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Observed U.S. Temperature Change

The colors on the map show temperature changes over the past 22 years (1991-2012) compared to the 1901-1960 average for the contiguous
U.S., and to the 1951-1980 average for Alaska and Hawai‘i. The bars on the graph show the average temperature changes for the U.S. by
decade for 1901-2012 (relative to the 1901-1960 average). The far right bar (2000s decade) includes 2011 and 2012. The period from 2001 to
2012 was warmer than any previous decade in every region. (Figure source: NOAA NCDC / CICS-NC).
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Climate change is increasing the
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across the U.S. West.

Solar power use is increasing
and is part of the solution to
climate change.
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Members of Congress:
On behalf of the National Science and Technology Council and the U.S. Global Change Research Program, we are pleased
to transmit the report of the Third National Climate Assessment: Climate Change Impacts in the United States. As required by
the Global Change Research Act of 1990, this report has collected, evaluated, and integrated observations and research on
climate change in the United States. It focuses both on changes that are happening now and further changes that we can
expect to see throughout this century.
This report is the result of a three-year analytical effort by a team of over 300 experts, overseen by a broadly constituted Federal
Advisory Committee of 60 members. It was developed from information and analyses gathered in over 70 workshops and
listening sessions held across the country. It was subjected to extensive review by the public and by scientific experts in and
out of government, including a special panel of the National Research Council of the National Academy of Sciences. This
process of unprecedented rigor and transparency was undertaken so that the findings of the National Climate Assessment
would rest on the firmest possible base of expert judgment.
We gratefully acknowledge the authors, reviewers, and staff who have helped prepare this Third National Climate
Assessment. Their work in assessing the rapid advances in our knowledge of climate science over the past several years has
been outstanding. Their findings and key messages not only describe the current state of that science but also the current and
future impacts of climate change on major U.S. regions and key sectors of the U.S. economy. This information establishes
a strong base that government at all levels of U.S. society can use in responding to the twin challenges of changing our
policies to mitigate further climate change and preparing for the consequences of the climate changes that can no longer be
avoided. It is also an important scientific resource to empower communities, businesses, citizens, and decision makers with
information they need to prepare for and build resilience to the impacts of climate change.
When President Obama launched his Climate Action Plan last year, he made clear that the essential information contained
in this report would be used by the Executive Branch to underpin future policies and decisions to better understand and
manage the risks of climate change. We strongly and respectfully urge others to do the same.
			
			Sincerely,

Dr. John P. Holdren					
Assistant to the President for Science and Technology
Director, Office of Science and Technology Policy
Executive Office of the President

Dr. Kathryn D. Sullivan
Under Secretary for Oceans and Atmosphere
NOAA Administrator
U.S. Department of Commerce
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NATIONAL CLIMATE ASSESSMENT
The National Climate Assessment assesses the science of climate change
and its impacts across the United States, now and throughout this
century. It documents climate change related impacts and responses for
various sectors and regions, with the goal of better informing public and
private decision-making at all levels.
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A team of more than 300 experts (see page 98), guided by a 60-member
National Climate Assessment and Development Advisory Committee
(listed on page ii) produced the full report – the largest and most diverse
team to produce a U.S. climate assessment. Stakeholders involved in the
development of the assessment included decision-makers from the public
and private sectors, resource and environmental managers, researchers,
representatives from businesses and non-governmental organizations, and
the general public. More than 70 workshops and listening sessions were
held, and thousands of public and expert comments on the draft report
provided additional input to the process.
The assessment draws from a large body of scientific peer-reviewed
research, technical input reports, and other publicly available sources; all
sources meet the standards of the Information Quality Act. The report was
extensively reviewed by the public and experts, including a panel of the
National Academy of Sciences, the 13 Federal agencies of the U.S. Global
Change Research Program, and the Federal Committee on Environment,
Natural Resources, and Sustainability.

U.S. National Climate Assessment
U.S. Global Change Research Program
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HIGHLIGHTS
This book presents the major findings and selected highlights from
Climate Change Impacts in the United States, the third National Climate
Assessment.
This Highlights report is organized around the National Climate
Assessment’s 12 Report Findings, which take an overarching view of the
entire report and its 30 chapters. All material in the Highlights report is
drawn from the full report. The Key Messages from each of the 30 report
chapters appear in boxes throughout this document.
In the lower left corner of each section, icons identify which chapters
of the full report were drawn upon for that section. A key to these icons
appears on page 1.
A 20-page Overview booklet is available online.
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CHAPTER ICONS
In the lower left corner of each section, these icons identify which chapters of the full
report were drawn upon for that section.
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CLIMATE CHANGE AND
C

limate change, once considered an issue for a distant future, has moved firmly into the present.
Corn producers in Iowa, oyster growers in Washington State, and maple syrup producers in
Vermont are all observing climate-related changes that are outside of recent experience. So,
too, are coastal planners in Florida, water managers in the arid Southwest, city dwellers from
Phoenix to New York, and Native Peoples on tribal lands from Louisiana to Alaska. This National
Climate Assessment concludes that the evidence of human-induced climate change continues to
strengthen and that impacts are increasing across the country.
Americans are noticing changes all around them. Summers are longer and hotter, and extended
periods of unusual heat last longer than any living American has ever experienced. Winters are
generally shorter and warmer. Rain comes in heavier downpours. People are seeing changes in the
length and severity of seasonal allergies, the plant varieties that thrive in their gardens, and the
kinds of birds they see in any particular month in their neighborhoods.
Other changes are even more dramatic. Residents of some coastal cities see their streets flood
more regularly during storms and high tides. Inland cities near large rivers also experience more
flooding, especially in the Midwest and Northeast. Insurance rates are rising in some vulnerable
locations, and insurance is no longer available in others. Hotter and drier weather and earlier snow
melt mean that wildfires in the West start earlier in the spring, last later into the fall, and burn
more acreage. In Arctic Alaska, the summer sea ice that once protected the coasts has receded,
and autumn storms now cause more erosion, threatening many communities with relocation.
Scientists who study climate change confirm that these observations are consistent with significant
changes in Earth’s climatic trends. Long-term, independent records from weather stations,
satellites, ocean buoys, tide gauges, and many other data sources all confirm that our nation,
like the rest of the world, is warming. Precipitation patterns are changing, sea level is rising, the
oceans are becoming more acidic, and the frequency and intensity of some extreme weather
events are increasing. Many lines of independent evidence demonstrate that the rapid warming of
the past half-century is due primarily to human activities.
The observed warming and other climatic changes are triggering wide-ranging impacts in every
region of our country and throughout our economy. Some of these changes can be beneficial over
the short run, such as a longer growing season in some regions and a longer shipping season on
the Great Lakes. But many more are detrimental, largely because our
society and its infrastructure were designed for the climate that we have
had, not the rapidly changing climate we now have and can expect in the
future. In addition, climate change does not occur in isolation. Rather,
it is superimposed on other stresses, which combine to create new
challenges.
This National Climate Assessment collects, integrates, and assesses
observations and research from around the country, helping us to see
what is actually happening and understand what it means for our lives,
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THE AMERICAN PEOPLE
our livelihoods, and our future. The report includes analyses of impacts
on seven sectors – human health, water, energy, transportation,
agriculture, forests, and ecosystems – and the interactions among
sectors at the national level. The report also assesses key impacts on
all U.S. regions: Northeast, Southeast and Caribbean, Midwest, Great
Plains, Southwest, Northwest, Alaska, Hawai`i and Pacific Islands, as
well as the country’s coastal areas, oceans, and marine resources.
Over recent decades, climate science has advanced significantly.
Increased scrutiny has led to increased certainty that we are now
seeing impacts associated with human-induced climate change. With
each passing year, the accumulating evidence further expands our
understanding and extends the record of observed trends in temperature, precipitation, sea level,
ice mass, and many other variables recorded by a variety of measuring systems and analyzed by
independent research groups from around the world. It is notable that as these data records have
grown longer and climate models have become more comprehensive, earlier predictions have
largely been confirmed. The only real surprises have been that some changes, such as sea level
rise and Arctic sea ice decline, have outpaced earlier projections.
What is new over the last decade is that we know with increasing certainty that climate change
is happening now. While scientists continue to refine projections of the future, observations
unequivocally show that climate is changing and that the warming of the past 50 years is primarily
due to human-induced emissions of heat-trapping gases. These emissions come mainly from
burning coal, oil, and gas, with additional contributions from forest clearing and some agricultural
practices.
Global climate is projected to continue to change over this century and beyond, but there is still
time to act to limit the amount of change and the extent of damaging impacts.
This report documents the changes
already observed and those projected for
the future.
It is important that these findings and
response options be shared broadly to
inform citizens and communities across
our nation. Climate change presents a
major challenge for society. This report
advances our understanding of that
challenge and the need for the American
people to prepare for and respond to its
far-reaching implications.
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C

Climate Change:
Present and Future

-

-

Ten Indicators of a Warming World
term cooling

with warming near the sur-

These are just some of the indicators measured globally over many decades that show that the
Earth’s climate is warming. White arrows indicate increasing trends; black arrows indicate decreasing
trends. All the indicators expected to increase in a warming world are increasing, and all those
expected to decrease in a warming world are decreasing. (Figure source: NOAA NCDC, based on
data updated from Kennedy et al. 2010a).
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half century.
Because human-induced

-

-

The green band shows how global average temperature would have changed
over the last century due to natural forces alone, as simulated by climate
models. The blue band shows model simulations of the effects of human and
natural forces (including solar and volcanic activity) combined. The black line
shows the actual observed global average temperatures. Only with the incluchanges. (Figure source: adapted from Huber and Knutti 2012b).

Different amounts of heat-trapping gases released into the atmosphere by human activities produce different projected increases in
Earth’s temperature. The lines on the graph
represent a central estimate of global average temperature rise (relative to the 19011960 average) for the two main scenarios
used in this report. A2 assumes continued
increases in emissions throughout this cenreductions, though not due explicitly to climate change policies. Shading indicates the
range (5th to 95th percentile) of results from
a suite of climate models. In both cases,
temperatures are expected to rise, although
the difference between lower and higher
emissions pathways is substantial. (Figure
source: NOAA NCDC / CICS-NC).
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1

-

-

2

-

-

state.

Percent changes in the amount of precipitation falling in very heavy events (the heaviest 1%)
from 1958 to 2012 for each region. There is a clear national trend toward a greater amount
of precipitation being concentrated in very heavy events, particularly in the Northeast and
c
Midwest. (Figure source: updated from Karl et al. 2009 ).
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tiny krill to salmon to whales. The photos show what happens to a pteropod’s shell
in seawater that is too acidic. On the left is a shell from a live pteropod from a region
in the Southern Ocean where acidity is not too high. The shell on the right is from a
pteropod in a region where the water is more acidic. (Figure source: (left) Bednaršek
et al. 2012e (right) Nina Bednaršek).

level.

2

Widespread Impacts

The correlation between rising levels of carbon dioxide in the atmosphere (red) with
rising carbon dioxide levels (blue) and falling pH in the ocean (green). As carbon
dioxide accumulates in the ocean, the water becomes more acidic (the pH declines).
d
).
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-

challenges.

-

Certain groups of people are
more vulnerable to the range
of climate change related
health impacts, including the
elderly, children, the poor,
and the sick.

-
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9

-
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-

-

The amount of future climate
change will still largely be
determined by choices society
makes about emissions.

-

-

-

-
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Response Options
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change.
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REPORT FINDINGS
These findings distill important results that arise from this National Climate Assessment. They do not represent a
full summary of all of the chapters’ findings, but rather a synthesis of particularly noteworthy conclusions.

1. Global climate is changing and this is apparent across the United States in a
wide range of observations. The global warming of the past 50 years is primarily
due to human activities, predominantly the burning of fossil fuels.

2. Some extreme weather and climate events have increased in recent decades,
and new and stronger evidence confirms that some of these increases are related
to human activities.

22

3. Human-induced climate change is projected to continue, and it will accelerate
significantly if global emissions of heat-trapping gases continue to increase.

4. Impacts related to climate change are already evident in many sectors and
are expected to become increasingly disruptive across the nation throughout this
century and beyond.

24

12

5. Climate change threatens human health and well-being in many ways, including
through more extreme weather events and wildfire, decreased air quality, and
diseases transmitted by insects, food, and water.

6. Infrastructure is being damaged by sea level rise, heavy downpours, and
extreme heat; damages are projected to increase with continued climate change.

7. Water quality and water supply reliability are jeopardized by climate change in
a variety of ways that affect ecosystems and livelihoods.

8. Climate disruptions to agriculture have been increasing and are projected to
become more severe over this century.

13

REPORT FINDINGS
9. Climate change poses particular threats to Indigenous Peoples’ health, wellbeing, and ways of life.

10. Ecosystems and the benefits they provide to society are being affected by
climate change. The capacity of ecosystems to buffer the impacts of extreme
events like fires, floods, and severe storms is being overwhelmed.

11. Ocean waters are becoming warmer and more acidic, broadly affecting ocean
circulation, chemistry, ecosystems, and marine life.

12. Planning for adaptation (to address and prepare for impacts) and mitigation
(to reduce future climate change, for example by cutting emissions) is becoming
more widespread, but current implementation efforts are insufficient to avoid
increasingly negative social, environmental, and economic consequences.

14

SUPPORTING EVIDENCE FOR
THE REPORT FINDINGS
Icons at the lower left corner of each report finding indicate the chapters drawn on for that section.
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CLIMATE TRENDS

These two pages present the Key Messages from the “Our Changing Climate” chapter of the full report. They
pertain to Report Findings 1, 2, and 3, evidence for which appears on the following pages.

Temperature

Extreme Weather

Hurricanes

Severe Storms
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Precipitation

Heavy Downpours

Frost-free Season

Ice Melt

Sea Level

PO

Ocean Acidification
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Global climate is changing and this is apparent across a wide range of observations.
Temperature Change by Decade

Evidence for changes in Earth’s climate can
be found from the top of the atmosphere
to the depths of the oceans. Researchers
from around the world have compiled this
evidence using satellites, weather balloons,

tor the Earth’s weather and climate. The sum
total of this evidence tells an unambiguous

Temperatures at Earth’s surface, in the tropoto about 5 to 10 miles above the ground), and
in the oceans have all increased over recent
decades. The largest increases in temperature are occurring closer to the poles, espe-

Snow and ice cover have decreased in most
in the lower atmosphere because a warmer
atmosphere can hold more water. Sea level is increasing
ice on land adds water to the oceans. Changes in other
climate-relevant indicators such as growing season

cold. It is the sum total of these indicators that leads to the
conclusion that warming of our planet is unequivocal.

Global Temperature and Carbon Dioxide
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-

Arctic Sea Ice Decline

the satellite record began in

than 40%.2 This decline
is unprecedented in the
historical record, and the
thickness is even greater.
more than 50% from 19581976 to 2003-2008.3 The
percentage of the March ice
cover made up of thicker ice
(ice that has survived a summer melt season) decreased
from 75% in the mid-1980s
to 45% in 2011.4

-

Ice Loss from the Two Polar Ice Sheets

from the sun. More open water can also increase snowfall
over northern land areas5 and increase the north-south
meanders of the jet stream, consistent with the occur5,6
7

-

of ice on land and lakes. Snow cover on land has also
spring.

The ice sheets on Greenland and Antarctica are losing mass,
adding to global sea level rise.
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Climate in the United States
is changing.

Observed U.S. Temperature Change

1.3°F to 1.9°F since record keeping began
in 1895; most of this increase has occurred
since about 1970. The most recent decade
Because human-induced warming is supertemperature rise has not been, and will not

change, other aspects of climate that are
-

season, changes in plant hardiness zones, increased
in atmospheric CO2
Taken as a whole, these changes provide compelling

10

2

The longer

(such as crops and forests) as well as undesirable ones (such
as ragweed).11 In some cases where moisture is limited,

12

seasons.

On the left is a photograph of Muir Glacier in Alaska taken on August 13, 1941; on the right, a photograph taken from the same
vantage point on August 31, 2004. Total glacial mass has declined sharply around the globe, adding to sea level rise. (Left photo
by glaciologist William O. Field; right photo by geologist Bruce F. Molnia of the United States Geological Survey.)
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Observed Increases in Frost-Free Season
Southwest, can lead to further heat stress on plants
and increased water demands for crops. Higher tem-

temperatures, some agricultural pests can persist
established.13
The lengthening of the frost-free season has been
somewhat greater in the western U.S. than the eastern
U.S.,1
and Southwest, 1 to 2 weeks in the Midwest, Great

trend of more warming in the north and west and less
warming in the Southeast.
creased in recent decades, although there are import-

Observed U.S. Precipitation Change

-

21

The global warming of the past 50 years
is primarily due to human activities,
predominantly the burning of fossil fuels.

2000 Years of
Heat-Trapping Gas Levels

served warming.

heat-trapping gases in the atmosphere.

each other, have altered global average temperature over

-

burning fossil fuels (coal, oil, and natural gas) and from

climate include heat-trapping gases such as carbon
of recent and projected future change.

cles such as black carbon (soot), which has a warming
2

Carbon Emissions in the Industrial Age

sphere since the beginning of the industrial era in
pre-industrial levels.
Methane levels in the atmosphere have increased due
rice farming producing it via bacteria that live in the

22

and waste disposal including sewage and decomposing

of independent evidence.
fundamental understanding of how certain gases trap
these gases, and how other human and natural factors
Oil used for transportation and coal used for electricity generation are the largest contributors to the rise in carbon dioxide that
is the primary driver of recent climate change.

tree rings, ice cores, and corals. These show that global
surface temperatures over the last several decades are

Measurements of Surface Temperature
and Sun’s Energy

much longer.
The third line of evidence comes from using climate mod-

the Earth’s surface and lower atmosphere are warming
heat-trapping gases. In contrast, if the observed warming
had been due to increases in solar output, Earth’s atmo-

ocean heat content.
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Some extreme weather and climate events have increased in recent decades, and new and
stronger evidence confirms that some of these increases are related to human activities.

As the world has warmed, that warming has triggered

Coast-to-Coast
100-degree Days in 2011

many other changes to the Earth’s climate. Changes in
extreme weather and climate events, such as heat waves
and droughts, are the primary way that most people
experience climate change. Human-induced climate
change has already increased the number and strength
of some of these extreme events. Over the last 50 years,
much of the U.S. has seen increases in prolonged periods
of excessively high temperatures, heavy downpours, and
Heat Waves
Heat waves are periods of abnormally hot weather

in 2011 and 2012, with the number of intense heat

Map shows numbers of days with temperatures above 100°F during
2011. Black circles denote the location of observing stations recording at least one such day. The number of days with temperatures
exceeding 100°F is expected to increase. The record temperatures
and drought during the summer of 2011 represent conditions that
will occur more frequently in the U.S. as climate change continues.
(Figure source: NOAA NCDC).

temperatures. Analyses show that human-induced
climate change has generally increased the probability
of heat waves.1
heat has been unprecedented since the start of reliable
instrumental records in 1895.
Drought
Higher temperatures
lead to increased

Texas Summer 2011: Record Heat and Drought
Dots show the average summer temperature and total rainfall in Texas for
each year from 1919 to 2012. Red dots
illustrate the range of temperatures and
rainfall observed over time. The record
temperatures and drought during the
summer of 2011 (large red dot) represent conditions far outside those that
have occurred since the instrumental
record began.2 An analysis has shown
that the probability of such an event
has more than doubled as a result of
human-induced climate change.3 (Figure source: NOAA NCDC / CICS-NC).

including more loss of
moisture through plant
leaves. Even in areas
does not decrease,
these increases in
and loss of water from
plants lead to more
rapid drying of soils if
temperatures are not
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Widespread Drought in 2012

4

As

incoming heat from the sun goes into

5

An example of recent drought occurred in

over 100°F. Both states set new records for
began in 1895. Rates of water loss, due

depleted water resources and contributed
to more than $10 billion in direct losses to
agriculture alone.
Heavy Downpours
Droughts in recent years have been widespread. The map above shows the extent
of drought in mid August 2012. The U.S. Drought Monitor is produced in partnership between the National Drought Mitigation Center at the University of Nebraska-Lincoln, the United States Department of Agriculture, and the National Oceanic
and Atmospheric Administration. (Map courtesy of NDMC-UNL).

Observed U.S. Trends in
Heavy Precipitation

become heavier and more frequent, and
the amount of rain falling on the heaviest
rain days has also increased. Since 1991,
the amount of rain falling in very heavy

greatest in the Northeast, Midwest, and
upper Great Plains – more than 30% above

Midwest and Northeast, where the largest
increases in heavy rain amounts have
occurred.

well understood. Warmer air can contain
more water vapor than cooler air. Global
analyses show that the amount of water
vapor in the atmosphere has in fact
increased due to human-caused warming.6
One measure of heavy precipitation events is a two-day precipitation total that is
year event. As this extreme precipitation index for 1901-2012 shows, the occurrence
of such events has become much more common in recent decades. Changes are
compared to the period 1901-1960, and do not include Alaska or Hawai‘i. (Figure
source: adapted from Kunkel et al. 20137).
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Floods
Flooding may intensify in many
U.S. regions, even in areas where

by water that causes or threatens
damage.8 Floods are caused or

weather factors include heavy or
thunderstorms, storm surges from
Human factors include structural
failures of dams and levees, altered

Increasingly, humanity is also adding
to weather-related factors, as
human-induced warming increases
heavy downpours, causes more
extensive storm surges due to sea
level rise, and leads to more rapid
spring snowmelt.

MAJOR FLOOD TYPES
All flood types are affected by climate-related factors, some more than others.
Flash floods occur in small and steep watersheds and waterways and can
be caused by short-duration intense precipitation, dam or levee failure, or
collapse of debris and ice jams. Most flood-related deaths in the U.S. are
associated with flash floods.
Urban flooding can be caused by short-duration very heavy precipitation.
Urbanization creates large areas of impervious surfaces (such as roads,
pavement, parking lots, and buildings) that increased immediate runoff, and
heavy downpours can exceed the capacity of storm drains and cause urban
flooding.
Flash floods and urban flooding are directly linked to heavy precipitation and
are expected to increase as a result of increases in heavy precipitation events.
River flooding occurs when surface water drained from a watershed into
a stream or a river exceeds channel capacity, overflows the banks, and
inundates adjacent low lying areas. Riverine flooding depends on precipitation
as well as many other factors, such as existing soil moisture conditions and
snowmelt.
Coastal flooding is predominantly caused by storm surges that accompany
hurricanes and other storms that push large seawater domes toward the shore.
Storm surge can cause deaths, widespread infrastructure damage, and severe
beach erosion. Storm-related rainfall can also cause inland flooding and is
responsible for more than half of the deaths associated with tropical storms.8
Climate change affects coastal flooding through sea level rise and storm surge,
and increases in heavy rainfall during storms.

over 1981 through 2011.8
people.9
from 1959 to 200510 while property and crop damage

and human-induced climate change.9

Trends in
Flood Magnitude
United States.11
(from the 1920s through 2008) have decreased in the Southwest and increased
in the eastern Great Plains, parts of the
Midwest, and from the northern Appalachians into New England.12 The map
green and decreasing trends in brown.
The magnitude of these trends is illustrated by the size of the triangles. (Figure
source: Peterson et al. 201312).
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Hurricanes

during which high quality satellite data are available.13

these local sea surface temperatures, including natural
variability, human-induced emissions of heat-trapping
North Atlantic hurricanes have increased in intensity, frequency,
and duration since the early 1980s.

develop also depends on how the local atmosphere
responds to changes in local sea surface temperatures,
cause of the change.14 For example, the atmosphere

that allows more sunlight through to warm the ocean,
versus when sea surface temperatures increase more
uniformly around the world due to increased amounts of
human-caused heat-trapping gases.15
Storm surges reach farther inland as they ride on top of sea
levels that are higher due to warming.

hurricanes in a warmer climate, with increases of about
20% averaged near the center of hurricanes.
Change in Other Storms
Winter storms have increased in frequency and intensity
since the 1950s,16
over the United States.17 Other trends in severe storms,
including the intensity and frequency of tornadoes, hail,
and damaging thunderstorm winds, are uncertain and are

other losses.18
7

Heavy snowfalls during winter storms affect transportation systems and other infrastructure.
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Human-induced climate change is projected to continue, and it will accelerate significantly
if emissions of heat-trapping gases continue to increase.

H
Projected Temperature Change

Maps show projected change in average surface air temperature in the later part of this century (2071-2099) relative to the later part of
the last century (1970-1999) under a scenario that assumes substantial reductions in heat trapping gases (B1, left) and a higher emissions
scenario that assumes continued increases in global emissions (A2, right). These scenarios are used throughout this report for assessing
impacts under lower and higher emissions. (Figure source: NOAA NCDC / CICS-NC).

Projected Changes in Soil Moisture
Increased temperatures and changing precipitation patterns will alter soil moisture, which is
important for agriculture and ecosystems and
has many societal implications. These maps
show average change in soil moisture compared
to 1971-2000, as projected for late this century
(2071-2100) under two emissions scenarios, a
lower scenario (B1) and a higher scenario (A2).1
Eastern U.S. is not displayed because model
simulations were only run for the area shown.
(Figure source: NOAA NCDC / CICS-NC).
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Projected Precipitation Change by Season

Climate change affects more than just temperature. The location, timing, and amounts of precipitation will also change as temperatures rise.
Maps show projected percent change in precipitation in each season for 2071-2099 (compared to the period 1970-1999) under an emissions
scenario that assumes continued increases in emissions (A2). Teal indicates precipitation increases, and brown, decreases. Hatched areas
be larger than could be expected from natural variability. In general, the northern part of the U.S. is projected to see more winter and spring
become wetter while dry regions become drier. Summer drying is projected for parts of the U.S., including the Northwest and southern Great
Plains. (Figure source: NOAA NCDC / CICS-NC).

29

Change in Maximum Number of Consecutive Dry Days

Map shows change in the number of
consecutive dry days (days receiving
less than 0.04 inches of precipitation)
at the end of this century (2081-2100)
relative to the end of last century
(1980-1999) under the highest scenario considered in this report, RCP
8.5. Stippling indicates areas where
changes are consistent among at
least 80% of the 25 models used in
this analysis. (Figure source: NOAA
NCDC / CICS-NC).

Sea level rise
3

Past and Projected Changes in Global Sea Level
Figure shows estimated, observed, and possible
amounts of global sea level rise from 1800 to
2100, relative to the year 2000. Estimates from
proxy data4 (for example, based on sediment
records) are shown in red (1800-1890, pink band
shows uncertainty), tide gauge data in blue for
1880-2009,5 and satellite observations are shown
in green from 1993 to 2012.6 The future scenarios
range from 0.66 feet to 6.6 feet in 2100.7 These
scenarios are not based on climate model simies. The orange line at right shows the currently
projected range of sea level rise of 1 to 4 feet
by 2100, which falls within the larger risk-based

-

uncertainty about how glaciers and ice sheets
will react to the warming ocean, the warming
atmosphere, and changing winds and currents. As
seen in the observations, there are year-to-year
variations in the trend. (Figure source: NASA Jet
Propulsion Laboratory).
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Emission Levels Determine Temperature Rises

Different amounts of heat-trapping gases released into the atmosphere by human activities produce different projected increases in Earth’s
to the 1901-1960 average). Shading indicates the range (5th to 95th percentile) of results from a suite of climate models. Projections in 2099
for additional emissions pathways are indicated by the bars to the right of each panel. In all cases, temperatures are expected to rise, although
the difference between lower and higher emissions pathways is substantial.
The left panel shows the two main scenarios (SRES) used in this report: A2 assumes continued increases in emissions throughout this cenpanel shows newer analyses, which are results from the most recent generation of climate models (CMIP5) using the most recent emissions
pathways (RCPs). Some of these new projections explicitly consider climate policies that would result in emissions reductions, which the
SRES set did not.8 The newest set includes both lower and higher pathways than did the previous set. The lowest emissions pathway shown
here, RCP 2.6, assumes immediate and rapid reductions in emissions and would result in about 2.5°F of warming in this century. The highest
pathway, RCP 8.5, roughly similar to a continuation of the current path of global emissions increases, is projected to lead to more than 8°F
warming by 2100, with a high-end possibility of more than 11°F. (Data from CMIP3, CMIP5, and NOAA NCDC).

Where we are heading
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Impacts related to climate change are already evident in many sectors and are expected to
become increasingly disruptive across the nation throughout this century and beyond.

C

-

-

Storm surge on top of sea level rise exacer-

Multiple System Failures
During Extreme Events

Katrina Diaspora

1

2

3

4

This map illustrates the national scope of the dispersion of displaced people from Hurricane Katrina. It shows the location by zip code of the 800,000 displaced Louisiana residents who requested federal emergency assistance. The evacuees ended up dispersed
across the entire nation, illustrating the wide-ranging impacts that can flow from extreme
weather events, such as those that are projected to increase in frequency and/or intensity
as climate continues to change. (Figure source: Kent 2006 6).
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Cascading Effects Across Sectors
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Climate change threatens human health and well-being in many ways.

Climate change is increasing the risks of respiratory stress from poor air quality, heat stress, and the spread of food-

-

Large-scale changes in the environment due to climate change and extreme weather events are increasing the risk of the
emergence or reemergence of health threats that are currently uncommon in the United States, such as dengue fever.

KEY MESSAGES: HUmAN HEALTh
Climate change threatens human health and well-being in many ways, including impacts from increased extreme weather
events, wildfire, decreased air quality, threats to mental health, and illnesses transmitted by food, water, and diseasecarriers such as mosquitoes and ticks. Some of these health impacts are already underway in the United States.
Climate change will, absent other changes, amplify some of the existing health threats the nation now faces. Certain
people and communities are especially vulnerable, including children, the elderly, the sick, the poor, and some
communities of color.
Public health actions, especially preparedness and prevention, can do much to protect people from some of the impacts
of climate change. Early action provides the largest health benefits. As threats increase, our ability to adapt to future
changes may be limited.
Responding to climate change provides opportunities to improve human health and well-being across many sectors,
including energy, agriculture, and transportation. Many of these strategies offer a variety of benefits, protecting people
while combating climate change and providing other societal benefits.

Air Quality
human health by increasing groundlevel ozone (a key component of
smog) is associated with many
health problems, such as diminished
admissions and emergency room
visits for asthma, and increases
in premature deaths.1 Factors
precursor chemicals, and methane

3

4

episodes, among other factors.2
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already contributed to increasing
United States, and future increases
5,6
Long
periods of record high temperatures
are associated with droughts that
7

reduce air quality, both locally and
8,9
Smoke
exposure increases respiratory and
emergency room visits and
chest pain, and other ailments.8,10,11
It has been associated with hundreds
of thousands of deaths globally each
year.4,8,10,12 Future climate change
risks and associated emissions, with
harmful impacts on health.6,13
Allergies and Asthma
Climate change, as well as increased CO2

6,14,15
16,17

Simultaneous exposure to toxic air pollutants can worsen allergic
responses. Extreme rainfall and rising temperatures can also foster indoor air quality problems, including the growth of
14,17,18

19

20

35

Food and Waterborne Diarrheal Disease
States, remains a persistent concern nonetheless. Exposure to a variety of pathogens in water and food causes diarrheal
21

In the U.S., children and the elderly are most vulnerable to serious outcomes,

In general, diarrheal diseases including Salmonellosis and Campylobacteriosis are more common when temperatures
are higher,22
23

preceded by rapid snowmelt24 and changes in water treatment,25 have also been shown to precede outbreaks. Risks of
26,27

Extreme Heat
Extreme heat events are the leading weather-related cause of death in the United States.28
but also from cardiovascular disease, respiratory disease, and cerebrovascular disease.30,31 Heat waves are also associated with increased hospital admissions for cardiovascular, kidney, and
respiratory disorders.31,32
29

33

34

However,

poor, to heat-related health impacts in the future.35

decline due to climate change, these
pensate for the increase in heat-related
deaths.36
Diseases Carried by Vectors

36

-

quitoes, which spread pathogens that cause illness).37,38,39,40

-

-

factors, pest control, access to health care, and human responses to disease risk, among other factors.38,41,42
virus,

40,43,44

Vector-borne pathogens not currently found in the
-

ical areas.39,42

LYmE DISEASE
The development and survival of
blacklegged ticks, their animal hosts, and
the bacterium that causes Lyme disease,
are strongly influenced by climatic factors,
especially temperature, precipitation, and
humidity. Potential impacts of climate
change on the transmission of Lyme disease
include: 1) changes in the geographic
distribution of the disease due to the
increase in favorable habitat for ticks to
survive off their hosts;45 2) a lengthened
transmission season due to earlier onset
of higher temperatures in the spring and
later onset of cold and frost; 3) higher tick
densities leading to greater risk in areas
where the disease is currently observed
due to milder winters and potentially larger
rodent host populations; and 4) changes in
human behaviors, including increased time
outdoors, which may lead to a higher risk of
exposure to infected ticks.

Ixodes scapularis

Multiple Benefits

2

public health and an economic standpoint.47
27

The compact

48,49

such as green/cool roofs, increased green space, parkland, and urban canopy, could reduce indoor temperatures and
48,50
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Infrastructure is being damaged by sea level rise, heavy downpours, and extreme heat;
damages are projected to increase with continued climate change.

Sea level rise, storm surge, and heavy downpours, in combination with the pattern of continued development in

coastal areas, are increasing damage to U.S. infrastructure including roads, buildings, and industrial facilities, and
are also increasing risks to ports and coastal military installations. Flooding along rivers, lakes, and in cities following
heavy downpours, prolonged rains, and rapid melting of snowpack is exceeding the limits of flood protection
infrastructure designed for historical conditions. Extreme heat is damaging transportation infrastructure such as
roads, rail lines, and airport runways.

Infrastructure around the country has been compromised by extreme weather events and rising sea levels. Power outages and
road and bridge damage are among the infrastructure failures that have occurred during these extreme events. A disruption in any
one system affects others. For example, a failure of the electrical grid can affect everything from water treatment to public health.
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KEY MESSAGES: URBAN SYSTEmS, INFRASTRUCTURE,

AND

VULNERABiLiTY

Climate change and its impacts threaten the well-being of urban residents in all U.S. regions. Essential infrastructure
systems such as water, energy supply, and transportation will increasingly be compromised by interrelated climate change
impacts. The nation’s economy, security, and culture all depend on the resilience of urban infrastructure systems.
In urban settings, climate-related disruptions of services in one infrastructure system will almost always result in
disruptions in one or more other infrastructure systems.
Climate vulnerability and adaptive capacity of urban residents and communities are influenced by pronounced social
inequalities that reflect age, ethnicity, gender, income, health, and (dis)ability differences.
City government agencies and organizations have started adaptation plans that focus on infrastructure systems and
public health. To be successful, these adaptation efforts require cooperative private sector and governmental activities,
but institutions face many barriers to implementing coordinated efforts.

Climate change poses a series of interrelated
challenges to the country’s most densely
populated places: its cities. The U.S. is highly
urbanized, with about 80% of its population
living in cities and metropolitan areas. Cities
depend on infrastructure, like water and
sewage systems, roads, bridges, and power
plants, much of which is aging and in need of
repair or replacement. These issues will be
compounded by rising sea levels, storm surges,
heat waves, and extreme weather events,
stressing or even overwhelming essential
services.
Urban dwellers are particularly vulnerable to
disruptions in essential infrastructure services,
in part because many of these infrastructure
systems are reliant on each other. For
example, electricity is essential to multiple
systems, and a failure in the electrical grid
can affect water treatment, transportation
services, and public health. These
infrastructure systems – lifelines to millions –
will continue to be affected by various climaterelated events and processes.

New York City’s subway system, the nation’s busiest, sustained the worst damage in its 108 years of operation on October 29, 2012. Millions of people were
left without service for at least a week. The damages from Superstorm Sandy
are indicative of what powerful tropical storms and higher sea levels could
bring more frequently in the future, and were very much in line with vulnerability assessments conducted over the past four years.4 The effects of the storm
would have been far worse if local climate resilience strategies had not been
in place. The City of New York and the Metropolitan Transportation Authority
worked aggressively to protect life and property by stopping the operation of
the city’s subway before the storm hit and moving the train cars out of low-lying, flood-prone areas. Catastrophic loss of life would have resulted if there
had been subway trains operating in the tunnels when the storm struck.

Cities have become early responders to
climate change challenges and opportunities. Integrating climate change action in everyday city and infrastructure
operations and governance is an important planning and implementation tool for advancing adaptation in cities.1,2 By
integrating climate-change considerations into daily operations, these efforts can forestall the need to develop a new
and isolated set of climate-change-specific policies or procedures.3 This strategy enables cities and other government
agencies to take advantage of existing funding sources and programs, and achieve co-benefits in areas such as
sustainability, public health, economic development, disaster preparedness, and environmental justice. Pursuing lowcost, no-regrets options is a particularly attractive short-term strategy for many cities.1,3
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KEY MESSAGES: TRANSPORTATiON
The impacts from sea level rise and storm surge, extreme weather events, higher temperatures and heat waves, precipitation changes, Arctic warming, and other climatic conditions are affecting the reliability and capacity of the U.S.
transportation system in many ways.
Sea level rise, coupled with storm surge, will continue to increase the risk of major coastal impacts on transportation
infrastructure, including both temporary and permanent flooding of airports, ports and harbors, roads, rail lines, tunnels,
and bridges.
Extreme weather events currently disrupt transportation networks in all areas of the country; projections indicate that
such disruptions will increase.
Climate change impacts will increase the total costs to the nation’s transportation systems and their users, but these
impacts can be reduced through rerouting, mode change, and a wide range of adaptive actions.

Transportation systems are affected by climate change and also contribute to climate change. In 2010, the U.S.
transportation sector accounted for 27% of all U.S. heat-trapping greenhouse gas emissions, with cars and trucks
accounting for 65% of that total.5 Petroleum accounts for 93% of the nation’s transportation energy use.5 This means
that policies and behavioral changes aimed at reducing greenhouse gas emissions will have significant implications for
the various components of the transportation sector.
Transportation systems are already experiencing costly climate change related impacts. Many inland states, including
Vermont, Tennessee, Iowa, and Missouri, have experienced severe precipitation events, hail, and flooding during the
past three years, damaging roads, bridges, and rail systems and the vehicles that use them. Over the coming decades,
all modes of transportation and regions will be affected by increasing temperatures, more extreme weather events, and
changes in precipitation. Concentrated transportation impacts are particularly expected to occur in Alaska and along
seacoasts.

Gulf Coast Transportation Hubs at Risk

Within this century, 2,400 miles of major roadway are projected to be inundated by sea level rise in the Gulf Coast region. The
map shows roadways at risk in the event of a sea level rise of about 4 feet, which is within the range of projections for this
region in this century. In total, 24% of interstate highway miles and 28% of secondary road miles in the Gulf Coast region are
at elevations below 4 feet. (Figure source: Kafalenos et al. 20086).
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KEY MESSAGES: ENERGY SUPPLY

AND

USE

Extreme weather events are affecting energy production and delivery facilities, causing supply disruptions of
varying lengths and magnitudes and affecting other infrastructure that depends on energy supply. The frequency and intensity of certain types of extreme weather events are expected to change.
Higher summer temperatures will increase electricity use, causing higher summer peak loads, while warmer
winters will decrease energy demands for heating. Net electricity use is projected to increase.
Changes in water availability, both episodic and long-lasting, will constrain different forms of energy production.
In the longer term, sea level rise, extreme storm surge events, and high tides will affect coastal facilities and
infrastructure on which many energy systems, markets, and consumers depend.
As new investments in energy technologies occur, future energy systems will differ from today’s in uncertain
ways. Depending on the character of changes in the energy mix, climate change will introduce new risks as
well as opportunities.
The U.S. energy system
provides a secure supply
of energy with only
occasional interruptions.
However, projected
impacts of climate change
will increase energy
use in the summer and
pose additional risks
to reliability. Extreme
weather events and water
shortages are already
interrupting energy supply
and impacts are expected
to increase in the future.
Most vulnerabilities and
risks to energy supply and
use are unique to local
situations; others are
national in scope.

Increase in Cooling Demand and Decrease in Heating Demand

The observed increase in cooling energy demand has been greater than the decrease in heating energy
demand. Figure shows observed increases in population-weighted cooling degree days, which result in
increased air conditioning use, and decreases in population-weighted heating degree days, meaning less
energy required to heat buildings in winter, compared to the average for 1970-2000. Cooling degree days are
defined as the number of degrees that a day’s average temperature is above 65ºF, while heating degree days
are the number of degrees a day’s average temperature is below 65ºF. (Data from NOAA NCDC 20128).

Increases in average
temperatures and high temperature extremes are expected to lead to increasing demands for electricity for cooling
in every U.S. region. Virtually all cooling load is handled by the electrical grid. In order to meet increased demands for
peak electricity, additional generating and distribution facilities will be needed, or demand will have to be managed
through a variety of mechanisms. Electricity at peak demand typically is more expensive to supply than at average
demand.7
In addition to being vulnerable to the effects of climate change, electricity generation is a major source of the heattrapping gases that contribute to climate change. As a result, regulatory or policy efforts aimed at reducing emissions
would also affect the energy supply system.
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Water quality and water supply reliability are jeopardized by climate change in a variety of
ways that affect ecosystems and livelihoods.

S

KEY MESSAGES: WATER RESOURCES
Climate Change Impacts on the Water Cycle

Annual precipitation and river-flow increases are observed now in the Midwest and the
Northeast regions. Very heavy precipitation events have increased nationally and are
projected to increase in all regions. The length of dry spells is projected to increase in
most areas, especially the southern and northwestern portions of the contiguous United
States.
Short-term (seasonal or shorter) droughts are expected to intensify in most U.S. regions.
Longer-term droughts are expected to intensify in large areas of the Southwest, southern
Great Plains, and Southeast.
Flooding may intensify in many U.S. regions, even in areas where total precipitation is
projected to decline.
Climate change is expected to affect water demand, groundwater withdrawals, and
aquifer recharge, reducing groundwater availability in some areas.
Sea level rise, storms and storm surges, and changes in surface and groundwater use patterns are expected to compromise the sustainability of coastal freshwater aquifers and wetlands.
Increasing air and water temperatures, more intense precipitation and runoff, and intensifying droughts can decrease river
and lake water quality in many ways, including increases in sediment, nitrogen, and other pollutant loads.

Climate Change Impacts on Water Resources Use and Management
Climate change affects water demand and the ways water is used within and across regions and economic sectors. The
Southwest, Great Plains, and Southeast are particularly vulnerable to changes in water supply and demand.
Changes in precipitation and runoff, combined with changes in consumption and withdrawal, have reduced surface and
groundwater supplies in many areas. These trends are expected to continue, increasing the likelihood of water shortages
for many uses.
Increasing flooding risk affects human safety and health, property, infrastructure, economies, and ecology in many basins
across the United States.

Adaptation and Institutional Responses
In most U.S. regions, water resources managers and planners will encounter new risks, vulnerabilities, and opportunities
that may not be properly managed within existing practices.
Increasing resilience and enhancing adaptive capacity provide opportunities to strengthen water resources management
and plan for climate change impacts. Many institutional, scientific, economic, and political barriers present challenges to
implementing adaptive strategies.
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Changes to Water Demand and Use

Water Stress in the U. S.

use, and socioeconomic changes, is challenging

users. In some regions, these current and

the re-assessment of the water infrastructure
1

Water Withdrawals
Total freshwater withdrawals (including water
withdrawn and consumed as well as water that
In many places, competing demands for water create stress in local and regional
watersheds. Map shows a “water supply stress index” for the U.S. based on
observations, with widespread stress in much of the Southwest, western Great
Plains, and parts of the Northwest. From an energy production and demand context,
watersheds are considered stressed when water demand from agriculture, power
for water resources among sectors. In other contexts, many basins experience
critical stresses far below this threshold. (Figure source: Averyt et al. 20113).

power plant cooling withdrawals account
for approximately 77% of total withdrawals,

Projected Changes in Water Withdrawals

The effects of climate change, primarily associated with increasing temperatures and potential evapotranspiration, are projected to
for water assuming (a) change in population and socioeconomic conditions consistent with the A1B emissions scenario (increasing emissions
through the middle of this century, with gradual reductions thereafter), but with no change in climate, and (b) combined changes in population,
socioeconomic conditions, and climate according to the A1B emissions scenario. (Figure source: Brown et al. 20134)
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Projected Snow Water Equivalent

96%
87%
74%

100%

98%
91%
66%

100%

100%

87%
67%
31%

100%

Snow water equivalent refers to the amount of water held in a volume of snow, which depends on the
density of the snow and other factors. Figure shows
projected snow water equivalent for the Southwest, as
a percentage of 1971-2000 levels, assuming continued
increases in global emissions (A2 scenario). The size
of the bars is in proportion to the amount of snow each
state contributes to the regional total; thus, the bars
for Arizona are much smaller than those for Colorado,
which contributes the most to region-wide snowpack.
Declines in peak snow water equivalent are strongly
correlated with early timing of runoff and decreases in
total runoff. For watersheds that depend on snowpack to
provide the majority of the annual runoff, such as in the
Sierra Nevada and in the Upper Colorado and Upper
Rio Grande River Basins, lower snow water equivalent
generally translates to reduced reservoir water storage.
(Data from Scripps Institution of Oceanography).

84%
66%
43%
76%
47%
12%

1971-2000

2006-2035

2041-2070

99%
58%
34%

2070-2099

Water Quality
nutrient, and contaminant loads in surface waters used by downstream water users5 and ecosystems in some places.

Water Supplies Projected to Decline

Climate change is projected to reduce water supplies in some parts of the country. This is true in areas where precipitation is projected to
will be at high or extreme risk of water shortages. Numbers of counties are in parentheses in key. Projections assume continued increases in
al. 20127. Copyright American Chemical Society).
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KEY MESSAGES: ENERGY, WATER,

AND

LAND USE

Energy, water, and land systems interact in many ways. Climate change affects the individual sectors and their interactions; the combination of these factors affects climate change vulnerability as well as adaptation and mitigation options
for different regions of the country.
The dependence of energy systems on land and water supplies will influence the development of these systems and
options for reducing greenhouse gas emissions, as well as their climate change vulnerability.
Jointly considering risks, vulnerabilities, and opportunities associated with energy, water, and land use is challenging,
but can improve the identification and evaluation of options for reducing climate change impacts.

with farmers and ranchers for water rights in some parts of the
ecological needs. Across the country, these intertwined sectors
will witness increased stresses due to climate changes that
among other impacts.

Energy, Water, Land,
and Climate Interactions

The interactions between and among the energy, water, land, and
climate systems take place within a social and economic context.
(Figure source: Skaggs et al. 20128).
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Climate disruptions to agriculture have been increasing and are projected to become more
severe over this century.

Some areas are already experiencing climate-related disruptions, particularly due to extreme weather events. While

some U.S. regions and some types of agricultural production will be relatively resilient to climate change over the next
25 years or so, others will increasingly suffer from stresses due to extreme heat, drought, disease, and heavy downpours.
From mid-century on, climate change is projected to have more negative impacts on crops and livestock across the
country – a trend that could diminish the security of our food supply.

KEY MESSAGES: AGRiCULTURE
Climate disruptions to agricultural production have increased in the past 40 years and are projected to increase over the
next 25 years. By mid-century and beyond, these impacts will be increasingly negative on most crops and livestock.
Many agricultural regions will experience declines in crop and livestock production from increased stress due to weeds,
diseases, insect pests, and other climate change induced stresses.
Current loss and degradation of critical agricultural soil and water assets due to increasing extremes in precipitation will
continue to challenge both rainfed and irrigated agriculture unless innovative conservation methods are implemented.
The rising incidence of weather extremes will have increasingly negative impacts on crop and livestock productivity
because critical thresholds are already being exceeded.
Agriculture has been able to adapt to recent changes in climate; however, increased innovation will be needed to ensure
the rate of adaptation of agriculture and the associated socioeconomic system can keep pace with climate change over
the next 25 years.
Climate change effects on agriculture will have consequences for food security, both in the U.S. and globally, through
changes in crop yields and food prices and effects on food processing, storage, transportation, and retailing. Adaptation
measures can help delay and reduce some of these impacts.

Crop Yields Decline under Higher Temperatures

Crop yields are very sensitive to temperature and rainfall. They are especially sensitive to high temperatures

3

due to similar meteorological conditions and drought-caused changes4 in the land surface.
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Key Climate Variables
Affecting Agricultural Productivity

to lengthen across much of the
season and changing planting

tation strategy.

Climate change poses a major challenge
to U.S. agriculture, because of the critical
dependence of the agricultural system on
climate and because of the complex role
agriculture plays in social and economic
systems. Climate change has the potential
to both positively and negatively affect the
location, timing, and productivity of crop,
livestock, and fishery systems at local,
national, and global scales.

negatively affecting crop and ani-

The U.S. produces nearly $330 billion per
year in agricultural commodities.5 This
productivity is vulnerable to direct impacts
on crop and livestock development and
yield from changing climate conditions
and extreme weather events, and indirect
impacts through increasing pressures from
pests and pathogens. Climate change has the
potential to both positively and negatively
affect agricultural systems at local, national,
and global scales. Climate change will also
alter the stability of food supplies and create
new food security challenges for the U.S. as
the world seeks to feed nine billion people
by 2050.
The agricultural sector continually adapts
through a variety of strategies that have
allowed previous agricultural production
to increase, as evidenced by the continued
growth in production and efficiency across
the United States. However, the magnitude
of climate change projected for this century
and beyond, particularly under higher
emissions scenarios, will challenge the ability
of the agriculture sector to continue to
successfully adapt.

-

more consecutive dry days and
evaporation and add stress to
6

to increase throughout the nation.
High nighttime temperatures can
reduce grain yields and increase
production.

Projections are shown for 2070-2099 as compared to 1971-2000 under an emissions scenario that assumes
continued increases in heat-trapping gases (A2). (Figure source: NOAA NCDC / CICS-NC).
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Climate change poses particular threats to Indigenous Peoples’ health, well-being,
and ways of life.

T
quences of observed and projected climate change have and will
undermine indigenous ways of life that have persisted for thouand homelands, and many indigenous peoples regard all people,
sources evolved in concert with the inhabitants, human and
Climate change impacts on many of the 566 federally recognized
tribes and other tribal and indigenous groups are projected to be
especially severe, since these impacts are compounded by a num1
Key vulnerabili-

Human-caused stresses such as dam building have
greatly reduced salmon on the Klamath River.

2,3

We humbly ask permission from all our relatives; our elders, our families, our children, the winged and the insects,
the four-legged, the swimmers, and all the plant and animal nations, to speak. Our Mother has cried out to us.
She is in pain. We are called to answer her cries. Msit No’Kmaq – All my relations!
— Indigenous Prayer

KEY MESSAGES: INDiGENOUS PEOPLES, LANDS,

AND

RESOURCES

Observed and future impacts from climate change threaten Native Peoples’ access to traditional foods such as fish,
game, and wild and cultivated crops, which have provided sustenance as well as cultural, economic, medicinal, and
community health for generations.
A significant decrease in water quality and quantity due to a variety of factors, including climate change, is affecting
drinking water, food, and cultures. Native communities’ vulnerabilities and limited capacity to adapt to water-related
challenges are exacerbated by historical and contemporary government policies and poor socioeconomic conditions.
Declining sea ice in Alaska is causing significant impacts to Native communities, including increasingly risky travel and
hunting conditions, damage and loss to settlements, food insecurity, and socioeconomic and health impacts from loss of
cultures, traditional knowledge, and homelands.
Alaska Native communities are increasingly exposed to health and livelihood hazards from increasing temperatures and
thawing permafrost, which are damaging critical infrastructure, adding to other stressors on traditional lifestyles.
Climate change related impacts are forcing relocation of tribal and indigenous communities, especially in coastal
locations. These relocations, and the lack of governance mechanisms or funding to support them, are causing loss of
community and culture, health impacts, and economic decline, further exacerbating tribal impoverishment.
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climatic changes that result in impacts such as the loss of
border region share particularly high vulnerabilities to climate
Changes in long-term average temperature, precipitation, and
declining snowpack have altered the physical and hydrologic
Southwest tribes have
observed damage to agriculture and livestock, the loss of springs
and medicinal and culturally important plants and animals, and
4

5

rights are being affected by the reduction of rainfall and snowmelt
in the mountains, melting glaciers, rising temperatures, and shifts
6

saltwater intrusion, subsidence, and intense erosion and land
management techniques, forcing them to either relocate or try
7

observed a shortening of the rainy season, increasing intensity of
8

Alaska Natives Face Multiple Climate Impacts
Alaska is home to 40% (229 of 566) of the federally recognized

Harvesting traditional foods is important to Native
Peoples’ culture, health, and economic well being. In
the Great Lakes region, wild rice is unable to grow in its
traditional range due to warming winters and changing
water levels.

9

those caused by the Giardia

10

Arctic regional temperatures have risen at twice
2

with future climate change – is accompanied by
and severe storms, and changes in seasonal ice melt/
freeze of lakes and rivers, water temperature, sea
level, flooding patterns, erosion, and snowfall timing
11,12

and thinning sea ice; changing snow and ice conditions
that limit safe hunting, fishing, or herding practices;
malnutrition and food insecurity from lack of access
to subsistence food; contamination of food and water;
increasing economic, mental, and social problems from
loss of culture and traditional livelihood; increases
in infectious diseases; and loss of buildings and
infrastructure from permafrost erosion and thawing,
Rising temperatures are causing damage in Native villages in Alaska
as sea ice declines and permafrost thaws. Resident of Selawik,
Alaska, and his granddaughter survey a water line sinking into the
thawing permafrost, August 2011.
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2,10,12,13

For more, see pages 82-83

Ecosystems and the benefits they provide to society are being affected by climate change.
The capacity of ecosystems to buffer the impacts of extreme events like fires, floods, and
severe storms is being overwhelmed.

Climate change impacts on biodiversity are already being

-

Changes in snowmelt patterns are affecting water supply.
Mt. Rainier, Washington.

KEY MESSAGES: ECOSYSTEmS AND BIODIVERSITY
Climate change impacts on ecosystems reduce their ability to improve water quality and regulate water flows.
Climate change, combined with other stressors, is overwhelming the capacity of ecosystems to buffer the impacts from
extreme events like fires, floods, and storms.
Landscapes and seascapes are changing rapidly, and species, including many iconic species, may disappear from
regions where they have been prevalent, or become extinct, altering some regions so much that their mix of plant and
animal life will become almost unrecognizable.
Timing of critical biological events, such as spring bud burst, emergence from overwintering, and the start of migrations, has shifted, leading to important impacts on species and habitats.
Whole system management is often more effective than focusing on one species at a time, and can help reduce the
harm to wildlife, natural assets, and human well-being that climate disruption might cause.
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cluding people, through changes in ecosys-

Major North American Carbon Dioxide
Sources and Sinks

-

-

1

The release of carbon dioxide from fossil fuel burning in North America (shown here
for 2010) vastly exceeds the amount that is taken up and temporarily stored in forests,
crops, and other ecosystems (shown here is the annual average for 2000-2006).
(Figure source: King et al. 20124).

linkage to climate change can be elusive because they

2

2

3

2

4,5

2
2

Forests absorb carbon dioxide and provide many other
ecosystem services, such as purifying water and providing
recreational opportunities.

into the atmosphere4
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2

KEY MESSAGES: FORESTS
Climate change is increasing the vulnerability of many forests to ecosystem changes and tree mortality through fire,
insect infestations, drought, and disease outbreaks.
U.S. forests and associated wood products currently absorb and store the equivalent of about 16% of all carbon dioxide
(CO2) emitted by fossil fuel burning in the U.S. each year. Climate change, combined with current societal trends in
land use and forest management, is projected to reduce this rate of forest CO2 uptake.
Bioenergy could emerge as a new market for wood and could aid in the restoration of forests killed by drought, insects,
and fire.
Forest management responses to climate change will be influenced by the changing nature of private forestland ownership, globalization of forestry markets, emerging markets for bioenergy, and U.S. climate change policy.

6

Forest Growth Provides an Important Carbon Sink

Forests provide the important ecosystem service of absorbing carbon dioxide from the atmosphere and storing it. Forests are the
Coast and Southeast absorb considerably more than the arid Southwestern forests or the colder Northeastern forests. Climate change
and disturbance rates, combined with current societal trends regarding land use and forest management, are projected to reduce forest
CO2 uptake in the coming decades. Figure shows forest growth as measured by net primary production in tons of carbon per hectare
per year, and are averages from 2000 to 2006 (Figure source: adapted from Running et al. 20047).
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8

Market

such as environmental services not ordinarily provided through

6

across the western U.S. and Alaska.

9

FOREST DISTURbANCE
Factors affecting tree death, such as drought,
physiological water stress, higher temperatures, and/
or pests and pathogens, are often interrelated, which
means that isolating a single cause of mortality is
rare.10 However, in western forests there have been
recent large scale die-off events due to one or more of
these factors,11,12,13 and rates of tree mortality are well
correlated with both rising temperatures and associated
increases in evaporative water demand.14

A Montana saw mill owner inspects a lodgepole pine covered
in pitch tubes that show the tree trying, unsuccessfully, to defend itself against the bark beetle. The bark beetle is killing
lodgepole pines throughout the western United States.

Fire is another important forest disturbance. Given
strong relationships between climate and fire, even
when modified by land use and management, such as
fuel treatments, projected climate changes suggest that
western forests in the U.S. will be increasingly affected
by large and intense fires that occur more frequently.13,15

Warmer winters allow more insects to survive the cold season,
and a longer summer allows some insects to complete two life
cycles in a year instead of one. Drought stress reduces trees’
ability to defend against boring insects. Above, beetle-killed
trees in Rocky Mountain National Park in Colorado.
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KEY MESSAGES:
LAND USE AND LAND COVER CHANGE
Choices about land-use and land-cover patterns have affected and
will continue to affect how vulnerable or resilient human communities and ecosystems are to the effects of climate change.
Land-use and land-cover changes affect local, regional, and global
climate processes.
Individuals, businesses, non-profits, and governments have the
capacity to make land-use decisions to adapt to the effects of
climate change.
Choices about land use and land management may provide a
means of reducing atmospheric greenhouse gas levels.

Land-use and land-cover changes affect climate processes.
Above, development along Colorado’s Front Range.

-

16
17
18

19

Building Loss by Fires at California
Wildland-Urban Interfaces

Many forested areas in the U.S. have experienced a recent building
shows the number of buildings lost from the 25 most destructive
18).

approaches a housing development.
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KEY MESSAGES: BIOGEOCHEmICAl CYClES
Human activities have increased atmospheric carbon dioxide by about 40% over pre-industrial levels and more than
doubled the amount of nitrogen available to ecosystems. Similar trends have been observed for phosphorus and other
elements, and these changes have major consequences for biogeochemical cycles and climate change.
In total, land in the U.S. absorbs and stores an amount of carbon equivalent to about 17% of annual U.S. fossil fuel
emissions. U.S. forests and associated wood products account for most of this land sink. The effect of this carbon
storage is to partially offset warming from emissions of CO2 and other greenhouse gases.
Altered biogeochemical cycles together with climate change increase the vulnerability of biodiversity, food security,
human health, and water quality to changing climate. However, natural and managed shifts in major biogeochemical
cycles can help limit rates of climate change.

-

Many Factors Combine to Affect
Biogeochemical Cycles

has been added to the biosphere

geochemical cycles are occurring

cially nitrogen, phosphorus, and
Human activities alter the cycling of carbon dioxide and other elements through the whole Earth
system, affecting climate. The top panel shows the impact of the alteration of the carbon cycle
alone. Added CO2
while carbon storage in plant material and soils has the opposite effect.
The bottom panel shows the impacts of the alteration of the carbon, nitrogen, and sulfur cycles.
Some of these increase warming while others decrease it, indicated by the plus and minus
signs. For example, ammonia (NH3) is a fertilizer and thus likely to increase plant growth, de-

coupled changes in climate, biogeo-
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SPECIES RESPONSES
Conifers in many
Mussel and barnacle beds have

declined or disappeared along parts
changes in the prevalence

.21
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In response to climate-

related habitat change, many
small mammal species have
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TO C L I M AT E C H A N G E
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Ocean waters are becoming warmer and more acidic, broadly affecting ocean circulation,
chemistry, ecosystems, and marine life.

M

KEY MESSAGES: OCEANS
The rise in ocean temperature over the last century will persist into the future, with continued large impacts on climate,
ocean circulation, chemistry, and ecosystems.
The ocean currently absorbs about a quarter of human-caused carbon dioxide emissions to the atmosphere, leading to
ocean acidification that will alter marine ecosystems in dramatic yet uncertain ways.
Significant habitat loss will continue to occur due to climate change for many species and areas, including Arctic and
coral reef ecosystems, while habitat in other areas and for other species will expand. These changes will consequently
alter the distribution, abundance, and productivity of many marine species.
Rising sea surface temperatures have been linked with increasing levels and ranges of diseases in humans and marine
life, including corals, abalones, oysters, fishes, and marine mammals.
Climate changes that result in conditions substantially different from recent history may significantly increase costs to
businesses as well as disrupt public access and enjoyment of ocean areas.
In response to observed and projected climate impacts, some existing ocean policies, practices, and management
efforts are incorporating climate change impacts. These initiatives can serve as models for other efforts and ultimately
enable people and communities to adapt to changing ocean conditions.

-

-

Observed Ocean Warming

Sea surface temperatures for the ocean surrounding the U.S. and its territories have risen by more than 0.9°F
over the past century. (Figure source: adapted from Chavez et al. 20113).
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Ocean Impacts of Increased Atmospheric Carbon Dioxide

As heat-trapping gases, primarily carbon dioxide (CO2) (panel A), have increased over the past decades,
not only has air temperature increased worldwide, but so has the ocean surface temperature (panel B). The
increased ocean temperature, combined with melting of glaciers and ice sheets on land, is leading to higher
sea levels (panel C). Increased air and ocean temperatures are also causing the continued, dramatic decline in
Arctic sea ice during the summer (panel D). Additionally, the ocean is becoming more acidic as increased atmospheric CO2 dissolves into it (panel E). (CO2 data from Etheridge 2010, Tans and Keeling 2012, and NOAA
NCDC 2012; SST data from NOAA NCDC 2012 and Smith et al. 2008; Sea level data from CSIRO 2012 and
Church and White 2011; Sea ice data from University of Illinois 2012; pH data from Doney et al. 20124,5).
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Acidification

-

8

Coral Bleaching

-

11

(Photo) Bleached brain coral; (Maps) The global extent and severity of mass coral
bleaching have increased worldwide over the last decade. Red dots indicate severe
bleaching. (Figure source: Marshall and Schuttenberg 2006;12 Photo credit: NOAA).
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-

Ocean Acidification Reduces Size of Clams

These 36-day-old clams are a single species, Mercenaria mercenaria, grown in the laboratory under varying levels of carbon dioxide (CO2)
in the air. CO2 is absorbed from the air by ocean water, acidifying the water and thus reducing the ability of juvenile clams to grow their
shells. As seen in the photos, 36-day-old clams (measured in microns) grown under elevated CO2 levels are smaller than those grown under
lower CO2 levels. The highest CO2 level, about 1500 parts per million (ppm; far right), is higher than most projections for the end of this century but could occur locally in some estuaries. (Figure source: Talmage and Gobler 201013).

Fisheries Shifting North

Diseases

-

-

Ocean species are shifting northward along U.S. coastlines as ocean
temperatures rise. As a result, over the past 40 years, more northern
ports have gradually increased their landings of four marine species
compared to earlier landings. While some species move northward out of
an area, other species move in from the south. This kind of information
can inform decisions about how to adapt to climate change. Such
adaptations take time and have costs, as local knowledge and equipment
are geared to the species that have long been present in an area. (Figure
source: adapted from Pinsky and Fogerty 201219).
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Planning for adaptation (to address and prepare for impacts) and mitigation (to reduce
future climate change, for example by cutting emissions) is becoming more widespread,
but current implementation efforts are insufficient to avoid increasingly negative social,
environmental, and economic consequences.

A
Is climate changing

avoid unmanageable changes?”

Can society manage unavoidable changes and

KEY MESSAGES: ADAPTATION
Substantial adaptation planning is occurring in the public and private sectors and at all levels of government; however,
few measures have been implemented and those that have appear to be incremental changes.
Barriers to implementation of adaptation include limited funding, policy and legal impediments, and difficulty in anticipating climate related changes at local scales.
There is no “one-size fits all” adaptation, but there are similarities in approaches across regions and sectors. Sharing
best practices, learning by doing, and iterative and collaborative processes including stakeholder involvement, can help
support progress.
Climate change adaptation actions often fulfill other societal goals, such as sustainable development, disaster risk
reduction, or improvements in quality of life, and can therefore be incorporated into existing decision-making processes.
Vulnerability to climate change is exacerbated by other stresses such as pollution and habitat fragmentation. Adaptation
to multiple stresses requires assessment of the composite threats as well as tradeoffs amongst costs, benefits, and risks
of available options.
The effectiveness of climate change adaptation has seldom been evaluated, because actions have only recently been
initiated, and comprehensive evaluation metrics do not yet exist.
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TRIBES:

-

-

-
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-

LOCAL:
-

-

-

-

-

BUSINESS:
-

-

Adaptation Example:
The Southeast Florida Regional Compact
NGOs:

-

-

-

The Southeast Florida
Regional Compact is a
joint commitment among
Broward, Miami-Dade,
Palm Beach, and Monroe
Counties to partner in reducing heat-trapping gas
emissions and adapting to
climate impacts, includMiami-Dade County staff leading workshop on incorporating
ing in transportation,
climate change considerations in local planning.
water resources, natural
resources, agriculture, and disaster risk reduction. Through the collaboration of
county, state, and federal agencies, a comprehensive action plan was developed
that includes hundreds of actions. Notable policies include regional collaboration to revise building codes and land development regulations to discourage
new development or post-disaster redevelopment in vulnerable areas.
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KEY MESSAGES: MITIGATION
Carbon dioxide is removed from the atmosphere by natural processes at a rate that is roughly half of the current rate of
emissions from human activities. Therefore, mitigation efforts that only stabilize global emissions will not reduce atmospheric concentrations of carbon dioxide, but will only limit their rate of increase. The same is true for other long-lived
greenhouse gases.
To meet the lower emissions scenario (B1) used in this assessment, global mitigation actions would need to limit global
carbon dioxide emissions to a peak of around 44 billion tons per year within the next 25 years and decline thereafter. In
2011, global emissions were around 34 billion tons, and have been rising by about 0.9 billion tons per year for the past
decade. Therefore, the world is on a path to exceed 44 billion tons per year within a decade.
Over recent decades, the U.S. economy has emitted a decreasing amount of carbon dioxide per dollar of gross domestic
product. Between 2008 and 2012, there was also a decline in the total amount of carbon dioxide emitted annually from
energy use in the U.S. as a result of a variety of factors, including changes in the economy, the development of new
energy production technologies, and various government policies.
Carbon storage in land ecosystems, especially forests, has offset around 17% of annual U.S. fossil fuel emissions of
greenhouse gases over the past several decades, but this carbon “sink” may not be sustainable.
Both voluntary activities and a variety of policies and measures that lower emissions are currently in place at federal,
state, and local levels in the U.S., even though there is no comprehensive national climate legislation. Over the remainder of this century, aggressive and sustained greenhouse gas emission reductions by the U.S. and by other nations will
be needed to reduce global emissions to a level consistent with the lower scenario (B1) analyzed in this assessment.

-

-

-
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Non-CO2
-

Federal Actions
-

-

-

CO-BENEfITS fOR AIR POllUTION AND HUmAN HEAlTH
Actions to reduce greenhouse gas emissions can yield co-benefits
for objectives apart from climate change, such as energy security, ecosystem services, and biodiversity. In particular, there
are health co-benefits from reductions in air pollution. Because
greenhouse gases and other air pollutants share common sources,
particularly from fossil fuel combustion, actions to reduce greenhouse gas emissions also reduce other air pollutants.
The human health benefits can be immediate and local, in contrast to the long-term and widespread effects of climate change.
These efforts have been found to be cost effective.
Methane
reductions have also been shown to generate health benefits from
Actions to reduce greenhouse gases can also reduce
reduced ground-level ozone.
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City, State, and Regional Actions

Voluntary Actions

-

-

-

Managing Land for Mitigation

-

SElECTED MITIGATION MEASURES
Existing federal laws and regulations to reduce emissions include:
Emissions Standards for Vehicles and Engines
•

For light-duty vehicles, rules establishing
standards for 2012-2016 model years and
2017-2025 model years.

•

For heavy- and medium-duty trucks, a rule
establishing standards for 2014-2018 model
years.

Appliance and Building Efficiency Standards
•

Energy efficiency standards and test procedures for residential, commercial, industrial,
lighting, and plumbing products.

•

Model residential and commercial building
energy codes, and technical assistance to
state and local governments, and non-governmental organizations.

Financial Incentives for Efficiency and Alternative
Fuels and Technology
•

Weatherization assistance for low-income households, tax incentives for commercial and residential buildings
and efficient appliances, and support for state and local efficiency programs.
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KEY MESSAGES: DECISION SUPPORT
Decisions about how to address climate change can be complex, and responses will require a combination of adaptation
and mitigation actions. Decision-makers – whether individuals, public officials, or others – may need help integrating
scientific information into adaptation and mitigation decisions.
To be effective, decision support processes need to take account of the values and goals of the key stakeholders, evolving scientific information, and the perceptions of risk.
Many decision support processes and tools are available. They can enable decision-makers to identify and assess
response options, apply complex and uncertain information, clarify trade-offs, strengthen transparency, and generate
information on the costs and benefits of different choices.
Ongoing assessment processes should incorporate evaluation of decision support tools, their accessibility to decision-makers, and their application in decision processes in different sectors and regions.
Steps to improve collaborative decision processes include developing new decision support tools and building human
capacity to bridge science and decision-making.

Decision-Making Elements and Outcomes

Decisions take place within a complex context. Decision support processes and tools can help structure decision-making, organize and
analyze information, and build consensus around options for action.
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Decision-Making Framework

This illustration highlights several stages of a well-structured decision-making process. (Figure source: adapted from NRC 2010 and Willows and Connell 200331).

Decision Support Case Study: Denver Water
Climate change is one of the
biggest challenges facing the
Denver Water system. Due to
recent and anticipated effects of climate variability and
change on water availability,
Denver Water faces the challenge of weighing alternative
response strategies and is
looking at developing options
to help meet more challenging
future conditions.
Denver Water is using scenario
planning in its long-range planning process (looking out to 2050) to consider a range of plausible futures involving climate change, demographic
and water use changes, and economic and regulatory changes. The strategy focuses on keeping as many future
options open as possible while trying to ensure reliability of current supplies.
The next step for Denver Water is to explore a more technical approach to test their existing plan and identified
options against multiple climate change scenarios. Following a modified robust decision-making approach, Denver
Water will test and hedge its plan and options until those options demonstrate that they can sufficiently handle a
range of projected climate conditions.
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REGIONS
Evidence of climate change can be found in every region, and impacts are visible in every state.
Americans are seeing changes such as species moving northward, increases in invasive species and
insect outbreaks, and changes in the length of the growing season. In many cities, impacts to the urban
environment are closely linked to the changing climate, with increased flooding, greater incidence of heat
waves, and diminished air quality. Along most of our coastlines, increasing sea levels and associated
threats to coastal areas and infrastructure are becoming a common experience.
The pages that follow provide a summary of changes and impacts that are observed and anticipated in
each of the eight regions of the United States, as well as in rural and coastal areas.
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KEY MESSAGES
Heat waves, coastal flooding, and river flooding will pose a growing challenge to the region’s environmental, social, and economic systems. This will increase the vulnerability of the region’s residents, especially its most disadvantaged populations.
Infrastructure will be increasingly compromised by climate-related hazards, including sea level rise,
coastal flooding, and intense precipitation events.
Agriculture, fisheries, and ecosystems will be increasingly compromised over the next century by
climate change impacts. Farmers can explore new crop options, but these adaptations are not costor risk-free. Moreover, adaptive capacity, which varies throughout the region, could be overwhelmed
by a changing climate.
While a majority of states and a rapidly growing number of municipalities have begun to incorporate
the risk of climate change into their planning activities, implementation of adaptation measures is
still at early stages.

Sixty-four million people are concentrated in the

Urban Heat Island

Northeast. The high-density urban coastal corridor from Washington, D.C., north to Boston is one
of the most developed environments in the world.
It contains a massive, complex, and long-standing
east also has a vital rural component, including
large expanses of sparsely populated but ecologically and agriculturally important areas.
Although urban and rural regions in the Northhazards and other stresses. The region depends
on aging infrastructure that has already been
stressed by climate hazards including heat waves
and heavy downpours. The Northeast has experienced a greater recent increase in extreme precip1958 and 2010, the Northeast saw more than a
of all daily events).1 This increase, combined with

Surface temperatures in New York City on a summer’s day show the
“urban heat island,” with temperatures in populous urban areas being approximately 10°F higher than the forested parts of Central Park. Dark blue
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and storm surge, creates increased risks. For all of
these reasons, public health, agriculture, transporthe Northeast all face climate-related challenges.

Hurricane Vulnerability

-

Sea Level is Rising

and bridges, undermined railroads,
brought down trees and power lines,
ous wastes were released in a number
of areas, and 17 municipal wastewater
treatment plants were breached by
and many towns and villages were
isolated for days.
Coast in October 2012, caused massive coastal damage from storm surge
for approximately 150 deaths, about
half of those in the Northeast, and
monetary impacts on coastal areas,
2,3

-

Floodwaters inundated

million people were without power,
6

were damaged or destroyed.2

SELECtED ADAPtAtION EffORtS
The City of Philadelphia is greening its
combined sewer infrastructure to protect
rivers, reduce greenhouse gas emissions,
improve air quality, and enhance adaptation
to a changing climate.4

This one-acre stormwater wetland was constructed in Philadelphia to treat
stormwater runoff in an effort to improve drinking water quality while minimizing the impacts of storm-related flows on natural ecosystems.
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Officials in coastal Maine are working
with the statewide Sustainability Solutions
Initiative to identify how culverts that
carry stormwater can be maintained and
improved, in order to increase resiliency to
more frequent extreme precipitation events.
This includes actions such as using larger
culverts to carry water from major storms.5

KEY MESSAGES
Sea level rise poses widespread and continuing threats to both natural and built environments and
to the regional economy.
Increasing temperatures and the associated increase in frequency, intensity, and duration of
extreme heat events will affect public health, natural and built environments, energy, agriculture,
and forestry.
Decreased water availability, exacerbated by population growth and land-use change, will continue
to increase competition for water and affect the region’s economy and unique ecosystems.
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Southeast Temperature:
Observed and Projected
Billion Dollar Weather/Climate Disasters
1980-2012

Temperature projections compared to observed temperatures from 1901-1960 for two emissions scenarios, one assuming substantial emissions reductions
(B1) and the other continued growth in emissions
(A2). For each scenario, shading shows range of
projections and line shows a central estimate. (Figure
source: adapted from Kunkel et al. 20136).

This map summarizes the number of times over the past 30 years that each state has
been affected by weather and climate events that have resulted in more than a billion
dollars in damages. The Southeast has been affected by more billion-dollar disasters
than any other region. The primary disaster type for coastal states such as Florida is
hurricanes, while interior and northern states in the region also experience sizeable
numbers of tornadoes and winter storms. (Figure source: NOAA NCDC7).
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Vulnerability to Sea Level Rise

The map shows the relative risk as sea level rises using a Coastal Vulnerability Index calculated based on tidal range, wave height, coastal slope,
shoreline change, landform and processes, and historical rate of relative
sea level rise. The approach combines a coastal system’s susceptibility
to change with its natural ability to adapt to changing environmental conditions, and yields a relative measure of the system’s natural vulnerability
to the effects of sea level rise. (Data from Hammar-Klose and Thieler
200117).

SELECtED ADAPtAtION EffORtS

11

12
13

14

Clayton County,
Georgia’s innovative
water recycling
project enabled it to
maintain abundant
water supplies, with
reservoirs at or near
capacity, during the
2007-2008 drought,
while neighboring
Lake Lanier, the water supply for Atlanta, was at record lows.
The project involved a series of constructed wetlands (see
photo) used as the final stage of a wastewater treatment
process that recharges groundwater and supplies surface
reservoirs. The county has also implemented water efficiency
and leak detection programs.18
In other adaptation efforts, the North Carolina Department
of Transportation is raising U.S. Highway 64 across the
Albemarle-Pamlico Peninsula by four feet, which includes 18
inches to allow for higher future sea levels.19
For another example, see page 63 for a description of the
Southeast Florida Regional Compact’s plans to reduce heattrapping gas emissions and adapt to climate change impacts.
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