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NCA4 VOL II:
IMPACTS, RISKS, AND ADAPTATION IN THE U.S.

POLICY RELEVANT, BUT NOT POLICY PRESCRIPTIVE B) 45 G chnce

Fourth National
PLACES A STRONG EMPHASIS ON REGIONAL Climate Assessment
INFORMATION

ASSESSES A RANGE OF POTENTIAL IMPACTS, HELPING
DECISION MAKERS BETTER IDENTIFY RISKS THAT
COULD BE AVOIDED OR REDUCED

Volume Il
USES CASE STUDIES TO PROVIDE ADDITIONAL
CONTEXT AND OPPORTUNITIES TO SHOWCASE 4
NCA4 Vol Il is available at
COMMUNITY SUCCESS STORIES nca2018.globalchange.gov

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



ADVANCES SINCE
NCA3

» EXPANDED REGIONAL FOCUS IN RESPONSE TO
GROWING DEMAND FOR LOCALIZED
INFORMATION:

* NEW CHAPTER DEDICATED TO THE U.S.
CARIBBEAN, AND GREAT PLAINS DIVIDED
INTO NORTHERN AND SOUTHERN Extreme weather events in Vermont can take the form of prolonged heavy snowstorms, flash floods,

river floods (following snowmelt and heawy rains), severe thunderstorms, droughts, tornadoes, and
REG'ONS temperature extremes. Some of the heaviest flooding in the state's history has been due to tropical
cyclones or their remnants. In 2011, Tropical Storm Irene transitioned into an extratropical cyclone as it
moved quickly northeastward along the Vermont/New Hampshire border. Roughly 3 to 7 inches of rain
fell in less than 18 hours, causing the worst flooding in Vermont since the Great Flood of November
1927. Many rivers reached stages that were second to only the 1927 flood. The flooding resulted in an
estimated $733 million in damage across the state.

Severe winter storms are common in Vermont's cold winter climate and may include snowstorms,
blizzards, and icing events. In addition to ice jams and melting snowpack as winter hazards, freezing rain
and frozen ground conditions can also give rise to flooding. During the first week of January 1998, a
prolonged storm brought 2 to 5 inches of rain to Vermont. Particularly across the Champlain Valley and
parts of northern Vermont, temperatures were below freezing for much of the storm. This resulted in
the “Great Ice Storm of ‘98" where heavy ice accumulations of 1 to 2 inches caused severe damage to
trees and utility lines. Total damage from the ice storm across the whole of the northeastern United
States was about $2 billion ($1.4 billion in 1998 dollars)

Northwest '
Northern Great {
Plains

Midwest

Southwest .‘ -
Hawai'i ‘
and 7 Southern '
Pacific Islands Great Plains

US Caribbean

Under a higher emissions pathway, historically unprecedented warming is projected by the end
of the 21st century (Figure 1). Even under a pathway of lower greenhouse gas emissions, average
annual temperatures are projected to most likely exceed historical record levels by the middle of the
21st century. However, there is a large range of temperature increases under both pathways, and under
the lower pathway, a few projections are only slightly warmer than historical records (Figure 1). Increases
in the number of hot days and decreases in the number of very cold nignts are projected to accompany
the overall warming.

Average annual precipitation is projected to increase in Vermont over the 21st century,
particularly during winter and spring (Figure 5). Corresponding increases in temperature will increase
the proportion of precipitation falling as rain rather than snow. In addition, extreme precipitation is
projected to increase, potentially increasing the frequency and intensity of floods.
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OTHER NEW ELEMENTS OF NCA4

* PRODUCTS DEVELOPED

* ECONOMIC VALUATION STUDIES & WHERE POSSIBLE:

QUANTIFICATION OF CLIMATE CHANGE IMPACTS IN ECONOMIC TERMS UNDER DIFFERENT FUTURE GREENHOUSE GAS

EMISSIONS SCENARIOS

DOES NOT YET CHARACTERIZE DIFFERENTIAL ECONOMIC IMPACTS FOR ALL 10 NCA REGIONS
PROVIDES AN INDICATION OF THE POTENTIAL FOR REDUCING RISKS THROUGH MITIGATION ACTIONS

* CLIMATE CHANGE INDICATORS
* LOCA DOWNSCALED PRODUCTS

* UNIQUE FEATURES EACH REGION
* E.G. NORTHEAST

U.S. Global Change
Research Program

RURAL/URBAN

INLAND /COASTAL

CULTURAL HERITAGE

LENGTH OF SETTLEMENT

PHYSICAL GEOGRAPHY /TOPOGRAPHY

People per Square Mile (2010) ;

(by census block) @
>400-2,000
2,001-5,000
5,001-14,000

B >14,001

——— Major Roads

Esri, DeLorme, GEBCO, NOAA NGDC, and other contributors
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RISK FRAMING IN KEY MESSAGES

* A “RISK-BASED FRAMING” IS USED TO ENSURE NCA4 FOCUSES
ON ISSUES OF HIGH IMPORTANCE TO DECISION-MAKING AND
TO HELP WITH COMMUNICATING ASSESSMENT OUTCOMES

* IN RESPONSE TO AUDIENCE NEEDS AND WITH GUIDANCE FROM

Proceedings of a Workshop

A WORKSHOP OF THE NATIONAL ACADEMIES, NCA4 KEY CHARACTERIZING RISK IN CLIMATE

CHANGE ASSESSMENTS
h

MESSAGES ADDRESSED:

v"  WHAT DO STAKEHOLDERS VALUE/WHAT IS AT RISK IN A GIVEN
SECTOR OR REGIONZ?

v WHAT OUTCOMES DO WE WISH TO AVOID WITH RESPECT TO THESE
VALUED THINGS?

v" WHAT DO WE EXPECT TO HAPPEN IN THE ABSENCE OF ADAPTIVE
ACTION AND/OR MITIGATION?

v" HOW BAD COULD THINGS PLAUSIBLY GET/ARE THERE IMPORTANT
THRESHOLDS OR TIPPING POINTS IN THE UNIQUE CONTEXT OF A
GIVEN REGION, SECTOR, ETC.2
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PUBLIC PARTICIPATION

* PUBLIC FEEDBACK ON THE
DRAFT PROSPECTUS

* PUBLIC CALL FOR AUTHOR
NOMINATIONS

* PUBLIC CALL FOR
TECHNICAL INPUTS

e A SERIES OF REGIONAL
ENGAGEMENT
WORKSHOPS (REWS) AND
SECTOR-SPECIFIC WEBINARS

e PUBLIC CALL FOR REVIEW
EDITORS

Large green dots illustrate the hub locations for the 11 REWs in early
2017. Small green dots indicate satellite locations for those

* A 90-DAY PUBLIC REVIEW & workshops. Small yellow dots show locations of some additional
engagement activities, such as presentations or listening sessions at
COMMENT PERIOD

professional society meetings.
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ﬂ KEY MESSAGE #1

®

CH. 18 | NORTHEAST

CHANGING SEASONS AFFECT RURAL ECOSYSTEMS,
ENVIRONMENTS, AND ECONOMIES

THE SEASONALITY OF THE NORTHEAST IS CENTRAL TO THE REGION'S
SENSE OF PLACE AND IS AN IMPORTANT DRIVER OF RURAL ECONOMIES.
LESS DISTINCT SEASONS WITH MILDER WINTER AND EARLIER SPRING
CONDITIONS ARE ALREADY ALTERING ECOSYSTEMS AND
ENVIRONMENTS IN WAYS THAT ADVERSELY IMPACT TOURISM, FARMING,
AND FORESTRY. THE REGION’S RURAL INDUSTRIES AND LIVELIHOODS ARE
AT RISK FROM FURTHER CHANGES TO FORESTS, WILDLIFE, SNOWPACK,
AND STREAMFLOW.

U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
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FIG. 18.1:

POPULATION
DENSITY

A SATELLITE MOSAIC OVERLAID
WITH PRIMARY ROADS AND
POPULATION DENSITY
HIGHLIGHTS THE DIVERSE
CHARACTERISTICS OF THE
REGION IN TERMS OF
SETTLEMENT PATTERNS,
INTERCONNECTIONS AMONG
POPULATION CENTERS OF
VARYING SIZES, AND VARIABILITY
IN RELIEF ACROSS THE OCEAN
SHELF. SOURCES: U.S.
DEPARTMENT OF
TRANSPORTATION, U.S.
GEOLOGICAL SURVEY, AND ERT,
INC.

CH. 18 | NORTHEAST
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FIG. 18.3:
LENGTHENING OF

THE FREEZE-FREE
PERIOD

THESE MAPS SHOW PROJECTED SHIFTS IN
THE DATE OF THE LAST SPRING FREEZE (LEFT
COLUMN) AND THE DATE OF THE FIRST FALL
FREEZE (RIGHT COLUMN) FOR THE MIDDLE
OF THE CENTURY (AS COMPARED TO 1979-
2008) UNDER THE LOWER SCENARIO
(RCP4.5; TOP ROW) AND THE HIGHER
SCENARIO (RCP8.5; MIDDLE ROW). THE
BOTTOM ROW SHOWS THE SHIFT IN THESE
DATES FOR THE END OF THE CENTURY
UNDER THE HIGHER SCENARIO. BY THE
MIDDLE OF THE CENTURY, THE FREEZE-FREE
PERIOD ACROSS MUCH OF THE NORTHEAST
IS EXPECTED TO LENGTHEN BY AS MUCH AS
TWO WEEKS UNDER THE LOWER SCENARIO
AND BY TWO TO THREE WEEKS UNDER THE
HIGHER SCENARIO. BY THE END OF THE
CENTURY, THE FREEZE-FREE PERIOD IS
EXPECTED TO INCREASE BY AT LEAST THREE
WEEKS OVER MOST OF THE REGION.
SOURCE: ADAPTED FROM WOLFE ET AL.

CH. 18 | NORTHEAST

Last Spring Freeze First Fall Freeze

2040-2069, Lower Scenario (RCP4.5)

2070-2099, Higher Scenario (RCP8.5)

2018.
Change in Mumber of Days
=1 [ T
[} 10 14 18 22 26 30
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CH. 18 | NORTHEAST

W = 10 Days Earlier
F =5and = 10 Days Earlier
T =2 and = 5 Days Earlier

Topagraphy in Feet Above Sea | evel
High - 625584

Low: 0

FIG. 18.2: HISTORICAL CHANGES IN THE TIMING OF

SNOWMELT-RELATED STREAMFLOW

THIS MAP OF PART OF THE NORTHEAST REGION SHOWS CONSISTENTLY EARLIER SNOWMELT-RELATED STREAMFLOW TIMING FOR
RIVERS FROM 1960 TO 2014. EACH SYMBOL REPRESENTS THE CHANGE FOR AN INDIVIDUAL RIVER OVER THE ENTIRE PERIOD.
CHANGES IN THE TIMING OF SNOWMELT POTENTIALLY INTERFERE WITH THE REPRODUCTION OF MANY AQUATIC SPECIES* AND
IMPACT WATER-SUPPLY RESERVOIR MANAGEMENT BECAUSE OF HIGHER WINTER FLOWS AND LOWER SPRING FLOWS. ' * THE
TIMING OF SNOWMELT-RELATED STREAMFLOW IN THE NORTHEAST IS SENSITIVE TO SMALL CHANGES IN AIR TEMPERATURE. THE
AVERAGE WINTER-SPRING AIR TEMPERATURE INCREASE OF 1.67°F IN THE NORTHEAST FROM 1940 TO 2014 IS THOUGHT TO BE THE
CAUSE OF AVERAGE EARLIER STREAMFLOW TIMING OF 7.7 DAYS.'“ THE TIMING OF SNOWMELT-RELATED STREAMFLOW IS A
VALUABLE LONG-TERM INDICATOR OF WINTER—-SPRING CHANGES IN THE NORTHEAST. SOURCE: ADAPTED FROM DUDLEY ET AL.
2017;  DIGITAL ELEVATION MODEL CGIAR—CSI (CGIAR CONSORTIUM FOR SPATIAL INFORMATION). REPRINTED WITH PERMISSION
FROM ELSEVIER.
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CH. 18 | NORTHEAST

ﬂ KEY MESSAGE #2

CHANGING COASTAL AND OCEAN HABITATS, ECOSYSTE;_,;
SERVICES, AND LIVELIHOODS

THE NORTHEAST’S COAST AND OCEAN SUPPORT COMMERCE, TOURISM,
AND RECREATION THAT ARE IMPORTANT TO THE REGION’S ECONOMY
AND WAY OF LIFE. WARMER OCEAN TEMPERATURES, SEA LEVEL RISE, AND
OCEAN ACIDIFICATION THREATEN THESE SERVICES. THE ADAPTIVE
CAPACITY OF MARINE ECOSYSTEMS AND COASTAL COMMUNITIES WILL
INFLUENCE ECOLOGICAL AND SOCIOECONOMIC OUTCOMES AS
CLIMATE RISKS INCREASE.

@ U.S. Global Change Fourth National Climate Assessment, Vol [l — Impacts, Risks, and Adaptation in the United State
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CH. 18 | NORTHEAST

FIG 18.7: COASTAL

I M P ACTS o F Coastal marshes, uplands, forests, and estuaries provide critical habitat and
_ i hes  SCOSYStEms services throughout the Northeast.

(TOP) THE NORTHEASTERN
COASTAL LANDSCAPE IS The Region's barrier islands and Much of the Northeast's open
COMPOSED OF UPLANDS AND :eg_r;htes suzporlt tlrjeclrezationaIfarela-s, o;eadn coast i; bagkedlbzharci
FORESTED AREAS, WETLANDS AND abitats, and cultural areas of value. structures and/or development.
ESTUARINE SYSTEMS, MAINLAND
AND BARRIER BEACHES, BLUFFS,

Present

Bluffs will erode, and barrier islands

HEADLANDS' AND ROCKY SHORES’ Forests, uplands, and marshes will either adapt to changin anﬁdbeaChes vl rl’"\gr'am| Iandw:rd:
AS WELL AS DEVELOPED AREASI conditio‘nspby mig:rating Iandward or will beconﬁesubmergge%_ ::,di;g?ﬂ;ﬁg;t'ismﬁ:;”yw e
ALL OF WHICH PROVIDE A VARIETY T e . ¥ iy _ o g o

Possible Future

OF IMPORTANT SERVICES TO
PEOPLE AND SPECIES. (BOTTOM)
FUTURE IMPACTS FROM INTENSE -\

STORM ACTIVITY AND SEA LEVEL Coastal erosion and flooding will

require ongoing efforts to protect

RISE WILL VARY ACROSS THE or adapt existing development.
LANDSCAPE, REQUIRING A VARIETY —
OF ADAPTATION STRATEGIES IF
PEOPLE, HABITATS, TRADITIONS,
AND LIVELIHOODS ARE TO BE
PROTECTED. SOURCE: U.S.
GEOLOGICAL SURVEY.
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CH. 18 | NORTHEAST

ﬂ KEY MESSAGE #3

MAINTAINING URBAN AREAS AND COMMUNITIES ANPs ">
THEIR INTERCONNECTEDNESS

THE NORTHEAST’S URBAN CENTERS AND THEIR INTERCONNECTIONS ARE
REGIONAL AND NATIONAL HUBS FOR CULTURAL AND ECONOMIC
ACTIVITY. MAJOR NEGATIVE IMPACTS ON CRITICAL INFRASTRUCTURE,
URBAN ECONOMIES, AND NATIONALLY SIGNIFICANT HISTORIC SITES ARE
ALREADY OCCURRING AND WILL BECOME MORE COMMON WITH A
CHANGING CLIMATE.

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



CH. 18 | NORTHEAST
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FIG 18.9: KING TIDE FLOODING IN ANNAPOLIS,
MARYLAND

THE PHOTO SHOWS KING TIDE FLOODING ON DOCK STREET IN ANNAPOLIS, MARYLAND,
ON DECEMBER 21, 2012. PHOTO CREDIT: AMY MCGOVERN ( ).
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FIG 18.10: SUBWAY

AIR VENT FLOOD
PROTECTION

THE PHOTO SHOWS A SUBWAY
AIR VENT WITH A MULTIUSE
RAISED FLOOD PROTECTION
GRATE THAT WAS INSTALLED AS
PART OF THE POST-
SUPERSTORM SANDY COASTAL
RESILIENCE EFFORTS ON WEST
BROADWAY IN LOWER
MANHATTAN, NEW YORK CITY.
PHOTO CREDIT: WILLIAM
SOLECKI.
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CH. 18 | NORTHEAST

ﬂ KEY MESSAGE #4

THREATS TO HUMAN HEALTH

CHANGING CLIMATE THREATENS THE HEALTH AND WELL-BEING OF
PEOPLE IN THE NORTHEAST THROUGH MORE EXTREME WEATHER,
WARMER TEMPERATURES, DEGRADATION OF AIR AND WATER QUALITY,
AND SEA LEVEL RISE. THESE ENVIRONMENTAL CHANGES ARE EXPECTED
TO LEAD TO HEALTH-RELATED IMPACTS AND COSTS, INCLUDING
ADDITIONAL DEATHS, EMERGENCY ROOM VISITS AND
HOSPITALIZATIONS, AND A LOWER QUALITY OF LIFE. HEALTH IMPACTS
ARE EXPECTED TO VARY BY LOCATION, AGE, CURRENT HEALTH, AND
OTHER CHARACTERISTICS OF INDIVIDUALS AND COMMUNITIES.

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
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CH. 18 | NORTHEAST

Number of Days per Year with Association Between Maximum Daily Projected Number of Future Heat-Related
Extreme Heat in RI Temperature and Heat-Related Emergency Room Visits
Emergency Room Visits
Maximum Daily Temperature
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FIG. 18.11: OBSERVED AND PROJECTED IMPACTS OF EXCESS

HEAT ON EMERGENCY ROOM VISITS IN RHODE ISLAND

THIS FIGURE SHOWS THE OBSERVED AND PROJECTED IMPACTS OF EXCESS HEAT ON EMERGENCY ROOM VISITS IN RHODE ISLAND. (LEFT) IN
RHODE ISLAND, MAXIMUM DAILY TEMPERATURES IN THE SUMMER HAVE TRENDED UPWARDS OVER THE LAST 60 YEARS, SUCH THAT RESIDENTS
EXPERIENCED ABOUT THREE MORE WEEKS OF HEALTH-THREATENING HOT WEATHER OVER 2015-2016 THAN IN THE 1950S. (MIDDLE) A RECENT
STUDY LOOKING AT VISITS TO HOSPITAL EMERGENCY ROOMS (ERS) FOUND THAT THE INCIDENCE RATE OF HEAT-RELATED ER VISITS ROSE
SHARPLY AS MAXIMUM DAILY TEMPERATURES CLIMBED ABOVE 80°F. (RIGHT) THE STUDY ESTIMATES THAT WITH CONTINUED CLIMATE CHANGE,
RHODE ISLANDERS COULD EXPERIENCE AN ADDITIONAL 400 (6.8% MORE) HEAT-RELATED ER VISITS EACH YEAR BY 2050 AND UP TO AN
ADDITIONAL 1,500 (24.4% MORE) SUCH VISITS EACH YEAR BY 2095 UNDER THE HIGHER SCENARIO (RCP8.5). ABOUT 1,000 FEWER ANNUAL HEAT-
RELATED ER VISITS ARE PROJECTED FOR THE END OF THE CENTURY UNDER THE LOWER SCENARIO (RCP4.5) COMPARED TO THE HIGHER SCENARIO
(RCP8.5), REFLECTING THE ESTIMATED HEALTH BENEFITS OF ADHERING TO A LOWER GREENHOUSE GAS EMISSIONS SCENARIO. SOURCES: (LEFT)
BROWN UNIVERSITY; (MIDDLE, RIGHT) ADAPTED FROM KINGSLEY ET AL. 2016.-° REPRODUCED FROM ENVIRONMENTAL HEALTH PERSPECTIVES.
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ﬂ KEY MESSAGE #5

ADAPTATION TO CLIMATE CHANGE IS UNDERWAY

COMMUNITIES IN THE NORTHEAST ARE PROACTIVELY PLANNING AND
IMPLEMENTING ACTIONS TO REDUCE RISKS POSED BY CLIMATE CHANGE.
USING DECISION SUPPORT TOOLS TO DEVELOP AND APPLY ADAPTATION
STRATEGIES INFORMS BOTH THE VALUE OF ADOPTING SOLUTIONS AND
THE REMAINING CHALLENGES. EXPERIENCE SINCE THE LAST ASSESSMENT
PROVIDES A FOUNDATION TO ADVANCE FUTURE ADAPTATION EFFORTS.

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



®

CH. 18 | NORTHEAST

m CHAPTER AUTHOR TEAM

FEDERAL COORDINATING LEAD AUTHOR  DEPARTMENT OF TRANSPORTATION VOLPE

ELLEN L. MECRAY, NATIONAL OCEANIC AND CENTER)

ATMOSPHERIC ADMINISTRATION DAVID Y. HOLLINGER, U.S. DEPARTMENT OF

AGRICULTURE

CHAPTER LEAD WILLIAM D. SOLECKI, CITY UNIVERSITY OF NEW
LESLEY-ANN L. DUPIGNY-GIROUX, UNIVERSITY  YORK—HUNTER COLLEGE

OF VERMONT GREGORY A. WELLENIUS, BROWN UNIVERSITY
CHAPTER AUTHORS PERRY E. SHEFFIELD, ICAHN SCHOOL OF
MARY D. LEMCKE-STAMPONE, UNIVERSITY OF  MEDICINE AT MOUNT SINAI

NEW HAMPSHIRE ANTHONY B. MACDONALD, MONMOUTH
GLENN A. HODGKINS, U.S. GEOLOGICAL UNIVERSITY

SURVEY CHRISTOPHER CALDWELL, COLLEGE OF
ERIKA E. LENTZ, U.S. GEOLOGICAL SURVEY MENOMINEE NATION
KATHERINE E. MILLS, GULF OF MAINE RESEARCH REVIEW EDITOR

INSTITUTE JAYNE F. KNOTT, UNIVERSITY OF NEW
ERIN D. LANE, U.S. DEPARTMENT OF HAMPSHIRE

AGRICULTURE

RAWLINGS MILLER, WSP (FORMERLY U.S.

U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



CH. 18 | NORTHEAST

ﬂ ACKNOWLEDGMENTS

TECHNICAL CONTRIBUTORS

ZOE P. JOHNSON, U.S. DEPARTMENT OF DEFENSE,
NAVAL FACILITIES ENGINEERING COMMAND
(FORMERLY NOAA CHESAPEAKE BAY OFFICE)

AMANDA BABSON, U.S. NATIONAL PARK SERVICE
ELIZABETH PENDLETON, U.S. GEOLOGICAL SURVEY
BENJAMIN T. GUTIERREZ, U.S. GEOLOGICAL SURVEY
JOSEPH SALISBURY, UNIVERSITY OF NEW HAMPSHIRE
ANDREW SVEN MCCALL JR., UNIVERSITY OF VERMONT
E. ROBERT THIELER, U.S. GEOLOGICAL SURVEY

SARA L. ZEIGLER, U.S. GEOLOGICAL SURVEY

USGCRP COORDINATORS

CHRISTOPHER W. AVERY, SENIOR MANAGER
MATTHEW DZAUGIS, PROGRAM COORDINATOR
ALLYZA LUSTIG, PROGRAM COORDINATOR

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



U.S. Global Change
Research Program

Recommended chapter citation

DUPIGNY-GIROUX, L.A., E.L. MECRAY, M.D. LEMCKE-STAMPONE, G.A. HODGKINS, E.E. LENTZ, K.E. MILLS, E.D. LANE,
R. MILLER, D.Y. HOLLINGER, W.D. SOLECKI, G.A. WELLENIUS, P.E. SHEFFIELD, A.B. MACDONALD, AND C. CALDWELL,
2018: NORTHEAST. IN IMPACTS, RISKS, AND ADAPTATION IN THE UNITED STATES: FOURTH NATIONAL CLIMATE
ASSESSMENT, VOLUME Il [REIDMILLER, D.R., C.W. AVERY, D.R. EASTERLING, K.E. KUNKEL, K.L.M. LEWIS, T.K.
MAYCOCK, AND B.C. STEWART (EDS.)]. U.S. GLOBAL CHANGE RESEARCH PROGRAM, WASHINGTON, DC, USA. DOI:
10.7930/NCA4.2018.CH18

Read the full chapter

HTTPS://NCA2018.GLOBALCHANGE.GOV /CHAPTER /NORTHEAST

nca2018.globalchange.gov




'

‘ WHAT DOES CLIMATE CHANGE LOOK
- LIKE IN VERMONT?
® s i =

~



A — 4
LAKE CHAMPLAIN — AN INTEGRATOR OF
y CLIMATE ~

Date of ice-in on the main portion of Lake Champla

Mar 26-
>
©
O
A=
o)
L
]
g 1
‘g) Feb3- IIL r TR — —— wi | o M
<
Jan 7-
Did not freeze- . . * . - T TR

1820 1850 1880 1910 1940 1970 2000

Year

8
National Climate Assessment, 2(’1‘4

88% frozen (2014)
82% frozen (1996)

uary 1 Ice concentration (%)

0 10-30 40-60 70-80 90 100 - -
@ U-S- G[obal ulianye FOWETNT NG 20U A S f-\):cnalllGI"lT, VM Im WdS, Ri-

- { Y
, and Adagtation in :rhe United States \J
Research Program NOAA & National Weaithét! Sepvide &

) N\



DAILY LOW TEMPERATURES ARE
GETTING WARMER
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1895-2014,
averaged over
5-year periods

U.S. Global Change
Research Program

VARIATIONS IN THE AMOUNT OF

PRECIPITATION
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HUMAN HEALTH

HOT WEATHER (87 °F)
VULNERABLE POPULATIONS

RISING LOW
TEMPERATURES

LYME DISEASE
GROUND-LEVEL OZONE

CLIMATE REFUGEES

Fourth Nationdl Climate Assessment, Vow— Impyicts,
nca2018.globa

Average daily emergency department visits
for heat complaints in Vermont, by
maximum daily temperature, 2004 - 2013

\

O M~ = Oy 0o

Average daily # of heat complaint
emergencies

6567 697173757779 81838587899193

Maximum daily temperature (°F)

Data sources: temperature data - PRISM Climate Group, in
partnership with the Vermont State Climate Office; emergency
department data - Early Aberration Reporting System (EARS).

Projected number of days with statewide average
temperature of 87°F or warmer, by lower (B1) and

u higher (A2) emissions scenarios
e B1 (lower
Q o
o @ emissions)
g
U -
% o 6 1112 A2 (higher
ﬁ E I emissions)
e |
g
z 1981-2010 2021-2050 2041-2070 2070-2099

Year Range

Projection Source: ermont State Climate Office

7~ VERMONT

DEPARTMENT OF HEALTH
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Year| Number of Days Max Temperature >= 87
2000 4

2001 24

2002 26

2003 18

2004 5

2005 24 =
2006 11

007 4]

2008 7

2008 )

2010 24

0m 15

012 24

2013 13

2014 12

2015 23

2016 32

Year Number of Days Max Temperature >= 87
2000 3

2001 9

002 18

2003 3

2004 3

2003 10

2006 8

2007 13

008 4

2009 6

2010 16

2011 9

2012 16

2013 16 —
014 B
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2016 16
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Year Number of Days Max Temperature >= 87
2000 1
2001 27
2002 25
2003 i
2004 1
2005 13
2003 3
2007 14
2008 5
2009 i
2010 12
2011 9
2012 9
2013 1
2014 3
2013 g
08 10
Year| Numberof Days Max Temperature >= 87
2000 E
2001 26
2002 33
2002 13
2004 6
2005 2
2006 13
2007 17
2008 E]
008 i
2010 a
201 18
2012 12
2013 18
2014 5
s 2
2016 20

Courtesy:
NWS /Scott
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http://www.arborday.org/treeinfo/z
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PLANT HARDINESS MAPS "
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Minimum Temperatures
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Minimum Temperature
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AGRICULTURE 0
s Field near Sam Mazza’s
e SPRING stand — 5 August 2016
e PLANTING DELAYS
e FROSTS
e SUMMER

* GROWTH & YIELDS AFFECTED BY
PRECIPITATION EXTREMES

* HEAT WAVES

FALL
* EARLY FROSTS

* CHANGES IN PLANT SELECTION IN
RESPONSE TO INCREASED PRECIPITATION

e WINTER
e SWINGS
 FREEZING OF SOILS — INFLUENCE ON COLD
TOLERANCE (PAUL SCHABERG, USFS) Photos: L-A. DupignysGieis

@ U.S. Global Change Fourth MNational Climate Assessment, Vo\/— Imr\m’rs, Ri )/ and Adagtation imthe United States U
1

Research Program nca2018.globa e.gov \ ). e \
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—FORESTRY AND TREE CROPS £%

"’
* INVASIVE SPECIES — EMERALD ASH BORER

WILDFIRE THREAT

SPRING
* FROSTS AND CHRISTMAS TREES
* OVER-WINTER INJURY TO RED PINE
* LENGTH AND QUALITY OF MAPLE SAP
PRODUCTIONS
SUMMER
* DROUGHTS AND FALL FOLIAGE (EARLY)
 OUTBREAKS AND DEFOLIATION (FTC)

FALL
* EARLY FROSTS
* LATE FREEZES — LEAF DROP; EARLY SNOWFALL
* DROUGHTS & FALL FOLIAGE (LATE)

@ U.S. Global Change Fourth MNational Climate Assessment, VO\J— Impycts, Ri g8, and Adg
Research Program nca2018.globa e.gov
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J_ENGTH OF GROWING SEASON —

GRADUALLY EXTENDING
(UNDERHILL SITE)

Length of growing season (days)
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R R I e .
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100
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Year
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\/ . EARLY SEASON PHENOLOGY: 1990 -
“ 2016 o/

Average Sugar Maple Budbreak — Underhill site
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GROUND-LEVEL OZONE

y N e REDUCES PLANT GROWTH &
’ & - VIGOR

 REDUCES SEED PRODUCTION

* INCREASES SUSCEPTIBILITY TO
INSECTS & DISEASE

e

* CUMULATIVE EFFECT OVER
GROWING SEASON

A e BLACK CHERRY, WHITE ASH,
o7 ) A\‘ A YELLOW POPLAR
¥y &N L

Ozone Injury to White Ash

Photo by Gretchen Smith
@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States R. Poirot — VT ANR/ Air Quality
Research Program nca2018.globalchange.gov




" RECREATION AND TOURISM 0

—

* LAKE AND RIVER-BASED ACTIVITIES
* WATER TEMPERATURES
* WATER LEVELS

* COLD-SEASON ACTIVITIES
* SNOWFALL
* DROUGHT

* LEAF PEEPING

U.S. Global Change Fourth MNational Climate Assessment, Vo
Research Program ,

mpycts, Ri 48, and Adagtation inthe United States rf
8.globaldMge.gov

\ ) Photos: L-A. Dﬂplgn)’-Gll’OUX



\ 4

S "

LOW LAKE LEVELS — ST. ALBANS BAY
- 8 JULY 2016

/
Photos: L-A. Dupigny-Giroux =
@ U.S. Global Change Fourth MNational Climate Assessment, VO\J— Impcts, R g8, and AdeJGTlI'OI’I inthe United States U )
Research Program nca2018.globa e.gov \ ). 9 \ -



FLOODING — BURLINGTON

6 May 2019 B )
@ lél,S, GlogailnChange Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
esearc 0 . .
rogram nca2018.globalchange.gov Photos: L-A. Duplgny-Glroux



INFRASTRUCTURE

- * ROADS AND HIGHWAYS
« RAIL (HEAT) AND AIRPORTS (BLIZZARDS)
e ELECTRICAL GRID
e WATER SUPPLIES
e CRITICAL INFRASTRUCTURE
@ussmugmy e o s k) o




PEOPLE-& COMMUNITIES ARE —
RIENCING MORE / MORE FREQUENT
" EXTREME EVENTS..

© John Wark/AP/Corbis

@ U.S. Global Change Fourth MNational Climate Assessment, Vomd— Impycts, Ri j/ and Adagtation imthe United States St
B e cnan nca2018.globa e.gov \ /. Courtesy: quic\Herring, NOAA

N



...WITH STLY DAMAGES TO PROPERTY, STRUCTURES, AND
NF TRUCTURE.

@ U.S. Global Change ; Fourth National Climate Assessment, V. ‘ : 3
Ragearch Program nca2018.globalcemge.gov \ ) Courtesy: quic\Herring, NOAA




JUXTAPOSITION OF RIVERS & ROADS
TAKES A TOLL ON INFRASTRUCTURE

* REPEAT OCCURRENCES IN PREFERRED LOCATIONS

* JAY PEAK, ROUTE 100 Montgomery flooding - July 19¢

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States :
Research Program nca2018.globalchange.gov Photo credit: NWS/BTV
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1927 Flood Damage Map

with
2011 TS Irene Damage

STATE / TOWN BRIDGE CLOSURES
® ciosen
[ OPENWITH RESTRICTIONS
) OPEN ViITH CONSTRUCTION DELAYS:
o open
STATE HIGHWAY CLOSURES
s ROAD CLOSED
‘GLOSED - AUTHORIZED VEWGLES ONLY
(GREN WTH RESTRICTIONS
LINITED SERVICE - EXPECT DELAYS
NGRAAL SERVICE RESTORED
——— O REPORTED DAMARE - EXPECT NORMAL TREVEL

Courtesy: Jo




1927 Flood Damage Map
with
2011 TS Irene Damage

STATE / TOWN BRIDGE CLOSURES
B CLOSED
) DOPENWITH RESTRICTIONS
o OPENWITH CONSTRUCTION DELAYS
& OPEN
STATE HIGHWAY CLOSURES
s RDAD CLOSED
CLOSED - AUTHORIZED VEHICLES OMNLY
OPEN WITH RESTRICTIONS
LIMITED SERVICE - EXPECT DELAYS
MORMAL SERVICE RESTORED
e NO REPORTED DAMAGE - EXPECT NORMAL TRAVEL




TROPICAL CYCLONES & REMNANTS

NOVEMBER 1927

AUGUST 1955 (CONNIE, DANNY)
JUNE 1972 (AGNES)

AUGUST 1998 (BONNIE)
SEPTEMBER 1999 (DENNIS, FLOYD)
AUGUST 2011 (IRENE)

rricane Iren;}/
August 24-30, 2011}
423 sites da K

Island Express Hurricane
eptember 19-22, 1938
827 sites

Hurricane Floyd
September 14-17, 1999

Maximum: 15.74"
Bayboro, NC

Maximum: 12.77"
Gardner, MA

Maximum: 24.06"
Southport 5N, NC

_Courtesy: NOAA

@ U.S. Global Change Fourth Natio
Research Program ; 4
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@[\NM U.S. » Hurricanes are slowing, which could be a big problem

Hurricanes are slowing, which could be
a big problem s | pE——

nes-slowing-
wxc/index.html

Opinion Health Entertainment Sty

By Brandon Miller, CNN TRENDING: Hurricane Dorian = California boat fire  West Texas shot
(© Updated 3:58 PM ET, Wed June 6, 2018

Dorian is barely moving
at 1 mph

LIVE UPDATES

The strongest storm ever to hit the Bahamas has killed
at least five people. The hurricane is expected to be
‘dangerously close' to Florida Tuesday.

Track the storm here | In the storm's path? Bookmark CNN's lite site

This is Hurricane Dorian's latest track

) 0:04 /312

Hurricane Dorian obliterates houses in the Bahamas

Source: CNN

WATCH LIVE Conditions in Florida intensify as Dorian nears

In the Wake of Harvey 03:12 . )
See Air Force fly a reconnaissance plane through the eye

Story highlights (CNN) — Hurricanes and tropical storms, known as

tropical cyclones, are moving slower around the planet, hittp: /Wi
There has been a 10% decrease in tropical
cyclone forward speed since 1949, a new

study finds Atmospheric Administration scientist James Kossin.

according to a new study from National Oceanic and stes
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24 Hour — 100 year return period rainfall

Much of southern NE
experienced a 1 to 2 inch
upward shift!

[
i

o SR Vi | Atldntioc

'_.%'_ ;I:- o l

i W
Thick yellow lines represent 24 hr 100 yr
values from TP-40, 1961
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\NAT RAL CATASTROPHES ARE ON THE RISE...

Number

200

150

100

50

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

B Geophysical events B Meteorological events Bl Hydrological events [ Climatological events
(Earthquake, tsunami, (Tropical storm, extratropical (Flood, mass (Extreme temperature,
volcanic activity) storm, convective storm, movement) drought, forest fire)

local storm)
® 2015 Minchener Rickversicherungs-Gesellschaft, Geo Risks Research, NatCatSERVICE — As at January 2015

Research Program nca2018globmem@Egor L)) T\ 7




Mumber of Evants

O = MW s M -

3

1980 18E2 1984 1988 1988

https://www.ncdc.noaa.gov/billions/time-series

Billion-Dollar Disaster Event Types by Year (CPI-Adjusted)

l Winter Storm | Wildfire Trop Cyd | Severs Storm | Freeze

l Flaoding I Drought Cost w/ 95% ClI = B-%ear Mean

B
TH:

ﬁw.ulfflllfhtrwr|l41 mIIII‘H’f‘l

2018 2018 ZCIZCI

1990 1552 1994 19598 1998 2000 2002 2004 2008 2008 2010 2012 2014

T 180

T 100

BIB|[0 40 BUDI||IE Ul 1803

“In 2018, there were 14 separate billion-dollar weather and climate disaster events across the United States, with
a total cost of $91 billion. The total cost over the last 3 years (2016-2018) exceeds $450 billion- averaging $150

billion/year. The total cost over the last 5 years (2014-2018) is approximately $500 billion - averaging $100
billion/year, as indicated by the black line below.” as of 9] ul;r 2019

®

U.S. Global Change
Research Program

Fourth cmonql Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United tes

nca2018.globalchange.gov
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BILLION DOLLAR DISASTERS

S

U.S. 2017 Billion-Dollar Weather and Climate Disasters @

Minnesota Hall Storm and
North Dakota, South Upper Midwes! Severe Weather
Dakota, and June 9-11
Montana Drought i
Sping-Fal 2017 N ] Mdvest Tomado Outeak |

Ly, March6-8

Westemn Wildfires,
California Firestorm |
Summer-Fall " CentralSoutheast
2017 Tornado Outbreak
February 28-March 1

Missouri and Arkansas

California
Flooding
February 8-22 Flooding and Central
Severe Weather
Colorado Hal Storm Apel 25-May 7
and Central
Severe Weather Southeast Freeze
May 8-11 ‘. March 14-16
e Southern Tomado
s 3 \ ! Outbreak and
L5 =t . = b Western Storms
;_,,/f"p\ \ June 27-28 s Hurricane Harvey %\ January 20-22
August 25-31 ¢
- e -
Hurricane Irma o ’ - , H“"m

SoullvSoutheas!| Severe Weather
March 26-28 Seplember 6-12

This map dencles the approamae locaton for each of fhe 16 billion-dollar weather and climate disasters tha mpecied the Unied Siates during 2017,

Sep(mber 10-2

Fourth MNational Climate Assessment, VO\J— Impycts, Ri
nca2018.globa

@ U.S. Global Change
Research Program

U.S. 2018 Billion-Dollar Weather and Climate Disasters @

) Central and Eastemn
| ¢ Tomadoes and Severe Weamer oo
4

Western Wildfires,
California Firestorm
Summer-Fall /e
2018 J A

| Northeast
—P) & Winter Storm
? March 1-3

Central and Eastern
Severe Weather
May 13-15

Rockiesand |
Plains Hail Storms
Alguet -7 Northeastern and
Eastern Winter Storm
SouthwestSouthern January 3-5
Plains Drought
2018 Hurricane Florence
. Seplember 13-16
o Central and Northeast
> Severe Weather
& ; ' May 1-4
:nflvt? Colorado Hail Storm
J,.,t"’ : June 18-19 / Solithern and Eastam ‘.| @ Southeastem Tomadoes
= m . Tomadoes and Hirieana Lid and Severe \Weather
Texas Hall Storm Severe Weather Vichael March 18-21

June 6 April 13-16

This map denctes the approximale location for each of the 14 separate billion-dollar weather and climate disasters that impacted the United States during 2018.

October 10-11 -

c:nd ACJGP ation Imthe United States V
J ~ A\

e.gov N
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/- SUMMARY REMARKS

®

« SYSTEMS APPROACH — LAND, OCEAN, ATMOSPHERE

e’

* IMPORTANCE OF TOPOGRAPHY & GEOGRAPHY

TIME & SPACE SCALES

MULTI-HAZARD APPROACH
e COASTAL/INLAND; TIMING

MULTIPLE VULNERABILITIES

ZONING, FLOODPLAIN USAGE, COMMUNITY RESILIENCE

U.S. Global Change Fourth National Climate Assessment, Vomet— Impycts, Ri- g8, and Adagtation inthe United States
Research Program nca2018.qlobalt8z.co
: LS /

~
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THANK YOU!

For more information contact:
Dr. Lesley-Ann L. Dupigny-Giroux
ldupigny@uvm.edu

nca2018.globalchange.gov




