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Foreword:  
America’s Climate Choices

Convened by the National Research Council in response to a request from Con-
gress (P.L. 110-161), America’s Climate Choices is a suite of coordinated activities 
designed to study the serious and sweeping issues associated with global cli-

mate change, including the science and technology challenges involved, and provide 
advice on the most effective steps and most promising strategies that can be taken to 
respond. The study builds on an extensive foundation of previous and ongoing work, 
including current and past National Research Council reports, assessments from other 
national and international organizations, the current scientific literature, climate action 
plans by various entities, and other sources. 

A Summit on America’s Climate Choices was convened on March 30–31, 2009, to 
help frame the study, provide an opportunity for high-level participation and input 
on key issues, and hear about relevant work carried out by others. Additional outside 
viewpoints and perspectives were obtained via public events and workshops, invited 
presentations at meetings, and comments and questions received through the study 
website http://americasclimatechoices.org. 

The Panel on Limiting the Magnitude of Future Climate Change was charged to de-
scribe, analyze, and assess strategies for reducing the net future human influence on 
climate, including both technology and policy options. The panel’s report focuses on 
actions to reduce domestic greenhouse gas emissions and other human drivers of cli-
mate change, such as changes in land use, but also considers the international dimen-
sions of limiting the magnitude of climate change.

The Panel on Adapting to the Impacts of Climate Change was charged to describe, 
analyze, and assess actions and strategies to reduce vulnerability, increase adaptive 
capacity, improve resilience, and promote successful adaptation to climate change in 
different regions, sectors, systems, and populations. The panel’s report draws on a wide 
range of sources and case studies to identify lessons learned from past experiences, 
promising current approaches, and potential new directions.

The Panel on Advancing the Science of Climate Change was charged to provide a 
concise overview of current understanding of past, present, and future climate change, 
including its causes and its impacts, then recommend steps to advance our current 



Copyright © National Academy of Sciences. All rights reserved.

America's Climate Choices 

viii

F O R E W O R D

understanding, including new observations, research programs, next-generation 
models, and the physical and human assets needed to support these and other activi-
ties. The panel’s report focuses on the scientific advances needed both to improve our 
understanding of the intergrated human-climate system and to devise more effective 
responses to climate change.

The Panel on Informing Effective Decisions and Actions Related to Climate Change 
was charged to describe and assess different activities, products, strategies, and tools 
for informing decision makers about climate change and helping them plan and ex-
ecute effective, integrated responses. The panel’s report describes the different types 
of climate change-related decisions and actions being taken at various levels and in 
different sectors and regions; and it develops a framework, tools, and practical advice 
for ensuring that the best available technical knowledge about climate change is used 
to inform these decisions and actions.

The Committee on America’s Climate Choices was responsible for providing over-
all direction, coordination, and integration of the America’s Climate Choices suite of 
activities and ensuring that these activities provide well-supported, action-oriented, 
and useful advice to the nation. The Committee was also charged with writing a final 
report—this document—that builds on the four panel reports and other sources to 
answer the following four overarching questions:

•	 What short-term actions can be taken to respond effectively to climate 
change?

•	 What promising long-term strategies, investments, and opportunities could be 
pursued to respond to climate change?

•	 What are the major scientific and technological advances needed to better 
understand and respond to climate change?

•	 What are the major impediments (e.g., practical, institutional, economic, ethi-
cal, intergenerational) to responding effectively to climate change, and what 
can be done to overcome these impediments?

Collectively, the America’s Climate Choices suite of activities involved more than 90 
volunteers from a range of communities including academia, various levels of govern-
ment, business and industry, other nongovernmental organizations, and the interna-
tional community. Study participants were charged to write consensus reports that pro-
vide broad, action-oriented, and authoritative analyses to inform and guide responses 
to climate change across the nation. Responsibility for the final content of each report 
rests solely with the authoring group and the National Research Council. However, the 
development of each report included input from and interactions with members of all 
five study groups; the membership of each group is listed in Appendix A.
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Preface

How should the United States respond to the challenges posed by climate 
change? This is the fundamental question addressed by America’s Climate 
Choices—a suite of activities requested by the U.S. Congress and conducted 

by the U.S. National Research Council. Book shelves and the internet are replete with 
studies of climate change: Why conduct another one? First among the reasons to do 
so is that the body of scientific knowledge about climate change is growing rapidly 
and, as it does, so too does our understanding of the nature and severity of potential 
consequences. Second, unlike most previous studies, this study looks across the full 
range of response options and the interactions among them. Third, this work goes 
beyond analysis of the problem and, in accordance with its Statement of Task, provides 
“action-oriented advice on what can be done to respond most effectively to climate 
change. . . ” Toward that end, the committee membership was not limited to physical 
and social scientists but also included people with expertise and experience in public 
policy, government, and the private sector.

Numerous substantive and procedural questions arose in the course of the commit-
tee’s work—for instance, regarding the primary audience to which the final report 
would be directed. The Statement of Task calls upon the committee to “advise the 
nation,” which indicates an extremely broad audience. Ultimately, the committee 
chose to view as its audience decision makers at all levels who will influence America’s 
response to climate change. Hence this report’s focus on formulating decisions to be 
made and on strategies for making them. Although this study is focused on America’s 
climate choices and is accordingly directed to American decision makers, the commit-
tee’s analyses and advice were formulated with full consideration of the international 
context within which U.S. responses to climate change must be selected and imple-
mented. Another consideration was the analytical framework to use in identifying 
America’s climate choices. Although no single option was selected a priori, the panels 
and the committee all concluded that iterative risk management is the most useful 
framework for dealing with the many complexities and uncertainties that are inherent 
to climate change. 

A final example of an issue that required resolution by the committee stems from 
the assigned task to “provide targeted, action-oriented advice.” Some natural and 
social scientists believe their appropriate role is to provide the best available scientific 
information, to formulate options for decision makers, and to describe the relative 
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advantages and disadvantages of each of the options. In the views of these individu-
als, recommending a particular option would carry them beyond objectivity and into 
advocacy. Others consider it appropriate to inform decision makers of their considered 
judgments, properly labeled as such. This issue was not resolved in the abstract; rather, 
the members of the committee sought to achieve consensus on a case-by-case basis. 
We do recommend specific courses of action where there is substantial evidence 
supporting the need for such actions, but this advice is fairly general in nature, in a 
deliberate effort to avoid being “policy prescriptive.” Recommendations that deal with 
government function, such as responsibilities to be assigned to specific federal agen-
cies, were deemed to be beyond the scope of the committee.

Since the time that the Committee began its work, the economic and political context 
in which climate change decisions are being made has changed a great deal, both 
domestically and internationally. Within the United States, Congress has considered 
several substantive proposals for federal legislation related to climate change, but 
none has become law. The committee did not attempt to analyze these specific pro-
posals or to weigh in with views on other specific political developments taking place 
during the course of the study. 

We hope that the efforts of the panels and this committee will prove useful to the 
nation as it confronts the complex challenges of climate change in the near term and 
in the decades ahead. We wish to thank numerous people who provided valuable 
input to this study, including the following people who were invited guest speakers at 
the committee’s meetings: Anthony Janetos, Joint Global Change Research Institute; 
Steven Seidel, Harvard University; Jonathan Pershing, U.S. Department of State; Anand 
Patwardhan, Indian Institute of Technology-Bombay; Richard Suttmeier, University of 
Oregon; Nicole DeWandre, European Commission; Rik Leemans, Wageningen Univer-
sity; Yvo de Boer, UNFCCC; Franklin Moore, USAID; Ian Noble, World Bank; Scott Barrett, 
Columbia University; Michael Grubb, U.K. Carbon Trust; Glenn Prickett, Conservation 
International; Stephen Gardiner, University of Washington; Steven Vanderheiden, 
University of Colorado; Manuel Pastor, University of Southern California; and Michel 
Gelobter, Cooler, Inc. Special thanks to Gary Yohe (Wesleyan University; member of 
the ACC Panel on Adapting to the Impacts of Climate Change) for substantial con-
tributions to the committee’s discussions about the concept of risk management. 
Numerous additional people provided input through participation in the America’s 
Climate Choices Summit and the Geoengineering workshop (see Appendix D for 
Summit agenda.). 

 Essential contributions to this project were made by knowledgeable, skilled, and 
accommodating members of the National Research Council staff, and we are deeply 
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grateful to them. Ian Kraucunas and Laurie Geller were invaluable in organizing and 
marshalling the effort and in their substantive engagement. We benefitted immensely 
from the active participation of other members of the staff, especially the important 
contributions from Chris Elfring, Paul Stern, and Marlene Kaplan, and the outstanding 
administrative support from Rita Gaskins and Amanda Purcell. Our gratitude extends 
also to the members of the ACC panels and to the many others who shared with us 
the knowledge, perspectives, and wisdom essential to the success of America’s Climate 
Choices.

Albert Carnesale (Chair) and William Chameides (Vice Chair)  
Committee on America’s Climate Choices
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Summary

Climate change is occurring, is very likely caused by human activities, and poses 
significant risks for a broad range of human and natural systems. Each additional 
ton of greenhouse gases emitted commits us to further change and greater 

risks. In the judgment of the Committee on America’s Climate Choices, the environ-
mental, economic, and humanitarian risks of climate change indicate a pressing need 
for substantial action to limit the magnitude of climate change and to prepare to 
adapt to its impacts.

This report, the final volume of the America’s Climate Choices (ACC) suite of activities, 
examines the nation’s options for responding to the risks posed by climate change. 
Although it is crucial to recognize that climate change is inherently an international 
concern that requires response efforts from all countries, this report focuses on the 
essential elements of an effective national response, which includes:

•	 Enacting policies and programs that reduce risk by limiting the causes of cli-
mate change and reducing vulnerability to its impacts; 

•	 Investing in research and development efforts that increase knowledge and 
improve the number and effectiveness of response options available; 

•	 Developing institutions and processes that ensure pertinent information is 
collected and that link scientific and technical analysis with public deliberation 
and decision making;

•	 Periodically evaluating how response efforts are progressing and updating 
response goals and strategies in light of new information and understanding.

Given the inherent complexities of the climate system, and the many social, economic, 
technological, and other factors that affect the climate system, we can expect always 
to be learning more and to be facing uncertainties regarding future risks. This is not, 
however, a reason for inaction. Rather, the challenge for society is to acknowledge 
these uncertainties and respond accordingly, just as is done in many areas of life. For 
example, people buy home insurance to protect against potential losses, and busi-
nesses plan contingently for a range of possible future economic conditions. 

Just as in these other areas, a valuable framework for making decisions about Ameri-
ca’s Climate Choices is iterative risk management. This refers to an ongoing process 
of identifying risks and response options, advancing a portfolio of actions that em-
phasize risk reduction and are robust across a range of possible futures, and revising 
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responses over time to take advantage of new knowledge. Iterative risk management 
strategies must be durable enough to promote sustained progress and long-term 
investments, yet sufficiently flexible to take advantage of improvements in knowledge, 
tools, and technologies over time. 

In the context of an iterative risk management framework, and building on the analy-
ses in the four ACC panel reports, the committee recommends the following priority 
actions for an effective and comprehensive national response to climate change: 

Substantially reduce greenhouse gas emissions. In the committee’s judgment there 
are many reasons why it is imprudent to delay actions that at least begin the process 
of substantially reducing emissions. For instance: 

•	 The faster emissions are reduced, the lower the risks posed by climate change. 
Delays in reducing emissions could commit the planet to a wide range of ad-
verse impacts, especially if the sensitivity of the climate to greenhouse gases is 
on the higher end of the estimated range.

•	 Waiting for unacceptable impacts to occur before taking action is imprudent 
because the effects of greenhouse gas emissions do not fully manifest them-
selves for decades and, once manifested, many of these changes will persist for 
hundreds or even thousands of years.

•	 The sooner that serious efforts to reduce greenhouse gas emissions proceed, 
the less pressure there will be to make steeper (and thus likely more expen-
sive) emission reductions later.

•	 The United States and the rest of the world are currently making major invest-
ments in new energy infrastructure that will largely determine the trajectory 
of emissions for decades to come. Getting the relevant incentives and policies 
in place as soon as possible will provide crucial guidance for these investment 
decisions.

•	 In the committee’s judgment, the risks associated with doing business as usual 
are a much greater concern than the risks associated with engaging in strong 
response efforts. This is because many aspects of an “overly ambitious” policy 
response could be reversed if needed, through subsequent policy change; 
whereas adverse changes in the climate system are much more difficult (in-
deed, on the timescale of our lifetimes, may be impossible) to “undo.” 

RECOMMENDATION 1: In order to minimize the risks of climate change and its ad-
verse impacts, the nation should reduce greenhouse gas emissions substantially over 
the coming decades. The exact magnitude and speed of emissions reduction depends 
on societal judgments about how much risk is acceptable. However, given the inertia 
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of the energy system and long lifetime associated with most infrastructure for energy 
production and use, it is the committee’s judgment that the most effective strategy is 
to begin ramping down emissions as soon as possible. 

Emission reductions can be achieved in part through expanding current local, state, 
and regional-level efforts, but analyses suggest that the best way to amplify and ac-
celerate such efforts, and to minimize overall costs (for any given national emissions 
reduction target), is with a comprehensive, nationally uniform, increasing price on 
CO2

1 emissions, with a price trajectory sufficient to drive major investments in energy 
efficiency and low-carbon technologies. In addition, strategically-targeted comple-
mentary policies are needed to ensure progress in key areas of opportunity where 
market failures and institutional barriers can limit the effectiveness of a carbon pricing 
system. 

Begin mobilizing now for adaptation. Aggressive emissions reductions would reduce 
the need for adaptation, but not eliminate it. Climate change is already happening, 
and additional changes can be expected for all plausible scenarios of future green-
house gas emissions. Prudent risk management demands advanced planning to deal 
with possible adverse outcomes—known and unknown—by increasing the nation’s 
resilience to both gradual changes and the possibility of abrupt disaster events. Effec-
tive adaptation will require the development of new tools and institutions to manage 
climate-related risks across a broad range of sectors and spatial scales. Adaptation 
decisions will be made and implemented by actors in state and local governments, the 
private sector, and society at large, but there is also a need for national-level efforts—
for instance, to share information and technical resources for evaluating vulnerability 
and adaptation options, and to develop and implement adaptation plans within the 
federal agencies and their relevant programs. 

RECOMMENDATION 2: Adaptation planning and implementation should be initiated 
at all levels of society. The federal government, in collaboration with other levels of 
government and with other stakeholders, should immediately undertake the develop-
ment of a national adaptation strategy and build durable institutions to implement 
that strategy and improve it over time. 

Invest in science, technology, and information systems. Scientific research and 
technology development can expand the range, and improve the effectiveness of, 
options to respond to climate change. Systems for collecting and sharing information, 
including formal and informal education systems, can help ensure that climate-related 
decisions are informed by the best available knowledge and analysis, and can help us 
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evaluate the effectiveness of actions taken. Many actors are involved in such efforts. 
For instance, technological innovation will depend in large part on private sector 
efforts, while information, education, and stakeholder engagement systems can be 
advanced by nongovernmental organizations and state and local governments. But 
the federal government has important roles to play in all of these efforts as well.

RECOMMENDATION 3: The federal government should maintain an integrated, 
coordinated, and expanded portfolio of research programs with the dual aims of 
increasing our understanding of the causes and consequences of climate change and 
enhancing our ability to limit climate change and to adapt to its impacts. 

RECOMMENDATION 4: The federal government should lead in developing, support-
ing, and coordinating the information systems needed to inform and evaluate Amer-
ica’s climate choices, to ensure legitimacy and access to climate services, greenhouse 
gas accounting systems, and educational information. 

RECOMMENDATION 5: The nation’s climate change response efforts should include 
broad-based deliberative processes for assuring public and private-sector engage-
ment with scientific analyses, and with the development, implementation, and peri-
odic review of public policies. 

Actively engage in international climate change response efforts. America’s climate 
choices affect and are affected by the choices made throughout the world. U.S. emis-
sions reductions alone will not be adequate to avert dangerous climate change risks, 
but strong U.S. emission reduction efforts will enhance our ability to influence other 
countries to do the same. Also, the United States can be greatly affected by impacts 
of climate change occurring elsewhere in the world, and it is in our interest to help 
enhance the adaptive capacity of other nations. Effectively addressing climate change 
requires both contributing to and learning from other countries’ efforts. 

RECOMMENDATION 6: The United States should actively engage in international-
level climate change response efforts: to reduce greenhouse gas emissions through 
cooperative technology development and sharing of expertise, to enhance adaptive 
capabilities (particularly among developing nations that lack the needed resources), 
and to advance the research and observations necessary to better understand the 
causes and effects of climate change.

Coordinate national response efforts. Individuals, businesses, state and local govern-
ments, and other decision makers nationwide are already taking steps to respond to 
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climate change risks, and must continue to play essential roles in our nation’s future 
response strategies. Numerous federal government agencies and organizations must 
also be involved in informing and implementing America’s climate choices. Our na-
tion needs a coherent strategy for assuring adequate coordination among this wide 
array of actors. This includes, for instance, carefully balancing rights and responsibili-
ties among different levels of government (vertical coordination), assuring effective 
delineation of roles among different federal agencies (horizontal coordination), and 
promoting effective integration among the different components of a comprehensive 
climate change response strategy (e.g., all the various efforts discussed in each of the 
previous recommendations).

RECOMMENDATION 7: The federal government should facilitate coordination of the 
many interrelated components of America’s response to climate change with a pro-
cess that identifies the most critical coordination issues and recommends concrete 
steps for how to address these issues. 

Responding to the risks of climate change is one of the most important challenges 
facing the United States and the world today and for decades to come. America’s 
climate choices will involve political and value judgments by decision makers at all 
levels. These choices, however, must be informed by sound scientific analyses. This 
report recommends a diversified portfolio of actions, combined with a concerted ef-
fort to learn from experience as those actions proceed, to lay the foundation for sound 
decision making today and expand the set of options available to decision makers in 
the future. 
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The Context for America’s 
Climate Choices

The United States lacks an overarching national 
strategy to respond to climate change.

America’s response to climate change is ultimately about making choices in the 
face of risks: choosing, for example, how, how much, and when to reduce green-
house gas (GHG) emissions and to increase the resilience of human and natural 

systems to climate change. These choices will in turn influence the rate and magnitude 
of future climate change and its impact on people and many things that people care 
about. Each course of action carries potential benefits and risks, only some of which 
can be fully anticipated and quantified. A key question surrounding America’s climate 
choices is thus how we as a society perceive, evaluate, and respond to risk. This ques-
tion is complicated by the diversity of people, communities, and interests affected by 
climate change (and by many of the proposed responses to climate change), by their 
different perceptions and judgments of and tolerances for risk, and by the fact that 
climate change is an issue that spans local to global scales and multiple generations. 

This report, the final volume of the America’s Climate Choices (ACC) suite of activities 
(Box 1.1), offers advice on how to weigh the potential risks and benefits associated 
with different actions that might be taken to respond to climate change, and how to 
ensure that actions are as effective as possible. America’s climate choices will ulti-
mately be made by elected officials, business leaders, individual households, and other 
decision makers across the nation; and these choices almost always involve tradeoffs, 
value judgments, and other issues that reach beyond science. The goal of this report, 
and of the entire ACC suite of activities, is to ensure that the nation’s climate choices 
are informed by the best possible scientific knowledge and analysis, both now and in 
the decades ahead. 

This chapter briefly reviews some key elements of the current context in which 
America’s climate change must be made. Chapter 2 reviews current scientific under-
standing of the causes and consequences of climate change. Chapter 3 describes 
some of the features of climate change that make it such a unique, challenging issue 
to address. Chapter 4 explores the concept of iterative risk management as an over-

C H A P T E R  O N E
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arching framework for responding to climate change. Chapter 5 offers recommenda-
tions for the key elements of an effective, robust U.S. response.

GREENHOUSE GAS EMISSION TRENDS

Despite an international agreement signed by the United States and 153 other nations 
in 1992 to stabilize atmospheric GHG concentrations “at a level that would prevent 
dangerous anthropogenic interference with the climate system,”1 GHG emissions have 
continued to rise. Energy-related carbon dioxide (CO2) emissions constitutes roughly 

BOX 1.1  
The America’s Climate Choices Study

In 2008, Congress commissioned the National Academy of Sciences to: “investigate and study 
the serious and sweeping issues relating to global climate change and make recommendations re-
garding what steps must be taken and what strategies must be adopted in response to global climate 
change, including the science and technology challenges thereof.” In response to this mandate, and 
with financial support from the National Oceanic and Atmospheric Administration, the America’s 
Climate Choices suite of activities was established. A Summit on America’s Climate Choices held in 
March 2009, and independent panels were convened to study and produce reports focusing on 
four specific aspects of responding to climate change: Advancing the Science of Climate Change,a 
Limiting the Magnitude of Future Climate Change, b Adapting to the Impacts of Climate Change, c and 
Informing an Effective Response to Climate Change.d 

The panel reports offer a detailed analysis of possible actions and investments in each of these 
four realms—for instance, regarding specific technologies and policies for reducing greenhouse gas 
emissions, needs and opportunities for adapting to climate change impacts, and key research needs 
in different areas of climate change science (see Appendix C for more details about the content of 
the panel reports). This final report by the Committee on America’s Climate Choices draws on the 
information and analysis in the four panel reports, as well as a variety of other sources, to identify 
cross-cutting challenges and offer both a general framework and specific recommendations for 
establishing an effective national response to climate change. 

a National Research Council (NRC), Advancing the Science of Climate Change (Washington, D.C.: National Academies 
Press, 2010).

b National Research Council (NRC), Limiting the Magnitude of Future Climate Change (Washington, D.C.: National 
Academies Press, 2010).

c  National Research Council (NRC), Adapting to the Impacts of Climate Change (Washington, D.C.: National Academies 
Press, 2010).

d National Research Council (NRC), Informing an Effective Response to Climate Change (Washington, D.C.: National 
Academies Press, 2010).
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83 percent of total U.S. GHG emissions2 and thus will be the primary focus of the dis-
cussion in this report (non-CO2 GHGs are discussed briefly in Box 1.2). Figure 1.1 shows 
recent and projected energy-related CO2 emissions for the United States. The increase 
in emissions over the past few decades occurred despite the fact that the “intensity” 
of America’s CO2 emissions (the amount of emissions created per unit of economic 
output, often presented as emissions per dollar of GDP) decreased by almost 30 per-
cent. 3 Thus, the general tendency for industrialized nations to become more efficient 
and less carbon intensive has slowed but not prevented the growth of domestic CO2 
emissions.

The upward trend in U.S. emissions has been punctuated by brief declines, usually 
during economic downturns. By far the most significant of these downturns was the 
roughly 6 percent decrease in energy-related CO2 emissions in 2009, related to the 
economic recession. 4 However, the U.S. Energy Information Administration’s latest 

BOX 1.2 
Non-CO2 Greenhouse Gases and Aerosols

International negotiations and domestic policy debates have focused largely on reducing 
CO2 emissions from fossil fuels, both because these emissions account for a large fraction of total 
GHG emissions and because they can be estimated fairly accurately based on fuel-use data.a 
This report follows suit by focusing primarily on energy-related CO2 emissions. It is important to 
recognize, however, that there are other important sources of CO2 (such as tropical deforestation), 
and there are other compounds in the atmosphere that affect the earth’s radiative balance and 
thus play a role in climate change. 

This includes long-lived GHGs such as methane, nitrous oxide, and fluorinated compounds 
(which arise from a variety of human activities including agriculture and industrial activities). It 
also includes shorter-lived gases that are precursors to tropospheric ozone (which directly affects 
human health, in addition to influencing climate), and a variety of aerosols that can exert either 
warming or cooling effects, depending on their chemical and physical properties. Some of these 
other compounds are explicitly included in climate policy negotiations and emissions reductions 
plans, but in general it is much more difficult to measure and verify reductions in emissions of many 
of these substances than for CO2.b See NRC, Advancing the Science of Climate Change and Limiting 
the Magnitude of Climate Change for more extensive discussion of these other gases and aerosols. 

a It should be noted, however, that there is as yet no sufficiently accurate way to verify countries’ self-reported es-
timates using independent data. A recent study (NRC, Verifying Greenhouse Gas Emissions: Methods to Support International 
Climate Agreements, Washington, D.C.: National Academies Press, 2010) recommended a set of strategic investments that would 
improve self-reporting and provide a verification capability within 5 years.

b NRC, Verifying GHG Emissions.
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projections are that emissions return to an upward trend in 2010, and that under a 
“business-as-usual” scenario through 2035 (that is, assuming no major actions to 
reduce domestic GHG emissions or additional major economic downturns), CO2 emis-
sions will grow by an average of roughly 0.2 percent per year.5 This is a slower growth 
rate than that of the past three decades, but it does indicate that emissions will exceed 
pre-recession levels by the year 2028, and by the year 2035 they will be about 8.5 per-
cent higher than pre-recession levels.

Recent studies have highlighted the commitments to further climate change that 
are implied by construction of new, long-lived infrastructure (e.g., electricity produc-
tion facilities, highways). Once constructed, the emissions from these facilities can 
be locked in for as much as 50 years or more. This is an especially serious concern in 
regards to rapidly developing countries, where huge investments in new energy gen-
eration and energy use systems are being made. 6 As a result, global GHG emissions 
are projected to increase steeply. The U.S. Energy Information Administration esti-

1-1 �xed image

FIGURE 1.1 Energy-related U.S. CO2 emissions for 1980-2009 (estimated) and 2010-2035 (projected). 
Given in billion metric tons CO2. The long-term upward trend in emissions has been punctuated by 
declines during economic downturns, most notably around 2009. SOURCE: Adapted from Energy Informa-
tion Administration (EIA), International Energy Outlook, Report # DOE/EIA-0484(2010) (Washington, D.C.: 
U.S. Department of Energy, 2010, available at http://www.eia.doe.gov/oiaf/ieo/, accessed March 4, 2011). 
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mates that by 2035, global emissions will be more than 40 percent larger than in 2007 
in the absence of aggressive policies to reduce emissions, with most of the increase 
expected to occur in developing economies. 7 

THE CURRENT CONTEXT

As a signatory to the Copenhagen Accord in 2009, the United States has endorsed an 
effort to work with the international community to prevent a 2°C (3.6°F) increase in 
global temperatures relative to pre-industrial levels (see Box 1.3). 8 As part of this ac-
cord, the Obama Administration set a “provisional” target of reducing U.S. GHG emis-

BOX 1.3 
International Context 

The ACC studies focus primarily on domestic action, but climate change is an inherently 
global problem, and U.S. response strategies must be formulated in the context of international 
agreements and the actions of other nations. The United Nations Framework Convention on 
Climate Change (UNFCCC) has thus far been the most visible arena for international negotiations 
on climate change. The only major binding agreement to emerge from the UNFCCC process—
the Kyoto protocol—was never ratified by the United States and will expire in 2012. There is no 
comprehensive agreement for governing response to climate change at the international level. 
Instead, we have seen the emergence of a loosely coupled “complex” of activities with no clear 
core, which includes, for instance, bi-lateral initiatives (e.g., the U.S.-China Partnership on Climate 
Change), clubs of countries that pledge cooperative efforts (e.g., G-8+5 climate change dialogue, 
Major Economies Forum, Asia Pacific Partnership), and programs of specialized UN agencies (WMO, 
UNEP, UNDP, FAO) and other international entities (GATT, WTO, World Bank).a 

Climate change science is also an inherently international enterprise that has been greatly 
advanced through programs that coordinate and facilitate cooperative multi-national research 
efforts, such as the World Climate Research Program. Global observing systems, which provide 
crucial information about climate system variability and long term change, are advanced through 
cooperative efforts such as the Global Earth Observation System of Systems (GOESS). Also of great 
importance is the work of the Intergovernmental Panel on Climate Change (IPCC), which synthesizes 
and translates research developments into information that is useful for policy makers. The United 
States has been a major contributor to, and beneficiary of, all of these research, observational, and 
assessment activities.

a R. O. Keohane and D. G.Victor, The Regime Complex for Climate Change. Discussion Paper 2010-33. (Cambridge, Mas-
sachusetts: Harvard Project on International Climate Agreements, 2010).
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sions in the range of 17 percent below 2005 levels by the year 2020. Given the GHG 
emission projections discussed in the preceding section, it is clear that the United 
States will not be able to meet such a commitment without a significant departure 
from “business-as-usual.” 

 The federal government has adopted some policies (such as subsidies and tax credits) 
to catalyze the development and implementation of climate-friendly technologies, 
and there are also a range of voluntary federal programs in place to encourage energy 
efficiency and GHG emission reductions. More comprehensive federal-level legisla-
tion remains stalled. In June 2009, the House of Representatives passed the American 
Security and Clean Energy Act, which would have established a cap-and-trade system 
designed to lower U.S. GHG emissions by 17 percent by 2020 and 80 percent by 2050. 
A similar bill failed to reach the Senate floor, however; and following the 2010 mid-
term elections, the prospects of any significant climate legislation being passed in the 
near future have diminished further. 

In 2007 the U.S. Supreme Court instructed the U.S. Environmental Protection Agency 
(EPA) that it is required under the Clean Air Act to regulate emissions of CO2 and five 
other greenhouse gases if it finds that such emissions threaten the public health and 
welfare. 9 In 2009 the EPA issued such a finding and, as a consequence, the EPA is cur-
rently developing regulations on GHG emissions from newly constructed or modified 
power plants and industrial sources; 10 recently, together with the National Highway 
Traffic Safety Administration, it issued a coordinated set of fuel economy and GHG 
emissions standards for light-duty vehicles. However, there are many obstacles in the 
path to EPA regulation (including, for example, potential congressional legislation that 
would delay or rescind EPA’s authority, and litigation likely to follow rulemaking efforts 
that would use the judiciary to do the same). Thus the timing and character of regula-
tory programs to control GHG emissions are by no means certain.

Despite the current lack of comprehensive national policies, early actors at other levels 
of government and in the private sector are advancing policies and commitments to 
reduce emissions and lessen impacts. In the private sector, many corporations have 
made commitments or developed action plans for significantly reducing emissions 
from their operations. 11 More than 1,000 mayors have signed onto the U.S. Confer-
ence of Mayors’ Climate Protection Agreement, pledging to reduce their city’s overall 
emissions by 7 percent below 1990 levels by 2012. 12 A majority of states have adopted 
some form of renewable portfolio standard, 13 energy efficiency program require-
ments, or emissions reduction goal, and some have adopted or plan to adopt cap and 
trade systems to reduce GHG emissions (for example, the Regional Greenhouse Gas 
Initiative of the northeastern U.S. states, the Western Climate Initiative, the Midwest-
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ern Greenhouse Gas Reduction Accord). The California Global Warming Solutions Act 
(AB32) enacted a sweeping set of GHG emission control programs for the state (and it 
survived a ballot proposition to repeal the Act in 2010). 

Many states and communities have also developed policies to expand mass transit 
systems, discourage urban sprawl, increase efficiency, and tighten the energy provi-
sions of building codes, 14 and there are important developments being led by sub-
national governments and nongovernment organizations in the development of 
protocols and registries for reporting and verifying GHG missions (e.g., the Climate 
Registry, the California Climate Action Registry, the Carbon Disclosure Project of 
ICLEI—Local Governments for Sustainability). 15 

Climate change adaptation planning efforts are also under way in a number of 
states, counties, and local communities.16 Adaptation strategies are being explored 
in climate-sensitive sectors such as agriculture and water resources management, 
which have historically adapted to natural climate variability in ways that may reduce 
vulnerabilities to climate change. Several non-governmental organizations have also 
become active in promoting adaptation planning. In 2009, the White House Council on 
Environmental Quality, the Office of Science and Technology Policy, and the National 
Oceanic and Atmospheric Administration initiated an Interagency Climate Change 
Adaptation Task Force to recommend adaptation initiatives both domestically and 
internationally. The U.S. intelligence community is assessing how climate change may 
affect national security (for instance, through geopolitical destabilization from water 
scarcity or sea level rise), and the U.S. military has begun to consider how climate 
change will affect their facilities, capabilities, and theatres of operation. 17

The collective effect of these local, state, federal, and private sector efforts to limit and 
adapt to climate change is potentially quite significant but, as suggested by recent 
analyses, it is not likely to yield emission reductions comparable to what could be 
achieved with strong federal policies. 18 Moreover, it is not clear if the current patch-
work of initiatives will prove durable in the absence of an overarching federal policy. 
For example, evidence suggests that many early actors have been motivated at least in 
part by a belief that federal legislation on climate change is inevitable and that getting 
out in front of that legislation will offer a competitive advantage. 19 Without a federal 
policy, emission cuts made in states with climate programs may be undermined by 
“leakage” to states without such programs, and varying policies across state lines may 
also lead to inefficiencies and market imbalances. It also possible, of course, that some 
commitments made during periods when the economy was growing will be reconsid-
ered as the economy struggles to recover from a recession. 
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CHAPTER CONCLUSION

The collective effect of local, state, and private sector efforts to respond to cli-
mate change is significant and should be encouraged, but such efforts are not 
likely to be sufficient or sustainable over the long term without a strong frame-
work of federal policies and programs that ensure all U.S. stakeholders are work-
ing toward coherent national goals. 

As described briefly in this chapter and explored in the ACC panel reports, there are 
already many efforts under way across the United States (led by state and local gov-
ernments, and private sector and nongovernmental organizations) to reduce domestic 
GHG emissions, to adapt to anticipated impacts of climate change, and to advance 
systems for collecting and sharing climate-related information. Although there can 
be real benefits to having these actions take place in such a decentralized fashion, 20 
in the judgment of the committee the many risks posed by climate change—coupled 
with the scale and scope of responses needed to respond effectively—demand 
national-level leadership and coordination. The appropriate balance between federal 
and nonfederal responsibilities depends on the domain of action. The ACC panel 
reports provide detailed discussion about the different types of federal leadership 
and coordination efforts that are most needed in the domains of advancing scientific 
understanding, limiting the magnitude of climate change, adapting to its impacts, and 
informing effective decisions.
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Causes and Consequences of 
Climate Change

Climate change poses significant risks for a wide 
range of human and natural systems.

This statement, based on the conclusions of the America’s Climate Choices (ACC) 
panel report Advancing the Science of Climate Change, stems from a substantial 
array of evidence and is consistent with the conclusions drawn in other recent 

scientific assessments, including reports by the U.S. Global Change Research Program 
(USGCRP) and the Intergovernmental Panel on Climate Change (IPCC). Although the 
scientific process is always open to new ideas and results, the fundamental causes and 
consequences of climate change have been established by many years of scientific 
research,1 are supported by many different lines of evidence, and have stood firm in 
the face of careful examination, repeated testing, and the rigorous evaluation of alter-
native theories and explanations. This chapter provides a brief overview of some basic 
facts about the risks posed by climate change (see Box 2.1); additional explanation 
and detail can be found in the reports noted above. 

OBSERVED CLIMATE CHANGE

Earth is warming. 2 The average temperature of the Earth’s surface increased by about 
1.4°F (0.8°C) over the past 100 years, with about 1.0°F (0.6°C) of this warming occurring 
over just the past three decades (see Figure 2.1). Warming has also been observed spe-
cifically in the lower atmosphere3 and the upper oceans. 4 Additional, indirect indica-
tions of warming include widespread reductions in glaciers and Arctic sea ice, 5 rising 
sea levels, 6 and changes in plant and animal species.7

The preponderance of the scientific evidence points to human activities—especially 
the release of CO2 and other heat-trapping greenhouse gases (GHGs) into the 
atmosphere —as the most likely cause for most of the global warming that has 
occurred over the last 50 years or so.8 This finding is supported by numerous lines of 
evidence, including:
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•	 The concentration of CO2 in the atmosphere has increased markedly over the 
past 150 years (see Figure 2.2) and is now higher than at any time in at least 
800,000 years.9 

•	 The long-term rise in CO2 concentrations can be attributed primarily to the 
growth in human CO2 emissions from fossil fuel burning (Figure 2.2), with 
deforestation and other land use and land cover changes also contributing. 10 

•	 Concentrations of other GHGs, including methane, nitrous oxide, and certain 
halogenated gases, have also increased as a result of human activities.11 

BOX 2.1 
Climate Change and Risk 

As used here, the term risk applies to undesired events that may occur in the future but are not 
certain to occur. Analysts typically quantify risks along two dimensions—the probability that an 
event will occur, and the magnitude or consequence(s) of the event—and multiply the two to get 
a risk estimate (probability times consequence).a Consequences, however, have many dimensions. 
They vary in terms of which human values and concerns they affect (lives, livelihoods, community 
integrity, nonhuman species, etc.), where they are likely to occur, whom they may affect, and when 
they are likely to cause harm. Consequences also vary in terms of perception and significance to 
those who face the risks—for example, in the degree to which the consequence is understood 
or evokes dread (unknown risks can sometimes concern people more than other risks), and even 
in the trust in the organizations that manage such risks (mistrust in the managing organizations 
tends to increase perceived risk).b 

The risks posed by climate change are thus complex. As this chapter discusses, climate change 
drives a variety of biophysical processes, which leads to a variety of potential consequences for 
many things that people value. Risks will change over time, and consequences will be highly 
variable across different locations and population groups. Scientific analyses can improve under-
standing of the risks associated with climate change, including how different human reactions 
might change those risks and at what cost. One way this is done, for instance, is through scenario 
analyses that illustrate a range of possible future conditions and that can be used to test out the 
performance of different response strategies. But regardless of how much supporting scientific 
information is available, making choices about how to act in the face of uncertainty can prove 
contentious if people disagree about the nature of the risks they face or about which elements 
of these risks are most important.

a C. Jaeger, O. Renn, E. A. Rosa, and T. Webler, Risk, Uncertainly and Rational Action (London: Earthscan, 2001).
b P. Slovic, B. Fischhoff, and S. Lichtenstein, “Facts and fears: Understanding perceived risk,” in Societal Risk Assessment: 

How Safe Is Safe Enough? (R. C. Schwing and W. A. Albers, Jr., eds. New York: Plenum, 1980); O. Renn, Risk Governance: Coping with 
Uncertainty in a Complex World (London: Earthscan, 2008).
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•	 Both basic physical principles and sophisticated models of the Earth’s climate 
system definitively show that when the GHG concentrations increase, warming 
will occur. 

•	 Careful analyses of observations and model results indicate that natural fac-
tors such as internal climate variability or changes in incoming energy from 
the sun cannot explain the long-term global warming trend.12 Natural climate 
variability does, however, lead to substantial year-to-year and decade-to-
decade fluctuations in temperature and other climate variables (as evident in 
Figure 2.1).

Global warming has been accompanied by a number of other global and regional 
environmental changes, which are broadly consistent with the changes expected in a 
warming world. However, establishing a direct, empirically-based causal link between 

FIGURE 2.1 Global surface temperature change from 1880 to 2010, reported as a deviation from the 
1951-1980 average. The black curve shows the globally and annually averaged near-surface temperature 
derived from a variety of instruments including thermometers, satellites, and various ocean sensors, all 
carefully calibrated and quality-controlled to remove errors. Green bars indicate the 95 percent confi-
dence interval. The red curve shows a five year running average. The data show considerable year-to-year 
and decade-to-decade variability, but the long-term trend is clearly one of warming. SOURCE: NASA/
GISS (other research groups find similar results; see, for example, http://www.cru.uea.ac.uk/cru/data/
temperature/). 
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FIGURE 2.2 The concentration of CO2 in the atmosphere (magenta line and left axis, in parts per million), 
as measured in ice cores and canisters of air collected from multiple locations around the globe, has 
risen steady since the mid-19th century, with the sharpest rate of increase occurring over the past few 
decades. Much of this increase can be attributed to global CO2 emissions due to fossil fuel burning (blue 
line and right axis), which include estimated emissions from the production, distribution, and consump-
tion of fossil fuels, plus a small contribution from cement production. Changes in land use and land 
cover—especially deforestation—also contribute to changes in atmospheric CO2 concentrations, with 
current emissions estimated at 4.4 million metric tons per year (or about 12 percent of total emissions 
from human sources). SOURCE: NRC, America’s Climate Choices: Advancing the Science of Climate Change 
(Washington, D.C.: National Academies Press, 2010). See Figure 2.3 from that report for further references.  

global warming and these other changes is difficult: often the regional changes re-
main within the range of past observed variability, the data are not extensive enough, 
or the models not sufficiently developed to clearly identify an anthropogenic signal. 
As a result, only a few changes have been directly linked to human activities using 
formal scientific attribution methods.13 

Among the ongoing changes in the physical climate system14 that can be linked, at 
least in part, to increasing temperatures at the Earth’s surface are widespread melt-
ing of glaciers and ice sheets,15 rising global average sea levels,16 and decreases in 
Northern Hemisphere snow cover17 and Arctic sea ice.18 These changes have, in turn, 
been linked to a number of impacts on other physical and biological systems over 
the past several decades.19 For example, permafrost (permanently frozen ground) is 
thawing across many regions in the Northern Hemisphere,20 lakes and rivers are freez-
ing later and melting earlier.21 Elevated CO2 levels in the atmosphere are also causing 
widespread acidification of the world’s oceans, which poses significant risks to ocean 
ecosystems.22 
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Changes in climate and related factors have been observed in the United States. 
These were recently assessed in Global Climate Change Impacts in the United States23 
and discussed in two of the ACC panel reports (NRC, Advancing the Science and Adapt-
ing to the Impacts), and include the following:

•	 U.S. average air temperature increased by more than 2°F over the past 50 
years, and total precipitation increased on average by about 5 percent;24

•	 Sea level has risen along most of the U.S. coast, and sea level rise is al-
ready eroding shorelines, drowning wetlands, and threatening the built 
environment;25

•	 Permafrost temperatures have increased throughout Alaska since the 
late 1970s, damaging roads, runways, water and sewer systems, and other 
infrastructure;26

•	 There have been widespread temperature-related reductions in snowpack in 
the northeastern and western United States over the last 50 years, leading to 
changes in the seasonal timing of river runoff;27

•	 Precipitation patterns have changed: heavy downpours have become more 
frequent and more intense;28 the frequency of drought has increased over the 
past 50 years in the southeastern and western United States, while the Mid-
west and Great Plains have seen a reduction in drought frequency;29 and

•	 The frequency of large wildfires and the length of the fire season have in-
creased substantially in both the western United States and Alaska.30 

FUTURE CLIMATE CHANGE

Projections of future climate change impacts are developed in three steps:

(i) Emission Scenarios: Scientists first develop different scenarios of how GHG emissions 
and other human drivers of climate change (such as land use change) could plausibly 
evolve over the 21st century. Each scenario is based on specific assumptions about 
future social, economic, technological, and environmental change.31

(ii) Climate Simulation: Computer-based models of the climate system32 are then 
used to estimate how temperature, precipitation, storm patterns, and other aspects 
of climate would respond to each emission scenario. Typically, a number of different 
scenarios and models are used to explore a wide range of possible future climate 
changes.

(iii) Impact Assessment: Finally, researchers evaluate the potential impacts of climate 
change, including their likelihood and temporal evolution by combining climate 
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model results with knowledge about the vulnerability33 and adaptive capacity of vari-
ous human and natural systems. 

There are two major sources of uncertainty in future climate projections. One comes 
from the scenarios of emissions and other socioeconomic changes. Future emissions 
(and future vulnerability to climate change) will be determined by a complex set 
of developments taking place around the world—related to population, economic 
growth, energy, land use, technology and innovation, and other factors. It is not pos-
sible to predict how all such factors will change in the coming decades, but scenarios 
allow us to explore the implications of different pathways. 

The second source of uncertainty is the response of the climate system to the in-
creased concentration of GHGs, or “climate sensitivity.” Even if future emissions were 
known exactly—that is, if a given emission scenario held true exactly—the magni-
tude of future climate change and the severity of its impacts cannot be predicted 
with absolute certainty, due to incomplete knowledge of how the climate system 
will respond. What is known with a high degree of certainty however, is the direction 
of the climate system’s response to changes in GHG emissions: that is, reducing GHG 
emissions will lead to less warming and less severe impacts than if emissions are not 
reduced. 

Significant changes are in store. The IPCC’s assessment of future climate change 
projects that Earth’s average surface temperature will increase (in the absence of new 
emissions mitigation policies) between 2.0 and 11.5°F (1.1 to 6.4°C) by the end of the 
21st century, relative to the average global surface temperature during 1980-1999.34 
As discussed above, this range reflects the potential trajectories of future GHG emis-
sion rates as well as uncertainties in our understanding of the climate system re-
sponse. A subset of these results is shown in Figures 2.3 and 2.4.

One notable feature of future climate projections is that the impacts of the differences 
among GHG emission scenarios grows with time. For example, the lowest and high-
est emission scenarios in Figure 2.3 lead to similar temperature changes over the next 
few decades, but very large differences in temperature by the end of the century.35 
This represents both a challenge and an opportunity—a challenge because emissions 
reductions that people make today will have little immediate effect on the climate; 
an opportunity because emissions reduction efforts made in the near term will affect 
climate outcomes many decades from now (see Box 2.2). 

Two other notable features of the climate projections shown in Figures 2.3 and 2.4 
relate to the temporal scales involved. First, the effects of GHG emissions can take 
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FIGURE 2.3 Observed (black curve) and projected (colored curves) changes in global CO2 emissions 
(left, in gigatons of carbon) and atmospheric CO2 concentrations (right) for four illustrative scenarios of 
future emissions. SOURCE: USGCRP, Global Climate Change Impacts in the United States, eds. T. R. Karl, J. M. 
Melillo, and T. C. Peterson (Cambridge, UK: Cambridge University Press, 2009) and model projections from 
CMIP3-A (G. A. Meehl et al., “The WCRP CMIP3 multimodel dataset: A new era in climate change research” 
[Bulletin of the American Meteorological Society, 88, 1383-1394, 2007]). The three scenarios illustrated here 
are based on IPCC/SRES (N. Nakicenovic et al., Special Report on Emissions Scenarios, International Panel on 
Climate Change [Cambridge, UK: Cambridge University Press, 2000]) scenarios: B1 (blue line, “lower emis-
sions”), A2 (orange line, “higher emissions”), A1F1 (pink line, “even higher emissions”), and plus constant 
20th century forcing (green line). 

decades to fully manifest themselves. For example, in the “blue” scenario, emissions 
peak in 2040 but temperatures continue to increase through the end of the century. 
Second, climate changes caused by CO2 persist for very long time scales. Figure 2.4 
shows that the temperature perturbations produced by emissions in the 20th and 
early 21st century continue to warm the climate in 2100. In fact, the warming extends 
well beyond 2100—for CO2, the time scale for such perturbations is millennial (e.g., 
some of the CO2 we emit today is expected to remain in the atmosphere in the year 
3000).36 

Future climate change poses numerous known and unknown risks. The impacts of 
climate change—on coasts, water resources, agriculture, ecosystems, transportation 
systems, and other human and natural systems—can generally be expected to inten-
sify with warming.37 Some of these impacts are well understood and can be quantified 
with reasonable scientific confidence, while others are much less understood and can 
only be qualitatively described. A few examples of impacts that have been projected 
to occur across a range of future warming scenarios include: 
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FIGURE 2.4 Observed (black curve) and projected (colored curves) changes in global average surface 
temperature for three of the illustrative scenarios of future emissions in Figure 2.3 (plus, in green, mod-
eled 20th century climate). The shading around each curve indicates the range of central values produced 
by 15 different models using the same emission scenario (exact models used are listed in footnote #93 
in USGCRP, Global Climate Change Impacts in the United States, eds. T. R. Karl, J. M. Melillo, and T. C. Peterson 
[Cambridge, UK: Cambridge University Press, 2009]). Other emissions scenarios and models show a 
substantially broader range of possible future temperature trajectories (see IPCC Climate Change 2007: 
The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergov-
ernmental Panel on Climate Change, eds. S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K. B. Averyt, 
M.Tignor, and H. L. Miller (Cambridge, UK: Cambridge University Press, 2007). SOURCE: USGCRP, Global 
Climate Change Impacts, based on observational data from Smith et al., “Improvements to NOAA’s histori-
cal merged land–ocean surface temperature analysis (1880–2006)” (Journal of Climate, 21[10]: 2283-2296, 
2008) and model projections from CMIP3-A (G. A. Meehl et al., “The WCRP CMIP3 multimodel dataset: A 
new era in climate change research” [Bulletin of the American Meteorological Society, 88: 1383–1394, 2007]), 
using the same IPCC emission scenarios as in Figure 2.3.

•	 more intense, more frequent, and longer-lasting heat waves, both globally38 
and in the United States (see Figure 2.5); 

•	 global sea level rise39 with potentially large effects on infrastructure, beach 
erosion, loss of wetlands, vulnerability to storm surge flooding in the Gulf 
Coast and other coastal regions,40 and irreversible commitments to future 
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changes in the geography of the Earth as many coastal and island features 
ultimately become submerged;41

•	 widespread bleaching and stresses on coral reefs, globally42 and in the Florida 
Keys, Hawaii, and U.S. island possessions,43 due to the combined effects of heat 
stress, ocean acidification,44 pollution, and overfishing;

•	 greater drying of the arid Southwest (putting additional pressure on water 
resources) and expansion of deserts in the United States;45 

•	 effects on agriculture due to elevated CO2 levels, temperature and precipita-
tion changes, and also by possible increases in weeds, diseases, and insect 
pests;46 

•	 shifts in the ranges of forest tree-species (northward and upslope), increases 
in forest fire risk across much of the western United States,47 and a potential 
increase in the number of species at risk of extinction;48 and

•	 increased potential of public health risks, for instance, from heat stress; from 
elevated ozone air pollution; from certain diseases transmitted by food, 
water, and insects; and from direct injury and death due to extreme weather 
events.49 

Climate change will affect specific regions and segments of society differently because 
of varying exposures and adaptive capacities. For instance, public health threats and 
outcomes are affected not only by climate factors, but also by factors such as wealth 
and lifestyle, status of public health systems, and access to medical care and informa-
tion. As another example, coastal cities that have instituted measures to protect critical 
infrastructure (for utilities, transportation, etc.) may be less vulnerable to the impacts 
of sea level rise and storm surges.

The physical and social impacts of climate change are expected to have substantial 
economic implications throughout the United States, but these effects will be un-
evenly distributed across regions, populations, and sectors.50 Quantitatively estimat-
ing economic impacts is controversial, due to the uncertainties in climate change 
impact projections themselves, and to the lack of sound methodologies for assign-
ing economic value to many key impacts, especially nonmarket costs such as loss of 
ecosystem services and spillover costs occurring as a result of climate change impacts 
elsewhere in the world. 

In addition to the potential impacts that we are able to identify today, there is a real 
possibility of impacts that have not been anticipated. This possibility, coupled with our 
limited ability to predict the timing and location of some climate-related impacts, and 
our incomplete understanding of the vulnerabilities of different populations and sec-
tors will make adaptation to climate change especially challenging. 
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BOX 2.2  
Emissions Headroom

Although the question of what constitutes a “safe” level of climate change remains a matter of 
active debate, the United States and much of the international community have expressed support 
for the goal of limiting global temperature rise relative to the pre-industrial times to no more than 2°C 
(3.6°F). This target is often stated to be equivalent to limiting global atmospheric CO2 concentrations 
to no more than 450 ppm. Because of uncertainties in climate sensitivity, however, this is not a precise 
relationship. The best estimate from climate models is that there is a 50 percent probability of limiting 
global temperature increase to 2°C or less if CO2 concentrations are not allowed to rise above 450 ppm.a 

Another, and perhaps more useful, way to view the problem is in terms of total cumulative CO2 
emissions (i.e., the sum of all emissions over time). How much greenhouse gas can be emitted and still 
keep the global temperature rise below 2°C? A rough estimate can be obtained using the near-linear 
relationship that exists between the cumulative carbon emissions from human activities since the 
Industrial Revolution and the long-term rise in the Earth’s average surface temperature.b Based on this 
relationship, it is estimated that keeping global temperature rise within 2°C requires limiting cumula-
tive emissions to approximately 4000 billion tons of CO2. There is considerable uncertainty in this result 
however, with the cumulative emissions likely ranging from about 2900 to 5800 billion tons. Cumulative 
human-related emissions since the Industrial Revolution total about 1800 billion tons of CO2. This leaves 
an “emissions headroom” (i.e., the remaining amount that can be emitted) of somewhere between 1,100 
to 4,000 billion tons of CO2, with a central estimated headroom of roughly 2,200 billion tons.

The world currently emits ~30 billion tons of CO2 per year from fossil fuels, with one-fifth of this 
amount emitted by the United States. If global emissions continued at that rate, the central estimated 
headroom would be used up (as a rough approximation) somewhere in the range of 40 to 130 years, 
with a most probable value of roughly 70 years—after which point emissions would have to drop to 
zero. Thus the degree of headroom is uncertain—there could be very little left, or there could be a 
significant amount, depending mainly on uncertainties in the climate sensitivity. 

These estimates are undoubtedly too optimistic however, because without policy intervention, 

CHAPTER CONCLUSION

Although the exact details cannot be predicted with certainty, there is a clear scientific 
understanding that climate change poses serious risks to human society and many of 
the physical and ecological systems upon which society depends—with the specific 
impacts of concern, and the relative likelihood of those impacts, varying significantly 
from place to place and over time. It is likewise clear that actions to reduce GHG 
emissions and to increase adaptive capacity will lower the likelihood and the conse-
quences of these risks. 
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global emissions will not continue at current rates, but rather, will continue to rise. For instance, NRC, 
Climate Stabilization Targets projects that total global emissions between 2009 and 2050 will exceed 
1,000 billion tons of CO2 under a scenario with no new policy interventions. If the headroom is at the 
lower end of the range listed above, it would all be used up by 2050 (and, of course, emissions are highly 
unlikely to drop to zero after that point). In addition, the available headroom shrinks if the goal for limit-
ing global average temperature rise is more stringent than the 2°C target. These uncertainties illustrate 
how America’s climate choices fundamentally involve judgments and perceptions about acceptable risk.

Commitments to emissions in the form of the infrastructure investments will be key in determin-
ing how quickly we use up the emissions headroom. The world has already locked in a large amount of 
future emissions through both old and recent investments in capital stock (e.g., cars and trucks, home 
furnaces and boilers, building shells, chemical plants and factories, power plants) and fixed infrastruc-
ture investments. One study estimates that if the world were to build no further energy-using stock, 
while letting every existing fossil fuel-using device reach the end of its useful life without modification, 
somewhere in the range of 280-700 billion tons of CO2 would be emitted.c How much is emitted above 
that amount depends critically upon the types of energy infrastructure the world invests in during the 
coming decades. If much of the new capital stock is powered by fossil fuels, then the emissions head-
room will be rapidly depleted. If, on the other hand, concerns over climate change lead to concerted 
actions to slow the addition of new fossil-fuel-using capital stock, or if existing stock were retired early 
or retrofit (e.g., retrofits of coal plants to capture and store CO2), the headroom will last longer. 

a IPCC, Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, eds. S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, K. B. Averyt, M.Tignor, and H. L. 
Miller (Cambridge, UK: Cambridge University Press, 2007)

b NRC, Climate Stabilization Targets: Emissions, Concentrations, and Impacts over Decades to Millennia (Washington, D.C.: 
National Academies Press, 2010); and H. D. Matthews, N. P. Gillett, P. A. Scott, and K. Zickfeld, “The proportionality of global warming 
to cumulate carbon emissions” (Nature 459[7248]:829-U823, 2009). Note that in Stabilization Targets, numbers are given in tons of 
carbon, whereas here they are converted to tons of CO2.

c S. J. Davis, K. Calderia, and D. Matthews, “Future CO2 emissions and climate change from existing energy infrastructure” 
(Science 10 329[5997]:1330-1333, 2010, doi: 10.1126/science.1188566).

Waiting for unacceptable impacts to occur before taking action is imprudent because 
many of the impacts of GHGs emitted today will not fully manifest themselves for de-
cades; and once they do appear, they can be with us for hundreds or even thousands 
of years. The amount of warming is expected to increase with the cumulative amount 
of GHGs emitted, and thus the chances of encountering dangerous climate impacts 
grows with every extra ton we emit. At the same time, national and world demand for 
energy is on the rise, and new investments in energy infrastructure are inevitable. If 
those investments are in CO2-emitting infrastructure, we will have committed our-
selves to growing GHG emissions for decades to come. 
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FIGURE 2.5 The number of days per year in which temperatures are projected to exceed 100°F by late this 
century compared to the 1960s and 1970s under two different scenarios of future GHG emissions (IPCC 
SRES scenarios B1 and AIF1, illustrated in Figure 2.3). SOURCE: USGCRP Global Climate Change Impacts, 
p. 90.
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Thus in the judgment of the committee, the environmental, economic, and 
humanitarian risks of climate change indicate a pressing need for substantial ac-
tions to limit the magnitude of climate change and to prepare for adapting to its 
impacts. Undertaking such actions will require making choices in the face of incom-
plete and imperfect information about the future. 
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The climate system is highly complex, as are the human institutions 
that are affected by and that must respond to climate change. 

The difficulty of developing sound strategies for responding to climate change, 
and of building public support for such strategies, stems in part from the in-
herent complexity of the issue. Some of this complexity relates to the physical 

science of climate change; but understanding and responding to climate change also 
raises many social, economic, ethical, and political challenges. The chapter highlights 
some of the unique challenges posed by climate change that must be considered in 
designing the nation’s response strategies. 

There are complex linkages among emissions, concentrations, climate changes, and 
impacts. Projecting future climate change requires understanding numerous linkages 
among human activities, greenhouse gas (GHG) emissions, changes in atmospheric 
composition, the response of the climate system, and impacts on human and natural 
systems. The basic links in this chain are well understood, but some elements (in 
particular, projecting specific impacts at specific times and places) are much less so. As 
a result, the outcomes of actions to reduce emissions or to reduce the vulnerabilities 
of human and natural systems must often be presented in probabilistic or qualitative 
terms, rather than as certain predictions.

Lack of certainty about the details of future climate change is not, however, a justi-
fication for inaction. People routinely take actions despite imperfect or incomplete 
knowledge about the future in situations such as buying home insurance, saving for 
retirement, or planning business strategies. Likewise, people use probability data from 
weather forecasts to decide if they should take an umbrella to work, move a scheduled 
outdoor event indoors, or cancel a ball game. Indeed, it could be argued that uncer-
tainty about future climate risks is a compelling reason for taking proactive steps to 
reduce the likelihood of adverse consequences. 

There are significant time lags in the climate system. It takes very long time periods 
(decades to millennia) for some aspects of the climate system to respond fully to 

C H A P T E R  T H R E E
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changes in atmospheric GHG concentrations.1 This is because the world’s oceans can 
store a large amount of heat—so it takes a long time for the climate system to warm 
up in response to changes in GHG concentrations2—and because impacts such as sea 
level rise and the melting of ice sheets can take several centuries or even millennia to 
be fully expressed. Some GHGs (such as methane) are removed from the atmosphere 
within about a decade, but CO2 persists much longer—approximately 20 percent of 
the CO2 emitted today will remain in the atmosphere more than a millennium from 
now.3 Thus, a failure to reduce GHG emissions in the near-term will “lock in” a certain 
amount of future climate change for decades, if not centuries, to come. 

There are also significant time lags in human response systems. GHG emissions are 
to a large extent built into societal infrastructure (e.g., buildings, power plants, settle-
ment and transportation patterns) and into human habits and organizational routines, 
few of which change quickly. Market incentives affecting capital investments leave 
little room for considering consequences on century or longer time scale. Neverthe-
less, making major reductions in GHG emissions and preparing to adapt to the effects 
of climate change will require transformative changes, for instance, in how the country 
produces and uses energy (see Box 3.1), builds buildings and transportation infrastruc-
ture, and manages water and other natural resources. It will likewise require significant 
changes in consumer choices, travel behavior, and other individual and household-
level decisions. Overcoming the inertia of the status quo in advancing these sorts of 
transformations will pose challenges for government, industry, agriculture, and indi-
vidual citizens alike. 

An issue of particular concern is that much of the equipment and infrastructure that 
leads to GHG emissions (e.g., roads, vehicles, buildings, power plants) have lifetimes of 
decades. There are often strong economic pressures to continue use of such equip-
ment and infrastructure, rather than retrofitting or replacing with a lower-emitting op-
tion. Making substantial emission reductions within the next few decades will require 
accelerating this turnover faster than projected business-as-usual rates.4 

Risks, judgments about risk, and adaptation needs are highly variable across dif-
ferent contexts. Different regions, economic and resource sectors, and populations 
will experience different impacts from climate change, will vary in their ability to 
tolerate and adapt to such impacts, and will hence differ in their judgments about 
the potential risks posed by climate change. For instance, coastal communities that 
are vulnerable to serious disruptions could be expected to view the risks of climate 
change as quite serious. Actions that are taken in response to climate change will also 
pose differing types of risks to different regions, sectors, and populations. For instance, 
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individuals and organizations that are heavily invested in carbon-intensive industries 
may prefer to face the risks of climate change impacts rather than face the potential 
costs of policies to limit GHG emissions. Decision makers will thus inevitably face 
some difficult choices and trade-offs in seeking to protect the interests of different 
constituencies. 

BOX 3.1 
The U.S. Energy System 

The U.S. energy system includes a vast and complex set of interlocking technologies for the 
production, distribution, and use of fuels and electricity.a This includes technologies that convert 
primary energy resources (e.g., nuclear energy, renewable sources such as solar and wind, and the 
fossil fuels coal, oil, and natural gas) into useful forms such as gasoline and electricity; technolo-
gies that transmit this energy to consumers (e.g., electrical transmission and distribution systems, 
gas pipelines); technologies that store or utilize this energy (e.g., batteries, motors, lights, home 
appliances); and associated demand-side technologies that control energy use (e.g., advanced 
electricity metering systems). Another key component of this system is the people that use the 
energy—their behaviors and preferences play a major role in shaping energy technologies.

Currently, the United States relies on carbon-based fossil fuels for more than 85 percent of 
its energy needs. This dependence evolved not only because fossil fuels were available at low 
market costs but also because their physical and chemical properties are well suited to particu-
lar uses: petroleum for transportation; natural gas as an industrial feedstock, for residential and 
commercial space heating, and more recently as a fuel for electric power generation; and coal for 
the generation of electricity and as a feedstock for some industrial processes. Indeed, almost all 
consumer-based, industrial, and governmental activities require the consumption of fossil fuels, 
either directly or indirectly. 

Absent strong and sustained policy intervention, fossil fuels are projected to remain the na-
tion’s primary source of energy for the foreseeable future. Compared with alternative sources of 
energy, fossil fuels would likely remain relatively inexpensive to produce, and they would continue 
to benefit from past investments in vast existing infrastructure—investments that would need 
to be duplicated (in whole or in part) to enable wide-scale displacement by alternative energy 
sources. The nation’s reliance on carbon-based fossil fuels would only be significantly reduced 
in the near-term if the prices of those fuels were increased to reflect the full social costs of their 
extraction, transformation, distribution, and use; and only if there are incentives to encourage 
research and development aimed at reducing the cost and promoting the commercialization of 
alternative energy sources.

a The material in this box was adapted from NRC, America’s Energy Future: Technology and Transformation: Summary 
Edition (Washington, D.C.: National Academies Press, 2009).
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Decisions affecting climate change are made at all levels of society. The federal 
government can play a critical leadership role in setting policies that affect the actions 
of all parts of society. But much of the responsibility and opportunity for responding 
to climate change rests with state and local governments and with the private sec-
tor (which accounts for most of the nation’s capital investments, industrial produc-
tion, and employment). Decisions made at the individual and household level also 
play a major role in driving GHG emissions, and of course, public support is critical 
for motivating political leaders to take actions in response to climate change. A U.S. 
strategy for responding to climate change must therefore include careful consider-
ation of which information, incentives, and regulations (provided by which level of 
government) will most effectively engage and facilitate wise decision making by these 
multiple actors. In some cases, the appropriate federal role may be limited to decision 
support, while in other contexts, more active policy guidance and coordination power 
are needed.

Limiting climate change requires global-scale efforts. A molecule of CO2 emitted in 
India or China has the same effect on the climate system as a molecule emitted in the 
United States. There is wide agreement that limiting the magnitude of climate change 
will require substantial action on the part of all major GHG-emitting nations, including 
both the industrialized nations and the rapidly developing countries whose relative 
share of global emissions is rapidly increasing (see Figure 3.1). Yet there are many dif-
ferent perspectives on how to define each country’s responsibilities for contributing 
to the global effort.5 Some argue that U.S. action must be conditioned on actions by 
other nations, given the economic disadvantages that the country might face if it com-
mitted to significant emission reductions without similar commitments from other na-
tions. Others argue that the United States, as the country with largest historical share 
of GHG emissions and with one of the highest per capita GHG emission rates, has an 
ethical obligation to substantially reduce domestic emissions, even in the absence of 
commitments from other nations. Still others suggest that there will be substantial 
economic advantages in leading the development of new technologies to deal with 
climate change. There is no simple way to reconcile these different views, but it is clear 
that strong, credible U.S. policies for reducing domestic emissions will help advance 
international-level efforts to do the same.

Climate change is one of multiple, interconnected challenges. Climate change is just 
one of many interacting factors affecting humans and their environment. Coastal envi-
ronments, for example, are being affected not only by GHG-driven changes such as sea 
level rise, ocean acidification, changes in air and water temperature, and precipitation 
and storm patterns, but also by pollution runoff, invasive species, coastal development, 
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and overfishing. These different issues are often studied and managed as isolated mat-
ters, without recognizing and accounting for interconnected causes and interactive ef-
fects. Likewise on a broader global scale, many different issues affect and are affected 
by climate change—such as food production, water supplies, human health, energy 
production and use, economic development, security concerns—but these are seldom 
addressed in an integrated manner.

These sorts of inter-linkages not only pose difficult challenges, but also offer impor-
tant opportunities for alleviating multiple problems simultaneously. For instance, 
integrated management plans for protection of coastal zones can help alleviate many 
of the climate-related and non-climate-related concerns listed above. Actions taken 
to reduce fossil fuel use can offer substantial benefits for human health (by reducing 
emissions of conventional air pollutants) and for national security (by reducing depen-
dence on imported energy sources).6

The costs and benefits of different courses of action are generally not well known. 
Decision making often involves weighing the possible benefits and costs of one 
course of action against another. Decisions on actions to limit or adapt to climate 

FIGURE 3.1 World energy-related CO2 emission projections (in billion metric tons CO2), by OECD (Organi-
zation for Economic Cooperation and Development) and non-OECD countries over the period 2007-2035. 
Non-OECD countries include developing, newly industrialized, and Eastern European and former Soviet 
countries. For a list of OECD and non-OECD countries, see: http://www.oecd.org/countrieslist/. SOURCE: 
Energy Information Administration / International Energy Outlook. 2010.
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change have characteristics that make such analyses extremely challenging. For 
example: 

•	 Costs and benefits are difficult to quantify. It is difficult to characterize the 
costs and benefits of climate change impacts in part because many of the 
natural assets and ecosystem services that could be affected by climate 
change have no market value or are priced in a way that does not truly reflect 
social values. The costs of efforts to limit or adapt to climate change are often 
perceived as being comparatively more certain, but in reality, different as-
sumptions (about, for example, the rate at which new technologies are devel-
oped and brought to market) can result in widely varying conclusions about 
the costs of such actions.7 

•	 Costs of actions to limit climate change risks are immediate, but many ben-
efits will occur elsewhere and affect future generations. Although the United 
States is vulnerable to many impacts of climate change, other parts of the 
world—for example, low-lying island nations—are at a greater risk of cata-
strophic impacts8 and thus would benefit most from actions to limit climate 
change. Even in this country, the primary beneficiaries of near-term actions 
to reduce climate change risks are the future generations that would avoid 
severe impacts later in the century and beyond (although there are some im-
mediate, local benefits, as discussed below). In economic analyses, this issue 
is usually addressed by choosing a rate at which future benefits and costs are 
discounted relative to current benefits and costs. But many economists and 
others have expressed concerns about using these conventional discount-
ing techniques to value public benefits, especially in the context of climate 
change, where trade-offs must be evaluated across multiple generations.9

•	 Collateral costs and benefits also need to be considered. The Earth’s physical 
systems (atmosphere, oceans, land surface, fresh water), ecological systems, 
and human social systems are highly interconnected. Changes in one system 
can affect others, and actions taken to limit or adapt to climate change may 
result in unintended consequences, both positive and negative. For instance, 
reducing the use of fossil fuels to limit GHG emissions can offer the ancillary 
benefit of also reducing emissions of several health-damaging air pollutants 
(e.g., nitrogen oxides, sulfur dioxide, particulate matter, mercury).10 Improv-
ing freshwater use efficiency to increase a community’s resilience to climate 
change can also help that community deal with natural variations in water 
supply. As an example of ancillary costs—the production of biofuels for renew-
able energy has indirect effects on land use, which in turn can increase GHG 
emissions and negatively affect biodiversity.11 Although some ancillary costs 
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and benefits can be anticipated, there are inherent limits in the predictability 
of many such interactions, and it is thus difficult to account for them when as-
sessing costs and benefits of specific climate change response actions. 

Many factors complicate and impede public understanding of climate change.12 
Public understanding of climate change is important because public opinion under
pins policy and because the public—as consumers, employers, and community 
members—can initiate, implement, and support actions to reduce GHG emissions and 
encourage adaptation. Fully understanding climate change is a difficult task even for 
scientific experts using voluminous data and complex mathematical models. People 
who have less experience with quantitative data and less time to develop such de-
tailed understanding must rely on other sources that may or may not provide trust-
worthy information. For instance, personal experience powerfully influences people’s 
understanding of their environment. But this can be misleading in the context of 
climate change because long-term change is difficult to detect against natural vari-
ability without sustained systematic measurement, and because judgments of varying 
phenomena are strongly influenced by memorable and recent extreme events.13 

People use different types of “mental models” to understand complex phenomena, 
and some of the prevalent models used for understanding climate change are incon-
sistent with scientific knowledge. For instance, many people appear to conflate GHGs 
with other forms of air pollution, such as particulates of sulfur or nitrogen oxides that 
(unlike long-lived GHGs) dissipate quickly when emissions are reduced.14 Even well 
educated nonspecialists, including many science undergraduates, tend to systemati-
cally underestimate the degree to which CO2 emissions must be reduced to stabilize 
atmospheric concentrations.15 

Most people rely on secondary sources for information, especially the mass media; 
and some of these sources are affected by concerted campaigns against policies to 
limit CO2 emissions, which promote beliefs about climate change that are not well-
supported by scientific evidence. U.S. media coverage sometimes presents aspects 
of climate change that are uncontroversial among the research community as being 
matters of serious scientific debate.16 Such factors likely play a role in the increasing 
polarization of public beliefs about climate change, along lines of political ideology, 
that has been observed in the United States.17 

There will inevitably be additional risks and surprises. The climate system and hu-
man institutions that are affected by climate are exceedingly complex; consequently, it 
is impossible to anticipate all changes that may occur. Among the potential surprises 
that could be in store is that climate change turns out to be more manageable than 
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current projections suggest. (For instance, if climate sensitivity is on the low end of 
current estimates, then the resulting impacts might feasibly be adapted to without 
major costs or disruptions.) It is also quite possible, however, that climate change 
could be much more severe, or have much more severe impacts, than the average 

BOX 3.2 
The Motivation for Action

The committee’s judgment—that the environmental, economic, and humanitarian risks posed 
by climate change indicate a pressing need for substantial action to limit the magnitude of climate 
change and to prepare for adapting to its impacts—rests on numerous lines of argument alluded 
to in this chapter, including the following:

•	� There are significant time lags in how the climate system will respond to forcing from 
GHGs in the atmosphere, and there are likewise significant time lags in many of the so-
cial, technological, and political systems that must respond to climate change. Waiting 
to act until all uncertainties are resolved, or until impacts of concern have become fully 
manifest, will likely mean it is too late to have any meaningful effect in mitigating many 
risks. 

•	� Due to uncertainties in climate sensitivity and other factors, one cannot say exactly how 
severe climate change and its impacts will be for any given level of atmospheric GHG 
concentrations. But even “moderate” climate change can pose serious risks, and there 
is the possibility of irreversible tipping points in the earth system, beyond which some 
particularly adverse impacts can occur.

•	� The sooner that serious efforts to reduce GHG emissions proceed, the less pressure there 
will be to make steeper (thus likely more expensive) emission reductions later on.a 

•	� Both private and public sector decision makers face investment choices today that will 
affect the ability to limit emissions and to adapt to climate change for many years to 
come. For instance, investments in infrastructure for energy production and use can 
entail a massive commitment to future GHG emissions. Getting the relevant strategies 
and policies in place as soon as possible will provide crucial guidance for these invest-
ment decisions. 

•	� Finally, in the committee’s judgment, the risks associated with doing business as usual 
are a much greater concern than the risks associated with engaging in ambitious but 
measured response efforts. This is because many aspects of an “overly ambitious” policy 
response could be reversed or otherwise addressed, if needed, through subsequent 
policy change, whereas adverse changes in the climate system are much more difficult 
(indeed, on the time scale of our lifetimes, may be impossible) to “undo.” 

a L. Clarke, J. Edmonds, V. Krey, R. Richels, S. Rose, and M. Tavoni, “International climate policy architectures: Overview 
of the EMF 22 International Scenarios” (Energy Economics 31(Supplement 2):S64-S81, 2009).
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values in current projections. For example, a climate change-induced crop failure or 
severe drought could precipitate a geopolitical crisis.18 There may also be “tipping 
points” in the climate system or affected human or natural systems, whereby a small 
incremental change pushes the system into a sudden and radical shift.19 Currently, it 
is impossible to predict where or when such crises, tipping points, or other surprises 
might occur. It is worth noting, however, that the potential impacts associated with 
larger magnitudes of climate change are less well studied than more moderate cli-
mate change; and thus the potential for surprises is comparatively greater with larger 
magnitudes of warming. 

CHAPTER CONCLUSION

The many complex characteristics of climate change discussed here—which reach 
across scientific, political, economic, psychological, and other dimensions—are not 
problems that must be fully “solved” before one can move ahead with making choices 
and taking action to address climate change (see Box 3.2). Rather, these are inherent 
features of climate change that must be recognized and understood in order to craft 
sound response strategies. As discussed later in this report, many possible response 
actions could be viewed as common-sense investments in our nation’s future regard-
less of the complexities and uncertainties involved.

The issues highlighted in this chapter point to the idea that conventional analysis 
tools that have historically been used for guiding responses to major environmental 
problems are not well suited for addressing the complexities of climate change.20 
Instead, there is a need for decision frameworks that allow decision makers to weigh 
trade-offs, to act in the face of incomplete information, and to learn and adjust course 
over time. In the following chapter, we discuss the type of framework that is best 
suited for this context.
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Iterative risk management is a flexible and powerful approach  
for addressing the complex challenges of climate change.

Chapter 2 reviewed what is known about the risks posed by climate change, 
concluding that there is strong motivation for moving ahead with proactive 
response efforts. Yet as discussed in Chapter 3, the many complexities inherent 

to climate change make it difficult to define the specific actions that are needed in an 
effective long-term response strategy. This chapter introduces iterative risk manage-
ment as an approach that lets decision makers begin to address climate change now, 
in a systematic way, while allowing response strategies to be adjusted and improved 
as new information and knowledge are gained. Iterative risk management is, in princi-
ple, a fairly simple and straightforward concept (see example in Box 4.1); however, the 
details of how it is actually applied in various real-world situations depend strongly 
on the context of that situation, including the specific problem being addressed, 
the stakeholders involved, the values and priorities of those stakeholders, and the 
decision-support tools and resources available. Thus, in this chapter we explore how 
iterative risk management may be used to address climate change in a general sense, 
but we do not attempt to offer a detailed formula for how to apply this framework in 
specific situations. 

AN ITERATIVE RISK MANAGEMENT APPROACH TO CLIMATE CHANGE

As noted in Chapter 2, the risks posed by climate change are diverse and in almost 
all cases are imperfectly understood. Risk management involves deciding what to do 
in light of this imperfect information. Of course, one option is always to do nothing. 
Most everyone ignores some risks in daily life, and the United States might chose to 
give little attention to the risks associated with climate change. In the committee’s 
view, however, such a path would not be prudent. Uncertainty is, after all, usually a 
two-edged sword: it is possible that future climate-related risks will be less serious 
than currently thought, but it is also possible that they will be even more serious. Even 
the most aggressive possible response could not remove all potential risks, since the 

C H A P T E R  F O U R
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world is already committed to some degree of climate change as a result of GHG emis-
sions to date. 

Making America’s climate choices thus necessarily involves managing risks that may 
be quite substantial and that cannot be eliminated, yet are often difficult to assess 
precisely. Making choices under such conditions can seem very difficult in the abstract, 
yet most people make such decisions every day. For instance, people decide how fast 
to drive, knowing that driving faster saves time but also uses more gas, increases the 
chances of a speeding ticket, makes an accident more likely, and makes the conse-
quences of an accident more severe. People invest in measures to prevent fires in their 
homes and businesses, and they take out insurance to deal with the consequences 
in case fires do occur. People who make financial investments usually diversify their 
portfolios to hedge against uncertain future market changes. At the national level, 
history contains countless examples of policy makers taking action to address serious 
but poorly defined risks that could be neither eliminated nor responsibly ignored. For 
instance, investments in deterrence during the Cold War were justified as reducing the 

BOX 4.1 
A Problem of Risk Management

The problem of managing climate-related risks shares important features with the problem 
faced by the captain of an ocean liner who had to pass through an iceberg-filled section of the ocean 
at night in the days before radar. The captain may have information about the location of some 
icebergs, but not all, and new ones can form at any time. The maneuverability and hull strength of 
the ocean liner—that is, its ability to avoid or survive a collision with an iceberg—may likewise be 
known in theory, but not tested in practice. Thus the risks are significant, but information is limited. 

The captain could choose to go full-steam-ahead and hope that information becomes avail-
able in time to detect and avoid risks. Or the captain could consider alterative actions, such as 
taking a longer course through iceberg-free waters or fortifying the ship’s hull—but there may be 
substantial costs associated with such actions. In any of these cases, it would be prudent to post 
lookouts to learn as much as possible about the risks ahead, to constantly evaluate the ship’s envi-
ronment and performance, and to be prepared to change course if needed, knowing that evasive 
maneuvers take time. In addition, it is essential to prepare for adverse outcomes that may occur, 
despite efforts to reduce their likelihood. The captain, in short, faces a problem of risk management.

America’s climate choices are not, of course, made by one “captain,” but by decision makers 
at all levels of society—from the President and Congress, to state and local leaders, to individual 
households and business owners. Nevertheless, the collective ship of state is best guided by coher-
ent national strategies for assessing options and taking advantage of opportunities to reduce risk.



Copyright © National Academy of Sciences. All rights reserved.

America's Climate Choices 

41

A Framework for Making America’s Climate Choices

risk of a nuclear war, and investments in civil defense were justified as reducing the 
risks of catastrophic outcomes in case a war did occur. 

In the case of climate change, appropriate strategies for reducing risks will change 
over time in light of new information, and so too will investments in different types of 
action. The committee suggests that some essential elements of a sound risk manage-
ment strategy for responding to climate change include:

•	 Enacting policies and programs that reduce risk by limiting the causes of cli-
mate change and reducing vulnerability to its impacts; 

•	 Investing in research and development efforts that increase knowledge and 
improve the number and effectiveness of response options; 

•	 Developing institutions and processes that ensure pertinent information is 
collected and that link scientific and technical analysis with public deliberation 
and decision making; and

•	 Periodically evaluating how response efforts are progressing, and updating 
response goals and strategies in light of new information and understanding.1

To some extent, it is possible to make substitutions or trade-offs among investments 
in different elements of climate change response. For instance, substantially limiting 
the magnitude of climate change could make it less important to invest in adaptation 
efforts (recognizing that the outcomes of these different types of actions can occur 
over widely differing temporal and spatial scales, thus complicating direct trade-off 
relationships). In general, however, because the long-term benefits of investing in any 
particular response (e.g., R&D investments, emissions mitigation efforts, adaptation 
planning) are uncertain, a strategy of diversification across different types of responses 
will reduce risk more and be more robust than pursuing a single approach at the 
expense of all others. 

Decision Frameworks for Addressing Climate Change

Historically, humans have responded to changing environments by a process of mud-
dling through; that is, by taking an ad hoc approach to decision making as choices 
arise.2 In the modern era, techniques and approaches have been developed that 
allow decision makers to think through complex issues systematically. One prominent 
approach is the precautionary principle,3 which emphasizes avoidance of potentially 
serious or irreversible environmental harm, even when scientific uncertainties may be 
substantial. At the other extreme is what might be called “staying the course,” or not 
taking any action until the need for action is fully established and the consequences 
of any action are fully understood. Another common approach is cost-benefit analysis 
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and other related instruments that attempt to weigh the potential outcomes of taking 
(or not taking) action using a common metric, usually dollars discounted to present 
values. 

All of these approaches present serious drawbacks in the context of climate change. 
In muddling through, for instance, decisions are generally driven by immediate 
events and the lessons learned from one’s most recent experiences. Such an approach 
makes it difficult to thoughtfully consider long-term consequences of climate-related 
decisions. For instance, with regard to the prospect of irreversible or “tipping point” 
impacts, it will be too late to change course if one waits until such impacts have begun 
to unfold.

Analyses based on the precautionary principle or staying the course both reflect a 
substantial aversion to risk. In the case of the precautionary principle, the goal is to 
minimize risks of future adverse consequences of climate change with little regard 
for present costs. In the case of staying the course, the goal is to minimize the risks of 
incurring costs from responding to climate change with little regard for the risks of 
climate change. These approaches do not provide a way to decide among compet-
ing goals (e.g., minimizing risks of climate change impacts versus minimizing risks to 
economic growth) or to deal systematically with uncertainty.4 

Cost-benefit analysis has been applied in many evaluations of climate change policy5 
and can provide some useful insights in some contexts. But using cost-benefit analy-
ses as a primary basis for making climate choices is problematic for a number of 
reasons. Many of the costs of climate change impacts are difficult or impossible to 
quantify.6 The sheer diversity and extent of potential costs and benefits of climate 
change make it very difficult to aggregate costs. Estimates can vary widely, depend-
ing on normative judgments about risk aversion and about how to account for equity 
concerns across generations, social groups, and regions of the world.7 Estimating the 
costs of actions to address climate change, while seemingly a more tractable task, is 
also problematic—for instance, because the costs of emission reductions over the 
coming decades depend critically on the pace of technological change.8 

An iterative risk management approach9 for making climate change-related decisions 
overcomes many of these limitations. This approach can draw upon multiple forms of 
input—including analyses used under precautionary principle and cost-benefit frame-
works—but it is not limited to single criterion (such as risk avoidance or economic ef-
ficiency) for making choices. Iterative risk management is a system for assessing risks, 
identifying options that are robust across a range of possible futures, and assessing 
and revising those choices as new information emerges. In cases where uncertainties 
are substantial or risks cannot be reliably quantified, one can pursue multiple, comple-
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mentary actions—sometimes called a “portfolio approach” or “hedging strategy.” And 
ideally, this approach includes mechanisms for integrating scientific and technical 
analysis with broad-based deliberations among the stakeholders most affected by any 
given decision (see Box 4.2 on analytic deliberation processes).

NRC, Informing Effective Decisions emphasizes some key features of an iterative risk 
management process:

•	 It is not a single set of judgments at some point in time, but rather a process of 
ongoing assessment, action, reassessment, and response—which in the case 
of many climate-related decisions may persist for decades or longer. 

•	 Eliminating all potential risks is impossible, as even the best possible decision 
will entail some residual risk. Determining which risks are acceptable or unac-
ceptable is an integral part of the process of risk management. Different stake-
holders will inevitably hold different views.

•	 For addressing a problem as complex as climate change, risk management 
should be implemented through a process of “adaptive governance” that 
involves assuring adequate coordination among the institutions and actors 
involved in responding to climate change, sharing information with decision 
makers across different levels and sectors, ensuring that decisions are regularly 
reviewed and adjusted in light of new information, and designing policies that 
can adapt but that are also durable over time. These concepts are illustrated in 
Figure 4.1 and discussed further in Chapter 5. 

Similar principles have been recommended and illustrated by other high-level advi-
sory groups worldwide, including, for instance, the IPCC, the United Nations Devel-
opment Programme, the World Bank, the Australian Greenhouse Office, and the UK 
Climate Impacts Programme.10 Closer to home, a number of NRC and other reports 
have pointed to the planning efforts being carried out by New York City as a good 
example of a climate change response strategy that embodies many key elements of 
iterative risk management.11 

These efforts—which are set forth in PlaNYC, the city’s sustainability and growth man-
agement initiative—include for instance:

•	 ambitious goals for limiting greenhouse gas (GHG) emissions, and a series of 
policies and programs to accomplish those goals (for instance, by reducing 
energy consumption by the city’s municipal buildings and operations);

•	 the creation of a New York City Panel of Climate Change—consisting of 
climate change scientists and representatives from legal, insurance, and risk-
management firms—tasked with providing information about key climate 
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BOX 4.2 
Analytic Deliberation

The idea of linking science and decision making is explored in a growing body of research 
literature.a One specific approach suggested in this literature is “analytic deliberation”, an iterative 
process in which interested parties initially define objectives and select options to consider, work 
with experts to generate and interpret relevant new information, and use that information to 
revise objectives and make choices.b 

When addressing a problem such as climate change, analytic deliberation processes are par-
ticularly valuable because stakeholder discussions help to inform decision makers and the scientific 
community about local conditions—which is critical because many actions to limit emissions or 
adapt to climate change must be tailored to local conditions in order to be successful. It also helps 
to ensure that the scientific community is aware of public concerns and can thus direct research 
attention to those concerns. Finally, it helps ensure two-way dialogue between scientific experts 
and the public, which is a more effective communications strategy than a one-way flow of informa-
tion from scientists to the public. To be successful, however, these deliberative processes require 
recognizing and overcoming many common obstacles to effective communication. Several NRC 
and other studies offer guidance on addressing such communication challenges.c 

One example of this type of engagement process can be found in the NOAA Regional In-
tegrated Sciences and Assessments (RISA) Program,d which supports teams at universities and 
regional centers to conduct research related to climate impacts (e.g., on fisheries, water, wildfire 
management, agriculture, tourism and recreation, public health, coastal management, infrastruc-
ture)—with the goal of helping to inform the decisions of regional-level planners and managers. 
RISA projects typically involve an array of stakeholders in framing problems for research, and they 
emphasize collaboration among scientists and decision makers. Although still a relatively new ef-
fort, the RISA programs are important test beds for learning how to apply principles of stakeholder 
engagement for informing decisions about adapting to climate change. 

a See, for instance, D. H. Guston, “Boundary organizations in environmental policy and science: An introduction” (Sci-
ence, Technology, and Human Values 26:399-408, 2001); D. W. Cash, W. C. Clark, F. Alcock, N. M. Dickson, N. Eckley, D. H. Guston, J. 
Jäger, and. R. B. Mitchell, “Knowledge systems for sustainable development” (Proceedings of the National Academy of Sciences 
100:8086-8091, 2003); NRC, Public Participation in Environmental Assessment and Decision Making (Washington, D.C.: National 
Academies Press, 2008); NRC, Informing Effective Decisions.

b See also NRC, Understanding Risk: Informing Decisions in a Democratic Society, eds. P. C. Stern and H. Fineberg (Wash-
ington, D.C.: National Academy Press, 1996); NRC, Public Participation; O. Renn, Risk Governance: Towards an Integrative Approach 
(Geneva, Switzerland: International Risk Governance Council, 2005).

c NRC, Understanding Risk, Public Participation, Informing Decisions, Advancing the Science, and Informing Effective 
Decisions; EPA, Improved Science-Based Environmental Stakeholder Processes: A Commentary by the EPA Science Advisory Board, 
EPA-SAB-EC-COM-01-006 (Washington, D.C.: U.S. Environmental Protection Agency, 2001).

d http://www.climate.noaa.gov/cpo_pa/risa/.
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4-1 �xed image

FIGURE 4.1 Illustration of the steps in an iterative risk management approach for addressing climate 
change. SOURCE: Adapted from R. I. Willows and R. K. Connell, Climate Adaptation: Risk, Uncertainty, and 
Decision Making, UKCIP Technical Report (Oxford, UK: UK Climate Impacts Programme, 2003).

hazards for the city and the surrounding region, likelihoods of their occur-
rence, and potential implications for critical infrastructure; 

•	 a Climate Change Adaptation Task Force, consisting of over 40 public and pri-
vate sector stakeholders, that developed a coordinated adaptation plan for the 
city; and 

•	 a Policy Working Group that identified codes, rules, and regulations govern-
ing city infrastructure that may need to be changed or created to help the city 
cope with climate change. 

These activities explicitly call for iterative processes in which goals and strategies are 
regularly monitored and reassessed, to determine whether intended objectives are 
being met, to discern any unforeseen consequences, and to allow for periodic cor-
rections. NRC, Adapting to the Impacts and Informing Effective Decisions contain more 
details about these New York City activities, and other case studies illustrating how 
iterative risk management principles are being implemented in both the public and 
private sectors. 
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DECISION CRITERIA IN AN ITERATIVE RISK MANAGEMENT FRAMEWORK

This section explores some of the criteria that would be most critical for climate-
related decision making in the context of an iterative risk management framework. 

Risk reduction potential. A key benefit desired for any action taken to respond to 
climate change is the potential to actually reduce climate-related risks, by either 
reducing the likelihood of adverse events (i.e., limiting climate change) or reducing 
vulnerability to such events (i.e., adapting to climate change) or ideally both. Although 
risk reduction potential is often difficult to quantify, it can provide a basis for choosing 
between different options under consideration. As an example, to respond to sea level 
rise, a community may face a choice between building sea walls to protect buildings 
and infrastructure or moving those assets to higher ground. The latter option would 
be more expensive and disruptive in most situations, but it could protect against a 
broader range of outcomes. 

In certain cases, response options can reduce some risks while increasing others, thus 
requiring trade-offs among risks. For example, promoting more widespread use of air-
conditioning to adapt to higher summer temperatures will undermine efforts to limit 
climate change, to the extent that the additional electricity required is generated by 
sources that emit GHGs. In other cases, an option may offer complementary risk reduc-
tion benefits. For example, improvements in the energy efficiency of buildings and 
their cooling systems can both constrain the growth of GHG emissions and reduce the 
threat that heat waves pose to vulnerable populations. 

Some actions—such as those involving investment in new technologies, infrastruc-
ture, and workforce capacity—may offer little or no direct risk reduction potential 
themselves but can open the door to future options that may significantly reduce risk. 
For example, investing in development of a “smart grid” would provide flexibility for 
integrating distributed renewable electricity generation, and investing in the training 
of scientists and engineers can improve scientific understanding and the likelihood 
of significant technological breakthroughs over time.12 Other options, in contrast, 
may foreclose future risk-reducing possibilities. For example, continuing to build new 
coal-fired power plants will lock in further dependence on GHG-intensive energy 
sources (unless commercial-scale carbon capture and storage soon become widely 
implemented).

The field of risk analysis, which has a large research literature,13 offers general guid-
ance on the process of estimating risk reduction potential. For the issue of climate 
change in particular, the many uncertainties and personal judgments that are inevi-
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tably involved in weighing different types of risks have led some analysts to develop 
methods that synthesize the judgments of many experts.14

Feasibility and effectiveness. The potential for any given climate change response 
action to reduce risk must be measured against the feasibility (which may encompass 
technical, economic, and political feasibility) and the likely effectiveness of that action. 
A good deal is known, for example, about the feasibility and effectiveness of certain 
renewable energy technologies (e.g., wind), while relatively little is known about the 
feasibility of others (e.g., tidal).15 Where an option promises substantial risk reduction 
but has high costs and is of unproven effectiveness, the best response may be invest-
ment in further study or pilot testing to reduce unknowns surrounding its application. 

Questions about feasibility and effectiveness also apply to policy tools. Insights about 
the effectiveness of different policy approaches can be gained from the research 
literature and also from the diverse experience of state and local governments, efforts 
in other nations, and U.S. federal programs in analogous contexts. For instance, to learn 
about the effectiveness of cap-and-trade programs, one can look to the experiences 
of the Regional Greenhouse Gas Initiative of the northeastern states, of the European 
Union’s emission trading system, and of the acid rain cap-and-trade program under 
Title IV of the Clean Air Act.16

Cost and cost-effectiveness. In a world of finite resources, cost and cost-effectiveness 
are important criteria for helping policy makers decide among different response 
options. Cost-effectiveness analysis assumes a similar level of risk reduction among 
options—if two options have similar risk reduction potential and likely effectiveness, 
a decision maker would choose the option with lower costs. In contrast, cost-benefit 
analysis is typically used to determine an optimal risk reduction strategy that bal-
ances costs and social benefits. As discussed earlier, however, cost-benefit and cost-
effectiveness analysis have some important limitations when it comes to analyzing 
climate choices. 

The cost of some options may be so disproportionate to risk reduction potential as to 
be clearly unreasonable: for instance, certain actions may threaten widespread busi-
ness closures or other economic impacts that render the option unwise or politically 
impractical. (For this reason, cost considerations could be viewed as one aspect of the 
“feasibility” criterion discussed above.) In contrast, some options may be warranted 
by the positive economic returns or ancillary benefits they offer, even without consid-
eration of climate-related benefits—including, for example, programs to encourage 
energy efficiency that yield a positive net economic benefit.17
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Ancillary costs and benefits. Some options designed to reduce climate-related risks 
may have negative impacts on national interests in other areas, such as ecosystem 
services, human health, and national security. Examples include nuclear proliferation 
risks associated with increased reliance on nuclear power, and risks to ecological sys-
tems and food security stemming from increased assignment of agricultural land to 
biofuels production. 

Other policies designed to limit or adapt to climate change may have significant 
ancillary benefits. For example, increasing energy efficiency to limit GHG emissions 
can also reduce emissions of conventional pollutants,18 and reducing GHG emissions 
from the transportation sector could potentially reduce petroleum consumption 
and thus the nation’s vulnerability to high oil prices and oil-supply disruptions.19 

Encouraging carbon sequestration through soil and forest management practices 
(e.g., minimum tillage practices, reducing timber harvesting, improving manure 
management, reducing livestock herd size) may also offer the benefits of helping to 
control nutrient runoff, soil erosion, and habitat loss.20 It is wise to consider potential 
co-benefits of this kind when choosing among alternative possible strategies for 
reducing climate risks. 

Equity and fairness. Equity and fairness concerns are important criteria for evaluating 
any public policy option. International debates have focused on how to fairly allocate 
the burdens of addressing climate change between developed and developing coun-
tries. Intergenerational justice debates center around defining the present genera-
tion’s obligations to help ensure the well-being of future generations. Domestic policy 
debates have focused on how policies for reducing GHG emissions may alleviate or 
exacerbate burdens among different parts of society (e.g., on low-income households 
or on geographical regions that are heavily dependent on fossil fuel-based industries) 
and on the socioeconomic distributional impacts of actions taken to adapt to climate 
change. 

Consider, for example, the case of lower-income households, which consume less 
energy per capita and thus contribute proportionately less to GHG emissions relative 
to more affluent households. Energy purchases are a larger fraction of their total con-
sumption, and therefore they are more affected by changes in energy prices.21 Limited 
discretionary income may also preclude lower-income households from participating 
in energy efficiency initiatives that would reduce their energy costs over the longer 
term. At the same time, lower-income households may suffer disproportionately from 
the impacts of climate change.22 Some ways in which policy design can help address 
such concerns are discussed in Chapter 5.
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International considerations. America’s climate choices affect and are affected by the 
global dimensions of climate change. U.S. emissions reductions alone will not be ad-
equate to avert dangerous climate change risks; rather, our emission reductions must 
be accompanied by comparable actions from all other major emitters. U.S. climate 
policies can potentially have a major effect on the actions other countries take, and 
this potential represents another important criterion for evaluating domestic response 
options. In general, domestic policies that help leverage broader international-scale 
efforts (for example, cooperative research and development programs in clean energy 
technology) can be expected to reduce overall climate risk more than policies that af-
fect U.S. emissions alone. Similarly, in comparing the advantages and disadvantages of 
different policy options for reducing U.S. GHG emissions (e.g., cap-and-trade programs, 
carbon taxes, regulatory approaches), each should be considered in the context of 
how they link domestic policies to global efforts. 

Robustness. Given the uncertainties inherent in predicting future climate change and 
its impacts, as well as the difficulty of predicting technological, social, and economic 
developments, there is a great strategic advantage in pursuing response options that 
can perform well under a wide range of possible futures. For instance, sound risk man-
agement in the agricultural sector may include investing in the development of crop 
varieties that are resilient to a wide range of temperature and precipitation conditions. 
As another example, market-based regimes offer an advantage over industry-specific 
performance standards because the former approach has a higher likelihood of con-
tinued effectiveness under varying future economic or technological conditions.23

When the likelihood of different future outcomes is not well known, pursuing multiple 
options (i.e., a portfolio approach) and other “hedging” strategies can help ensure a 
robust response. For example, it would be prudent to invest in multiple new energy 
technologies to meet future needs because the ultimate success of any one new tech-
nology is always uncertain. As another example, it is prudent to design the infrastruc-
ture for transportation, water, and utilities to withstand a range of weather extremes 
including intense rainfall, flooding, and drought scenarios. Ensuring robustness may 
also include strengthening general adaptive capacity through early warning systems 
and disaster response preparations. 

The degree to which any particular policy option meets the different criteria listed 
above depends not only on the type of policy but also its scope and stringency. For 
example, an overly weak auto fuel efficiency standard may be cheap and politically 
feasible but not very effective in reducing climate-related risks, whereas an overly 
tough standard may promise high levels of risk reduction but be very expensive, pose 
significant equity concerns, and be difficult to implement successfully. 
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Ultimately, any choice involves weighing multiple criteria. Decision makers will dif-
fer in their judgments about which criteria are most important and in their methods 
for dealing with uncertainties. Even when it is possible to characterize how different 
response actions rank under the different criteria, this information may not neces-
sarily point to a preferred action or strategy. Rather, this information provides a basis 
on which decision makers can make reasoned judgments and engage in informed 
debates. The decision sciences offer a variety of methods for helping decision makers 
evaluate and make trade-offs among options,24 but even these methods do not obvi-
ate the need for deliberation and judgment.

CHAPTER CONCLUSION

In the committee’s judgment, iterative risk management—which emphasizes 
taking action now, but in doing so, being ready to learn from experience and 
adjust these efforts later on—offers the most useful approach for guiding Amer-
ica’s climate choices. The successful application of this approach requires broad-
based continuous learning by the scientific community together with decision 
makers in the government, the private sector, and the general public. 
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A comprehensive and effective response to climate 
change requires a diverse portfolio of actions that 
evolve with new information and understanding. 

As discussed in Chapter 4, a balanced risk management strategy for addressing 
climate change requires an integrated portfolio of policy options, including 
actions aimed at reducing the likelihood of adverse outcomes and actions 

aimed at reducing the damages such outcomes could cause. It further requires mak-
ing investments over time to advance the knowledge on which future decisions will 
be based, to expand the options available to decision makers in the future, and to 
ensure that decision makers at all levels (including the public) have the information 
necessary to make decisions that properly reflect new knowledge and new options. 
Cutting across all of these elements are needs for international engagement and for 
coordinating the different actors and elements of an overall response strategy. This 
chapter offers recommendations along each of these dimensions, with an emphasis 
on near-term responses that enhance the capacity for, and reduce the costs of, more 
substantial responses that may be chosen in the more distant future.

LIMITING THE MAGNITUDE OF CLIMATE CHANGE

Limiting the magnitude of climate change requires stabilizing atmospheric green-
house gas (GHG) concentrations, which in turn requires reducing emissions of these 
gases so that their emissions are no greater than the rate at which they are naturally 
removed from the atmosphere. The basic opportunities available for reducing GHG 
emissions include restricting or modifying activities that release GHGs (e.g., burning 
of fossil fuels), removing CO2 from the waste stream of large point sources of emis-
sions and sequestering it underground (carbon capture and storage), or augmenting 
natural processes that remove GHGs from the atmosphere, for example by managing 
agricultural soils or forests to increase the rate at which they sequester carbon (post-
emission GHG management). In addition, GHG emissions could potentially be offset by 
enhancing the reflection of solar radiation back to space (solar radiation management), 

C H A P T E R  F I V E
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which together with some post-emission GHG management strategies is sometimes 
referred to as geoengineering (see Box 5.1). NRC, Advancing the Science and Limiting 
the Magnitude review the technologies and practices that are available for pursuing 
these various opportunities. Here we provide a very brief overview, starting with the 
more general issue of setting goals for limiting the magnitude of climate change. 

BOX 5.1  
Geoengineering

Geoengineering, applied to climate change, refers to deliberate, large-scale manipulations of the 
Earth’s environment intended to offset some of the harmful consequences of GHG emissions, and it 
encompasses two very different types of strategies: solar radiation management and post-emission 
GHG management.a Many proposed geoengineering approaches are ambitious concepts with global 
environmental consequences; as such, they have attracted a great deal of attention. In general, however, 
current scientific knowledge of the efficacy and overall risk reduction potential of most geoengineer-
ing approaches is limited.

Solar radiation management (SRM) involves increasing the reflection of incoming solar radiation 
back into space. Some SRM approaches can, in theory at least, produce substantial cooling quickly and 
thus could potentially be used in the case of “climate emergencies” involving unexpectedly rapid warm-
ing or severe impacts. A much-discussed example is the proposal to continuously inject large quantities 
of small reflective particles (aerosols) into the stratosphere. This would mimic some effects of sustained 
large volcanic eruptions, which have been observed to cool the earth’s surface measurably for months. 
Another SRM strategy sometimes proposed is to increase the reflectivity of the Earth’s surface through 
widespread use of “white roofs.”

The potential benefits of many SRM strategies are offset by potential risks. In the case of aerosol 
injection strategies, for example, significant regional or global effects on precipitation patterns could 
occur,b potentially placing food and water supplies at risk. SRM alone would also do nothing to slow 
ocean acidification, since CO2 concentrations in the atmosphere and ocean would continue to rise. 
Thus, it is unclear if any of the proposed large-scale SRM strategies could actually reduce the overall 
risk associated with human-induced climate change.c 

Large-scale proposals for post-emission GHG management generally involve either removing CO2 
from the atmosphere by direct air capture technologies or managing ecosystems on land or in the ocean 
to increase their natural uptake and storage of carbon. Strategies for enhancing carbon sequestration 
in soils and forests (which are often viewed as standard strategies for limiting climate change rather 
than geoengineering) are relatively well understood and offer important opportunities for reducing 
net GHG emissions in some parts of the world. However, changes in the sequestration rates of these 
systems are often difficult to quantify, and the potential effectiveness of these strategies may decline 
over time due to saturation effects.d 

A more controversial post-emission GHG management strategy which has actually been tested at 
small scales is fertilizing the ocean by adding iron to iron-poor waters (or adding other limiting nutrients 
or minerals) to increase removal of CO2 from the atmosphere by phytoplankton. Concerns have been 
raised both about the efficacy of this approach and about possible risks that it might pose to marine 
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Setting Goals

Concrete, quantitative goals for limiting the magnitude of climate change offer the 
benefit of allowing all parties involved to have a common sense of purpose and a 
clear metric against which to measure progress. Finding agreement on quantitative 

ecosystems.e Other post-emission approaches involve removing CO2 from the air though chemical 
processes, but as with conventional carbon capture and storage from point emission sources, direct 
air capture schemes require reliable geological repositories for the removed CO2. In general, most CO2 
removal approaches seem to pose fewer ancillary risks than SRM approaches, but they appear likely to 
be expensive, and because they would have only a gradual effect on atmospheric GHG concentrations, 
they would not have the potential to produce substantial cooling quickly.

Because some forms of geoengineering would have consequences that span national boundar-
ies, international legal frameworks are needed to govern the development and possible deployment 
of these options. Such frameworks need to include a clear definition of the “climate emergency” that 
would trigger deployment of large-scale SRM, and criteria for whether, when, and how SRM (and some 
versions of post-emission GHG management) would be tested —recognizing that even the act of field 
testing may create international tensions. More fundamentally, intentional alteration of the Earth’s 
environment via geoengineering raises significant ethical issues, including the distribution of risks 
among population groups in both present and future generations, as well as challenging questions of 
public perceptions and acceptability.f 

In conclusion, geoengineering approaches may conceivably have a role to play in future climate 
risk management strategies, particularly if efforts to reduce global GHG emissions are unsuccessful or 
if the impacts of climate change are unexpectedly severe. At present however, the costs, benefits, and 
risks of many geoengineering approaches are not well understood. In the committee’s judgment, it 
would therefore be imprudent to use certain geoengineering approaches (in particular, SRM and ocean 
fertilization strategies) to manipulate the Earth’s environment in the near future, and it would be unwise 
to assume they will be attractive options even in the more distant future. We recommend instead a 
program of research to better understand the potential effects of different geoengineering options 
and efforts to address the international governance issues raised by many geoengineering proposals. 

a See, e.g., Royal Society, Geoengineering the Climate: Science, Governance, and Uncertainty, RS policy document 10/09 (Lon-
don: The Royal Society, 2009); American Geophysical Union, Geoengineering the Climate System. A Position Statement of the American 
Geophysical Union (Adopted by the AGU Council on 13 December 2009); American Meteorological Society, Geoengineering the Climate 
System. A Policy Statement of the American Meteorological Society (adopted by the AMS Council on 20 July 2009). 

b G. C. Hegerl and S. Solomon, “Risks of climate engineering” (Science 325[5943]:955-956, 2009, doi: 10.1126/science.1178530).
c See NRC, Advancing the Science, Chapter 15 for additional discussion of proposed SRM approaches, including the research 

needed to better understand their potential efficacy and risks.
d See NRC, Advancing the Science and Limiting the Magnitude for further discussion and references.
e K. O. Buesseler, S. C. Doney, D. M. Karl, P. W. Boyd, K. Caldeira, F. Chai, K. H. Coale, H. J. W. De Baar, P. G. Falkowski, K. S. Johnson, 

R. S. Lampitt, A. F. Michaels, S. W. A. Naqvi, V. Smetacek, S. Takeda, and A. J. Watson, “Environment: Ocean iron fertilization—Moving 
forward in a sea of uncertainty” (Science 319[5860]:162, 2008).

f NRC, Advancing the Science.
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targets is, however, an inevitably contentious process, and a failure to reach consensus 
on such targets can become a barrier to moving ahead with meaningful actions. It is 
of course possible to proceed with meaningful actions to limit GHG emissions in the 
absence of universally-accepted quantitative goals. Nonetheless, it is important to 
understand the different types of goals that are being actively debated at national and 
international levels. 

At the international level, a commonly discussed goal is the tolerable increase in 
global average surface temperature relative to pre-industrial times. (The goal of limit-
ing global average temperature rise to 2°C (3.6°F) has been agreed to in a number 
of major international platforms,1 although there is ongoing scientific debate about 
whether that actually represents a “safe” threshold for limiting climate change.2) For 
any given global temperature goal, corresponding goals can then be derived for 
atmospheric GHG concentrations that would give a reasonable chance of meeting 
the temperature goal, for global GHG emissions limits that would give a reasonable 
chance of meeting those GHG concentration goals, and, finally, for national GHG emis-
sion limits that would collectively achieve the needed global emission reductions. 
These relationships are complicated, however, by a variety of scientific uncertainties 
and value judgments (see Figure 5.1).3 

A global mean temperature limit is not a goal that can be directly controlled, but 
rather, is an emergent property of the decisions made by countless governments, pri-
vate sector actors, and individuals around the world, and of the earth system processes 
that determine how emissions affect the earth’s climate. Operationally, domestic-
level response strategies require metrics that can be directly tracked and controlled 
at the national level. For the U.S. national goal, the America’s Climate Choices (ACC) 
panel report Limiting the Magnitude of Future Climate Change recommends setting a 
“budget” for cumulative domestic GHG emissions over a set period of time—a recom-
mendation the committee supports. The budget concept has also been proposed in 
the context of global emissions.4 

It is beyond the mandate of this committee to recommend specific global or national 
emission budget goals because such goals are based in large part on value judg-
ments about what is an acceptable degree of risk, and what is a fair U.S. share of the 
global emissions-reduction burden. Nor do we try to evaluate the risks of adverse 
climate impacts associated with different possible U.S. emission goals, because such 
risks ultimately depend on global emissions, not U.S. emissions alone. We do suggest, 
however, that in the context of iterative risk management, any such goals need to 
be periodically revisited and revised over time, in response to new information and 
understanding. 
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Reducing Global Emissions

The United States currently accounts for roughly 20 percent of global CO2 emissions, 
despite having less than 5 percent of the world’s population. The U.S. percentage of to-
tal global emissions is projected to decline over the coming decades, however, mainly 
because emissions from rapidly developing nations such as China and India will 
continue to grow (see Figure 3.1). International engagement challenges are discussed 
later in this chapter, but it is worth emphasizing here the central point that poorer 
nations usually find requests by the United States to limit their emissions unjustified 
for several reasons: because current per-capita emissions and standard of living in the 
United States and other developed nations are far above theirs, because the United 
States is responsible for the largest share of the historical increase in atmospheric GHG 
concentrations, and because the United States has not yet been willing to enact its 

limiting global mean
temperature increase

(e.g. 2ºC, 3ºC)

limiting global 
atmospheric 

GHG concentrations
(e.g.  450 ppm, 550 ppm)

limiting global 
GHG emissions

(e.g. global emission budget 
or percent reduction) 

limiting U.S. 
GHG emissions

(e.g. national emission budget 
or percent reduction)

What is a ‘safe’ amount of climate change?   
Depends on the risks associated with given 
temperature targets, and decisions about willingness 
to tolerate these risks

--------------------------

How does GHG concentration translate into 
global temperature change and other impacts? 
Depends on climate sensitivity and the strength of 
other forcing factors (e.g., aerosols)

--------------------------

How does a given level of emissions translate
into an atmospheric GHG concentration?
Depends on carbon cycle dynamics and the timing of 
emission reductions

--------------------------

What is a reasonable share of U.S. emission 
reductions relative to the global targets?  
Depends on political, economic, and ethical judgments

Key questions for setting each goal:Goals

5-1, editable

FIGURE 5.1 A schematic illustration of the steps involved in setting goals for limiting the magnitude of 
future climate change, and some key questions and uncertainties that need to be considered in each of 
these steps.
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own national policies to limit emissions. As a result of such dynamics, the international 
community has not yet forged an agreement in which both developed countries 
and all large, rapidly developing countries commit to binding GHG emission reduc-
tions. Forging a comprehensive international agreement will be difficult and possibly 
infeasible without credible U.S. leadership, demonstrated through strong domestic 
actions.5

In addition to this need for demonstrating leadership through strong domestic ac-
tions, America’s climate change response strategies need to include cooperative 
international efforts aimed at helping developing countries advance their economies 
along less carbon-intensive pathways than were followed by today’s industrialized 
nations. This is primarily because reducing global GHG emissions requires limiting the 
growth in emissions from developing countries. Additional motivation comes from 
the fact that it is generally less expensive to reduce emissions in developing nations 
than in developed ones (although the evidence can vary considerably depending on 
the specific context),6 and because developing nations often present more significant 
opportunities for ancillary benefits such as reducing local air pollution. 

Emission Offsets

Offsets can be used at either the domestic or international level to help lower the 
cost of reducing emissions. In most cases, an offset system allows actions that remove 
or prevent GHG emissions in one place to cancel (or offset) an equivalent amount of 
emissions elsewhere. Offsets can include investments in agriculture and land manage-
ment, reforestation, energy efficiency, capture or destruction of industrial gases and 
methane, or low carbon energy generation such as renewables. International offset 
programs such as the Clean Development Mechanism (CDM), that allow GHG emitters 
in the United States or other developed countries to pay for emission reductions in de-
veloping countries, can also be a potentially important mechanism for engaging those 
countries in emission-reduction efforts. Although the United States does not partici-
pate in the CDM, it has been involved in discussion of other international mechanisms 
similar to offsets, particularly proposals to reduce emissions from deforestation and 
forest degradation (often referred to as REDD). 

The use of offsets can be complex and fraught with pitfalls, however. Some offsets, 
such as capturing methane from livestock waste, are relatively straightforward to 
quantify and implement. Others, such as sequestering carbon in soils and forests, 
or those where investments are made in small scale technologies such as improved 
wood stoves, present many challenges. Quantifying the size of the offset requires 
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not only knowing how much carbon is being sequestered by the system (which in 
turn requires accurate baselines and monitoring) but also knowing what would have 
happened in the absence of the offset program—i.e., offsets only contribute to reduc-
ing emissions if they are clearly additional to programs that would have been imple-
mented anyway. In contrast, a cap-and-trade or carbon tax system (that does not allow 
use of offsets) considers only what actually is emitted; it does not require estimates, 
often controversial, of what would have been emitted absent the policy or action 
considered.

Offsets also raise concerns about emissions leakage: for example, if the demand for 
timber is unchanged (and there are no global emission caps), saving one forest that 
would have been cut could simply increase the pressure to cut other forests that 
would otherwise have been spared. A similar problem occurs with the so-called 
rebound effect, when savings from energy efficiency actions are invested in other ac-
tivities that produce GHGs. Another complication arises from the fact that the amount 
of sequestered carbon can change over time. For instance, if a forest grown to offset 
carbon emissions from elsewhere burns down 10 years later, the emissions reductions 
provided by the offset will be lost. 

Finally, the ancillary ecological and social impacts of offset programs can be either 
positive or negative, depending on whether they are guided by sound sustainable 
development or land management principles and practices, including respect for local 
property rights.7 For these reasons, the inclusion of offsets as a major component of 
U.S. climate policy will require rigorous rules, standards, and accounting procedures to 
ensure claimed emissions reductions are real and sustained.

Reducing U.S. Emissions

The nation’s efforts to reduce GHG emissions depend to a large degree on private 
sector investments (in areas such as technology development, physical assets, manu-
facturing operations, and marketing and delivery of goods and services) and on the 
behavioral and consumer choices of individual households. But federal, state, and local 
governments have a large role to play in influencing these key stakeholders through 
effective policies and incentives. In general, there are four major tool chests from 
which to select policies for driving GHG emission reductions: 

•	 pricing of emissions by means of a tax or cap-and-trade system; 
•	 mandates or regulations, which includes full-scale programs of controls on 

emitters (for example through the Clean Air Act) and more narrowly targeted 
mandates such as automobile fuel economy standards, appliance efficiency 
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standards, labeling requirements, building codes, and renewable or low-
carbon portfolio standards for electric generation;8

•	 public subsidies through the tax code, appropriations, or loan guarantees; and 
•	 providing information and education and promoting voluntary measures.9

A comprehensive national program would likely use tools from all four of these areas. 
Most economists and policy analysts have concluded, however, that putting a price on 
CO2 emissions (that is, implementing a “carbon price”) that rises over time is the least 
costly path to significantly reduce emissions and the most efficient means to provide 
continuous incentives for innovation and for the long-term investments necessary to 
develop and deploy new low-carbon technologies and infrastructure.10 A carbon price 
designed to minimize costs could be imposed either as a comprehensive carbon tax 
with no loopholes or as a comprehensive cap-and-trade system that covers all major 
emissions sources. (Pricing systems that are not comprehensive can also produce 
substantial reductions, though at higher per-ton costs.) Both of these could be ef-
fective tools; however, cap-and-trade policy offers the advantage of specifying emis-
sions goals. Moreover, if several nations have cap-and-trade systems and international 
trading is permitted, firms in rich nations can reduce their costs—and total global 
costs—by paying for less expensive emissions reductions in other nations, rather than 
by making expensive reductions themselves.11 

Meeting stringent national emission-reduction goals also requires the carbon price to 
rise to levels that are high enough to ensure the necessary investments are made in 
energy-efficient buildings and equipment, low-carbon energy production technolo-
gies, and other key areas, especially over the long run as stocks of equipment and 
infrastructure turn over. Estimating possible future carbon prices, which depends on 
many unpredictable factors, such as the pace of technology development, is beyond 
the scope of this study; but NRC, Limiting the Magnitude does contain a detailed dis-
cussion of future carbon price projections made in the recent multi-model studies of 
the Energy Modeling Forum.12 

In addition to a price on carbon, there is a need for complementary policy measures 
that help to overcome market failures not fully addressed by a carbon price.13 Comple-
mentary policies may also be needed to overcome institutional barriers that inhibit 
responses to carbon prices and/or slow the penetration of new low-carbon technolo-
gies.14 Examples of such barriers include outdated building codes and regulatory sys-
tems15 and the information-related problems that reduce incentives for builders and 
home owners to invest in energy-efficient homes and appliances.16 Complementary 
policies must be chosen strategically, however—an optimal policy reduces emissions 
where it is cheapest to do so, not taking all possible measures, nor requiring all sectors 
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of the economy to participate equally. Limiting the Magnitude examines the types of 
complementary policies that are most useful for ensuring rapid progress in key areas 
such as household-level energy efficiency, development and use of renewable energy 
technologies, and retiring/retrofitting existing emissions-intensive equipment and 
infrastructure. 

As a matter of political reality, a comprehensive carbon-pricing strategy of the sort 
described above may not be feasible in the near term. A strategy relying solely on 
other types of policies would involve higher costs but would still encourage near-term 
emission reductions and thus reduce the need to make costly reductions later. These 
policies range from relatively simple measures such as supporting R&D on low-carbon 
technologies and reducing behavioral and institutional barriers to energy efficiency, 
to more ambitious steps such as a nationwide renewable portfolio standard or a 
cap-and-trade system covering only electric power plants.17 To minimize the long-run 
costs of reducing emissions, however, it is important to avoid policies that may make 
it more difficult later (either economically or politically) to adopt a comprehensive 
carbon-pricing policy. This includes, for instance, policies that would implicitly or 
explicitly exempt some sources from a subsequent carbon tax or a broader emissions 
cap. It may also be necessary to avoid certain policies that have unacceptable equity 
and competitiveness impacts (see Box 5.2).

At the time of writing this report, the EPA is in the process of promulgating new rules 
to constrain CO2 emissions using the current authorities of the Clean Air Act. These 
rules, if adopted, 18 will likely achieve emission reductions and may also stimulate 
innovation, but the regulatory strategy is not as likely as a well-crafted pricing strat-
egy to provide continuous incentives to find the cheapest path to significant GHG 
reductions.19 

RECOMMENDATION 1: In order to minimize the risks of climate change and its ad-
verse impacts, the nation should reduce greenhouse gas emissions substantially 
over the coming decades. The exact magnitude and speed of emissions reduction 
depends on societal judgments about how much risk is acceptable. However, 
given the inertia of the energy system and long lifetime associated with most 
infrastructure for energy production and use, it is the committee’s judgment 
that the most effective strategy is to begin ramping down emissions as soon as 
possible. 

Emission reductions can be achieved in part through expanding current local, state, 
and regional level efforts, but analyses suggest that the best way to amplify and ac-
celerate such efforts, and to minimize overall costs (for any given national emissions 
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reduction target), is with a comprehensive, nationally uniform, increasing price on CO2 
emissions, with a price trajectory sufficient to drive major investments in energy ef-
ficiency and low-carbon technologies. In addition, strategically-targeted complemen-
tary policies are needed to ensure progress in key areas of opportunity where market 
failures and institutional barriers can limit the effectiveness of a carbon pricing system. 

If a pricing strategy proves to be politically infeasible, second-best approaches may 
include the expansion of regional, state, and local initiatives already under way, along 
with the adoption of national-level mandates or performance standards, some of 
which could potentially be implemented through the Clean Air Act. The committee 
suggests that new mandates and standards leave as much flexibility as possible for 
the private sector to choose the means necessary (i.e., the technological options) for 
meeting stated emission-reduction goals and leave room for later adoption of a pric-
ing strategy. 

BOX 5.2 
Equity and Competitiveness Issues

Significantly reducing U.S. GHG emissions, however it is accomplished, will produce “winners” and 
“losers” along several dimensions. Increasing the price of carbon-intensive energy, for instance, will have 
a disproportionate impact on those who need to drive long distances to work and residents of some 
coal-mining communities. Basic notions of fairness require that adverse energy price impacts on those 
least able to bear them be identified and addressed. Carbon-related revenues, obtained from carbon 
taxes or auctioning of emissions allowances in a cap-and-trade system, would provide resources that 
could be used for this purpose. Alternative or additional policy measures that make incentive-based 
climate change policies more accessible to low-income households (e.g., graduated subsidies or tax 
credits for home insulation improvements) may also be appropriate. Directly engaging economically 
disadvantaged and other vulnerable communities in the policy planning process helps allow the le-
gitimate interests of those communities to be addressed, while nonetheless allowing broadly desirable 
investments to be made. 

In an economy with substantial unemployment, expansion of labor-intensive activities like 
retrofitting buildings for increased energy efficiency can be an attractive option for increasing job 
opportunities.a A transition to a low-carbon economy would inevitably produce gains in some sectors 
and occupations and losses in others, and some studies suggest that such a transition will probably 
have only a small net impact on the overall level of U.S. employment.b For those sectors and regions 
that are at greatest risk of job losses, this transition could be smoothed through targeted support for 
education and training programs. 
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Finally, as with all elements of an iterative risk management strategy, actions taken to 
reduce GHG emissions need to be carefully monitored. Decisions made today (e.g., 
regarding emission targets, price schedules, sectors chosen for special attention) 
will require periodic reevaluation in light of new developments in climate science, 
in technological capabilities, in costs, and in understanding the impacts of response 
policies themselves (for instance, understanding how a carbon pricing system imple-
mented in a less than comprehensive form will actually influence investments). In this 
regard, long-term emissions goals that stretch out for decades are useful and probably 
necessary but would likely need to be revisited over time. This need for the capacity to 
adjust polices in response to new information and understanding must be balanced 
against the need for policies to be sufficiently durable and consistent to attract sub-
stantial investment and encourage long-term changes in behavior. There is a natural 
tension between these goals and designing mechanisms to provide both durability 
and flexibility poses a key challenge for climate change governance. 

Finally, de-carbonizing the U.S. energy system—or failing to do so—could have a significant im-
pact on the competitiveness of some U.S. industries. The European Union (EU) has already increased 
its reliance on renewable energy and put a price on CO2 emissions from major sources, without detect-
able adverse economic effects.c China has now placed low carbon and clean energy industries at the 
heart of the country’s strategy for industrial growth, and is making large‐scale public investments (for 
instance, in “smart grid” energy transmission systems) to support this growth.d If others continue to 
press in this direction but the United States does not, firms operating in the United States could find 
themselves increasingly out of step with the rest of the world, and without the robust domestic markets 
for climate-friendly products that their competitors in the EU and elsewhere would enjoy. Moreover, U.S. 
firms in energy-intensive sectors could be disadvantaged relative to their more energy-efficient foreign 
competitors if energy prices rise in coming decades (as many observers expect) regardless of whether 
global actions are taken to reduce GHG emissions. Firms operating in the United States might also face 
tariffs on their exports to countries that have emissions caps in place and are seeking to protect their 
industries from the competition posed by countries without such caps. 

a R. Pollin, H. Garrett-Peltier, J. Heintz, and H. Scharber, Green Recovery: A Program to Create Good Jobs and Start Building a 
Low-Carbon Economy (Washington, D.C.: Center for American Progress, 2008)

b NRC, Limiting the Magnitude; CBO, The Economic Effects of Legislation to Reduce Greenhouse Gas Emissions (Washington, D.C.: 
Congressional Budget Office, 2009); H. Huntington, Creating Jobs with Green Power Sources, Energy Modeling Forum OP64, (Stanford, 
CA: Stanford University, 2009).

c A. D. Ellerman, F. J. Convery, and C. de Perthuis, Pricing Carbon: The European Union Emissions Trading Scheme (Cambridge, 
UK: Cambridge University Press, 2010).

d http://www.energychinaforum.com/news/42628.shtml (accessed Feb.20, 2011).
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REDUCING VULNERABILITY TO CLIMATE CHANGE IMPACTS

Even if substantial global GHG emissions reductions are achieved, human societies will 
need to adapt to some degree of climate change. In the committee’s judgment, choos-
ing to do nothing now and simply adapt to climate change as it occurs, perhaps by 
accepting losses, would be an imprudent choice for a number of reasons. Even moder-
ate climate change will be associated with a wide range of impacts on both human 
and natural systems (see Chapter 2), and the possibility of severe climate change with 
a host of adverse outcomes cannot be ruled out (especially if GHG emissions continue 
unabated). Moreover, as climate change progresses, unforeseen events may pose seri-
ous adaptation challenges for regions, sectors, and groups that may not now seem 
particularly vulnerable. Thus, just as the committee recommends that America embark 
on a course of substantial emission reductions, we recommend that America take pro-
active actions to mobilize the nation’s capacity to adapt to future climate changes. This 
dual-path strategy will reduce the risks of future climate-related damages more than 
pursuing either path alone. 

Mobilizing Now for Adaptation

As discussed in NRC, Adapting to the Impacts, proactive adaptation involves prepar-
ing for the impacts of projected local and regional changes in climate before they 
occur. Examples of such changes (also described in Chapter 2 and references therein) 
include reduced surface water supply in America’s rapidly growing western regions 
and increased vulnerability of the Gulf Coast to sea level rise, especially in low-lying 
areas that are already subject to land subsidence and other environmental changes. 
Global climate models can provide robust projections of changes in some regions 
(such as reduced precipitation across the southwestern United States), and there are a 
variety of efforts under way to “downscale” this information to local and regional levels. 
Currently, however, models are limited in their ability to reliably project many of the 
local and regional scales that are critical for adaptation decisions; and this situation 
is only expected to improve gradually as computer power and scientific understand-
ing advance.20 Regardless, efforts to assess adaptation needs at these scales can help 
indicate possible risks and key vulnerabilities. 

Many types of decisions would benefit from improved insight into adaptation needs 
and options, but most notable are decisions with long time horizons. These include, for 
instance, decisions about siting of facilities, conserving natural areas, managing water 
resources, and developing coastal zones. In these realms, adaptation to climate change 
is less about doing different things than about doing familiar things differently. For 
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example, throughout history, governments have typically designed and managed wa-
ter supply systems based (either implicitly or explicitly) on the assumption that future 
climate conditions will be similar to those experienced in the past. Proactive adapta-
tion to climate change will require these decisions to account for the strong possibility 
that future climate conditions will be unlike the past (see Box 5.3). Many investments 
in adaptation will be largely inseparable from routine investments in infrastructure 
development and upgrading. 

Because specific local or regional climate changes often cannot be precisely predicted, 
long-lived investments whose value may be affected by future climate change are 
inherently risky. Decisions about such investments accordingly become exercises in 
risk management. When climate models make differing predictions for a given locality, 
for example, it is prudent to seek robust options that will lead to acceptable outcomes 
across the full range of plausible future climate change scenarios (including low-
probability but high-risk scenarios). An iterative risk management approach to adapta-
tion also requires effective monitoring and assessment of both emerging impacts and 
the effectiveness of adaptation actions. 

In many cases, adaptation options are available now that both help to manage longer-
term risks of climate change impacts and also offer nearer-term co-benefits for other 
development and environmental management goals (see NRC, Adapting to the Impacts 
for examples). Experience to date indicates that if adaptation planning is pursued col-
laboratively among local governments, private-sector firms, nongovernmental organi-
zations, and community groups, it often catalyzes broader thinking about alternative 
futures, which is itself a considerable co-benefit. 

An Effective National Adaptation Strategy

Much of the work of adaptation will be done by state, local, and tribal21 governments, 
private-sector firms, nongovernmental organizations, and representatives of especially 
vulnerable regions, sectors, or groups. Decision makers at these levels often lack the 
resources necessary to perform this work effectively or lack experience in access-
ing and using information that may be available to inform their decisions. Dealing 
with vulnerabilities that cross geographic, sectoral, or other boundaries are particu-
larly challenging. Although early adaptation planning is beginning to emerge from 
the bottom up in the United States, it is hampered by a lack of both knowledge and 
resources.22

The federal government can play a valuable leadership and coordination role for 
adaptation. In the near term, this includes initiating the development of a national (i.e., 
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not just federal) adaptation strategy that engages a broad range of decision makers 
and stakeholders. An important initial step in developing such a strategy is to identify 
key vulnerabilities to plausible climate changes, which will vary substantially from 
place to place and among parties within each place. Basic notions of fairness suggest 
that special near-term consideration be given to identifying and developing adaption 
strategies for especially vulnerable populations. 

Another important federal role is to provide key resources (e.g., scenarios, visualization 
tools, methods, data) to support vulnerability analyses. There is currently no widely-
accepted approach for conducting vulnerability assessments, and much of the data 
and scientific infrastructure needed to make these assessments robust are lacking. Yet 
another important component of a national adaptation strategy is to evaluate existing 

BOX 5.3 
Adapting to Changing Precipitation Patterns

Different regions of the United States face different types of risks from climate change, thus requiring 
very different adaptation strategies. Responses to the potential impacts of changing precipitation pat-
terns provide illustrations of these challenges. Climate models generally predict that across the United 
States, precipitation will increase in northern regions and decrease in the southern and western states. 
Below are two examples of the different adaptation challenges posed by such changes.

Vulnerability of Mass Transit in New York City to Extreme Precipitation Events. New York City 
experiences substantial precipitation in all months of the year. Mean annual precipitation has increased 
slightly over the course of the past century, and inter-annual variability has become more pronounced. 
Climate models project that in the coming decades, the city will experience an increasing number of 
heavy rainfall events (for example, the number of days per year where rainfall exceeds 1 inch, 2 inches, or 
4 inches).a Many components and facilities of rail systems in New York City, such as public entrances and 
exits, ventilation facilities, and manholes, were built at low elevations. For example, in upper Manhattan 
parts of the subway system are as much as 180 feet below sea level. Large sections of the system are 
thus vulnerable to flooding from such heavy precipitation events as well as from sea level rise.b 

On August 8, 2007, heavy precipitation from a major storm resulted in a system-wide outage of 
New York City subways during the morning rush hour. Before the system could re-open, eight tons of 
debris had to be removed and a variety of equipment had to be repaired or replaced.c More frequent 
events like this one can be expected to increase the frequency of transit interruptions unless proactive 
adaptation steps are taken. The Metropolitan Transit Authority has subsequently invested significantly 
in the distribution of large pumps throughout the system to reduce sensitivity to extreme precipitation, 
and the city is also planning investment strategies to reduce exposure.
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state and federal policies (many involving infrastructure and land use) in light of cur-
rent knowledge about projected future changes in climate.23 

Effective federal government leadership means ensuring that federal programs, activi-
ties, and planning take climate change into account and, in particular, that maladap-
tive policies and practices be identified and reformed. This includes, for instance, 
revising the current definition of the 100-year floodplain.24 The federal government 
will also need to take steps to ensure that the national adaptation strategy will be 
implemented effectively and revised in light of new knowledge. A variety of decision-
making processes at all levels will need to be redesigned to ensure that the latest 
information regarding future climate change is taken properly into account going 
forward. The exchange of information at the state, local, and tribal levels and between 

Projected Changes in Precipitation and Runoff in the Southwest. As a result of climate change, 
it is projected that the southwestern states will face an overall reduction in average annual precipita-
tion, with corresponding reductions in runoff in the Upper and Lower Colorado River. Recent estimates 
suggest a reduction of roughly 6 percent for each degree of increase in global mean temperature 
over the coming century or beyond.d The southwest region has long struggled with issues of water 
availability as population has grown,e and the challenges of coping with scarce water resources in this 
region will only be exacerbated by declines in future water availability due to climate change. A study 
of potential climate change impacts on the Colorado River system (a system that roughly 30 million 
people depend upon for drinking and irrigation water) finds that climate changes occurring over the 
next several decades would increase the risk of fully depleting water reservoir storage far more than 
the risk expected from population pressures alone. A scenario of 20 percent reduction in the annual 
Colorado River flow due to climate change results in a near tenfold increase in the probability of annual 
reservoir depletion by 2057 —a huge water management challenge.f

a New York City Panel on Climate Change, Climate Risk Information (New York: New York City Panel on Climate Change, 2009).
b NYCSubway.org, June 24, 2005, http://www.nycsubway.org/perl/stations?207:2659 (accessed July 15, 2009).
c Metropolitan Transportation Authority (MTA), August 8, 2007 Storm Report. New York: Metropolitan Transportation Author-

ity, 2007, p. 34.
d NRC, Stabilization Targets, Table 5.3.
e See, e.g., NRC, Colorado River Basin Water Management: Evaluating and Adjusting to Hydroclimatic Variability (Washington, 

D.C.: National Academies Press, 2007). 
f B. Rajagopalan, K. Nowak, J. Prairie, M. Hoerling, B. Harding, J. Barsugli, A. Ray, and B. Udall, “Water supply risk on the Colorado 

River: Can management mitigate?” (Water Resources Research 45:W08201, 2009, doi:10.1029/2008WR00765).
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the public and private sectors may be particularly valuable. It will also be important 
to institutionalize coordination among the many federal agencies with resources and 
authorities relevant to adaptation and to implement durable research and training 
programs aimed at enhancing the capability of nonfederal governments and the pri-
vate sector to adapt to future climate change. 

Internationally, the impacts of climate change will disproportionately be felt in those 
developing nations that lack both the necessary expertise and financial resources for 
critical investments.25 The potentially destabilizing impacts of climate change in the 
developing world have been identified by military and security analysts as a national 
security issue for the United States. Such impacts also pose a humanitarian concern 
should climate change, for example, lead to increases in the occurrence or severity of 
natural disasters. There are also economic implications should climate change affect 
consumers of key exports or regions of critical food production and other imports. 
It would thus be prudent for the federal government to support efforts to enhance 
adaptive capability in the developing world, as well as within the United States. These 
and other international concerns are further discussed later in the chapter.

Like the challenge of reducing GHG emissions, the challenge of adaptation will be 
with America for decades. Accordingly, federal efforts need to include not just formu-
lating an initial national adaptation strategy but also creating durable institutions (or 
in some cases, strengthening existing institutions) that can revise and improve that 
strategy over time, in light of new knowledge and new policy options. 

Regardless of whether the federal government plays this leadership and coordina-
tion role in the near term, it would be prudent for nonfederal government leaders, the 
private sector, and nongovernmental organizations to take proactive steps to reduce 
vulnerability to climate change, through for instance, vulnerability assessment and 
investments in preparedness and disaster response. In addition, “horizontal” coordina-
tion among subfederal governments and the private sector can help facilitate the ef-
forts of all participants. There is a role as well for nongovernmental organizations that 
provide expertise and help catalyze the needed coordination. 

RECOMMENDATION 2: Adaptation planning and implementation should be 
initiated at all levels of society. The federal government, in collaboration with 
other levels of government and with other stakeholders, should immediately 
undertake the development of a national adaptation strategy and build durable 
institutions to implement that strategy and improve it over time. 
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INVESTING TO EXPAND OPTIONS AND IMPROVE CHOICES

A sound strategy for managing climate-related risks requires sustained investments in 
developing new knowledge and new technological capabilities as well as investments 
in the institutions and processes that help ensure such advances are actually used to 
inform policy decisions. There is, in particular, an important role for federal support of 
basic climate-related research and pre-commercial technology development, because 
private firms and individuals typically do not stand to benefit commercially from, and 
thus are unlikely to invest in, such efforts. As discussed below, improved coordination 
among the federal agencies involved, and between domestic and foreign research ef-
forts, can increase the returns on research spending.

Advancing Scientific Understanding and Technological Development

As discussed in NRC, Advancing the Science, scientific research in the United States and 
around the world has greatly enhanced our understanding of climate change and its 
causes and effects. The U.S. Global Change Research Program has played an important 
role in this effort. However, because important questions remain unanswered and 
because the stakes are so high, it is imperative to continue research, in both the bio-
physical and social sciences, aimed at increasing our understanding of climate change 
processes, enhancing our ability to predict climate change and its impacts on critical 
systems (e.g., agriculture, water resources, urban infrastructure, ecological systems), 
and increasing our understanding of how people and institutions are affected by and 
respond to those impacts. 

Together with research that enhances fundamental understanding of the climate 
system, there is a need for research that generates additional options for limiting 
climate change and adapting to its impacts, and research on how to effectively in-
form decision making through decision support tools and practices. For example, the 
development of new technologies for reducing GHG emissions should be accompa-
nied by studies aimed at understanding barriers to their implementation. Adaptation 
responses can be improved through research on methods for assessing vulnerability 
and on integrative approaches for responding to the impacts of climate change in 
interaction with other stresses. 

Improving observational and monitoring systems, and developing mechanisms that 
ensure relevant results are available to key decision makers, can yield a substantial 
return in the form of better decisions (conversely, in the absence of such information, 
important decisions would have to be made while “flying blind”). Future decision-
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support efforts can be improved by research on risk communication and risk manage-
ment processes, by improved understanding of the factors that facilitate or impede 
decision making, and by analysis of information needs and existing decision-support 
activities. Among other things, these efforts will require the development and testing 
of new analytical approaches and integrative models.

If GHG emissions are to be substantially reduced in a growing U.S. economy, research 
on climate-friendly energy technologies, and factors affecting their adoption, must 
be an important element of the nation’s R&D portfolio. It often takes decades to bring 
new energy technologies to market and to deploy them widely, and thus in the near 
term the U.S. energy system will necessarily rely on technologies that are in (at best) 
pre-commercial development today. Because the benefits of basic research or pre-
commercial technology development in the energy sector cannot be completely 
captured by the entity that performs it, federal government support of these activities 
is appropriate, while at the same time recognizing that it is important for govern-
ment R&D dollars be spent with a willingness to take risks and to focus on long-term 
benefits. 

The federal government plays an essential role in the development of climate-friendly 
technologies, but government programs are generally ill-suited for translating re-
search results into commercial products. Those final stages of the innovation process 
are almost always best left to the private sector. But the private sector will not invest 
significant resources in the design and marketing of climate-friendly products unless 
it can reasonably expect that there will be demand for them. Because the climate-
related benefits of low-carbon technologies are not reflected in market prices, without 
a substantial and rising carbon price, or some other guarantee of a commercial market, 
the private sector is likely to under-invest in bringing new low-carbon technologies to 
market. There is likewise a need, in some instances, for policies to help overcome ob-
stacles to technology commercialization. For example, large-scale demonstration pro-
grams may be necessary to reduce uncertainties regarding the cost of new-generation 
nuclear generating units. Similarly, the large-scale deployment of carbon capture and 
storage would require the creation of a comprehensive legal framework governing 
the transportation and underground storage of CO2.

Research on adaptation is another important component of a balanced R&D port-
folio. Just as it is appropriate for the federal government to support research on 
earthquake-resistant building codes (that can be applied by many local governments, 
none of which could afford the cost of such research alone), so it is appropriate for the 
federal government to support research on standards for the design of roads, bridges, 
and other structures that will perform well under a variety of possible future climates. 
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Other important adaptation-related research topics include, for instance, improving 
methods for assessing vulnerability and developing crop varieties and farming meth-
ods that can perform well in a range of possible future climate conditions. 

RECOMMENDATION 3: The federal government should maintain an integrated, 
coordinated, and expanded portfolio of research programs with the dual aims of 
increasing our understanding of the causes and consequences of climate change 
and enhancing our ability to limit climate change and to adapt to its impacts. In 
order for federal spending on climate-related R&D to yield optimal returns, it must be 
effectively coordinated across the many different federal agencies involved, and fund-
ing must be relatively stable over time. 

Making New Knowledge Pay Off Through Effective Information Systems 

An effective national response to climate change demands informed decision making 
that is based on reliable, understandable, and timely climate-related information 
tailored to the needs of decision makers in different levels of government, the private 
sector, educators, and the public. Information systems and services are essential to the 
effective management of climate risks, because they allow decisions to be modified 
in response to changing conditions and new information through ongoing evalua-
tion and assessment of policies and actions. Good information systems also underpin 
effective communication. 

NRC, Informing Effective Decisions identifies several key aspects of information support 
to help decision makers develop effective responses to climate change, including the 
following: 

•	 Information on climate change, vulnerability, and impacts in different regions 
and sectors is needed for formulating adaptation strategies and understand-
ing how GHG emissions reductions may reduce risks.

•	 Institutions and mechanisms for “climate services” (i.e., the timely production 
and delivery of useful climate data, information, and knowledge to decision 
makers) must respond to the needs of users, be understandable and easily ac-
cessible, and be based on the best available science. 

•	 Information for GHG management and accounting—such as establishing 
emission baselines and supporting monitoring, reporting, and verification—
are essential to legitimize market-based systems, as well as voluntary commit-
ments by governments and the private sector.

•	 Information on energy efficiency and GHG emissions (e.g., conveyed through 
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product labeling) can help encourage consumer purchasing and behavioral 
changes. 

•	 Public communication must rest on high quality information that clearly 
conveys climate science and climate choices and that is seen as coming from 
trusted sources.

•	 Because many climate-related choices are occurring in an international context 
(e.g., in the case of global agricultural and trade systems)—it is essential for the 
United States to support international information systems and assessments.

In a policy area as complex and rapidly changing as climate change, sound iterative 
risk management requires institutions with the ability and responsibility to monitor 
new learning and to make it available in understandable, relevant form to decision 
makers in the public and private sectors. There is much to be gained by sharing infor-
mation about what works and does not work, both within the United States and inter-
nationally. Existing institutions perform some of these functions, but none provides 
an ideal model for performing the range of tasks described above, and few effectively 
engage nonfederal actors. 

There are a variety of mechanisms that could be developed for carrying the sort of 
periodic reporting effort described above. NRC, Limiting the Magnitude suggests, as 
one example, a process in which the President periodically reports to Congress on key 
developments affecting our nation’s response to climate change. This process can be 
seen as analogous to the Economic Report of the President, prepared annually by the 
Council of Economic Advisers. It could build upon existing mechanisms for periodic re-
porting on climate change information (e.g., the annual GHG emissions inventory car-
ried out by the EPA, the U.S. Climate Action report organized by the State Department 
as input to the UNFCCC, the Our Changing Planet report compiled by the USGCRP), and 
it may include updates on factors such as:

•	 national and global emissions trends, and their relationship to developments 
in our understanding of climate change science (including reporting on 
whether the United States is making sufficient progress toward meeting its 
GHG budget); 

•	 energy market developments and trajectories; 
•	 the implementation status, costs, and effectiveness of GHG emission-reduction 

policies; 
•	 the status of the development and deployment of key technologies for reduc-

ing GHG emissions; 
•	 the distributional consequences of emission-reduction policies across income 

groups and regions of the country;
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•	 developments in understanding of climate change impacts and vulnerability 
to those impacts; and

•	 updates of adaptation plans and actions underway at federal, state, and local 
levels.

A wide array of actors in state and local governments, nongovernmental organizations, 
and the private sector are already playing important roles and should continue to be 
involved, in the enterprise of collecting and sharing climate-related information (see 
NRC, Informing Effective Decisions for details). But there are a number of areas where 
federal-level leadership is of particular importance. This includes, for instance, the issu-
ance of federal guidelines for gathering and reporting of key climate-related informa-
tion, to help ensure the legitimacy and comparability of information being collected 
by different parties. It also includes monitoring relevant developments internationally 
and ensuring information access for especially vulnerable populations. Current ex-
amples of federal leadership include NOAA and NASA’s roles in collecting basic obser-
vations of atmospheric, oceanic, and land-surface changes (with regional and private 
sector actors adding local detail and value-added products); and the EPA’s role in 
collecting and evaluating emission inventory data. Such efforts are clearly valuable in 
national debates about whether climate change is happening, and whether responses 
are effective. 

RECOMMENDATION 4: The federal government should lead in developing, sup-
porting, and coordinating the information systems needed to inform and evalu-
ate America’s climate choices, to ensure legitimacy and access to climate services, 
greenhouse gas accounting systems, and educational information. To help garner 
public trust, the design and implementation of any such information systems should 
be transparent and subject to periodic independent review. 

Engaging the Broader Community

As discussed in Chapter 4, establishing processes that bring together scientific / 
technical experts and government officials with key stakeholders in the private sector 
and the general public is essential for the success of an iterative risk management 
approach to addressing climate change. This is because these other stakeholders 
make important contributions to mitigation and adaptation efforts through their 
daily choices; because they are an important source of information and perspectives 
in assessing policies options and in setting priorities for research and development; 
and because they determine the direction and viability of most governmental policies 
over the long term. 
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Processes for engaging stakeholders in learning and deliberation take many forms 
(for example, Box 4.2 discusses the value of analytic deliberative processes). A sub-
stantial research literature, summarized in a number of NRC reports, identifies design 
principles and tools for implementing such engagement processes. These principles 
include, for instance, the need to be collaborative and broad based, to combine delib-
eration with analysis, to ensure transparency of information and analysis, to attend to 
both facts and values, to explicitly address assumptions and uncertainties, to provide 
a means of inquiring into official analyses, and to allow iterative reassessment of prior 
conclusions based on new information.26 Federal agencies and other organizations 
that can provide scientific analyses for informing climate choices could do so through 
direct engagement with the regions, sectors, and constituencies they serve. There are 
many examples already under way, ranging from national networks such as NOAA’s 
Regional Integrated Science and Assessment Centers to ad hoc community-level 
dialogues.

RECOMMENDATION 5: The nation’s climate change response efforts should in-
clude broad-based deliberative processes for assuring public and private-sector 
engagement with scientific analyses, and with the development, implementa-
tion, and periodic review of public policies. Such processes can be initiated by 
federal agencies, state or local governments, the private sector, or non-profit organi-
zations—linking the organizations that can provide relevant scientific analyses with 
the constituencies they are best suited to serve, and engaging those who are most 
affected by a given decision. 

INTERNATIONAL ENGAGEMENT

The United States has a strong national interest in ensuring an effective global re-
sponse to climate change, because if domestic GHG emissions reductions are to be 
effective in actually limiting climate change, they must be accompanied by significant 
emission reductions from all major emitting countries. Also, the United States can be 
deeply affected by climate change impacts occurring elsewhere, given the degree to 
which different nations are linked by shared natural resources (e.g., fisheries, cross-
border river systems), migration of species, diseases vectors, and human populations, 
and linked economic and trade systems. The United States can magnify the returns on 
its climate-related investments by a thoughtful strategy of international engagement 
that encompasses all the various activities discussed in earlier sections of this chapter. 

In the committee’s judgment, serious U.S. emission-reduction efforts and effective par-
ticipation in international negotiations are necessary conditions for stimulating sub-
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stantial global emission reductions. The difficult and unwieldy nature of the UNFCCC 
process underlies the need for U.S. diplomatic efforts to be enhanced by continued 
involvement in the Major Emitters Forum and other bilateral and multilateral settings. 
As discussed earlier, the use of international offsets, in which a U.S. firm pays for and 
receives credit for relatively inexpensive emissions reductions (relative to some base-
line) in another country, may play a constructive role in engaging developing nations; 
but only experience will tell if these approaches will be sufficient to induce substantial 
global emissions reductions. 

International agreements to limit GHG emissions (and to enhance GHG sinks through 
land-use practices) will require rigorous methods to accurately estimate these emis-
sions, monitor their changes over time, and verify them with independent data. To 
help assure that such efforts are carried out with transparency, consistency, and proper 
quality assurance in all countries, there is a need for active U.S. participation in inter-
national cooperative efforts, including financial and technical assistance for develop-
ing countries that lack the needed resources and expertise. In 2010, the NRC assessed 
existing capabilities for estimating and verifying GHG emissions and identified ways to 
improve these capabilities through strategic near-term investments.27 

The United States also has much to gain from actively participating in international 
adaptation efforts, particularly those involving developing nations. It is in the nation’s 
interest to limit the potentially destabilizing impacts of climate change in the devel-
oping world, and it can be argued that our large contribution to current and historic 
global GHG emissions gives us some responsibility to assist those whose vulner-
abilities exceed their resources. Moreover, active U.S. participation in international 
adaptation programs could enable us to learn from the effective programs of others. 
Some efforts could be collaborative, such as research on drought-resistant agriculture 
for tropical regions. Some efforts might be carried out through existing treaties and 
development assistance programs, for instance, various UN and World Bank programs, 
as well as existing UNFCCC adaptation funding programs. Additional mechanisms may 
be needed, however, for multilateral exploration of techniques and technologies that 
support adaptation, as well as for communication and trust-building. Durable institu-
tional arrangements will be necessary for long-term success. 

The United States also has much to gain from international engagement in scientific 
research and technology development. Understanding and responding to the risks of 
climate change requires ongoing efforts to collect and evaluate a vast array of infor-
mation from around the world. In addition to observations of the climate itself, this 
includes data on relevant socioeconomic indicators, on emissions monitoring and 
verification activities, and on best practices in climate change limiting and adaptation 
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efforts. Some relevant information can be gathered by top-down physical observa-
tions (e.g., satellite remote sensing), but some will require the bottom-up collection 
and synthesis of detailed local-scale monitoring. Almost all such efforts are beyond the 
means of any single country and can only be effectively advanced through interna-
tional cooperation, in which U.S. leadership could well prove critical. 

 Carefully targeted and coordinated R&D efforts can help enable developing nations 
to achieve both the economic growth necessary to alleviate poverty and the GHG 
emissions reductions necessary to limit future climate change. If today’s poor nations 
rely only on currently available technologies in their drive to approach the living stan-
dards of today’s rich nations, dramatic increases in global CO2 emissions are inevitable. 
To reduce global emissions, developing nations must travel a less carbon-intensive 
development path; and it is in U.S. interest to help facilitate their efforts to follow these 
alternative paths. In addition, U.S. firms could gain valuable technology and market ac-
cess from participation in international efforts to develop low-carbon technologies.

RECOMMENDATION 6: The United States should actively engage in international-
level climate change response efforts: to reduce greenhouse gas emissions 
through cooperative technology development and sharing of expertise, to en-
hance adaptive capabilities (particularly among developing nations that lack the 
needed resources), and to advance the research and observations necessary to 
better understand the causes and effects of climate change.

TOWARD AN INTEGRATED NATIONAL RESPONSE

The different types of actions presented in this chapter as part of America’s climate 
choices are not separate and distinct. Rather, actions in one category can directly af-
fect actions in others—for better or for worse. For example, the more successful efforts 
are to reduce GHG emissions, the less climate change there will be to adapt to, and the 
more time will be available to adjust. The more we advance basic understanding of the 
climate system, the more effective our responses will be. Table 5.1 illustrates these and 
other linkages among the different elements of a comprehensive response strategy. A 
comprehensive national response strategy that effectively integrates these different 
elements, however, presents significant challenges of coordinating across different 
levels of government, across different types of organizations (within and outside gov-
ernment), and across different types of response functions. Each of these challenges is 
discussed below.
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TABLE 5.1 Matrix of Interdependencies Among the Different Elements of a National 
Response to Climate Change
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Coordination Across Levels of Government

Efforts to limit and adapt to climate change present different types of coordination 
challenges. Adaptation choices will be made largely by state and local governments 
and the private sector. The federal government can play an important leadership 
role by providing widely useful knowledge and information, but an effective national 
adaptation strategy will be based not on top-down federal directives. Rather, it will 
be based on coordination and information sharing across levels of government and 
between public and private sectors.

The federal role is more obviously and critically important in limiting GHG emissions. 
The relevant domestic costs and benefits can be fully aggregated only at the national 
level, and strong federal action will be necessary to achieve large U.S. emission reduc-
tions and to sustain an effective, balanced R&D program. Nevertheless, many states 
and localities have taken significant early steps to limit emissions, and some important 
limiting options, such as revising building codes, changing land-use patterns, and re-
configuring transportation systems, are within the traditional authority and expertise 
of state and local governments.

Effective coordination requires carefully balancing federal with state and local au-
thority and promoting regulatory flexibility across jurisdictional boundaries where it 
is sensible to do. This includes, for instance, allowing states the option of regulating 
GHG emissions more stringently than federal law (in which case, the state is shifting 
more of the burden of meeting national goals onto its own residents). There is gener-
ally little to be gained by preempting such state regulations, as long as one can avoid 
standard-setting that fragments the national market among numerous states with 
differing regulations. Perhaps most importantly, efforts of state and local governments 
to reduce GHG emissions or adapt to climate change provide valuable policy experi-
ments from which decision makers at other levels can draw useful lessons. 

Coordination can also take the form of providing federal incentives (or removing disin-
centives) for action by states and localities. This includes, for instance: ensuring that 
states and localities have sufficient resources to implement and enforce significant 
new regulatory burdens placed on them by federal policy makers (e.g., national build-
ing standards); ensuring that new federal directives do not disadvantage states and 
localities that have taken early action to reduce emissions; and providing incentives 
for adaptation planning across jurisdictions and sectors.
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Coordination Across Organizations

Dozens of federal agencies and other organizations are carrying out research, making 
decisions, and taking action on climate change through a host of existing programs 
and authorities. These include, for example, adaptation on federal lands (Departments 
of Agriculture, Interior, and Defense); research on climate change and related impacts 
(many agencies); research and development for technologies to respond to climate 
change (Department of Energy); information provision (Energy Information Adminis-
tration, National Oceanic and Atmospheric Administration, Environmental Protection 
Agency); and regulation of automobile efficiency and GHG emissions (Department 
of Transportation, Environmental Protection Agency). Many additional organizations 
will likely engage as national strategies for limiting and adapting to climate change 
emerge.

Although the various activities carried out through these different programs are 
inextricably linked, they are managed largely as separate, isolated activities across the 
federal government. For example, many departments and agencies that are or will be 
engaged in climate response (e.g., Federal Emergency Management Agency, Depart-
ment of Housing and Urban Development, Department of Energy) have not been part 
of the U.S. Global Change Research Program (USGCRP) and lack sufficient communica-
tion with the federal agencies that are developing knowledge they need. The USGCRP 
and the Climate Change Adaptation Task Force have largely been confined to conven-
ing representatives of relevant agencies and programs for dialogue, without mecha-
nisms for making or enforcing important decisions and priorities. Moreover, even 
the USGCRP and the Climate Change Technology Program together do not appear 
sufficient for effectively coordinating the full portfolio of research needed to support 
climate change response efforts. 

One can look to other major policy arenas (e.g., public health, national security) and 
to other countries for examples of different coordinating mechanisms that have been 
employed with varying degrees of success. Some common models include:

•	 Giving one federal agency full responsibility and authority to lead and co-
ordinate activities across the federal government (e.g., as has occurred with 
climate change in the United Kingdom and Australia);

•	 Creating a White House staff position tasked with directly advising the Presi-
dent on policy decisions and leading coordination efforts (e.g., a climate 
“czar”);

•	 Establishing a new executive branch organization, staffed by senior-level 
officials from other relevant government bodies, responsible for coordinating 
policy and advising the President (e.g., the National Security Council model).
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A detailed evaluation of the pros and cons associated with each of these different or-
ganizational models is beyond the scope of this report, but the next section discusses 
the general capabilities and responsibilities that would be most important for any 
such coordinating entity.

Coordination Across Functions

Many previous NRC studies have offered guidance on how to ensure that decision 
makers are informed by the best relevant scientific and technical analysis;28 but in the 
context of climate change, efforts to actually do so are in their infancy. Traditionally, 
climate change research efforts have been organized predominantly around priori-
ties defined by advancing scientific understanding, which do not necessarily match 
the needs of affected decision makers. Meeting the coordination challenge of linking 
knowledge to action will require sustained efforts from decision makers at all levels, 
but there is a particularly strong need for federal leadership. Federal agencies can cre-
ate organizations to perform coordination functions for particular regions or sectors, 
as NOAA has done with its Regional Integrated Sciences and Assessments Program, 
and DOI is planning to do with its Landscape Conservation Councils and Climate 
Science Centers. They can also support networks that link decision makers within 
a region or sector to each other and to decision-relevant knowledge, can facilitate 
processes to collect and analyze data on climate response efforts around the country, 
and can communicate the lessons from objective assessments of these efforts, thus 
enabling decision makers to learn from each other’s experiences. 

In summary, the following are some essential coordination challenges that a national 
climate change response effort will need to address:

•	 Ensuring that federal actions facilitate (or at a minimum, do not impede) effec-
tive nonfederal actions for mitigation and adaptation;

•	 Developing a clear division of labor among federal agencies and a process to 
monitor how well this division of labor is functioning over time;

•	 Ensuring decision support for constituencies that do not have a particular 
government agency or program responsible for providing such information; 
and

•	 Linking science, decision support, and resource management functions within 
the federal response to climate change.

To address such wide-ranging challenges, any institution with major responsibility 
for coordinating our nation’s climate change response efforts will need to have sev-
eral key features, including: authority to set priorities and to turn these priorities into 
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resource allocation decisions; sufficient budgetary resources to actually implement 
allocation decisions; personnel who both understand climate science and understand 
the needs of climate-affected decision makers; mechanisms for monitoring the organi-
zation’s performance, in order to improve over time; and processes to ensure account-
ability to the parties that use information developed or shared by the institution. 

RECOMMENDATION 7: The federal government should facilitate coordination 
of the many interrelated components of America’s response to climate change 
with a process that identifies the most critical coordination issues and recom-
mends concrete steps for how to address these issues. Coordination and possible 
reorganization among federal agencies will require attention from the highest levels 
of the executive branch and from Congress. In areas of mixed federal and non-federal 
responsibility, the federal government’s leadership role should emphasize support and 
facilitation of decentralized responses at lower levels of government and in the private 
sector. 

CHAPTER CONCLUSION

Responding to the risks of climate change is one of the most important challenges 
facing the United States today. Unfortunately, there is no “magic bullet” for dealing 
with this issue; no single solution or set of actions that can eliminate the risks we face. 
America’s climate choices will involve political and value judgments by decision mak-
ers at all levels. These choices, however, must be informed by sound scientific analyses. 
This report recommends a diversified portfolio of actions, combined with a concerted 
effort to learn from experience as those actions proceed, to lay the foundation for 
sound decision-making today and expand the options available to decision makers in 
the future. Doing so will require political will and resolve, innovation and perseverance, 
and collaboration across a wide range of actors. 
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CHAPTER 3
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emies Press, 2010; and IPCC, Climate Change 2007 WG2 for additional details.
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15.	 For instance, Sterman and Booth-Sweeney (“Understanding public complacency about climate change: Adults’ 

mental models of climate change violate conservation of matter” [Climatic Change 80:213-238, 2007]) found that 



Copyright © National Academy of Sciences. All rights reserved.

America's Climate Choices 

89

Notes and References

63% of a sample of MIT graduate students believed that atmospheric CO2 concentrations can be stabilized under 
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before Committees of both the U.S. House of Representatives and the U.S. Senate, and 
she participates on several National Academies Boards and Committees. Dr. Brown 
has a Ph.D. in Geography from the Ohio State University, a master’s degree in Resource 
Planning from the University of Massachusetts and is a Certified Energy Manager.

Mr. Jonathan Cannon is Professor of Law and Director of the University of Virginia 
Law School’s Environmental and Land Use Law Program. Prior to joining the Law 
School faculty in 1998, he was at the Environmental Protection Agency (EPA), where 
he served as General Counsel from 1995 to 1998 and as Assistant Administrator for 
Administration and Resources Management from 1992 to 1995. He also held senior 
management positions at EPA from 1986 to 1990. Prior to his work with the EPA, 
Cannon was in the private practice of environmental law. He has written widely in 
environmental law and policy, with an emphasis on institutional design and adaptive 
management. He received his J.D. from University of Pennsylvania Law School and his 
B.A. from Williams College. 

Dr. Thomas Dietz is Assistant Vice President for Environmental Research, Professor 
of Sociology and Environmental Science and Policy at Michigan State University. His 
current research examines the human driving forces of environmental change, envi-
ronmental values and the interplay between science and democracy in environmental 
issues. Dietz is also an active participant in the Ecological and Cultural Change Studies 
Group at MSU. He is a Fellow of the American Association for the Advancement of Sci-
ence and has been awarded the Sustainability Science Award of the Ecological Society 
of America, the Distinguished Contribution Award of the American Sociological Asso-
ciation Section on Environment, Technology and Society, and the Outstanding Publica-
tion Award, also from the American Sociological Association Section on Environment, 
Technology and Society. He has served on numerous National Academies’ panels and 
committees and chaired the Committee on the Human Dimensions of Global Change 
and the Panel on Public Participation in Environmental Assessment and Decision 
Making.. He holds a Bachelor of General Studies degree from Kent State and a PhD in 
Ecology from the University of California at Davis.

Dr. George C. Eads is a Senior Consultant of Charles River Associates (CRA). Prior to 
joining CRA in 1995, he held several positions at General Motors (GM) Corporation, in-
cluding Vice President and Chief Economist; Vice President, Worldwide Economic and 
Market Analysis Staff; and Vice President, Product Planning and Economics Staff. Before 
joining GM, Dr. Eads was Dean of the School of Public Affairs at the University of Mary-
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land, College Park, where he also was a Professor. Before that, he served as a Member 
of President Carter’s Council of Economic Advisors. He has been involved in numer-
ous projects concerning transport and energy. In 1994 and 1995, he was a member of 
President Clinton’s policy dialogue on reducing greenhouse gas emissions from per-
sonal motor vehicles. He co-authored the World Energy Council’s 1998 Report, Global 
Transport and Energy Development—The Scope for Change. Over the past 4 years, Dr. 
Eads devoted most of his time to the World Business Council for Sustainable Develop-
ment’s Sustainable Mobility Project, a project funded and carried out by 12 leading in-
ternational automotive and energy companies. Dr. Eads is a member of the Presidents’ 
Circle at the National Academies. He is an at-large Director of the National Bureau of 
Economic Research. He received a Ph.D. degree in economics from Yale University. He 
is currently participating in the Transportation Research Board (TRB) study on “Poten-
tial Greenhouse Gas Reductions from Transportation” and recently completed service 
on the TRB study on “Climate Change and U.S. Transportation.”

Mr. Robert W. Fri is a visiting scholar and senior fellow emeritus at Resources for the 
Future, a nonprofit organization that studies natural resource and environmental is-
sues. He has served as director of the National Museum of Natural History, president of 
Resources for the Future, and deputy administrator of both the Environmental Protec-
tion Agency and the Energy Research and Development Administration. Fri has been 
director of American Electric Power Company; vice-chair and a director of the Electric 
Power Research Institute; a trustee and vice-chair of Science Service, Inc.; and a mem-
ber of the National Petroleum Council. He is active with the National Academies, where 
he is a National Associate, vice-chair of the Board on Energy and Environmental Sys-
tems, and a member of the Advisory Board of the Marion E. Koshland Science Museum. 
He has chaired studies for the National Research Council on the health standards for 
the Yucca Mountain repository and on estimating the benefits of applied research 
programs at the Department of Energy. He currently chairs a study to evaluate the 
nuclear energy research program at DOE. Fri received his B.A. in physics from Rice 
University and his M.B.A. from Harvard University and is a member of Phi Beta Kappa 
and Sigma Xi.

The Honorable James E. Geringer received a B.S. in Mechanical Engineering from 
Kansas State University, then spent 10 years active and 12 years reserve service in the 
U.S. Air Force working on unmanned space programs for both the U.S. Air Force and 
NASA. Upon leaving active duty, he served as contract administrator for the construc-
tion of a 1,700 megawatt coal-fired electric power generation plant near Wheatland, 
Wyoming, then took up agricultural pursuits along with serving in the Wyoming 
Legislature from 1983 to 1994, including 6 years each in the House and the Senate. 
Geringer served two terms as Wyoming Governor. While in office, he chaired the 
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Western Governors’ Association, the Education Commission of the States and served 
on a variety of national and regional education and technology initiatives. He served 
on the Mapping Sciences Committee under the National Research Council; Commu-
nity Resilience Committee under Oak Ridge National Laboratories; Western Interstate 
Energy Board ; Vice-Chair of the Association of Governing Boards for Colleges and Uni-
versities; Operation Public Education; the Board of Governors of the Park City Center 
for Public Policy; Board member of NatureServe and, co-chair of the Policy Consensus 
Initiative. He is the current Chair of the Board of Trustees, Western Governors Univer-
sity. Jim joined Environmental Systems Research Institute (ESRI) in the summer of 
2003 as Director of Policy and Public Sector Strategies to work with senior elected and 
corporate officials on how to use geospatial technology for place-based decisions in 
business and government.

Dr. Dennis L. Hartmann is currently Interim Dean of the College of the Environment, 
Professor in the Department of Atmospheric Sciences, Senior Fellow and Council 
Member of the Joint Institute for the Study of the Atmosphere and Ocean at the 
University of Washington. His research interests include dynamics of the atmosphere, 
atmosphere-ocean interaction, and climate change. His current research includes the 
study of climate feedback processes involving clouds and water vapor, which is ap-
proached using remote sensing data, in situ data and models, and attempts to take 
into account radiative, dynamical, and cloud-physical processes. Dr. Hartmann is a 
fellow of the American Meteorological Society, the American Geophysical Union, and 
the American Association for the Advancement of Science. He has served on numer-
ous advisory, editorial and review boards for NSF, NASA, and NOAA and on multiple 
NRC committees, including the Committee on Climate Change Feedbacks (chair), 
Climate Research Committee, and Committee on Earth Sciences. He currently serves 
on the Board of Reviewing Editors for the magazine Science and is co-editor of the 
International Geophysics Series of Academic Press. Dr. Hartmann received his Ph.D. in 
Geophysical Fluid Dynamics from Princeton University.

Mr. Charles O. Holliday, Jr. (NAE) is chairman of the board of directors of Bank of 
America. He has served as a director since September 2009. He is the former chairman 
of the board of directors of E.I. du Pont de Nemours and Co., a position he had held for 
approximately 10 years. He served as chief executive officer of DuPont from 1998 until 
2008. He joined DuPont in 1970 as an engineer and held various positions throughout 
his tenure. Since 2007, Holliday has served as a member of the board of directors of 
Deere & Co. and as a member of the board’s audit and corporate governance com-
mittees. He is chairman emeritus of Catalyst, a leading nonprofit organization dedi-
cated to expanding opportunities for women and business, and chairman emeritus 
of the board of the U.S. Council on Competitiveness, a nonpartisan, nongovernmental 
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organization working to ensure U.S. prosperity. Holliday is a founding member of the 
International Business Council and a member of the National Academy of Engineer-
ing. He also previously served as chairman of the following organizations: the Business 
Roundtable’s Task Force for Environment, Technology and Economy, the World Busi-
ness Council for Sustainable Development, The Business Council, and the Society of 
Chemical Industry—American Section. He received a bachelor’s degree in industrial 
engineering from the University of Tennessee and received honorary doctorates from 
Polytechnic University in Brooklyn, New York, and from Washington College in Chester-
town, Maryland.

Dr. Diana M. Liverman holds joint appointments between Oxford University (as 
Senior Research Fellow in the Environmental Change Institute—ECI) and the Univer-
sity of Arizona (where she co-directs the Institute of the Environment). Her research 
has focused on the human dimensions of global environmental change, including 
climate impacts, governance, and policy; climate and development; and the politi-
cal ecology of environment, land use, and development in Latin America. She has 
current projects on climate vulnerability and adaptation, climate impacts on food 
systems, and carbon offsets and has interest in connecting research to stakeholders 
and climate science to the arts and creative sector. She has led or coordinated major 
research programs for the Tyndall Center for Climate Change, the James Martin 21st 
Century School at Oxford, the Global Environmental Change and Food Systems project 
(GECAFS), the UK Climate Impacts Program, and the Climate Assessment for the South-
west (CLIMAS). Her advisory roles have included the NRC Committee on the Human 
Dimensions of Global Environmental Change (chair) and the scientific advisory com-
mittees for the InterAmerican Institute (IAI) for Global Change (co-chair). She has a B.A. 
in Geography from University College London, an M.A. from the University of Toronto, 
and a Ph.D. from UCLA.

Dr. Pamela A. Matson (NAS) is Chester Naramore Dean of the School of Earth Sci-
ences at Stanford University. She is also the Richard and Rhoda Goldman Professor 
of Environmental Studies and senior fellow in the Woods Institute of Environment 
and Sustainability. Her research focuses on biogeochemical cycling and biosphere-
atmosphere interactions in tropical forests and agricultural systems. Together with 
hydrologists, atmospheric scientists, economists, and agronomists, Matson analyzes 
the economic drivers and environmental consequences of land use and resource use 
decisions in developing world agricultural and natural ecosystems, with the objective 
of identifying practices that are economically and environmentally sustainable. With 
her students, she also evaluates the response of tropical forests to nitrogen deposition 
and climate changes. Matson joined the Stanford faculty in 1997, following positions 
as professor at UC Berkeley and research scientist at NASA. She is a past President 
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of the Ecological Society of America, currently serves on the board of trustees of 
the World Wildlife Fund, and until recently was the chair of the National Academies’ 
Roundtable on Science and Technology for Sustainability. She was elected to the 
American Academy of Arts and Sciences in 1992 and to the National Academy of Sci-
ences in 1994. In 1995, Dr. Matson was selected as a MacArthur Fellow and in 1997 was 
elected a Fellow of the American Association for the Advancement of Science. In 2002 
she was named the Burton and Deedee McMurtry University Fellow in Undergraduate 
Education at Stanford. She earned her B.S. at the University of Wisconsin—Eau Claire, 
M.S. at Indiana University, and Ph.D. at Oregon State University.

Dr. Peter H. Raven (NAS), President of the Missouri Botanical Garden, is one of the 
world’s leading botanists and advocates of conservation and biodiversity. He received 
the National Medal of Science, the highest award for scientific accomplishment in the 
United States in December 2000. Raven has also received numerous other prizes and 
awards, including the Society for Conservation Biology Distinguished Service Award 
and the Peter H. Raven Award for Scientific Outreach, which was created to honor him. 
He also received the prestigious International Prize for Biology from the government 
of Japan; Environmental Prize of the Institute de la Vie; Volvo Environment Prize; the 
Tyler Prize for Environmental Achievement, the Sasakawa Environment Prize, and has 
held Guggenheim and John D. and Catherine T. MacArthur Foundation Fellowships. 
Described by Time magazine as a “Hero for the Planet,” Raven champions research 
around the world to preserve endangered plants and is a leading advocate for con-
servation and a sustainable environment. For three decades Raven has headed the 
Missouri Botanical Garden, an institution he nurtured to a world-class center for bo-
tanical research, education, and horticulture display. He is also the Engleman Professor 
of Botany at Washington University in St. Louis, Chairman of the National Geographic 
Society’s Committee for Research and Exploration, and previously served as President 
of the American Association for the Advancement of Science and as a member of the 
President’s Committee of Advisors on Science and Technology. He served for 12 years 
as Home Secretary of the National Academy of Sciences, is a member of the academies 
of science in Argentina, China, India, Italy, Russia, and several other countries; belongs 
to the Pontifical Academy of Sciences, and was inducted into the American Academy 
of Achievement. He was first Chair of the U. S. Civilian Research and Development 
Foundation, a government-established organization that funds joint research with the 
independent countries of the former Soviet Union. Raven received his Ph.D. from the 
University of California, Los Angeles, in 1960 after completing his undergraduate work 
at the University of California, Berkeley. He has received honorary degrees from univer-
sities in this country and throughout the world.
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Dr. Richard Schmalensee is the Howard W. Johnson Professor of Economics and 
Management at the Massachusetts Institute of Technology (MIT) and Director of the 
MIT Center for Energy and Environmental Policy Research. He served as the John C. 
Head III Dean of the MIT Sloan School of Management from 1998 through 2007. He 
was a Member of the President’s Council of Economic Advisers from 1989 through 
1991. Professor Schmalensee is the author or co-author of 11 books and more than 
110 published articles, and he is co-editor of volumes 1 and 2 of the Handbook of 
Industrial Organization. His research has centered on industrial organization econom-
ics and its application to managerial and public policy issues, with particular emphasis 
on antitrust, regulatory, energy, and environmental policies. Professor Schmalensee is 
a Fellow of the Econometric Society and the American Academy of Arts and Sciences, 
and a Research Associate of the National Bureau of Economic Research. He has served 
as a member of the National Commission on Energy Policy and of the Executive Com-
mittee of the American Economic Association and as a director of the International 
Securities Exchange and other corporations. He is currently a director of the Interna-
tional Data Group and of Resources for the Future. He received his S.B. and Ph.D. in 
Economics at MIT.

Dr. Philip R. Sharp became President of Resources for the Future on September 1, 
2005. His career in public service includes ten terms as a member of the U.S. House 
of Representatives from Indiana, beginning in 1975. He was a driving force behind 
the Energy Policy Act of 1992. He also helped to develop a critical part of the 1990 
Clean Air Act Amendments, providing for a market-based emissions allowance trad-
ing system. After leaving Congress, he served on the faculty of the John F. Kennedy 
School of Government and the Institute of Politics at Harvard University from 1995 
to 2005. Sharp was Congressional chair of the National Commission on Energy Policy 
(2004), the National Research Council’s Committee on Effectiveness and Impact of 
Corporate Average Fuel Economy (CAFE) Standards (2001), and chair of the Secre-
tary of Energy’s Electric Systems Reliability Task Force (1998). Sharp is co-chair of the 
Energy Board of the Keystone Center and serves on the Board of Directors of the Duke 
Energy Corporation and the Energy Foundation. He is also a member of the Cummins 
Science and Technology Advisory Council and serves on the Advisory Board of the 
Institute of Nuclear Power Operations (INPO) and on the MIT Energy Initiative External 
Advisory Board. He served on the Board of Directors of the Cinergy Corporation from 
1995–2006, on the Board of the Electric Power Research Institute from 2002–2006, and 
on the National Research Council’s Board of Energy and Environmental Systems (BEES) 
from 2001–2007. In addition, he chaired advisory committees for the Massachusetts 
Institute of Technology studies on the future of nuclear power and the future of coal. 
Before accepting the RFF presidency, Sharp was senior policy advisor to the Washing-
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ton law firm of Van Ness Feldman, and a senior advisor to the Cambridge economic 
analysis firm of Lexecon/FTI. Prior to his service in Congress, Sharp taught political 
science at Ball State University from 1969 to 1974. Sharp graduated cum laude from 
Georgetown University’s School of Foreign Service in 1964 and received his Ph.D. in 
government from Georgetown in 1974.

Ms. Peggy M. Shepard is executive director and co-founder of WE ACT for Environ-
mental Justice. Founded in 1988, WE ACT was New York’s first environmental justice 
organization created to improve environmental health and quality of life in communi-
ties of color. She is the recipient of numerous awards for her leadership and advocacy, 
including the 10th Annual Heinz Award for the Environment and the 2008 Jane Jacobs 
Medal for Lifetime Achievement. She is a former Democratic District Leader, who rep-
resented West Harlem from 1985 to April 1993, and served as President of the National 
Women’s Political Caucus-Manhattan from 1993–1997. From January 2001–2003, Ms 
Shepard served as the first female chair of the National Environmental Justice Advisory 
Council (NEJAC) to the U.S. Environmental Protection Agency, and is co-chair of the 
Northeast Environmental Justice Network. She is a former member of the National Ad-
visory Environmental Health Sciences Council of the National Institutes of Health and 
a member of the Environmental Justice Advisory Committee to the NYS Department 
of Environmental Conservation. Ms. Shephard is a former journalist and was a reporter 
for The Indianapolis News, a copy editor for The San Juan Star, and a researcher for 
Time-Life Books. She has served as an editor at Redbook, Essence, and Black Enterprise 
magazines. Ms. Shepard began a career in government as a speechwriter for the New 
York State Division of Housing & Community Renewal and Director of Public Informa-
tion for Rent Administration. She served as the Women’s Outreach Coordinator for the 
New York City Comptroller’s Office. Ms. Shepard is a board member of the national and 
NYS Leagues of Conservation Voters, Environmental Defense, NY Earth Day, Citizen Ac-
tion of NY, the Children’s Environmental Health Network, and Healthy Schools Network, 
Inc. She is an advisory board member of the Bellevue Occupational and Environmental 
Medicine Clinic, the Harlem Center for Health Promotion and Disease Prevention, and 
Mt. Sinai’s Children’s Environmental Health Center. She is a graduate of Howard Univer-
sity and Solebury and Newtown Friends Schools. 

Dr. Robert H. Socolow is a Professor of Mechanical and Aerospace Engineering at 
Princeton University, where he teaches in both the School of Engineering and Ap-
plied Science, and the Woodrow Wilson School of Public and International Affairs and 
co-director of the University’s Carbon Mitigation Initiative. He was the Director of 
the University’s Center for Energy and Environmental Studies from 1979 to 1997. His 
current research focuses on the characteristics of a global energy system that would 
be responsive to global and local environmental and security constraints. His specific 
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areas of interest include the capture of carbon dioxide from fossil fuels and its storage 
in geological formations, nuclear power, energy efficiency in buildings, and the accel-
erated deployment of advanced technologies in developing countries. He was editor 
of Annual Review of Energy and the Environment from 1992 to 2002. He is a National As-
sociate of the U.S. National Academies and a Fellow of the American Physical Society 
and the American Association for the Advancement of Science. He was awarded the 
2003 Leo Szilard Lectureship Award by the American Physical Society and received the 
2005 Axel Axelson Johnson Commemorative Lecture award from the Royal Academy 
of Engineering Sciences, Stockholm, Sweden; the 2009 Frank Kreith Energy Award 
from the American Society of Mechanical Engineers; and the 2010 Leadership in the 
Environment Award from Keystone Center. Socolow earned a B.A. in 1959 and Ph.D. in 
theoretical high energy physics in 1964 from Harvard University. 

Dr. Susan Solomon (NAS) is a Senior Scientist at the National Oceanic and Atmo-
spheric Administration in Boulder, Colorado. She made some of the first measurements 
in the Antarctic that showed that chlorofluorocarbons were responsible for the strato-
spheric ozone hole, and she pioneered the theoretical understanding of the surface 
chemistry that causes it. In March 2000, she received the National Medal of Science, 
the United States’ highest scientific honor, for “key insights in explaining the cause of 
the Antarctic ozone hole.” She is also a recipient of the Blue Planet Prize, the Lemaitre 
prize, the Rossby Medal of the American Meteorological Society and the Bowie Medal 
of the American Geophysical Union. Her current research focuses on chemistry-climate 
coupling, and she served as co-chair of Working Group I of the Intergovernmental 
Panel on Climate Change, which seeks to provide scientific information to the United 
Nations Framework Convention on Climate Change. Solomon was elected to the Na-
tional Academy of Sciences in 1992. She is also a foreign associate of the Academie des 
Sciences in France and the Royal Society of London. She received her Ph.D. degree in 
chemistry from the University of California at Berkeley in 1981.

Mr. Björn Stigson is visiting professor holding the Assan Gabrielson chair in Applied 
Corporate Management at the School of Business, Economics and Law at the Univer-
sity of Gothenburg. He has extensive experience in international business. He began 
his career as a financial analyst with the Swedish Kockums Group. From 1971-82 he 
held various positions in finance, operations and marketing with ESAB, the interna-
tional supplier of equipment for welding. In 1983-91 he was President and CEO of 
the Fläkt Group, a company listed on the Stockholm stock exchange and the world 
leader in environmental control technology. Following the acquisition of Fläkt by 
ABB, in 1991 he became Executive Vice President and a member of ABB Asea Brown 
Boveri’s Executive Management Group. In 1995 he was appointed President of the 
World Business Council for Sustainable Development (WBCSD), a coalition of some 
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200 leading international corporations. Stigson has served on the board of a variety of 
international companies and organizations. He is presently a member of the follow-
ing boards/advisory councils: Prince Albert II of Monaco Foundation; China Council for 
International Cooperation on Environment and Development; Energy Business Council 
of the International Energy Agency (IEA); America’s Climate Choices Initiative of the US 
Congress; the Veolia Sustainable Development Advisory Committee and the Siemens 
Sustainability Advisory Board.

Dr. Thomas J. Wilbanks is a Corporate Research Fellow at the Oak Ridge National Lab-
oratory and leads the Laboratory’s Global Change and Developing Country Programs. 
A past President of the Association of American Geographers, he conducts research on 
such issues as sustainable development, energy and environmental technology and 
policy, responses to global climate change, and the role of geographical scale in all of 
these regards. Wilbanks has won the James R. Anderson Medal of Honor in Applied 
Geography, has been awarded Honors by the Association of American Geographers, 
geography’s highest honor, was named Distinguished Geography Educator of the year 
in 1993 by the National Geographic Society, and is a fellow of the American Associa-
tion for the Advancement of Science (AAAS). Co-edited recent books include Global 
Change and Local Places (2003), Geographical Dimensions of Terrorism (2003), and Bridg-
ing Scales and Knowledge Systems: Linking Global Science and Local Knowledge (2006). 
Wilbanks is Chair of the National Research Council’s Committee on Human Dimensions 
of Global Change and a member of a number of other NAS/NRC boards and panels. In 
recent years, he has been Coordinating Lead Author for the IPCC’s Fourth Assessment 
Report, Working Group II, Chapter 7 (Industry, Settlement, and Society), Coordinating 
Lead Author for the Climate Change Science Program’s Synthesis and Assessment 
Product (SAP) 4.5 (Effects of Climate Change on Energy Production and Use in the 
United States), and Lead Author for one of three sections (Effects of Global Change 
on Human Settlements) of SAP 4.6 (Effects of Global Change on Human Health and 
Welfare and Human Systems). Wilbanks received his B.A. degree in social sciences from 
Trinity University in 1960 and his M.A. and Ph.D. degrees in geography from Syracuse 
University in 1967 and 1969.

Dr. Peter Zandan is chairman of EarthSky, a digital media company advocating sci-
ence as a vital voice in 21st century decision making. He is also senior advisor for 
Public Strategies, Inc., where he directs strategic initiatives and the research practice 
group. Peter has helped to launch, lead, and fund numerous business and nonprofit 
ventures including IntelliQuest Information Group (IQST NASDAQ), the world’s fastest 
growing market research firm in the 1990s; Zilliant, a venture-backed software com-
pany; and Evaluation Software Publishing, a K–12 education data analysis software and 
consulting firm. Peter has also served as a faculty member at the University of Texas at 
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Austin, where he is a lifetime member of the advisory board of the McCombs Graduate 
School of Business. He has been selected by Interactive Week as one of the “Unsung 
Heroes of the Internet” and awarded Ernst & Young’s “Entrepreneur of the Year.” He also 
serves on the management committee of the Explorers Club in New York City. He has 
been active in community organizations including Austin’s public television station, 
St. Stephen’s Episcopal School, and Austin’s 360 Summit. For his community activities, 
he has been recognized by the Austin American Statesman as a “Hero of Democracy,” 
by the Austin Chronicle as “Best Local Visionary,” and by Austin’s leading environmental 
group as “Soul of the City.” Peter received his M.B.A. and Ph.D. from the University of 
Texas at Austin.
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Additional Information 
Regarding the Content of the 
ACC Panel Reports

Advancing the Science of Climate Change (NRC, 2010a) provides an overview of 
current scientific understanding of climate change across a range of different areas of 
interest to decision makers, and recommends steps to advance current understanding. 
The report focuses on scientific research needed to continue improving understand-
ing of the causes and consequences of climate change as well as the improving and 
expanding the options available to respond to climate change. It also discusses key at-
tributes and themes for an effective climate change research enterprise, including the 
research programs, observations, models, human resources, and other activities and 
tools that are needed. Some report tables of particular relevance include examples of 
science/research needs related to the following areas: 

	� Table 4.1 Improving fundamental understanding of climate forcings, feed-
backs, responses,  and thresholds in the earth system

	� Table 4.2 Human behavior, institutions, and interactions with the climate 
system

	� Table 4.3 Vulnerability and adaptation

	� Table 4.4 Limiting the magnitude of climate change

	� Table 4.5 Decision support in the context of climate change

	� Table 4.6 Observations and observing systems

	� Table 4.7 Improving projections, analyses, and assessments of climate change

Limiting the Magnitude of Future Climate Change (NRC, 2010b) examines how the 
U.S. can best contribute to global efforts to limit the magnitude of future climate 
change—primarily through limiting emissions (and enhancing sinks) of GHGs. The 
report discusses the process of setting goals for U.S. emission reductions; the range 
of opportunities for limiting emissions from different sources and sectors; the policies 
needed to assure effective pursuit of “high-leverage” emission reduction opportuni-
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ties; the resources and policies needed to accelerate technological innovation; the 
intersection of climate change limiting policies with other issues of major public 
interest; strategies for integrating federal climate change limiting polices with actions 
at the local, state, and international levels; and the challenges of developing policies 
that are both durable over time and flexible enough to be adapted in response to new 
knowledge. Some report tables of particular relevance include the following.

	� Table 4.1 Specific policy instruments that can be used (in addition to, or in the 
absence of, a carbon pricing system) to drive CO2 emission reductions

	� Table 3.1 Emission reduction options for non-CO2 greenhouse gases

	� Table 5.1 Policy options to influence technology innovation

	� Table 5.6 Examples of policy impediments to expanding the use of clean en-
ergy technologies

Adapting to the Impacts of Climate Change (NRC, 2010c) describes, analyzes, and 
assesses actions and strategies to reduce vulnerability, increase adaptive capacity, im-
prove resiliency, and promote successful adaptation to climate change. The report dis-
cusses the complementary roles of federal adaptation efforts with grassroots-based, 
bottom-up actions and identifies the key research and information needs for promot-
ing successful adaptation across a variety of sectors and covering a range of temporal 
and spatial scales. Some report tables of particular relevance include examples of 
specific options for facilitating adaptation (and identification of entities best poised to 
implement each option) for the following sectors: 

	 Table 3.2 Ecosystems 

	 Table 3.3 Agriculture and forestry 

	 Table 3.4 Water 

	 Table 3.5 Health 

	 Table 3.6 Transportation 

	 Table 3.7 Energy 

	 Table 3.8 Oceans and coasts 

Informing an Effective Response to Climate Change (NRC, 2010d) identifies the 
range of actors that are making decisions affecting our nation’s response to climate 
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change and reviews the different types of decision support tools that are available, or 
could be developed, to aid those decision makers, including assessments, databases, 
GHG accounting systems, and “climate services” institutions. It also reviews the dif-
ferent types of decision frameworks that could be used to craft responses to climate 
change and discusses ways to improve climate change communication through 
educational systems, the media, and direct engagement with the public. Some report 
tables of particular relevance include the following.

	� Table 2.5 Examples of federal departments and agencies that are affected by 
or  involved in decisions about climate change

	 Table 5.1. Information needs provided by climate services 

	� Table 6.2 Examples of existing GHG emission registries and informing 
principles 
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Agenda from the Summit on 
America’s Climate Choices

March 30 - March 31, 2009 
The National Academy of Sciences  

2101 Constitution Avenue NW, Washington, DC

PROGRAM 

March 30, 2009

8:30 am	 Welcome and Goals 

	� Albert Carnesale, Chancellor Emeritus of UCLA & Chair, Committee on 
America’s Climate Choices

	 Ralph Cicerone, President, National Academy of Sciences

9:15 am	 Session 1: Why Is This Study Needed? Perspectives from Study Sponsors

	 •	� The Honorable Alan Mollohan (D-WV), Chair, House Appropriations 
Subcommittee on Commerce, Justice, Science and Related Agencies

	 •	� Jane Lubchenco, Under Secretary of Commerce for Oceans and 
Atmosphere and NOAA Administrator

10:00 am 	 Break

10:30 am	S ession 2: Keynote Perspectives on Climate Change

	 •	 Robert Socolow, Princeton University

	 •	 James J. Mulva, Chairman and CEO, ConocoPhillips

11:30 am 	 Session 3: What Information Does Congress Need? Views from the Hill 

	 •	� The Honorable Bart Gordon (D-TN) , Chair, House Committee on 
Science and Technology 

12:00 pm	 Lunch 
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1:30 pm	 Session 4: The Climate Challenge 

	 Moderator: Diana Liverman, University of Arizona & University of Oxford 

	 •	� Certainty and Uncertainty in Climate Science—Framing a Basis for 
Decisions:  Susan Solomon, NOAA 

	 •	� Impacts —The Avoidable and the Unavoidable: Stephen Schneider, 
Stanford University

	 •	 Panel discussion: Acting on the certain and the uncertain 

		  •	 Henry Jacoby, Massachusetts Institute of Technology 

		  •	 Fred Krupp, Environmental Defense Fund

		  •	 Charles Holliday, DuPont	

3:30 pm 	 Break

4:00 pm	 Session 5: The America’s Climate Choices Study: Are We Asking the Right Questions? 

	 Overview of tasks from the Committee and four Panels

		  •	� Panel on Limiting the Magnitude of Future Climate Change:  
Robert Fri, Resources for the Future

		  •	� Panel on Adapting to the Impacts of Climate Change:  
Katharine Jacobs, Arizona Water Institute

		  •	� Panel on Advancing the Science of Climate Change:  
Pamela Matson, Stanford University

		  •	� Panel on Informing Effective Decisions and Actions Related to 
Climate Change: Peter Raven, Missouri Botanical Garden 

		  •	 Committee on America’s Climate Choices: Albert Carnesale

	 Panel Chairs respond to questions from the audience. 

	 Question/comment cards will be collected throughout this session.

5:30 pm	� Informal Discussion with ACC Members in the Great Hall. Refreshments 
provided.
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Tuesday, March 31

8:30 am	 Session 6: Keynote Perspectives on Responding to Climate Change

	 Introductions: Albert Carnesale

	 •	 Mary Nichols, California Air Resources Board 

	 •	� Lorents G. Lorentsen, Organisation for Economic Co-operation and 
Development

10:10 am	 Session 7: What Special Challenges Await Us? 

	� Moderator: William Chameides, Duke University & Vice Chair, Committee 
on America’s Climate Choices

	 •	� Integrating a National Response into a Global Framework: The 
Honorable Eileen Claussen, Pew Center on Global Climate Change 

	 •	� Vulnerable Ecosystems: Carter Roberts, World Wildlife Fund

	 •	� Vulnerable Populations & Human Health: Howard Frumkin, Centers 
for Disease Control and Prevention

	 •	� Threats to National Security: R. James Woolsey, VantagePoint Venture 
Partners 

12:15 pm	 Lunch

1:30 pm	 Session 8: What Tools Are Available to Meet the Challenges of Climate Change? 

	 Moderator: Thomas Wilbanks, Oak Ridge National Laboratory 

	 •	 Technology Levers: Robert Socolow, Princeton University 

	 •	 Policy and Economic Levers: Jonathan Wiener, Duke University

	 •	� Regional Impacts & National Assessments: Jerry Melillo, Marine 
Biological Laboratory

	 •	 Panel discussion: 

		  •	 Jonathan Schrag, Regional Greenhouse Gas Initiative, Inc. 

		  •	 Steve Nicholas, Institute for Sustainable Communities

		  •	 Heidi Cullen, Climate Central 
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4:30 pm	 Session 9: Are We Asking the Right Questions? (Take 2)

	 Moderator: William Chameides

	 •	� Committee and Panel Chairs and Vice-Chairs take comments and 
questions from the audience: Albert Carnesale, Robert Fri, Marilyn 
Brown, Katharine Jacobs, Thomas Wilbanks, Pamela Matson, 
Thomas Dietz, Peter Raven, Diana Liverman

5:15 pm	� Closing Remarks: William Chameides, Duke University and Vice Chair, 
Committee on America’s Climate Choices
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Acronyms and Initialisms

ACC 	 America’s Climate Choices

CDIAC 	 Carbon Dioxide Information Analysis Center

CDM 	 Clean Development Mechanism 

CMIP3-A 	 Coupled Model Intercomparison Project Phase 3-A

EPA 	 U.S. Environmental Protection Agency

EU	 European Union 

FAO 	 Food and Agriculture Organization

GATT	 General Agreement on Tariffs and Trade

GHG 	 greenhouse gas 

GISS	 Goddard Institute for Space Studies

GOESS 	 Global Earth Observation System of Systems

IPCC	 Intergovernmental Panel on Climate Change 

NASA	 National Aeronautics and Space Administration 

NRC	 National Research Council

OECD	 Organization for Economic Cooperation and Development 

RISA	 NOAA Regional Integrated Sciences and Assessments 

SRES 	 Special Report on Emissions Scenarios

SRM	 solar radiation management 

UNDP	 United Nations Development Programme

UNEP	 United Nations Environment Programme

A P P E N D I X  E
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UNFCCC	 United Nations Framework Convention on Climate Change

USAID 	 U.S. Agency for International Development

USGCRP	 U.S. Global Change Research Program

WMO	 World Meteorological Organization

WTO	 World Trade Organization
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