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May 2014

Members of Congress:
On behalf of the National Science and Technology Council and the US. 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 reportis 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 Nadonal 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 desctibe the current state of that science but also the current and
future impacts of climate change on major US. regions and key sectors of the US. economy. This information establishes
a strong base that government at all levels of US. 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 Dr. Kathryn D. Sullivan
Assistant to the President for Science and Technology Under Secretary for Oceans and Atmosphere
Director, Office of Science and Technology Policy NOAA Administrator
Executive Office of the President US. Department of Commerce
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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. - ' '

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 vi) 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.

Climate Change Impacts
in the United States

W ek

Sessmant
otz

Online at:
nca2014.globalchange.gov

The Highlights presents the major findings and selected highlights
from Climate Change Impacts in the United States, the third National
Climate Assessment.

The 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.

A 20-page Overview booklet is available online.
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limate change, once considered an issue for a distant future, has moved firmly into the present. Corn
producers in lowa, oyster growers in Wash_ington 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 Iength and severity of
seasonal allergres ‘the plant varieties that thrive in theur 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 snowmelt mean that

. wildfires in the West start earlier in the spring, last later into the fall, and burn more acreage In Arctic
AIaska ‘the summer sea ice that once protected the coasts has receded, and autumn storms now cause
more erosuon threatening many communmes with relocation. '

Suentlsts 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. Precnpltatlon 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. ' ' k

The observed warming and other climatic changes are triggering wide-ranging
impacts in every region of o‘urlcountry_and throughout our ecornomy. 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,

wh|ch comblne to create new chaIIenges
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~ This report. documents the changes aIready
. observed and those projected for the - -

- and response op_‘uons be shared broadly to :

CLIMATE CHANGE AND THE AMERCIAN PEOPLE

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,
our livelihoods, and our future. This 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. This report also assesses key impacts on all U.S. regions:
Northeast, Southeast and Caribbean, Midwest, Great Plains, Southwest,
Northwest, Alaska, Hawai‘i and the Pacific Islands, as well as the country 3
coastal areas, oceans, and marine resources. '

Over recent decades clrmate science has advanced srgnlﬁcantly Increased scrutmy has Ied to mcreased

‘certainty that we are now seeing impacts assoaated W|th human induced climate change. With each

passing year, the accumulating evidence further expands our understandlng and extends the record of

“observed trends i 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 predlctlons have Iargely been confirmed. The only real surprisés have been
that some changes such as sea Ievel rise and Arctic sea ice decllne have outpaced earller prolectlons

‘What is new over the last decade is that we know W|th increasing certainty that cllmate change is
- happening now. While scientists continue to' refine pro;ectlons of the future, observations unequnvocally
-show that clrmate 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,
wnth addmonal contrlbutlons from forest clearlng and some agrlcultural practlces :

Global cllmate is pro;ected to contmue to change over this century and beyond but there is Stl” tlme to .
act to limit the amount of change and the extent of damagmg ampacts :

future. it is lmportant that these findings

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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This report assesses the science of climate change and its im-
pacts across the United States, now and throughout this century.
It integrates findings of the U.S. Global Change Research Program
(USGCRP)* with the results of research and observations from
across the U.S. and around the world, including reports from the

U.S. National Research Council. This report documents climate
change related impacts and responses for various sectors and
regions, with the goal of better informing public and private de-
cision-making at all levels.

REPORT REQUIREMENTS, PRODUCTION, AND APPROWVAL

The Global Change Research Act’ requires that, every four years,
the USGCRP prepare and submit to the President and Congress
an assessment of the effects of global change in the United
States. As part of this assessment, more than 70 workshops were
held involving a wide range of stakeholders who identified issues
and information for inclusion (see Appendix 1: Process). A team
of more than 300 experts was involved in writing this report. Au-
thors were appointed by the National Climate Assessment and
Development Advisory Committee (NCADAC),h the federal ad-

visory committee assembled for the purpose of conducting this
assessment. The report was extensively reviewed and revised
based on comments from the public and experts, including a
panel of the National Academy of Sciences. The report was re-
viewed and approved by the USGCRP agencies and the federal
Committee on Environment, Natural Resources, and Sustainabili-
ty (CENRS). This report meets all federal requirements associated
with the Information Quality Act (see Appendix 2: IQA), including
those pertaining to public comment and transparency.

REPORT SOURCES

The report draws from a large body of scientific, peer-reviewed
research, as well as a number of other publicly available sources.
Author teams carefully reviewed these sources to ensure a re-
liable assessment of the state of scientific understanding. Each
source of information was determined to meet the four parts of
the IQA Guidance provided to authors: 1} utility, 2) transparency
and traceability, 3) objectivity, and 4) integrity and security (see
Appendix 2: IQA). Report authors made use of technical input re-
ports produced by federal agencies and other interested parties
in response to a request for information by the NCADAGC;’ oth-

er peer-reviewed scientific assessments (including those of the

Intergovernmental Panel on Climate Change); the U.S. National

Climate Assessment’s 2009 report titled Global Climate Change

Impacts in the United States;’ the National Academy of Science’s |
America’s Climate Choices reports;” a variety of regional climate

impact assessments, conference proceedings, and government

statistics (such as population census and energy usage); and ob-

servational data. Case studies were also provided as illustrations

of climate impacts and adaptation programs.

’ The USGCRP is made up of 13 Federal departments and agencies that carry out research and support the nation’s response to global change The
USGCRP is overseen by the Subcommittee on Global Change Research (SGCR) of the National Science and Technology Council’s Committee on
Environment, Natural Resources and Sustainability (CENRS), which in turn is overseen by the White House Office of Science and Technology Policy
(OSTP). The agencies within USGCRP are: the Department of Agriculture, the Department of Commerce INOAA), the Department of Defense, the
Department of Energy, the Department of Health and Human Services, the Department of the Interior, the Department of State, the Department
of Transportation, the Environmental Protection Agency, the National Aeronautics and Space Administration, the National Science Foundation, the
Smithsonian Instituton, and the U.S. Agency for International Development.

®The NCADAC is a federal advisory committee sponsored by the National Oceanic and Atmospheric Administration under the requirements of the
Federal Advisory Committee Act.
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The report has eight major sections, outhned below

~ of greatest importance to the American people.

Appendices.

oceans, and marine resources.

decision support activities.

mitigation, and decision support.

assessment process.

future assessments

* Overview and Report Findings: gives a hlgh -level perspective on the full National Cllmate Assessment and sets out
the report’s 12 key findings. The Overview.synthesizes and summarlzes the ideas that the authors consider to be

Our Changing Climate: presents recent advances in cllmate change science, wh|ch includes dlscussmns of
extreme weather events, observed and projected changes in temperature and precipitation, and the uncertainties
associated with these prolectlons Substantial additional material related to this chapter can be found in the

Sectors: focuses on climate change impacts for seven societal and environmental sectors: human health, water,
', energy, transportation, agriculture, forests, and ecosystems and biodiversity; six additional chapters consider the
: interactions among sectors (such as energy, water, and land use) in the context of a changing climate.. -

* Regions: assesses key impacts on U.S. regions — Northeast, Southeast and Caribbean, Midwest Great Plains,
Southwest, Northwest, Alaska, and Hawai'i and the U. S. afﬁllated Pacmc Islands - as well as coastal areas,

» Responses: assesses the current state of responses to cllmate change, including adaptation, mltlgatlon and.

* Research Needs: highlights major gaps in science and research to improve future assessmerits New research is
called for-in climate science in support of assessments, climate |mpacts in regions and sectors, and adaptation,

« Sustained Assessment Process: describes an- |n|t|al VISIOH for and components of an ongomg, Iong—term

Appendices: Appendix 1 describes key aspects of the report process, W|th a focus on engagement Appendix
2 describes the guidelines used in meeting the terms of the Federal information Quality Act; Appendix 3
supplements the chapter on Our Changing Climate with an extended treatment of selected science issues;
Appendix 4 provides answers to Frequently Asked Questions about climate change; Appendix 5 describes

- scenarios.and models used in this assessment; and Appendlx 6 descrlbes possible topics for con5|derat|on in

OVERARCHI NG PERSGPECTIVES

Four overarching perspectives, derived from decades of ob-
servations, analysis, and experience, have helped to shape
this report: 1) climate change is happening in the context of
other ongoing changes across the U.S. and the globe; 2) cli-
mate change impacts can either be amplified or reduced by
societal decisions; 3) climate change related impacts, vulner-

abilities, and opportunities in the U.S. are linked to impacts
and changes outside the United States, and vice versa; and 4)
climate change can lead to dramatic tipping points in natural
and social systems. These overarching perspectives are briefly
discussed below.

Global Change Context

Climate change is one of a number of global changes affecting
society, the environment, and the economy; others include
population growth, land-use change, air and water pollution,
and rising consumption of resources by a growing and wealthier
global population. This perspective has implications for assess-
ments of climate change impacts and the design of research
questions at the national, regional, and local scales. This assess-
ment explores some of the consequences of interacting factors
by focusing on sets of crosscutting issues in a series of six chap-
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ters: Energy, Water, and Land Use; Biogeochemical Cycles; In-
digenous Peoples, Lands, and Resources; Urban Systems, Infra-
structure, and Vulnerability; Land Use and Land Cover Change;
and Rural Communities. The assessment also includes discus-
sions of how climate change impacts cascade through different
sectors such as water and energy, and affect and are affected
by land-use decisions. These and other interconnections great-
ly stress society’s capacity to respond to climate-related crises
that occur simultaneously or in rapid sequence.
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Societal Choices

Because environmental, cultural, and socioeconomic systems
are tightly coupled, climate change impacts can either be am-
plified or reduced by cultural and socioeconomic decisions. In
many arenas, it is clear that societal decisions have substantial
influence on the vulnerability of valued resources to climate

change. For example, rapid population growth and develop-
ment in coastal areas tends to amplify climate change related
impacts. Recognition of these couplings, together with recog-
nition of multiple sources of vulnerability, helps identify what
information decision-makers need as they manage risks.

ir‘ttema‘ciwnal Context

Climate change is a global phenomenon; the causes and the
impacts involve energy-use, economic, and risk-management
decisions across the globe. Impacts, vulnerabilities, and op-
portunities in the U.S. are related in complex and interactive
ways with changes outside the United States, and vice versa.
In order for U.S. concerns related to climate change to be ad-
dressed comprehensively, the international context must be

considered. Foreign assistance, health, environmental quality
objectives, and economic interests are all affected by climate
changes experienced in other parts of the world. Aithough
there is significantly more work to be done in this area, this
report identifies some initial implications of global and inter-
national trends that can be more fully investigated in future
assessments.

Thresholds, Tioping Points, and Surprises

While some climate changes will occur slowly and relatively
gradually, others could be rapid and dramatic, leading to unex-
pected breaking points in natural and socia! systems. Although
they have potentially large impacts, these breaking points or
tipping points are difficult to predict, as there are many un-
certainties about future conditions. These uncertainties and
potential surprises come from a number of sources, including
insufficient data associated with low probability/high conse-
quence events, models that are not yet able to represent all

the interactions of multiple stresses, incomplete understand-
ing of physical climate mechanisms related to tipping points,
and a multitude of issues associated with human behavior,
risk management, and decision-making. Improving our ability
to anticipate thresholds and tipping points can be helpful in
developing effective climate change mitigation and adapta-
tion strategies (Ch. 2: Qur Changing Climate; Ch. 29: Research
Needs; and Appendices 3 and 4).

RISK MANAGEMENT FRAMEWORK

Authors were asked to consider the science and information
needs of decision-makers facing climate change risks to infra-
structure, natural ecosystems, resources, communities, and
other things of societal value. They were also asked to consid-
er opportunities that climate change might present. For each
region and sector, they were asked to assess a small number
of key climate-related vuinerabilities of concern based on
the risk (considering likelihood and consequence) of impacts.
They were also asked to address the most important infor-
mation needs of stakeholders, and to consider the decisions

stakeholders are facing. The criteria provided for identifying
key vulnerabilities in each sector or region included magni-
tude, timing, persistence/reversibility, scale, and distribution
of impacts, likelihood whenever possible, importance of im-
pacts (based on the perceptions of relevant parties), and the
potential for adaptation. Authors were encouraged to think
about these topics from both a quantitative and qualitative
perspective and to consider the influence of multiple stresses
whenever possible.

RESPONDING TO CLIMATE CHAMGE

While the primary focus of this report is on the impacts of cli-
mate change in the United States, it also documents some of
the actions society is taking or can take to respond. Responses
to climate change fall into two broad categories. The first in-
volves “mitigation” measures to reduce future climate change
by reducing emissions of heat-trapping gases and particles, or
increasing removal of carbon dioxide from the atmosphere.
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The second involves “adaptation” measures to improve soci-
ety’s ability to cope with or avoid harmful impacts and take
advantage of beneficial ones, now and in the future. At this
point, both of these response activities are necessary to limit
the magnitude and impacts of global climate change on the
United States.
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More effective mitigation measures can reduce the amount
of climate change, and therefore reduce the need for future
adaptation. This report underscores the effects of mitigation
measures by comparing impacts resulting from higher ver-
sus lower emissions scenarios. This shows that choices made
about emissions in the next few decades will have far-reach-
ing consequences for climate change impacts throughout this
century. Lower emissions will reduce the rate and lessen the
magnitude of climate change and its impacts. Higher emissions
will do the opposite.

While the report demonstrates the importance of mitigation
as an essential part of the nation’s climate change strategy, it
does not evaluate mitigation technologies or policies or under-
take an analysis of the effectiveness of various approaches.
The range of mitigation responses being studied includes, but
is not limited to, policies and technologies that lead to more ef-
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ficient production and use of energy, increased use of non-car-
bon-emitting energy sources such as wind and solar power,
and carbon capture and storage.

Adaptation actions are complementary to mitigation actions.
They are focused on moderating harmful impacts of current
and future climate variability and change and taking advantage

_of possible opportunities. While this report assesses the cur-

rent state of adaptation actions and planning across the coun-
try in a general way, the implementation of adaptive actions
is still nascent. A comprehensive assessment of actions taken,
and of their effectiveness, is not yet possible. This report docu-
ments some of the actions currently being pursued to address
impacts such as increased urban heat extremes and air pol-
lution, and describes the challenges decision-makers face in
planning for and implementing adaptation responses.

TRACEARBLE ACCOUNTS: PROCESS AND CONFIDENCE

The “traceable accounts” that accompany each chapter: 1)
document the process the authors used to reach the conclu-
sions in their key messages; 2) provide additional information
to reviewers and other readers about the quality of the infor-
mation used; 3) allow traceability to resources; and 4} provide
the level of confidence the authors have in the main findings
of the chapters. The authors have assessed a wide range of
information in the scientific literature and various technical
reports. In assessing confidence, they have considered the
strength and consistency of the observed evidence, the skill,
range, and consistency of model projections, and insights from
peer-reviewed sources.
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When it is considered scientifically justified to report the
likelihood of particular impacts within the range of possible
outcomes, this report takes a plain-language approach to ex-
pressing the expert judgment of the author team based on
the best available evidence. For example, an outcome termed
“likely” has at least a two-thirds chance of occurring; an out-
come termed “very likely” has more than a 90% chance. Key
sources of information used to develop these characterizations
are referenced.

CLIMATE CHANGE IMPACTS IN THE UNITED STATES



Climate change is already affecting the American people in far-
reaching ways. Certain types of extreme weather events with
links to climate change have become more frequent and/or in-
tense, including prolonged periods of heat, heavy downpours,
and, in some regions, floods and droughts. In addition, warm-
ing is causing sea level to rise and glaciers and Arctic sea ice
to melt, and oceans are becoming more acidic as they absorb
carbon dioxide. These and other aspects of climate change are
disrupting people’s lives and damaging some sectors of our
economy.

Climate Change:
Present and Future

Evidence for climate change abounds, from the top of the
atmosphere to the depths of the oceans. Scientists and engi-

neers from around the world have meticulously collected this
evidence, using satellites and networks of weather balloons,’

thermometers, buoys, and other observing systems. Evidence
of climate change is also visible in the observed and measured
changes in location and behavior of species and functioning of
ecosystems. Taken together, this evidence tells an unambigu-
ous story: the planet is warming, and over the last half century,
this warming has been driven primarily by human activity.

Ten Indicators of a Warming World

These are just some of the indicators measured globally over many decades that show that the
_Earth’s climate is warming. White armows indicate i increasing frends; black arrows indicate decreasing

Coal-fired power plants emit heat-trapping carbon dioxide to the
atmosphere.

Multiple lines of independent evidence confirm that human
activities are the primary cause of the global warming of the
past 50 years. The burning of coal, oil, and gas, and clearing of
forests have increased the concentration of carbon dioxide in
the atmosphere by more than 40% since the Industrial Revolu-
tion, and it has been known for almost two centuries that this
carbon dioxide traps heat. Methane and nitrous oxide emis-
sions from agriculture and other human activities add to the
atmospheric burden of heat-trapping gases. Data show that
natural factors like the sun and volcanoes cannot have caused
the warming observed over the past 50 years. Sensors on sat-
ellites have measured the sun’s
output with great accuracy and
found no overall increase dur-
ing the past half century. Large
volcanic eruptions during this
period, such as Mount Pinatubo
in 1991, have exerted a short-
term cooling influence. In fact,
if not for human activities, glob-
al climate would actually have
cooled slightly over the past 50
years. The pattern of tempera-
ture change through the layers
of the atmosphere, with warm-
ing near the surface and cooling
higher up in the stratosphere,
further confirms that it is the
buildup of heat-trapping gases
(also known as “greenhouse
gases”) that has caused most
of the Earth’s warming over the
past half century.

* trends. All the indicators expected to increase in a warming world are mcreasmg and all those

. expected to decrease in a warming wo re decreasing. {Fagure source: NOAA NCBC, based on
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“ 1: OVERVIEW AND REFPORT FINDINGS
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Because human-induced warming is superimposed on :
. a background of natural variations in climate, warm- Separatmg Human and Natural

|
ing is not uniform over time. Short-term fluctuations Influences on Climate |
in the long-term upward trend are thus natural and |
expected. For example, a recent slowing in the rate of ‘
surface air temperature rise appears to be related to i
cyclic changes in the oceans and in the sun’s energy |
output, as well as a series of small volcanic eruptions :
and other factors. Nonetheless, global temperatures

are still on the rise and are expected to rise further.

U.S. average temperature has increased by 1.3°F to
1.9°F since 1895, and most of this increase has oc-
curred since 1970. The most recent decade was the
nation’s and the world’s hottest on record, and 2012
was the hottest year on record in the continental
United States. All U.S. regions have experienced warm-
ing in recent decades, but the extent of warming has
not been uniform. In general, temperatures are rising
more quickly in the north. Alaskans have experienced
some of the largest increases in temperature between
1970 and the present. People living in the Southeast
have experienced some of the smallest temperature
increases over this period.

The green band shows how global average temperature would have changed
over the last century due fo natural forces alone, as simulated by climate
models. The blue band shows mode! 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 inclu-
sian of human influences can models reproduce the observed temperature
changes. (Figure source: adapted from Huber and Knutti 2012%).

Temperatures are projected to rise another 2°F to 4°F

in most areas of the United States over the next few decades.
Reductions in some short-lived human-induced emissions that
contribute to warming, such as black carbon (soot) and meth-
ane, could reduce some of the projected warming over the
next couple of decades, because, unlike carbon dioxide, these
gases and particles have relatively short atmospheric lifetimes.

The amount of warming projected beyond the next few de-
cades is directly linked to the cumulative global emissions of
heat-trapping gases and particles. By the end of this century,
a roughly 3°F to 5°F rise is projected under a lower emissions
scenario, which would require substantial reductions in emis-
sions (referred to as the “B1 scenario”), and a 5°F to 10°F rise

for a higher emissions scenario assuming continued increases
in emissions, predominantly from fossil fuel combustion (re-
ferred to as the “A2 scenario”). These
projections are based on results from
16 climate models that used the two
emissions scenarios in a formal inter-
model comparison study. The range of
model projections for each emissions
scenario is the result of the differences
in the ways the models represent key
factors such as water vapor, ice and
snow reflectivity, and clouds, which can
either dampen or amplify the initial ef-
fect of human influences on tempera-
ture. The net effect of these feedbacks
is expected to amplify warming. More
information about the models and sce-
narios used in this report can be found
in Appendix 5 of the full report.?

Projected Global Temperature Change
Different amounts of heat-trapping gases re-
Ieased into the atmosphere by human activi-
ties produce different projected increases in
Earth's temperature. The lines on the graph
represent a central estimate of global aver-

age temperature rise (relative to the 1901- -
,1960 average),for e two main scenanos

-
N

P
L=

& o

L

Temperature Change (°F)

g : !
,mate change policies. Shadmg lndlcates the ~
range (5" to 95" percentile) of results from ,
-a suite of climate models. In both cases,
temperatures are expected to rise, although
the difference between lower and higher

-2
. 1900 1850 2000 2050 2100 emissions pathways is substantial. (Figure
~ Year , source: NOAA NCDC/CICS-NC).
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Rrolonged periods of high temperatures and the persistence
of high nighttime temperatures have increased in many loca-
tions (especially in urban areas) over the past half century. High
nighttime temperatures have widespread impacts because
people, livestock, and wildlife get no respite from the heat. In
some regions, prolonged periods of high temperatures associ-
ated with droughts contribute to conditions that lead to larger
wildfires and longer fire seasons. As expected in a warming
climate, recent trends show that extreme heat is becoming
more common, while extreme cold is becoming less common.
Evidence indicates that the human influence on climate has al-
ready roughly doubled the probability of extreme heat events
such as the record-breaking summer heat experienced in 2011
in Texas and Oklahoma. The incidence of record-breaking high
temperatures is projected to rise.?

Human-induced climate change means much more than just
hotter weather. Increases in ocean and freshwater tempera-
tures, frost-free days, and heavy downpours have all been
documented. Global sea level has risen, and there have been
large reductions in snow-cover extent, glaciers, and sea ice.
These changes and other climatic changes have affected and
will continue to affect human health, water supply, agriculture,
transportation, energy, coastal areas, and many other sectors
of society, with increasingly adverse
impacts on the American economy
and quality of life.?

Some of the changes discussed in
this report are common to many re-
gions. For example, large increases in
heavy precipitation have occurred in
the Northeast, Midwest, and Great
Plains, where heavy downpours have
frequently led to runoff that exceeded
the capacity of storm drains and le-
vees, and caused flooding events and
accelerated erosion. Other impacts,
such as those associated with the
rapid thawing of permafrost in Alaska,
are unique to a particular U.S. region.
Permafrost thawing is causing exten-
sive damage to infrastructure in our
nation’s largest state.*

Some impacts that occur in one region
ripple beyond that region. For exam-
ple, the dramatic decline of summer
seaicein the Arctic—a loss of ice cover
roughly equal to half the area of the
continental United States — exacer-
bates global warming by reducing the
reflectivity of Earth’s surface and in-
creasing the amount of heat absorbed.
Similarly, smoke from wildfires in one
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location can contribute to poor air quality in faraway regions,
and evidence suggests that particulate matter can affect at-
mospheric properties and therefore weather patterns. Major
storms and the higher storm surges exacerbated by sea level
rise that hit the Gulf Coast affect the entire country through
their cascading effects on oil and gas production and distribu-
tion.®

Water expands as it warms, causing global sea levels to rise;
melting of land-based ice also raises sea level by adding water
to the oceans. Over the past century, global average sea level
has risen by about 8 inches. Since 1992, the rate of global sea
level rise measured by satellites has been roughly twice the
rate observed over the last century, providing evidence of ac-
celeration. Sea level rise, combined with coastal storms, has
increased the risk of erosion, storm surge damage, and flood-
ing for coastal communities, especially along the Gulf Coast,
the Atlantic seaboard, and in Alaska. Coastal infrastructure,
including roads, rail lines, energy infrastructure, airports, port
facilities, and military bases, are increasingly at risk from sea
level rise and damaging storm surges. Sea level is projected to
rise by another 1 to 4 feet in this century, although the rise in
sea level in specific regions is expected to vary from this global
average for a number of reasons. A wider range of scenarios,

Observed Change in Very Heavy Precipitation

. Percent charzges in the amoum of precipitation faihng in very heavy events (the heaviest ?%}

* from 1958 1o 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
Midwest. (Figure source: updated from Karl et al. 2009},
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from 8 inches to more than 6 feet by 2100, has
been used in risk-based analyses in this report.
In general, higher emissions scenarios that lead
to more warming would be expected to lead
to higher amounts of sea level rise. The stakes
are high, as nearly five million Americans and
hundreds of billions of dollars of property are
located in areas that are less than four feet
above the local high-tide level.®

In addition to causing changes in climate, in-
creasing levels of carbon dioxide from the
burning of fossil fuels and other human activi-
ties have a direct effect on the world’s oceans.
Carbon dioxide interacts with ocean water to
form carbonic acid, increasing the ocean’s acid-
ity. Ocean surface waters have become 30%
more acidic over the last 250 years as they have
absorbed large amounts of carbon dioxide
from the atmosphere. This ocean acidification

makes water more corrosive, reducing the capacity of marine
organisms with shells or skeletons made of calcium carbonate

1 OVERVIEW AND REPORT FINDINGS

Shellé Dissolve in Acidified Ocean Water

Pteropods, or “sea hutterflies,” are eaten by a variety of marine species ranging from
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: (leff) BednarSek
et al, 2012° {right} Nina Bednarsek).

(such as corals, krill, oysters, clams, and crabs) to survive, grow,
and reproduce, which in turn will affect the marine food chain.’

Widespread Impacts
Impacts related to climate change are already evident in many
regions and sectors and are expected to become increasingly
disruptive across the nation throughout this century and be-

yond. Climate changes interact with other environmental and
societal factors in ways that can either moderate or intensify
these impacts.
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As Oceans Absorb CO
They Become More ACIdIC
400 8.40
~— Mauna Loa Atmospheric CO, (ppm) M
- Aloha Ocean pCO, in situ (uatm) +8.35
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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).
(Figure source: modified from Feely et al. 2009")
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1. OVERVIEW AND REFORT FINDINGS

Observed and projected climate change impacts vary across the regions of the United States. Selected impacts emphasized in the
regional chapters are shown below, and many more are explored in detail in this report.

N 1Y

. / L
( Northeast'-_'-

Southeast

coastal ﬂoodlng due to sea Ievel nse and ston"n surge \ -

Y

T

-Decreased water avallablhty, exacerbated by populatron growth and land-use change
.causes, increased competmon for water ‘There are mcreased nsks assomated wrth
( me events such as hurrlcanes ; P :

_I

'

, Rrsmg temperatures lead. to increased demand for water and energy and |mpacts on

agncultural practices.

Changes in the t1m|ng of streamﬂow related to earher snowmelt reduce the supply of
water in summer, causmg far-reachlng ecologlcal and socioeconomic consequences

Coastal hfehnes such as water supply mfrastructure and evacuatron routes are
i ‘mcreasmgly vulnerable to. hlgher sea levels and storm surges, mland ﬂoodmg, and

i
'
.. 1

The oceans are currently absorbmg abouta quarter of human-caused carben droxude .
! emissions to the atmospheré and over 90% of the heat assocrated with global
B warmmg, Ieadmg to ocean acrdrﬁcatlon and the alteratron of marine ecosystems
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Some climate changes currently have beneficial effects for
specific sectors or regions. For example, current benefits of
warming inctude longer growing seasons for agriculture and
longer ice-free periods for shipping on the Great Lakes. At the
same time, however, longer growing seasons, along with high-
er temperatures and carbon dioxide levels, can increase polien
production, intensifying and lengthening the allergy season.
Longer ice-free periods on the Great Lakes can result in more
lake-effect snowfalls.

Sectors affected by climate changes include agriculture, water,
human health, energy, transportation, forests, and ecosystems.
Climate change poses a major challenge to U.S. agriculture
because of the critical dependence of agricultural systems on
climate. 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. The United States produces nearly $330 billion per year
in agricultural commeodities. This productivity is vulnerable to
direct impacts on crops and livestock from changing climate
conditions and extreme weather events
and indirect impacts through increasing

: OVERVIEW AND REPORT FINDINGS
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Climate change can exacerbate respiratory and asthma-related
conditions through increases in pollen, ground-level ozone. and
wildfire smoke.

Water quality and quantity are being affected by climate
change. Changes in precipitation and runoff, combined with
changes in consumption and withdrawal, have reduced sur-
face and groundwater supplies in many
areas. These trends are expected to

pressures from pests and pathogens.
Climate change will also alter the stabil-
ity of food supplies and create new food
security challenges for the United States
as the world seeks to feed nine billion
people by 2050. While the agriculture
sector has proven to be adaptable to a
range of stresses, as evidenced by con-

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.

continue, increasing the likelihood of
water shortages for many uses. Wa-
ter quality is also diminishing in many
areas, particularly due to sediment
and contaminant concentrations af-
ter heavy downpours. Sea level rise,
storms and storm surges, and changes
in surface and groundwater use pat-

tinued growth in production and effi-
ciency across the United States, climate
change poses a new set of challenges.?
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Increasing air and water temperatures, more intense precipitation
and runoff, and intensifying droughts can decrease water quality
in many ways. Here, middle school students in Colorado test
water quality.
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s terns are expected to compromise the
sustainability of coastal freshwater
aquifers and wetlands. In most U.S. re-

gions, water resources managers and planners will encounter
new risks, vulnerabilities, and opportunities that may not be
properly managed with existing practices.®

Climate change affects human health in many ways. For ex-
ample, increasingly frequent and intense heat events lead to
more heat-related illnesses and deaths and, over time, worsen
drought and wildfire risks, and intensify air pollution. Increas-
ingly frequent extreme precipitation and associated flooding
can lead to injuries and increases in waterborne disease. Ris-
ing sea surface temperatures have been linked with increasing
levels and ranges of diseases. Rising sea levels intensify coastal
flooding and storm surge, and thus exacerbate threats to pub-
lic safety during storms. Certain groups of people are more vul-
nerable to the range of climate change related health impacts,
including the elderly, children, the poor, and the sick. Others
are vulnerable because of where they live, including those in
floodplains, coastal zones, and some urban areas. Improving
and properly supporting the public health infrastructure will
be critical to managing the potential health impacts of climate
change.!®
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Climate change also affects the living world, including people,
through changes in ecosystems and biodiversity. Ecosystems
provide a rich array of benefits and services to humanity, in-
cluding habitat for fish and wildlife, drinking water storage
and filtration, fertile soils for growing crops, buffering against
a range of stressors including climate change impacts, and
aesthetic and cultural values. These

benefits are not always easy to quan-

1 OWVERWVIEYW AND RERPORT FINDINGS
es, reefs, mangrove forests, and barrier islands defend coastal
ecosystems and infrastructure, such as roads and buildings,
against storm surges. The loss of these natural buffers due to
coastal development, erosion, and sea level rise increases the
risk of catastrophic damage during or after extreme weather
events. Although floodplain wetiands are greatly reduced
from their historical extent, those that
remain still absorb floodwaters and

tify, but they support jobs, economic
growth, health, and human well-being.
Climate change driven disruptions to
ecosystems have direct and indirect
human impacts, including reduced wa-
ter supply and quality, the loss of iconic

The amount of future climate
change will still largely be deter-
mined by choices society makes

about emissions.

reduce the effects of high flows on
river-margin lands. Extreme weather
events that produce sudden increases
in water flow, often carrying debris
and pollutants, can decrease the natu-
ral capacity of ecosystems to cleanse

species and landscapes, effects on food

chains and the timing and success of

species migrations, and the potential for extreme weather and
climate events to destroy or degrade the ability of ecosystems
to provide societal benefits.??

Human modifications of ecosystems and landscapes often
increase their vulnerability to damage from extreme weather
events, while simultaneously reducing their natural capacity to
moderate the impacts of such events. For example, salt marsh-

contaminants.}?

The climate change impacts being felt in the regions and sec-
tors of the United States are affected by global trends and
economic decisions. In an increasingly interconnected world,
U.S. vulnerability is linked to impacts in other nations. It is thus
difficult to fully evaluate the impacts of climate change on the
United States without considering consequences of climate
change elsewhere.

Response Options

As the impacts of climate change are becoming more preva-
lent, Americans face choices. Especially because of past emis-
sions of long-lived heat-trapping gases, some additional cli-
mate change and related impacts are now unavoidable. This
is due to the long-lived nature of many of these gases, as well
as the amount of heat absorbed and retained by the oceans
and other responses within the climate system. The amount of
future climate change, however, will still largely be determined
by choices society makes about emissions. Lower emissions of
heat-trapping gases and particles mean less future warming
and less-severe impacts; higher emissions mean more warming
and more severe impacts. Efforts to limit emissions or increase
carbon uptake fall into a category of response options known
as “mitigation,” which refers to reducing the amount and speed
of future climate change by reducing emissions of heat-trap-
ping gases or removing carbon dioxide from the atmosphere.!?

The other major category of response options is known as “ad-
aptation,” and refers to actions to prepare for and adjust to
new conditions, thereby reducing harm or taking advantage
of new opportunities. Mitigation and adaptation actions are
linked in multiple ways, including that effective mitigation re-
duces the need for adaptation in the future. Both are essential
parts of a comprehensive climate change response strategy.
The threat of irreversible impacts makes the timing of mitiga-
tion efforts particularly critical. This report includes chapters
on Mitigation, Adaptation, and Decision Support that offer
an overview of the options and activities being planned or
implemented around the country as local, state, federal, and
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tribal governments, as well as businesses, organizations, and
individuals begin to respond to climate change. These chap-
ters conclude that while response actions are under develop-
ment, current implementation efforts are insufficient to avoid
increasingly negative social, environmental, and economic
conseguences.*

Large reductions in global emissions of heat-trapping gases,
similar to the lower emissions scenario (B1) analyzed in this
assessment, would reduce the risks of some of the worst im-
pacts of climate change. Some targets called for in interna-
tional climate negotiations to date would require even larger
reductions than those outlined in the B1 scenario. Meanwhile,
global emissions are still rising and are on a path to be even
higher than the high emissions scenario (A2) analyzed in this
report. The recent U.S. contribution to annual global emissions
is about 18%, but the U.S. contribution to cumulative global
emissions over the last century is much higher. Carbon dioxide
lasts for a long time in the atmosphere, and it is the cumu-
lative carbon emissions that determine the amount of global
climate change. After decades of increases, U.S. CO; emissions
from energy use {(which account for 97% of total U.S. emissions)
declined by around 9% between 2008 and 2012, largely due to
a shift from coal to less CO;-intensive natural gas for electricity
production. Governmental actions in city, state, regional, and
federal programs to promote energy efficiency have also con-
tributed to reducing U.S. carbon emissions. Many, if not most
of these programs are motivated by other policy objectives,
but some are directed specifically at greenhouse gas emissions.
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These U.S. actions and others that might be undertaken in the
future are described in the Mitigation chapter of this report.
Over the remainder of this century, aggressive and sustained
greenhouse gas emission reductions by the United States and
by other nations would be needed to reduce global emissions
to a level consistent with the lower scenario (B1) analyzed in
this assessment.®

With regard to adaptation, the pace and magnitude of ob-
served and projected changes emphasize the need to be pre-
pared for a wide variety and intensity of impacts. Because of
the growing influence of human activities, the climate of the
past is not a good basis for future planning. For example, build-
ing codes and landscaping ordinances could be updated to
improve energy efficiency, conserve water supplies, protect
against insects that spread disease (such as dengue fever),
reduce susceptibility to.heat stress, and improve protection
against extreme events. The fact that climate change impacts
are increasing points to the urgent need to develop and refine
approaches that enable decision-making and increase flexibil-
ity and resilience in the face of ongoing and future impacts.
Reducing non-climate-related stresses that contribute to exist-
ing vulnerabilities can also be an effective approach to climate
change adaptation.*¢

Adaptation can involve considering local, state, regional, na-
tional, and international jurisdictional objectives. For example,
in managing water supplies to adapt to a changing climate, the
implications of international treaties should be considered in
the context of managing the Great Lakes, the Columbia River,
and the Colorado River to deal with increased drought risk. Both
“bottom up” community planning and “top down” national
strategies may help regions deal with impacts such as increases
in electrical browno.uts, heat stress, floods, and wildfires.?’

Proactively preparing for climate change can reduce impacts
while also facilitating a more rapid and efficient response to
changes as they happen. Such efforts are beginning at the fed-
eral, regional, state, tribal, and local levels, and in the corpo-
rate and non-governmental sectors, to build adaptive capacity
and resilience to climate change impacts. Using scientific infor-
mation to prepare for climate changes in advance can provide
economic opportunities, and proactively managing the risks
can reduce impacts and costs over time.!#

There are a number of areas where improved scientific infor-
mation or understanding would enhance the capacity to esti-
mate future climate change impacts. For example, knowledge
of the mechanisms controlling the rate of ice loss in Greenland
and Antarctica is limited, making it difficult for scientists to
narrow the range of expected future sea level rise. Improved
understanding of ecological and social responses to climate
change is needed, as is understanding of how ecological and
social responses will interact.*®

A sustained climate assessment process could more efficiently
collect and synthesize the rapidly evolving science and help
supply timely and relevant information to decision-makers.
Results from all of these efforts could continue to deepen our
understanding of the interactions of human and natural sys-
tems in the context of a changing climate, enabling society to
effectively respond and prepare for our future.?

The cumulative weight of the scientific evidence contained in
this report confirms that climate change is affecting the Ameri-
can people now, and that choices we make will affect our fu-
ture and that of future generations.

Cities providing transportation options including bike lanes, buildings designed with energy saving features such as green roofs, and
houses elevated to allow storm surges to pass underneath are among the many response options being pursued arcund the country.
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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.

Many independent lines of evidence confirm that human activities are affecting climate in
unprecedented ways. U.S. average temperature has increased by 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 was the warmest on record. Because human-induced warming is superimposed on a
naturally varying climate, rising temperatures are not evenly distributed across the country or
over time.* See page 18.

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.

Changes in extreme weather events 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 United States has seen an
increase in prolonged periods of excessively high temperatures, more heavy downpours, and
in some regions, more severe droughts.?’See page 24.

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

Heat-trapping gases already in the atmosphere have committed us to a hotter future with
more climate-related impacts over the next few decades. The magnitude of climate change
beyond the next few decades depends primarily on the amount of heat-trapping gases that
human activities emit globally, now and in the future.?>See page 28.

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.

Climate change is already affecting societies and the natural world. Climate change interacts
with other environmental and societal factors in ways that can either moderate or intensify
these impacts. The types and magnitudes of impacts vary across the nation and through
time. Children, the elderly, the sick, and the poor are especially vulnerable. There is
mounting evidence that harm to the nation will increase substantially in the future unless
global emissions of heat-trapping gases are greatly reduced.? See page 32.
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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.

Climate change is increasing the risks of heat stress, respiratory stress from poor air quality,
and the spread of waterborne diseases. Extreme weather events often lead to fatalities and
a variety of health impacts on vulnerable populations, including impacts on mental health,
such as anxiety and post-traumatic stress disorder. 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.” See page 34.

6. 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.*® See page 38.

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

Surface and groundwater supplies in some regions are already stressed by increasing demand
for water as well as declining runoff and groundwater recharge. In some regions, particularly
the southern part of the country and the Caribbean and Pacific Islands, climate change is
increasing the likelihood of water shortages and competition for water among its many

uses. Water quality is diminishing in many areas, particularly due to increasing sediment and
contaminant concentrations after heavy downpours.”’ See page 42.

8. 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.?® See page 46.
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9. Climate change poses particular threats to Indigenous Peoples’ health, well-
being, and ways of life.

Chronic stresses such as extreme poverty are being exacerbated by climate change impacts
such as reduced access to traditional foods, decreased water quality, and increasing exposure
to health and safety hazards. In parts of Alaska, Louisiana, the Pacific Islands, and other
coastal locations, climate change impacts (through erosion and inundation) are so severe that
some communities are already relocating from historical homelands to which their traditions
and cultural identities are tied. Particularly in Alaska, the rapid pace of temperature rise, ice
and snow melt, and permafrost thaw are significantly affecting critical infrastructure and
traditional livelihoods.” See page 48.

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.

Climate change impacts on biodiversity are already being observed in alteration of the timing
of critical biological events such as spring bud burst and substantial range shifts of many
species. In the longer term, there is an increased risk of species extinction. These changes
have social, cultural, and economic effects. Events such as droughts, floods, wildfires, and
pest outbreaks associated with climate change (for example, bark beetles in the West) are
already disrupting ecosystems. These changes limit the capacity of ecosystems, such as
forests, barrier beaches, and wetlands, to continue to play important roles in reducing the
impacts of these extreme events on infrastructure, human communities, and other valued
resources.*’ See page 50.

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

More acidic waters inhibit the formation of shells, skeletons, and coral reefs. Warmer waters
harm coral reefs and alter the distribution, abundance, and productivity of many marine
species. The rising temperature and changing chemistry of ocean water combine with other
stresses, such as overfishing and coastal and marine pollution, to alter marine-based food
production and harm fishing communities.*! See page 58.

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.

Actions to reduce emissions, increase carbon uptake, adapt to a changing climate, and
increase resilience to impacts that are unavoidable can improve public health, economic
development, ecosystem protection, and quality of life.*’See page 62.
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People make choices every day about risks and benefits in their lives, weighing - -
experience, information, and judgment as they consider the impacts of their
decisions on themselves and the people around them. Similarly, people make
choices that alter the magnitude of impacts resulting from current and future
climate change. Using science-based information to anticipate future changes can
help society make better decisions about how to reduce risks and protect people,

places, and ecosystems from climate change impacts. Decisions made now and in-~

the future will influence society’s resilience to impacts of future climate change.

In recognition of the significance of t'hese decisions, the National Climate _
Assessment presents information that is useful for a wide variety of decisions -

across regions and sectors, at multiple scales, and over multiple time frames. For . .

 the first time, the National Climate Assessment includés chapters on Decision ~"
Support, Mitigation; and Adaptation, in-addition to identifying research needs -
associated with these topics. ' :

As with other sections of this report, the linkages across and among these chapters
-are extremely important. There are direct connections between mitigation decisions
j (about'Whe_th'er and how to manage emissions of heat-trapping gases) and how
much climate will change in the future. The amount of change that occurs will in
turn dictate the amount of adaptation that will be required. ' L

- . In the Decision Support chapter, a variety of approaches to bridge the gap
between scientific understanding and decision-making are discussed, leading to
the conclusion that there are many opportunities to help scientists understand the
needs of decision-makers, and also to help decision-makers use available tools
and information to reduce the risks of climate change. The Mitigation chapter
“describes emissions trajectories and assesses the state of mitigation activities.
: Policies already enacted and other factors lowered U.S. emissions in recent years, "
but achievement-of a global emissions path consistent with the lower scenario (B1) _
- analyzed in this assessment will require strenuous action-by. all major emitters. The
- Adaptation chapter assesses current adaptation activities across the United States
in the public and private sectors, and concludes that although a lot of adaptation
planning is-being done, implementation.lags. significantly behind the scale of .
" anticipated changes. . Lo R '

This report concludes with chapters on Research Needs to imp_r'ove future climate
~ and global change assessments and on the Sustained Assessment Process, which
describes the rationale for ongoing assessment activity to achieve greater efficiency
and better sciéntific and societal outcomes. R

V
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KEY MESSAGES

1.

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 atmospherrc concentrations of carbon dioxide,.

but will only limit therr rate of mcrease The same |s true for other long—lrved greenhouse L
gases . SR R

To meet the lower emrssrons scenarro (Bl) used in thrs assessment global mrtrgatron actrons _
would need to limit global carbon dioxide. emissions to a peak of around 44 hillion 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 Isona path to exceed 44 hrllron tons per year within a decade.

Over recent decades the U S. economy has emitted a decreasrng amount of carhon droxrde per

" dollar of gross- ‘domestic product. Between 2008 and 2012, ‘there was also a declrne in the total
" amount of carbon dioxide emitted annually from’ _energy use in the United States as a result of

a variety of factors, including changes in the economy, the development of new energy

productlon technologres and varrous government polrcles

Carbon storage in land ecosystems especrally forests, has offset around 17% of annual U S
fossil fuel emissions of greenhouse gases over the past several decades but this carhon. “smk" C

o : may not be sustarnable

Both voluntary actrvrtres and a varrety of polrcres and measures that lower emrssrons are ,
currently in place at federal, state, and local levels in the United States, even though there is
no comprehensive national climate legislation. Over the remalnder of this century, aggressrve

- and sustained greenhouse gas emission.reductions by the United States and by other nations:
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would be needed to reduce global emissions to a level consrstent with the lower scenario (Bl)

analyzed in thrs assessment

Mitigation refers to actions that reduce the human contribu-
tion to the planetary greenhouse effect. Mitigation actions
include lowering emissions of greenhouse gases like carbon di-
oxide and methane, and particles like black carbon (soot) that
have a warming effect. Increasing the net uptake of carbon
dioxide through land-use change and forestry can make a con-
tribution as well. As a whole, human activities result in higher
global concentrations of greenhouse gases and to a warming
of the planet — and the effect is increased by various self-re-
inforcing cycles in the Earth system (such as the way melting
sea ice results in more dark ocean water, which absorbs more
heat, and leads to more sea ice loss). Also, the absorption of

649

increased carbon dioxide by the oceans is leading to increased
ocean acidity with adverse effects on marine ecosystems.

Four mitigation-related topics are assessed in this chapter.
First, it presents an overview of greenhouse gas emissions and
their climate influence to provide a context for discussion of
mitigation efforts. Second, the chapter provides a survey of
activities contributing to U.S. emissions of carbon dioxide and
other greenhouse gases. Third, it provides a summary of cur-
rent government and voluntary efforts to manage these emis-
sions. Finally, there is an assessment of the adequacy of these
efforts relative to the magnitude of the climate change threat

-and a discussion of preparation for potential future action.
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While the chapter presents a brief overview of mitigation is-
sues, it does not provide a comprehensive discussion of policy
options, nor does it attempt to review or analyze the range of
technologies available to reduce emissions.

These topics have also been the subject of other assessments,
including those by the National Academy of Sciences' and the
U.S. Department of Energy.? Mitigation topics are addressed

Emissions, Concentrations, and Climate Forcing

Setting mitigation objectives requires knowledge of the Earth
system processes that determine the relationship among
emissions, atmospheric concentrations and, ultimately, cli-
mate. Human-caused climate change results mainly from the
increasing atmospheric concentrations of greenhouse gases.?
These gases cause radiative “forcing” — an imbalance of heat
trapped by the atmosphere compared to an equilibrium state.
Atmospheric concentrations of greenhouse gases are the re-
sult of the history of emissions and of processes
that remove them from the atmosphere; for exam-
ple, by “sinks” like growing forests.* The fraction of
emissions that remains in the atmosphere, which is
different for each greenhouse gas, also varies over
time as a result of Earth system processes.

The impact of greenhouse gases depends partly
on how long each one persists in the atmosphere.®
Reactive gases like methane and nitrous oxide are
destroyed chemically in the atmosphere, so the
relationships between emissions and atmospheric
concentrations are determined by the rate of those
reactions. The term “lifetime” is often used to de-
scribe the speed with which a given gas is removed
from the atmosphere. Methane has a relatively
short lifetime (largely removed within a decade or
so, depending on conditions), so reductions in emis-
sions can lead to a fairly rapid decrease in concen-
trations as the gas is oxidized in the atmosphere.®
Nitrous oxide has a much longer lifetime, taking
more than 100 years to be substantially removed.’
Other gases in this category include industrial gases,
like those used as solvents and in air conditioning,
some of which persist in the atmosphere for hun-
dreds or thousands of years.

CO, Flux (billion tons per year)

Carbon dioxide (CO;) does not react chemically
with other gases in the atmosphere, so it does not,
strictly speaking, have a “lifetime.”® Instead, the re-
lationship between emissions and concentrations

from year to year is determined by patterns of re- 1

lease (for example, through burning of fossil fuels)
and uptake (for example, by vegetation and by the
ocean).? Once CO; is emitted from any source, a
portion of it is removed from the atmosphere over
time by plant growth and absorption by the oceans,
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throughout this report (see Ch. 4: Energy, Key Message 5; Ch.
5: Transportation, Key Message 4; Ch. 7: Forests, Key Message
4; Ch. 9: Human Health, Key Message 4; Ch. 10: Energy, Water,
and Land, Key Messages 1, 2, 3; Ch. 13: Land Use & Land Cover
Change, Key Messages 2, 4; Ch. 15: Biogeochemical Cycles, Key
Message 3; Ch. 26: Decision Support, Key Messages 1, 2, 3; Ap-
pendix 3: Climate Science Supplemental Message 5; Appendix
4:FAQsN, S, X, Y, 2).

after which it continues to circulate in the land-atmosphere-
ocean system until it is finally converted into stable forms in
soils, deep ocean sediments, or other geological repositories
(Figure 27.1).

Of the carbon dioxide emitted from human activities in a year,
about half is removed from the atmosphere by natural pro-
cesses within a century, but around 20% continues to circu-
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late and to affect atmospheric concentrations for thousands
of years.!! Stabilizing or reducing atmospheric carbon dioxide
concentrations, therefore, requires very deep reductions in fu-
ture emissions — ultimately approaching zero ~ to compensate
for past emissions that are still circulating in the Earth system.
Avoiding future emissions, or capturing and storing them in
stable geological storage, would prevent carbon dioxide from
entering the atmosphere, and would have very long-lasting ef-
fects on atmospheric concentrations.

In addition to greenhouse gases, there can be climate effects
from fine particles in the atmosphere. An example is black car-
bon (soot), which is released from coal burning, diesel engines,
cooking fires, wood stoves, wildfires, and other combustion
sources. These particles have a warming influence, especially
when they absorb solar energy low in the atmosphere.!? Other
particles, such as those formed from sulfur dioxide released
during coal burning, have a cooling effect by reflecting some
of the sun’s energy back to space or by increasing the bright-
ness of clouds (see: Ch. 2: Our Changing Climate; Appendix 3:
Climate Science Supplement; and Appendix 4: FAQs).

The effect of each gas is related to both how long it lasts in the
atmosphere (the longer it lasts, the greater its influence) and
its potency in trapping heat. The warming influence of differ-
ent gases can be compared using “global warming potentials”
(GWP), which combine these two effects, usually added up
over a 100-year time period. Global warming potentials are
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referenced to carbon dioxide ~ which is defined as having a
GWP of 1.0 — and the combined effect of multiple gases is de-
noted in carbon dioxide equivalents, or COz-e.

The relationship between emissions and concentrations of
gases can be modeled using Earth System Models.? Such mod-
els apply our understanding of biogeochemical processes that
remove greenhouse gas from the atmosphere to predict their
future concentrations. These models show that stabilizing CO;
emissions would not stabilize its atmospheric concentrations
but instead result in a concentration that would increase at a
relatively steady rate. Stabilizing atmospheric concentrations
of CO, would require reducing emissions far below present-
day levels. Concentration and emissions scenarios, such as the
recently developed Representative Concentration Pathways
(RCPs) and scenarios developed earlier by the Intergovern-
mental Panel on Climate Change’s (IPCC) Special Report on
Emissions Scenarios (SRES), are used in Earth System Models
to study potential future climates. The RCPs span a range of
atmospheric targets for use by climate modelers,'*!* as do the
SRES cases. These global analyses form a framework within
which the climate contribution of U.S. mitigation efforts can be
assessed. In this report, special attention is given to the SRES
A2 scenario (similar to RCP 8.5), which assumes continued in-
creases in emissions, and the SRES B1 scenario (close to RCP
4.5), which assumes a substantial reduction of emissions (Ch.
2: Our Changing Climate; Appendix 5: Scenarios and Models).

Geoenglneerlng has been proposed as a third optlon for addressing’ cllmate change |n addltlon to,’ or anngsrde
mitigation and adaptation. Geoengineering refers to intentional modifications of the Earth system as a means to ad-
dress climate change. Three types of activities have been proposed: 1) carbon dioxide removal {CDR), which boosts
CO2 removal from the at_rnosphere by various means, such as fertilizing ocean processes and promoting land-use
practices that help take up carbon, 2) solar radiation management (SRM), which reflects a small percentage of
sunlight back into space to offset warming from greenhouse gases 15 and. 3) direct capture and’ storage of.COz from
the atmosphere.16 :

Current research suggests that SRM or CDR could diminish the impacts of clirnate change. However, once under—-_
taken, sudden cessation of SRM would exacerbate the climate effeéts on-human populations and etoSystems‘ and
sornme CDR might interfere with oceanic and terrestrial ecosystem processes.!” SRM undertaken by itself would not
slow increases in atmospheric CO2 concentrations, and would therefore also fail to address ocean acidification.
Furthermore, existing international institutions are not adequate to manage such global mterventrons The risks as-
sociated with such purposeful perturbations to the Earth system are thus poorly understood, suggesting the need for
caution and comprehensive research, including consideration of the implicit moral hazards. 18 : /

Section 1: U.S. Emissions and Land-Use Change
Industrial, Commercial, and Household Emissions

U.S. GLOBAL CHANGE RESEARCH PROGRAM

U.S. greenhouse gas emissions, not accounting for uptake by
land use and agriculture (see Figure 27.3), rose to as high as
7,260 million tons CO;z-e in 2007, and then fell by about 9%
between 2008 and 2012.%° Several factors contributed to the
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decline, including the reduction in energy use in response to
the 2008-2010 recession, the displacement of coal in electric
generation by lower-priced natural gas, and the effect of fed-
eral and state energy and environmental policies.?
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Carbon dioxide made up 84% of U.S. greenhouse gas emissions
in 2011. Forty-one percent of these emissions were attribut-
able to liquid fuels (petroleum), followed closely by solid fuels
(principally coal in electric generation), and to a lesser extent
by natural gas.? The two dominant production sectors respon-
sible for these emissions are electric power generation (coal
and gas) and transportation (petroleum). Flaring and cement
manufacture together account for less than 1% of the total. If
emissions from electric generation are allocated to their vari-
ous end-uses, transportation is the largest CO; source, contrib-
uting a bit over one-third of the total, followed by industry at
slightly over a quarter, and residential use and the commercial
sector at around one-fifth each.

A useful picture of historical patterns of carbon dioxide emis-
sions can be constructed by decomposing the cumulative
change in emissions from a base year into the contributions of
five driving forces: 1) decline in the CO; content of energy use,
as with a shift from coal to natural gas in electric generation, 2)
reduction in energy intensity — the energy needed to produce
each unit of gross domestic product (GDP) — which results from
substitution responses to energy prices, changes in the com-
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position of the capital stock, and both autonomous and price-
induced technological change, 3) changes in the structure of
the economy, such as a decline in energy-intensive industries
and an increase in services that use less energy, 4) growth in
per capita GDP, and 5) rising population.

Over the period 1963-2008, annual U.S. carbon dioxide emis-
sions slightly more than doubled, because growth in emissions
potential attributable to increases in population and GDP per
person outweighed reductions contributed by lowered energy
and carbon intensity and changes in economic structure (Fig-
ure 27.2). Each series in the figure illustrates the quantity of
cumulative emissions since 1963 that would have been gener-
ated by the effect of the associated driver. By 2008, fossil fuel
burning had increased CO; emissions by 2.7 billion tons over
1963 levels. However, by itself the observed decline in energy
would have reduced emissions by 1.8 billion tons, while the
observed increase in per capita GDP would have increased
emissions by more than 5 billion tons.

After decades of increases, CO; emissions from energy use
(which account for 97% of total U.S. emissions) declined by
around 9% between 2008 and 2012, largely due to a shift
from coal to less CO;-intensive natural gas for electricity
production.’ Trends in driving forces shown in Figure
27.2 are expected to continue in the future, though their
relative contributions are subject to significant uncer-
tainty. The reference case projection by the U.S. Energy
Information Administration (EIA) shows their net effect
being a slower rate of CO; emissions growth than in the
past, with roughly constant energy sector emissions to
2040.% It must be recognized, however, that emissions
from energy use rise and fall from year to year, as the
aforementioned driving forces vary.

The primary non-CO; gas emissions in 2011 were meth-
ane (9% of total CO;z-e emissions), nitrous oxide (5%),
and a set of industrial gases (2%). U.S. emissions of each
of these gases have been roughly constant over the past
half-dozen years.?? Emissions of methane and nitrous ox-
ide have been roughly constant over the past couple of
decades, but there has been an increase in the industrial
gases as some are substituted for ozone-destroying sub-
stances controlled by the Montreal Protocol.?

Yet another warming influence on the climate system
is black carbon (soot), which consists of fine particles
that result mainly from incomplete combustion of fossil
fuels and biomass. Long a public health concern, black
carbon particles absorb solar radiation during their short
life in the atmosphere (days to weeks). When deposited
on snow and ice, these particles darken the surface and
reduce the reflection of incoming solar radiation back to
space. These particles also influence cloud formation in
ways yet poorly quantified.?
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Land Use, Forestry, and Agriculture

The main stocks of carbon in its various
biological forms (plants and trees, dead

Sources and Srnks rn U S Agrlculture and Forests

wood, litter, soil, and harvested products) - 400

are estimated periodically and their rate of < o o e
change, or fiux, is calculated as the average 200 - ———t —————
annual difference between two time peri- - . & o | ' - * o |
ods. Estimates of carbon stocks and fluxes & o ' S — N W
for U.S. lands are based on land invento- .. 8" 200
ries augmented with data from ecosystem ' g
studies and production reports.?% : é’ -400 +
L=
U.S. lands were estimated to be a net sink " ; é 500
of between approximately 640 and 1,074 -~ = 800
million tons COz-e in the late 2000s.2627 . .
Estimates vary depending on choice of ' = -1000
datasets, models, and methodologies (see Livestock Crops Grasstand Forests  Urban Trees  Wetlands

Ch. 15: Biogeochemical Cycles, “Estimat- .. _.
ing the U.S. Carbon Sink,” for more discus-
sion). This net land sink effect is the result
of sources (from crop production, livestock
production, and grasslands) and sinks (in
forests, urban trees, and wetlands). Sourc-
es of carbon have been relatively stable over the last two de-
cades, but sinks have been more variable. Long-term trends
suggest significant emissions from forest clearing in the early
1900s followed by a sustained period of net uptake from for-
est regrowth over the last 70 years.”® The amount of carbon
taken up by U.S. land sinks is dominated by forests, which have
annually absorbed 7% to 24% (with a best estimate of about
16%) of fossil fuel CO; emissions in the U.S. over the past two
decades.®

The persistence of the land sink depends on the relative ef-
fects of several interacting factors: recovery from historical
land-use change, atmospheric CO; and nitrogen deposition,
natural disturbances, and the effects of climate variability
and change — particularly drought, wildfires, and changes in
the length of the growing season. Deforestation continues to
cause an annual loss of 877,000 acres (137,000 square miles)
of forested land, offset by a larger area gain of new forest of

Flgure 27 3 Graph shows annual average greenhouse gas emlssmns from Iand use
including: livestock and crop production, but does not include fossil fuels used in
_ agricultural production. Forests are a significant-*sink” that absorbs carbon droxnde
. from the atmosphere All values shown are for 2008, except wetlands whlch are .
" shown for 2003, _(Pacala et al. 2007;7 USDA 2011%%). . S I

about 1.71 million acres (268,000 square miles) annually.?
Since most of the new forest is on relatively low-productivity
lands of the Intermountain West, and much of the deforesta-
tion occurs on high-productivity lands in the East, recent land-
use changes have decreased the potential for future carbon
storage.3® The positive effects of increasing carbon dioxide
concentration and nitrogen deposition on carbon storage are
not likely to be as large as the negative effects of land-use
change and disturbances.® In some regions, longer growing
seasons associated with climate change may increase annual
productivity.3? Droughts and other disturbances, such as fire
and insect infestations, have already turned some U.S. land re-
gions from carbon sinks into carbon sources (see Ch. 13: Land
Use & Land Cover Change and Ch. 15: Biogeochemical Cycles).
The current land sink may not be sustainable for more than a
few more decades,® though there is a lack of consistency in
published resulits about the relative effects of disturbance and
other factors on net land-use emissions.3:3

Section 2: Activities Affecting Emissions

Early and large reductions in global emissions would be nec-
essary to achieve the lower emissions scenarios (such as the
lower B1 scenario; see Ch. 2: Our Changing Climate) analyzed
in this assessment. The principal types of national actions that
could effect such changes include putting a price on emissions,
setting regulations and standards for activities that cause
emissions, changing subsidy programs, and direct federal ex-
penditures. Market-based approaches include cap and trade
programs that establish markets for trading emissions permits,
analogous to the Clean Air Act provisions for sulfur dioxide re-
ductions. None of these price-based measures has been imple-
mented at the national level in the United States, though cap
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and trade systems are in place in California and in the North-
east’s Regional Greenhouse Gas Initiative. Moreover, a wide
range of governmental actions are underway at federal, state,
regional, and city levels using other measures, and voluntary
efforts, that can reduce the U.S. contribution to total global
emissions. Many, if not most of these programs are motivated
by other policy objectives — energy, transportation, and air pol-
lution — but some are directed specifically at greenhouse gas
emissions, including:

e reduction in CO; emissions from energy end-use and
infrastructure through the adoption of energy-efficient

CLIMATE CHANGE IMPACTS IN THE UNITED STATES



components and systems —
including buildings, vehicles,
manufacturing  processes,
appliances, and electric grid
systems;

s reduction of CO; emissions
from energy supply through
the promotion of renewables
(such as wind, solar, and bio-
energy), nuclear energy, and
coal and natural gas electric
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generation with carbon cap-
ture and storage; and

e reduction of emissions of
non-CO; greenhouse gases
and black carbon; for ex-
ample, by lowering meth-
ane emissions from energy
and waste, transitioning to
climate-friendly alterna-
tives to hydrofluorocarbons
(HFCs), cutting methane and
nitrous oxide emissions from
agriculture, and improving
combustion efficiency and
means of particulate capture.
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Programs underway that reduce carbon dioxide emissions include the promotion of solar, nuclear,
and wind power and efficient vehicles

Federal Actions

The Federal Government has implemented a number of mea-
sures that promote energy efficiency, clean technologies, and
alternative fuels.?® A sample of these actions is provided in
Table 27.1 and they include greenhouse gas regulations, other
rules and regulations with climate co-benefits, various stan-
dards and subsidies, research and development, and federal
procurement practices.

The U.S. Environmental Protection Agency (EPA) has a 40-
year history of regulating the concentration and deposition of
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criteria pollutants (six common air pollutants that affect hu-
man health). A 2012 Supreme Court decision upheld the EPA’s
finding that greenhouse gases “endanger public health and
welfare.”3¢ This ruling added the regulation of greenhouse gas
emissions to the Agency’s authority under the Clean Air Act.
Actions taken and proposed under the new authority have fo-
cused on road transport and electric power generation.

The U.S. Department of Energy (DOE) provides most of the
funding for a broad range of programs for energy research,
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development, and demonstration. DOE also has the authority
to regulate the efficiency of appliances and building codes for
manufactured housing. In addition, most of the other federal
agencies — including the Departments of Defense, Housing and
Urban Development, Transportation, and Agriculture — have
programs related to greenhouse gas mitigation.

The Administration’s Climate Action Plan®” builds on these ac-
tivities with a broad range of mitigation, adaptation, and pre-
paredness measures. The mitigation elements of the plan are
in part a response to the commitment made during the 2010
Cancun Conference of the Parties of the United Nations Frame-
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work Convention on Climate Change to reduce U.S. emissions
of greenhouse gases by 17% below 2005 levels by 2020. Ac-
tions proposed in the Plan include: 1) limiting carbon emissions
from both new and existing power plants, 2) continuing to
increase the stringency of fuel economy standards for auto-
mobiles and trucks, 3) continuing to improve energy efficiency
in the buildings sector, 4) reducing the emissions of non-CO;
greenhouse gases through a variety of measures, 5) increasing
federal investments in cleaner, more efficient energy sources
for both power and transportation, and 6) identifying new ap-
proaches to protect and restore our forests and other critical
landscapes, in the presence of a changing climate.

City, State, and Regional Actions

Jurisdiction for greenhouse gases and energy policies is shared
between the federal government and the states.! For example,
states regulate the distribution of electricity and natural gas to
consumers, while the Federal Energy Regulatory Commission
regulates wholesale sales and transportation of natural gas
and electricity. In addition, many states have adopted climate
initiatives as well as energy policies that reduce greenhouse
gas emissions. For a survey of many of these state activities,
see Table 27.2. Many cities are taking similar actions.

The most ambitious state activity is California’s Global Warm-
ing Solutions Act (AB 32), a law that sets a state goal to reduce

greenhouse gas emissions to 1990 levels by 2020. The state
program caps emissions and uses a market-based system of
trading in emissions credits (cap and trade), as well as a num-
ber of regulatory actions. The most well-known, multi-state
effort has been the Regional Greenhouse Gas Initiative (RGGI),
formed by ten northeastern and Mid-Atlantic states (though
New Jersey exited in 2011). RGGI is a cap and trade system
applied to the power sector with revenue from allowance
auctions directed to investments in efficiency and renewable
energy.

Voluntary Actions

Corporations, individuals, and non-profit organizations have
initiated a host of voluntary actions. The following examptes
give the flavor of the range of efforts:

* The Carbon Disclosure Project has the largest global col-
lection of self-reported climate change and water-use
information. The system enabies companies to measure,
disclose, manage, and share climate change and water-
use information, Some 650 U.S. signatories include banks,
pension funds, asset managers, insurance companies, and
foundations.

e Many local governments are undertaking initiatives to re-
duce greenhouse gas emissions within and outside of their
organizational boundaries.?® For example, over 1,055 mu-
nicipalities from all 50 states have signed the U.S. Mayors

Climate Protection Agreement,* and many of these com-
munities are actively implementing strategies to reduce
their greenhouse gas footprint.

¢ Under the American College and University Presidents’
Climate Commitment (ACUPCC), 679 institutions have
pledged to develop plans to achieve net-neutral climate
emissions through a combination of on-campus changes
and purchases of emissions reductions elsewhere.

* Voluntary compliance with efficiency standards devel-
oped by industry and professional associations, such as
the building codes of the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE), is
widespread.
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e Federal voluntary programs include Energy STAR, a label-
ing program that identifies energy efficient products for
use in residential homes and commercial buildings and
plants, and programs and partnerships devoted to reduc-
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ing methane emissions from fossil fuel production and
landfill sources and high GWP emissions from industrial
activities and agricultural conservation programs.

Costs of Emissions Reductions

The national cost of achieving U.S. emissions reductions over
time depends on the level of reduction sought and the par-
ticular measures employed. Studies of price-based policies,
such as a cap and trade system, indicate that a 50% reduction
in emissions by 2050 could be achieved at a cost of a year or
two of projected growth in gross domestic product over the
period (for example, Paltsev et al. 2009; EIA 2009*°). However,

because of differences in analysis method, and in assumptions
about economic growth and technology change, cost projec-
tions vary considerably even for a policy applying price pen-
alties.* Comparisons of emissions reduction by prices versus
regulations show that a regulatory approach can cost substan-
tially more than a price-based policy.*?

CO-BENEFITS FOR AIR POLLUTION AND HUMAN HEALTH

Actions to reduce greenhouse gas emissions can yreld co benefrts for objectrves apart from cllmate change such
as energy security, health, ecosystem services, and brodrversrty 4344 The co-benefits for reductions in air pollutlon
have received particular attention. Because air pollutants and greenhouse gases share common sources, particularly
from fossil fuel combustion, actions to reduce greenhouse gas emissions ‘also reduce air pollutants. While some
greenhouse gas reduction measures mrght increase other, emrssrons broad programs to reduce greenhouse gases

. across an economy or a sector can reduce air pol-
lutants markedly.*#5" (Unfortunately for. climate
mitigation, cutting sulfur dioxide .poliution- from.
coal burning also reduces the cooling influence of
reflective particles formed from these emissions in
the atmosphere.*6) - '

There is- significant interest in quantifying the air
pollution and human health co-benefits of green-
house gas mitigation, particularly from the public
-health comm'unity,“‘.“‘7 as the human health ben-
efits can be rmmedrate and local, in contrast to
the Iong-term and. widespread effects of climate

" change.*8 ‘Many studies have found that monetized

. health - and po!lutlon control benefits can be of -
similar magnitude to abatement costs (for-exam- |8
ple, Nemet et al. 2010; Burtraw et al. 2003%49), -

*. Methane reductions have also been.shown to gen-

erate health benefits from reduced ozone.5° Srmllarly, in developrng natrons ‘reducing black carbon from household
~ cook stoves substantially reduces air pollution-related illness and death.®! Ancillary health beneﬂts in developing
- countries typically exceed those in developed countries for a variety of reasons.*® But only |n very few cases are these
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Section 3: Preparation for Potential Future Mitigation Action

To meet the emissions reduction in the lower (B1} scenario
used in this assessment (Ch. 2: Our Changing Climate) under
reasonable assumptions about managing costs, annual global
CO; emissions would need to peak at around 44 billion tons
within the next 25 years or so and decline steadily for the rest
of the century. At the current rate of emissions growth, the
world is on a path to exceed the 44 billion ton level within a de-
cade (see “Emissions Scenarios and RCPs”). Thus achievement
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of a global emissions path consistent with the B1 scenario will
require strenuous action by all major emitters.

Policies already enacted and other factors lowered U.S. emis-
sions in recent years. The Annual Energy Outlook prepared by
the EIA, which previously forecasted sustained growth in emis-
sions, projected in 2013 that energy-related U.S. CO; emis-
sions would remain roughly constant for the next 25 years.?
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Moreover, through the President’s Climate Action Plan, the
Administration has committed to additional measures not yet
reflected in the EIA’s projections, with the goal of reducing
emissions about 17% below 2005 levels by 2020. Still, addition-
al and stronger U.S. action, as well as strong action by other
major emitters, will be needed to meet the long-term global
emission reductions reflected in the B1 scenario.

Achieving the B1 emissions path would require substantial de-
carbonization of the global economy by the end of this century,
implying a fundamental transformation of the global energy
system. Details of the energy mix along the way differ among
analyses, but the implied involvement by the U.S. can be seen
in studies carried out under the U.S. Climate Change Science
Program®® and the Energy Modeling Forum.***¢ In these stud-
ies, direct burning of coal without carbon capture is essentially
excluded from the power system, and the same holds for natu-
ral gas toward the end of the century — to be replaced by some
combination of coal or gas with carbon capture and storage,
nuclear generation, and renewables. Biofuels and electricity
are projected to substitute for oil in the transport sector. A sub-
stantial component of the task is accomplished with demand
reduction, through efficiency improvement, conservation, and
shifting to an economy less dependent on energy services.

The challenge is great enough even starting today, but delay by
any of the major emitters makes meeting any such target even
more difficult and may rule out some of the more ambitious

EMISSIONS SCENARIOS AND RCPs

The . Representative -Concentration Pathways (RCPs)
specify alternative limits to human i'nfluence on the
Earth’s energy balance, stated in watts per square meter
(W/m2) of the Earth’s surface.!352 The A2 emissions sce-
nario |mphes_ atmospheric concentrations with.radiative
forcing slightly lower than the highest RCP, which is 8.5
W/m2. The lower limits, at 6.0, 4.5 and 2.6 W/m?, imply
ever-greater mitigation efforts. The B1 scenario (rapid
emissions reduction) is close to the 4.5 W/m2 RCP%3 and
to a similar case (Level 2) analyzed in a previous federal
- study.® 54 Those assessments find that, to limit the eco-
nomic costs, annual- global CO2 emissions. from fossH
fuels and -industrial sources like cement manufacture,
need to peak by 2035 to 2040 at around 44 billion
- tons of CO2, and decline thereafter. The scale of the
task can be seen in the fact that these global emissions
were already at 34 billion tons CO2 in 2011, and.over
the previous decade they. rose at around 0.92 billion
tons of CO2 per year.!° The lowest RCP would require’
. an even more rapid turnaround-and negative net emis-
sions — that is, removing more CO2 from the air than is
. emitted globally - in this century.®2 :
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goals.>** A study of the climate change threat and potential
responses by the U.S. National Academies therefore concludes
that there is “an urgent need for U.S. action to reduce green-
house emissions.”” The National Research Council (NRC) goes
on to suggest alternative national-level strategies that might
be followed, including an economy-wide system of prices on
greenhouse gas emissions and a portfolio of possible regula-
tory measures and subsidies. Deciding these matters will be a
continuing task, and U.S. Administrations and Congress face a
long series of choices about whether to take additional miti-
gation actions and how best to do it. Two supporting activi-
ties will help guide this process: opening future technological
options and development of ever-more-useful assessments of
the cost effectiveness and benefits of policy choices.

Many technologies are potentially available to accomplish
emissions reduction. They include ways to increase the effi-
ciency of fossil energy use and facilitate a shift to low-carbon
energy sources, sources of improvement in the cost and per-
formance of renewables (for example, wind, solar, and bioen-
ergy) and nuclear energy, ways to reduce the cost of carbon
capture and storage, means to expand terrestrial sinks through
management of forests and soils and increased agricultural
productivity,? and phasing down HFCs. In addition to the re-
search and development carried out by private sector firms
with their own funds, the Federal Government traditionally
supports major programs to advance these technologies. This
support is accomplished in part by credits and deductions in
the tax code, and in part by federal expenditure. For example,
the 2012 federal budget devoted approximately $6 billion to
clean energy technologies.*® Success in these ventures, lower-
ing the cost of greenhouse gas reduction, can make a crucial
contribution to future policy choices.!

Because they are in various stages of market maturity, the
costs and effectiveness of many of these technologies remain
uncertain: continuing study of their performance is important
to understanding their role in future mitigation decisions.*® In
addition, evaluation of broad policies and particular mitigation
measures requires frameworks that combine information from
a range of disciplines. Study of mitigation in the near future
can be done with energy-economic models that do not as-
sume large changes in the mix of technologies or changes in
the structure of the economy. Analysis over the time spans re!-
evant to stabilization of greenhouse gas concentrations, how-
ever, requires Integrated Assessment Models, which consider
all emissions drivers and policy measures that affect them,
and that take account of how they are related to the larger
economy and features of the climate system.’*556 This type
of analysis is also useful for exploring the relations between
mitigation and measures to adapt to a changing climate.

Continued development of these analytical capabilities can

help support decisions about national mitigation and the U.S.
position in international negotiations. In addition, as shown
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above, mitigation is being undertaken by individuals and firms
as well as by city, state, and regional governments. The capac-
ity for mitigation from individual and household behavioral
changes, such as increasing energy end-use efficiency with
available technology, is known to be large.5® Although there
is capacity, there is not always broad acceptance of those be-
havioral changes, nor is there sufficient understanding of how
to design programs to encourage such changes.5* Behavioral
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and institutional research on how such choices are made and
the results evaluated would be extremely beneficial. For many
of these efforts, understanding of cost and effectiveness is
limited, as is understanding of aspects of public support and
institutional performance; so additional support for studies
of these activities is needed to ensure that resources are ef-
ficiently employed.

|NTERACT|ONS BETWEEN ADAPTATION AND MITIGATION

There are various ways in which mltlgation efforts and adaptation measures are iinterdependent (see Ch. 28: Adapta-
tion). For example, the use of plant material as a substitute for petroleum-based transportation fuels or directly as a sub-
stitute for burning coal or gas for electricity generatlon has received substantial attention.®! But land used for mitigation
purposes is potentially not available for food production, even as the global demand for agncultural products continues

__to rise.®? Conversely, land required for adaptation strategies, like setting aside wildlife corridors or expanding the extent

- of conservation areas, is potentially not available for mitigation involving the use of plant material, or active manage-
ment practices to enhance carbon storage in vegetation or soils. These p055|ble interactions are poorly understood but
potentially important, especially as climate change itself affects vegetation and ecosystem productivity and carbon stor-
age. lncreasmg agricultural productivity to adapt to chmate change can also serve to mitigate climate change

U.S. GLOBAL CHANGE RESEARCH PROGRAM

Section 4: Research Needs

e Engineering and scientific research is needed on the de-
velopment of cost-effective energy use technologies (de-
vices, systems, and control strategies) and energy supply
technologies that produce little or no CO; or other green-
house gases.

e Better understanding of the relationship between emis-
sions and atmospheric greenhouse gas concentrations is
needed to more accurately predict how the atmosphere
and climate system will respond to mitigation measures.

* The processes controlling the land sink of carbon in the
U.S. require additional research, including better monitor-
ing and analysis of economic decision-making about the
fate of land and how it is managed, as well as the inherent
ecological processes and how they respond to the climate
system.

658

e Uncertainties in model-based projections of greenhouse
gas emissions and of the effectiveness and costs of policy
measures need to be better quantified. Exploration is
needed of the effects of different model structures, as-
sumptions about model parameter values, and uncertain-
ties in input data.

* Social and behavioral science research is needed to inform
the design of mitigation measures for maximum participa-
tion and to prepare a consistent framework for assessing
cost effectiveness and benefits of both voluntary mitiga-
tion efforts and regulatory and subsidy programs.
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Table 27 1 A number of exrstrng federal Iaws and regulatrons target ways to reduce future ctrmate change by decreasrng greenhouse gas emrssrons
emitted by human actrvrtres

Sample Federal Mitigation Measures

"Greenhouse Gas Regulations , _

f'Emrssrons Standards for Vehicles and Engrnes . : _ .
3 For lrght—duty vehtcles rules establrshrng standards for. 2012-2016 model years and 2017 2025 modet years '_ e t

fas For heavy- and medrum-duty trucks a ruIe estabtrshrng standards for 2014—2018 model years

Greenhouse Gas Reportrng Program - o : ’ ) '
* -- A program requiring annual reporting. of greenhouse gas data from Iarge emission sources and supptrers of products that emrt
greenhouse gases when reIeased or combusted.

‘Other-Rulesand Regulatrons with Ctrmate Co-Benefrts

" Oil and Natural Gas Air Pollution Standards S o T : o .
- -- A rule revising New Source Performance Standards and Natronat Emrssron Standards for Hazardous Air Potlutants for certarn ;
, components of the oil and natural gas industry. . - : .

o Particle control regulatrons affectmg mobrle sources (especrally diesel engrnes) that reduce black carbon by controtlrng drrect

. ' partrcle emrssrons

_Nationa -\orest Plannrng :
- Identlﬁcatron and evatuatron of rnformatron retevant to a baselrne assessment of carbon stocks

..,,‘

- Reportrng of net carbon stock changes on forestland

"Standards and Subsrdtes

:_“App//ance and Bur/drng Eff crency Standards ” -
j. - Energy efﬁcrency standards and test procedures for resrdentrat commercral rndustnal Irghtrng, and plumbrng products

: Frnancral Incentives for Efficiency and Alternative Fuels and Technology o ) ;
-- Weatherization assistance for low-income households, tax incentives for commercrat and resrdentral burldrngs and efﬁcrent ' ;
-_ applrances and support for state and Iocal eft' crency programs . : N

;;-- Tax credrts for brodreset and advanced brofuet productron alternatrve fuet infi ructure 'a'nd';purchase 'of etectric \iehicles

e Loan guarantees for innovative energy -or advanced technotogy vehrcle production and manufactunng, investment and productron :
tax credrts for renewable energy. . _ K

- Execu ve orders and federal statutes requrrlng federat agencres to reduce burldtng energy and resource consumptton rntensrty and
to proclre alternatrve fuet vehrcles o . . . S :

- Agency rnrtrated programs in most departments orlented to Iowerrng energy use and greenhouse gas emrssrons
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Table 27.2. Most states and Natlve communrtres have: rmplemented programs to reduce greenhouse gases or adopt rncreased
energy eff iciency goals.

State Climate and Energy Initiatives

,_EXampl_es of greenhouse gas potioies include:

Greenhouse Gas Reportrng and Regrstnes
http //www c2es. orglus states reglons/pohcy-mapslghg reportmg65

Greenhouse Gas Emissions Targets A ‘
http: //www cZes. org/us states regrons/pollcy maps/emtssrons targetsSG

COz Controls on Electric Power plants -
_ http:/iwww.edf. org/srtes/defautt/ﬁles/state ghg standards 03132012 pdt“’7 o

Low- Garbon Fuel Standards .
http fwww. c2es org/us states regrons/pohcy maps/low carbon fuel standard“ :

: Chmate Actron Plans . :
: http Thww, cZes org/us states regrons/pohcy maps/actron plan69

Cap and Trade Programs
http ifarb.ca. gov/cc/capandtradelcapandtrade htm7°

Regronal Agreements - : e .
' http:/fwww. cZes org/us states reglons/regronat-clrmate |n|t|atrves#WCt71

_ATrrbaI Communltres
- http: llwww epa. gov/statetocalchmate/trrbal’?_ LT

;;:States have also taken a number of energy measures' motrvated in part by greenhouse gas concerns For exampte

iRenewable PortfohoStandards I A S
http//wwwdsrreusa org/doc ntslsummaryma'ps/RPS_map.pdf’3 D

E_.erg.y Efﬁciency Resource Standard
. .o 7 http/iwww.dsireusa. org/documents/summarymaps/EERS map pdf74

_Propert’Tax Incentlves for Renewables : o
2N ' _http //www dsireusa. orgldocuments/summarymaps/75
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27: MITIGATION

Process for Developing Key Messages:
Evaluation of literature by Coordinating Lead Authors

Key MESSAGE #1 TRACEABLE ACCOUNT

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 activi-
ties. Therefore, mitigation efforts that only stabi-
lize 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.

Description of evidence base

The message is a restatement of conclusions derived from the
peer-reviewed literature over nearly the past 20 years (see Section
1 of chapter). Publications have documented the long lifetime of
CO2 in the atmosphere, resulting in long time lags between action
and reduction,®!*76 and Earth System Models have shown that
stabilizing emissions will not immediately stabilize atmospheric
concentrations, which will continue to increase.*

New information and remaining uncertainties

There are several important uncertainties in the current carbon
cycle, especially the overall size, location, and dynamics of the
land-use sink®!! and technological development and performance.

Simulating future atmospheric concentrations of greenhouse gases
requires both assumptions about economic activity, stringency of
any greenhouse gas emissions control, and availability of technolo-
gies, as well as a number of assumptions about how the changing
climate system affects both natural and anthropogenic sources.

Assessment of confidence based on evidence

Very High. Observations of changes in the concentrations of green-
house gases are consistent with our understanding of the broad
relationships between emissions and concentrations.
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Moderate evidence (several
sources, some consistency,

methods vary and/or documen-

tc.), medium

c trapolations,
inconsistent findings, poor docu-
mentation and/or methods not
tested, etc.), disagreement or
lack of opinions among experts

Kev messace #2 TRACEABLE AcCOUNT

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, glob-
al 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.

Description of evidence base

A large number of emissions scenarios have been modeled, with
a number of publications showing what would be required to limit
CO213535477 t0 any predetermined limit. At current concentrations
and rate of rise, the emissions of CO2 would need to peak around
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44 billion tons within the next 25 years in order to stabilize con-
centrations as in the Bl scenario. Given the rate of increase in
recent years,!° this limit is expected to be surpassed.’

New information and remaining uncertainties

Uncertainties about the carbon cycle could affect these calcu-
lations, but the largest uncertainties are the assumptions made
about the strength and cost of greenhouse gas emissions policies.

Assessment of confidence based on evidence

The confidence in the conclusion is high. This is a contingent
conclusion, though - we do not have high confidence that the
current emission rate will be sustained. However, we do have high
confidence that if we do choose to limit concentrations as in the
B1 scenario, emissions will need to peak soon and then decline.

Key messace #3 TRacEABLE ACCOUNT

Over recent decades, the U.S. economy has emit-
ted a decreasing amount of carbon dioxide per dol-
lar 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 United States as a result of a variety of
factors, including changes in the economy, the de-
velopment of new energy production technologies,
and various government policies.

Description of evidence base

Trends in greenhouse gas emissions intensity are analyzed and
published by governmental reporting agencies.?%2326 Published,
peer-reviewed literature cited in Section 2 of the Mitigation Chap-
ter supports the conclusions about why these trends have oc-
curred.”®

New information and remaining uncertainties
Economic and technological forecasts are highly uncertain.

Assessment of confidence based on evidence

High. The statement is a summary restatement of published analy-
ses by government agencies and interpretation from the reviewed
literature.

Kev messasE #4 TRACEABLE ACCOUNT

Carbon storage in land ecosystems, especially
forests, has offset around 17% of annual U.S. fos-
sil fuel emissions of greenhouse gases over the
past several decades, but this carbon “sink” may
not be sustainable.

Description of evidence base

Underlying data come primarily from U.S. Forest Service Forest
Inventory and Analysis (FIA) plots, supplemented by additional
ecological data collection efforts. Modeling conclusions come
from peer-reviewed literature. All references are in Section 2 of
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the Mitigation Chapter. Studies have shown that there is a large
land-use carbon sink in the United States.?52”2® Many publica-
tions attribute this sink to forest re-growth, and the sink is pro-
jected to decline as a result of forest aging®®-3!33 and factors like
drought, fire, and insect infestations® reducing the carbon sink of
these regions.

New information and remaining uncertainties

FIA plots are measured extremely carefully over long time periods,
but do not cover all U.S. forested land. Other U.S. land types
must have carbon content estimated from other sources. Modeling
relationships between growth and carbon content, and taking CO2
and climate change into account have large scientific uncertain-
ties associated with them.

Assessment of confidence based on evidence

High. Evidence of past trends is based primarily on government
data sources, but these also have to be augmented by other data
and models in order to incorporate additional land-use types. Pro-
jecting future carbon content is consistent with published models,
but these have intrinsic uncertainties associated with them.

Kev messace #5 TraceasLe AccouT

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 Unit-
ed States, even though there is no comprehensive
national climate legislation. Over the remainder of
this century, aggressive and sustained greenhouse
gas emission reductions by the United States and
by other nations would be needed to reduce global
emissions to a level consistent with the lower sce-
nario (B1) analyzed in this assessment.

Description of evidence base

The identification of state, local, regional, federal, and voluntary
programs that will have an effect of reducing greenhouse gas emis-
sions is a straightforward accounting of both legislative action and
announcements of the implementation of such programs. Some
of the programs include the Carbon Disclosure Project (CDP), the
American College and University Presidents’ Climate Commitment
(ACUPCC), U.S. Mayors Climate Protection Agreement,®® and
many other local government initiatives.38 Several states have also
adapted climate policies including California’s Global Warming
Solutions Act (AB 32) and the Regional Greenhouse Gas Initiative
(RGGI). The assertion that they will not lead to a reduction of US
CO2 emissions is supported by calculations from the U.S. Energy
Information Administration.

New information and remaining uncertainties

The major uncertainty in the calculation about future emissions
levels is whether a comprehensive national policy will be imple-
mented.
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TRaCEAZLE AICO TS

Assessment of confidence based on evidence

. Very High. There is recognition that the implementation of volun-
tary programs may differ from how they are originally planned,
and that institutions can always choose to leave voluntary pro-
grams (as is happening with RGGI, noted in the chapter). The
statement about the future of U.S. CO2 emissions cannot be taken
as a prediction of what will happen - it is a conditional statement
based on an assumption of no comprehensive national legislation
or regulation.
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ADAPTATION
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'.KEY MESSAGES | - | o o .
1. Substantial adaptation plannmg is occumng in the publrc and prrvate sectors and atall levels of

- government; however, few | measures have been rmplemented and those that have appear to be
_mcremental changes ' : o _ _

2. Bamers to |mplementatron of adaptatron rnclude hmrted fundrng, pollcy and legal |mpedlments
_ _and drffrculty in antrcrpatrng clrmate related changes at local scales.__..-: AR

3. There is no “one- size flts all” adaptatron but there are srmrlarrtres in approaches across regrons
~and sectors. Sharing best practices, learnmg by domg, and |terat|ve and collaboratrve processes
rncludmg stakeholder mvolvement can-help support progress

4. Climate change adaptatron actrons often fulfrll other societal goals such as sustainable _
. development, disaster risk reduction, or |mprovements in qualrty of hfe and can therefore be
mcorporated into exrstmg decrsron makmg processes ,

5. .-Vulnerabrhty to chmate change is exacerbated by other stresses such as’ pollutron habltat -
“‘fragmentation, and poverty. Adaptatron to muitiple stresses requires assessment of the' composrte :
'threats as well as tradeoffs among costs, beneflts ~and rrsks of avallable optrons '

6..The effectrveness of climate change adaptatlon has seldom been evaluated because actlons have"
- only recently heen mrtrated and comprehenswe evaluatlon metrrcs do not yet exrst

Over the past few years, the focus moved from the question
“Is climate changing?” to the equally important question: “Can
society manage unavoidable changes and avoid unmanageable
changes?”"2 Research demonstrates that both mitigation
{efforts to reduce future climate changes) and adaptation
(efforts to reduce the vulnerability of society to climate change
impacts) are needed in order to minimize the damages from
human-caused climate change and to adapt to the pace and
ultimate magnitude of changes that will occur.***

Adaptation and mitigation are closely linked; adaptation
efforts will be more difficult, more costly, and less likely to
succeed if significant mitigation actions are not taken.*® The
study and application of adaptation in the climate change
realm is nascent compared to the many analyses of mitigation
policies and practices to reduce emissions. Uncertainties
about future socioeconomic conditions as well as future
climate changes can make it difficult to arrive at adaptation
decisions now. However, the pace and magnitude of projected
change emphasize the need to be prepared for a wide range
and intensity of climate impacts in the future. Planning and
managing based on the climate of the last century means
that tolerances of some infrastructure and species will be
exceeded.”™ For example, building codes and landscaping
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ordinances will likely need to be updated not only for energy
efficiency but also to conserve water supplies, protect against
disease vectors, reduce susceptibility to heat stress, and
improve protection against extreme events.>’ Although there
is uncertainty about future conditions, research indicates that
intelligent adaptive actions can still be taken now.'** Climate
change projections have inherent uncertainties, but it is still
important to develop, refine, and deploy tools and approaches
that enable iterative decision-making and increase flexibility
and robustness of climate change responses {Ch. 2: Our
Changing Climate).”

Climate change affects human health, natural ecosystems,
built environments, and existing social, institutional, and
legal arrangements. Adaptation considerations include
local, state, regional, national, and international issues. For
example, the implications of international arrangements
need to be considered in the context of managing the Great
Lakes, the Columbia River, and the Colorado River to deal
with drought.”** Both “bottom up” community planning and
“top down” national strategies' may help regions deal with
impacts such as increases in electrical brownouts, heat stress,
floods, and wildfires. Such a mix of approaches will require
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cross-boundary coordination at multiple levels as operational
agencies integrate adaptation planning into their programs.

Adaptation actions can be implemented reactively, after
changes in climate occur, or proactively, to prepare for projected
changes.11 Proactively preparing can reduce the harm from
certain climate change impacts, such as increasingly intense
extreme events, shifting zones for agricultural crops, and rising
sea levels, while also facilitating a more rapid and efficient
response to changes as they happen. This chapter highlights

ADAPTATION KEY TERMS DEFINITIONS

Adapt Adaptatron Adjustment in natural or human systems to anew or changmg envrronment that explmts benefrcral

opportunrtres or moderates negative effects.

Adaptlve Capacity: The potentral of a system to adjust to climate change (mcludmg clrmate varlabrlrty and extremes)
to moderate potential damages, take advantage of opportunities, and cope with the consequences.’.

Mitigation: Technological change and substitutions that reduce resource. mputs and emissions per umt of output.
Although several social, economic, and technologrcal actions would reduce emissions, with respect to climate
- change, mitigation means implementing.actions to reduce greenhouse gas-emissions or- increase the amount of
carbon dioxide absorbed and stored by hatural and man- made carbon srnks (see Ch. 27: Mrtlgatlon)

Multlple Stressors Stress that orrgmates from different sources that affect natural managed and socroeconomrc.-
systems and can cause impacts that are compounded and sometlmes unexpected An example would be when
economic or market stress combines wrth drought to negatively |mpact farmers

Reslllence A capablhty to ant|C|pate prepare for respond to, and i recover from srgnlflcant muItr hazard threats wrth_
-mrmmum damage to social well- -being, the economy, and the envrronment ' : o

Risk: A combination of the magnltude of the potentlal consequence(s) of clrmate change |mpact(s) and the lrkehhood

that the consequence(s) witl occur,

Vulnerability: The ‘degree to which a system is susceptrble to, or unable to cope wrth adverse effects of chmate
change mcludlng climate varrablllty and extremes Vulnerabrlrty is.a function of the.character, magnrtude and rate -
of clrmate vanatlon to WhICh a system is exposed |ts sensrtwrty, and rts adaptrve capaC|ty : -

*Definitions adapted from (IPCC 2007 NRC 2007 2010 )

28: ADAPTATION

efforts at the federal, regional, state, tribal, and local levels,
as well as initiatives in the corporate and non-governmental
sectors to build adaptive capacity and resilience in response to
climate change. While societal adaptation to climate variability
is as old as civilization itself,15 the focus of this chapter is on
preparing for unprecedented human-induced climate change
through adaptation. A map of illustrative adaptation activities
and four detailed case examples that highlight ongoing
adaptation activity across the U.S. are provided in Section 4 of
this chapter.
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Adaptation Activities in the United States

Federal Government

Federal leadership, guidance, information, and support are
vital to planning for and implementing adaptation actions at all
scales and in all affected sectors of society (Table 28.1).“'""19'20
Several new federal climate adaptation initiatives and
strategies have been developed in recent years, including:
¢ Executive Order (EO) 13514, requiring federal agencies to
develop recommendations for strengthening policies and
programs to adapt to the impacts of climate change;™
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* the release of President Obama’s Climate Action Plan in June
2013, which has as one of its three major pillars, preparing
the United States for the impacts of climate change, including
building stronger and safer communities and infrastructure,
protecting the economy and natural resources, and using
sound science to manage climate impacts;22

¢ the creation of an Interagency Climate Change Adaptation
Task Force (ICCATF) (now the Council on Climate Prepared-
ness and Resilience, per Executive Order 13653%) that led to
the development of national principles for adaptation and
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is leading to crosscutting and government-wide adaptation
policies;

¢ the development of three crosscutting national adaptation
strategies focused on integrating federal, and often state,
local, and tribal efforts on adaptation in key sectors: 1) the
National Action Plan: Priorities for Managing Freshwater Re-
sources in a Changing Climate;z" 2) the National Fish, Wildlife
and Plants Climate Adaptation S'cra'regy;25 and 3) a priority
objective on resilience and adaptation in the National Ocean
Policy Implementation Plan;zs

¢ anew decadal National Global Change Research Plan (2012~
2021) that includes elements related to climate adaptation,
such as improving basic science, informing decisions, improv-
ing asssssments, and communicating with and educating the
pubtic; 7

 the development of several interagency and agency-specific
groups focused on adaptation, including a “community of

28: ADAPTATION

practice” for federal agencies that are developing and imple-
menting adaptation plans, an Adaptation Science Workgroup
inside the U.S. Global Change Research Program (USGCRP),
and several agency specific climate change and adaptation
task forces; and

¢ a November 2013 Executive Order entitled “Preparing the
United States for the Impacts of Climate Change” that, among
other things, calls for the modernizing of federal programs to
support climate resilient investments, managing lands and
waters for climate preparedness and resilience, the creation
of a Council on Climate Preparedness and Resilience, and the
creation of a State, Local, and Tribal Leaders Task Force on
Climate Preparedness and Resilience.”

Federal agencies are all required to plan for adaptation. Actions
include coordinated efforts at the White House, regional and
cross-sector efforts, agency-specific adaptation plans, as well
as support for local-level adaptation planning and action. Table
28.1lists examples, but is not intended as a comprehensive list.

Tahle 28.1. Examples of Individual Federal Agency Actions to

-.Age'ncy Component B

e Developed Adaptatlon Plans as
part of their annual Strategic Sus-
ainability Perfomlance Plans

" Centers for Disease -
~ Control and Prevention *
. {(cDey . :

Department of Healrh and' Human
Servuces (HHS)

Developed a Natlonal Roadmap -,
. for Responding to Climate Change
. and a Guidebook for Developing
Adaptatlon Options, among many
: resources’

'uspA " Forest Service "

'-:uepa_rtnren_t of (:ommerc_e' (ec) - NOAA .

‘Department of Defense (DoD)

U.S. GLOBAL CHANGE RESEARCH PROGRAM

Promote lmplement and Support Adaptatron at Multlple Scales

: Cllmate Ready States and Cltles
: Imtlatrve :

it Supporting research teams and .

" local communities on adaptation- :*
"4 related issues and develops tools
nd resources _

" 'Developed a DoD Climate .
- Change Adaptation Roadmap, . -

673

Actron . Descnptron

The 2012 Strateglc Sustalnabrllty Performance
Plans for-Federal agencies contain specific .
sections. on adaptation.. Agencies are requrred :

to evaluate climate risks and vulnerabilities to

‘ ' manage both short- and long-term effects on -’
mlssrons -and operatlons i o

Through their first cllmate change cooperatrve
agreements in 2010 CDC awarded $5.25° mil-..
.lion to ten state and local heaith departments’

to assess risks and develop programs to address
clrmate change related challenges o

USDA is- usmg exrstmg networks such as the c
Cooperatrve Extension Service, the Natural’ -
Resource Cotiservation Districts, ~and the. Forest -
o Service's Climate Change Resource Center'to

.l provide climate services to rural and agncultural

.i stakeholders

The Nat/onal Roadmap was developed in 2010
to |dent|fy short~ and long-term actlons to reduce
" climate change risks to the natlon s forests and
..grasslands. The Guidebook builds on this previ-
. ous work and provides science-based strateglc

- and tact|cal approaches to adaptatlon

3 e Reglonal lntegrated SCIences
and Assessments (RISAs) program, develop
. coliaboration between researchers and manag-
, ers to better manage climate risks. Through '
. the Regional Climate Centers (RCCs) and the
Dlgltal Coast partnershlp, delrver scrence fo o
) support decrsmn makrng - T

DoD released rts mmal Deparfment-level

Climate Change Adaptation Roadmap in 2012.

The Roadmap identifies four goals that serve

as the foundation for guiding the Department’s
_response to climate change that inciude using

~a robust decision making approach based on

. the best avarlable science.
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Table 28.1. Examples of Individual Federal Agency Actions to

Promote, Implement, and Support Adaptation at Multrple Scales* (Contmued)

P 5 change adaptatron plan in 2011 has a goal 1o -
;d:r‘:garfgr;zgg Irr;r::ér:rggprogress | reduce vulnerabilities and improve resilience
vulner abrllty assessments and of water resources infrastructure impacted by-
d evelopment of pohcy a nd N climate change. Vulnerabrtlty assessments and
g E T pilot projects are in progress Other gurdance is
‘ undenNay C - i :

. The Navy Arctrc Roadmap (November 2009)
- .. promotes maritime security and naval readiness
- in a.changing Arctic. The Climate Change
- Roadmap (May 2010) examines broader issues -
“of climate change impacts on Navy missions
. and capablhtres globally o

U S Anny Corps of
Engmeers (USACE)
: fr Civil- Works Program

. R . o . i Developed road maps for ' .
Db -~ ... _. Department of the Navy - * adaptation in the Arctic and across.
. K I '-Z""';.theglobe et

B S IR

- . Develop hrgher spatral and .
emporal scales of climate: - - -
prOJectlons and mtegrate S

¥ Develops communlty based hlgh-resolutron
{temporal and spatial) | models for climate
pro;ectrons ‘and rntegrated assessment' models a
i adaptation and climate that tncreaslngly reflect multi-sectoral processes :
;' considerations into mtegrated i and interactions, multiple stressors, coupied-

: assessments A RRNE lmpacts and adaptatlon potenttal

o The 2013 DOE Report “Us. Energy Sector -

o Developed climate change : . ‘Vulnerabilities to Climate'Change and Extreme
o o S  .adaptation plan; and completed - Weather” examines current and potential future
DOE - . o ~© - - comprehensive study of impacts-of climate trends and identifies activities
: S . . C - Lo . vulnerabilities to the energy sector underway and potential opportunities to

% xe‘:;:':e change and exireme _-'-‘enhance energy system climate preparedness

FEMA released a Clrmate hange Adaptatron
Policy.Statement establishing the Agency’s )
-1} approach to supportlng the Departmentin -
ensuring resilience to. dlsasters in.the face of .-
climate change FEMA's action areas focus :

+ on developing actionable “uture risk” tools
enabling state and local adaptation, and buﬂdmg
resrllence capabrlrtles

;-the Nation-fo helpfthem pnontrze
f therr actrvmes to reduce risks

4
Bl
N
i

K|
N

e S T Establlshedaframework to help ensure the
Developed a FWS climate ~ -+~ | sustainability of fish, wildlife; plants, and

T . change strategic ptan (2010) - . - habitats in the face of climate change. Created
Department of the Interior (DOI) ~ zr_sll'\;sa)nd Wldlrfe Servrce and established a network _ . a network of 22 LCCs to promote shared
R : I of Landscape Conservation .~ ~ conservatron goals approaches, and resource

'Cooperaﬁves (LCCs) - . _._' h management planning and |mplementatton .
R oY across the Unlted States. © ©

B DOI operates a National Cllmate Change and B
= ', Wildlife Center and eight regional CSCs, which

L U.S. Geologlcal Survey . stabllshed a network of Clrmate : provide scientific information and.tools that land, -

oo

(USGS) crence Centers (CSCs) water, wildlife; and culturai | resource managers
; . . : :and other stakeholders cari apply to’ antrcrpate
_éi. ) B e 'monltor and adapt to clrmate change L
. . g ' o ) NPS actlons span clrmate change scrence
T P, S . adaptation, mitigation, and communication
: - Climate Change Response e
g C : Natlonal Park Serwce ) Strategy (2010), Climate Change " across national parks, including exhibits for park
Dol ST . (NPS) i A Actron Plan (2012), an d Green - visitors, prowdrng climate trend information for
: U S Parks Plan’ (2012) e " all national parks, risk screening and adaptation
- L , T _for coastal park units, and implementing.
: ‘ : - '-scenano ptannlng tools. .’
_f; e REAs synthesrze mformatron about resource '
[ ) ) P . . condttrons and trends within an ecoreglon
. . B / asséss impacts of climate change and -
Dol ; Bureauoftand - . Raprd Ecoreglonal Assessments B oth er stressors; map a reas best.suited for

o Ma_nager_nent (BLM) _ (REAS) 't future development and establish baseline

nvrronmental ‘conditions, against which to

. A '_j_"-.i_‘g, e i LT augemanagementeffectrveness o
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Tahle 28.1. Examples of Individual Federal Agency Actions to
Promote, Implement and Suppurt Adaptatron at Multrple Scales* (Continued)

DOT worked wrth five local and state
transportation authorities to develop a
- . conceptual Risk Assessment Model to identify.
which assets are: a) most exposed to climate
- change threats and/or b) associated with the
U most serious potential consequences of climate
: change threat o] mpleted Novemb 2011.

" Federal Highway - " Developed Risk Assessment :
- Administ_rationv(Fl-lWA). Model for transportation decisions

Depart_ment df Transportation (DOT)

omprehensrve stu 1sportation tyto. .
'ks to Gulf Coast transportatron ‘climate’ change |mpacts across the Gulf. Phase s
infrastructure followed by rn-depth ll 2,to be completed in 2013, focuses.on Mobile,
study of Mobrle AL L il AL. This eﬁort will develop transferable tools for -

transportatron planners .j,

1DOT .

L Establrshed the Clrmate Ready
: : . . . ~. -Estuaries program, the Climate’ _
Envrronmental Protectron Agency C : - .. .- Ready Water Utilities initiative,

. These selected EPA mmatrves provrde
resources and tools to build the capacity of

: ; . S - - . coastal managers, water utilities, and tribal
(EPA) o L L -~ ... 70 - and a tribal climate change -
S . ST e T D adaptation plannrng trarnrng " environmental professionals to ptan for and

|mplement adaptatron strategres

s program j'. o

The CASl team builds capacrty to address

i 1 ! climate change at NASA facilities by

: : i downscalmg facility-specific climate hazard -

! g:g};xt\r/eg:c:iac%nvaerstgg?tqr J information.and projections; conductrng C

NASAS clentgts 2 n nﬁeers an d' : rl customized clrmate research for each jocation;

instituti o n al st ewardg tl and leading resrlrence and adaptation - i
. - ' workshOps that spur commumty-based '

: "-,"_, lnmated NASA's Cllmate

Natlonal Aeronautics and Space .
Admmlstratron (NASA) '

B
c1

*Material provided in table is derived directly from Agency representatives and Agency websites. These are select examples and should not be considered all-inclusive.

Federal agencies can be particularly helpful in facilitating ¢ dealing with and anticipating impacts that cross geopolitical
climate adaptation by: boundaries, assisting in disaster response, and supporting
flexible regulatory frameworks;“'30
» fostering the stewardship of public resources and mainte-
nance of federal facilities, services, and operations such as ¢ ensuring the establishment of federal policies that allow for
defense, emergency management, transportation, and eco- “flexible” adaptation efforts and take steps to avoid unin-
. - . . 11,28,29,30 30,32
system conservation in the face of a changing climate; tended consequences; " and

e . 33
building public awareness.

¢ providing usable information and financial support for adap-
. 11,20,30
tation;” "

o facilitating the dissemination of best practices and support-
ing a clearinghouse to share data, resources, and lessons
learned; ">
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States

States have become important actors in national climate
change related efforts. State governments can create policies
and programs that encourage or discourage adaptation at
other governance scales (such as counties or regions)34 through
regulation and by serving as laboratories for innovation.**®
Although many of these actions are not specifically designed to
address climate change, they often include climate adaptation
components.

state-level climate adaptation

Many change-specific

actions focus on planning. As of 2013, fifteen states had
completed climate adaptation plans; four states were in the

process of writing their plans; and seven states had made
recommendations to create state-wide adaptation plans.37

In addition to formal adaptation plans, numerous states
have created sector-specific plans that consider long-term
climate change (Figure 28.1). For example, at least 16 states
have biodiversity conservation plans that focus on preparing
for long-term changes in climate.” In addition to planning,
some states have created legislation and/or programs that
are either directly or indirectly targeted at reducing climate
vulnerabilities (Table 28.2).
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Table 28.2. Examples of State Level Adaptation Activities*® |

) Alaska - Alaska Climate Change Impact Mitigation Program provrdes% funds for’ hazard impact assessments to evaluate clrmate change related
" : © impacts, such as coastal erosnon and thawing permafrost; : :

2uildi mg stan_a d

. Florida

‘Hawail -

. -Water code that calls for lntegrated management
) Kentucky Actlon Plan to Respond to CI/rrdrate Change in Kentucky A Strategy of Res:l/ence whlch ldentrfles six goals to protect ecosystems and
i specres ina changung cllmate :
’ bédl_s_la_hé prehens:ve Maste .Plan

Sustarn le- Coast 012 mcludes both protectron and restoratlon actnvrtles add

: ing fand loss from -
and other factors over the next 50 years o X o

} sea Ievel nse subsrde

The Maine Sand Dune Ru/es require that structures greater than 2, 500 square feet be set back at a dlstance that is calculated based
“on the. future shoreline position and considering two feet of sea level rise over the next 100 years

M_ontan_a c Maxntams a statemde chmate change websnte to help stakeholders access retevant and tlmely chmate mformatlon tools and re-
sources . : : A : :
M__exlco

Coordmated response to drought through Natronat Integrated Drought Informatlon System (NIDIS) RISAs (Southem Cl|mate Impacts
Plannlng Program [SCIPP], Climate Assessment for the Southwest [CLIMAS]) and state and pnvate sector partners through antmpa-
tory ptanmng and preparedness (for example |mplemented in 2011 drought) : - :

*Thrs Irst contains selected examples of state level adaptation actuvmes and should not be considered all- |ncIuswe

Tribal Governments

Tribal governments have been particularly active in assessing ¢ The Tulalip Tribes in Washington State are using traditional
and preparing for the impacts of climate change (see Ch. 12: knowledge gleaned from elders, stories, and songs and
Indigenous Peoples). For example: combining this knowledge with downscaled climate data
to inform decision-making.” Also in Washington State, the
¢ Adaptation planning in Point Hope, Alaska, emphasizes strat- Swinomish Indian Tribal Community integrated climate
egies for enhancing community health.* change into decision-making in major sectors of the Swinom-
ish Community, such as education, fisheries, social services,

¢ In Newtok, Alaska, the village council is leading a land-acquisi- and human health.”

tion and planning effort to relocate the community, because

climate change induced coastal erosion has destroyed essen- ¢ The Haudenosaunee Confederacy in the northeastern U.S. is
tial infrastructure, making the current village site unsafe.” addressing climate impacts by preserving a native food base

through seed-banking (Ch. 12: Indigenous Peoples).”
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Local and Regional Governments

Most adaptation efforts to date have occurred at local and planning.* Local adaptation planning and actions are unfolding
regional levels, 45457 Primary mechanisms that local in municipalities of varying sizes and in diverse geographical
governments are using to prepare for climate change include  areas. Communities such as Keene, New Hampshire; New
land-use planning; provisions to protect infrastructure and  York City, New York; King County, Washington; and Chicago,
ecosystems; regulations related to the design and construction  Illinois are vanguards in the creation of climate adaptation
of buildings, roads, and bridges; and emergency preparation, strategies.s"u’60 In addition to local government action,
response, and recovery (Table 28.3). 2455658 regional agencies and regional aggregations of governments

are becoming significant climate change adaptation actors.>*’

According to a recent survey of 298 U.S. local governments,
59% indicated they are engaged in some form of adaptation

Table 28 3 Examples of Local and Regronal Adaptatlon Actlvmes*

Satellite Bea_c-h.'F-b' . o - ) Collaboratlon with the lndran Rrver Lagoon Natronal Estuary Program led to efforts to try to mcorporate
' o o _sea level rise pro;ectrons and i m ehensrve growth mana ement plan :

‘Portland, OR

L ln partnersh p wnth Delaware { ea Grant l LE _Local Governments for Sustamablhty, the Umversrty of
Delaware, and state and reglonal partners the Clty of Lewes undertook a stakeholder—drlven process -
to understand how chmate adaptahon could be mtegrated into the hazard mltrgatlon plannlng process
- Recommendations for. mtegzratron and operatlonal changes were adopted by the C|ty Councn and are cur-
rently bemg implemented: e . : :

Lewes, DE

. Partnered wrth federal, state reglonal Iocal“non-governmental and academrc partners through—the N
.'EPA’s Cllmate Ready Estuanes program to assess vulnerabrlrty to and devise . solutrons for sea level

San D|ego Bay. CA- o I Frve munucrpalmes partnered W|th the port the alrport and more than 30 organlzatrons wrth dlrect rnter-
h L - ests in the Bay’s future to develop the San Diego Bay Sea Level Rise Adaptatron Strategy. The strategy

- rdentmed key vulnerabitities for the Bay and adaptatron actlons that can be taken by rndrvrdual agencres

as well as through regronal collaboratlon ° .

:;chrcago, II.

s Created King County Flood Control-Drstrlct in 2007 to address mcreased |mp ts 'from floodrng through
o actlvmes such as mamtamlng and reparrmgslevees and revetments acqumng repetrtlve loss propertres
and rmprovmg countywrde flood warnings: . . .

_l(ing'county,

New York City, NY:_ oy :
L ' FEMA" Flood insurance Rate_ Maps based on more precrse elevatron data The new aps wrll help stake-
holders. é)setter understand therr current flood rlsks and allow. the, crty to more effectlvely plan for climate
change : o

i

Southeast Florida Climate Change__c'omp'act ) Jomt commltment among Broward Mramr Dade Palm Beach and Monroe Countres to partner in reduc
E ] : o ing heat-trapping gas emissions and adapting fo climate. rmpacts |ncludrng adaptation in transportation,
water resources, natural resources, agriculture, and disaster risk reduction. Notable policies emerging
from the Compact include regional collaboration to revise building codes and land develogment regula-
- tions to drscourage new development or post drsaster redevelopment in vulnerable areas )

.Phoemx AZ Boston, MA Phrladelphla, PA N _Z'\Clrmate change |mpacts are belng mtegrated mto publrc health plannmg and |mpl e__ntatron actlvrtres
and New York NY  that rnclude creatrng more commumty coolmg centers, nerghborhood watch programs and reductrons in
: jan heat is rsland effect.”™ . '

_Boulder,' Co; New..Yo'rk, NY; and Seattle, WA ’ Water utilities in’ these communltles are usmg_clrmate lnformatlon to assess vulnerabrlrty and rnform
A : co 'decrsronmakmg : o L i C o

ln 2006 the Phrladelph|a Water Department began a program to develop a green stormwater lnfrastruc- :

. ture mtended to convert more than one-thlrd of the city’s rmpervrous land cover to‘ “Greened Acres™:.

Bt ‘green facrlrtres green streets green open spaces green homes etc., along wrth stream corrrdor restora-
‘ tion and preservatron : . -

ity of Philadelphis

*This lable |ncludes selecl examples of local and regronal adaptatron actlvmes and should not be consldered aII mclusrve
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ation of guides, tools; and templates -

Climate information providers

Policy, legal, and institutional support .

U.S. GLOBAL CHANGE RESEARCH PROGRAM

There is no one-size-fits-all adaptation solution to the chal-
lenges of adapting to climate change impacts, as solutions
will differ depending on context, local circumstance, and

. . 9,31
scale as well as on local culture and internal capacity.

Non-governmental and Private Sector

Many non-governmental entities have been significant
actors in the national effort to prepare for climate change
by providing assistance that includes planning guidance,
implementation tools, contextualized climate information,
best practice exchange, and help with bridging the science-
policy divide to a wide array of stakeholders (Table 28.4).""71
The Nature Conservancy, for example, established the
Canyonlands Research Center in Monticello, Utah, to
facilitate research and develop conservation applications for
resource issues under the multi-stresses of climate change
and land-use demands in the Colorado Plateau region.”

28: ADAPTATION

This one-acre stormwater wetland was constructed in Philadelphia to

treat stormwater runoff in an effort to improve drinking water quality while

With regard to the private sector, evidence from
organizations such as the Carbon Disclosure Project (CDP)
and the Securities and Exchange Commission’s (SEC) Climate
Change 10-K Disclosure indicate that a growing number
of companies are beginning to actively address risks from
climate change (Table 28.5).73 The World Business Councit for
Sustainable Development (WBCSD) and the Center for Climate
and Energy Solutions (C2ES) have identified three types of
risks driving private sector adaptation efforts, including risks
to core operations, the value chain, and broader changes in the
economy and infrastructure (see Figure 28.2)."’75'76

This analysis is supported by responses to the 2011 CDP, and
suggests that companies are concerned about how changes in

Adaptatlon_nlanning a'ss"i"s'tance., m'cltldlhg cre-

Resources Institute, World Wl|d|lfe Fund

Networking and best practice exchange "

C40 Cltles Cllmate Leadershlp
o Adaptatlon Knowledge Exchange 1CLEl-Local Governments for- Sustamablhty, Instltute for Sustain-

minimizing the impacts of storm-related flows on natural ecosystems.

the climate will impact issues such as feedstock, water supply
and quality, infrastructure, core operations, supply chains, and
customers’ ability to use (and their need for) services.”

Some companies are taking action to not only avoid risk, but to
explore potential opportunities that may emerge in a changing
climate, such as developing new products and services, devel-
oping or expanding existing consulting services, expanding into
new operational territories, extending growing seasons and
hours of operation, and responding to increased demand for
existing products and services.”> 77"

Table 28.4. Examples of Non-governmental Adaptation Efforts and Services*

Center for Climate Strategles, ICLE|-Local Governments for Sustainability, International Instrtute L
: for Sustainable Development, Natural Resources Defense Council, The Nature Conservancy, World o

Group, Adaptatlon Network Center for Clean A|r Pollcy, Cllmate

able Communltles Urban Sustalnabrllty Drrectors Network World Busrness Councrl for Sustalnable i '

Development '

Instltute U.S. Center

town Chmate Center

Agﬁregation of adaptatlon-pertihent 'i'n'formation )

claimed by the organizations.

679

. Union of Concerned Screntlsts Urban Cllmate Change Research Network Stockholm Envuronment

Center for Cllmate and Energy Solutlons (formerly Pew Center on Global_Chmate Change) George-

: Carbon Dlsclosure Pro;ect Clrmate Adaptatlon Knowledge Exchange Georgetown Cllmate Center

*Thls Irst contains examples of non- governmental orgamzatlons prowdrng the |dent|f|ed services and should not be conS|dered all- mcluswe or a validation of actions
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Table 28.5. Examples of Private Sector Actions to Adapt to Climate Risks

as Reported to the Carhon Disclosure Project*
'Clrmate Rrsk '

_Examples ofActronsUndertaken _

) Coca Cola rs workrng around the world to replenrsh the water used in ﬁnlshed
-, beverages by partlcrpatrng in Iocally relevant water projects that support com-
i munities and nature. Since 2005, the Coca-Cola system has engaged in more
- . o " than 320 projects in 86 countries. The range of community projects includes
3 2::;‘:_‘%2;;-323:; anoé:?sr . watershed protection; expanding community drinking water and sanitation access;
B e : ) R - =;water for productive use, such as agricultural-water efficiency; and education and
' © .awareness programs. (http //www thecoca- colacompany com/crtrzenshrp/conserva-
" tion_partnership. html) B

Company - Sector '

Coca-Cola “Consumer . .Changes in physical climate
Company . - Staples

. Company experrenced _
. weather-relate sourcrng
. S ', challenges; stich as.délayed Fshi i 0le-s
ConAgra = Consumer " tomato harvestlng diieto ;- rngredrents ‘and.ider fy alternate supplrers and contract manufac(urers to mini--
Foods, Inc. . Staples - unséasonably cool. weather - 'Y mize production drsruptrons in thé instance of an unexpected disruptior n"supply
. 0 .. and difficulty sourcrng other ' (http //company conagrafoods com/phoemx zhtml’c 202310&p Pohcres' Envrron-
. .. . vegetables due tg above - . ment) L .. . Lo Do
R _normal precrprtatron .

. o Constellatron has aIready taken adaptatron actrons. partrcularly in-California where ‘
B C:raannfz;fe'rz_,pgz::fa;'Sc::_‘m;t:er' . water avarlabrhty is an. issue, to manage or adapt to these risks. Constellatron is work--
. Elim'ate-related de%/elo ments ing with numerous organizations to help fund industry-based research to determrne '
R pmen - potentral climate change |mpacts on vrneyard productron '

Constellation .Co\nsumer'
Brande .- - Staples -

PG&E's adaptation strategies for potential mcreased electrici Y demand |ncIude
‘expanded customer enérgy efficiency and demand response programs, and
. improvements to its electric grid. PG&E is proactively tracking and evaluating the .
potential impacts of reductions to Sierra Nevada sniowpack on its hydroeiectric )
" system and has developed adaptatron strategies to-minimize them. ‘Strategies
include maintaining higher winter carryover reservoir storage levels, reducing:
: conveyance flows in canals and flumes in fesponse to an-increased portion of pre-
: cipitation falling as rain, and. reducing dlscretronary reservoir water releases during-
- the late spring and summer. PG&E: is also working with both the U.S. Geological
.. . Survey (USGS) and the California Department of Water Resources 1o begin using
- the USGS Precrprtatron Runoff Modeling System (PRMS) watershed model, to
' help manage reservoirs on watersheds experiencing mountarn snowpack loss.
. (http //www pge com/about/envrronment/commrtment/) ;

Pacific Gas ; . . Changes in regulation;

and Electric- Utiliies - changes in physical climate
Company -- .- .. parameters; Changes in other ..
(PG&E):.. " "+ climate-related developments

ch |ngred|ent (] supply charn to’ ensure that the company
‘| p'_hrcally diverse’ supplrer base. In addrtion to evaluating
.« product Ingredrents sC Johnson has also drversrﬁed its operatrons around the
== world, ailowing it fo marntarn business contrnurty in the face of a regronal climate.
hange related drsruptron (http //www scrohnson com/en/commrtment/overvrew

sclohnson& Hou_'seh'o!d Changes in physrcalclrmate
Son Inc .} Products * parameters '

- - . : _Spectra Energy uses a corporate-wrde rrsk analysrs framework to ensure the
Changes in regulation; -, oversight and managemem of its four major risk.categories: financial, strategic, op-
Changes in physical climate _,‘-eratronal and iegal risks. Physical risks posed. by climate change fall within these
parameters; Changes in other’’ ;'categorres and the company uses risk management committees to ensure that all

- clrmate reIated developments - - material risks are identified, evaluated, and managed prior to ﬁnancral approvals of

. . o major prorects (http: //www spectraenergy com/Sustarnabrlrty/)

Spec!ra :

En_ergy-, fnc.. Energy_

* This list contarns examples of prrvate sector actrons to adapt to clrmate risks as reported to the Carbon Disclosure Project and should not be consrdered all inclusive
or a validation of actions claimed by the organizations.
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Section 1: Adaptation Process

General patterns in adaptation processes are beginning to
emerge, with similarities discernible across sectors, systems,
and scales.”"®”

681

This is not a stepwise or linear process; various stages can be
occurring simultaneously, in a different order, or be omitted
completely. However, as shown clockwise in Figure 28.3,
the process generally involves characterizing vulnerability,
developing options, implementing actions, monitoring
outcomes, and reevaluating strategies. Each of these is
described in more detail below.

Identifying and Understanding Risk,

Vulnerabilities, and Opportunities
Most adaptation actions are currently in the initial phase,
with many actors focusing on identifying the relevant climate
risks and conducting current and future risk and vulnerability
assessments of their assets and resources.*"*****"# |5 2011,
only 13% of 298 U.S. municipalities surveyed had completed
vulnerability or risk assessments, but 42% expected to complete
an assessment in the future.* At least 21 state fish and wildlife
agencies have undertaken climate vulnerability assessments
or recently completed an assessment of a particular species,
habitat, or both.* Multiple qualitative and quantitative
methods are used to understand climate vulnerability and
risk, including case studies and analogue analyses, scenario
analyses, sensitivity analyses, monitoring of key species, and
peer information sharing.******
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Planning, Assessing, and Selecting Options

Once risks and vulnerabilities are understood, the next stage
typically involves identifying, evaluating, and selecting options
for responding to and managing existing and future changes
in the climate.”® Decision support planning methods and
associated tools help to identify flexible and context-relevant
adaptation activities for implementation.*"”’ Participatory
approaches supporttheintegration of stakeholder perspectives
and context-specific information into decision-making.“’“
This approach can include having community members and
governing institutions work collectively to define the problem
and design adaptation strategies that are robust while being
sensitive to stakeholder values.*®* Moreover, regional
collaboration has emerged as an effective strategy for defining
common approaches to reducing potential threats, selecting
metrics for tracking purposes, and creating governance
structures to help navigate political chaIIenges.”’“ As discussed
above, a number of government and other organizations have
developed plans with identified adaptation options.

include
into

approaches to adaptation planning
or integrating climate adaptation

Common
“mainstreaming”

existing management plans (for example, hazard mitigation,

ecosystem conservation, water management, public health,

risk contingency, and energy) or developing stand-alone
. 68,82,89,90

adaptation plans.

Many frameworks, tools, and approaches have emerged to help
decision-makers make decisions in light of both uncertainty and
the need to achieve multiple societal goals.””” Some of these,
however, are specific to particular localities or resources, are
not easy to use by the intended audiences, do not adequately
evaluate tradeoffs, and require sophisticated knowledge
of climate change.” In general, these approaches promote
options that allow reversibility, preserve future options, can
tolerate a variety of impacts, and are flexible, such that mid-
course adjustments are possible.”‘92 Among these approaches
are Robust Decision Making (RDM), Iterative Risk Management
(IRM), Adaptive Management or Co-Management, Portfolio
Management, and Scenario Planning (see Ch. 26: Decision

Support for more on decision frameworks, processes, and
tOOIS) 7,11,28,54,93,94,95,96,97

Implementation

There is little peer-reviewed literature on adaptation actions,
or evaluations of their successes and failures.'**** Many
of the documents submitted as part of this Third National
Climate Assessment (NCA) process indicate that adaptation
actions are being implemented for a variety of reasons. Often,
these are undertaken with an aim toward reducing current
vulnerabilities to hazards or extreme weather events, such as

forest thinning and fuel treatments that reduce fire hazards in
national forests or through the diversification of supply chain

. . . 72,73 cat . .
sourcing in the private sector. Additionally, an increasing
movement toward mainstreaming climate adaptation concerns
into existing processes means that discerning unique climate
adaptation activities will be a challenge.***

Monitoring and Evaluation

There is little literature evaluating the effectiveness of
adaptation actions.*’*’** Evaluation and monitoring efforts,
to date, have focused on the creation of process-based rather
than outcome-based indicators.’®* A number of efforts are
underway to create indicators related to climate adaptation,z7
including work by the National Climate Assessment and
Development Advisory Committee Indicators Working Groupmo

and the U.S. Environmental Protection Agency.'” Part of
monitoring should include accounting for costs of adaptation.
To be sure, this may be difficult to account for because of
challenges in attribution of climate events to climate change
versus climate variability. A few studies summarize projected
future costs of adaptation.m’103

Revise Strategies/Processes and Information Sharing

Uncertainty about future climate as well as population growth,
economic development, response strategies, and other
social and demographic issues can stymie climate adaptation
activity.%'m"'ms Through iterative processes, however,
stakeholders can regularly evaluate the appropriateness of
planned and implemented activities and revise them as new
information becomes available.™"*** Additionally, the sharing
of best practices and lessons learned can be pivotal means to
advancing understanding and uptake of climate adaptation
activity.”**® The use of established information-sharing
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networks, such as regional climate initiatives, are illustrations
of the types of networks that have supported stakeholder
adaptation activity to-date.”’*"**
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Section 2: Barriers to Adaptation and Examples of Overcoming Barriers

Despite emerging recognition of the necessity of climate
change adaptation, many barriers still impede efforts to
build local, regional, and national-level resilience. Barriers
are obstacles that can delay, divert, or temporarily block
the adaptation process,'” and include difficulties in using
climate change projections for decision-making; lack of
resources to begin and sustain adaptation efforts; lack of
coordination and collaboration within and across political and
natural system boundaries as well as within organizations;
institutional constraints; lack of leadership; and divergent risk
perceptions/cultures and values (Table 28.6)."’20'107 Barriers are

* Barrier |

distinguished from physical or ecological limits to adaptation,

such as physiological tolerance of species to changing climatic

conditions that cannot be overcome (except with technology
. . . 8,54,108

or some other physical intervention).

Despite barriers, individuals within and across sectors and
regions are organizing to collectively overcome barriers and
adapt to climate change. In many cases, lessons learned from
initial programs help inform future adaptation strategies.
Figure 28.4 highlights ongoing climate adaptation activities that
have overcome some of these barriers in different regions led

Table 28 6 Summary of Adaptatlon Barrrers

Speclfic Examples

s i"._Uncertannty about future chmate |mpacts and dlfﬁculty in |nterpretmg the cause of -
L |nd|V|duaI weather events. .

Climate change Informatlon and Declsron Makmg . ) -
References: - - S § Fragmented complex and often confusrng mformatlon
7,8,10,11,14,17,31,32,42,59,68,59,12,82,90,93,104 109, 110 111,112

. -Mlsmatch of dec|sron maklng tnmescales and future clrmate pro;ectrons

le D|sconnect between mformatlon provsders and mformatlon users

: -_'_ Lack of climate education for professronals and the publrc

e Lack of usablhty and accessnblhty of exnstmg lnformatlon

. Lack of coordination W|th|n and across agencres pnvate compames and non-
'governmental organizations . - :

Referénces:

e :Uncoordlnated and fragmented research efforts

) "..'.‘:fD|510mted climate related information’

e Fr‘égmentéd _ecoSystem‘and'jUrisdictional houndaries '

813,251, 54,9713, 117, ua 119 o

) . Lack of 'p'clitical leadership '

Lack of Leadershlp o
30,96, 112 113 119 120 121 . . : Lo . '_

_ngld and entrenched pohtncal structures .

‘e Polanzatron o

51, 71 82,116,117, 120 122
References E

Conﬂlctlng values/nsk perceptrons

_thtle mtegratr_on of Iocal knowledge context and needs wrth tradrtronal sc1entrf|c )
information” - . T .

.Cultural taboos and confhct W|th cultural behefs '_

E i . ‘-_Resrstance to change due to rssues.such as rlsk perceptlon o
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by state, local, and private actors in the United States. It is not
a comprehensive compilation of national adaptation activity,
but is intended to identify some of the variety of adaptation
efforts taking place across the country.

In addition, Section 4 of this chapter provides four in-depth
case studies of climate adaptation strategies at different
scales, with multiple stakeholders, and tackling different
challenges. Each of these case studies highlights the different
ways stakeholders are approaching adaptation.

* Through the creation of the National Integrated Drought In-
formation System (NIDIS), the Federal Government, in part-
nership with the National Drought Mitigation Center (NDMC),
states, tribes, universities, and others, has improved capacity
to proactively manage and respond to drought-related risks
and impacts through: 1) the provision of drought early warn-
ing information systems with local/regional input on extent,
onset, and severity; 2) a web-based drought portal featuring
the U.S. Drought Monitor and other visualization tools; 3) co-
ordination of research in support and use of these systems;
and 4) leveraging of existing partnerships, forecasting, and
assessment programs.
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In the Colorado River Basin, water resource managers, gov-
ernment leaders, federal agencies, tribes, universities, non-
governmental organizations (NGOs), and the private sector
are collaborating on strategies for managing water under a
changing climate through partnerships like the Western Gov-
ernors’ Association (WGA) and WestFAST (Western Federal
Agency Support Team).

In Wisconsin, the Northern Institute of Applied Climate Sci-
ence and the U.S. Forest Service, working with multiple part-
ners, initiated a “Climate Change Response Framework” in-
tegrating climate-impacts science with forest management.

In Cape Cod, Massachusetts, the U.S. Department of Trans-
portation’s Volpe Center worked with federal, regional, state,
and local stakeholders to integrate climate change mitiga-
tion and adaptation considerations into existing and future
transportation, land-use, coastal, and hazard-mitigation pro-
cesses.
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) Frgure 28 4, Adaptatlon Actrvrty N R o , i .
- 1...The State of Hawar i, Office of Plannrng, |n cooperatnon wrth unrversrty, pnvate state and federal screntlsts and others has .
. drafted a framework for climate change adaptatlon that |dent|f|es sectors affected by cllmate change and outllnes aprocess for
; coordlnated statewrde adaptatlon plannrng . . o . : .

T2 One of the pnorltles of the Hawal i State Plan is preservmg water sources through forest conservatron as rndrcated in therr Raln
i Follows The Forest report ' . o -

3." New England Federal Partnersis a multl agency group forméd to. support the needs of the states trrbes and communltres of the
New England Region and to facilitate and. enable informed decision- makmg on issues pertaining to coastal and marine spatial
'plannlng, cllmate mltlgatron and cllmate adaptatron throughout the regron

a4 Phitadelphia is greenrng its combrned sewer rnfrastructure to protect r|vers reduce greenhouse gas emrssrons rmprove air qualrty, .
' and enhance adaptatron toa changmg cllmate-" . .

5. Keene NH developed a Comprehensrve Master Plan that emphasrzes fosterrng walkable mixed-use nelghborhoods by puttlng.
_ f_servrces jobs homes, arts and ‘culture, and other communlty amenities-within walkmg drstance of -each other. The plan also
“ Calls.for sustainable- site and building desrgns that.use resources efficiently: These strategres were |dent|f ed in the crty s 2007 -

Adaptatron Plan as ways to build resmence whrle reducrng greenhouse gas emrssrons w

6. New York City has created a Green lnfrastructure Plan and is commrtted to goals that include the constructron of enough green
infrastructure throughout the crty to manage 10% of the runoff from lmpervrous surfaces by 2030,"

7. Lewes, DE, undertook an intensive stakeholder process to mtegrate clrmate change into the city’ s updated hazard mrtrgatlon plan.*
8. Local governments and tribes throughout Alaska, such as those in Homer, are plantxng native vegetatlon and changlng the coastal

surface, maving inland or away from rlvers and _burldlng riprap walls seawalls ot groins, which are’ shore -pr tectron structures
'__burlt perpendrcular to the shorellne (see SO 22 Alaska Ch 12: Indlg_ 5 :

e Alaskan villages are physrcally berng relocated. uch a's 's'ea_'level rise 'a"n‘d_' ero'sion, hese_ include --

; Newtok Shlshmaref Krvalrna and dozens of other vrllages

. 10. Cedar Falls Iowa passed Iegrslatlon in 2009 that mcludes anew floodplaln ordlnance that expands zonrng restrictions from the )
= 100-year floodpiain to the 500-year floodplarn because this expanded roodplaln zone better reflects the flood nsks expenenced
“by the. crty dunng the 2008 ﬂoods L .

11.1In January 2011 the Michigan- Department of Communrty Health (MDCH) released the M/ch/gan Cl/mate and Hea/th Adaptat/on :
"Plan, whrch has a goal of * preparrng the public health system in Michigan to address the public health consequences of climate

+ change in a coordinated manner.” In September 2010 .MDCH received three Yyears’ fundrng to |mplement thrs plan as part of the -

'_ Clrmate Ready States and Cltles Inltratlv of. CDC : . - . '

12 Chlcago was one of the frrst crtres to ofﬁcrally |nte rate clrmate adaptatron |nto a crtywrde clrmate adaptatlon plan Srnce |ts release ' '.
" .anumber of strategres have been |mplement d to help the crty manage eat protect forests and enhancé green desrgn such
‘s their work on green: roofs:™ Lo : o .

13.Grand Raprds MI, recently released a sustarnabllrty plan that mtegrates future climate prolectrons to ensure that the economic,
envrronmental and social strategres embraced are approprrate for today. as well as the future. 138

14, Tulsa OK has a three -pronged approach to reducrng floodmg and managlng stormwater: a) prevent new problems by lookrng
ahead and avordlng future downstream problems from new development (for example, requiring on-site stormwater detention);
.. .b) correct existing problems and Iearn from disasters to reduce future disasters (for example, through watershed management
.+ "and the acquisition and relocation of buﬂdrngs in:flood-prone areas) and c).act to enhance the safety‘ envrronment and quallty
.. of Irfe of the communrty through publrc awareness an rncrease in stormwater qualrty, and emergency management o

: 15 Frrewrse Communltres USA is a natronwrde program of the Natronal Frre Protectron Assocratlon and is co sponsored by USDA’

' Forest Service, DOI, and the National Association'of State Foresters. Accordrng to the Texas Forest Service; there are more than

" 20 recognized Texas Firewise Communities. The Texas Forest Service works closely with communities to help them to reach

- Firewise Commumty status and offers a varlety of awareness, educatronal informational, and capamty—burldrng efforts, such as
Texas W//dscapes a program that assists in choosrng less flre-frlendly plants. 138 :
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16. After the heavy rarnfall events of 2004 that resulted in srgnrfrcant erosion on his farms Dan Grllespre a farmer wrth the. Natural _

.. Resources Conservation Service. in Norfolk, 'NE, began experimenting. with adding cover crops to the no-till- process. It worked

. ‘sowell i in reducrng erosion and increasing crop Jylelds that he is now sharlng hrs experlence with other farrners (http //www lenrd. )
org/pro;ects programs/ http://www.notill; org/) S -

17. Point Reyes National Seashore is preparrng for cllmate change by removrng two dams that are barrrers to water ﬂow and f sh
migration. Thrs change restores ecological contrnurty for anadromous frsh (those that migrate from the sea to. fresh water to
spawn) creatrng amore, reslllent ecosystem : o :

18. Western Adaptatron AIllance is a group. of. eleven crtres in five states in the Intermountarn West that share Iessons learned in
adaptation planning, develop strategic thrnkrng that can be applred to specific commumty plans and 1orn together to generate
funds to support capacity burldrng, adaptatlon plannlng, and vulnerabrllty assessment . -

_19 Navajo Nation used mformatron on llkely changes |n future clrmate to help rnform therr drought contrngency plan
20 Cahfornla Department of Health and the Natural Resources Defense Councrl collaborated to create the Publlc Hea/th /mpacts .

~ of Climate Change in Cal/forn/a Communlty Vulnerabrllty Assessment and Adaptat/on Strategles report whrch rs berng used to :
o |nform publrc health preparedness actrvrtles in the state. S : o .

: 21 State of ldaho successfully |ntegrated cllmate adaptatlon rnto the states Wlldllfe Management Plan (http //frshandgame ldaho o
govlpublrc/wrldlrfe/cwcs/) e : : . : _ S

22, The Rrsrng Trdes Competltron was held |n 2009 by the San Francrsco Bay Conservatlon and Development Commrssron to elicit
: |deas for. how the Bay could- respond fo’ sea level rlse ‘ . r .

: 23 Flagstaff Anzona created a resrllence strategy and passed a resrlrence polrcy, as opposed to a formal adaptatlon plan as a
. means to mstrtutronalrze adaptation: efforts in crty government operatlons - s I

- 24, The OIymprc National Forest and Olymplc Natlonal Park were srtes of case studies lookrng at how to adapt management of federal
© " lands to climate change. Sensrtlvrty ‘asséssments, review of management activities and constraints, and adaptatlon workshops
in the areas. of hydrology and roads, fish, vegetatron and wildlife were all components of the case study process

. '25 ng County Flood Control District was reformed to merge multrple flood management zones lnto a srngle county entrty for fundlng
and pollcy oversrght for prolects and programs partly in antrcrpatron of rncreased stormwater ﬂows due to clrmate change

26 The Water Utllltles Clrmate Allrance has been workmg wrth member water utllltres to ensure that future weather and clrmate g
' consrderatlons are mtegrated |nto short- and Iong-term water management plannrng (http //www wucaonlrne org/html/) ' '

‘ 27 Seattle s RarnWatch program uses an early warmng precrprtatron forecastrng tool to help rnform decrsrons “'bout rssues such as ,
dramage operatrons (http //www atmos washmgton edu/SPU/) ) . ‘ . S

28 Crty of Portland and Multnomah County ted a Clrmate Actron Plan that mcludes rndrcators to help t 'm gauge progress |n .
plannrng and rmplementrng adaptatron actrons e Do ™ ; : Lo s

:29 fn 2010, the state of Loursrana Iaunched a $10 mrlllon program to assist communltres that had been affected by Hurrrcanes
Gustav and Ike in becoming more resilient to future environmental problems Twenty nine communrtres from around the state_
- were awarded resiliency deveiopment’ funds “The Coastal Sustarnabrlrty Studio at Louisiana State Unrversrty started working.in -
2012 with ail 29 funded communities, as well as many ‘that did not receive funds, to develop peer-learning networks develop
best practrces build capacity to |mplement plans and develop planning tools and a user-inspired and useful website to i mcrease '
© community resiliency in the state. AR o _ o

- 30.U.S. Fish and Wildlife Servrce and The Nature Conservancy are cooperatrng in a pilot adaptatron pro;ect to address erosron
_and saltwater intrusion, among other i rssues in'the Alligator River Refuge. Thrs project mcorporates multrple agencres "native
knowledge communrty involvement, Iocal economrcs and technrcal precrsron . . .

31 North and South Carolrna are actrvely workrng to revrse therr state wildiife’ strategles to include clrmate adaptatron

32. The Southeast Florida Clrmate Change Compact isa collaboratron ofthe four southernmost countres in Florida (Monroe ‘Broward,
Palm Springs, and Miami- Dade) focusrng on enhancmg reglonal resifience to climate change and reducrng reglonal greenhouse
-gas emrssrons : : . . . D .

U.S. GLOBAL CHANGE RESEARCH PROGRAM 686 CLIMATE CHANGE IMPACTS 1N THE UNITED STATES




U.S. GLOBAL CHANGE RESEARCH PROGRAM

28: ADAPTATION

Section 3: Next Steps

Adaptation to climate change is in a nascent stage. The
Federal Government is beginning to develop institutions
and practices necessary to cope with climate change,
including efforts such as regional climate centers within the
U.S. Department of Agriculture, the National Oceanic and
Atmospheric Administration (a division of the U.S. Department
of Commerce), and the U.S. Department of the Interior. While
the Federal Government provides financial assistance in
federally-declared disasters, it is also enabling and facilitating
early adaptation within states, regions, local communities,
and the public and private sectors.” The approaches include
working to limit current institutional constraints to effective
adaptation, funding pilot projects, providing useful and
usable adaptation information — including disseminating best
practices and helping develop tools and techniques to evaluate
successful adaptation.

Despite emerging efforts, the pace and extent of adaptation
activities are not proportional to the risks to people, property,
infrastructure, and ecosystems from climate change;
important opportunities available during the normal course
of planning and management of resources are also being
overlooked. A number of state and local governments are
engaging in adaptation planning, but most have not taken
action to implement the plans.107 Some companies in the
private sector and numerous non-governmental organizations
have also taken early action, particularly in capitalizing on the
opportunities associated with facilitating adaptive actions.
Actions and collaborations have occurred across all scales. At
the same time, barriers to effective implementation continue
to exist (see Section 2).

One of the overarching key areas of focus for global change
research is enabling research and development to advance
adaptation across scales, sectors, and disciplines. This includes
social science research for overcoming the barriers identified
in Section 2, such as strategies that foster coordination, better
communication, and knowledge sharing amongst fragmented
governing structures and stakeholders. Research on the
kinds of information that users desire and how to deliver that
information in contextually appropriate ways and research on

decision-making in tight of uncertainty about climate change
and other considerations will be equally important. in addition
to these areas, emerging areas of emphasis include:

¢ Costs and Benefits of Adaptation: Methodologies to evaluate
the relevant costs of adaptation options, as well as the costs

of inaction, need to be developed.*'”

¢ A Compendium of Adaptation Practices: A central and
streamiined database of adaptation options implemented at
different scales in space and time is needed. Information on
the adaptation actions, how effective they were, what they
cost, and how monitoring and evaluation were conducted
should be part of the aggregated information.*****

¢ Adaptation and Mitigation Interactions: Research and analy-
sis on the growing and competing demands for land, water,
and energy and how mitigation actions could affect adapta-
tion options, and vice versa, 784148

e Critical Adaptation Threshoids: Research to identify critical
thresholds beyond which social and/or ecological systems
are unable to adapt to climate change. This should include
analyzing historical and geological records to develop models

. 2,31,189
of “breakpoints”.*"*

» Adaptation to Extreme Events: Research on preparedness
and response to extreme events such as droughts, floods,
intense storms, and heat waves in order to protect people,
ecosystems, and infrastructure. Increased attention must be
paid to how extreme events and variability may change as
climate Er:?onge proceeds, and how that affects adaptation
actions.™

Effective adaptation will require ongoing, flexible, transpar-
ent, inclusive, and iterative decision-making processes, col-
laboration across scales of government and sectors, and the
continual exchange of best practices and lessons learned. All
stakeholders have a critical role to play in ensuring the pre-
paredness of our society to extreme events and long-term
changes in climate.

Section 4: Case Studies

Illustrative Case One: National Integrated Drought Information System

NIDIS (National Integrated Drought Information System),
originally proposed by the Western Governors’ Association
{(WGA) and established by Congress in 2006, is a federally-
created entity that improves the nation’s capacity to
proactively manage drought-related risks across sectors,
regions, and jurisdictions. It was created by Congress to
“enable the Nation to move from a reactive to a more
proactive approach to managing drought risks and impacts.”
NIDIS has successfully brought together government partners
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and research organizations to advance a warning system for
drought-sensitive areas.

The creation of NIDIS involved many years of development and
coordination among federal, state, local, regional, and tribal
partners with the help of Governors’ associations and Senate
and Congressional leaders. NIDIS provides: 1) drought early
warning information systems with regional detail concerning
onset and severity; 2) a web-based portal (www.drought.gov);
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3) coordination of federal research in support of and use of
these systems; and 4) leveraging of existing partnerships and of
forecasting and assessment programs. NIDIS currently supports
work on water supply and demand, wildfire risk assessment
and management, and agriculture. Regional drought early
warning system pilot projects have been established to
illustrate the benefits of improved knowledge management,
improved use of existing and new information products, and
coordination and capacity development for early warning
systems. These prototype systems are in the Upper Colorado
Basin, the Apalachicola-Chattahoochee-Flint River Basin in
the Southeast, the Four Corners region in the Southwest, and
California. The NIDIS Outlook in the Upper Colorado Basin
provides early warning information every week, for example,
that is utilized by a variety of users from federal agencies,
water resource management, and the recreation industry.

The Western Governors’ Association, the U.S. Congress,
and others have formally acknowledged that NIDIS provides
a successful example of achieving effective federal-state
partnerships by engaging both leadership and the public, and
establishing an authoritative basis for integrating monitoring
and research to support risk management. Some of NIDIS's
keys to success include:

* Usable Technology and Information for Decision
Support: The production of the U.S. Drought
Monitor map, which integrates multiple indica-
tors and indices from many data sources, was
developed before NIDIS was established and has
become a useful visual decision support tool for
monitoring and characterizing drought onset,
severity, and persistence. NIDIS has engaged re-
gional and local experts in refining the regional
details of this national product and in “ground
truthing” maps via email discussions and webi-
nars (Figure 28.5).

¢ Financial Assistance: Federal funding was allo-
cated to NOAA specifically for NIDIS, but lever-
aged in kind by other agencies and partners.

Institutional/Partnerships:  Effective collabo-
rations, partnerships, and coordination with
NOAA, WGA, USDA, DOI, and USGS as well as
local, regional, state, and tribal partners and
with the National Drought Mitigation Center at
the University of Nebraska, Lincoln, have led to
multi-institutional “buy-in.”

Institutional/Policy: The NIDIS Act was oriented
toward the improvement of coordination across
federal agencies and with regional organizations,

: Flgure 28 5 U S./ Drought Monltor Map aocessed on August 20 2012
Moni rtnership be ‘ ;
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impact assessments for decision support. A key aspect of NI-
DIS is the development of an ongoing regional outlook forum
based on the above information to build awareness of the
drought hazard and to embed information in planning and
practice (in partnership with the National Drought Mitigation
Center, the Regional Integrated Sciences and Assessments
(RISA), and other research-based boundary organizations) to
reduce risks and impacts associated with drought.

o Leadership and Champions: NIDIS supporters worked at all
levels over more than two decades (1990s and 2000s) to es-
tablish the NIDIS Act, including political groups (WGA, South-
ern Governors’ Association, National Governors Association,
and U.S. Senators and Representatives), scientific leaders,
and federal agencies (NOAA, USDA, DOI).

¢ Risk Perceptions: Whereas drought had been considered pri-
marily a western issue in previous decades, drought is now
regularly affecting the southern, southeastern, and north-
eastern parts of the country and response strategies are
needed. During the 2012 drought, more than 63% of the con-
tiguous U.S. by the end of July was classified as experiencing
moderate to exceptional drought, and more than 3,200 heat
records were broken in June 2012 alone."*

intensity: Drought Impact Types:
DO Abnoemally Dry  + ™ Delineates dominant impacts
D1 Drought-Moderate  §= Short-Term, typically <6 months
55 D2 Drought-Severe (eg. agriculture, grassiands)
o g‘”‘“ﬂ""&“"‘ L= Long-Term, typically >6 months
I D4 Drought-Exceptional (o o 1 roiogy, ecology)

SL= Short-Term and Long-Term

 Unite /States and the Nahona!"Oceamc’and

universities, and states. It focused on the applica- ‘ :
ﬁAtmosphenc Administration. Map courtesy of NDMC-UNL.

tion of technology, including the Internet, and on
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Illustrative Case Two: Adaptive Governance in the Colorado River Basin

The Colorado River supplies water and valuable ecosystem
services to 33 million people and is vulnerable to climate
change because of decreases in mountain snowpack and water
availability, increased competition among water users, fires,
drought, invasive species, and extended extreme heat events,
among other threats.”*** The 1922 Colorado River Compact,
which allocates water among seven U.S. states and Mexico,
was agreed upon in a particularly wet time period;154 thus the
river water is already over-allocated for current conditions.
Given the likelihood of having less water because of climate
change, resource managers and government leaders are
increasingly recognizing that water must be managed with
flexibility to respond to the projected impacts and the range
of possible future climates (see Ch. 2: Our Changing Climate;
Ch. 3: Water).“’155 Multiple actors across multiple disciplines,
scales of governance (including tribal, local, state, and federal),
non-governmental organizations, and the private sector are
organizing and working together to address these concerns
and the relationship between climate and other stresses in the
basin.

The Western Governors’ Association (WGA) spearheaded
adaptation efforts to enable federal, state, tribal, local, and
private sector partners to address a range of issues, including
climate change.ls"ss’m For example, the Western Federal

[Hlustrative Case Three: Climate

Northern Wisconsin’s climate has warmed over the past 50
years, and windstorms, wildfires, insect outbreaks, and floods
are projected to become more frequent in this century.”® The
resulting impacts on forests, combined with fragmented and
complex forest ownership, create management challenges
that extend across ownership boundaries, creating the need
for a multi-stakeholder planning process.'®

To address these concerns, the Northern Institute of Applied
Climate Science, the USDA’s Forest Service, and many other
partners initiated the Climate Change Response Framework
to incorporate scientific research on climate change impacts
into on-the-ground management. Originally developed as a
pilot project for all-lands conservation in northern Wisconsin,
it has expanded to cover three ecological regions (Northwoods
[Figure 28.6], Central Hardwoods, and Central Appalachians}

"Figure 28.6.. .

. Northwoads.Climate " -
Change Response
Framework Region
(Figure Source:

USDA Forest Service -

2012"%), . - )
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Agency Support Team (WestFAST), which was established
in 2008, created a partnership between the Western States
Water Counci! (WSWC) and 11 federal agencies with water
management responsibilities in the western United States.
The agencies created a work plan in 2011 to address three key
areas: 1) climate change; 2) water availability, water use, and
water reuse; and 3) water quality. To date they have produced
the WestFAST Water-Climate Change Program Inventory, the
Federal Agency Summary, and a Water Availability Studies
Inventory (http://www.westgov.org/wswc/WestFAST.htm).

The WSWC and the USACE produced the Western States
Watershed Study (WSWS), which demonstrated how federal
agencies could work collaboratively with western states
on planning activities."” In 2009, the WGA also adopted a
policy resolution titled “Supporting the Integration of Climate
Change Adaptation Science in the West” that created a Climate
Adaptation Work Group composed of western state expertsin
air quality, forest management, water resources, and wildlife
management. Other important adaptation actions were the
SECURE Water Act in 2009, the Reclamation Colorado River
Basin water supply and demand study, and the creation of
NIDIS to support stakeholders in coping with drought.m'mi

Change Adaptation in Forests

across eight states in the Midwest and Northeast. The
Framework uses a collaborative and iterative approach to
provide information and resources to forest owners and
managers across a variety of private and public organizations.
Several products were developed through the Framework in
northern Wisconsin:

1. Vulnerability and mitigation assessments summarized the
observed and projected changes in the northern Wisconsin
climate, projected changes in forest composition and carbon
stocks across a range of potential climates, and assessed
relatedlggxlnerabilities of forest ecosystems in northern Wis-
consin.

2. Forest Adaptation Resources: Climate Change Tools and Ap-
proaches for Land Managers“’2 was developed to help man-
agers identify management tactics that facilitate adaptation.
A “menu” of adaptation strategies and approaches for plan-
ning, implementing, and monitoring adaptation activities
was synthesized into an adaptation workbook from a broad
set of literature and refined based on feedback from regional
scientists and managers.’*

3. A series of adaptation demonstrations was initiated to show-
case ground-level implementation. The Framework and
adaptation workbook provide a common process shared
by diverse landowners and a formal network that supports

CLIMATE CHANGE IMPAGTS IN THE UNITED STATES
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cross-boundary discussion about different management ob-
jectives, ecosystems, and associated adaptation tactics.

From the beginning, the Framework has taken an adaptive
management approach in its adaptation planning and projects.
Lessons learned include:

¢ Define the purpose and scope of the Framework and its com-
ponents early, but allow for refinement to take advantage of
new opportunities.

* Begin projects with a synthesis of existing information to
avoid duplicating efforts.

* Plan for the extra time necessary to implement true collabo-
ration.

¢ Carefully match the skills, commitment, and capacity of peo-
ple and organizations to project tasks.

* Maintain an aimosphere of trust, positivity, and sense of ad-
venture, rather than dwelling on failures.

28: ADAPTATION

¢ Acknowledge and work with uncertainty, rather than submit
to “uncertainty paralysis.”

¢ Recognize the necessity of effective communication among
people with different goals, disciplinary backgrounds, vo-
cabulary, and perspectives on uncertainty.

¢ Integrate the ecological and socioeconomic dimensions early
by emphasizing the many ways that communities value and
depend on forests.

¢ Use technology to increase efficiency of internal communica-
tion and collaboration, as well as outreach.

The Framework brings scientists and land managers together
to assess the vulnerability of ecosystems based on scientific
information and experience in order to plan adaptation actions
that meet management goals. On-the-ground implementation
has just begun, and an increased focus on demonstrations,
monitoring, and evaluation will inform future adaptation
efforts.

Hlustrative Case Four: Transportation, Land Use, and Climate Change — Integrating
Climate Adaptation and Mitigation in Cape Cod, Massachusetts

Cape Cod, Massachusetts, a region of scenic beauty and
environmental significance, is currently affected by sea level
rise, coastal erosion, and localized flooding — impacts that are
likely to be exacerbated by climate change.”®*'® To address
these concernsand help meet the state’s greenhouse gas (GHG})
reduction target (25% reduction based on 1990 levels by 2020),
the U.S. Department of Transportation’s Volpe Center worked
with federal, regional, state, and local stakeholders to integrate
climate change into existing and future transportation, land-
use, coastal zone, and hazard mitigation planning through an
initiative called the Transportation, Land Use, and Climate
Change Pilot Project.’®***

The process was initiated through an expert elicitation held
in mid-2010 to identify areas on Cape Cod that are or could
potentially be vulnerable to sea level rise, flooding, and
erosion. The Volpe Center then used a geographic information
system (GIS) software tool to develop and evaluate a series of
transportation and land-use scenarios for the Cape under future
development projections.“s'157 All scenarios were evaluated
against a series of criteria that included: 1) reduction in vehicle
miles traveled; 2) reduced heat-trapping gas emissions; 3)
reduction in transportation energy use; 4) preservation of
natural/existing ecosystems; 5) reduction in percentage of
new population in areas identified as vulnerable to climate
change impacts; and 6) increased regional accessibility to
transportation.’®
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Once the preliminary scenarios were developed, a workshop
was convened in which community and transportation
planners, environmental managers, and Cape Cod National
Seashore stakeholders selected areas for development and
transit improvements to accommodate new growth while
meeting the goals of reduced heat-trapping gas emissions,
increased resilience to climate change, and the conservation
of natural systems.165 Through interactive visualization tools,
participants were able to see in real-time the impacts of
their siting decisions, allowing them to evaluate synergies
and potential tradeoffs of their choices and to highlight areas
where conflict could or already does exist, such as increasing
density of development in areas already or likely to be
vulnerable to climate change.’® As a result, the stakeholders
developed a refined transportation and land-use scenario
that will support the region’s long-range transportation
planning as well as other local, regional, and state plans.
This updated scenario identifies strategies that have climate
adaptation and mitigation value, helping to ensure that the
region simultaneously reduces its heat-trapping gas footprint
while building resilience to existing and future changes in
climate.’*® The overall success of the pilot project stemmed
from the intensive stakeholder interaction at each phase of the
project (design, implementation, and evaluation).
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Process for Developing Key Messages

A central component of the process were bi-weekly technical dis-
cussions held from October 2011 to June 2012 via teleconference
that focused on collaborative review and summary of all technical
inputs relevant to adaptation (130+) as well as additional pub-
lished literature, the iterative development of key messages, and
the final drafting of the chapter. An in-person meeting was held
in Washington, D.C., in June 2012. Meeting discussions were fol-
lowed by expert deliberation of draft key messages by the authors
and targeted consultation with additional experts by the lead au-
thor of each key message. Consensus was reached on all key mes-
sages and supporting text.

Key messase #1 TRACEABLE ACCOUNT

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 in-
cremental changes.

Description of evidence base

The key message and supporting text summarize extensive
evidence documented in the peer-reviewed literature as well as
the more than 130 technical inputs received and reviewed as part
of the Federal Register Notice solicitation for public input.

Numerous peer-reviewed publications indicate that a growing
number of sectors, governments at all scales, and private and
non-governmental actors are starting to undertake adaptation
activity.g’13 Much of this activity is focused on planning with
little literature documenting implementation of activities.***®
Supporting this statement is also plentiful literature that profiles
barriers or constraints that are impeding the advancement of
adaptation activity across sectors, scales, and regions.‘z’“

Additional citations are used in the text of the chapter to
substantiate this key message.

New information and remaining uncertainties
n/a

Assessment of confidence based on evidence
n/a

Key messae #2 TRACEABLE ACCOUNT

Barriers to implementation of adaptation include
limited funding, policy and legal impediments, and
difficulty in anticipating climate-related changes at
local scales.

Description of evidence base

The key message and supporting text summarize extensive
evidence documented in the peer reviewed literature as well as
the more than 130 technical inputs received and reviewed as
part of the Federal Register Notice solicitation for public input.
A significant quantity of reviewed literature profiles barriers or
constraints that are impeding the advancement of adaptation
activity across sectors, scales, and regions. "> ****

Numerous peer-reviewed documents describe adaptation barriers
(see Table 28.6). Moreover, additional citations are used in the
text of the chapter to substantiate this key message.

New information and remaining uncertainties
n/a

Assessment of confidence based on evidence
n/a

KeY mEssAGE #3 TRACEABLE ACCOUNT

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 in-
cluding stakeholder involvement, can help support
progress.

Description of evidence base

The key message and supporting text summarize extensive
evidence documented in the peer-reviewed literature as well as
the more than 130 technical inputs received and reviewed as part
of the Federal Register Notice solicitation for public input.
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Literature submitted for this assessment, as well as additional
literature reviewed by the author team, fully supports the concept
that adaptations will ultimately need to be selected for their
local applicability based on impacts, timing, political structure,
finances, and other criteria.™* Similarities do exist in the types
of adaptation being implemented, although nuanced differences
do make most adaptation uniquely appropriate for the specific
implementer. The selection of locally and context-appropriate
adaptations is enhanced by iterative and collaborative processes
in which stakeholders directly engage with decision-makers and
information providers.“'zo'28 While there are no “one-size fits all”
adaptation strategies, evidence to date supports the message that
the sharing of best practices and lessons learned are greatly aiding
in adaptation progress across sectors, systems, and governance
systems."’“

Additional citations are used in the text of the chapter to
substantiate this key message.

NEW INFORMATION AND REMAINING UNCERTAINTIES
n/a

ASSESSMENT OF CONFIDENCE BASED ON EVIDENCE
n/a

Key messace #4 TRACEABLE ACCOUNT

Climate change adaptation actions often fulfill
other societal goals, such as sustainable develop-
ment, disaster risk reduction, or improvements in
quality of life, and can therefore be incorporated
into existing decision-making processes.

Description of evidence base

The key message and supporting text summarize extensive
evidence documented in the peer-reviewed literature as well as
the more than 130 technical inputs received and reviewed as part
of the Federal Register Notice solicitation for public input.

Literature submitted for this assessment, as well as additional
literature reviewed by the author team, supports the message that
a significant amount of activity that has climate adaptation value
is initiated for reasons other than climate preparedness and/or has
other co-benefits in addition to increasing preparedness to climate
and weather impacts.?****1% 15 recognition of this and other
factors, a movement has emerged encouraging the integration of
climate change considerations into existing decision-making and
planning processes (i.e., mainstreaming).s‘""“J The case studies
discussed in the chapter amplify this point.

Additional citations are used in the text of the chapter to
substantiate this key message.
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New information and remaining uncertainties
n/a

Assessment of confidence based on evidence
n/a

KEy MESSAGE #5 TRACEABLE ACCOUNT

Vulnerability to climate change is exacerbated by
other stresses such as pollution, habitat fragmen-
tation, and poverty. Adaptation to multiple stresses
requires assessment of the composite threats as
well as tradeoffs amongst costs, benefits, and
risks of available options.

Description of evidence base

The key message and supporting text summarize extensive
evidence documented in the peer-reviewed literature as weli as
the more than 130 technical inputs received and reviewed as part
of the Federal Register Notice solicitation for public input.

Climate change is only one of a multitude of stresses affecting
social, environmental, and economic systems. Activity to date and
literature profiling those activities support the need for climate
adaptation activity to integrate the concerns of muitiple stresses
in decision-making and planning.“‘”’32 As evidenced by activities
to date, integrating multiple stresses into climate adaptation
decision-making and vice versa will require the assessment of
tradeoffs amongst costs, benefits, the risks of available options,
and the potential value of outcomes.*****"

Additional citations are used in the text of the chapter to
substantiate this key message.

New information and remaining uncerlainties
n/a

Assessment of confidence based on evidence
n/a

Kev Messase #6 TraceaBLE Account

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.

Description of evidence base

The key message and supporting text summarize extensive
evidence documented in the peer-reviewed literature as well as
the more than 130 technical inputs received and reviewed as part
of the Federal Register Notice solicitation for public input.

Numerous peer-reviewed publications indicate that no

comprehensive adaptation evaluation metrics exist, meaning
that no substantial body of literature or guidance materials

CLIMATE CHANGE IMPACTS IN THE UNITED STATES



activities.*®**° This is an emerging area of research. A challenge
of creating adaptation evaluation metrics is the growing interest
in mainstreaming; this means that separating out adaptation
activities from other activities could prove difficult.

l exist on how to thoroughly evaluate the success of adaptation

Additional citations are used in the text of the chapter to
substantiate this key message.

New information and remaining uncertainties
n/a

Assessment of confidence based on evidence
n/a
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FACT SHEET: President Obama’s Climate Action Plan

President Obama's Plan to Cut Carbon Pollution
Taking Action for Qur Kids

We have a moral obligation to leave our children a planet that's not polluted or damaged, and by taking an all- of-
the-above approach to develop homegrown energy and steady, responsible steps to cut carbon poliution, we can
protect our kids' health and begin to slow the effects of climate change so we leave a cleaner, more stable
environment for future generations. Building on efforts underway in states and communities across the country, the
President's plan cuts carbon pollution that causes climate change and threatens public health. Today, we have
limits in place for arsenic, mercury and lead, but we let power plants release as much carbon pollution as they want
- pollution that is contributing to higher rates of asthma attacks and more frequent and severe floods and heat
waves.

Cutting carbon pollution will help keep our air and water clean and protect our kids. The President’s plan wili also
spark innovation across a wide variety of energy technologies, resulting in cleaner forms of American- made energy
and culting our dependence on foreign cil. Combined with the President's ather actions to increase the efficiency of
our cars and household appliances, the President's plan will help American families cut energy waste, lowering their
gas and utility bills. In addition, the pian steps up our global efforts to lead on climate change and invests to
strengthen our roads, bridges, and shorelines so we can better protect people's homes, businesses, and way of life
from severe weather.

While no single step can reverse the effects of climate change, we have a moral obligation to act on behalf of future
generations. Climate change represents one of the major challenges of the 21st century, but as a nation of
innovators, we can and will meet this challenge in a way that advances our economy, our environment, and pubiic
health all at the same time. That is why the President’s comprehensive pian takes action to:

Cuts Carbon Pollution in America. In 2012, U.S. carbon poltution from the energy sector fel to the lowest level in
two decades even as the economy continued to grow. To build on this progress. the Obama Administration is
putting in place tough new rules to cut carbon poliution—just like we have for other toxins like mercury and arsenic
—s0 we protect the health of our children and move our economy toward American-made clean energy sources
that will create good jobs and lower home energy bills. For example, the plan:

Directs EPA to work closely with states, industry and other stakeholder to establish carbon pollution
standards for both new and existing power plants;

Makes up to $8 billion in loan guarantee authority available for a wide array of advanced fossil energy and
efficiency projects to support investments in innovative technologies;

Directs DOI to permit enough renewables project—like wind and solar — on public lands by 2020 to power
more than 6 million homes; designates the first-ever hydropower project for priority permitting; and sets a
new goal to instail 100 megawatts of renewables on federally assisted housing by 2020; while maintaining
the commitment to depioy renewables on military installations;

Expands the President's Better Building Challenge, focusing on helping commercial, industrial, and mutti-
family buildings cut waste and become at least 20 percent more energy efficient by 2020;

Sets a goal to reduce carbon poliution by at least 3 billion metric tons cumulatively by 2030 — more than half
of the annuat carbon pollution from the U.S. energy sector — through efficiency standards set over the course
of the Administration for apptiances and federal buildings;

Commits to partnering with industry and stakeholders to develop fuel economy standards for heavy-duty
vehicles to save families money at the pump and further reduce reliance on foreign oil and fuel consumption
post-2018; and

Leverages new opportunities to reduce pollution of highly-potent greenhouse gases known as
hydrofluorocarbons; directs agencies to develop a comprehensive methane strategy; and commits to protect
our forests and critical landscapes.

Prepares the United States for the Impacts of Climate Change. Even as we take new steps to cut carbon
pollution, we must also prepare for the impacts of a changing climate that are already being felt across the country.
Building on progress over the last four years, the plan:
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Directs agencies to support local climate-resilient investment by removing barriers or counterproductive
policies and modemizing programs: and establishes a short-term task force of state, local, and tribal officials
to advise on key actions the Federal govemment can take to help strengthen communities on the ground;

Pilots innovative strategies in the Hurricane Sandy-affected region to strengthen communities against future
extreme weather and other climate impacts; and building on a new, consistent flood risk reduction standard
established for the Sandy-affected region, agencies will update fiood-risk reduction standards for all federally
funded projects;

Launches an effort to create sustainable and resilient hospitals in the face of climate change through a public
-private partnership with the healthcare industry,

Maintains agricuiturat productivity by delivering tailored, science-based knowledge to farmers, ranchers, and
landowners; and helps communities prepare for drought and wildfire by launching a National Drought
Resilience Partnership and by expanding and prioritizing forest- and rangeland- restoration efforts to make
areas less vulnerable to catastrophic fire; and

Provides climate preparedness tools and information needed by state, local, and private-sector leaders
through a centralized “toolkit” and a new Climate Data Initiative.

Lead international Efforts to Address Global Climate Change. Just as no country is immune from the impacts of
climate change, no country can meet this challenge alone. That is why it is imperative for the United States to
couple action at home with leadership intemationally. America must help forge a truly global solution to this global
challenge by galvanizing intematienal action to significantly reduce emissions, prepare for climate impacts, and
drive progress through the international negotiations. For example, the plan:

+ Commits to expand major new and existing intemational initiatives, including bilateral initiatives with China,
India, and other major emitting countries;

* Leads global sector public financing towards cleaner energy by calling for the end of U.S. government
support for public financing of new coal-fired powers plants overseas, except for the most efficient coal
technology available in the world's poorest countries, or facilities deploying carbon capture and sequestration
technologies; and

+ Strengthens global resilience to climate change by expanding government and local community planning and
response capacities.
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