas with low landline, broadband, and internet penetration. 
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'HPDQG�IRU�KHDOWK�VHUYLFHV�DQG�WKH�QHHG�IRU�SXEOLF�KHDOWK�VXUYHLOODQFH�DQG 
PRQLWRULQJ�ZLOO�LQFUHDVH�DV�FOLPDWH�FRQWLQXHV�WR�FKDQJH� 

+HDW�UHODWHG�LOOQHVV�DQG�GHDWK�DUH�SURMHFWHG�WR�LQFUHDVH��ZKLOH�FROG�UHODWHG 
GHDWK�LV�SURMHFWHG�WR�GHFUHDVH��,QFUHDVHV�LQ�KHDW�UHODWHG�GHDWK�DUH�SURMHFWHG 
WR�RXWZHLJK�UHGXFWLRQV�LQ�FROG�UHODWHG�GHDWK� 

0RUH�LQWHQVH�SUHFLSLWDWLRQ�DQG�IORRGLQJ�DORQJ�WKH�FRDVWV�DQG�ULYHUV�FRXOG 
OHDG�WR�LQFUHDVHG�VWUHVV�DQG�PHQWDO�KHDOWK�LPSDFWV��LPSDLUHG�DELOLW\�WR�GHOLYHU 
SXEOLF�KHDOWK�DQG�PHGLFDO�VHUYLFHV��LQFUHDVHG�UHVSLUDWRU\�GLVHDVHV�VXFK�DV 
DVWKPD��DQG�LQFUHDVHG�RXWEUHDNV�RI�JDVWURLQWHVWLQDO�GLVHDVHV�� 

&DUGLRYDVFXODU�DQG�UHVSLUDWRU\�UHODWHG�LOOQHVV�DQG�GHDWK�ZLOO�EH�DIIHFWHG�E\ 
ZRUVHQLQJ�DLU�TXDOLW\��LQFOXGLQJ�PRUH�VPRJ��ZLOGILUHV��SROOHQV��DQG�PROGV� 

9HFWRU�ERUQH�GLVHDVHV��VXFK�DV�WKRVH�VSUHDG�E\�PRVTXLWRHV�DQG�WLFNV��OLNH 
:HVW�1LOH�YLUXV���PD\�H[SDQG�RU�WKHLU�GLVWULEXWLRQ�SDWWHUQV�PD\�FKDQJH�� 

:DWHU�VXSSO\��UHFUHDWLRQDO�ZDWHU�TXDOLW\��DQG�IRRG�SURGXFWLRQ�ZLOO�EH�DW 
LQFUHDVHG�ULVN�GXH�WR�LQFUHDVHG�WHPSHUDWXUHV�DQG�FKDQJLQJ�SUHFLSLWDWLRQ 
SDWWHUQV� 

:DWHU��DQG�IRRG�ERUQH�GLVHDVHV�DUH�OLNHO\�WR�LQFUHDVH�ZLWKRXW�DGDSWDWLRQ 
LQWHUYHQWLRQ� 

Context 

New York State relies primarily on a 
county-based system for public 
health service delivery, resulting in a 
decentralized system in which core 
services are not provided uniformly. 

Information and the capacity to inte-
grate climate change into public 
health planning remains limited at the 
local level. 

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. 

Projected Temperature-related Deaths in NY County 
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As climate continues to warm, heat-related deaths are expected to increase, 
while cold-related deaths are expected to decrease. A preliminary study of all of 
these temperature-related deaths from 2010 to 2100 in New York County was 
undertaken using 5 climate models from the set of ClimAID models under lower 
(B1) and higher (A2) emissions scenarios. The results suggest that increases in 
heat-related deaths will outweigh reductions in cold-related deaths, resulting in a 
net increase in deaths due to climate change. The lower-emission scenario (B1) is 
projected to result in substantially fewer deaths by the 2080s, as compared to 
higher emissions scenarios. The chart shows the results from 5 models for the 
higher (A2) emissions scenario. These results are broadly consistent with the 
other global climate models used in ClimAID. 
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$GDSWDWLRQ�2SWLRQV 

(QKDQFHG�FDSDFLW\�ZLOO�EH�QHHGHG�WR�LQWHJUDWH�FOLPDWH 
DGDSWDWLRQ�VWUDWHJLHV�LQWR�H[LVWLQJ�KHDOWK�SURJUDPV��� 

2SHUDWLRQV��0DQDJHPHQW��DQG�,QIUDVWUXFWXUH�6WUDWHJLHV 
��([WHQG�VXUYHLOODQFH�RI�FOLPDWH�DQG�KHDOWK�LQGLFDWRUV� 
LQFOXGLQJ�D�VWDWHZLGH�QHWZRUN�RI�SXEOLFO\�DYDLODEOH�GDWD 
PRQLWRULQJ�DLUERUQH�SROOHQ�DQG�PROG�� 
��(YDOXDWH�H[WUHPH�KHDW�UHVSRQVH�SODQV��IRFXVLQJ�SDUWLFX� 
ODUO\�RQ�H[SDQGLQJ�DFFHVV�WR�FRROLQJ�VHUYLFHV�GXULQJ�KHDW 
HYHQWV���%XLOG�RQ�WKLV�NQRZOHGJH�WR�GHYHORS�VLPLODU�V\V� 
WHPV�IRU�RWKHU�FOLPDWH�KHDOWK�ULVNV���7DUJHW�VWUDWHJLHV�DQG 
PHVVDJHV�IRU�WKH�PRVW�YXOQHUDEOH�SRSXODWLRQV� 
��3ODQW�ORZ�SROOHQ�WUHHV�LQ�FLWLHV�WR�UHGXFH�KHDW�ZLWKRXW 
LQFUHDVLQJ�DOOHUJHQLF�SROOHQ� 

/DUJHU�VFDOH�6WUDWHJLHV 
��(QYLURQPHQW�DQG�KHDOWK�LQLWLDWLYHV�VKRXOG�EH�EHWWHU�LQWH� 
JUDWHG�VR�WKDW�WKH\�DGGUHVV�ERWK�KXPDQ�DQG�HFRV\VWHP 
KHDOWK�DQG�DYRLG�WKH�GLYLGH�WKDW�RIWHQ�H[LVWV�EHWZHHQ 
WKHP� 

&R�EHQHILWV 
$GDSWDWLRQ�VWUDWHJLHV�ZKLFK�PD[LPL]H�FR�EHQHILWV��VXFK�DV 
FOHDQHU�DLU��LPSURYHG�QXWULWLRQ��RU�LQFUHDVHG�SK\VLFDO�DFWLYL� 
W\��VKRXOG�EH�JLYHQ�SULRULW\��,QYHVWLQJ�LQ�VWUXFWXUDO�DGDSWD� 
WLRQV�WR�UHGXFH�KHDW�YXOQHUDELOLW\��LQFOXGLQJ�WUHH�SODQWLQJ� 
JUHHQ�URRIV��DQG�KLJK�UHIOHFWLYLW\�EXLOGLQJ�PDWHULDOV��ZLOO 
KHOS�WR�UHGXFH�HQHUJ\�GHPDQG�DQG�H[SHQVH�ZKLOH�UHGXFLQJ 
KHDW�UHODWHG�ULVNV���� 

3DUWLFXODUO\�9XOQHUDEOH�*URXSV 

�	 :LWKRXW�LQWHUYHQWLRQ��H[LVWLQJ�KHDOWK�GLVSDULWLHV�DUH �	 /RZ�LQFRPH�LQGLYLGXDOV�DUH�PRUH�OLNHO\�WR�JR�WR�WKH 
OLNHO\�WR�EH�H[DFHUEDWHG�E\�FOLPDWH�FKDQJH� KRVSLWDO�IRU�DVWKPD�DWWDFNV�WKDQ�ZHDOWKLHU�LQGLYLGXDOV 

�	 $JH��SUHH[LVWLQJ�LOOQHVV��QHLJKERUKRRG�LQIUDVWUXFWXUH� ZLWK�KHDOWK�LQVXUDQFH�ZKR�DUH�XQGHU�GRFWRU�VXSHUYL� 
DQG�RU�SRYHUW\�SXW�SHRSOH�DW�HOHYDWHG�ULVN�� VLRQ�DQG�KDYH�DFFHVV�WR�DVWKPD�FRQWURO�PHGLFDWLRQV� 

�	 ,Q�XUEDQ�DUHDV��WKH�HOGHUO\��SHUVRQV�ZLWK�LPSDLUHG �	 &KLOGUHQ��RXWGRRU�ODERUHUV��DQG�DWKOHWHV�DOVR�PD\�EH 
LPPXQH�V\VWHPV��FKLOGUHQ��DQG�WKRVH�ZLWK�ORZ�LQFRPHV DW�JUHDWHU�ULVN�IRU�UHVSLUDWRU\�GLVHDVHV�WKDQ�WKRVH�ZKR 
DUH�DW�SDUWLFXODU�ULVN�IRU�KHDW�UHODWHG�LOOQHVV�DQG�GHDWK� VSHQG�PRUH�WLPH�LQGRRUV�DQG�DUH�OHVV�DFWLYH� 

�	 3HRSOH�LQ�QRUWKHUQ�SDUWV�RI�WKH�VWDWH�ZKR�DUH�QRW �	 5HVLGHQWV�RI�FRDVWDO�DUHDV�DUH�YXOQHUDEOH�WR�GLUHFW 
DFFXVWRPHG�WR�H[WUHPH�KHDW�DUH�DW�SDUWLFXODU�ULVN�IRU LPSDFWV�RI�VWRUP�VXUJH�IORRGLQJ��PHQWDO�KHDOWK�VWUHV� 
KHDW�UHODWHG�GHDWK� VRUV�UHODWHG�WR�HYDFXDWLRQ��DQG�PROG�DQG�WR[LF�H[SR� 

�	 3HRSOH�ZLWK�DVWKPD�DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�R]RQH VXUHV�ZKHQ�WKH\�UHWXUQ�KRPH�� 
DQG�ILQH�SDUWLFOH�DLU�SROOXWLRQ��ZKLFK�FRXOG�OHDG�WR 
LQFUHDVHG�LOOQHVV�DQG�GHDWK� 45

West Nile Virus in Mosquitoes, 2008 

Positive test results 
Samples submitted 
No positive test result 

(did not perform surveillance or did 
not report any positive test results) 

1 

8 

1 

1 

1 

3 
12 

57 41 

29 

While West Nile virus infections in humans and birds have 
only been reported in a limited part of the state, the preva
lence of West Nile virus in mosquitoes is more widespread 
throughout the state. 



Heat and respiratory problems affect those most vulnerable 

Certain groups—including the elderly, low-income populations, and minori
ties—are more vulnerable than others to climate-change-related health 
risks including heat-related illness and death. 

Summer heat waves have caused increased death in cities across the 
United States—including in New York City. Climate change will increase 
the frequency and intensity of heat waves. Urban areas are especially vul
nerable because of the high concentrations of susceptible populations and 
the influence of the urban heat island effect, which makes cities hotter 
than surrounding areas. Health-relevant increases in heat waves are likely 

to occur within 20 to 30 years, with much larger increas
es 50 to 100 years from now. Heat-related deaths are 
projected to increase significantly as a result. 

Home air conditioning is a critical factor for preventing 
heat-related illness and death. Air conditioning is especially 
important for elderly, very young, and health-compromised 
individuals, all of whom have a lower internal capacity to 
regulate body temperature. In New York City, about 84 
percent of households had air conditioning in 2003. 
However, such resources are not distributed evenly across 
the city. Many residents living in lower- income neighbor
hoods lack air conditioning and are thus more vulnerable 
to extreme heat events. Others, including low-income eld
erly residents—particularly those living alone—may be 
reluctant to use air conditioning even if they have it due to 

concerns about energy costs, even during periods of extreme heat. 
Furthermore, air conditioning is highly vulnerable to power outages, pointing 
to the need for longer-term strategies to reduce heat vulnerability. 

Urban Heat Island Effect 
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Large amounts of concrete and asphalt in 
cities absorb and hold heat. Tall buildings 
prevent heat from dissipating and reduce air 
flow. At the same time, there is generally lit
tle vegetation to provide shade and evapo
rative cooling. As a result, parts of cities can 
be up to 10ºF warmer than the surrounding 
rural areas, compounding the temperature 
increases that people experience as a result 
of human induced warming. 
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The health effects of extreme heat events can be reduced 
through adaptation measures. Warning systems and outreach 
can be used in conjunction with providing more access to 
public places with air conditioning, such as offering longer 
hours at community centers for seniors and reducing fares on 
public transportation. Long-term, engineering-based strategies 
also can be undertaken, including tree planting and installing 
green or reflective roofing and insulation in public housing to 
reduce indoor air temperatures. 

Respiratory illness and death also are likely to increase with 
climate change. Rising temperatures and increasing emissions 
will result in more air pollution, with summer ozone levels likely 
to increase significantly. Ozone can increase the risk of asthma-
related hospital visits and death. Already, many New Yorkers 
live in areas in which ozone levels do not meet health stan
dards. 

African Americans and Hispanics are particularly vulnerable to 
decreased air quality because they tend to live in urban centers 
where they are more exposed to air pollutants. As a group, 
they are significantly more likely to be hospitalized and die from 
asthma than other population groups. Children, outdoor labor
ers, and athletes also may be at greater risk of air pollution 
exposure than those who spend more time indoors and are 
less active. 

Another probable impact of climate change is increased levels 
of mold and other allergens that contribute to respiratory health 
problems. Dampness of households, a key variable for mold 
growth, is associated with socioeconomic status and could 
intensify with projected precipitation increases. Mold may con
tribute to the high rates of hospitalization for asthma among 
African Americans in cities such as New York. 

Hospital Discharge Rate for Children with Asthma, 2005–2007 

0–8.3 
8.3–12 
12+ 

Hospital discharge rate 
(per 10,000 population, age 5–14) 

Asthma is climate-sensitive as it is exacerbated by 
allergies and air pollution, both of which are relat
ed to climate. Childhood asthma is an important 
current health challenge in many parts of New 
York State, with many asthma events severe 
enough to require hospitalization. Children from 
lower-income families who often lack health insur
ance, regular doctor visits, and medications that 
can control attacks are more likely to have to seek 
hospital treatment. 

Prevalence of Current Asthma among Adults, 1996–2006 

1996–1997 
Percent 1999–2000 
10 2001–2002 

2003–2004 

8 

6 

4
 
New York City Rest of state New York StateNew York State
 

2005–2006 

The number of adults with physician-diagnosed 
asthma increased between 1996 and 2006. This 
trend is expected to continue given ClimAID pro
jections of rising carbon dioxide and temperatures 
because asthma is exacerbated by pollen and 
ground-level ozone. Pollen production increases 
under high atmospheric carbon dioxide levels, and 
ozone tends to increase with higher temperatures. 
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Conclusions 

1HZ�<RUN�6WDWH�LV�KLJKO\�GLYHUVH��ZLWK�VLPXOWDQHRXV�DQG 
LQWHUVHFWLQJ�FKDOOHQJHV�DQG�RSSRUWXQLWLHV��$PRQJ�WKHP� 
FOLPDWH�FKDQJH�ZLOO�DIIHFW�WKH�SHRSOH��VHFWRUV��DQG�UHJLRQV 
RI�WKH�VWDWH�LQ�WKH�FRPLQJ�GHFDGHV��7KRVH�WKDW�DUH�DOUHDG\ 
IDFLQJ�VLJQLILFDQW�VWUHVV�ZLOO�OLNHO\�EH�PRVW�DW�ULVN�IURP 
IXWXUH�FOLPDWH�FKDQJH��7KH�VXFFHVV�RI�WKH�VWDWH·V�UHVSRQVH 
ZLOO�GHSHQG�RQ�GHYHORSLQJ�HIIHFWLYH�DGDSWDWLRQ�VWUDWHJLHV 
E\�FRQQHFWLQJ�FOLPDWH�FKDQJH�ZLWK�RQJRLQJ�SURDFWLYH� 
SROLF\�DQG�PDQDJHPHQW�LQLWLDWLYHV��&OLPDWH�FKDQJH�ZLOO 
EULQJ�RSSRUWXQLWLHV�DV�ZHOO�DV�FRQVWUDLQWV��DQG�LQWHUDFWLRQV 
RI��FOLPDWH�FKDQJH�ZLWK�RWKHU�VWUHVVHV��VXFK�DV�LQFUHDVHG 
UHVRXUFH�GHPDQG��ZLOO�FUHDWH�QHZ�FKDOOHQJHV� 

7KH�ULVNV�DVVRFLDWHG�ZLWK�VHD�OHYHO�ULVH�DQG�FRDVWDO�IORRGLQJ 
DUH�DPRQJ�WKH�JUHDWHVW�FOLPDWH�UHODWHG�FKDOOHQJHV�IDFHG�E\ 
1HZ�<RUN�6WDWH��DIIHFWLQJ�SXEOLF�KHDOWK�DQG�HFRV\VWHPV�DV 
ZHOO�DV�FULWLFDO�LQIUDVWUXFWXUH�DFURVV�PDQ\�VHFWRUV�LQFOXGLQJ 
ZDWHU��HQHUJ\��WUDQVSRUWDWLRQ��DQG�WHOHFRPPXQLFDWLRQ� 
+HDW�ZDYHV�DQG�KHDY\�GRZQSRXUV�ZLOO�DOVR�DIIHFW�PDQ\ 
SHRSOH�DQG�VHFWRUV��7KHVH�DQG�RWKHU�GULYHUV�RI�FOLPDWH 
FKDQJH�LPSDFWV�ZLOO�KDYH�D�ZLGH�YDULHW\�RI�HIIHFWV�WKDW�ZLOO 
UHTXLUH�D�UDQJH�RI�DGDSWDWLRQ�VWUDWHJLHV�WKDW�FDQ�KHOS 
UHGXFH�WKHVH�LPSDFWV�LQ�WKH�IXWXUH��6XFK�DGDSWDWLRQ�VWUDWH� 
JLHV�DUH�DOVR�OLNHO\�WR�SURGXFH�EHQHILWV�WRGD\��VLQFH�WKH\�ZLOO 
KHOS�WR�OHVVHQ�LPSDFWV�RI�FOLPDWH�H[WUHPHV�WKDW�FXUUHQWO\ 
FDXVH�GDPDJHV��([DPSOHV�RI�DGDSWDWLRQ�VWUDWHJLHV�LQ�HDFK 
VHFWRU�KDYH�DSSHDUHG�WKURXJKRXW�WKLV�UHSRUW� 

7KHUH�LV�D�UDQJH�RI�DGDSWDWLRQ�RSWLRQV��PDQ\�RI�ZKLFK�FDQ 
EH�XQGHUWDNHQ�LQ�WKH�QHDU�WHUP�DW�UHODWLYHO\�PRGHVW�FRVW� 
$QG�WKHUH�DUH�VRPH�LQIUDVWUXFWXUH�LQYHVWPHQWV³HVSHFLDOO\ 
UHODWLQJ�WR�WUDQVSRUWDWLRQ�DQG�FRDVWDO�]RQHV³WKDW�DUH�OLNH� 
O\�WR�EH�QHHGHG�LQ�WKH�ORQJ�WHUP�DQG�WKDW�ZRXOG�EH�H[SHQ� 
VLYH��WKRXJK�OHVV�H[SHQVLYH�WKDQ�WKH�FRVWV�LQFXUUHG�LQ�WKH 
DEVHQFH�RI�VXFK�PHDVXUHV���7KLV�VXJJHVWV�WKH�QHHG�IRU 
LQFUHDVHG�DQG�RQ�JRLQJ�LQWHUDFWLRQ�EHWZHHQ�VFLHQWLVWV�DQG 
SROLF\�PDNHUV�WR�HQVXUH�WKDW�VFLHQFH�EHWWHU�LQIRUPV�SROLF\� 
DV�ZHOO�DV�WKH�QHHG�IRU�LQFUHDVHG�VFLHQWLILF�DQG�WHFKQLFDO 
FDSDELOLWLHV�WR�EH�EURXJKW�WR�EHDU�RQ�DGDSWDWLRQV�WKDW 
LQYROYH�WKH�GHYHORSLQJ�HFRQRP\�DQG�LQIUDVWUXFWXUH�RI�1HZ 
<RUN�6WDWH� 
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Observed Climate Changes 

• 	 Annual average temperatures in New York State have risen 
about 2.4ºF since 1970, with winter warming exceeding 4.4ºF. 

• 	 Sea level along New York’s coastline has risen about one foot 
since 1900. 

• 	 Since 1900, there has been no discernible trend in annual 
average precipitation for the state as a whole. 

• 	 Intense precipitation events (heavy downpours) have 
increased in recent decades. 

Projected Changes 

• 	 Climate models with a range of greenhouse gas emissions 
scenarios suggest temperature increases across New York 
State of between 1.5 to 3ºF in the 2020s, 3 to 5.5ºF in the 
2050s, and 4 to 9ºF in the 2080s. 

• 	 Most climate models project a small increase in annual 
precipitation. Variability is expected to continue to be large. 
Projected precipitation increases are largest in winter, 
mainly as rain, and small decreases may occur in late 
summer/early fall. 

• 	 Sea level rise projections for the coast and tidal Hudson River 
based on climate models (which do not include increased 
melting of polar ice sheets) are 1–5 inches by the 2020s, 5–12 
inches by the 2050s, and 8–23 inches by the 2080s. 

• 	 If the melting of the Greenland and West Antarctic Ice Sheets 
continues to accelerate, sea level rise would exceed projec
tions based on climate models. A rapid ice melt scenario, 
based on observed rates of melting and paleoclimate records, 
yields sea level rise of 37–55 inches by the 2080s. 

• 	 Extreme heat events are very likely to increase, and extreme 
cold events are very likely to decrease throughout New York 
State. 

• 	 Intense precipitation events (heavy downpours) are likely to 
increase. Short-duration warm season droughts are projected 
to become more common. 

• 	 Coastal flooding associated with sea level rise is very likely to 
increase. Areas not subject to coastal flooding now could 
become so in the future. 
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Recommendations 

50 

The ClimAID process has yielded some general recommendations for 
potential actions that can be taken by policy-makers, managers, and 
researchers. These recommendations can help make New York State 
more resilient to current and future climate risk by bringing cutting- 
edge knowledge and data to groups of empowered and collaborating 
decision-makers. 

Recommendations aimed at statewide decision-makers 

• Promote adaptation strategies that enable incremental and flexible 
adaptations in sectors, among communities, and across time. 

• Identify synergies between mitigation and adaptation. Taking steps to 
mitigate climate change now will reduce vulnerabilities, increase 
resilience, and enhance opportunities across all sectors. At the same 
time, some potential adaptation strategies present significant mitigation 
opportunities while others work against mitigation. 

• Improve public and private stakeholder and general public education and 
awareness about all aspects of climate change. This could encourage 
the formation of new partnerships for developing climate change adapta
tions, especially given limited financial and human resources, and the 
advantage of shared knowledge. 

• Analyze and address environmental justice issues related to climate 
change and adaptation on a regular basis. 

• Consider regional, federal, and international climate-related approaches 
when exploring climate adaptation options. This is crucial because it is 
clear that New York State adaptation potential (and mitigation potential 
as well) will be affected by national and international policies and 
regulations as well as state-level policies. 

• Evaluate design and performance standards and policy regulations based 
on up-to-date climate projections. 

• Create standardized, statewide climate change mitigation and adaptation 
decision tools for decision-makers, including a central database of 
climate risk and adaptation information for the state that is the result of 
an ongoing partnership between scientists and stakeholders. 



-

-

Management recommendations associated with everyday operations 
within stakeholder agencies and organizations 

• Integrate adaptation responses into the everyday practices of organiza
tions and agencies, with the potential for complementary effects or 
unintended consequences of adaptation strategies taken into account. 

• Take climate change into account within organizational planning and 
development efforts. 

• Identify opportunities for partnerships among organizations and agencies 
within the state and region. 

Recommendations for science and research 

• Refine climate change scenarios for New York State on an on going 
basis as new climate models and downscaled products become 
available. 

• Conduct targeted impacts research in conjunction with local, state, and 
regional stakeholders. 

• Implement and institutionalize an indicators and monitoring program 
focused on climate, impacts, and adaptation strategies. 

• Improve mapping and spatial analysis to help present new impact data 
and adaptation strategies. 

• Focus studies on specific systems that may be subject to nonlinearities 
or “tipping points.” Work should be encouraged to understand the poten
tial for tipping points associated with climate change impacts on natural 
and social systems. 

• Research climate variability, extreme events, and other stakeholder 
identified variables of interest including ice storms, extreme precipitation 
events, and wind patterns. 

• Build on economic cost and benefit work to create a better under 
standing of the costs of climate change and benefits of adaptations on 
a sector by sector basis. 
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