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THE PRESIDENT’S U.N. CLIMATE PLEDGE:
SCIENTIFICALLY JUSTIFIED OR
A NEW TAX ON AMERICANS?

WEDNESDAY, APRIL 15, 2015

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
Washington, D.C.

The Committee met, pursuant to call, at 10:06 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Lamar Smith
[Chairman of the Committee] presiding.

Chairman SMITH. The Committee on Science, Space, and Tech-
nology will come to order.
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U.S. HOUSE OF REPRESENTATIVES
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

HEARING CHARTER

The President’s UN Climate Pledge:
Scientifically Justified or a New Tax on Americans?

Wednesday, April 13, 2015
10:00 a.m. — 12:00 p.m.
2318 Rayburn House Office Building

PURPOSE

The Committee on Science, Space, and Technology will hold a hearing entitled The
President’s UN Climate Pledge: Scientifically Justified or a New Tax on Americans? on
Wednesday, April 15, 2015 in Room 2318 of the Rayburn House Office Building. The hearing
will examine the scientific justification and economic impact of the United States’ submission to
the Urllited Nations Framework Convention on Climate Change (UNFCCC) issued on March 31,
2015.

The Obama Administration’s Intended Nationally Determined Contribution (INDC)
commits the United States to reducing greenhouse gas emissions 26-28% by 2025, based on the
2005 fevel, with “deep, economy-wide emission reductions of 80% or more by 2050.% The
hearing will review the scientific understanding and uncertainties of this proposal; examine the
technologies and authorities required to meet the Administration’s commitment; and evaluate the
environmenta) impact and economic cost of this proposal. With several interim meetings during
the course of the year in Germany, the UNFCC is planning to hold its Conference of Parties with
many heads of state in Paris in late November-early December with plans to ratify a treaty-level
agreement on climate change among member nations.

WITNESS LIST

¢ Dr. Judith Curry, Professor, School of Earth and Atmospheric Sciences, Georgia
Institute of Technology

s The Honorable Karen Harbert, President and CEO, Institute for 21st Century Energy
U.S. Chamber of Commerce (former Assistant Secretary for Policy and International
Affairs, U.S. Department of Energy)

e  Mr. Jake Schmidt, Director, International Program, Natural Resources Defense Council

s Dr. Margo Thorning, Senior Vice President and Chief Economist, American Council
for Capital Formation

! UNFCCC, United States’ Intended Nationally Determined Contribution to the United Nations Framework
Convention on Climate Change. March 31, 2015. Available at:
http://wwwi.unfeec.int/submissions/inde/Submission%20Pages/submissions.aspx.
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BACKGROUND

The international body overseeing the subject of the Earth’s changing atmosphere is the
United Nation’s Framework Convention on Climate Change (UNFCCC). The Framework
Convention on Climate Change was negotiated and subsequently adopted by the United Nations
in May 1992.3 Countries that signed the treaty, including the United States, are known as
“parties.” According to the Congressional Research Service:

The United States, as a Party to the UNFCCC, has qualitative obligations to
report national GHG  emissions;, cooperate on science and technology
development; enact programs to abate emissions; and provide agreed new and
additional financial resources fo assist low-income countries to mitigate and
adapt to climate change. When the UNFCCC was drafied, the then-industrialized
couniries emitted two-thirds of annual GHG emissions (excluding emissions from
deforestation). These Annex I countries correspondingly accepted a lead role in
abating GHG emissions, though all countries agreed to "common but
differentiated responsibilities.™

Notably absent from the original cunensicansos  Top Fossil Fuel Emitters {Absolute)

Annex I countries are China and Yoo o s i 2012 corred 59% ot ol e
India, who today make substantial Ching (2%, Ursited Strtes (14%) £U26 13088, indj (6%)
greenhouse gas emissions compared T
to other countries.” A total of 196 A
countries (including China and
India) eventually signed on to the
treaty, giving it near universal
membership. Countries meet
annually at a “Conference of the
Parties” (COP) to negotiate and
discuss responses to climate i :
changef B T T T

C0O, emissions (GICHTY

y¥

Kyots Protocol & Beyond Waheap year edjustment s 2012 growthraies are (g 56%, USA 4 0%, U -1.6% neia T4%,

Tn 1695, at the first COP in
Berlin, German representatives put forth the Berlin Mandate, which established a process to
revise and strengthen commitments for developed countries.” The Mandate laid the groundwork
for the Kyoto Protocol, which was adopted by the UNFCCC in1997 at the third COP.* The
Kyoto Protocol established the world’s first international greenhouse gas emissions reductions

3 UNFCCC, 20 Years of Effort and Achievement. 2015, Available at: http;//unfece inttimeline/.

* Congressional Research Service, A U.S.-Centric Chronology of the United Nations Framework Convention on
Climate Change. November 8, 2013. Available at: hitp://www.crs.gov/pdfloader/R40001,

% See , Global Carbon Project, Carbon Dioxide Analysis Center, U.S. Department of Energy. 2014. Available at:
http://cdiac.orml.gov/GCP/earbonbudget/2013.

® Congressional Research Service, A U.S.-Centric Chronology of the United Nations Framework Convention on
Climate Change. November 8, 2013. Available at: hitp://www.crs.gov/pdfloader/R40001.

T Id. See also: UNFCCC, Report of the Conference of the Parties. June 6, 19935, Available at:
http:/funfece.int/resource/docs/cop 1/07a0 1 .pdf.

Jd. See also: UNFCCC, Kyoto Protocol. 2013. Available at: http://unfece. int/kvoto_protocol/items/2830.php
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treaty. In 2001, at the seventh COP, the Marrakesh Accords were put forth, outlining agreements
and detailed operational guidelines for implementation of the Kyoto Protocol.” In 2005, the
Kyoto Protocol entered into force, with a commitment period starting in 2008 and ending in
2012."

In 2011, at the seventeenth COP, signatories committed to agreeing to a new climate
change protocol by 2015 for future greenhouse-gas emissions reductions beyond the Kyoto
Protocol." Recent COPs have largely focused on working toward a new agreement for the
upcoming meeting in Paris November 30-December 11, 2015.

However, forging an agreement that incorporates enforceable accountability without
infringing upon the independence of sovereign nations is a major challenge. From the outset, the
UNFCCC has grappled with the question of real-world implementation. According to the
Congressional Research Service, “[t]he question of how to share any effort to address climate
change has been a core challenge for international cooperation. Because emissions come from all
countries, only concerted reductions by all major emitters can stabilize the rising GHG
concentrations in the atmosphere.™'?

Beyond the task of quantifying global emissions reductions and allocating contributions,
cost is a fundamental challenge. “The wealthiest Parties (including the United States) pledged
"fast start” financing approaching $30 billion during 2010-2012, and a goal of mobilizing
financing of $100 billion annually by 2020.” * However, financing and “loss and damage”
payments remain a core area of disagreement between parties. !

Intended Nationally Determined Contributions

In advance of the Paris COP, participating countries were asked to submit a domestic
plan to address the objectives of the Convention, called an Intended Nationally Determined
Contribution (l‘]‘\IDC).]3 These plans are expected to include:

“quantifiable information on the reference point (including, as appropriate, a base
year), time frames and/or periods for implementation, scope and coverage,
planning processes, assumptions and methodological approaches including those
for estimating and accounting for anthropogenic greenhouse gas emissions and, as
appropriate, removals, and how the Party considers that its intended nationally
determined contribution is fair and ambitious, in light of its national

* UNFCCC, 20 Years of Effort and Achievement. 2015. Available at: http://unfecc.int/timeline/.
" UNFCCC, Kyoto Protocol. 2015. Available at: http://unfece.int’kyoto_protocol/items/2830.php
1 UNFCCC, 20 Years of Effort and Achievement. 2015 Available at: http:/unfcce.int/timeline/.
’* Congressional Research Service, A U.S.-Centric Chronology of the United Nations Framework Convention on
Climate Change. November 8, 2013. Available at: http://www.crs.gov/pdfloader/R40001.

Congressional Research Service, International Climate Change Financing: The Green Climate Fund, February 2,
2015. http://www.crs.gav/pdfloader/R41889.
' See Submission on Elements of the 2015 Agreed Qutcome, Like Minded Developing Countries, March 8, 2014.
Available at http:// www.crs.gov/pdfloader/R41889.
'S UNFCCC, Intended Nationally Determined Contributions. 2015. Available at:

http://unfcce.int/focus/indc_portal/items/8766.php
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circumstances, and how it contributes towards achieving the objective of the
Convention as set out in its Article 2.°'°

On March 31st, the United States submitted their INDC to the United Nations. The
United States” INDC “intends to achieve an economy-wide target of reducing its greenhouse gas
emissions by 26-28 per cent below its 2005 level in 2025,” and “deep, economy-wide emission
reductions of 80% or more by 2050.”'7 The docusment notes that the United States has
undertaken policy actions to reduce greenhouse-gas emissions, but also notes that “additional
action to achieve the 2025 target represents a substantial acceleration of the current pace of
greenhouse gas emission reductions.”’® Below is a graph from the official U.S. INDC
submission.

_U.S. EMISSIONS UNDER 2020 AND 2025 TARGETS

g

i

g

MILLION METRIC TONS OF CARBON DIOXIDE EQUIVALENT
-

a0 HISTORIC EMISSIONS e 26% - 28%
5. PROJECTED EMISSIONS IN 2008 & “ BELOW
nnnnn U5 PROJECTED EMISSIONS UNDER 2020 TARGET e~{ 2005 LEVELS
o0p e U5, PROIECTED EMISSIONS UNOER 2028 TARGET s 2025
1990 1995 2000 2005 2010 2015 2020 2028
ADDITIONAL READING

e United Nations, Framework Convention on Climate Change, Intended Nationally
Determined Contributions Submissions: United States. March 31, 2015.
http://www4.unfece.int/submissions/inde/Submission%e20Pages/submissions.aspx

e Congressional Research Service, A U.S.-Centric Chronology of the United Nations
Framework Convention on Climate Change. November 8, 2013,
http:/f'www.crs.gov/pdfloader/R40001

s Congressional Research Service, International Climate Change Financing: The Green
Climate Fund, February 2, 2015. http://www.crs.gov/pdfloader/R41889

' Jd See also:

hitp://unfeee int/files/meetings/lima_dec 2014/application/pdffauy_cop20_tima_call for_climate action.pdf
" UNFCCC, United States’ Intended Nationally Determined Contribution to the United Nations Framework
Convention on Climate Change. March 31, 2015, Available at:

http://www4 unfeee int/submissions/inde/Submission%20Pages/submissions. aspx.

8 UNFCCC, United States’ Intended Nationally Determined Contribution to the United Nations Framework
Convention on Climate Change. March 31, 2015. Available at:

http://www4 unfcce.int/submissions/indc/Submission%20Pages/submissions.aspx.
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Chairman SMITH. Without objection, the Chair is authorized to
declare recesses of the Committee at any time, and welcome to to-
day’s hearing titled “The President’s U.N. Climate Pledge: Scientif-
ically Justified or a New Tax on Americans?”

Let me recognize myself for an opening statement, then I will
recognize the Ranking Member, then I will introduce the witnesses,
and let me say that because I was late I didn’t have an opportunity
to say hello to each of you individually but we very much appre-
ciate your expertise and your presence as well.

Last June, the Obama Administration proposed sweeping new
electricity regulations. Now, despite heavy and growing opposition
to the proposal, the Administration seeks to commit America to
costly new requirements that won’t improve the environment. The
President has promised the United Nations that the United States
will cut its greenhouse gas emissions by as much as 28 percent
over the next decade and by 80 percent or more by 2050. He is at-
tempting to write large checks we simply cannot cash.

The pledge was made in preparation for a U.N. summit in Paris
this December aimed at producing an international agreement that
would impose legally binding requirements on the United States
for the next decades. But all of this activity, at home and abroad,
disregards the concerns of the majority in Congress and many
states. The President’s attempt to justify his actions with an alarm-
ist, one-sided focus on worst-case scenarios establishes a poor foun-
dation for sound policymaking.

When President Obama took office, he had an opportunity to
work with a Democrat-controlled House and Senate to create cli-
mate legislation. But that effort failed because opposition to costly
climate regulation crosses party lines. Congress has repeatedly re-
jected the President’s extreme climate agenda. So the Administra-
tion instead has taken the unprecedented step of attempting to cre-
ate laws on his own and twist environmental regulations in ways
Congress never intended. Now the Administration has packaged up
all these regulations and promised their implementation to the
United Nations, but the President’s Power Plan is nothing more
than a power grab.

Environmental laws can’t trump the Constitution. They can’t
give the federal government the right to regulate the daily lives of
citizens within their homes. Regardless of what the President may
try to claim, Congress has not given him or the Environmental Pro-
tection Agency the authority to rewrite laws.

Opposition to the President’s agenda is widespread and continues
to grow. At least 32 different states are openly opposed to the plan
and many now consider the possibility of refusing to enact his
edicts at all. The majority of the members of the U.S. House of
Representatives and the Senate are opposed, and numerous organi-
zations that are concerned about the cost and reliability of Amer-
ica’s electric grid have issued dire warnings about the likely im-
pacts of the President’s plan. And the EPA’s models show there will
be no real climate benefits.

Whether that plan can stand up to legal scrutiny will take years
to sort out. The legality of President Obama’s unilateral action cer-
tainly will not be known when climate negotiators set out to create
binding international rules in Paris later this year. The President’s
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far-reaching proposals and international promises will do lasting
damage to our Nation, all for little to no environmental benefit. In
fact, the pledge to the U.N. is estimated to prevent only a .03 per-
cent Centigrade temperature rise, and in testimony before this
Committee, former Assistant Secretary for Energy, the Honorable
Charles McConnell, noted that the President’s Clean Power Plan
would reduce sea-level rise by less than half the thickness of a
dime. Meanwhile, middle and lower income American families will
be hit hardest as energy costs inevitably rise.

The President’s pledge to the U.N. hinges on a questionable and
unclear plan. The commitment submitted two weeks ago lacks de-
tails about how we will achieve such goals without burdening our
economy and it fails to quantify the specific climate benefits tied
to the promise.

Today is April 15th, Tax Day. It is a day that many Americans
dread. As more Americans feel squeezed by rising costs, flat wages,
and rising taxes, we should ask ourselves: can we really afford an-
other extreme and expensive mandate? We will never reach the
President’s arbitrary targets, which would increase electricity costs,
ration energy, and slow economic growth. Such severe measures
will have no discernable impact on global temperatures. They will
make the government bigger and Americans poorer.

I expect today’s hearing will demonstrate that the President’s
U.N. climate pledge is destructive to the American economy and
would produce no substantive environmental benefits.

[The prepared statement of Chairman Smith follows:]

PREPARED STATEMENT OF CHAIRMAN LAMAR S. SMITH

Last June, the Obama Administration proposed sweeping new electricity regula-
tions. Now, despite heavy and growing opposition to the proposal, the administra-
tion seeks to commit America to costly new requirements that won’t improve the
environment.

The president has promised the United Nations that the United States will cut
its greenhouse gas emissions by as much as 28 percent over the next decade and
by 80 percent or more by 2050. He is attempting to write large checks we simply
cannot cash.

The pledge was made in preparation for a U.N. summit in Paris this December
aimed at producing an international agreement that would impose legally binding
requirements on the United States for the next decades.

But all of this activity—at home and abroad—disregards the concerns of the ma-
jority in Congress and many states. The president’s attempt to justify his actions
with an alarmist, one-sided focus on worstcase scenarios establishes a poor founda-
tion for sound policy-making.

When President Obama took office, he had an opportunity to work with a Demo-
crat controlled House and Senate to create climate legislation. But that effort failed
because opposition to costly climate regulation crosses party lines.

Congress has repeatedly rejected the president’s extreme climate agenda. So the
administration instead has taken the unprecedented step of attempting to create
lawg (én his own—and twist environmental regulations in ways Congress never in-
tended.

Now the administration has packaged up all these regulations and promised their
implementation to the U.N. But the president’s “Power Plan” is nothing more than
a power grab. Environmental laws can’t trump the Constitution. They can’t give the
{lederal government the right to regulate the daily lives of citizens within their

omes.

Regardless of what the president may try to claim, Congress has not given him
or the Environmental Protection Agency the authority to re-write laws. Opposition
to the president’s agenda is widespread and continues to grow. At least 32 different
states are openly opposed to the plan and many now consider the possibility of re-
fusing to enact his edicts at all.
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The majority of the members of the U.S. House of Representatives and the Senate
are opposed. And numerous organizations that are concerned about the cost and re-
liability of America’s electricity grid have issued dire warnings about the likely im-
pacts of the president’s plan. And the EPA’s models show there will be no real cli-
mate benefits.

Whether that plan can stand up to legal scrutiny will take years to sort out. The
legality of President Obama’s unilateral action certainly will not be known when cli-
mate negotiators set out to create binding international rules in Paris later this
year.

The president’s far-reaching proposals and international promises will do lasting
damage to our nation, all for little to no environmental benefit. In fact, the pledge
to the U.N. is estimated to prevent only a 0.03 degrees C temperature rise. And in
testimony before this Committee, former Assistant Secretary for Energy, The Honor-
able Charles McConnell, noted that the president’s Clean Power Plan would reduce
sea level rise by less than half the thickness of a dime.

Meanwhile, middle and lower income American families will be hit hardest as en-
ergy costs inevitably rise. The president’s pledge to the U.N. hinges on a question-
able and unclear plan. The commitment submitted two weeks ago lacks details
about how we will achieve such goals without burdening our economy. And it fails
to quantify the specific climate benefits tied to the promise.

Today is April 15th, Tax Day. It is a day that many Americans dread. As more
Americans feel squeezed by rising costs, flat wages, and rising taxes, we should ask
ourselves: can we really afford another extreme and expensive mandate?

We will never reach the president’s arbitrary targets, which would increase elec-
tricity costs, ration energy and slow economic growth. Such severe measures will
have no discernable impact on global temperatures. They will make the government
bigger and Americans poorer.

I hope today’s hearing will demonstrate that the president’s U.N. climate pledge
is destructive to the American economy and would produce no substantive environ-
mental benefits.

Chairman SMITH. That concludes my opening statement, and the
gentlewoman from Texas, the Ranking Member, Eddie Bernice
Johnson, is recognized for hers.

Ms. JOHNSON. Thank you very much, Mr. Chairman, and let me
apologize early that at the completion of my opening statement, I
will have to depart for another committee markup, but our sub-
committee Ranking Member, Ms. Bonamici, will take over.

We are here this morning to discuss the carbon reduction target
recently submitted by the Obama Administration to the United Na-
tions. This target, which is known as the United States’ Intended
Nationally Determined Contribution, sets a goal of reducing carbon
pollution across the nation by 26 to 28 percent below 2005 levels
by the year 2025.

Before I get too far into my statement, I would like to point out
the fact that my colleagues in the Majority failed to invite anyone
from the Administration to testify at today’s hearing. It seems to
me that the Administration is likely the best source to fill in any
details regarding the proposal or to address any questions or con-
cerns that members of the Committee may have. Despite this omis-
sion, I am looking forward to hearing from today’s witnesses, and
I welcome you.

Some may say that the Administration’s carbon reduction goal is
unrealistic or unwarranted, that addressing climate change will
cause irreparable harm to the Nation’s economy or that it is based
on unsettled science. I disagree with such sentiments. I think the
target put forward by the President is justified. It appears to strike
the right balance between ambition and achievability, and perhaps,
most importantly, it a sends a strong and much-needed signal—I
am so sorry; this is my allergy season—to the rest of the world
about the seriousness of the United States in addressing the im-
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pacts of climate change. Such a position is critical to meaningful
international engagement.

I have been clear in my position that the time to address climate
change is now. The potential costs of inaction are too high for us
to continue to drag our feet or put our heads in the sand. A sober-
ing report from a nonpartisan and well-respected group of business
and financial leaders, including Michael Bloomberg, Henry
Paulson, and Tom Steyer, titled “Risky Business—The Economic
Risks of Climate Change in the United States,” highlights the sig-
nificant costs climate change has exacted and will continue to exact
on our economy. The report presents a long list of concerns, includ-
ing rising seas, increased damage from storm surge, more frequent
bouts of extreme heat, and shines a light on the cost of inaction to
private businesses across the country.

However, the economic costs of inaction are not the whole story.
There are also serious public health impacts associated with cli-
mate change. Greater risk of asthma attacks, heat stroke, food and
waterborne as well as respiratory diseases are all consequences of
a warming climate. I know that some still question whether cli-
mate change is happening or if humans have contributed signifi-
cantly to the impacts currently being observed. I know such opin-
ions will be expressed again today, but it seems to me that most
of the world has moved beyond such debates and is instead focused
on taking concrete steps to address the problem at hand.

We in Congress have to acknowledge that we are not the experts
on the science, and that allowing partisan politics to distort the sci-
entific understanding of climate change is cynical and shortsighted.
We, as a nation, must act today to address climate change if we
are to preserve our quality of life for our children and grand-
children, and some old people like me. The negative consequences
of climate change are not abstract scientific predictions for the far-
off future. We are facing some of these consequences now and they
are affecting every American.

The President’s Climate Change Action Plan and the goal sub-
mitted to the United Nations represent commonsense steps that
will lead to a healthier environment, because acting on climate
change is not only an environmental imperative, but a public
health and economic one as well.

In closing, I would like to draw on a recent op-ed from Bob Ing-
lis, a former member, a Republican member of this Committee with
whom I served, and Jack Schlossberg, comparing the challenge of
addressing climate change to the space race. They state: “Climate
change is only scary if we chose to sit, wait, and do nothing about
it. Climate change is a chance for all of us to add a chapter to the
story of American triumph and human progress. Courage of this
scale will come from a people who are told they can do great things
by leaders who believe that their people are capable of great
things. We believe America will see opportunity in the danger of
climate change just like we saw benefits on Earth from travel in
space.”

I thank you, Mr. Chairman, and I yield back the balance of my
time.

[The prepared statement of Ms. Johnson follows:]
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STATEMENT SUBMITTED BY FULL COMMITTEE RANKING MEMBER
EDDIE BERNICE JOHNSON

Thank you, Mr. Chairman. We are here this morning to discuss
the carbon reduction target recently submitted by the Obama Ad-
ministration to the United Nations. This target, which is known as
the United States’ Intended Nationally Determined Contribution
sets a goal of reducing carbon pollution across the nation by 26 to
28 percent below 2005 levels by the year 2025.

Before I get too far into my statement, I'd like to point out the
fact that my colleagues in the Majority failed to invite anyone from
the Administration to testify at today’s hearing.

It seems to me that the Administration is likely the best source
to fill in any details regarding the proposal or to address any ques-
tions or concerns Members of this Committee may have. Despite
this omission, I'm looking forward to hearing from today’s wit-
nesses.

Some may say that the Administration’s carbon reduction goal is
unrealistic or unwarranted; that addressing climate change will
cause irreparable harm to the nation’s economy or that it is based
on “unsettled” science. I disagree with such sentiments. I think the
target put forward by the President is justified. It appears to strike
the right balance between ambition and achievability.

And perhaps, most importantly, it a sends a strong and much
needed signal to the rest of the world about the seriousness of the
United States in addressing the impacts of climate change. Such a
position is critical to meaningful international engagement.

I have been clear in my position that the time to address climate
change is now. The potential costs of inaction are too high for us
to continue to drag our feet or put our heads in the sand.A sobering
report from a non-partisan and well-respected group of business
and financial leaders, including Michael Bloomberg, Henry
Paulson, and Tom Steyer, entitled, Risky Business—The Economic
Risks of Climate Change in the United States, highlights the sig-
nificant costs climate change has exacted and will continue to exact
on our economy.

The report presents a long list of concerns, including rising seas,
increased damage from storm surge, more frequent bouts of ex-
treme heat, and shines a light on the cost of inaction to private
businesses across the country.

However, the economic costs of inaction are not the whole story.
There are also serious public health impacts associated with cli-
mate change. Greater risk of asthma attacks, heat stroke, food and
waterborne as well as respiratory diseases are all consequences of
a warming climate.

I know that some still question whether climate change is hap-
pening or if humans have contributed significantly to the impacts
currently being observed.

I know such opinions will be expressed again today, but it seems
to me that most of the world has moved beyond such debates and
is instead focused on taking concrete steps to address the problem
at hand.

We in Congress have to acknowledge that we are not the experts
on the science, and that allowing partisan politics to distort the sci-
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egtiﬁc understanding of climate change is cynical and short-sight-
ed.

We, as a nation, must act today to address climate change if we
are to preserve our quality of life for our children and grand-
children. The negative consequences of climate change are not ab-
stract scientific predictions for the far-off future. We are facing
some of these consequences now and they are affecting every Amer-
ican.

The President’s Climate Action Plan and the goal submitted to
the United Nations represent common-sense steps that will lead to
a healthier environment, because acting on climate change is not
only an environmental imperative, but a public health and eco-
nomic one as well.

In closing, I'd like to draw on a recent op-ed from Bob Inglis, a
former Republican Subcommittee Chairman of this Committee, and
Jack Schlossberg comparing the challenge of addressing climate
change to the space race. They state: “Climate change is only scary
if we chose to sit, wait, and do nothing about it. Climate change
is a chance for all of us to add a chapter to the story of American
triumph and human progress. Courage of this scale will come from
a people who are told they can do great things by leaders who be-
lieve that their people are capable of great things. We believe
America will see opportunity in the danger of climate change just
like we saw benefits on Earth from travel in space.”

Thank you and I yield back the balance of my time.

Chairman SMITH. Thank you, Ms. Johnson.

Our first witness is Dr. Judith Curry, Professor and former Chair
of the School of Earth and Atmospheric Sciences at the Georgia In-
stitute of Technology, and President of Climate Forecast Applica-
tions Network. Dr. Curry performs extensive research that focuses
on air and sea interactions, climate feedback processes associated
with clouds and sea ice, and the climate dynamics of hurricanes.
Dr. Curry also serves on the NASA Advisory Council Earth Science
Subcommittee and the Department of Energy Biological and Envi-
ronmental Research Advisory Committee. She recently served on
the National Academy’s Climate Research Committee, the Space
Studies Board, and the NOAA Climate Working Group. Dr. Curry
received her Ph.D. in atmospheric science from the University of
Chicago.

Our next witness is Ms. Karen Harbert, President and CEO of
the U.S. Chamber of Commerce’s Institute for 21st Century En-
ergy. Ms. Harbert leads efforts to build support for meaningful en-
ergy action through policy development, education and advocacy.
Under her leadership, the Institute established the groundbreaking
Index of Energy Security Risk and the International Index of En-
ergy Security Risk, the first tools to quantify America’s energy se-
curity on an annual basis. Before joining the Chamber, Ms.
Harbert served as the Assistant Secretary for Policy and Inter-
national Affairs at the Department of Energy. She was the Primary
Policy Advisor to the Secretary of Energy and to the Department
on domestic and international energy issues. She also served as
Vice Chairman of the International Energy Agency, which advises
its 28 member nations on energy policy issues and orchestrates
international responses to energy supply disruptions. Ms. Harbert
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received her bachelor’s degree in international policy studies and
political science from Rice University.

Our third witness is Mr. Jake Schmidt, the Director of the Inter-
national Program at the National Resources Defense Council. Mr.
Schmidt has 14 years of experience in international climate policy
with a focus on climate change, clean energy, biogems, and sustain-
able development in India, Latin America, Canada, and at the
international level. He leads NRDC’s policy development and advo-
cacy on international climate change including through climate ne-
gotiations and direct work with key countries around the world.
Mr. Schmidt holds a bachelor’s degree in economics from Muhlen-
berg College and a master’s degree in environmental policy with a
certificate in ecological economics from the University of Maryland.

Our final witness is Dr. Margo Thorning, Senior Vice President
and Chief Economist for the American Council for Capital Forma-
tion and Director of Research for its public policy think tank. She
also serves as the Managing Director of the International Council
for Capital Formation. Dr. Thorning is an internationally recog-
nized expert on tax, environmental and competitiveness issues. Dr.
Thorning has made presentations on the economic impact of cli-
mate change policy at forums in China, India, the European Union,
and Russia. In addition, she recently made a presentation titled
“Investing in Energy and Industrial Development: Challenges and
Opportunities” at a U.N. Commission on Sustainable Development
meeting. Prior to joining the American Council for Capital Forma-
tion, Dr. Thorning served at the Department of Energy, the De-
partment of Commerce, and the Federal Trade Commission. Dr.
Thorning received her bachelor’s degree from Texas Christian Uni-
versity, her master’s degree in economics from the University of
Texas, and her Ph.D. in economics from the University of Georgia.

We welcome you all. You are clearly all experts, and it is just co-
incidental that two of you all have degrees from Texas universities,
but that is nice to see.

Dr. Curry, we will begin with you.

TESTIMONY OF DR. JUDITH CURRY, PROFESSOR,
SCHOOL OF EARTH AND ATMOSPHERIC SCIENCES,
GEORGIA INSTITUTE OF TECHNOLOGY

Dr. CUrRY. I would like to thank the Committee for the oppor-
tunity to present testimony this morning.

I am concerned that both the climate change problem and its so-
lution have been vastly oversimplified. The central issue in the sci-
entific debate on climate change is the extent to which the recent
and future warming is caused by human-caused greenhouse gas
emission versus natural climate variability associated with vari-
ations from the sun, volcanic eruptions, and large-scale ocean cir-
culations.

Recent data and research supports the importance of natural cli-
mate variability and calls into question the conclusion that humans
are the dominant cause of recent climate change. This includes the
substantial slow-down in global warming since 1998, reduced esti-
mates of the sensitivity of climate to carbon dioxide, and climate
models that are predicting much more warming than has been ob-
served so far in the 21st century.
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While there are substantial uncertainties in our understanding of
climate change, it is clear that humans are influencing climate in
the direction of warming. However, this simple truth is essentially
meaningless in itself in terms of alarm and does not mandate a
particular policy response.

We have made some questionable choices in defining the problem
of climate change and its solution. First, the definition of dan-
gerous climate change is ambiguous, and hypothesized catastrophic
tipping points are regarded as very or extremely unlikely in the
21st century. Efforts to link dangerous impacts of extreme weather
events to human-caused warming are unsupported by evidence. Cli-
mate change is a wicked problem and ill-suited to a command-and-
control solution. And finally, it has been estimated that the U.S.
national commitments to the U.N. to reduce emission by 28 percent
will prevent three hundredths of a degree Centigrade in warming
by 2100. The inadequacies of current policies based on emissions
reductions are leaving the real societal consequences of climate
change and extreme weather events largely unaddressed, whether
caused by humans or natural variability.

The wickedness of the climate change problem provides much
scope for disagreement amongst reasonable and intelligent people.
Effectively responding to the possible threats from a warmer cli-
mate is made very difficult by the deep uncertainties surrounding
the risk both from the problem and the proposed solutions.

The articulation of a preferred policy option in the early 1990s
by the United Nations has marginalized research on broader issues
surrounding climate variability and change and has stifled the de-
velopment of a broader range of policy options. We need to push
the reset button in our deliberations about how we should respond
to climate change.

As an example of alternative options, pragmatic solutions have
been proposed based on efforts to accelerate energy innovation,
build resilience to extreme weather, and pursue no-regrets pollu-
tion-reduction measures. Each of these measures has justifications
independent of their benefits for climate mitigation and adaptation.

Robust policy options that can be justified by associated policy
reasons, whether or not human-caused climate change is dan-
gerous, avoids the hubris of pretending to know what will happen
with the 21st century climate.

This concludes my testimony.

[The prepared statement of Dr. Curry follows:]
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Judith A. Curry
Georgia Institute of Technology
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Major points:
Recent data and research supports the importance of natural climate variability and calls into question the
conclusion that humans are the dominant cause of recent climate change:

* The hiatus in global warming since 1998

* Reduced estimates of the sensitivity of climate to carbon dioxide

¢ Climate models predict much more warming than has been ohserved in the early 21 century

We have made some questionable choices in defining the problem of climate change and its solution:

*  The definition of ‘dangerous’ climate change is ambiguous, and hypothesized catastrophic tipping points
are regarded as very or extremely untikely in the 21" century.

¢ Efforts to link dangerous impacts of extreme weather events to human-caused warming are misleading and
unsupported by evidence.

+ Climate change is a “wicked problem” and ill-suited to a ‘command and control” solution

* Ithas becn estimated that the U.S. INDC of 28% emissions reduction will prevent 0.03°C in warming by
2100.

The inadequacies of current policies based on the Precautionary Principle are leaving the real societal
consequences of climate change and extreme weather events (whether caused by humans or natural variability)
largely unaddressed:

* We should expand the frameworks for thinking about climate policy and provide policy makers with a
wider choice of options in addressing the risks from climate change.

¢ Pragmatic solutions based on efforts to accelerate energy innovation, build resilience to extreme weather,
and pursue no regrets pollution reduction measures have justifications independent of their benefits for
climate mitigation and adaptation.
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STATEMENT TO THE
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Hearing on
“The President’s U.N. Climate Pledge”

15 April 2015

Judith A. Curry
Georgia Institute of Technology
curryja@eas.gatech.edu

I thank the Chairman and the Committcc for the opportunity to offer testimony today on ‘The President’s
U.N. Climatc Pledge.” T am Professor and former Chair of the School of Earth and Atmospheric Sciences
at the Georgia Institutc of Tcchnology. As a climate scientist, I have devoted 30 years to conducting
research on a variety of topics including climate feedback processcs in the Arctic, the role of clouds and
aerosols in the climate system, and the impact of climatc change on the characteristics of tropical
cyclones. As president of Climate Forccast Applications Network LLC, I have been working with
decision makers on climatc impact assessments, assessing and devcloping climate adaptation strategies,
and developing subseasonal climate forecasting stratcgies to support adaptive management and tactical
adaptation.

I am increasingly concerncd that both the climate change problem and its solution have been vastly
oversimplified.” My rescarch on understanding the dynamics of uncertainty at the climate science-policy
interface has led me to question whether these dynamics are operating in a manner that is hcalthy for
either the science or the policy process.” As a result, [ am concerned that the U.S. Intended Nationally
Determined Contribution (INDC) to the United Nations Framework Convention on Climate Change
(UNFCCC) will do cssentially nothing to change the climate, and the U.S. and other nations will remain
vulnerable to climate surprises and extreme weather cvents.

My testimony focuses on the following issues of central relevance to the U.S. INDP:
¢ Weakening case for dangerous human-caused climate change
* The climate change response challenge
* Expanding the policy options for responding to climate change

A weakening case for dangerous anthropogenic climate change

Scientists agree that surface temperatures have increased since 1880, humans are adding carbon dioxide
to the atmosphere, and carbon dioxidc and other greenhousc gases have a warming effect on the planet.
However there is considerable disagreement about the most consequential issues:

*  Whether the warming since 1950 has been dominated by human causes

*  How much the planet will warm in the 21" century

*  Whether warming is “dangerous’

The central issue in the climate change debate is the extent to which the recent (and future) warming is
caused by human-caused greenhouse gas emissions versus natural climate variability — variations from

! Curry, JA and Webster PJ 2011: Climate science and the unccrtainty monster. Bull Amer Meteorol. Soc., 92, 1667-1682.
http:/fjournals.ametsoc.org/doi/pdf/10.1175/201 1BAMS3139.1

? Tudith Curry, Statement to the Subcommittee on Environment of the U.S. House of Representatives Hearing on Policy
Relevant Climate Science in Context, 25 Aprit 2013, https://curryja.files.wordpress.com/2013/04/curry-testimony-2013-il pdf
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the sun, volcanic eruptions, and large-scale ocean circulations. My 2014 testimony before the Senate
Environmental and Public Works Committee’ argued that the 2013 report from the Intergovermental
Panel on Climate Change (IPCC ARS WG 1)* weakened the case for dangerous anthropogenic climate
change relative to the IPCC AR4 published in 2007. A summary is presented here of recent data and
research that supports the importance of natural climate variability and calls into question the IPCC’s
conclusion that humans are the dominant cause of recent climate change. The policy relevance of this
issuc is that if humans are not the dominant cause of climate change, then attempts to medify the climate
through reducing greenhouse gas emissions will have little impact on future climate change.

Hiatus in global warming
The IPCC ARS notes a slowdown in surface warming since 1998:

“I'TIhe rate of warming over the past 15 years (1998-2012) [is} 0.05 [-0.05 to +0.15] °C per decade
which is smaller than the rate calculated since 1951 [of] 0.12 [0.08 to 0.14] °C per decade.”

This figure shows the recent global temperatures through 2014 from several different global data sets’:

T HadCRU
— NASA GISS
NOAA 7 NCDC
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The media touted 2014 as the “warmest year’ in the historical record; however, given the uncertainties in
the analyses, 2014 was in a statistical tic with 2010 and 2005. The UK dataset HadCRU, with perhaps a
more realistic asscssment of uncertainties, found 2014 to rank among the top 10 warmest years, all of
which are since 1998. While the recent decade is the warmest in history, the ties for warmest year further
reflect a plateau in the warming.

So we have no significant temperature increase since 1998, which has been a period with 25% of the total
human CO2 emissions. This hiatus in warming is at odds with the 2007 TPCC AR4 report, which
expected warming to increase at a rate of 0.2 °C per decade in the early 21st century.

Numerous recent rescarch papers have highlighted the importance of natural variability associated with
circulations in the Atlantic and Pacific Oceans, which is now believed to be the dominant cause of the
hiatus. If the recent warming hiatus is caused by natural variability, then this raises the question as to what
extent the warming between 1975 and 1998 can also be explained by natural climate variability.

* Judith Curry, Statement to the Senate Committee on Environment and Public Works 25 Aprit 2014
hitp://www._epw.senate gov/public/index.cfm?Fuse Action=TFiles. View&FileStore_id=07472bbd-3eeb-42da-a49d-964165860275

* IPCC reports can be obtained at htp://www.ipce.ch

? Figure courtesy of Robert Rohde of the Berkeley Earth Surface Temperature team
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Sea ice

The IPCC ARS acknowledges the strong role of natural variability in determining sea ice variability and
change on multidecadal time scales. Nevertheless, the [IPCC AR5 concluded:

»  “[}tis very likely that the Arctic sea ice cover will continue to shrink and thin all year round
during the 21st century, It is also fikely that the Arctic Ocean will become nearly ice-free in
September before the middle of the century (medium confidence).”

Below are satellite observations of sea ice variability through 2014.°
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In 2013 and 2014, Arctic sea ice recovered from its summertime minima during the period 2007-2012.
Notably, Arctic sea ice volume (a metric that combines both horizontal extent and ice thickness) shows a
continuing inerease since 20127, During 2014, Antarctic sea ice set a wintertime maximum record.

A recent paper by Swart et al.® emphasized that internal climate variability can mask or enhance human-
induced sea-ice loss on timescales ranging from years to decades or even a century. A new paper by
Zhang® clarifies the natural fluctuations that influence Arctic sea ice loss — heat transported by the
Adlantic and Pacific, and wind patterns over the Arctic that drive sea ice out from the central Arctic,
where it melts in the North Atlantic. In particular, the recent cooling in the high latitudes of the North
Atlantic is associated with the current recovery of the sea ice in the Atlantic sector.

Clearly, there is a lot going on with respect to variability in Arctic and Antarctic sea ice that cannot be
explained directly or even indirectly by warming from human-caused greenhouse gases. Climate models
do not simulate correctly the ocean heat transport and its variations. Scientists do not agree on the
explanation for the increasing Antarctic sea ice extent, and the key issue as to whether human-caused
warming is the dominant cause of the recent Arctic sea ice loss remains unresolved.

l_)gp ”arcnc atmoi uiug, edchoMreﬁhiAGFS/ﬁealc 101 y antarcnc png
http://psc.apl.washi /wpeontent/uploads/schweiger/ice_volume/BPIOMASIceVolumeAnomalyCurrentV2.1.png

¥ Swart et al 2015 Influence of lmcmal variability on Arctic sea-ice trends, Nature climare Change, 3, Pages: 86-89 DOI:
doi:10.1038/nclimate2483

® Zhang, R. 2015. Mechanisms for low-frequency variability of summer Arctic sea ice extent, Proceedings of the National Academy

of Sciences, doi:10.1073/pnas. 1422296112
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Sensitivity

Human-caused warming depends not only on increases in greenhousc gases but also on how ‘sensitive’
the climate is to these increases. Climate sensitivity is defined as the global surface warming that occurs
when the concentration of carbon dioxide in the atmosphere doubles. If climate sensitivity is high, then
we can expect substantial warming in the coming century as emissions continue to increase. If climate
sensitivity is low, then future warming will be substantially lower.

The most relevant definjtion of climate sensitivity is the actual change of surface temperature in 70 years
if carbon-dioxide concentrations double, called the ‘transient climate response’. The IPCC AR4 (2007)
concluded that the transient climate response is very likely larger than 1°C and very unlikely greater than
3°C. The IPCC ARS (2013) concluded that the transient climate response is /ikely [17-83%] in the range
of 1 to 2.5°C.

Last ycar, Nicholas Lewis and I published a paper‘O that found transient climate responsc to have a likely
range of 1.05-1.80°C. Using an obscrvation-based energy balance approach, our calculations used the
same data for the effects on the Earth’s encrgy balance of changes in greenhouse gases, acrosols and other
drivers of climate change given by the IPCC ARS. Our range for the transient climate response is much
narrower, with far lower upper limits, than reported by the IPCC ARS.

Reeent research suggests cven lower values of the transient climate response. The greatest uncertainty in
these estimates is accounting for the effects of small aerosol particles in the atmosphere, which have a
cooling cffect on the climate (partially counteracting the greenhouse warming). A new paper by Stevens'
constrains the impact of aerosols on climate to be significantly smaller than assumed in the ARS.
Nicholas Lewis has te-run the calculations using acrosol impact estimates in line with this paper. The
likelv range for the transient climate response is 1.05 to 1.45°C. By contrast, most climate model
estimates of transient climate response are higher than 1.8°C. Research continues to assess the methods
used to estimate climate sensitivity. However, the reduced estimates of aerosol cooling lead inescapably
to reductions in the estimated upper bound of climate sensitivity.

Are climate models running too *hot’?

These new climate sensitivity estimates, combined with the slowdown or *hiatus” in global warming sincc
1998, add to the growing cvidence that climate models are running too ‘hot.”

The near-term temperature projections of the climate models are shown below, compared with
observations of global temperatures through 2014." The observed global temperatures, particularly since
2011, are below or just at the bottom bound of the 5-95% envelope of the CMIP5 climatc model
simulations. Overall, the trend in the model simulations is substantially larger than the observed trend
over the past 15 years.

Note the hatched red area, this scems to be a concession to the hiatus. The IPCC cites ‘expert judgment’
as the rationale for lowering the projections (indicated by the red hatching), to account for the apparent
oversensitivity of the models.

B Lewis, N. and J.A. Curry, (2014) The implications for climate sensitivity of ARS forcing and heat uptake. Climate Dynamics

http://link.springer.com/article/10.1007%2Fs00382-014-2342-y#page-1

' Stevens, B (2015) Rethinking the lower bound an aerosol forcing. J. Climate,
http://journals.ametsoc.org/doi/abs/10.1175/JCLI-D-14-00656.1

2 A revised version of Figure 11.25 from the ARS WG Report is given by Ed Hawkins at http://www.climate-lab-
book.ac.uk/comparing-cmip5-observations/



20

CMIP5 near-term giobal termperature projections: updated from {PCC AR5 Fig. 11.25
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Based upon climate model projections, the probability of the hiatus extending beyond 20 years is
vanishing small. The warming hiatus, combined with assessments that the climate-model sensitivities are
too high, raises serious questions as to whether the climate-model projections of 2lst century
temperatures are fit for supporting public policy decisions:

*  Are climate models too sensitive to greenhouse foreing?

¢ Is modeled treatment of natural climate variability inadequate?

®  Are model projections of 21% century warming too high?

Whither the 21° century climate?

The issue of greatest concern is how the climate will evolve during the 21% century. There are two
different views on this.

The first perspective is that of the IPCC, which projeets continued warming through the 21% century, and
is expected to surpass the ‘dangerous’ threshold of 2°C warming as early as 2040. The figure below,
from the IPCC AR5 Summary for Policy Makers, shows climate model projections of 21% century
warming, with RCP8.5 reflecting ‘business as usual’ cmissions of greenhouse gases.

(a) Global average surface temperature change
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The other perspective emphasizes natural variability:

*  Our understanding of circulation regimes in the Atlantic and Pacific Oceans (stadium wave
hypothesis)'® suggests that the *hiatus” will continuc at least another decade, perhaps into the
2030’s. Arctic sea ice will recover over the next two decades.

s Climate models are too sensitive to human forcing; 21* century warming will be on the low end
of IPCC projections (or cven below).

+  Solar variations and volcanic eruptions are a wild card. Russian scientists™ arguc that there was a
Grand Solar Maximum that peaked in the late 20" century, and that we can expect a Grand Solar
Minima (contributing to cooling) to peak around 2060.

*  And finally, we can’t rule out unforeseen surprises. The hiatus in warming in the early 21"
century was an unforeseen surprise.

Time will tell which of these two perspectives is correct.
Summary

Anthropogenic climate change is a theory in which the basic mechanism is well understood, but the
potential magnitude is highly uncertain. We know that the climate changes naturally on decadal to century
time scales, but we do not have explanations for a number of observed historical and paleo- climate
variations, including the warming from 1910-1940, the mid-20" century cooling and the 21" century
hiatus in warming. Disagreement regarding climate change arises from our recognized uncertainty
regarding natural climate variability.

Climate model projections of the 21 eentury climate are losing credibility because of:
*  Failure to predict the carly 21* century hiatus in surface warming
* Inability to simulate the patterns and timing on multidecadal ocean oscillations
* Lack of account for future solar variations and solar indireet effects on climate
*  Apparent oversensitivity to increases in greenhouse gases

So, how will the 21" century climate cvolve? Apart from lack of confidence in climate model projections
that focus primarily on the impact of increases in greenhouse gases, we don’t have sufficient
understanding to project solar variations, futurc volcanic eruptions and decadal to century variations in
deep ocean circulations. We can't rule out a continuation of the warming hiatus, or even cooling during
parts of the 21" century. How solar variations, volcanic eruptions, occan circulations and human
influences will interact to determine the evolution of the 21¥ century climate is not known with any
confidence, and scientists disagree as to which of these factors will dominate.

The climate change response challenge
Claims that the carth has been warming, that there is a greenhouse effect, and that man’s activities have

contributed to warming, are trivially true, but they are essentially meaningless by themsclves in terms of
alarm. These truths also do not mandate a specifie policy response.

13 Wyatt, MG and JA Curry, 2013: Rale for Eurasian Arctic shelf sea ice in a secularly varying hemuspheric climate signal during the 20th
century. Climate Dynamics, hitpy//curryja. files. wordpress.com/2013/10/adinm-wave ] pdf

1 Abdussamatov, H 2013: Current long-term pegative cnergy balance of the earth leads to the new little ice age. Journal of
Geology and Geophysies http://omicsgroup.org/journals/grand-minimum-of-the-total-solar-irradiance-leads-to-the-littie-ice-
age-2329-6755.1000113.pdf
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Is climate change dangerous?

Central to responding to climate change is this question: Is warming ‘dangerous’? The UN Framework
Convention on Climate Change (UNFCCC) international environmental trcaty (1992) states as its
objective:"® “stabilization of greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system.”

The IPCC 3rd and 4th Assessment reports refer to ‘reasons for concern.” It wasn’t until 2010 that some
clarification of ‘dangerous’ was provided by UN international negotiators:'® “In 2010, governments
agreed that emissions need to be reduced so that global temperature increases arc limited to below 2
degrees Celsius.” The target of 2°C remains the focal point of international agreements and negotiations,
although this definition remains controversial and is being challenged.

The original rationale for the 2°C target is the idea that ‘tipping points’ - abrupt or nonlinear transition to
a different state - become likely to occur once this threshold has been crossed, with consequences that are
largely uncontrollable and beyond our management. The IPCC ARS considered a number of potential
tipping points, including ice sheet collapse, collapse of the Atlantic overturning circulation, and
permafrost carbon relcase, Every single catastrophic scenario considered by the [PCC (Table 12.4) has a
rating of very unlikely or exceptionally unlikely and/or has Jow confidence. The only tipping point that the
IPCC considers likely in the 21" century is disappearance of Arctic summer sea icc (which reforms cach
winter, in any event).

In the abscnce of tipping points on the timescale of the 21% century, the 2°C limit is more usefully
considered by analogy to a highway spced timit:”’ driving at 10 mph under the speed limit is not
automatically safe, and exceeding the limit by 10 mph is not automatically dangerous, although the faster
one travels the greater the danger from an accident. Analogously, the 2°C limit should not be taken
literally as a rcal danger threshold.

Nevertheless, the 2°C limit is used politically to motivate the urgency of action to reduce CO; emissions.
At a recent UN Climate Summit, Secretary-General Ban Ki-moon warned that: “Without significant cuts
in emissions by all countrics, and in key sectors, the window of opportunity to stay within less than 2
degrees [of warming] will soon close forever,™"" Actually, this window of opportunity may rcmain open
for quite some time. The implications of the lower values of climate sensitivity found by Lewis and Curry
and other recent studies is that human-caused warming is not expected to exceed the 2°C ‘danger’ level in
the 21" century. A slower rate of warming means there is less urgency to phase out greenhouse gas
emissions now, and morc time to find ways to decarbonize the economy affordably. It also allows us the
flexibility to revise our policies as further information becomes available.

Is it possible that something really dangerous and unforeseen could happen to Earth’s climate during the
21" century? Yes it is possible, but natural climate variability (perhaps in conjunction with human-caused
climate change) may be a more likely source of possible undesirable change than human causes. In any
event, attempting to avoid such a dangerous and unforcscen climate by reducing fossil fuel emissions will
be futilc if natural climate is a dominant factor.

i3 htep:/funfece.int/essential _background/convention/items/6036.php
1 http://unfecc.int/essential_background/items/6031.php

18 hitp://newsroom.unfcec.int/unfecc-newsroom/un-climate -summit-ban-ki-moon-final-summary/
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Biased information cascades

Climate change may exaccrbate cnvironmental problems that are caused by overpopulation, poorly
planned land-use and over-exploitation of natural resources. However, it is very difficult to separate out
the impacts of human caused climate change from natural climate change and from other societal impacts.
Nevertheless, climatc change has become a grand narrative in which human-caused climatc change has
beeome a dominant cause of societal problems.” Everything that goes wrong, and cven pre-cxisting
concerns, reinforces the conviction that that there is only one thing we can do prevent societal problems
stop burning fossil fuels. This grand narrative misleads us to think that if we solve the problem of climate
change, then these other problems would be ameliorated.

Politicians, activists and journalists have stimulated a biased information cascade of alarm about human-
caused climate change to support a political agenda of reducing fossil fuel emissions. An information
cascade is a self-rcinforcing process of collcctive belicf formation that triggers a self-perpetuating chain
reaction as a band wagon or snowballing process: the more attention a danger gets, the more worried
people become, leading to morc news coverage and greater alarm. Because slowly increasing
temperatures don’t seem alarming, the cascade facilitators push extreme weather events and public health
impacts as being caused by human-caused climate change, more of which is in store if we don’t quickly
act to cool the planet by reducing fossil fuel emissions.

A deconstruction of this information cascade is nceded to avoid bias in our thinking and to better
understand the true risks of human caused climate change:
= The basis for this cascade originates from the 1992 UNFCCC treaty, to avoid dangerous human
caused climate change through stabilization of CO2 emissions. Note, it was not until 1995 that
the IPCC 2™ Assessment Report identified a ‘discernible’ human influence on global climate.
The policy ‘cart’ was clcarly leading the scientific ‘horse.”
¢ Then, the UNFCCC changed the definition of climate change to refer to a change of climate that
is attributed directly or indirectly to human activity. This leads to the perception that all climate
change is caused by humans.
*  Sea level rise and extreme weather events such as hurricanes, drought and heat waves arc
attributed to climate change, which is assumed de facto to be caused by humans.
¢« Human health impaets, national security risks, etc. that are cxacerbated by extreme weather
events are then fallaciously inferred to be caused by human-cansed climate change.

A critical link in this cascade is the link between human-caused climate change and extreme weather. In
2012, the IPCC published a Special Report on Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation (SREX).® The Report found Jow to medium confidence of a trend
in droughts in some regions and the frequency of heavy rains in some regions, and high confidence of a
trend in heat waves in Australia. There is no trend in hurricanes or wild fires. Atribution of any trend in
extreme weather events to human cansed climate change cannot be donc with any confidence. With
regards to the perception (and damage statistics) that severe weather cvents seem more frequent and more
severe over the past deeade, there arc scveral factors in play. The first is the increasing vulnerability and
exposure associated with inereasing concentration of wealth in coastal and other disaster-prone regions.
The sccond factor is natural climate variability. Many extreme weather events have documented
relationships with natural elimate variability; in the U.S., extreme weather events (e.g. droughts, heat
waves and hurricanes) were significanily worse in the 1930°s and 1950°s.”

* Korhota, E-R 2018 Climate change as a political process https://belda helsinki.fi/bitstrcam/handle/10138/136507/ Therisea pdf?sequence=1

30 JPCC SREX http://www ipee-wg2.gov/SREX/

o Curry, JA 2014 Senate EPW testimony htip:/judithcurry.comv/2014/01/16/senate-epw-hearing-on-the-presidents-climate-
action-plan/
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The information cascade of climatc change as apocalypse is impeding our ability to think rationally about
how we should respond to climate change, and acts to narrow the viewpoints and policy options that we
arc willing to consider in dealing with complex issues such as public hcalth, weather disasters and
national security. Should we be surprised when reducing CO emissions does not ameliorate any of these
problems?

Wrong trousers: climate change as a wicked problem

In the decades since the UNFCCC Treaty and the Kyoto Protocol, global emissions have continued to
increase, especially in developing countries. UN Climate Conferences have not produced a new treaty in
this framework. Opposition to 2 new treaty arises from concerns over cconomic costs and the need to
amelioratc energy poverty in less developed countries. A key issue in the climate policy debate is whether
the proposed ‘cure’ (i.e. CO, emissions reduction and associated economic hardships) is worsc than the
“disease’ (i.c. warmer temperatures).

In their Wrong Trousers essay,:: Prins and Rayner argue that we have made the wrong cognitive choices
in our attempts to define the problem of climate change and its solution, by relying on strategies that
worked previousty for ‘tame’ problems. A tame problem is well defined, well understood, and the
appropriate solutions are agreed upon. Cost-benefit analyses and mitigation iechniques are appropriate for
tame problems, and the potential harm from miscaleulation is bounded.

By contrast, climate change is better characterized as a ‘wicked’ problem, which is a complex tangle
characterized by multipic problem definitions, the methods of understanding are open to contention, and
‘unknown unknowns' suggest chronic conditions of ignorance and lack of capacity to imagine future
eventualities of both the problem and the proposed solutions. The complex web of causality may result in
surprising unintended consequences to attempted solutions that generate new vulnerabilitics or exacerbate
the original harm. Further, the wickedness of the climate change problem makes if difficult to identify
points of irrefutable failure in either the science or the policies.

As another pair of ‘wrong trousers,” the enshrinement of the Precautionary Principle into the UNFCCC
Treaty represents a mismatch between the problem and the proposed solution. The Precautionary
Principle works fine for tame problems, but introduces many potentially undesirable consequences when
applied to a wicked problem. The Precautionary Principle cnjoins us to do our utmost to avoid the
possibility of catastrophe or ruin, and is arguably a decisive consideration for ruin problems.” However,
arguments that we face the possibility of ruin in the 21" century from climate change are very weak and

not supported by the cvidence that we have.

Overreaction to a possible catastrophic threat may cause more harm than benefits and introduce new
systemic risks, which are difficult to foresee for a wicked problem. The known risks to human well-being
associated with constraining fossil fuels may be worsc than the eventual risks from climate change, and
there arc undoubtedly some risks that we currently don’t foresce.

The wickedness of the climate change problem is further manifested in the regional variability of the
risks. Balancing the risks of climate change and the policy response is very difficult across different
regions and countries that face varying risks from climate change, energy poverty and threats to cconomic
devclopment. Some regions may actually benefit from a warmer climate. Regional perceptions of a
preferred climate or “dangerous’ climate change depend on socictal values and vulnerability/resilicnce,
which vary regionally and culturally. Climatc has always changed, independently of human activity, so

2 Pring and Rayner, 2007. The wrong trousers: radically rethinking climate policy http://eureka bodleian.ox.ac.uk/66/
* Taleb, N etal. 2014: The precautionary principle. Extreme Risk Initiative NYU  http:/arxiv.org/pdf/1410.5787 pdf
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climate change is nothing new; therc is no prima facie reason for thinking the climate of the past or
present is better than the future, Further, our current preferences for avoiding a particular climate of the
future fail to account for human creativity and ingenuity in creating new technologies and social and
political structures that will condition our perceptions and the consequences of climate change.

Expanding the policy options for responding to climate change

There is reason to he concerned about climate change, and humans are influencing climate in the direction
of warming. However, effectively responding to the possible threats from a warmer climate is made very
difficult by the dcep uncertaintics surrounding the risks both from the problem and the proposed
solutions. The climate change problem is characterized by deep uncertainties in the trajectory of 21
century climate change, long timescales of the risk over which there is much uncertainty about societal
vulncrabilities and capacities to respond, and disagreement among experts regarding the efficacy of
differcnt strategies and the value of alternative outcomes.

The complexity and wickedness of the climate change problem argues against a ‘command and control’
solntion based on some guessed-at optimal policy. Attempting to deal with a wicked problem using
strategies designed for tame problems can result in a ‘cure’ that is worse than the original ‘diseasc.’
Arguably the biggest problem with climate policy has been an overly narrow set of narratives and policy
options. Expanding the frameworks for thinking about climate policy and its relation to other societal
problems can lead to developing a range of more tractable policy options that would provide policy
makers with a wider choice of options in addressing the risks from climate change.

Precautionary Principle — more sorry than safe?

The UNFCCC has formulated the climate change problem and solution as irreducibly global in context of
the Precautionary Principle, with the solution focused on global reductions of greenhouse gas emissions.

Individual countries are submitting to the UNFCCC their INDCs. The U.S. INDC has a goal of reducing
emissions by 28% below 2005 levels by 2025. Apart from considerations of feasibility and cost, it has
been estimated™ using the EPA MAGICC model that this commitment will prevent 0.03°C in warming by
2100. When combined with commitments from other nations, only a small fraction of the projected future
warming will be ameliorated by these commitments. If climate models are indeed running too hot, then
the amount of warming prevented would be even smaller. Even if emissions immediately went to zero
and the projections of climate models are to be believed, the impact on the climate would not be
noticeable until the 2™ half of the 21 century. It is not elear exactly what the INDC commitments are
expected to accomplish.

The UNFCCC policies and the Precautionary Principle have brought us to a point between a rock and
hard place, whereby the proposed policy with its extensive costs and questions of feasibility are
inadequate for making a meaningful dent in slowing down the expected warming. And the real socictal
consequences of climate change and extreme weather events (whether caused by humans or natural
variability) remain largely unaddressed.

Given that the policies proposed under the imprimatur of the Precautionary Principe are very costly,
politically contentious and would not change the elimate in any meaningful way, we should consider
other decision making frameworks and risk management approaches for addressing climate change.

2 hitp://www.cato.org/blog/002dege-temperature-rise-averted-vital-nurnber-missing-epas-numbers-fact-shect
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Decision making strategies under deep uncertainty

Rather than negotiating an optimal policy based on a negotiated scientific consensus, robust and flexible
policy strategies can be designed that account for uncertainty, ignorance and dissent. Robust strategies
formally consider uncertainty, whereby decision makers seek to reduce the range of possible scenarios
over which the strategy performs poorly. Flexible strategies are adaptive, and can be quickly adjusted to
advancing scientific insights and new conditions that arise.

Under conditions of deep uncertainty, the following options arc available to frame decision making::5
« Do nothing, or delay in order to gather more information
» Enlarge the knowledge basc for decisions through broader perspectives
« Invoke the Precautionary Principle
» Adaptive management
» Build a resilient and anti-fragile society

Each of thesc stratcgies incorporates information about uncertainty into the decision making process,
albeit in different ways. The politics surrounding the climate policy debate is framed as a choice between
delaying a policy response until uncertainties are reduced versus invoking the Precautionary Principle
aimed at emission stabilization targets determined largely by climate models.

The other decision framework options arc receiving increasing attention, and justification for addressing
the climate change problem are transitioning away from precaution to a risk management approach
justified by the economics of preventing losses from climate change. The World Bank has a recent paper
entitled Investment decision making under deep uncertainty — application to climate change™ that
summarizes existing decision-making methodologies that are able to deal with the decp uncertainty
associated with climate change: cost-benefit analysis under uncertainty, cost-benefit analysis with real
options, robust decision making, and Climate Informed Decision Analysis.

As an alternative to the Precautionary Principle, The Breakthrough Institutc has proposed Climate
Pragmatism.27 a pluralistic approach based on innovation, resilience and no regrets. This pragmatic
strategy centers on efforts to accelerate cnergy innovation, build resilience to cxtreme weather, and
pursue no regrets pollution reduction measures. Each of these three efforts has justifications independent
of their bencfits for climate mitigation and adaptation. Further, this framework does not depend on any
agreement about climate science or the risks posed by uncontrolled greenhouse gases.

Resilience and anti-fragility

The threats from climate cbange (whether natural or human caused) are fundamentally regional,
associated not only with regional changes to the weather/climate, but with local vulnerabilities and
culturat values and perceptions. In the least developed countries, energy poverty and survivability is of
overwhelming concern, where there are scvere challenges to meeting basic needs and their idea of clean
green encrgy is something other than burning dung inside their dwelling for cooking and heating. In many
less developed countries, particularly in South Asia, an overwhelming concern is vulnerability to extreme
weather events such as floods and hurricancs that can set back the local economics for a generation. In the
developed world, countries are less vulnerable to climate change and extreme weather cvents and have the

% Bammer, G and M Smithson 2008: Uncertainty and Risk: Multidisciplinary Perspectives. Taylor & Francis, 382 pp.
‘"6 hitp://elibrary. worldbank.org/content/workingpaper/10.1596/1813-9450-6193
2 http://thebreakthrough.org/blog/Climate_Pragmatism_web.pdf
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luxury of experimenting with new ideas: entreprencurs want not only to make money but also to strive for
greatness and transform the infrastructure for socicty.

Resilience is the ability to *bounce back’ from uncxpected shocks. The difference in impact and recovery
from Hurricane Sandy striking New York City in 2012 versus the impact of Tropical Cyclone Nargis
striking Myanmar in 2008 reflects very different vulncrabilities and capacities for bouncing back.
Nassim Taleb’s concept of antifmg,ility,Zg whereby you learn and grow from adversity. suggests strategies
of economic development, reducing the downside from volatility, developing a range of options, tinkering
with small experiments, and developing and testing transformative ideas.

A regional focus on addressing the risks of climate change allows for a range of bottom-up strategics to
be integrated with otber societal challenges, including overpopulation, environmental degradation, poorly
planned land-use and over-exploitation of natural resources. Some of these problems can be carved out as
tame problems, where cveryone can agree on both the problem and the solution, in the context of
traditional risk management approaches. And near-term benefits to the region can be realized in terms of
reduced vulnerability to a broad range of threats, improved resource management, and improved
environmental quality.

A foeus on policics that support resilience and anti-fragility avoids the uncertainties of attributing climate
change to humans versus nature and avoids the hubris of thinking we know what the future climate holds.
The questions then become ‘How much resilience can we afford?” and “How can we best promote the
development of transformative ideas and technologies?’

Conclusion

There is reason to be concerned about climate ehange. However, effectively responding to the possible
threats from a warmer climate is made very difficult by the deep uncertainties surrounding the risks both
from the problem and the proposcd solutions. Uncertainty is a two edged sword; future climate outcomes
might be better or worse than currently believed. However, recent research has sharpened the blade of the
sword in the direction of less impact from human-caused climate change and greater political and
economic infeasibility of meaningful reductions in CO; emissions.

Therefore, T am concerned that the proposed U.S. INDC to address the perceived problems of climate
change will do essentially nothing to change the climate, and the U.S. and other nations will remain
vulnerable to climate surprises and extreme weather cvents.

The framing of the climate change problem by the UNFCCC/IPCC and the early articulation of a
preferred policy option has marginalized research on broader issues surrounding climate variability and
change and stifled the development of a broader range of policy options.

The wickedness of the climate change problem provides much scope for disagreement among reasonable
and intelligent people. Arguably the biggest problem with climate policy has been an overly narrow set of
narratives and policy options. Expanding the frameworks for thinking about climate policy and its relation
to other societal problems can lead to developing a range of more tractable policy options that would
provide policy makers with a wider choice of options in addressing the risks from climate change.

2 Webster, PJ 2008 Myanmar’s Deadly Daffodil. Nature Geoscience, hitp://webster.cas.gatech.edw/Papers/Webster2008c.pdf
2
* Taleb, N 2012 Antifragile: Things That Gain From Disorder. Random House.
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Chairman SMITH. Thank you, Dr. Curry, and Ms. Harbert.

TESTIMONY OF THE HONORABLE KAREN HARBERT,
PRESIDENT AND CEO,
INSTITUTE FOR 21ST CENTURY ENERGY,
U.S. CHAMBER OF COMMERCE;
FORMER ASSISTANT SECRETARY FOR POLICY
AND INTERNATIONAL AFFAIRS,
U.S. DEPARTMENT OF ENERGY

Hon. HARBERT. Thank you, Chairman Smith and the Ranking
Members of the Committee. I want to make four points today re-
garding the Obama Administration’s Intended Nationally Deter-
mined Contribution to the UNFCC.

First, the U.N.—the U.S. INDC lacks basic information to allow
a rigorous assessment of the goal. The commitment is long on
promises but short on data needed for a proper assessment. No-
where does it explain how the Administration intends to get to its
26 to 28 percent reduction target. The Administration’s math just
doesn’t add up. We estimate that the announced and forthcoming
regulations out of EPA including EPA’s Clean Power Plan still
leave between 500 and 600 million tons or more of the Administra-
tion’s commitment still unaccounted for, and without a sector-by-
sector breakdown, we just don’t know how the Administration ex-
pects to achieve its target.

Indeed, yesterday EPA Air Administrator McCabe acknowledged
in House testimony that they have yet to do a comprehensive mod-
eling of all of the regulations that constitute this proposal, and sur-
prisingly, nowhere in the INDC is there any reference to industrial
emission. It is hard to imagine getting there without addressing
the industrial sector. EPA’s current budget proposal notes the
Agency will soon begin considering new regulations on the refining,
pulp and paper sector, iron and steel sector, livestock, and cement
sectors, so there is more to come.

It is also difficult to see how this plan can be sold to the inter-
national community, especially given the uncertain legal founda-
tion upon which it rests. In its Utility Air Regulatory Group v. EPA
ruling, the Supreme Court warned EPA against using “unheralded
power to regulate a significant portion of the American economy.”
This certainly constitutes a significant portion of the American
economy. Thirty-two states have now raised legal objections to it,
and the first case will appear before the Supreme Court tomorrow,
and EPA Air Administrator McCabe said yesterday they do expect
litigation to last for years.

Secondly, the commitments are hugely unequal. If the world is
serious about reducing greenhouse gas emissions, then developing
countries will have to take on huge commitments. However, indica-
tions are that that is not happening. China provides a very useful
example. It has pledged to peak its carbon emission around 2030
and to increase its share of non-fossil-fuel consumption to around
20 percent is business as usual. In fact, in the International En-
ergy Agency’s most recent outlook, which was released before
China and the United States made this announcement, it actually
models the Chinese proposals and policies currently in place and
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comes to the same conclusion, which is, they will peak just around
2030. This is nothing new. ExxonMobil’s forecast confirms the
same.

To put a finer point on it, yesterday in testimony here, the Ar-
kansas Cooperative Executive that testified in front of the House
said that the most advanced coal-fired power plant today in Amer-
ica is in Arkansas, the Turk power plant. Under EPA’s proposal,
it will close. In China, on the other hand, they have 46 of these
plants, and under their proposal they can now build 44 more of
these plants. India has declined to make a very aggressive proposal
before Paris, and the Russian Federation’s proposal actually allows
it to increase its emission compared to the 2012 level.

Third, the Administration’s plan is all pain. It is poised to be one
of the most costly and burdensome regulations and rulemakings
and proposals ever. Its own analysis suggests that electricity prices
will go up 6 to seven percent by 2020 and up to 12 percent in other
locations, and compliance costs could rise to about $8-1/2 billion by
2030. That is on top of what EIA released yesterday, which is an
18 percent increase in electricity rates between now and 2040 with-
out the Administration’s Clean Power Plan. NERA, an economic
consulting firm, did another analysis which said it is probably
going to increase more like 12 percent, and compliance costs would
be much higher than EPA forecasts. We should take note of that
because EPA has been wrong in the past. For their proposal of
mercury air toxins reductions, which they promulgated in 2012,
they estimated that there would be 5 gigawatts of coal-fired gen-
eration retired. Today, it is actually 50 gigawatts attributed to that
rule, a factor of 10.

And fourth, the Administration’s plan has no gain. It is impor-
tant to note that despite all of these costs, EPA admits under the
Clean Power Plan that the heart of this will have no discernible
impact on the environment, and that is because of carbon leakage
as U.S. energy-intensive industries move to other countries and de-
prive us of revenue, tax revenue, and employment. Our diverse
electricity sector, which has afforded us very affordable energy as
opposed to other parts around the world, will actually be taken
away from us.

Conclusion: We need the industry that is investing here, the
chemical industry, the manufacturing industry, the steel and pulp
and paper industry, but those industries may move. We need a pre-
dictable environment, and this actually upends the predictable en-
vironment of investing in America, which is bad for the American
economy.

Thank you very much.

[The prepared statement of Hon. Harbert follows:]
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Statement of the U.S. Chamber of Commerce

ON: The President’s UN Climate Pledge: Scientifically
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political and social system based on individual freedom,
incentive, initiative, opportunity and responsibility.
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The U.S. Chamber of Commerce is the world’s largest business
federation representing the interests of more than 3 million businesses of all
sizes, sectors, and regions, as well as state and local chambers and industry
associations. The Chamber is dedicated to promoting, protecting, and
defending America’s free enterprise system.

The mission of the U.S. Chamber of Commerce Institute for 21st
Century Energy is to unify policymakers, regulators, business leaders and
the American public behind a common sense energy strategy to help keep
America secure, prosperous and clean.



33

Thank you, Chairman Smith, Ranking Member Johnson, and members of the Committee. |
am Karen Harbert, president and CEQ of the Institute for 21st Century Energy (institute}, an
affiliate of the U.S. Chamber of Commerce, the world’s fargest business federation representing
the interests of more than three million businesses of all sizes, sectors, and regions, as well as
state and local chambers and industry associations, and dedicated to promoting, protecting,
and defending America’s free enterprise system.

The mission of the Institute is to unify policymakers, regulators, business leaders, and the
American public behind common sense energy strategy to help keep America secure,
prosperous, and clean. in that regard we hope to be of service to this Committee, this Congress
as a whole, and the administration.

There are four main points | wish to make regarding the Obama Administration’s Intended
Nationally Determined Contribution (INDC} to the United Nations Framework Convention on
Climate Change (UNFCC) and related issues:

1. The U.S. INDC Lacks Basic Information to Allow a Rigorous Assessment of the Goal
2. The Commitments are Hugely Unequal

3. The Administration’s Plan is “All Pain . . .

4. ...No Gain”—U.S. Industries and Emissions will Just “Leak” to Other Countries

1. The U.S. INDC Lacks Basic Information to Allow a Rigorous Assessment of the
Goal

The Obama Administration has set a goal to cut its net greenhouse gas emissions 26% to
28% from the 2005 level by 2025, with a “best effort” to achieve 28%. its submission to the
UNFCC is supposed to provide “information to facilitate the clarity, transparency, and
understanding of the contribution.” But rather than providing a clear roadmap to 2025, the
INDC leads us instead into terra incognita.

This tack of transparency is all the more disappointing because the U.S. INDC claims that,
“The target reflects a p/anning process that examine opportunities under existing regulatory
authorities to reduce emissions in 2025 of all greenhouse gases from all sources in every
economic sector” [emphasis added]. While regulatory proposals used to support the INDC are
developed in a public process, the planning process the administration undertook to develop its
international commitment did not allow for any opportunity to get input from the public, the
business community, other stakehoiders, and the Congress. This despite the fact that the
outcome of this process—a national economy-wide emissions goal—will have far-reaching
effects on the economy and employment,

A close examination of the INDC raises more questions than it answers. Nowhere does it
explain how the administration intends to achieve the unrealistic goals it has set out. The lack
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of detail is all the more astonishing when one considers that this plan has been in the works for
well over a year. In fact, there is nothing in the U.S. INDC that was not known already after the
President’s climate change announcement in China about five months ago. in the absence of a
detailed explanation of how the administration intends to meet the goal, stakeholders in the
U.S. and around the world have no basis through which to assess its cost or achievability.

So how do the numbers of the plan add up? In shert, they don’t. According to EPA’s most
recent greenhouse gas {(GHG) inventory, net GHG emissions—which include sinks (e.g.,
removals of carbon dioxide from the atmosphere by forest growth)—were 6,455 million metric
tons of carbon dioxide equivalent {(MMTCO; eq.} in 2005 and 5,860 MMTCO; eg. in 2013. To
achieve a 28% reduction by 2025, emissions would have to drop by a total of 1,808 MMTCO,
eq. from the 2005 fevel, or 1,212 MMTCO,; from the 2013 level, to meet the 28% goal {Figure 1}.

Sources: Enviroomental Protection Agency and Energy information Administration.

Reducing GHG emissions economy-wide by an additional 1.2 gigatons CQ, eq. between
2013 and 2025 will be no easy matter. There is no indication in the plan from where the bulk of
the emission reductions are expected to come.

We know that EPA has estimated that its proposed regulation of existing power plants,
which if upheld by the courts and fully implemented as proposed {not a foregone conclusion},
would result in an estimated 500 MMTCQ, in reduction by 2025 from the power sector. The

2
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administration also has said it expects reduction from existing automobile efficiency standards
and new standards for heavy trucks, regulations on methane emissions from oil and gas
operations, appliance efficiency standards, voluntary measures to reduce hydrofluorocarbons
under EPA's Significant New Alternatives Policy program, and programs to enhance carbon
sinks through land use management. But nowhere in the INDC is there any estimate of the
actual emission reductions that could be expected from each of these activities.

Even with aggressive implementation of the aforementioned regulations, emission
reductions by 2025 will still fall well short of the 1.2 gigatons CO, eq. needed to meet the 26%
to 28% reduction goal, though because the administration has not provided any modeling, it is
not clear by how much. We estimate that announced and forthcoming rules could lead to
nearly 700 MMTCO; in reductions, leaving between 500 and 600 MMTCO; eq. of the
administration’s commitment—or about 40% of necessary reductions—still unidentified. How
does the administration intend to fill in this gap? We do not know, because the administration
has not provided sector-by-sector and GHG-by-GHG breakdowns of how it expects to reach its
target.

Conspicuous by its absence in the INDC is any reference to emissions from industry. It is
hard to imagine that the administration does not intend to get at least some reductions from
energy-intensive industrial sectors. indeed, EPA’s current budget proposal notes the agency will
soon begin considering new GHG regulations on the refining, pulp and paper, iron and steel,
livestock, and cement sectors. Again, none of this is detailed in the INDC.

Before the recent climate talks in Lima, Peru, this past December, Todd Stern, the
administration’s chief climate negotiator, said the Lima conference should agree on the
“specific kinds of upfront information that Parties should provide so that their undertakings can
be readily understood and analyzed” [emphasis added]. The administration’s own INDC falls
well short of even this modest mark.

It is difficult to see how this plan can be sold to the international community much less to
constituencies here at home, especially given the uncertain legal foundation upon which the
centerpiece of the INDC, EPA’s Clean Power Plan, rests. In its Utility Air Regulatory Group v. EPA
ruling, the Supreme Court warned the EPA that, “When an agency claims to discover in a long-
extant statute an unheralded power to regulate ‘a significant portion of the American
economy,” we typically greet its announcement with a measure of skepticism. We expect
Congress to speak clearly if it wishes to assign to an agency decisions of vast ‘economic and
political significance’” [citations omitted]. What EPA has proposed in using a little-used
provision of the Clean Air Act to redesign fundamentally the electricity markets of the entire
United States is exactly the type of regulatory extremism the Supreme Court cautioned against.
As a result, at least 32 states have warned EPA that its rulemaking suffers from fundamental
legal shortcomings. in 28 of these states, the warnings have come directly from governors
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and/or attorneys general.! Further, because the Obama Administration has decided to defy
Congress and implement its climate plan through executive action, nothing it commits to at
Paris, including the promise of billions of doffars in financial assistance, will be legally binding on
any future administration, something other countries are beginning to notice. The legal limbo
the administration’s actions have created will have real consequences for business as it tries to
plan for the future.

2. The Commitments are Hugely Unequal

The world has changed considerably since the UNFCCC was launched in 1992, and a new
international agreement should take into account changing trends in global emissions and
economic development. The old model of donor and recipient countries reflects neither the
current nor future state of affairs.

If the world is serious about reducing GHG emissions, then developing countries will have to
take on meaningful commitments. The international Energy Agency’s most recent mid-range
forecast suggests developing countries will account for 141% of the increase in carbon dioxide
emissions from energy between 2012 and 2040.

The indications are, however, that large emerging countries especially have precious little
desire to take on ambitious commitments, citing the principle of “common but differentiated
responsibilities and respective capabilities” enshrined in the UNFCCC and the understandable
desire to increase energy access and advance economically. These dynamics will lead to large
disparities in the level of commitments being offered.

China—the world’s largest GHG emitter—provides a useful example. It is generally
acknowledged that an essential condition to a new and comprehensive international climate
change agreement is persuading China to commit to meaningful limits on greenhouse gas
emissions. In November, the U.S. and China made a joint announcement outlining in broad
terms what each country will offer up ahead of the Paris climate change talks.

China pledged to peak its carbon dioxide emissions {at an undetermined level) “around”
2030 and to increase its share of non-fossil fuel energy consumption to “around” 20% of total
demand by 2030. Trumpeted as a historic breakthrough by the president, the announcement
earned glowing reviews at the United Nations climate change talks held in Lima last December.

it turns out there is very little new in the China announcement, and its commitment
amounts to little better than business as usual. The central projection of the International
Energy Agency’s {IEA} most recent World Energy Outlook, for example, estimates that in the

! For examples, see: U.S. Chamber of Commerce Institute for 21st Century Energy. 2015. /n Their Own Words: A
Guide to State and Stakeholder Concerns regarding the Environmental Protection Agency’s Proposed Greenhouse
Gas Regulations for Existing Power Plants. Available at: http://www energyxxi.org/eparule-stateanalysis.
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2020s, China’s GDP growth will slow appreciably and its industrial output and coal use wilt
flatten, causing its carbon dioxide emissions to peak shortly after 2030 at a littie over 10 billion
metrics tons. Citing similar trends, ExxonMobil’s fatest forecast shows Chinese carbon dioxide
emissions peaking five years earlier, in 2025, at nearly 11 billion metric tons and declining
thereafter.” To put these growth forecasts into perspective, the very large 500 MMTCO; eq.
reduction in U.S. power sector emissions EPA estimates it proposed existing power plant rule
would deliver in 2025 would be offset by Chinese carbon dioxide emissions in about three
weeks.

india—the world’s third largest GHG emitter—is another country that has declined to
propose ambitious GHG reductions ahead of Paris, citing its desire to industrialize and raise
living standards. In fact, the indian government has announced that it intends to double
domestic coal output over the next five years to fuel economic expansion.

The Russian Federation—the world’s fourth largest GHG emitter—has proposed a
commitment of a 25% to 30% reduction in net GHG emissions by 2030 from a 1990 baseline
“subject to the maximum possible account of absorbing capacity of forests.” Data submitted by
Russia to the UNFCCC, however, show that in 2012, the country’s net GHG emissions were 50%
below their 1990 fevel. This means Russia actually is proposing to incregse its emissions in 2030
from 700 to 900 MMTCO; eq. compared to the 2012 level.

None of this should be taken as criticism of these goals. Countries do not check their
national interests at the UN cloakroom. Like many other developing and emerging economies,
China and india will continue to use fossit fuels because they have an overriding interest in
boosting growth and lifting their people out of poverty. Cutting GHG emissions will always take
a backseat to these goals. In comparison, the U.S. goal is well out of line with what many other
governments {except the European Union) are proposing.

3. The Administration’s Plan is “All Pain . ..

Achieving the president’s U.S. goal wouid be very expensive and technically difficult. The
public record of detailed review and analysis of the electricity sector and broader economic
impacts of the Clean Power Plan is extensive and growing, and by all indications this regulation
is poised to be one of the most costly and burdensome rulemakings ever promulgated by any
agency.

EPA’s own analysis of the rule projects that it will result in nationwide electricity price
increases of between 6% and 7% in 2020, and up to 12% in some locations. EPA estimates

2 Even China’s current goal of reducing its carbon dioxide emissions intensity—that is, emissions per unit of GDP—
by 40% to 45% from 2005 to 2020, a pledge it made under the 2009 Copenhagen Accord, represents a
continuation of existing trends. Data from sources as varied as IEA, E1A, and the World Bank show that the during
the previous 15 year period, from 1990 to 2005, China’s emissions intensity fell anywhere from 39% to 47%.

5
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annual electricity sector compliance costs between $5.4 and $7.4 billion in 2020, rising up to
$8.8 billion in 2030. These are power sector compliance costs only, and do not capture the
subsequent adverse spillover impacts of higher electricity rates throughout the rest of the
economy.

Numerous additional state and stakeholder analyses show that EPA has significantly
underestimated the compliance costs and energy price impacts of its rule. For example:

A study by NERA Economic Consulting found that average U.S. electricity prices would
increase by 12% per year and that compliance costs would be at least $41 billion
annually and between $366 billion to $479 billion over a 15 year timeframe.

The National Rural Electric Cooperative Association estimates that the rule would raise
average electric rates for co-op consumers more than 10% in 2020 and more than 17%
in 2025, with some locations seeing rate hikes as high as 33% in 2020 and 46% in 2025.

The United Mine Workers of America estimates that the rule would result in 187,000
direct and indirect job losses in the utility, rail, and coal industries in 2020, and
cumulative wage and benefit losses from these sectors of $208 billion between 2015
and 2035.

A study by the Midcontinent Independent System Operator estimates that utility
compliance costs for its operating region through 2033 would be between $55 billion
and $83 billion. The costs would obviously be passed along to residential, commercial,
and industrial consumers in the form of higher electricity prices.

Kansas Corporation Commission {(KCC}): “The KCC estimates a base case that the EPA’s
CPP as proposed would cost the state of Kansas $8.75 billion with a possible range of
costs between $5 billion and $15 billion. The corresponding increase in rates is between
10% and 30% over 13 years.”

Kentucky Energy and Environment Cabinet: “[Tlhe Cabinet determined through its own
econometric modeling that the six% change in electricity prices alone estimated by EPA
would cause a net loss in the United States of 439,000 full time jobs, over half (236,000}
of which would come from energy-intensive manufacturing sectors...Cabinet modeling
suggests that a ten% increase in the real price of electricity, which could be intensified
by the proposed rule, would, on average, be associated with a 1.1% reduction in state
GDP (SGDP). This would result in a loss of aimost 52 billion to the state of Kentucky”.

Texas Commission on Environmental Quality: “The carbon emission limits for Texas...will
result in significantly increased costs for Texas electricity customers. Some estimates of
these increased costs include:

o $10-515 billion total annual compliance costs by 2030;
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o total electricity-related costs in Texas alone could be in excess of $10 billion;

o increased energy costs for consumers in ERCOT of up to 20% in 2020, which does
not include additional costs of transmission upgrades, procurement of additional
ancillary services, energy efficiency investments, capital costs of new capacity,
and other costs associated with the retirement or decreased operation of coal-
fired capacity in ERCOT.

oS3 billion per year to comply with the energy efficiency mandate alone.”

s Virginia State Corporation Commission: “SCC Staff analyses of utility planning data
indicate that, using conservative assumptions, the incremental cost of compliance for
one utility alone {Dominion Virginia Power} would likely be between $5.5 billion and
$6.0 billion on a net present value basis.”

4, ...No Gain”—U.S. industries and Emissions will Just “Leak” to Other
Countries

it is important to note that despite these costs, EPA admits that its Clean Power Plan, the
heart of the U.S. INDC, will have no discernable impact on the climate, and that ali of the
benefits will come from reductions in other poliutants EPA already regulates within a margin of
safety.

The administration’s plan will be ineffective largely because any emissions reductions
achieved will be more than offset by increases in emissions from other countries, in particular
developing countries. Addressing climate change will be of considerably less interest to these
countries, where the main priority of governments is poverty eradication.

Another reason GHG emissions in these other countries would continue to grow is because
of “carbon leakage” from the U.S. as energy intensive industries flee to more countries with less
regulation and lower energy costs.

It is well understood that America’s abundance of affordable, reliable energy provides
businesses a critical operating advantage in today’s intensely competitive global economy.
Figures 2 and 3 illustrate the comparative energy advantage in natural gas and electricity prices
for industry. Affordable and reliable fuel and electricity, supplied by a diverse mix of coal,
nuclear, and increasingly natural gas, give American industry an enormous economic edge, and
they are driving a manufacturing revival in areas of the country desperately in need of jobs and
investment.



40

Source

Unfortunately, EPA’s Clean Power Plan and other burdensome EPA regulations threaten to
throw away this national energy advantage. instead of attracting foreign investment to the
United States, EPA rules could repel this investment into the United States and perhaps even
more critically force U.S. companies to shift their investment focus overseas.

Because U.S. businesses compete on a global scale, the electricity and related price
increases resulting from EPA’s rule will severely disadvantage energy intensive, trade-exposed
industries such as chemicals, manufacturing, steel, and pulp and paper. As a result, GHG
emissions would not be reduced in the global sense, but simply moved to other countries that
have not implemented similar restrictions.

Europe provides a cautionary tale. According to EIA, Europe’s residential electricity prices
have increased at a much faster rate than in the United States. Regulatory structures—including
the Emissions Trading System, taxes, user fees, large {(and unsustainable) subsidies and
mandates renewable energy technologies, and the mix and cost of fuels all conspire to make
Europe’s electricity prices among the highest in the world. Europe is learning that its exorbitant
energy prices, largely policy-driven, are ruining its competitiveness and turning energy-
intensive industries into endangered species. More and more, we are seeing European
companies fleeing sky-high energy costs and shifting production to the United States and other
countries.

This is consistent with the conclusion of the Intergovernmental Panel on Climate Change
Fourth Assessment report, which found that actions governments took to implement the Kyoto
Protocol resuited in economy-wide feakage on the order of 5% to 20%, not insignificant
amounts. Similar results could be expected in the United States as a result of EPA regulation.

Conclusion

Business needs a predictable environment in which to operate and plan. Unfortunately, the
administration’s INDC adds to the aiready large uncertainty surrounding a new international

8
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agreement. Its INDC does not provide any guidance in how it intends to meet its goal of a 26%
to 28% reduction in net GHG emissions by 2025 from the 2005 level. By our estimates,
emissions reductions due to existing and proposed regulations would fall short of the
administration’s goal by 500 to more than 600 MMTCO; eq., a not insignificant amount. Clearly,
the administration plans to target the industrial sector to make up for most if not all of this
shortfail. But without any detail, neither domestic stakeholders nor Parties to the UNFCCC
know how this might come about.

Moreover, based on what we have seen so far, large emerging economies have shown very
little interest in reducing emissions in any meaningful way, certainly nothing coming close to
what the administration is proposing for the United States, which would be extraordinarily
costly to achieve, An agreement locking such disparities in emissions pledges into place would
jeopardize America’s energy advantage and leak U.S. industries, their jobs, and their emissions
overseas. As a result, the U.S. will see no environmental gain for a great deal of economic pain.

Back in 1997, the Clinton Administration disregarded clear guidance from the Senate and
signed the Kyoto Protocol, a treaty it knew was political poison and that it never bothered to
submit to the Senate for ratification. Judging from this latest episode in U.S. climate diplomacy,
the Obama Administration looks likely to repeat the mistake of signing onto a lopsided deal and
making promises future presidents and congresses may neither be willing nor able to keep. As
Yogi Berra might say, “It’s déja vu all over again.”
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Chairman SMITH. Thank you, Ms. Harbert.
And Mr. Schmidt.

TESTIMONY OF MR. JAKE SCHMIDT,
DIRECTOR, INTERNATIONAL PROGRAM,
NATURAL RESOURCES DEFENSE COUNCIL

Mr. ScHMIDT. Thank you. Thank you, Chairman Schmidt—
sorry—Chairman Smith, Ranking Member Johnson, and distin-
guished members of the Committee. Thank you for inviting me to
present the Natural Resources Defense Council’s views on the U.S.
target to cut emission 26 to 28 percent below 2005 levels by 2025
to address climate change.

We have a responsibility to protect our children and future gen-
erations from the effects of climate change by reducing emission of
carbon dioxide and other heat-trapping pollutants. This can be
done in a manner that protects public health, spurs job creation,
and helps address the significant damages from climate change.
Acting responsibly at home is also an essential component of efforts
to secure strong global action including for major emitters. Our ac-
tions at home show other countries that the world’s largest econ-
omy is prepared to rise to the challenge to address climate change.

The consequences of inaction on climate change are grave. We
are already seeing the impacts of climate change on our commu-
nities and facing substantial costs from these impacts. Strong and
sustained efforts to address carbon pollution and other heat-trap-
ping pollutants can significantly decrease these impacts on the U.S.
and other countries.

The new U.S. climate target is essential to helping stave off the
worst of these impacts. The U.S. target can be achieved under ex-
isting law cost-effectively. Under existing law, President Obama
has set in motion a number of carbon-cutting actions including car-
bon pollution standards for America’s power plants, improved vehi-
cle efficiency standards, appliance efficiency standards, efforts to
address methane leakage, and standards to reduce the climate pol-
lution of coolants used in air conditioners and refrigerators. This
new target will build upon these efforts as all these standards have
time frames that extend past 2020 to give businesses longer-term
certainty for their investment decisions.

The U.S. can meet both its 2020 and 2025 targets using existing
laws like the Clean Air Act, energy efficiency laws, and steps to
protect our public lands and waters. These cuts can be achieved
cost-effectively while helping to create jobs and achieving impor-
tant health benefits for our children. Time and again, American in-
genuity, entrepreneurs, and workers have risen to address great
challenges. That opportunity to address this challenge is why more
than 140 entrepreneurs recently wrote in support of the new U.S.
target to cut its emissions.

As you know, U.S. action at home also helps spur global action.
For almost two decades, inaction on climate change in the U.S. has
been a major stumbling block to securing strong international ac-
tion on climate change. When the United States is willing to step
forward domestically, it can have a catalyzing impact in other
countries. This is evident in the new commitments from China and
the recent one from Mexico. As part of the U.S.-China agreement,
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China’s president committed to peak its emission by 2030 with the
intention to peak earlier and to build an increased amount of non-
fossil-fuel energy to amount to 20 percent of its energy by 2030.
This is a commitment to even deeper cuts in its climate pollution
that many expected was achievable just a few short years ago. In
fact, prior to the announcement, many experts including the U.S.
Energy Information Administration predicted that China’s emission
wouldn’t peak until well after 2040, and you can see that in other
analysis.

This U.S. action couldn’t come at a more critical juncture. As
leaders meet later this year to finalize a new commitment to ad-
dress climate change, this agreement will solidify even deeper com-
mitments from key countries around the world. Already the Euro-
pean Union, Switzerland, Norway, Mexico, and China have an-
nounced the outlines of their new commitments as a part of this
agreement and more countries around the world like India, South
Korea, Brazil, South Africa, and Indonesia are diligently working
on their proposed targets as a part of the international agreement.

In summary, let me conclude with, if the U.S. target can be
achieved cost-effectively under existing law, when the world’s larg-
est economy acts, it sends a powerful signal to other governments
that they also can and must act aggressively on this grave chal-
lenge of climate change.

Thank you.

[The prepared statement of Mr. Schmidt follows:]



45
TESTIMONY OF JAKE SCHMIDT
DIRECTOR, INTERNATIONAL PROGRAM,

NATURAL RESOURCES DEFENSE COUNCIL

HEARING ON
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BEFORE THE COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES

APRIL 15, 2015

Chairman Smith, Ranking Member Johnson and distinguished members of the
Committee, thank you for inviting me to present the Natural Resources Defense Council’s
(NRDC's) views on the U.S. target to cut emissions 26-28 percent below 2005 levels by 2025 in
order to address climate change.

We have a responsibility to protect our children and future generations from the effects
of climate change by reducing emissions of carbon dioxide and other heat-trapping pollutants.
This can be done in a manner that protects public health, spurs job creation, and helps address
the significant damages from climate change. Acting responsibly at home is also an essential

component of efforts to secure strong global action, including from other major emitters. Qur
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actions at home show other countries that the world’s largest economy is prepared to rise to
the challenge to address climate change.

The new target from the U.S. to cut its emissions 26-28 percent below 2005 levels by
2025 shows a commitment to strong continued action from the U.S. to cut its carbon poliution
at home and sends a powerful signal to the world. This announcement comes forward as a part
of the international effort to secure a new agreement this December in Paris, France. The target
was first announced in November 2014, alongside a commitment from China to peak its carbon
poliution and expand clean energy.

The consequences of inaction on climate change are grave. We are already seeing the
impacts of climate change on our communities and facing substantial costs from these
impacts. But the costs that our children and grandchildren will face if we fail to act now are
simply unacceptable. The latest U.S. Third National Climate Assessment found that if
greenhouse gas emissions are not reduced it is likely that American communities will
experience: increased severity of health-harming smog and particulate poliution in many
regions; intensified precipitation, hurricanes, and storm surges; reduced precipitation and
runoff in the arid West; reduced crop yields and livestock productivity; increases in fires, insect
pests, and the prevalence of diseases transmitted by food, water, and insects; and increased
risk of illness and death due to extreme heat. A recent bipartisan study of the economic risks
of climate inaction in the Midwest put these impacts in stark context. This study found that:

“Rising heat resulting from increased greenhouse gas emissions is likely to affect the

Midwest region's ten major metropolitan areas through higher heat-related mortality,

* U.S. National Climate Assessment, Climate Change Impacts in the United States, 2014, available at:
http://s3.amazonaws.com/nca2014/iow/NCA3_Full Report Oa Front Matter lowRes pdf?downioad=1
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increased electricity demand and energy costs, and declines in labor productivity.
Meanwhile, without significant adaptation on the part of Midwest farmers, the region's
thriving agricultural sector—particularly in the southern states—is likely to suffer yield

losses and economic damages as temperatures rise.”?

Strong and sustained efforts to address carbon poliution and other heat-trapping
poliutants can significantly decrease these impacts on the U.S. and other countries. The new
U.S. climate target is essential to helping stave off the worst of these impacts.

The U.S. target can be achieved under existing law, cost-effectively. Under existing law,
President Obama has set in motion a number of carbon-cutting actions pursuant to an earlier
target to reduce U.S. carbon emissions 17 percent below 2005 levels by 2020. These actions
include carbon pollution standards for America’s power plants, improved vehicle efficiency
standards, appliance efficiency standards, efforts to address methane, and standards to reduce
the climate pollution of coolants used in air conditioners and refrigerators. This new target will
build upon these efforts as all these standards have timeframes that extend past 2020 to give
businesses longer-term certainty for their investment decisions.

The U.S. can meet both its 2020 and 2025 targets using existing laws like the Clean Air
Act, energy efficiency laws, and steps to protect our public lands and waters. New acts of
Congress may be needed in the long-term, but the U.S. can take a big bite out of its climate
pollution using the laws already on the books. Analysis from groups like the World Resources

institute (WRI) has found that cuts on this order are achievable under existing laws. WRI found

: Risky Business Project, Heat in the Heartland: Climate Change and Ecanamic Risk in the Midwest, 2015, available
at: http://riskybusiness.arg/uploads/files/RBP-Midwest-Report-WEB-1-26-15 pdf
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under its “go-getter” scenario cuts of 28 percent were achievable based upon existing federal
and state laws and policies.?

These cuts can be achieved cost-effectively while helping to create jobs, and achieving
important health benefits for our children. For example, NRDC's analysis of cost-effective cuts
in the carbon pollution from the power sector found that emissions reductions of 36 percent
below 2005 fevels by 2020 and 44 percent by 2030 can be accomplished with net benefits
estimated to be up to $70 Billion and $108 Billion respectively.*

Time and again American ingenuity, entrepreneurs, and workers have risen to address
great challenges. Why would some question our ability to unleash these same dynamics on
climate change? That opportunity to address this challenge is why more than 140
entrepreneurs recently wrote in support of the new U.S. target, stating:

“The commitment to further cut U.S. emissions by 2025 will send an even stronger

market signal than existing policies can do alone. it will build upon these current efforts

and help drive even more innovation, job creation, and poliution reduction. We have
seen first-hand the ability of robust U.S. policies to spur clean energy deployment.

Although clean energy is still an emerging energy sector, representing only 6 percent of

generation, it is a strong economic growth sector. Including all clean energy sectors, the

U.S. has an estimated 3.4 miltion clean jobs as of 2013 —a number which is steadily

growing. In the last two years E2 has tracked nearly 700 clean energy and clean

transportation project announcements that could create more than 233,000 jobs when

® See: World Resources Institute, Con The U.S. Get There From Here?: Using Existing Federal Laws and State Action
to Reduce Greenhause Gas Emissions, 2013, available at:

ntto://www.wriorg/sites/defauit/files/pdf/can_us get there from here full report.pdf

* See NRDC comments on EPA’s draft carbon pollution standards, available at:

http://docs.nrdc.org/air/files/air 14120101a.pdf
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completed. Well-designed additional measures will capitalize on these existing
investments in clean energy and support new investments that create more

opportunities to unieash America’s clean energy economy.”®

U.S. action at home spurs global action. For almost two-decades, inaction on climate
change in the U.S. has been a major stumbling block to securing strong international action on
climate change. Other countries often perceived that the U.S. wasn't willing to walk-the-walk.
But strong domestic action from the U.S. in the past couple of years has begun to change that
perception. | now hear more positive reactions about U.S. climate action from government
officials in London, Delhi, and Beijing than just a few years ago.

When the U.S. is willing to step forward domestically, it can have a catalyzing impact in
other countries. This is evident in the new commitment from China to peak its emissions - a
commitment no one thought was possible just a few short years back. This commitment
occurred only after the U.S. showed that it was taking strong domestic action by implementing
a series of measures as outlined in the Climate Action Plan and after it was prepared to
strengthen that commitment with even stronger targets for 2025. When the world's largest
economy acts it sends a powerful signal to other governments that they also can and must act

aggressively on climate change.

®The letter was organized by Environmental Entrepreneurs (E2) a national, nonpartisan group of business leaders,
investors and others who promote smart environmental policies that drive economic growth. Their members,
active in nearly every state in the country, have built or financed more than 1,700 companies, created more than
570,000 jobs, and manage more than $100 billion in venture and private equity capital. For ful letter and
signatories see: http://cleanenergyworksforus.org/wp-
content/uploads/2015/03/InternationalCommitment_Release FINALZ.pdf
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This U.S. action couldn't come at a more critical juncture in efforts to address climate
change as leaders meet later this year to finalize a new international agreement to address
climate change. This agreement will solidify even deeper commitments from key countries
around the world. Already the European Union, Switzerland, Mexico, and China have
announced the outlines of their new commitments as a part of this agreement. To date,
countries accounting for 58 percent of carbon pollution from the energy sector have
announced post-2020 climate targets. And more countries around the world like India, South
Korea, Brazil, South Africa, and indonesia are diligently working on their proposed targets as a
part of the international agreement.

Other countries are acting and prepared to do more. For almost two decades
opponents of climate action in the U.S. have argued that the U.S. shouldn’t act until other
major emitters also act. In the past couple of years one of the key shifts is the perception that
countries like China aren’t doing anything on climate change — a relic of the debate almost two
decades ago — to a new reality -~ that China is taking serious action.

As a part of the U.S.-China agreement, China's President Xi linping committed to peak
its carbon pollution by 2030, with the intention to try to peak early, and committed to increase
the non-fossil fuel share of all energy to around 20 percent by 2030.' This is a commitment to
even deeper cuts in the country’s climate pollution than many expected was achievable just a
few short years ago. In fact, prior to the announcement many experts predicted that China’s
emissions wouldn’t peak for several more decades. The U.S. Energy Information
Administration’s reference scenario, for example, projected that China’s CO; emissions

wouldn’t peak until well after 2040, and other estimates followed a similar trend.”
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Despite the perception that this new commitment doesn’t require China to “do anything

for 16 years”, China is taking a number of actions that will help reduce its emissions in the near-

term. To date China has taken a number of steps including:

Renewable energy. China has a National Renewable Energy Law that has helped the
country increase its domestic wind and solar energy deployment from aimost
nonexistent levels a decade ago to the largest in the world today. The Nationa!l Energy
Development Strategy Action Plan has set ambitious targets for wind power and solar
PV capacity to reach 200 GW and 100 GW by 2020 — from 96 GW (grid connected) and
nearly 28 GW, respectively, at the end of 2014.

Energy efficiency. China’s 12th Five Year Plan set a binding energy efficiency target to
cut energy consumption per unit of GDP by 16 percent from 2011-2015. They are
meeting this target through a set of measures, including mandatory energy efficiency
programs for the top 15,000 energy consuming companies in the country. Last year,
China surpassed its key energy efficiency target by cutting energy intensity by 4.8
percent below 2013 levels, putting it on track to meet its 16 percent reduction target.
Coal consumption caps. In response to China’s air poliution, mandatory coal
consumption caps have been adopted in many of China’s largest coal consuming
provinces. Beijing, Tianjin, Hebei and Shandong, some of the largest coal-consuming
provinces, have announced a target to reduce their coal consumption by 83 miilion tons
by 2017, compared to 2012 levels. Shanghai, Zhejiang, Jiangsu and Guangdong (for its

industrial Pearl River Delta} will announce their 2017 coal reduction targets by June this



52

year. The State Council in the new Energy Development Strategy Action Plan established

a national coal consumption cap of 4.2 billion tons for 2020.

Similar dynamics are occurring in India. Prime Minister Modji has recently reemphasized

that climate change is a priority for India, and announced ambitious clean energy goals to help

provide energy access throughout the country. india’s current climate actions include efforts to

spur more renewable energy and energy efficiency:

Renewable energy. India’s flagship National Solar Mission, which originally aimed to
install 20 GW of solar power capacity by 2022, is now targeting 100 GW of solar by
2022. in just four years, India’s solar market has grown more than 100 fold to nearly 3
GW of commissioned projects by the end of December 2014, india is also the world’s
fifth largest wind energy producer. The Modi government is aiming to achieve 40 GW of
onshore wind power by 2019, doubling its currently installed wind capacity.

The government launched the Energy Conservation Building Code in 2007 and plans to
make it mandatory nationally by 2017. This code would establish energy efficiency
codes and standards for buildings. Seven of india’s 29 states have made the code
mandatory as of June 2014, and 15 more plan to follow. India also has a program called
Perform, Achieve, and Trade (PAT) to encourage energy-intensive industries in India,
such as thermal coal power plants and cement and steel manufacturing, to become
globatl efficiency leaders. India also has a strong standards and labeling program for key

appliances, such as lighting, fans, and air-conditioners.
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" See White House fact sheet: https;//www.whitehouse .gov/the-press-office/2014/11/11/fact-sheet-us-china-joint-
announcement-climate-change-and-clean-energy-c

“For example, the international Energy Agency didn’t project Chinese CO, emissions peaking untit after 2040 ~ the
latest date in their projection — under their “current policies scenario” {IEA, World Energy Outlook 2014). The U.S.
Energy Information Administration projected that China’s CO, emissions wouldn’t peak untif after 2040 — the latest
date for the projection — under their “reference case” (EIA, International Energy Outlook 2013}. A study conducted
by the MIT Joint Program on the Science and Policy of Globa! Change found that China’s CO; emissions wouldn’t
peak until after 2050 in their “no policy” case, and not until some time between 2035 and 2045 in their “continued
effort” scenario — which assumes a CO, price is applied in the Chinese economy of $26/ton in 2030 and $58/ton in
2050 {MIT, Carbon emissians in China: How far can new efforts bend the curve?, 2014},
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Jake Schmidt, Director, International Program at the Natural Resources Defense
Council (NRDC}), has fourteen years of experience in international climate policy. Jake
directs NRDC'’s international Program with a team of experts and partners working on
climate change, clean energy, biogems, and sustainable development in India, Latin
America, Canada, and at the international level. He works closely with NRDC’s China
team, as well as helps coordinate NRDC'’s international efforts to tackle the challenges
of health, oceans, and wildlife. He leads NRDC's policy development and advocacy on
international climate change, including through the climate negotiations and direct work
with key countries around the world. He led a dialogue of senior climate change
negotiators from more than 30 developed and developing countries to discuss options
for the future international climate change regime while at the Center for Clean Air
Policy. Jake has also worked on the Europe’s strategy to reduce greenhouse gas
emissions, European air quality policy, U.S. federal climate change policy, state climate
change policy, aviation emissions, and carbon sequestration.

Jake holds a B.A. in economics from Muhlenberg College and a M.P.P. in
environmental policy, with a certificate in ecological economics from the School of
Public Policy at the University of Maryland.
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Chairman SMITH. Thank you, Mr. Schmidt.
Dr. Thorning.

TESTIMONY OF DR. MARGO THORNING,
SENIOR VICE PRESIDENT AND CHIEF ECONOMIST,
AMERICAN COUNCIL FOR CAPITAL FORMATION

Dr. THORNING. Thank you, Chairman Smith, Ranking Member
Johnson, for the opportunity to appear before this committee.

I'd like to make three or four points, picking up on some of what
the other witnesses have said. First, it’s not clear that developing
countries like China and India will actually implement strong
measures to slow the growth of their emissions.

Second, reaching the Administration’s target of 17 percent below
2005 levels by 2020 seems unlikely since we’re only 9.5 percent
down right now from 2005. So how we would reach a 26 to 28 per-
cent reduction by 2025 seems very challenging.

And third, how will the various regulatory measures described in
the INDC to reduce carbon emissions impact the U.S. economy?

Looking at trends in global energy use, the International Energy
Agency’s 2014 statement suggests that energy use is going to grow
by 37 percent to 2040. Why do we think the developing countries
will actually be able to meet stringent reduction targets? Their
emissions are the ones that are growing fast. The United States’
emissions are relatively flat. So it’s questionable that the targets
that are being discussed will actually be met.

What is the economic impact on the United States of the INDC?
Investment in the United States is already quite sluggish. It hasn’t
recovered to the 2007 levels. Net investment, net depreciation is
sluggish, productivity growth is slow, wage growth is slow. We
need to be sure that the policies that we undertake aren’t going to
negatively impact our attempt to recover a strong economy.

The question of whether developing countries will actually follow
projected emission cuts, if they look at the European Union, the
European Union over a decade ago was implementing strong poli-
cies to reduce GHGs to switch toward renewables. They have en-
joyed very sluggish economic growth, very high unemployment
rates, about 11 percent. So looking at the European lesson, why
would developing countries want to follow that kind of a path?

On the other hand, there are ways that the United States can
move forward to try to slow the growth of emissions. There are
policies that we can undertake that will actually be no-regrets poli-
cies, will actually increase economic growth. For example, tax re-
form. Congress and Senate Finance and Ways and Means are dis-
cussing tax reform. Scholarly research suggests that allowing ex-
pensing for all new investment would pull through cleaner, less-
emitting technologies and help us reduce GHG growth, as well as
other emissions.

A study by the ACCF and Ernst & Young last year showed that
allowing expensing for all new investment would reduce the cost of
capital by about 25 percent, whereas the Bowles-Simpson plan, if
implemented, would actually increase the cost of capital. Research
shows that each ten percent reduction in the cost of capital for new
investment increases investment by five percent. So tax reform
should be on the table as a way of addressing GHG reductions.
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Second, we should encourage the export of liquefied natural gas.
Cleaner-burning fuel to our allies and trading partners in China
and India and Europe would help them reduce their emissions
while growing their economies. And recall that over 2 billion people
have no electricity; 1.3 billion are cooking with biomass and dung
and coal, so we need to try to export our surplus of LNG, which
is—seems to be growing every year.

Then we also should encourage international financing for clean
coal technology. My colleague George Banks recently produced a re-
search paper on that topic and I'd like to request that that paper
be submitted for the record.

Chairman SMITH. Without objection, so ordered.

[The information appears in Appendix II]

Dr. THORNING. So a third thing I think we should do to try to
stimulate our economy, as well as reduce GHG growth, is be care-
ful to use cost-benefit analysis. Other witnesses have discussed the
fact that reducing U.S. emissions significantly will have no impact
on the temperature or on concentrations of GHG, so we should be
using cost-benefit analysis, and we should also be adopting—en-
couraging the adaptation to climate change through no-regrets
strategies in agriculture, for utilities, and other industries.

Thank you, Mr. Chairman.

[The prepared statement of Dr. Thorning follows:]
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The U.S. Intended Nationally Determined Contribution to the United Nations
Framework Convention on Climate Change: Is there a Better Path Forward?

By
Margo Thorning, Ph.D.

Senior Vice President and Chief Economist
American Council for Capital Formation
Betore the
Cominittee on Science, Space and Technology
U.S. House of Representatives
April 15,2015

Executive Summary

Questions about the U.S. INDC: The U.S. submission to the UNFCCC leaves many questions
upanswered. First, how likely are developing economies like China, India, and Brazil, whose emissions
are growing rapidly, to implement strong measures to reduce fossil fuel use? Second, reaching the
Administration’s previous target of reducing CO2 emissions to 17 below 2005 levels by 2020 seems
unlikely to be achieved, how will we reach the new tighter INDC target of 26-28 percent reduction below
2005 fevels by 20257 Third, how will the various regulatory measures described in the INDC to reduce
U.S. CO2 emissions, which are already in place or in the planning stage, be implemented and what will
their impact be on our economy?

Trends in Global Energy Use: The IEA’s WEO 2014 states that global energy demand will grow by 37
percent by 2040.How likely are developing countries like China and India to adopt strong measures to
curb energy use and switch away from fossil fuels to more expensive renewables? Developing countries
will likely continue to add natural gas and LNG to their energy portfolios along with nuclear power in an
effort to reduce particulate emissions from coal and biomass but the strongest driver for these countries
will be the need for energy for economic growth, not CO2 reductions.

Economic Impaet of INDC Policies: A key part of the INDC is EPA’s Clean Power Plan; a NERA study
shows that the present values in 2014 of extra spending on energy incurred over the 2017-2031 ranges
from $366 billion to $479 billion. Global CO2 emission forecasts suggest that developing countries will
continue to be the major source of growth over the next 25 years and that reducing U.S. CO2 emission
growth will make little difference to global GHG concentrations.

Strengthening the U.S. Economy and Slowing Growth of CO2 Emissions: Several polices could help
strengthen the U.S. economy as well as slowing global CO2 emission growth. Federal tax reform which
allows expensing for all new investment would stimulate economic growth and pull through cleaner less
emitting technology. Encouraging the export of U.S. LNG and clean coal technology to developing
countries would strengthen the economy and slow the growth of global emissions. The consistent use of
cost/benefit analysis to review existing regulations and analyze proposed regulations would also
strengthen the economy.



59

The U.S. Intended Nationally Determined Contribution to the United Nations
Framework Convention on Climate Change: Is there a Better Path Forward?

By
Margo Thorning, Ph.D.
Senior Vice President and Chief Economist
American Council for Capital Formation
Before the
Committee on Science, Space and Technology
U.S. House of Representatives
April 15,2015
Introduction

Chairman Smith, Ranking Member Johnson and members of the Committee, my name is Margo
Thorning, senior vice president and chief economist, American Council for Capital Formation (ACCF),*
Washington, D.C. I am pleased to present this testimony on the potential economic and environmental
impacts of United States™ Intended Nationally Determined Contribution (INDC) to the United Nations
Framework Convention on Climate Change (UNFCCC) and to offer suggestions for cost effective
policies that both encourage U.S. economic growth and help slow increases in GHG emissions.

The American Council for Capital Formation represents a broad cross-section of the American business
community, including the manufacturing and financial sectors, Fortune 500 companies and smaller firms,
investors, and associations from all sectors of the economy. Our distinguished board of advisors includes
cabinet members of prior administrations, former members of Congress, prominent business leaders, and
public finance and environmental policy experts. The ACCF is celebrating over 30 years of leadership in
advoeating tax, regulatory, energy, environmental, and trade policies to increase U.S. economic growth
and environmental quality.

The Chairmen and Committee members are to be commended for asking how the U.S. INDC could
impact overall U.S. economic activity as well as global GHG emissions.

Background

The United States” Intended Nationally Determined Contribution (INDC) which was recently submitted
to the United Nations Framework Convention on Climate Change (UNFCCC) leaves many questions
unanswered.| First, how likely are developing economies like China, India, and Brazil, whose emissions
are growing rapidly, to implement strong measures to reduce fossil fuel use?

* The mission of the dmerican Council for Capital Formation is to promaote econovic growth through sound tax. regulatory. energy.
environmental. and trade policies. For more information about the Council or for copies of this testimony, please contact the ACCF, 1001
Commecticut Ave. NW., Suite 620, Washington, D.C. 20036: telephone; 202.293.5811; fax: 202.785.8165: e-mail: infoi@acclorg: website:
www.acgforg

whitehouse. gov/the-press-office/201 5/03/3 1 /fact-sheet-us-reports-its-202 S-emissions-target-unfeee and
¢r%20Note%20INDC%20and%20 Accompanying?s2 Glnformation%20¢ |
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Second, since the latest data from the U.S. Department of Energy predict that U.S. CO2 emissions in
2015 will be only 9.5 percent below 2005 levels it seems unlikely that the Administration’s previous
target of reducing CO2 emissions to 17 below 2005 Jevels by 2020 will be achieved. Thus, reaching the
new tighter INDC target of cutting U.S. emissions by 26-28 percent below 2005 levels by 2025 seems

very challenging.?

Third, how will the various regulatory measures described in the INDC to reduce U.S. CO2 emissions,
which are already in place or in the planning stage, be implemented and what will their impact be on the
economy? Among these are the existing fuel economy standards for light and heavy-duty vehicles and
energy conservation standards for buildings and appliances. Proposed regulations under the Clean Air Act
to regulate CO2 emissions from new and existing power plants, curb methane emissions from landfills
and the oil and gas sector, and reduce the use of high global warming potential HFCs through its
Significant New Alternatives Policy program are aiso key elements of the INDC.

Policymakers need to balance environmental goals with the need to promote strong economic growth.
They must consider the potential impact of regulations implementing the INDC since the U.S. economic
recovery remains weak. Real GDP growth has averaged only 1.1 percent since 2008 and the number of
discouraged workers who have dropped out of the work force is large. Wage growth has also fallen
behind that of previous recoveries. Another important economic indicator, U.S. investment, continues to
lag that of previous recoveries. As a forthcoming study prepared by MAPI and The Aspen Institute notes:

“Net private investment totaled $860 billion in 2006; by 2013 it totaled just $524 billion. The slowing
pace of investment has contributed to slower productivity, economic growth and, ultimately, to a slower
rate of improvement in living standards. Labor productivity increased at an average annual rate of 3.3
percent between 1947 and 1973. It declined after 1973 and then picked up in the 1990s, growing at an
average annual rate of 3.2 percent between 1996 and 2004. But then, between 2006 and 2014 it grew an

annual rate of 1.5 percent. Since 2011, it has increased by just 0.7 percent per year.” 2
Trends in Global Carbon Dioxide Emissions

Reducing GHG emissions usually means using less energy, increasing the energy efficiency of machines,
buildings and electricity generation, switching to less carbon intensive fuel and using more renewable
energy. These changes tend to make energy more expensive and have negative impacts on
competitiveness and job growth. For example, the European Union’s (EU) climate change policies, which
include an emission trading scheme, energy efficiency requirements and renewable portfolio standards,
have had a significant impact on electricity prices. German electricity prices are triple those of the U.S.
and electricity prices in Italy are also quite high compared to the U.S. it seems likely that the sjuggish
GDP and high unemployment rate in the EU is due in part to the impact of its climate change policies on
energy prices.

The International Energy Agency’s 2014 World Energy Outlook states that global energy demand will
grow by 37 percent by 2040. Given the example set by the slow-growing European Union, how likely are
developing countries like China and India to adopt strong measures to curb energy use and switch away
from fossil fuels to more expensive renewables? Developing countries will likely continue to add natural
gas and LNG to their energy portfolios along with nuclear power in an effort to reduce particulate

2 http://www eia gov/environment/
3 Thomas A Duesterberg and Donald A Norman, “Why is Capital Investment Consistently Weak in the 217 Century U.S. Economy?”, p. |,
forthcoming, MAP! and The Aspen Institute.
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emissions from coal and biomass but the strongest driver for these countries will be the need for energy
for economic growth, not CO2 reductions.

The most recent data from the U.S. Department of Energy suggest that under current policies, CO2
emissions in developing countries will continue to grow while remaining flat in developed countries (Ses
Figure 1). Similarly, the International Energy Agency’s latest World Energy Outlook shows that under its
Current Policies Scenario, which assumes only energy policies already in place, emissions continue to
grow strongly in developing countries. For example, China’s CO2 emissions increase to 12,938 million
tons in 2040; in contrast, the U.S. emissions are only 5,390 million tons in 2040 (see Table 1). The WEO
also projects a New Policies Scenario which assumes that policies currently under discussion are
implemented; even under that scenario China’s emissions remain higher than those projected for 2020
(see Table I and Figure 2). In describing it’s New Policies Scenario, the WEO states:

“As in previous Quilooks, we deliberately focus on the results of the New Policies Scenario to provide a
clear picture of where currently planned policies would take us. Nonetheless, this scenario should not be
interpreted as a forecast: even though it is likely that many governments around the world will take firm
policy action to tackle energy-related problems, the policies that are actually put in place in the coming
years may deviate markedly from those assumed in this scenario”.

In addition to the Current and New Policies Scenarios, the WEO provides an estimate of the global CO2
reductions needed to stabilize GHG concentrations in the atmosphere at 450 ppb (see Table 1 and Figure
2). Holding concentrations at this level is considered key to keeping global temperatures from rising more
than 2 degrees Celsius. To meet this target, world CO2 emissions would need to decline by 60 percent by
2040 and those of the U.S. and China by 64 and 71 percent, respectively. Given the need for increased
energy supplies to improve living standards for the 1.3 billion people who have no electricity and the 2.8
billion who cook using biofuels (dung, biomass and coal} in their stoves, achieving this reduction in CO2
seems unlikely.

If the U.S. attempts to meet the targets set forth in its INDC while others continue on a “business as
usual” path, we will experience Jeakage of jobs and carbon emissions and reduced competitiveness in
international markets.# To meet the possible challenges from global climate change, U.S. policymakers
should base regulations on careful cost/benefit calculations. They also need to support policies that
promote strong economic growth and develop adaptation strategies for coastal areas, industry and

agricuhure.5
Impact of Clean Air Act Regulation of Existing Power Plants

One of the most significant components of the U.S. INDC is EPA’s proposed regulation of carbon
emissions from existing power plants under the Clean Air Act. As a recent analysis by NERA explains,
the proposed Clean Power Plan (CPP) sets state-specific CO2 emission rate targets (in Ibs/MWh) based
upon EPA’s calculation of the emission rates that EPA believes could be achieved in each state by

implementing four types of changes, referred to as Building Blocks.® The Building Blocks include heat

4 See recent ACCF Special Report on the implications of the U.S/. China announcement on climate change at hitp:#/acef ore/wp-
content/uploads2013/03/ACCE_ChinaReport FINAL2 pdf

5 Gee previous ACCF testimony on Adaptation before the U.S. Senate Committee on Environment and Public Works at http//accf.ore/wp-

contentfuploads/2012/08/120801 -Senate-EPW-Testimony FINAL pdi’

6h@g@ter;czlsx)O\\er‘(\r%’wesfdefauh/ﬁ!es"NERA CPPo%20Report Final Qct%202014.pdf
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rate improvements at coal units (Building Block 1), increased utilization of existing natural gas combined
cycle (NGCC) units (Building Block 2), increases in renewables and nuclear energy (Building Block 3),
and increases in end-use energy efficiency (Building Block 4). EPA identified two options based upon
alternative stringencies and compliance timeframes. Option 1, which is EPA’s preferred option, is
projected by EPA to reduce U.S. CO2 power plant emissions by 30% in 2030 (relative to the 2005
emission level). Option 2 would have less stringent emission rate targets and is projected by EPA to
reduce U.S. CO2 power plant emissions by about 24% by 2025 (relative to the 2005 levet).

The costs of the two approaches to power plant emission reductions are expressed as present values in
2014 of extra spending on energy incurred over the 2017-2031 period (see Table2). The present value the
higher energy cost for the state unconstrained scenario is $366 billion, the costs under the state
constrained scenario is $479 billion.

Many experts conclude that the timetables in EPA’s Clean Power Plan will force the retirement of one-
third of America’s coal fired power plants by 2020. As Ameren’s Warner Baxter notes:

“The EPA proposal calls for states to cut emissions by 30% from 2005 levels by 2030, It also imposes
aggressive interim targets starting in 2020 that will test states’ ability to meet these standards without
disrupting service. For example, 39 states must achieve more than 50% of their final target by 2020.

Reliable power requires decades of careful planning. The appropriate amount and type of round-the-clock
generation capacity, transmission and distribution lines must be finely balanced in advance to ensure the
lights go on when a switch is flipped anywhere in the U.S. The EPA plan will significantly impair that

planning process.”’

Other utility experts echo Baxter’s concern and suggest ways to improve the CPP proposal. In its EPA
filing, the National Rural Elcctric Cooperative Association observes that:

“Given both the complexity of the electric generating sector and the vital importance of a reliable supply
of electricity for the Nation's security and the economic wellbeing and physical safety of its citizens, any
final emission guideline must allow the States to respond dynamically to the wide range of sometimes
unpredictable conditions that affect the Nation’s generating resources. If a nuclear plant must close for
safety reasons, if natural gas generation cannot be dispatehed at predicted levels, if necessary
infrastructure is unavailable or delayed, if renewable generation proves unable to be delivered because of
transmission limitations, if economic growth exceeds expectations, or if reliability and safety requires
additional dispatch of higher-emitting resources, States should not be forced to choose between
compliance and leaving their citizens and businesses without heat or power. Nowhere does the Clean Air

Act expeet or authorize such heavy-handed treatment of state authorities.”8
Many businesses, especially those in energy and capital intensive sectors, are concerned about the impact

of higher electricity prices on investment. job and GDP growth. For example, in its comments to EPA, the
Independent Petroleum Association of American states that:

7 http:/raww wsj com/anticles/the-dirtv-secret-of-obamas-carbon-plan-1428875418

$ NRECA filing on December 1, 2014 to EPA’s Air Docket.
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“... as an association representing thousands of American businesses that both consume and provide
American energy, IPAA is concemed that the imposition of the CPP will result in American businesses
being significantly disadvantaged compared to their foreign competitors. Energy costs are a major factor
in determining a business’s global competitiveness. Currently, the United States is realizing a competitive
advantage because of low-cost natural gas resulting from shale gas development in the United States. The
natural gas renaissance in the United States will result in America having the lowest long term natural
prices of any industrial nation. The United States, for example, could have natural gas at half the cost of
European natural gas and at one third of the cost in Asia. As a result, the United States has a built-in price
advantage, for energy costs, compared to any of its industrialized competitors. The CPP threatens to
jeopardize this American success story. The manner in which the CPP js implcmented, and whether EPA
acquiesces to fossil fuel opponents’ demands that EPA create a Sectjon 111(d) regime to target minor,
individual GHG-emitting sources, will determine whether America’s competitive advantage is maintained
in the future. The use of natural gas as a power generating fuel could be significantly impeded if the CPP
results in the imposition burdensome compliance requirements and mandated usage of Carbon Capture
and Storage or other unnecessarily costly and unproven technologies. Further extension of Section 111(d)
to target methane emissions from the oil and natural gas sector will accelerate the decline of America’s
competitive advantage associated with low-cost natural gas.

Of additional concern is the fact that the increased costs and decreased competitiveness accroing to
American consumers and business will result in few, if any, total global GHG reductions. For example,
the projected CO2 emission reduction from EPA’s proposed rule is, at most, 555 million metric tons

(mmt) in 2030, which represents only 1.3 percent of projected global CO2 emissions in that year.”?

Strengthening the U.S. Economy While Slowing the Growth of Global CO2 Emissions

As mentioned above, U.S. investment has been stuggish since the 2007-08 recession and GDP and job
growth have lagged previous recoveries. Several polices could help strengthen the U1.S. economy as well
as slowing global CO2 emission growth.

e Reform of the U.S. Federal Tax Code

As the House Ways and Means and the Senate Finance Committees discuss how to reform the U.S.
federal tax code, they need to consider options that would reduce the cost of capital for new
investment. Since over the last three decades, each 31 billion in investment in the U.S. is associated
with almost 20,000 new jobs, the loss of key tax code provisions that impact the cost of capital for
new investment could have profound implications for the U.S. economy. Given the slow recovery
from the 2007 recession, policymakers need to understand the likely consequences for new
investment of alternative tax reform plans.

As an ACCF/E&Y analysis makes clear, replacing the income tax with a consumption tax that allows
expensing (first year write off ) for all new investment and taxes business profits at a 30 percent rate

would reduce the cost of capital hy over 20 percent and stimulate new investment in the U.S.10 1n

9 tPAA’s December 1, 2014 filing with EPA “s Air and Radiation Docket and Information Center Office

10 gee furl report at hitp:/faceforg/wp-content/uploads/2014/04/ACCF-White-Paper_d101 pdf
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contrast, adopting a Bowles/Simpson approach to tax reform which lowers the income tax rate to 28
percent but repeals accelerated depreciation, the domestic production deduction {Section 199), LIFO
and other deductions used by corporations and pass-throughs would raise the cost of capital by 3
percent. Academic studies suggest that a 10% increase in the cost of capital would result in a 5% to
10% decrease in investment and vice-versa.

Thus, tax reform which reduces the cost of capital for new investment could have a significant impact
on GDP, job growth and also pull though cleaner new technologies which emit fewer GHGs.

¢ Encourage the Export of Liquefied Natural Gas

Numerous studies by academic and respected consulting firms have concluded that allowing the
export of LNG to countries, with which the U.S. does not have a free trade agreement such as China
and India or the European Union would increase U.S. investment, employment and GDP growth (see
sector suggest that exporting U.S. LNG will improve trends in global GHG emissions. The use of
natural gas for power generation in the U.S. has already slowed the growth of carbon emissions, by
displacing coal in the U.S. Exporting I.NG could provide the same benefit around the world.

A recent report by the Department of Energy’s National Energy Technology Laboratory concludes
that, when comparing equal emissions scenarios, exporting U.S. LNG for power generation overseas
would result in Jower global greenhouse gas emissions compared to scenarios where regionally
sourced coal is used for power generation. And more recent data for the natural gas liquefaction,

storage, and ship loading process shows even greater environmental benefits. 1}

*  Allow the U.S. Government to Support the Export of Clean Coal Technology to Developing
Countries

A new report by ACCF Executive Vice President George D. Banks highlights the challenges in
helping developing countries get access to cleaner electric generating capacity, especially if they want

to burn coal.]2 Banks notes that “The role of the federal government in the international financing of
coal plants has become controversial in recent years. Some policymakers as well as environmental
activists oppose the use of any public funds for any overseas coal plant, including highly-efficient
units, while some fiscal conservatives want an end to all government financing of exports and
projects. At the same time, the developing world is seeking financial assistance from the United
States and other major economies to provide basic electricity access. which is indispensable to
poverty eradication and improvements in environmental quality and health care. Current U.S.
policy—backed by a number of European countries—places unrealistic conditions on power

generation projects in developing countries.” 13 He coneludes that there is a need to impose cerlain
environmental conditions-——such as the need to install highly-efficient technology to mitigate
greenhouse gas emissions and traditional pollutants. These requirements should, however, take into
account the circumstances of the country in question, including amhient environmental conditions and
coal quality (i.e., not all coal projects should be ultra-supercritical). The determination should also
consider what current feedstock a coal plant would be displacing, including solid fuels and petroleum.

1 hitp:/facef ore/op-ed-Ing-exports-will-bring-environmental-and-other-henefits/

12 hiip-/racef org/wp-content/uploads/201 502/ ACCE-CPR-Special-Report_Coal-Financing-FINAL pdf

Bipidp 1
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Furthermore, carbon capture and storage (CCS) technology should not be imposed as a standard on
any part of the developing world, including India, which has roughly 300 million people without
access to electricity. 14

+ Encourage Adaptation to Climate Change

Climate models are still in the development stage and the various models yield significantly
different predictions about future temperature and precipitation. Accordingly, for companies
which rely on cost/benefit analysis to guide their investment decisions, a policy of “no regrets™
will continue to shape their approach to adaptation to climate change. In addition, adapting to
variations in the climate will be much easier for countries and businesses which have the
resources to invest in new technology, new products and innovations across all sectors. Strong
U.S. economic growth can be promoted through sound fiscal policies and a tax code that
promotes economic growth with robust capital cost recovery rules. Conflicting rcgulations,
regulatory uncertainty and permitting delays are often factors hindering U.S. companies from
making investments to improve or expand their facilities in order to adapt to extreme weather
events or climate variability. For example, in addition to permits to meet federal regulations there
are often additional state and local permit requirements which add time and cost to a project

getting underway. 15

Conclusions

Global CO2 emission forecasts suggest that developing countries will continue to be the major
source of growth over the next 25 years and that reducing U.S. CO2 emission growth will make
little difference to global GHG concentrations. Developing countries will necd to meet the
expectations of their citizens for higher living standards and that will dictate their choices about
energy demand and fuel sources. Accordingly, the prudent path for U.S. policymakers is to focus
on strengthening the U.S. economy through tax and regulatory reforms. The consistent use ol
cost/benefit analysis to review existing regulations and analyze proposed regulations would also
strengthen the economy. A stronger U.S. can adapt to a changing climate if necessary. In
addition, the U.S. should encourage LNG exports and the transfer of clean coal technology to
help other countries develop while emitting fewer GHGs.

M Ibid, p3
15 See hitp Ifacef ore/wp-contentuploads/2012/08/120801 -Senate-EPW-Testimony_FINAL.pdf for more on adaptation strategies
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Figure 1. Worid Carbon Dioxide Emissions by Region
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Figure 2. CO2 Emissions under Alternative Scenarios
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Table 1.

CO2 Emissions (M

) Under Alternative Scenarios

Current Policies

New Policies

450 Scenario

1990 2012 2020 2030 2040 2020 2030 2040 2020 2030 2040
World | 20938 |31,615 135523 40,848 | 45950 | 34,203 | 36,291 | 38,037 | 32479 |25424 |19.300
us 4,850 5,043 5,300 5.336 5,390 5075 14513 14119 14819 3001 1,902
China | 2,278 8,229 10,058 | 11,927 12938 ]9,459 10200 |10,018 {8962 |6290 |3,630
Source: International Energy Agency, World Energy Outlook 2014
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Table 2. Energy System Costs of State Unconstrained (BB1-4) and State Constrained (BB1-2) Scenarios

State State
Unconstrained ~ Constrained
(BB1-4) (BB1-2)

Present Value (Billion 2013%)
Cost of Electricity, Excluding EE -$209 $335
Cost of Energy Efficiency $560 $0
Cost of Non-Electricity Natural Gas $15 $144

Total Consumer Energy Costs $366 $479
Notes: Present value is from 2017 through 2031, taken in 2014 using a
5% real discount rate
Source: NERA calculations as explained in the text

Source: Potential Energy Impacts of the EPA Proposed Clean Power Plan, NERA, October 2014,
http://americaspower.org/sites/defanlt/files/NERA_CPP%20Report_Final Oct%202014.pdf

11
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Chairman SMITH. Thank you, Dr. Thorning.

I will recognize myself for five minutes for questions.

And, Dr. Curry, let me address my first one to you.

Earlier this year, NASA claimed that 2014 was the warmest year
on record, and then they put in a footnote a disclaimer that they
were actually only 38 percent sure that that was the case, less than
50/50. That’s amazing. But quite frankly, you seldom hear dis-
claimers from the so-called experts who always seem to be 100 per-
cent certain that they are right. Actually, as you know, the sci-
entific method itself actually says that we should continue to ques-
tion and challenge our hypotheses, not just assume we’re 100 per-
cent right. So in many instances I'm thinking these so-called sci-
entists really aren’t acting very scientifically.

But in any case, I have a couple quick questions for you. One is
that the President keeps talking about or keeps trying to connect
human-caused climate change to extreme weather examples such
as hurricanes and wildfires, and he keeps being contradicted by his
own Administration officials. Why he keeps doing it, I don’t know.
But who is right, the President or others who say there’s really no
demonstrable connection between these extreme weather events
like hurricanes and wildfires and human-caused climate change?

Dr. Curry. Well, the Intergovernmental Panel on Climate
Change, who I regard as a little bit on the alarmist side frankly,
even they acknowledge in their Special Report on Extreme
Events—Weather Events and Climate Change published in 2012
that there was essentially no connection observed in the historical
record between human-caused climate change and extreme weather
events. They found a few regional examples where there was a
trend like heat waves in Australia and things like that but really
no

Chairman SMITH. Yes.

Dr. Curry. They didn’t find anything. And why this continues to
be touted by the Administration is pure politics. I mean people re-
spond a lot more to extreme weather events than they do to like
a 2 degree temperature change or something.

Chairman SMITH. It’s regrettable that we have the political lead-
er of our country saying statements that we have reason to believe
he must know are not accurate, so I thank you for your comment
on that.

Another question is that the two percent increase in global tem-
perature is often seized upon as a tipping point, and if the tem-
perature increases by two percent, all kinds of dire consequences
will result. Is there anything magic about two percent. Where did
we get that figure? Is it arbitrary or is there some scientific validity
to 2 percent and not 2.5 or not 1.5 or something like that?

Dr. CURRY. Well, the 2 degree target was a carefully negotiated
number, okay, that doesn’t have much basis, you know, in science.
The one scientific concern that was put forward was that this
would be the amount of warming that would cause some of these
tipping points like a shutdown in the Atlantic circulation or col-
lapse of the major ice sheets. But again, the IPCC, in its recent as-
sessment report, found these to be extremely unlikely in the
timescale of the 21st century. So there’s really not much to that
number other than a politically negotiated——
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Chairman SMITH. Yes.

Dr. CURRY. —danger sign.

Chairman SMITH. And thank you for that. And by the way, just
as a side comment, the experts that make predictions as to what’s
going to happen 85 years from now or 100 years from now and are
absolutely certain that that’s going to occur, whatever those dire
consequences are, the only thing I will say about a 100-year pre-
diction is that it’s not going to be what is predicted. And it’s too
bad that again the scientists are actually not using the scientific
method on that.

Ms. Harbert, let me ask you, you did a great job of going through
those countries and what they are contributing or not contributing
to the UN Treaty, but going back to China for a second, we have
heard this from—we have heard the promises that we have re-
cently heard from China for years and years and years and they
never really come through on those promises. Is there any reason
for us to believe that China is suddenly going to do what it claims
it’s going to do and much of what it claims it’s going to do isn’t
going to occur for years from now? Why should we be suspicious
about some of these countries’ commitments?

Hon. HARBERT. Well, China’s priority is economic growth. And
we look at all of the forecasts and China’s economy is beginning to
slow down. If you look at the International Energy Agency’s World
Energy Outlook, they forecast a slowdown which would actually
show that China’s emissions will peak just around the 2030 time
frame, which is what they agreed to in this announcement. Now,
let’s be clear. This was an announcement. This was not an agree-
ment; this was not any type of binding commitment that the
United States and China agreed to in the visit to Beijing.

I think it’s highly unlikely that we will see anything happen be-
fore that. China is building coal-fired power capacity faster than we
are. They are building lots of things faster than we are. And we'’re
looking at an emissions trajectory that was going to peak at the
time frame they are agreeing to. So this is business as usual. They
had already agreed to the renewables targets. They had already
agreed to everything in that agreement they had already put down
on paper before.

Chairman SMITH. Okay. Thank you.

And with the indulgence of my colleagues, I'm going to try to
squeeze in one more question even though my time is up and that’s
to Dr. Thorning.

Dr. Thorning, you're aware of this, but President Obama, when
he was in law school, had as a professor a well-known constitu-
tional expert by the name of Laurence Tribe. Recently, Professor
Tribe testified, “The EPA is attempting to exercise lawmaking
power that belongs to Congress and judicial power that belongs to
the Federal courts.” He added that, “Burning the Constitution
should not become part of our national energy policy,” amazing
statement with which I happen to agree.

Well, both Ms. Harbert and you have mentioned the litigation
that is out there. What happens if the clean power rule is thrown
out, as many legal experts, including Professor Tribe, expect?

Dr. THORNING. Well, I think the question of how that uncertainty
about future directions will impact the business community is sig-
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nificant. Uncertainty retards investment, raises the cost of capital,
so we need certainty and clarity and transparency about what our
policies are going to be.

Chairman SMITH. Okay. Thank you all for your answers today.

And the gentlewoman from California, Ms. Lofgren, is recognized
for questions.

Ms. LOFGREN. Well, welcome to the Science Committee, the last
place on the planet where we question whether climate change is
being caused by human activity.

Mr. Schmidt, it seems to me that the reality of anthropogenic cli-
mate change is really impossible to deny by reliable scientists all
over the world. People are facing new challenges resulting from the
rapid increase in greenhouse gas emissions, heavier precipitation
events, consistently higher-than-average global temperatures,
warming ocean, rising sea levels, increased incidence of extreme
weather, severe droughts, changes in the spread of infectious dis-
ease, changes in ocean chemistry, and other ecological and public
health impacts. Now, the scientific consensus about the contribu-
tions of humans to climate change is overwhelming. However, Dr.
Curry and our Chairman appear to deny such consensus exists,
and Dr. Curry suggests, “If humans are not the dominant cause of
climate change, then attempts to modify the climate through reduc-
ing GHG emissions will have little impact on future climate
change.”

Do you believe, Mr. Schmidt, that human activities are the main
cause of climate change?

Mr. SCHMIDT. Yes, we do. We draw our conclusions from the vast
majority of the climate scientists through the Intergovernmental
Panel on Climate Change, as well as the U.S. National Climate As-
sessment, which surveys the landscape in terms of opinion and
views and research analysis of the vast majority of the climate
science community. And they have consistently found for the past
15 or more years that, yes, in fact humans are causing climate
change, that our contributions are significant, and that there are
severe damages coming forward. We are at .8 degrees centigrade
increase in temperature since preindustrial levels, and many of the
impacts that you have outlined are already being felt.

Ms. LOFGREN. I would ask unanimous consent that we place in
the record of this hearing the report entitled “Climate Change 2014
Synthesis Report Summary for Policymakers” from the IPCC. And
I would note that contrary to the testimony of one of the witnesses,
on page 7 of that report they find that changes in many extreme
weather and climate events have been linked to human influences,
including a decrease in cold temperature increases, an increase in
warm temperature extremes and an increase in extreme high sea
levels, and an increase in the number of heavy precipitation events
in a number of regions.

Chairman SMITH. Without objection.

[The information appears in Appendix II]

Ms. LOFGREN. I would also ask unanimous consent that the re-
port entitled “Climate Change: Evidence and Causes, An Overview
from the Royal Society and the U.S. National Academy of Sciences”
be placed in the hearing record and would note that on page 15 of
that report they find that lower atmosphere is becoming warmer
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and moister as a result of human-emitted greenhouse gases. This
gives the potential for more energy for storms and certain severe
weather events, consistent with theoretical expectations, heavy
rainfall and snowfall events, which increase the risk of flooding.
And heat waves are generally becoming more frequent trends and
extreme rainfall vary from region to region. The most pronounced
changes are evident in North America and parts of Europe, espe-
cially in winter.

Chairman SMITH. That will be made a part of the record but I
don’t know if that’s necessary since you read it all.

[The information appears in Appendix II]

Ms. LOFGREN. I—no, the rest of the report, I would need more
than my five minutes.

Let me just ask you, Mr. Schmidt, as you're aware, critics of the
EPA rule have a sky-is-falling attitude towards actions that would
protect the health of Americans and do something about emissions,
which I think kind of ignores the fact that the U.S. economy has
tripled in size since the adoption of the Clean Air Act in 1975. Con-
cerns are raised that the Clean Power Plan is going to cause resi-
dential electricity rates to increase dramatically. Those most in
need are going to suffer the most. Is that the case, and how will
the efforts to reduce carbon emissions such as the Clean Power
Plan affect low-income Americans?

Mr. ScHMIDT. Well, I think you are right to point out that often-
times there is a sky-is-falling analysis that’s presented, and we
have seen this time and again in terms of environmental protection
when the United States first took steps to deal with acid rain. The
cost of—the cost estimates for many of the modelers predicted very
significant impacts across the economy, and I think we have found
that the economy has grown significantly and we, lo and behold,
have very much lower acid rain as a result of that. And we have
seen that—excuse me—across the board in terms of many environ-
mental challenges.

When we have analyzed what EPA has proposed and what’s pos-
sible in the power sector, we have found that you can actually
make cuts on the order of 36 percent below 2005 levels by 2020 and
44 percent by 2030 in the power sector with net benefits estimated
to be up to 70 billion and 108 billion respectively. So these are sig-
nificant benefits that can be achieved very cost-effectively through
things like energy efficiency, you know, assuming real cost of en-
ergy efficiency, real cost of renewables like wind and solar, and rea-
sonable transitions in terms of natural gas and so forth.

And so with these kinds of efforts we can see significant benefits
to the public and to low-income families as well and still deal with
this challenge of climate change.

Ms. LOFGREN. Thank you, Mr. Schmidt.

And, Mr. Chair, my time is expired. I yield back.

Chairman SMITH. Thank you, Ms. Lofgren.

And the gentleman from Alabama, Mr. Palmer, is recognized for
his questions.

Mr. PALMER. Thank you, Mr. Chairman.

Dr. Curry, you mentioned uncertainty and the importance of un-
derstanding the actual climate variability. Before inferring sensi-
tivity to greenhouse gases and how there has been a hiatus in glob-
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al warming since '98, could you explain how the Administration
claims that 2014 is the warmest year on record?

Dr. CUrRRY. Okay. There have been a number of—there’s about
a half a dozen different groups doing these analyses and all but one
of them found that 2014 was right at the top. But if you look at
the uncertainty in these measurements, even knowing that, most
of them found that 2014 was in a statistical tie with two other
years, 2005 and 2010, and the U.K. group, with a far more realistic
assessment of the uncertainty, found that 2014 was tied with nine
other years statistically. You really couldn’t distinguish them sta-
tistically. That, however, is not the way all this was communicated
to the public. It was touted as warmest year.

Mr. PALMER. Can you discuss to what degree our understanding
of these issues are uncertain? You know, what are the current key
gaps in our understanding? Talk about the models if you don’t
mind.

Dr. CURRY. Okay. In terms of the climate models, the key
issues—I mean if you compare the climate models with the ob-
served temperature over the past decade, you see that the climate
models are running way too hot. Since 1998 surface—global surface
temperature has increased a tiny bit and it’s not statistically sig-
nificant given the uncertainties, whereas climate models were pre-
dicting 2/10 of a degree per decade in the early years of the 20th
century. So you're seeing this growing divergence between the cli-
mate models and the observations.

The key uncertainties are how the models treat aerosols in the
atmosphere like little tiny particles. That’s a major uncertainty.
They don’t get the ocean circulations in—particularly in terms of
the timing, the magnitude, and the pattern of these major oscilla-
tions. They don’t include a lot of the indirect effects from solar vari-
ations and they don’t correctly simulate the effects of clouds, which
have a very big impact on the climate. So there’s a large number
of uncertainties in these climate models and things that we know
we don’t have right.

Mr. PALMER. When you mention clouds, you're referring to water
vapor as well, right?

Dr. CURRY. Well, yes, water vapor.

Dr. CURRY. The biggest uncertainty and the biggest impact is
from the actual condensed clouds themselves.

Mr. PALMER. Is it also true that what we found in measurements
in terms of deep atmosphere is in conflict with what the models
should have shown?

Dr. CURRY. Yes. The temperature—the atmospheric tempera-
tures from satellite also diverge even more from the climate mod-
els.

Mr. PALMER. Is it also true that the modeling does not reflect
what has actually occurred over the last 30 or so years? There’s a
discrepancy—a wide variance in what the models would have
shown that the temperature would be versus what it actually was?

Dr. CURRY. Yes, that’s correct.

Mr. PALMER. Then in your experience do you think this sort of
rhetoric coming from the White House is unprecedented to the sci-
entific community?



75

Dr. Curry. Well, there have been some rather extreme state-
ments coming from the White House that don’t seem to be justified
by even the—you know, the basic evidence and the assessment re-
ports from the IPCC and so on.

Mr. PALMER. Given the status of some of the scientists who
raised these issues about the fallibility of the models

Dr. CURRY. Um-hum.

Mr. PALMER. —and the uncertainty of the science, does that re-
flect well on how these issues should be debated?

Dr. CURRY. We have gotten caught in this really toxic mess
where these politics have become scientized and the science has be-
come politicized, and I'm not exactly sure how to break out of this.
But again, it’s the job of the scientists to continually evaluate evi-
dence and reassess conclusions.

Mr. PALMER. If I may, I'd like to ask one question of Dr.
Thorning.

Dr. Thorning, the Administration continues to assert that the
United States can substitute renewable energy for fossil eco-energy
without negative consequences. As a matter of fact, they think that
we should be at 80 percent renewables within the next two or three
decades. Can you explain why we can’t just rely on renewables?

Dr. THORNING. Well, renewable energy—pardon me; I have aller-
gies, too. Renewable energy tends to be a lot more expensive than
conventional energy from fossil fuel or nuclear. EIA’s most recent
assessment of the capital cost for renewable energy shows that new
natural gas is about $60 a kilowatt hour versus for offshore wind
about $240 a kilowatt hour. Solar is also more expensive, and be-
cause the wind doesn’t blow all the time and the sun doesn’t shine
all the time, you have to back those up with conventionals. So re-
newable energy——

Mr. PALMER. May I interject something right there just for a mo-
ment? If you have to back them up with natural gas or other fossil
fuels, does that not indicate that renewables are not reliable?

Dr. THORNING. Well, that’s one of the drawbacks because we
don’t have the capacity to store solar right now and the wind
doesn’t blow all the time. So—and we did an analysis of States
with renewable portfolio standards compared to those that don’t
and the States with the renewable portfolio standards had energy
costs on average about 20—electricity costs about 20 percent higher
than the States without portfolio standards. So if you’re thinking
of how to grow the U.S. economy, forcing renewable energy is prob-
ably going to retard growth, not help it. And—you know, because
it has to be backed up, you’re not really having much of an impact
on U.S. emissions.

Mr. PALMER. Thank you, Mr. Chairman.

Chairman SMITH. Thank you, Mr. Palmer.

The gentleman from Virginia, Mr. Beyer, is recognized.

I'm sorry. We will go back to the gentlewoman from Oregon, Ms.
Bonamici is recognized. I didn’t realize you had returned.

Ms. BoNaMicl. Thank you, Mr. Chairman. And I appreciate that
and I hope that my having to be in two places at once does not in-
dicate my lack of interest in this important topic. We are also
working on child nutrition in another committee.




76

Thank you so much to the witnesses for being here today. Cli-
mate change is an important issue to my constituents in northwest
Oregon, and whether I’'m talking about people who live on the coast
who rely on a healthy ocean or growers of our famous pinot grapes
in Yamhill County or entrepreneurs who are developing new clean
energy technologies, there are many people who are working to ad-
dress and mitigate the impacts of climate change in my State of
Oregon.

Now, there have been several statements here about how reduc-
ing carbon emission has costs, but we should also consider the costs
of inaction. We have shellfish growers on our coast and many of
them have spoken with me about the significant losses because of
ocean acidification. Oyster production is an $84 million industry on
the West Coast and supports more than 3,000 jobs in my State.
Ocean acidification is threatening this industry, as well as those in
the Gulf of Mexico, New England, mid-Atlantic. And this just
doesn’t matter to coastal representatives; it’s important to res-
taurants and grocery stores and people who eat shellfish across the
country.

Now, later today, I'm going to have an opportunity to visit with
some of the Oregonians who grow wine grapes in my district, and
I want to mention that the wine economy in Oregon is valued at
more than $3 billion and supports more than 17,000 jobs. Wine
grapes are especially vulnerable to temperature extremes. Excess
heat can raise the sugar level of grapes, for example, which, along
with drought, threatens this important industry.

So, Mr. Schmidt, you discussed in your testimony some of the in-
creased costs associated with climate change. Do you agree that if
we continue to do little or nothing, these costs will continue to rise?
And can you talk just a little bit about the terms of lost jobs, for
example, and areas like agriculture if we refuse to act? And I do
want to have time for another question as well.

Mr. ScHMIDT. Well, thank you. I will keep it brief then.

I think it’s true. When you think about the impacts that come
from climate change, they are at this—sort of fundamental compo-
nents of the American economy. How often does it rain, when does
it rain, how much temperature variability at certain points? And
you’re seeing some real-world examples of that in California where
they are suffering from very severe droughts that are having a
huge ripple effect across the entire economy, in agriculture, and
happy to share with you some of our analysis of ocean acidification,
which shows devastating impacts potentially across the entire fish-
ing economy of the United States, which is significant, as you
know.

Ms. BoNaMicI. Thank you. And, yes, we also have outdoor recre-
ation activities that have been seriously hampered here because no
snowpack.

So in taking a leadership role to address climate change, the
United States has an opportunity to further spur innovation and
development of sustainable technologies. And, Dr. Thornburg,
thank you for mentioning the States that have renewable energy
portfolios. I was actually in the Oregon Legislature when we
passed the legislation, and I'm proud to have supported that, to re-
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quire that the State’s largest utilities derive 25 percent of their
2025 sales from renewable sources.

We have a significant amount of hydropower as well in Oregon,
and one way that our State is working to meet this benchmark is
to be a leader in areas like wind energy. We are involved in gen-
eration, manufacturing, and the industry employs more than 1,000
Oregonians. We have also made a strategic decision to become an
international leader in the development of wave energy technology,
and we have partnered with the government on some research in
that area.

So, Mr. Schmidt, you have established that we are already pay-
ing significant costs driven by climate change. Can you talk about
how the U.N. Framework Convention will positively impact our do-
mestic clean energy sector and innovation and economy nation-
wide?

Mr. ScHMIDT. Well, it will have very significant positive impacts
we believe. What you're seeing in places like China and India is a
massive expansion of wind and solar demands. India has a target
to get to 100 gigawatts of solar by 2022. And I was just there in
February and I can tell you that there’s a huge amount of attention
and focus on delivering that. They have lots of sun. They have 300
days of sun, you know, some of the best sun in the world. They also
have significant wind potential.

China does as well. Despite this perception that China is not
going to do anything for 16 years under this new commitment,
that’s just not true. They are building a massive amount of wind
and solar.

And so what you see happening is that the more that these clean
energy markets are growing internationally, that American compa-
nies are tapping into this. And this is a key component when we
talk to entrepreneurs. They see this huge sort of market potential
both within the United States and externally. So the products that
they build to meet standards and regulations in the United States
now become the kinds of technologies that they can export around
the world and tap into those opportunities.

Ms. BoNnamicl. Well, thank you very much. I see my time is ex-
pired and I yield back. Thank you, Mr. Chairman.

Chairman SMITH. Thank you, Ms. Bonamici.

And the gentleman from Texas, Mr. Neugebauer, is recognized
for his questions.

Mr. NEUGEBAUER. Thank you, Mr. Chairman.

A lot of different areas here and I kind of want to explore two
or three of them.

One of the issues is let’s say we move forward with some kind
of an agreement with these other countries. What kind of a
verification process will be put in place? Are they going to allow us
to fly drones over their countries and do satellite imaging? I mean
how do we know that they are playing by the rules? Because one
of the things that I have seen in other areas of our government is
we play by the rules but some of the people that we make agree-
ments with don’t necessarily play by the rules. And so how do we
make sure everybody is playing by the rules? Ms. Curry—Dr.
Curry?
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Dr. Curry. I will defer to the other witnesses on that. That’s
something that I don’t have much expertise on.

Mr. NEUGEBAUER. Yes.

Hon. HARBERT. The answer is we won’t know. It’s a voluntary,
you know, monitoring and self-reporting, as we have seen under—
that’s why we had the Foreign Corrupt Practices Act. We play by
the rules; many other countries don’t, and that’s something we
need to be concerned about. Even though they have vague commit-
ments, they will have even a vaguer ability to ensure that they are
meeting their commitments.

Mr. NEUGEBAUER. Yes. One—and also I guess the other question
along with that, so it’s voluntary, but what is the regulatory infra-
structure in those countries and what kind of regulations do they
have? The President is proposing pretty rigorous regulatory pro-
posals and this Administration has put out a lot of very extraneous
proposals. But how do they compare with the United States, these
other countries?

Hon. HARBERT. The answer is that there are—very few commit-
ments have been made. The deadline was March the 31st to make
the commitments to the United Nations and less than a dozen
countries have made the commitment, so we don’t know what the
commitments will be going forward.

Mr. NEUGEBAUER. Do they have EPAs—I mean are they orga-
nized? Is there enforcement mechanisms that are as organized as
the United States?

Hon. HARBERT. I think it’s fair to say the United States has the
most rigorous environmental—most stringent regulations on the
books of the developed world.

Mr. ScHMIDT. Do you mind if I add some perspective to that?
From our work in China we have a major effort in China working
on environmental challenges because it has many, as you know—
what we have found consistently—and I think that they are at a
critical tipping point. Any time you travel to anywhere in China
now you see that the air pollution is terrible. That’s a major chal-
lenge for the government and they get that because social insta-
bility is the thing that scares them the most. And so the number
one issue around social unrest today is air pollution in the country,
and so that’s why we have seen them begin to control the amount
of air pollution and coal consumption in some of the key provinces.
And just last year was the first time in over—almost two decades
that China’s emissions actually declined by about two percent.
Their coal consumption declined as a result of many of these meas-
ures.

Mr. NEUGEBAUER. I think you have made one of my points there
is that everywhere you go in China it’s foggy and it is a problem.

I think the other issue is—and, Dr. Curry, you’re talking about
modeling and how the actual temperatures and projected tempera-
tures and various models that have been put together. I remember
I had an opportunity to travel to the South Pole a number of years
ago and there were some climate people there and they were show-
ing me these projections of temperatures back 5,000 years moving
forward, and they were models because obviously they probably
didn’t have thermometers 5,000 years ago. If we do, we haven’t
been able to find any of the recordings. So when those models
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aren’t correct and we make a huge amount of policy based on what
we think the models are and the potential outcomes and we miss
those models, what are the consequences of that?

Dr. CURRY. Well, this is why I argued that for a very wicked,
complex problem, some sort of, you know, explicit targets and com-
mand and control really isn’t a very good policy choice. And this is
why I suggest that we need a broader range of policy options on
the table that leave us less vulnerability—less vulnerable to really
getting it wrong.

Mr. NEUGEBAUER. Aren’t we kind of betting the ranch on an out-
come we're not even sure about and a problem we have not quite
defined?

Dr. CURRY. Yes. There are two possibilities. One, that we could
spend all this money and really nothing happens with the climate
and we have sunk—you know, it’s an opportunity lost. On the
flipside, if the climate really is going to turn out worse than we
think, what will be left is inadequate solutions, damaged econo-
mies, and technologies that aren’t up to scratch. So, you know, we
risk of both of these things by, you know, focusing on these tech-
nologies that are really inadequate to the problem. We need to in-
vest in better energy technologies that are really up to the chal-
lenge. Wind and solar aren’t going to do it.

Mr. NEUGEBAUER. I see my time is expired, Mr. Chairman.

Chairman SMITH. Thank you, Mr. Neugebauer.

The gentleman from Virginia, Mr. Beyer, is recognized for his
questions.

Mr. BEYER. Thank you, Mr. Chairman, very much.

I found myself deeply troubled by Dr. Curry’s written and oral
testimony, and I respect your career and your academic back-
ground and am grateful that you're here, but I found the testimony
just full of internally conflicting facts and opinions and in almost
total conflict with everything I have read in the last 15 years in
every journal I could get my hands on. So let me offer three exam-
ples and ask Dr. Curry for a response.

First, you are highly critical of the precautionary principle. By
the way, there’s a third option there, which is we do nothing and
the worst happens and we’re embarrassed for the generations to
come because we didn’t react.

But you are highly critical of the precautionary principle. You
said, “Extensive costs and questions of feasibility are inadequate
for making a dent in slowing down the expected warming.” Then
the very next sentence you state, “The real societal consequences
of climate change in extreme weather events remain largely
unaddressed.”

A second, you—I'm quoting from your written testimony, “Is it
possible that something really dangerous and unforeseen could
happen to Earth’s climate during the 21st century? Yes, it’s pos-
sible, but natural climate variability, let me emphasize, perhaps in
conjunction with human-caused climate change, may be a more
likely source of possible undesirable change that human causes. In
any event, attempting to avoid such a dangerous and unforeseen
climate by reducing fossil fuel emissions will be futile if natural cli-
mate is a dominant factor.”
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And then the very next page, “Climate change may exacerbate
environmental problems that may be caused by overpopulation,
poorly planned land use, over-exploitation of natural resources.
However, it’s very difficult to separate out the impacts of human-
caused climate change from natural climate change and from other
societal impacts. So does it really make any difference? We can’t
change sunspots or ocean circulation or even cloud cover, but we
can impact the human-caused part of this wicked problem.”

And finally, at the end of your written testimony you say, “There
is reason to be concerned about climate change,” which sort of
undoes the first 8 pages.

Dr. CURRY. Okay.

Mr. BEYER. “Uncertainty is a two-edged sword. Future climate
outcomes might be better or worse than currently believed.” And
then you propose a different set of solutions based on climate prag-
matism, accelerated energy innovation, building resilience to ex-
treme weather, and no-regrets pollution reduction. So it’s almost
like climate change is real but let’s not talk about fossil fuel burn-
i?lg and the impact on greenhouse gases on what that does to all
this.

Dr. CurrY. Okay. The confusion is this: Scientifically, the term
climate change means a changing climate and it has changed for,
you know, the past 4 billion years or so. Okay. This whole issue
of human-caused climate change is a relatively recent notion. So
climate is always changing and it’s going to change in the future.
The issue is how much of the change is caused by humans. We
don’t know. We don’t know what the 21st century holds. The cli-
mate change may be really unpleasant and that may happen inde-
pendently of anything that humans do.

My point is is that we don’t know how much humans are influ-
encing climate and whether it’s going to dominate in the 21st cen-
tury. Given that we don’t know this, we're still going to see ex-
treme weather events whether or not humans are influencing the
climate. This is what I'm talking about, that we really don’t know
how the 21st century is going to—climate is going to play out, and
we should figure out how to reduce our vulnerability to whatever
might happen, and that includes extreme weather events are going
to happen regardless of whether humans are influencing climate
change. So maybe that clarifies my testimony.

Mr. BEYER. A little but not much. I mean all science is contin-
gent. We continue to learn. We continue

Dr. CURRY. Yes.

Mr. BEYER. You must be humble at all times with what we know.

Dr. CURRY. Yes.

Mr. BEYER. But it seems to me very much sticking our head in
the sand to look at all of the evidence of what has happened with
global warming in the last 30 years. By the way, the debate over
whether it’s 2004 or 2009 or 2014

Dr. CURRY. Okay.

Mr. BEYER. —is the warmest year seems silly——

Dr. CURRY. Okay.

Mr. BEYER. —when 10 of the last——

Dr. CURRY. Okay. The climate has been warming since the
1700s, okay, since we came out of the Little Ice Age. We don’t know
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what is causing that warming in the 18th century, in the 19th cen-
tury. It’s not attributed to humans so there are other things going
on in the climate system that has been contributing to a warming
over several centuries. We can’t blame all of this on humans, okay,
and we don’t know how all of this is going to play out in the 21st
century. We just don’t know.

Mr. BEYER. We just had a vice president who was willing to
argue for enhanced interrogation and torture on the one percent
chance of that Al Qaeda might someday get a nuclear weapon. Are
we going to do nothing because there’s a greater than one percent
chance that climate change

Dr. CURRY. There’s nothing in my testimony that said we do
nothing. I'm saying that what is being proposed is ineffective. It’s
not going to do anything. Even if the United States is successful
at meeting 80 percent reductions by 2050, this is going to reduce
warming by about 1/10 of a degree centigrade. It’s not going to do
anything. So should—I'm saying we need to acknowledge that and
rethink how we are going to deal with the risk from future climate
change, whether it is caused by human or natural processes. That’s
what I'm saying.

Mr. BEYER. Okay. Thank you, Dr. Curry, very much.

Mr. Chairman, my time is up. Thank you.

Chairman SMITH. Thank you. Mr. Beyer, those were good ques-
tions.

By the way, you mentioned head in the sand. The best example
I know of head in the sand is the Los Angeles Times announcing
a policy that they will no longer cover climate change skeptics, nor
will they publish letters to the editor on the subject.

I not going to ask you whether you agree or disagree because I
have a hunch you might agree that we need to be open-minded and
continue to challenge our hypotheses. But——

Mr. BEYER. I will always agree, Mr. Chair.

Chairman SMITH. Thank you, Mr. Beyer.

The gentleman from Oklahoma, Mr. Bridenstine, is recognized
for his questions.

Mr. BRIDENSTINE. Thank you, Mr. Chairman.

Dr. Curry, you're the professor and former chair of the School of
Earth and Atmospheric Sciences at the Georgia Institute of Tech-
nology, Georgia Tech. You have a Ph.D. in atmospheric science
from the University of Chicago. Prior to joining the faculty at Geor-
gia Tech, you had faculty positions at the University of Colorado,
Penn State University, and Purdue University.

There are a lot of us probably especially on this side of the aisle
who are confused because during this conversation we have heard
that climate change has caused snowpack in some States, it has
caused drought in other States, it has caused extreme weather, you
know, experiences in other States. I come from Oklahoma. We
know what extreme weather is. This is very confusing to us, that
climate change is causing these vast changes, you know, I guess
weather events. And really when you're talking about States that
are next door to each other in one State it’s causing snowpack, in
the next-door State it’s causing drought, can you share with us
what your professional judgment is on that analysis?
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Dr. CURRY. Well, climate—extreme weather events and weather
patterns is really, you know, just dominated by random chaotic
variations in the atmosphere and ocean circulations. There are
some regimes that get established that allow you some predict-
ability. In the large ocean circulations like the Pacific decadal oscil-
lation and the Atlantic multi-decadal oscillation have a big decadal
controls on the weather patterns, and a lot of the extreme weather
that we’re seeing now has analogues back in the 1950s when the
patterns were sort of similar. So trying to blame this on human is
really rather pointless. It happens to be weather variability.

The strange weather that we have seen in the United States this
past winter with warmth and dry in the West and a lot of snow
and cold in the East has been associated with a blocking pattern
triggered by a warm blob in the Pacific that has been there, you
know, for almost a year now. And scientists don’t know how to ex-
plain the appearance of that warm blob but it’s something related
to natural variability, not human causes. So

Mr. BRIDENSTINE. Thank you for your analysis. I think you have
pretty much answered it.

I'd like to direct my questions to Ms. Harbert. By the way, wel-
come from a fellow Rice Owl. It’s good to see you here.

In your opinion, how much—or if you know—you probably have
the facts—how much coal-fired power generation in the United
States—will the United States lose under the EPA’s latest most re-
cent round of power plant regulations? I have heard it is about 100
gigawatts. Is that your assessment as well?

Hon. HARBERT. Well, we already know that between 2012 and
2016, so we are almost at the end of that period, that close to 60
gigawatts of closures have already been announced and are under-
way. Beyond that, we expect and we see announcements every day
of an additional 40 to 50 gigawatts. So your number is accurate.
That’s taking a tremendous amount of power off of the system with
little plan to replace it with anything sustainable.

Mr. BRIDENSTINE. So one of the things I'm hearing is that that’s
about one third of total coal-fired capacity in our country. Is your
analysis similar? Is that about right?

Hon. HARBERT. That’s accurate.

Mr. BRIDENSTINE. Okay. For my State of Oklahoma we derive
most of our electricity from coal, and those coal-fired power plants
are being shuttered. Can you explain for my constituents at home
what this means to their electricity prices?

Hon. HARBERT. Absolutely. In the State of Oklahoma the esti-
mate is that the prices of electricity under this proposal would go
up between 18 and 21 percent, 21 percent at the peak. Now, it’s
very important to understand that 21 percent is on top of what is
already forecast by EIA of an 18 percent increase. So you're looking
at a huge increase in Oklahoma, and particularly when you're look-
ing at 55 percent of the households in Oklahoma contribute more
than 20 percent of their income, they are low-income households,
this is going to hit 55 percent of those the hardest.

Mr. BRIDENSTINE. So it hurts the poor the most?

Hon. HARBERT. It hurts the poor and the elderly the worst.

Mr. BRIDENSTINE. So anything about current and proposed regu-
lations, the Clean Power Plan, CAFE standards, among others,
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these lead to necessary reductions to achieve the United States—
will these achieve the United States’ intended nationally deter-
mined contribution?

Hon. HARBERT. Today, we're enjoying low electricity prices and
low natural gas prices. These proposals will eliminate that com-
parative advantage and still not meet the goals that are laid out
in the INDC.

Mr. BRIDENSTINE. If we're to reach our commitments of 26 to 28
percent reduction, will that mean also shuttering natural gas-fired
power plants?

Hon. HARBERT. With the multitude of regulations, including
ozone, you're not going to be able to build at new capacity, so that
won’t even shutter ones. It will not allow you to build new ones.
So we are looking at a very big different economy by 2025. And I
think you should note that 40 percent of the commitment the Ad-
ministration made in their INDC, they have not accounted for how
they are going to reach it, so more to come.

Mr. BRIDENSTINE. My constituents have been very concerned
about coal. This shocks me that they also need to be worried about
natural gas-fired power plants.

With that, Mr. Chairman, I'm out of time and I will yield back.

Chairman SMITH. Thank you, Mr. Bridenstine.

The gentleman from Arkansas, Mr. Westerman, is recognized for
his questions.

Mr. WESTERMAN. Thank you, Mr. Chairman.

Thank you, Mr. Chairman.

Ms. Harbert, you mentioned in your testimony the Turk plant,
which happens to be in my district, and I have had the opportunity
to visit the Turk plant. I'm also an engineer and have designed
many industrial facilities, and it is a very impressive plant. And I
will say this about all of manufacturing in the United States, the
facilities I have been involved with, they go to great extents to
meet all permitting requirements. They are very conscientious
about being good stewards of the environment. But when we see
a plant like the Turk plant that is a super hypercritical coal facil-
ity, best technology in the world, if that plant can’t meet emissions,
that’s simply saying that we are going to abandon coal as a fuel
source if we can’t use technology like at the Turk plant.

And when we look across the renewable energy spectrum, which
I have done projects in renewable energy as well, they are not
nearly as economically competitive as traditional fuels, and we also
see that they have got technical problems with peak demand and
baseline loads.

So I think my question is more questioning the overall premise
of our energy policy and our effort to use more renewables.
Wouldn’t it make more sense, while traditional energy prices are
low, to divert more research into renewables to make those tech-
nologies more efficient so that as we make our traditional fuels
more scarce in the future, our renewables become more economic
and will provide a much better energy source for the future? So I
know you have worked with the 21st Century—you know, Institute
for 21st Century Energy. I'd like to get your input and maybe even
Dr. Curry’s input on how we need to maybe rethink the premise
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of our whole energy policy and the way we address using renew-
ables in the future.

Hon. HARBERT. I think two quick points. It’s ironic that under
the Administration’s proposal that we would be forced to close the
Turk plant because it cannot meet the expectations of the proposal,
and yet to highlight the disparity in obligations, China will con-
tinue to be able to build those plants, 54 new plants just like that
one and yet we can’t build one here.

You know, the idea should be—you know, the idea under this Ad-
ministration’s proposal is to make today’s affordable energy more
expensive. And what we should be focusing on is making a broad
variety of energy more affordable, including alternatives like wind
and solar, make it more competitive and let the market work.
That’s what is good for the American economy, that’s what is good
for the consumer, that’s what is good for your constituents.

But this is going to raise electricity prices in Arkansas. And par-
ticularly, you know, if you look at Arkansas, you have got 61 per-
cent of the households in Arkansas which are considered low-in-
come households which spend 20 percent of their income on energy,
they are going to be hit the worst. We should be offering them
more options, not fewer, more expensive options.

Mr. WESTERMAN. Dr. Curry, would you like to add to that?

Dr. CUrry. I will just make a comment about wind energy and
solar energy, the great intermittence and the challenges of inte-
grating wind and solar power into the grid. My company provides
weather forecasts, and one of the things we do is predict wind
power, and it’s enormously variable. Ramps are very unpredictable
and you basically have to have a backup power supply ready. And
so you have to make—you know, the day before you have to make
a commitment as to whether you’re going to fire up the coal burner,
the gas burner, whatever backup power source, and you just don’t
know. There’s a great deal of uncertainty. And so it’s very difficult
to integrate into the grid and it’s not clear because of the backup
power sources and the extra power required to ramp up these
burners, you know, whether you’re actually saving any CO, emis-
sions in this process. So we really need substantially better tech-
nologies that this is going to meaningfully reduce the CO, emis-
sions.

Mr. WESTERMAN. Yes. When we talk about CO, emissions, even,
you know, some of the policies that come out of here seem to be
counterproductive to reducing CO2 emissions, even with our forests
that we fail to manage properly that emits, you know, 70, 80, 90
million tons per year of carbon into the atmosphere because we
haven’t managed those forests correctly. So I think we just need to
focus on the science and how to make all of our energy sources
more economical for the future. And with that, Mr. Chairman, I
think I'm out of time.

Chairman SMITH. Thank you, Mr. Westerman.

And the gentleman from Florida, Mr. Posey.

Mr. PosEY. Thank you, Mr. Chairman.

Ms. Harbert, in your testimony you said that the numbers that
the United States pledged to the United Nations do not add up. I
wonder if you would expound on that a little bit for me.
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Hon. HARBERT. Certainly. If you take all of the stated regulations
that they have put into their INDC and add up the EPA’s esti-
mated carbon reductions, they still come up 40 percent short. So
it is evident that there is more action that’s going to be needed to
meet that 26 to 28 percent cut. On top of that, in that submission
to the United Nations, they say that we are going to meet an addi-
tional target of an 80 percent reduction by 2050 with absolutely no
plan, no proposal, no narrative, no evidence of how we’re going to
get there. So the math does not add up.

Mr. Posey. Okay. I remember when Australia passed the Aus-
tralian version of cap-and-trade, national energy tax, whatever,
and I met with two members of Parliament yesterday, one of them
I guess was the essential representative of our Senate and the
other one represented essentially our House, and they told me that
Australia rescinded their national energy tax cap-and-trade plan,
said it was the biggest mistake, both of them, and they were a lib-
eral party, by the way. Both of them said it was in their opinion
the biggest mistake their government ever made.

Hon. HARBERT. And largely—and hugely unpopular with the
Australian people, which is why the subsequent government, in lis-
tening during their election campaign, then rescinded that pledge.
And by the way, Australia has yet to make a pledge to the United
Nations for this round.

Mr. Posey. Okay. Well, I was going to ask why you thought that
they rescinded it because we didn’t get that far in the conversation,
and now you have told me. I guess the cost of it was unbearable
on the citizens and they were losing business left and right is what
they told me. They didn’t tell me about the grassroots uprising.

Hon. HARBERT. And they have a very dependent economy on coal
and coal production and that was certainly under threat. They are
a mining, you know, economy.

But we also just don’t have to look to Australia. I think some-
body mentioned in testimony earlier we just need to look across the
pond to Europe about what we don’t want to do and look at what
has happened under the cap-and-trade trading system in Europe
and electricity prices have gone up, emissions have not gone down,
they have not met their Kyoto requirements. And here in the
United States without all of these government mandates and based
on the private sector initiative and innovation, we have in essence
met what would have been our Kyoto targets.

So we can prove that energy and the environment can coexist,
and those that would like to have the argument that it’s energy or
the environment need to understand that that’s not the path that
the economies of the world and the developing economies are going
to pursue.

Mr. Posey. I know during the National Prayer Breakfast I
guess—and I don’t remember the title from Spain but pretty much
lectured us on the responsibility of adopting a cap-and-trade policy.
Are you familiar with where they are with their policy in Spain?

Hon. HARBERT. I know that Spain has heavily relied on sub-
sidizing renewable energy and subsequently hemorrhaged a tre-
mendous amount of jobs, about a 2-for-1 job loss in the renewable
industry, and so they have largely abandoned that proposal.
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You know, I would call your attention to an article in today’s
New York Times about this exact issue, and the New York Times
itself says that, you know, no poor nation can take care of its envi-
ronment and so we should be very careful in how we approach this.
But if you don’t offer people an opportunity, we’re never going to
get to a point to resolve this on a global basis.

Mr. Posey. Thank you for your comments.

Thank you, Mr. Chairman. I yield back.

Chairman SMITH. Thank you, Mr. Posey.

The gentleman from Michigan, Mr. Moolenaar, is recognized for
his questions.

Mr. MOOLENAAR. Thank you, Mr. Chairman.

And thank you for being here today and for your testimony.

And I wanted to just share a story with you and then ask you
maybe some questions. The situation we had in Michigan a while
back in my district where we had a major manufacturer of
polycrystalline silicon, which goes into solar panels, and very ex-
cited about the solar markets, one of the challenges with that is the
main criteria for that company to be successful making that prod-
uct that goes into solar panels was low-cost electricity. And so we
actually had an investment go from our State to a different State
because there was a lower-cost electricity.

Now, what I'm hearing in Michigan is that we’re going to be los-
ing a number of our coal plants, and I think and my understanding
is in China they are building more and more coal plants, which will
then allow them to be much more competitive actually in building
solar panels.

And so I guess one of the questions I had, Dr. Thorning, and I
think it was in Mr. Schmidt’s testimony he stated that China’s
president Xi Jinping—I'm probably not pronouncing that right—
committed to peak the carbon pollution by 2030, but I think the ac-
tual agreement released by the White House says China intends to
achieve the peaking of carbon dioxide emissions around 2030 rath-
er than by 2030.

And I guess my question, Dr. Thorning, is this. You know, if
other countries don’t make the same level of commitment that we
are making and we sort of unilaterally disarm our coal plants that
would actually allow us to be leaders in manufacturing because of
the low cost of electricity, aren’t we paying a huge political price
or a competitive price for kind of a political statement that says we
are doing something at the same time when others may not be
equally committed to that in a sort of a unilateral disarmament if
you will?

Dr. THORNING. That’s really the central theme of my testimony,
that we would be incurring substantial cost. And as Dr. Curry and
others have said, the overall impact on global GHG emissions is al-
most nonexistent. So—and to pick up on points that others have
made, a strong economy is able to weather and adapt to climate
change. A strong economy can make the investments needed to
slowly bring in the type of equipment that would allow us to grow
and reduce GHG emissions.

So if we go down this path that this Administration is trying to
push us toward, we will certainly lose competitiveness, we will lose
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jobs, we will slow our growth. The Clean Power Plan is certainly
not going to be helpful to the environment.

I would like to clarify on Chairman Smith’s question. If the
courts rule this as a legal, the question is what comes next? It
would certainly be a good thing if it were ruled illegal, but the
question is what comes next? Because uncertainty is what is re-
tarding investment, so we need transparency in our energy policy.
So I think policymakers need to weigh very carefully as we go for-
ward. If we make these enormous sacrifices, loss of jobs, low-in-
come people disproportionately hit, States dependent on coal suf-
fering the consequences of higher prices, what do we gain for it?
And I make the case we gain almost nothing.

Mr. MOOLENAAR. Okay. Thank you.

And then, Dr. Curry, I just wanted to get your perspective as a
scientist. You know, my understanding is, you know, science moves
forward when people are skeptical. They come up with new ideas
and they test those ideas and there’s a peer-review process and
there’s an opportunity to criticize and the academic freedom to
criticize people’s findings, and it creates a whole new scientific de-
bate based on that. What strikes me about a lot of the argument
around climate change is you have people who are saying the de-
bate is over or they are saying scientists, you know, unanimously
agree. And to me any time someone says a debate is over in science
it strikes me as not really scientific. And I'm sure you have encoun-
tered some of that, and what are your thoughts on that?

Dr. CUrRrY. Well, I have definitely encountered that, and when-
ever I despair over what is going on in the climate field, I look at
the recent collapse of the consensus on cholesterol and heart dis-
ease, okay, and, you know, even though it’s, you know, strongly en-
forced by funding and reputation and authority and groupthink,
that these things, if they are not correct, will eventually collapse.

Skepticism is one of the four norms of science. It’s absolutely es-
sential for scientific progress. It’s our job to question the evidence
and reassess conclusions. And that’s what we are supposed to do.
However, in the climate field there is this manufactured consensus
that we are all supposed to step in line and follow, and it’s rather
bizarre given this very complex and poorly understood climate sys-
tem. We need lots more debate. We need to explore natural climate
variability in particular if we are ever going to understand all this.
And it’'s—disagreement and debate is really what moves the knowl-
edge frontier forward, and this is being stifled and it is of great
concern to me.

Mr. MOOLENAAR. Thank you very much.

And thank you, Mr. Chairman.

Chairman SMITH. Thank you, Mr. Moolenaar.

The gentleman from Kentucky, Mr. Massie, is recognized.

Mr. MASSIE. Mr. Chairman, thank you.

I yield as much time as he may consume to Mr. Palmer.

Mr. PALMER. Thank you, Mr. Massie. Thank you, Mr. Chairman.

Dr. Curry, it’s very timely that you would end that last comment
on talking about climate variability. It was mentioned earlier about
the drought in California. Isn’t it true that the recent research has
indicated that California has been through much more severe
droughts in the immediate ancient past? And we have had a series
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of droughts. We had a drought in the American Southwest in the
13th century that apparently contributed to the decline of the
Pueblo cities. Tree rings indicate that we had a major drought in
the Mississippi River basin between the 14th and 15th centuries
that contributed to the disappearance of the Mississippian culture.
And we have had three major droughts in the 19th century, mid-
1850s, 1870s, 1890s, and then the Dust Bowl drought of the 1930s.
Could you comment on that, what might have caused those?

Dr. CURRY. Well, drought is nothing new in the American West.
We have seen droughts in the American West. In the 20th century
there was a drought of comparable magnitude in California in the
1890s and then the mega-droughts, you know, 13th, 14th centuries.
Again, these were caused by natural variability, some combination
of something going on in the sun, the ocean circulation, whatever.
The exact mechanisms contributing to those previous droughts are
unknown but we can’t guarantee that it was not human-caused
drought in the 13th century. So natural climate variability can
bring some unpleasant surprises. And in terms of extreme weather
events, I would say that natural climate variability is far and away
the dominant factor of what we have seen in terms of recent ex-
treme weather.

Mr. PALMER. Would you conclude that a drought that lasted a
century or more would be considered a severe weather event?

Dr. CURRY. No, I guess I would call that, you know, climate event
but it is, yes, where you draw the line between weather and cli-
mate. Drought really goes into the climate territory.

Mr. PALMER. All right. Well, that makes my point, though, I
think that when you have major changes in climate and attribute
it to anything manmade, I think it calls into question some of the
modeling. And I think it was you that made the point about the
Little Ice Age, but not much is discussed about the warming pe-
riod, the medieval warming period that occurred prior to that that
I don’t think can be attributed to anything anthropogenic.

So thank you, Mr. Massie.

Mr. Chairman, I appreciate it.

Chairman SMITH. Okay and

Mr. PALMER. I yield the balance of my time.

Mr. MAsSIE. Mr. Chairman, I yield back.

Chairman SMITH. Thank you both.

And the gentleman from Texas, Mr. Babin, is recognized.

Mr. BABIN. Thank you, Mr. Chairman. I really appreciate it.

Thank you for being here, all of you esteemed witnesses.

Dr. Thorning, I would ask you—first a comment. I worry that
regulations associated with climate change will increase the costs
of energy to American citizens. It’s a big issue in my district in
Texas 36, especially hardworking families who are already strug-
gling to get by. Could you describe how increased energy costs im-
pact the macroeconomic health of the United States both for pri-
mary energy users and end-use consumers?

Dr. THORNING. Well, certainly. The overall impact of higher en-
ergy prices impacts low-income minority communities severely be-
cause low-income people may spend, you know, 15 to 20 percent of
their income on energy. In your State of Texas, which has one of
the highest electricity prices in the country, I think is due in part
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to the renewable portfolio standards that have been put in place
there.

So macroeconomic studies over the last decade analyzing cap-
and-trade proposals, many of which the ACCF has prepared and
put forward, show significant impacts across the economy because
as electricity prices rise, you tend to see loss of manufacturing jobs,
you tended to see outsourcing of jobs, you tend to see people sub-
stituting—spending more on energy and less on other goods and
services. So the whole economy is dragged down as one important
component is increased in price. So that’s why I think it is impera-
tive that our policymakers weigh the costs and the benefits of the
proposals that this Administration has put forward and EPA’s
plans because, as we have already discussed, the impact of curbing
our emissions here will have almost no impact on global concentra-
tions.

Mr. BABIN. So I assume that high energy prices are spilling over
and impacting everyday items as well

Dr. THORNING. Yes, and the——

Mr. BABIN. —and you say the entire economy.

Dr. THORNING. The converse is true. Due to the fall in the price
of natural gas because of hydraulic fracturing, we have seen a mod-
eration of electricity prices. We have seen the resurgence of manu-
facturing industries who use natural gas as a feedstock. We have
seen a lot more activity and job growth in the sector, so that has
been a great boon to the economy. And policies that make those
more difficult are certainly going to slow our economic recovery.

Mr. BABIN. Absolutely. Okay. So do you think going right along
with those same—along those same lines, do these energy prices
impact national security as well and the stability of our financial
markets?

Dr. THORNING. Yes, because as energy prices rise, that means
we're diverting resources to—you know, to the consumption of en-
ergy that could perhaps be devoted toward infrastructure spending,
healthcare, national security. You know, if you look at our economy
as a whole, if resources are going into a sector needlessly in the
case of, you know, the climate plans this Administration has put
forward, it will certainly weaken our ability to be competitive and
to be strong nationally in terms of defense.

Mr. BaBIN. Okay. And, Mrs. Harbert, would you like to comment
on that as well? We are talking about stability of financial markets
and impact on national security.

Hon. HARBERT. Keeping, you know, energy affordable and reli-
able here allows us to have a very healthy economy, and we need
a healthy economy to be a very healthy, you know, national secu-
rity apparatus and to be able to exert our power around the world.
They are inextricably linked, and to the extent that we make our
economy less competitive, that we are more focused on domestic
problems, the less able we are to focus on the growing threat of ter-
rorism.

Let us not forget that also our ability to produce more energy
here at home and use it here at home is allowing us not to import
and not to finance some of those countries and organizations
around the world that don’t like us so much.
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Mr. BABIN. All right. Thank you so very much. And to follow up
where my colleague here, Mr. Palmer, I think we don’t have to go
too much farther into the history books to see that we have had
climate change over the centuries, even during human existence
and not just going back pre-human. And this is something that’s
very common in—when we see our environment and our climate
change for the warmer or for the cooler for that matter.

But I want to thank each and every one of you. I yield back my
time, Mr. Chairman.

Chairman SMITH. Thank you, Mr. Babin. And the gentleman, Mr.
Palmer, is recognized to put something into the record here.

Mr. PALMER. Yes, Mr. Chairman. I would like to enter into the
record a report called “Activist Facts.”

Chairman SMITH. Okay. Without objection, that will be made a
part of the record as well.

[The information appears in Appendix II]

Mr. PALMER. Thank you.

Chairman SMITH. We have no other Members to ask questions,
and so before we adjourn, I just want to thank all four of you again
for your testimony today. It has just been outstanding. We appre-
ciate the time and effort you contributed to this hearing. And stay
in touch with us. Thank you all.

We stand adjourned.

[Whereupon, at 11:47 a.m., the Committee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Dr. Judith Curry
Responses to questions submitted by the
Commiittee on Science, Space and Technology

By Judith Curry
Georgia Institute of Technology
May 5, 2015

Questions from the Honorable Lamar Smith:

1. President Obama has warned that, “for the sake of our children and our future,
we must do more to combat climate change.” He said we must “choose to believe in
the overwhelming judgment of science — and act before it is too late.”

A. Is there an overwhelming judgment of science or any science, showing that the
President’s regulatory actions will prevent the threat that he is so concerned about?

If you believe the climate models, then President Obama’s INDC commitment (total of
80% emissions reduction by 2050), then warming would be reduced by 0.011 degrees
Centigrade by the end of the 21% century. This number that was provided to me by Chip
Knappenberger of CATO using the MAGICC model with an equilibrium climate
sensitivity of 3.0°C http://www.cato.org/blog/002dcgc-temperature-rise-averted-vital-
number-missing-epas-numbers-fact-sheet. If the climate models are indeed running too
hot, then the warming would be reduced by an even smaller number.

2. We have heard a lot of doomsday scenarios about what will happen if we do
nothing on climate change. However, there has been less attention to what the
results of any actions we take to combat climate might be.

A. Suppose we cut all greenhouse gas emissions in the United States. Would this
avert the supposed catastrophic impacts?

Eliminating all U.S. greenhouse gas emissions by 2050 would reduce the warming by
0.014°C by the end of the 21* century (using the same calculations in 1A). This is an
amount of warming that is much smaller than the uncertainty in even measuring the
global average temperature.

3. Dr. Curry, what happens to academics who step out of line on climate change?
A. Why would experts be afraid to question climate change orthodoxy?

The censure of scientists disagreeing with the IPCC consensus was particularly acute
during the period 2005-2010. As revealed by the Climategate emails, there was a cadre
of leading climate scientists that were working to sabotage the reviews of skeptical
research papers (and presumably proposals for research funding). Further, scientists
challenging climate change orthodoxy are subjected to vitriolic treatment in news articles,
op-eds and blogs, damaging the public reputation of these scientists. I have heard from
numerous scientists who are sympathetic to my efforts in challenging climate change
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orthodoxy, but are afraid to speak out or even publish skeptical research since they are
fearful of losing their job.

Since 2010, things have improved somewhat especially in Europe; 1 think this has largely
been due to reflections following Climategate and the fact that disagreement about
climate change is not as starkly divided along the lines of political parties (i.e. the science
is somewhat less politicized). In the U.S., President Obama’s recent pronouncements
about climate denial and climate deniers (as anyone who does not agree with the
consensus) has incrcased the toxicity of the environment (both academic and public) for
scientists that question the JPCC consensus on climate change.

4. Dr Curry, have climate models been in the same as actual, observed
temperatures?

A. Does the failure of climate models matter?

B. Have the U.S. climate models ever been run with lower sensitivity? If so, have
these results been archived for public access?

Particularly for the past decade, climate models have been running too hot, predicting
more warming than has been observed (refer to the figure on page 6 of my testimony
http://www.climate-lab-book.ac.uk/comparing-cmip5-observations/.

The discrepancies between observed surface temperatures and climate model simulations
indicates that climate models are not useful for predicting climate on decadal time scales
{out to 20 years) or for regional spatial scales. If the slow down in warming continues for
another few years, then the observations will be completely outside of the envelope of
climate model predictions.

1 have argued that climate models are not fit for the purpose of simulating decadal scale
and regional climate variability. Climate models are mainly useful for scientific
exploration of mechanisms in the climate system. Whether they are at all useful for
projections of century scale climate change remains to be seen, but I am doubtful.

For the main climate models used in the CMIP5 simulations for the IPCC ARS, climate
sensitivity is an emergent property and not one that is easily specified in the models. For
simpler climate models, such as MAGICC http://www.cgd.ucar.edu/cas/wigley/magicc/,
climate sensitivity can be specified, see http://www.cato.org/blog/002degc-temperature-
rise-averted-vital-number-missing-epas-numbers-fact-sheet

5. The input to the models is the aggregate emissions, not the annual emissions. Do
you have any estimate of the aggregate emissions of China, India, and Russia
between 2005 and 2030?

A. How does this compare to the aggregate emissions REDUCTIONS claimed by
the Obama Administration for the U.S.?
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This is sufficiently outside of my expertise that | am respectfully declining to answer this
question.

6. Dr. Curry, you mention uncertainty and the importance of understanding

natural climate variability better before inferring sensitivity to greenhouse gases.

A. What are the current key gaps in our understanding of natural climate

variability?

»  Solar impacts on climate (including indirect effects). What are the magnitudes and
nature of the range of physical mechanisms?

= Nature and mechanisms of multi-decadal and century scale natural internal
variability. How do these modes of internal variability interact with external forcing,
and to what extent are these modes separable from externally forced climate change?

= Deep ocean heat content variations and mechanisms of vertical heat transfer between
the surface and deep ocean.

»  The strength of carbon cycle feedbacks (both land and ocean)

= Climate dynamics of clouds: Could changes in cloud distribution or optical properties
contribute to the global surface temperature hiatus? How do cloud patterns (and TOA
and surface radiative fluxes) change with shifts in in atmospheric circulation and
teleconnection regimes (e.g. AO, NAO, PDO)? How do feedbacks between clouds,
surface temperature, and atmospheric thermodynamics/circulations interact with
global warming and the atmospheric circulation and teleconnection regimes?

B. What are the most glaring or problematic uncertainties, ambiguities and areas ol
ignorance at this state in our understanding of climate change?

In my opinion. the IPCC has oversimplified their treatment of uncertainty, and fail to
include ambiguities and areas of ignorance in their confidence levels

There are three overarching issues in our understanding of climate change:
= Whether the warming since 1950 has been dominated by human causes
» How much the planet will warm in the 21st century

¢ Whether warming is dangerous

In addition to the points in A above I would add:
¢ Sensitivity of the climate system to external forcing, including fast thermodynamic
feedbacks (water vapor, clouds, lapse rate).

C. What might happen if we miscalculate the atmosphere’s sensitivity to
greenhouse gases and incorporate this miscalculation into global policies and
strategies that are not flexible and adaptive?

We risk damaging our economy and current energy infrastructure

D. Would you characterize any of the policies discussed in the U.S., such as major
industrial CO2 restrictions, as flexible and adaptive?
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Drastic emissions reductions that require rapid and major changes to energy
infrastructure are not flexible and adaptive. Among flexible and adaptive policy
responses, [ would include the following:

s Energy conservation and efficiency measures

e Elimination of methane leaks

e Management of air pollution issues (ozone, small particulates)

e Reducing vulnerability to extreme weather events

7. In October 2014, you co-authored a paper that discussed climate sensitivity.
Climate sensitivity is a simple metric for estimating how much warming should
occur from a doubling of CO2. The IPCC has bounced around in the last 3 reports,
being unwilling to provide a “best estimate” in the latest report.

A. How impertant is it to understand how sensitive the climate is to changes in
greenhouse gases like CO2 (climate sensitivity) to determine actual impacts from the
“pational commitments” made by the Obama Administration and other
governments?

Climate sensitivity is a direct input into the EPA MAGICC mode}, and into impact
assessment models used to calculate the social cost of carbon. Therefore, climate
sensitivity is a key input into policy making.

B. How well do we understand or “know” what the climate sensitivity is? What
does the IPCC think the best estimate of climate sensitivity is?

Since the IPCC AR4 in 2007, estimates of climate sensitivity have overall been lowered.
There is a dichotomy between climate model estimates (higher) and observation based
estimates (lower).

C. What do actual observations (vs. models) suggest about climate sensitivity?

The most recent estimates from observations suggest a transient climate response of 1.05
to 1.45 °C and equilibrium climate sensitivity of 1.2 to 1.8 °C [17-83% range]
http://iudithcurry.com/2015/03/19/implications-of-lower-aerosol-forcing-for-climate-

sensitivity/

These values are significantly lower than climate model estimates of climate sensitivity.
8. In the next 50 years (or 100 years), how much projected climate warming is
expected to be the result of humans and how much is expected to be due to various

natural causes?

The IPCC does not even attempt to project future climate change from the various natural
causes.

A. What is our confidence level in these estimates?
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Under the IPCC’s scenario of highest emissions (RCP8.5), the IPCC ARS projects a
likely increase of global mean surface temperatures for 2081--2100 relative to 19862005
to be 2.6°C to 4.8°C (RCP8.5). The likely confidence implies that there is a 34% chance
that the increase could lie outside this range. Personally, I think the IPCC is
overconfident in their estimate; I would expect the warming to lie below this range.

B. When we hear projections of climate impacts, how much of these can we avoid
with modest actions, and how much of this is basically unavoidable?

C. Can we stop hurricanes, tornadoes, earthquakes — “mother nature” with the
actions that the president is promising?

Extreme weather and climate events have always occurred and will continue to occur.
Further, sea level has been rising since the last ice age. Even if you believe the climate
models and the IPCC assessment and we are successful at eliminating CO2 emissions, we
would not expect to notice any significant difference in extreme events at the end of the
21% century. Measures to reduce our vulnerability to weather and climate extremes make
sense whether or not humans are influencing climate in any significant way.

9. Are the current global temperatures running above or below that has been
predicted by computer models? Why?

For the past decade, global surface temperatures have been running cooler than the model
projections. The lack of recent warming appears to be caused by changes in ocean
circulations in the Pacific and Atlantic Oceans, with perhaps some contribution from the
sun.

10. Setting aside the uncertainties surrounding the science of climate change, some
have argued that climate mitigation policies are like an insurance policy. Some
claim that this “climate insurance policy” would protect us from the most severe
consequences of climate change.

If we are to view climate mitigation policies as an insurance policy, the cost of the policy
needs to be commensurate with the possible damage, and the policy has to actually be
effective at shielding the policy holder from losses.

Further, there are also risks in implementing a premature response with inadequate
technologies.

A. Would taking these emission reduction steps, like those outlined in the
President’s INDC, actually mitigate the potentially severe impacts activists are
pointing to?

The President’s INDC is not a good insurance policy since it it costs more than it saves
(at least on the timescale of the 21¥ century) and cannot deliver its promised benefits.
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B. When people talk about potential economic consequences of inaction of delayed
action, are they only counting what the actions they are advocating would prevent?
Or is there some fuzzy math going on here?

The concern about inaction comes from concern about passing the 2°C *danger’
threshold, possibly by mid-century. This concern relies on a very weak assessment that
2°C of warming is actually ‘dangerous’ and that we can believe the climate models
(which seem to be running too hot).

Questions from the Honorable Barry Loudermilk:

1. In the past decade, and more predominantly in the past eight years, the federal
government has spent a great deal of financial resources chasing the idea that
humans are the primary cause of climate change and global warming.

2. Are there other areas of federally supported critical scientific research and
development that have suffered of fallen behind due to the heightened focus on
climate change?

I will restrict my comments to funding allocation WITHIN the field of climatc change.
Too much funding is being allocated to climate modeling and climate impact
assessments, and not enough to observing systems and to understanding natural
variability — in particular the sun and ocean circulations. Paucity of funding to support
research in natural climate variability has resulted in bias in our understanding of the
causes of climate change.

3. Have we seen improvements in environmental factors related to climate change
in the past several decades? For example, have we seen growth or resurgence in
tropical rainforests or growth of ice caps and glacial areas?

Satellite observations show that the planct has been getting greencr for the past two
decades, in terms of vegetation growth. This is attributed to an increase in CO2 and also
a generally warmer, wetter climate

http://visibleearth.nasa.gov/view.php?id=1804

4. Is there potentially a negative impact of overbearing environmental regulations?
For example, would higher energy prices force more Americans to use their
fireplaces as a source of heat, which might product more CO2 per household than
the ratio generated by power plants?

Energy regulations that push prematurc implementation of technologies (e.g. wind and
solar) risk diverting resources away from genuine energy technology innovation. Energy
regulations that raise encrgy prices will be a disproportionate burden to the poor.
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Responses by The Honorable Karen Harbert

QUESTIONS FOR THE RECORD
The Honorable Lamar Smith (R-TX)
U.S. House Committee on Science, Space, and Technology

The President’s UN Climate Pledge: Scientifically Justified or a New Tax on
Americans?

Questions for The Honorable Karen Harbert

1. President Obama has warned that, “for the sake of our children and our future, we
must do more to combat climate change.” He said we must “choose to believe in the
overwhelming judgment of science—and act before it’s too late.”

A. Is there an overwhelming judgment of science, or any science, show that the
President’s regulatory actions will prevent the threat that he is so concerned
about?

Not matter how one views the science, it is generally recognized, even by the Environmental
Protection Agency (EPA), that the administration’s unilateral actions will have little impact on
the climate. As Dr. Curry notes in her written testimony, “It has been estimated that the U.S.
INDC of 28% emissions reduction will prevent 0.03°C in warming by 2100.”

2. We have heard a lot of doomsday scenarios about what will happen if we do nothing on
climate change. However, there has been less attention to what the results of any actions
we take to combat climate might be.

A. Suppose we cut all greenhouse gas emissions in the United States. Would this
avert the supposed catastrophic impacts?

B. What could be the impacts to the U.S. economy if we cut all greenhouse gas
emissions? Why couldn’t we just switch to renewables?

Cutting U.S. greenhouse gases to zero would only slow the growth in global greenhouse gas
emissions, the vast majority of which will come from emerging and developing countries that
place economic development well ahead of addressing climate change. The International Energy
Agency's World Energy Outlook 2014’s central estimate suggest that while global carbon
dioxide emissions from energy will increase 20% between 2012 and 2040, carbon dioxide
emissions from developing (i.e.. non-Organization for Economic Co-operation and
Development) countries will jump by 46% over the same period. In other words, emissions
growth in developing countries will more than make up for expected emissions declines in
developed countries. EPA’s Clean Power Plan will not alter this dynamic in any meaningful way.

Switching to all renewables would be impracticable for many reasons, not least of which is the
cost this would impose on U.S. consumers and businesses. While the costs of many forms of
renewable energy continue to decline, these technologies remain uncompetitive with more
traditional forms of energy. Renewables such as solar and wind provide power intermittently, not

1
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necessarily when needed, a huge drawback that complicates the smooth, reliable operation of the
power grid. Large-scale clectricity storage technologies may help relieve this conundrum, but
these are still many years if not decades away. In the meantime, relying strictly on renewables
would require back-up sources of power. Moreover, because rencwable sources are tied to the
location of the energy resource, a huge build-out of transmission infrastructurc would be required
to move electricity from renewable facilities to demand centers.

My written testimony points out how the United States has a tremendous energy advantage that
makes our energy-intensive industries much more competitive, with electricity and natural gas
prices for industry two to four times cheaper than many of our overseas competitors. Moving to
more expensive sources of energy jeopardizes this hard-won economic advantage.

3. How can we verify foreign countries compliance with their commitments?
A. For example, Russia is claiming forest offsets. How does that get counted and
verified?
B. How can we trust countries that are willing to invade other countries to be
honest reporting partners?
C. Are other countries agreeing to drone or satellite surveillance for monitoring
and verification purposes?

Measuring, reporting, and verification of country pledges will be a big part of any international
agreement. The measurement of carbon dioxide emissions and removals from land use and land
use change is very difficult, and the usc of forest offsets in emissions reduction efforts is subject
to a great deal of controversy. Many countries also have voiced concerns about how intrusive
this process might be and what it might mean for national sovereignty. There is probably no
surefire way to prevent a country that is determined to cheat from cheating.

Questions of transparency arc tangled up in questions about the legal form of the ultimate
agreement coming out of Paris later this year. The United States backs a system proposed by
New Zealand where, according to the U.S. Special Envoy for Climate Change, Todd Stern:

“[Tihere would be a legally binding obligation to submit a ‘schedule’ for
reducing emissions, plus various legally binding provisions for accouniing,
reporting, review, periodic updating of the schedules, etc. But the content of the
schedule itself would not be legally binding at an international level ”

It is interesting to note that under this approach, compliance would revolve around
implementation measures, not whether a country actually meets its stated goal:

“[TThe content of the schedule itself would not be legally binding al an
international level.”

4. Ms. Harbert, Mr. Schmidt references a World Recourses Institute study as cvidence
that the U.S. target is achievable under current laws. This seems to conflict with your
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testimony that the U.S. will come up about 40% short of its commitment. Do you agree
with Mr. Schmidt?
A. Are there any other studies you know of that back up this WRI analysis?

Fundamentally, our analysis differs from the World Resources Institute (WRI) analysis in that
we estimate emissions reductions based on new policies that have been announced by the
administration, not potential policies that may be announced at some future date. We find tha
what the administration has proposed falls well short of meeting a 26% to 28% reduction in U.S.
net greenhouse gas emissions from the 2005 level by 2025, something the WRI study also
shows. Its analysis includes a “Go-Getter” scenario that is consistent with the 26% to 28%
reduction goal the Obama Administration outlined in its Intended Nationally Determined
Contribution (INDC). WR1’s paper notes, however, that to achieve the “Go-Getter” goal:

“ . . additional federal and state actions will be required 10 move U.S. GHG
emissions from the current 'Base Case’ trajectory to a more ambitious ‘Go-
Getier’ trajectory that achieves the largels.”

So WRI's analysis agrees with our analysis that a sizeable gap exists between announced policies
and what is needed to meet the administration’s 26% to 28% goal for 2025.

5. Could US jobs could be lost if electricity and natural gas prices increase for US energy
intensive, trade exposed manufacturers?
A. How are job losses considered by the Administration?
B. Is the potential for new “green jobs” enough to offset the manufacturing jobs we
are talking about losing?
C. Is “earbon leakage” something that the Administration accounts for?

It is well understood that America’s abundance of affordable, reliable energy provides businesses
a critical operating advantage in today’s intensely competitive global economy. Affordable and
reliable fuel and electricity, supplied by a diverse mix of coal, nuclear, and increasingly natural
gas, give American industry an enormous economic edge, and they are driving a manufacturing
revival in arcas of the country desperately in need of jobs and investment. Unlike many green
jobs, the jobs these industries create do not depend on government subsidies. They are instead an
outgrowth of greater economic activity and private-sector capital investment spurred on by lower
energy prices.

The administration’s goal almost certainly will fead to “carbon leakage™ from the U.S. as energy
intensive industries flee to countries with less regulation and lower energy costs. We are secing
something similar happening in Europe, which has some of the highest electricity prices in the
world. More and more, we are seeing European companies fleeing sky-high energy costs and
shifting production to the United States and other countries. This experience is consistent with
the conclusion of the Intergovernmental Panel on Climate Change Fourth Assessment report,
which found that actions governments took to implement the Kyoto Protocol resulted in
economy-wide leakage on the order of 5% to 20%. Similar results could be expected in the
United States as a result of EPA regulation.
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6. Which technologies that the Administration has included in their analysis are actually
being used in commercial facilities? For example, in the Administration’s explanation
of its INDC in Peru in December, cellulosic biofuels were given as a specific solution,
but cellulosic isn’t commercial yet.

A. Why should the rest of the world believe a President that plans to rely on
“phantom fuels”?

B. What portions of the commitments are merely speculative because they haven’t
been proven commercially?

C. What portions are on shaky legal footing?

It is very problematic to bank on the significant penetration of technologies—like celtulosic
ethanol or carbon capture and storage—that are not commercially available today. Technology
development is unpredictable and can move in fits and starts. Given the sparse information
supplied by the administration, it is difficult to determine what portions of the commitment may
be dependent on unpredictable technology change.

In addition, there is also the question of whether existing technologies would be able to be built-
out to support the goal. The natural gas pipeline network, for example, needs to be expanded
dramatically if states are to meet EPA’s proposed Clean Power Plan goals for switching from
coal to natural gas in power production. If this infrastructure cannot be built in a timely manner,
it will be very difficult to meet one of the key requirements EPA has laid out in its proposed rule
for existing power plants.

But all of that is dependent on the legality of the rule itself. EPA’s attempted takeover of the U.S.
electricity system through its Clean Power Plan rests on unprecedented and highly-questionable
legal interpretations of the Clean Air Act. States and other stakeholders have raised countless
legal concerns with the proposed rule, but the following fundamental issues have emerged as
common themes:

e Prohibition on double-regulation of sources: First, the Agency claims it can regulate
greenhouse gas emissions from fossil fuel power plants under a rarely-used portion of the
Act, §111(d), despite statutory language prohibiting EPA from regulating power plants
under this section if they are already subject to regulation under §112.

s Prohibition on outside-the-fence-line mandates: Second, the Agency claims it can compel
states to impose legal obligations on entities “outside the fence line” of the regulated
plants—such as requiring greater dispatch of electricity from plants fired by natural gas
instead of coal, increasing electricity generation from renewable sources, and even
mandating a reduction in consumer electricity demand—despite statutory language
requiring EPA to set emission standards based solely on what can be achieved “inside the
fence line.” Indeed, absent the submission of conciliatory State Implementation Plans,
EPA would not be able to require “outside the fence line” emissions reductions because it
lacks authority in these areas.
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In addition, there are the questions of whether EPA is justified in setting state standards for
existing power plants that in total exceed the stringency of the standards set for new plants and
whether the EPA’s underlying technical assumptions are unrealistic.

7. Ms. Harbert, said that the math doesn’t seem to add up with the U.S. international
commitment.

A. Does this mean that the President is going to ask Americans to sacrifice even
more?

B. If the math doesn’t add up on the goal for the next decade of 26-28%, and
highlights even greater uncertainty related to the idea of ever reaching 80%
reductions, why should the rest of the world believe the President?

C. The President has also made promises about the US paying billions things like
the Green Climate Fund. Can he really do this without Congress?

D. Does the rest of the world realize that under our system a President can’t give
money unilaterally?

E. If the President doesn’t bring a Paris agreement to the Senate for advice and
consent, can’t another president undo this with the stroke of the pen?

Tt is clear that the administration has not identified in any detail how it expects to reach the 26%
to 28% emissions target in its INDC. Based on our analysis of the INDC and announced policies
to date, we believe that other policies will have to be put into place. Conspicuous by its absence
in the INDC is any reference to emissions from the industrial sector. I think it is more than likely
that the administration plans to get at least some reductions from energy-intensive industrial
sectors. In fact, EPA’s fiscal year 2015 hudget proposal stated the agency will soon begin
considering new regulations governing greenhouse gas emissions from the refining, pulp and
paper, iron and steel, livestock, and cement sectors. Reaching an 80% emissions reduction by
2050 would be even more challenging. Achieving such a goal would put our emissions intensity
and emissions per capita on par with countries Jike present-day Haiti, Afghanistan, North Korea
and Chad. It is hard to imagine how an energy-hungry, highly-developed country with a
population projected to grow to more than 400 million people by 2050 could realistically cut
emissions so drastically in such a short space of time.

The larger point is that other countries are beginning to take notice of the lack of transparency in
the administration’s pledge. This goes not just for the emissions goal itself, but also in regards to
funding for mitigation activities in developing countries, primarily through the Green Climate
Fund. The billions of dollars the administration has pledged to the fund would, as you suggest,
require Congressional approval, something other countries are beginning 1o understand. They are
also beginning to understand that without Congressional approval, any agreement reached in
Paris will be political only and could be undone by a subsequent president.

8. If other countries don’t commit to sacrifices as painful as the US, could that put them at
a competitive advantage?
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Yes. In today’s very competitive trade environment, policies that could drive up energy costs,
like those being implemented and considered by the administration, could wipe out the U.S.
energy advantage.

9. Setting aside the uncertainties surrounding the science of climate change, some have argued
that climate mitigation policies are like an insurance policy. An insurance policy that some
claim would protect us from the most severe consequences of climate change.

A. Could taking steps now actually mitigate the potentially severe impacts activists are
pointing to?

B. When people talk about potential economic consequences of inaction or delayed
action, are they only counting what the actions they are advocating would prevent?
Or is there some fuzzy math going on here?

Climate change is an intergenerational challenge, both in terms of potential climate impacts and
policies needed to transition to a low-carbon economy while at the same time ensuring economic
growth. Such long timelines make it extraordinarily difficult to answer these questions with any
precision. One thing we know about current forecasts is that they will be wrong, but how and
why they will be wrong is something we cannot anticipate. We do know, however, that robust
economies are much more resilient to climate variability and much more able to make
investments in new technologies.

10. Ms. Harbert, current negotiations with Iran over a nuclear deal has striking paraliels.
It might seem unrelated, but it demonstrates that the President can’t go-it-alone. He
has to convince Congress that it’s a good idea—otherwise he can’t make deals.

A. Does the Administration plan to bring anything agreed to in Paris to Congress so
that it is actually binding?

The administration’s reticence to seek Congressional approval for any new climate agreement
means that whatever the U.S. agrees to in Paris will not be binding on future presidents and
Congresses. Congress should be given the opportunity to weigh in on an agreement of such
economiic significance.
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Responses by Mr. Jake Schmidt

1.

Answers to Questions for the Record Following a Hearing on The President’s UN Climate Pledge:

Scientifically Justified ar a New Tax on Americans?

On April 15, 2015, the U.S. House Committee on Science, Space, and Technology convened a hearing at
which Jake Schmidt, Director, international Program, Natural Resources Defense Cauncil (NRDC). This
document provides NRDC’s answers to Questions for the Record posed by The Honorable Eddie Bernice

Johnson.

In her written testimony, Ms. Harbert suggested that the United States would be getting the “raw
end of the deal” if it were to implement the President’s UN Climate Pledge because “large emerging
countries...have little desire to take on ambitious commitments.” Her testimony also stated that the
U.S.-China announcement from November 2014 “amounts to little better than business as usual” for
China. Your written testimony seemed to suggest that you disagree with Ms. Harbert’s position.

A. Question: How would you respond to those who claim the cuts proposed by the U.S. and

other countries are unrealistic or achievable?

Answer: A number of independent analysts have found that the U.S. can meet its target to cut
emissions up to 28 percent below 2005 levels by 202S. These analysis has found that it can be
done under existing law, cost effectively, and through known technologies. The World
Resources Institute {WRI) found that: “Federal and state actions can promote economic
growth and reduce emissions 26-30 percent below 2005 levels by 2025”." Their analysis
looked at a series of measures across key sectors of the U.S. economy, using readily available
technologies and policies. Similarly, analysis conducted by Energy and Environmental
Economics, Inc. for the Sustainable Development Solutions Network (SDSN) and Institute for
Sustainable Development and international Refations {IDDRI) found that: “it is technically
feasible for the U.S. to reduce CO2 emissions from fossil fuel combustion to less than 750
MtCO2 in 2050, which is 85% below 1990 levels”.” This project also found similar results for
the 15 countries where they conducted detailed analysis of a pathways to significant cuts in
greenhouse gas emissions.?

In addition, one of China's most important think tanks - the National Center for Climate
Change Strategy and International Cooperation {NCSC} - released two reports detailing how a
national cap on coal consumption can help China peak its CO; emissions earlier than its official
2030 commitment date. This analysis was released by the China Coal Cap Project, a joint
initiative of 20 academic, government and non-profit researchers led by NRDC. This analysis
found that China’s CO, emissions coutd peak by 2025 if it enacts a strong national coal cap
policy that controls coal consumption to four billion tons by 2020 and 3.5 biilion tons by 2030.

* 5ee: World Resources Institute, 2015, Delivering on the U.S. Climate Commitment: A 10-Point Plan Toward Low-
Carbon, available at: http://wri.org/sites/default/files/Delivering on the US Ciimate Commitment ES.pdf

’ See: Deep Carbonization Pathways Project {2014}, Pathways to Deep Decorbonization: United States Chapter,
available at: http://unsdsn.org/wp-content/uploads/2014/09/DDPP 2014 report United States_chapter.pdf

? See: Deep Carbonization Pathways Project (2014}, Pathways to Deep Decarbanization:, avaitable at:
http://unsdsn.org/wp-content/uploads/2014/09/DDPP Digit updated.pdf




105

This level of coal cap is under serious discussion as a new target in China’s next Five Year plan.’

This is a similar finding to a recent study from researchers at the London School of Economics
which looked at some of the structural changes occurring in the country and found that

emissions could peak by 2025 or sooner.’

B. Question: Can you please explain the policy changes and shifts that have occurred in China
and other developing countries toward significant action on climate change?
Answer: Key developing countries like China and india are implementing a number of actions
to significantly cut their emissions. Since they made international commitments during the
Copenhagen Climate Summit, they have implemented a series of domestic actions to spur
more renewable energy, expand energy efficiency, and implement other measures to curb
greenhouse gas emissions. For example, in China coal consumption is such a large part of
China’s CO, emissions, steps it is taking to increase renewable energy, increase energy
efficiency, and put in place limits on total coal consumption will go a long ways towards
helping meet its climate target. These include:

s Renewable energy. China has a National Renewable Energy Law that has helped the
country increase its domestic wind and solar energy depfoyment from aimost
nonexistent a decade ago to the largest in the world today. The National Energy
Development Strategy Action Plan has set ambitious targets for wind power and solar
PV capacity to reach 200 GW and 100 GW by 2020 — from 96 GW {grid connected} and
nearly 28 GW, respectively, at the end of 2014. China already has the world’s largest
installed wind capacity and will likely overtake Germany as the country with the most
instatled solar PV capacity this year.

s [Energy efficiency. China’s 12th Five Year Plan set a binding energy efficiency target to
cut energy consumption per unit of GDP by 16 percent from 2011-2015. They are
meeting this target through a set of measures, including mandatory energy efficiency
programs for the top 15,000 energy consuming companies in the country. Last year,
China surpassed its key energy efficiency target by cutting energy intensity by 4.8
percent below 2013 levels, putting it on track to meet its 16 percent reduction target.

»  Coal consumption caps. In response to China’s air poliution, mandatory coal
consumption caps have been adopted in many of China’s largest coal consuming
provinces. Beijing, Tianjin, Hebei and Shandong, some of the largest coal-consuming
provinces, have announced a target to reduce their coal consumption by 83 miliion
tons by 2017, compared to 2012 levels. Shanghai, Zhejiang, Hiangsu and Guangdong
{for its industrial Pearl River Delta} will announce their 2017 coal reduction targets by
June this year. As discussed above, the State Council in the new Energy Development

* For more see: http://switchboard.nrdc.org/blogs/bfinamore/how_capping_coal_can_help chin.html

> Green and Stern, 2015, China’s “new normal”: structural change, better growth, and peak emissions, available at:
htto://www lse.ac.uk/Granthaminstitute/wp-

content/uploads/2015/06/Chinas_new normal green stern June 2015.pdf
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Strategy Action Plan established a national coat consumption cap of 4.2 billion tons for
2020.

Carbon Emissions trading. Eight pilot emissions trading programs have been
established: six in the cities of Beijing, Tianjin, Shanghai, Shenzhen, Chongging and
Qingdao and two in Guangdong and Hubei provinces. The government announced
plans to establish a national emissions trading program as early as 2016. The National
Development and Reform Commission {NDRC) published the “interim Measures for
Carbon Emissions Trading” (Chinese) that provide the basic ruies for the national
trading program.

At the Copenhagen climate summit india committed to reduce the emission intensity of its
GDP 20-25 percent by 2020 compared to 2005 levels. As part of its overall strategy, in 2007
India released its National Action Plan on Climate Change, which includes priority missions

such as energy efficiency and solar initiatives. Prime Minister Modi has recently reemphasized

that climate change is a priority for India, and announced ambitious clean energy goals to help

provide energy access throughout the country. india’s current climate actions include efforts

to spur more renewable energy and energy efficiency:

Solar targets. India’s flagship National Solar Mission, which originally aimed to install
20 GW of solar power capacity by 2022, is now targeting 100 GW of solar by 2022. in
just four years, India’s solar market has grown more than 100 fold to nearly 3 GW of
commissioned projects by the end of December 2014. A 2014 assessment of India’s
solar capacity revealed the India could install as much as 700 GW of solar energy.
Scaling their solar effort to meet this more aggressive target is a critical priority for the
Modi Administration.

Wind targets. India is also the world’s fifth largest wind energy producer. The Modi
government is aiming to achieve 40 GW of onshore wind power by 2019, doubling its
currently installed wind capacity. in 2015, the Modi government renewed its
commitment to launch a National Wind Mission, targeting a goal of 60 GW of utility-
scale wind power and 1 GW of distributed wind power by the end of 2022.

Energy efficiency. The government launched the Energy Conservation Buiiding Code in
2007 and plans to make it mandatory nationally by 2017. This code would establish
energy efficiency codes and standards for buildings. Seven of India’s 29 states have
made the code mandatory as of June 2014, and 15 more plan to follow. India also has
a program called Perform, Achieve, and Trade (PAT) to encourage energy-intensive
industries in india, such as thermal coal power plants and cement and steel
manufacturing, to become global efficiency leaders. India also has a strong standards
and labeling program for key appliances, such as lighting, fans, and air-conditioners.
Coal tax to fund renewables. To support the accelerated growth of renewables, india
has quadrupled an innovative coal tax to Rs. 200 {approximately $3.20) per metric ton
to fund a National Clean Energy Fund.
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C. Question: Can you piease discuss the importance of U.S. leadership in addressing climate

change and the impact of a strong U.S. pledge on the commitments of other countries?
Answer: The U.S. is the world’s largest economy, a global leader on a range of issues, and
historically the biggest barrier to an international agreement on climate change. So what the
U.S. does on climate change sends a powerful signal to other countries and markets. For
example, the U.S. Climate Action Plan and the strategies that have been impiemented
pursuant to that plan have given the U.S. a iot more credibility as it encourages other
countries to cut their emissions. It is unlikely that the U.S.-China agreement would have
occurred if the Chinese didn't believe that the U.S. was prepared to act aggressively at home
to reduce emissions.

Question: Can you also comment on the need to maintain U.S. commitments over the long-
term and concerns about sustaining progress over future Administrations?

Answer: Strong and sustained U.S. climate action is essential in efforts to address climate
change given the scope of U.S. emissions, the leadership role we play, and focus that other
countries have on what the world’s largest economy does. Ensuring that these actions
continue over the course of decades — spanning several subsequent Administrations — will be
essentially to staving off the worst impacts of climate change. Countries often wonder if the
U.S. can continue to implement those actions even when Administrations change. When
meeting with other countries I’'m often asked: “can the U.S. keep implementing these
measures when the current Administration leaves office?”. If the U.S. weakens its domestic
implementation it could have a ripple effect on other countries as it will signal that we aren’t
serious, Luckily, countries are more clearly recognizing that domestic climate action leads to
reduced air poliution, poverty alleviation, and reduced stress on the economy from climate
impacts. So they have much stronger domestic motivation to take action than they did a
decade ago.

2. During the course of the hearing, some Members and witnesses seemed to suggest that the

scientific community is uncertain about the contribution of humans to climate change and that since

the science of climate change is largely “unsettied”, actions to reduce carbon emissions are

unwarranted. Despite any remaining uncertainties surrounding the science of climate change, many

would argue that enacting climate policies is comparable to taking out a “climate insurance” policy

and protecting ourselves from the most severe consequences of climate change.

A. Question: Can you please discuss the importance of taking steps now to mitigate the impacts

of potentially severe climate consequences?

Answer: A recent report from the President’s Council of Economic Advisors, The Cost of
Delaying Action to Stem Climate Change, points out that each year of delay makes it harder to
meet a given “safe” climate stabilization level.® As the report highlighted: “each year of delay
means more CO2 emissions, so it becomes increasingly difficult, or even infeasible, to hita

&
See:

https://www.whitehouse.gov/sites/default/files/docs/the _cost_of delaying_action to_stem_climate change.pdf
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climate target that is likely to yield only moderate temperature increases”. Part of the need
for urgent action is also clear by what is often referred to as “lock-in”. Many of the
investments by companies, countries, and individuals in buildings, power plants, infrastructure
etc. last for decades. What kind of climate impact those investments will have, therefore, are
much larger than the simple act of building them. if we “lock-in” infrastructure that has
significant climate impacts then those emissions will continue to build for many decades into
the future. Typically it is cheaper over the life of those investments to ensure that they jead to
lower energy-use and climate impacts than it is to prematurely shut them down and re-buiid
them at a later stage with a lower energy-use.

B. Question: What are the potential consequences, including economic consequences, of
inaction or delayed action? Studies of climate action have consistently found that early action
reduces the cost of action and the potential damages of not address climate change. A recent
report from the President’s Council of Economic Advisors, The Cost of Delaying Action to Stem
Climate Change, detailed these findings. As the study found: “Based on a leading aggregate
damage estimate in the climate economics literature, a delay that results in warming of 3°
Celsius above preindustrial levels, instead of 2°, could increase economic damages by
approximately 0.9 percent of global output...Moreover, these costs are not onetime, but are
rather incurred year after year because of the permanent damage caused by increased
climate change resulting from the delay.”7

3. Mr. Schmidt, last month, John Conger, the Deputy Under Secretary of Defense for Instailations and
Environment, testified before the Senate Armed Services Committee and addressed the impact of
climate change on the Department of Defense and our national security. He stated that, “Our
warfighters cannot do their jobs without bases from which to fight, on which to train, or in which to
live when they are not deployed. When climate effects make our critical facilities unusable, that is
an unacceptable impact.”

A. Question; Can you please comment on the importance of addressing climate change as it
reiates to our security and the stability of other countries?
Answer; The national security community typically refers to climate change as a “threat
muitiplier”. The Quadrennial Defense Review {QDR) 2014 — a study by the U.S. Department of
Defense that analyzes strategic objectives and potential military threats — highlighted climate
change in a number of parts of its assessment 8, As the QDR states: “As greenhouse gas
emissions increase, sea levels are rising, average global temperatures are increasing, and
severe weather patterns are accelerating. These changes, coupled with other global dynamics,
including growing, urbanizing, more affluent populations, and substantial economic growth in
india, China, Brazil, and other nations, will devastate homes, land, and infrastructure. Climate
change may exacerbate water scarcity and lead to sharp increases in food costs. The pressures

7
See:

https://www.whitehouse.gov/sites/default/files/docs/the cost of delaying action to stem climate change.pdf
® See: http://www.defense.gov/pubs/2014 Quadrennial Defense Review.pdf
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caused by climate change will influence resource competition while placing additionai burdens
on economies, societies, and governance institutions around the world. These effects are
threat multipliers that will aggravate stressors abroad such as poverty, environmental
degradation, political instability, and social tensions — conditions that can enable terrorist

activity and other forms of violence”.

The Center for Climate and Security outlines several reasons why the national security is
concerned about climate change‘9 As they point out the national security community is
concerned about climate change leading to “indirect threats in regions of the world that are
either of strategic interest to the United States, or whose instability couid uitimately lead to
direct threats to the United States”. The impacts of climate change are often around food,
water, access to resources, and other factors that regularly lead to destabilization of
communities and countries. So to the extent that these chaflenges are exacerbated by climate
change - as documented in the Intergovernmental Panel on Ciimate Change — these climate
impacts can have devastating impacts on unstable societies. For example, as the Center for
Climate and Security paper states: “Climate change may aiso place stresses on food security
by increasing the severity, frequency and variability of crop-damaging events like droughts
and floods. Because of the nature of the global food market, this can sometimes result in
spikes in world food prices, increasing the fikelihood of instability in places that depend on
affordable imported food, such as Egypt”.

® See: Center for Climate and Security, 2014, Climate and Security 101: Why the U.S. Nationa! Security
Establishment Takes Climate Change Seriously, avaitable at:

https;//climateandsecurity.fites.wordpress.com/2012/04/update_climate-and-security-101_why-the-u-s-national-

security-establishment-takes-climate-change-seriousty briefer-232.pdf
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Responses by Dr. Margo Thorning
QUESTIONS FOR THE RECORD

The Honorable Eamar Smith (R-TX)
U.S. Mouse Committee on Science, Space, and Technology
The Presidents UN Climate Pledge. Scientifically Justified or a New Tax on Americans?
Monday, May 04, 2015
Questions for Dr. Thorning

1. Question: President Obama has warned that, “for the sake of our children and our future, we must do
more to combat climate change.” HMe said we must “choose to believe in the overwhelming  judgment on
science-—and act before it’s too late.”

A. Is there an overwhelming judgement of science, or any science, that the President’s regulatory actions will
prevent the threat that he is so concerned about?

Answer: The science about a link between the growth in GHG emissions and a warming of the
earth’s atmosphere is still unsettled. Experts from international organizations, the U.S.
Environmental Protection Agency, academia and energy consulting firms conciude that in order to
reduce the growth in GHGs, a global effort is needed, with all the major emitters in developing
countries such as China, India, Brazil, Russia, taking commitments to reduce their emissions. If the
U.S. adopts unilateral GHG reduction commitments, there will be almost no difference in global
GHG concentrations in the atmosphere by 2100.  U.S. GHG emissions are predicted to be flat over
the next several decades while those in developing eountries will grow exponentially, see Figure 1 of
my April 15, 2015 testimony before the committee, http://accf.org/wp-
content/uploads/2015/04/ACCF-testimony-April-15-201 5-FINAL .pdf

Thus, actions taken by the Obama Administration to reduce U.S. GHG emissions will tend to slow
both productive investment and GDP growth while doing virtually nothing reduce global
concentrations of GHGs in the atmosphere.

2. Question: We have heard a lot of doomsday scenarios about what will happen if we do nothing on climate
change. However, there has been less attention to what the results of any actions we take to combat climate
might be.

A. Suppose we cut al] greenhouse gas emissions in the United States. Would this avert the catastrophic
impacts?

B. What could be the impacts to the U.S. economy if we cut all greenhouse gas emissions?
Answer:

A. Reducing U.S. GHG emissions to zero would have almost no impact on the growth in GHGs in
the atmosphere due to emission growth in developing countries(see answer to question #1 above).
The relationship between GHG emissions and changes in the earth’s temperature is still uncertain;
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continued research by scientists around the globe is needed to help the U.S. and the international
community understand what actions may be need.

B. Reducing U.S. GHGs to zero would shut down the U.S. economy and result in hardship for all
Americans. Previous ACCF economic modeling on the impact of cap-and trade bills has shown
significant reductions in GDP and employment due to significant increase in energy prices.(see, for
example, ACCF analysis of the Kerry/Lieberman biil in 2010 at http://accf.org/wp-
content/uploads/2010/07/ACCF-SBEC-K-L-Analysis-7-2]1-2010-final.pdf )

Trying to substitute renewable energy for fossil fuel in the U.S. would impose very high costs with
almost no benefit. More use of nuclear power for electricity generation would be heipful but would
not be able to prevent the crushing economic costs of putting the U.S. on a path to achieve zero GHG
emissions by 2050, see ACCF testimony at http://accf.org/wp-content/uploads/2012/04/120419-
ACCF-Testimony-Final-r.pdf.

3. Question: How can we verify foreign countries compliance with their commitments?

A. For example, Russia is claiming forest offsets. How does that get counted and verified?

B. How can we trust countries that are willing to invade other counties to be honest reporting partners?

C. Are other countries agreeing to drone or satellite surveillance for monitoring and verification purposes?

Answer: Measuring and verifying carbon sequestration is complex and difficult although satellites
can he useful in observing changes in land use and forestry practices. Since countries would receive
credits for sequestering carbon through land use measures, there is an  incentive to claim as many
credits as possible. It would be difficult to trust countries that disregard other countries borders to
report their land use changes accurately. If countries are willing to allow drones to survey their
forests it would be possible to make accurate estimate of their actual carbon sequestration. 1t is not
clear that any countries which are large emitters are willing to allow drone surveillance by
international inspectors.

4. Question: This Administration often takes credit for driving down emissions. Is that a fair assessment?
A. Has it been top-down regulations that have driven our recent emissions reductions or something else?
B. What role do market-driven technologies and innovations play?

C. Is tech-transfer important? Is this in the Administration’s commitment?

D. How much additional domestic economic growth might be forthcoming from an acceleration of the LNG
permitting process?

Answer:

A. The substitution of natural gas for coal for electricity generation is a major reason for the slowing
growth rate in U.S. GHG emissions. From 2000 to 2013, electricity powered by natural gas grew
from 16% to 27% of the total; during that same period coal’s share fell from 52% to 39 %( see
Figure 31 at http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf ). The sharp drop in natural gas

[ %3
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prices is a major reason for the shift in fuel used for electricity generation. Energy related carbon
dioxide (CO2) emissions in the U.S. are projected to remain below the 2005 level through 2040,
according to the U.S. Energy Information Administration.

B. Market driven technology such as hydraulic fracturing for natural gas is the cause of the huge
increase in U.S. gas production. ir addition, the turnover of the U.S. capital stock tends to reduce
emissions intensity per dollar of output as new equipment for electricity production, manufacturing
and transportation is usually more energy efficient than the equipment it replaces.

C. Technology transfer to developing countries is important for promoting economic development,
increasing energy efficiency and slowing the growth of global GHG emissions. The Obama
Administration has focused on curbing the use of fossil fuel, especially coal, at the expense of
encouraging cost/effective efectricity generation for developing countries.. As my colleague,
George Banks noted in a recent ACCF Center for Policy Research study:

“Today, U.S. foreign policy prioritizes climate change mitigation over expanding access to
affordable and reliable energy in developing countries—as demonstrated by the Obama
Administration’s push to eliminate most financing of overseas coal plants. The White House has
moved 10 limit U.S. funds for coal projects, fobbied other developed countries to join its position,
and leveraged U.S. influence in multilateral development banks to achieve this goal. These efforts
have the indirect effect of imposing a carbon cap on poor countries, despite U.S. recognition, as a
party to the United Nations Framework Convention on Climate Change (UNFCCC), that developing
countries have the right to increase their greenhouse gas (GHG) emissions to meet social and
economic needs™ , see http://accf.org/wp-content/uploads/2015/02/ACCE-CPR-Special-
Report_Coal-Financing-FINAL.pdf

D. Numerous econometric analyses conclude that accelerating the permitting process for IL.NG
exports would increase U.S. economic and job growth, reduce the trade deficit and put downward
pressure on gasoline prices. A 2013 analysis by ICF found that “the net effect on annual U.S. GDP of
LNG exports is expected to be positive at about $15.6 to $73.6 billion annually between 2016 and
20335, depending on LNG export case and GDP multiplier effect.” The ICF report also shows average
net job growth of 73,100 to 452,300 between 2016 and 2035, including al} economic multiplier
effects, See http//www.api.org/~/medig/files/policy/Ing-exports/api-Ing-export-report-byv-icf.pdf

In addition, a 2014 analysis by NERA found that U.S. GDP and economic welfare increased across
all levels of LNG exports. In fact, the greater the exports, the greater the positive impact on GDP
(see

hitp://www.nera.com/content/dam/nera/publications/archive2/PUB_LNG_Update 0214 _FINAL.pdf.

5. Question: In December, Department of Energy. Assistant Secretary Pete Lyons testified before this
Committee that “nuclear is going to have to play a strong role as we look forward to reach to the goals that
are required.”

A. The role of nuclear energy is shockingly absent. Is there any we could ever get to the 80% or more
reductions that the Administration talks without nuclear?

B. Why isn’t nuclear’ in this plan?

[V5})
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C. If we take nuclear of the table, then what’s left?

Answer: In the absence of a substantial breakthrough in storage technology, there is no conceivable
way to achieve the Administration’s long-term reduction goal without a significant expansion of the
nation’s civil nuclear fleet. In fact, the shutdown of existing units would prevent a number of U.S.

states from achieving CO2 reduction goals currently proposed by the EPA. Roughly sixty percent

of the nation’s emission free generation last year came from the nuclear sector.

In the past, the President has discussed the importance of nuclear power to the nation’s climate goals,
but we have seen limited action to support the advancement of the technology outside the scope of
work of DOE/NE. In fact, the Administration has aggressively pursued policies that actually
undermine nuclear’s competitiveness. For example, EPA’s 111d proposal fails to give the sector
proper credit, favoring instead intermittent renewable energy. Clearly, a technology-neutral
approach to emissions reductions would greatly henefit civil nuclear energy — and help the United
States meet its national security and environmental objectives,

6. Question: When a US manufacturing operation moves overseas are those emissions that were eliminated
in the US count toward meeting the US international climate pledge of reducing emissions by 28%?

A. If manufacturing has moved overseas, are emissions actually eliminated or reduced or simply moved?

B. In the US we have some of the strictest pollutions controls, and thereby some of the cleanest air, land and
water. What if the country the manufacturing moves to doesn’t enforce controls for pollutants that actually
kil] people? Could off-shoring actually be an environmental problem?

Answer: If manufacturing moves oversees, the U.S. GHG emissions would decline {all other things
equal) and the U.S. would get credit for the reduction.

A. In fact, when manufacturing moves overseas, “leakage™ of GHG emissions occurs because
emission increase in the country where the manufacturer has relocated. Because the new country
may have older, less energy efficient equipment that that in the U.S., global emissions may actually

increase.

B. Offshoring manufacturing to developing countries may cause products to be produced under less
stringent worker protection regulations and Jooser environmental protection regulations. As a result,
the offshoring may contribute to environmental problems including air and water quality in the
developing country.

7. Question: You mention something interesting: economic growth drives environmental improvement.
A. That seems like the opposite of this Administration’s approach, What does it mean?
Answer: As Professor Bruce Yandle of Clemson University has observed:

*,..there is no single EKC (environmental Kuznets Curve) relationship that fits all pollutants for all
places and times. There are families of relationships, and in many cases the inverted-U EKC best
approximates the link between environmental change and income growth. The indicators for which
the EKC relationship seems most plausible are local air pollutants such as oxides of nitrogen, sulfur
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dioxide, and particulate matter. By way of contrast, there is no evidence to support the EKC
hypothesis for gases such as carbon dioxide, which cause no harm locally but may affect the global
climate as they accumulate in the atmosphere. The very nature of the potential harm—impact on
global climate-—makes unilateral action fruitless. It is impossible for people in a single nation or
community to make a difference in upper atmospheric conditions. The EKC evidence for water
pollution is mixed. There is evidence of an inverted U-shaped curve for biological oxygen demand
(BOD), chemical oxygen demand (COD), nitrates, and some heavy metals (arsenic and cadmium). In
most cases, the income threshold for improving water quality is much lower than that for the air
pollution improvement threshold. The acceptance of the EKC hypothesis for select poliutants has
important policy implications. First, the relationship implies a certain inevitability of environmental
degradation along a country’s development path, especiaily during the take-off process of
industrialization. Second, the normal EKC suggests that as the development process picks up, when ¢
certain level of per capita income is reached, economic growth helps to undo the damage done in
earlier years. If economic growth is good for the environment, policies that stimulate growth (trade
liberalization, economic restructuring and price reform) ought to be good for the environment.
However, income growth without institutional reform is not likely to be enough. As we have shown,
the improvement of the environment with income growth is not automatic but depends on policies
and institutions. GDP growth creates the conditions for environmental improvement by raising the
demand for improved environmental quality and makes the resources available for supplying it.
Whether environmental quality improvements materializes or not, when and how, depends critically
on government policies, social institutions and the completeness and functioning of markets. It is for
this reason, among others, that Arrow et al. (1995) emphasize the importance of getting the
institutions right in rich and poor countries. Along these lines, Torras and Boyce (1998) argue and
show empirically that, all else equal. when ordinary people have political power, civil rights as weli
as economic rights, air and water quality improves in richer and poorer countries™ see,
http://www.mnacalester.edu/~wests/econ23 { /vandleetal.pdf

In addition, Professor Levinson of Georgetown University writes:

“Pollution often appears first to worsen and later to improve as countries’ incomes grow. Because of
its resemblance to the pattern of inequality and income described by Simon Kuznets, this pattern of
pollution and income has been labelled an ‘environmental Kuznets curve’. While many pollutants
exhibit this pattern, peak poliution levels occur at different income levels for different pollutants,
countries and time periods. This link between income and pollution cannot be interpreted causally,
and is consistent with either efficient or inefficient growth paths. The evidence does, however, refute
the claim that environmental degradation is an inevitable consequence of economic growth.” see
http://faculty.georgetown.eduw/ami6/pdfs& zips/Palgrave EKC.pdf

o
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8. Question: How many countries have announced the expanded use of coal and other fossil fuels?
A. What does this mean for cumulative global totals in comparison with US reduction promises?
Answer;

Dozens of countries have announced the expanded use of coal. While growth rates for coal
consumption have slowed, the Internationa! Energy Agency (JEA) still projects that global demand
will increase roughly 2 percent annually through 2019 — across the developing and developed world.

While Beijing plans to invest less in coal generation in the coming decade, Chinese coal
consumption will not peak for another ten years. In fact, China is expected to add the equivalent of
the current U.S. coal fleet over the next decade, translating into a new 600-megawatt plant every 10
days.

According to the IEA, India and Southeast Asian countries expect to see “remarkable™ growth in
coal consumption. Shortly after President Obama’s visit to India carlier this year, New Delhi
announced that it plans to double its coal output in five years. Before 2020, India will become the
world’s largest importer of thermal coal and second largest consumer of coal ~ a position that the
United States currently occupies.

Poorer counties, particularly those in Asia and Sub-Saharan Africa, will continue to deploy coal
plants to provide basic access to electricity. Moreover, a number of developed countries, including
Japan, South Korea, and Turkey, will also invest more in coal consumption.

This planned expansion of coal and the resulting increase in carbon emissions will overwhelm those
cuts forecast from the United States and other parts of the developed world. The EIA expects the
total CO, emissions of the United States, Europe OECD, and Japan to decline by about 1 percent
between 2010 and 2030, while global CO, emissions will increase by 10,281 million metric tons or
33 percent during the same time period. China’s growth in emissions — more than 6,000 miltion
metric tons — is forecast to account for 60 percent of that increase.

9. Question: If countries that are trade competitors have no legal framework to enforce compliance, how do
we protect American businesses and the jobs they provide?

Answer: In the absence of a legal framework to enforce compliance with GHG reductions targets
among our trading partners, all energy and enerpy efficiency regulations shouid be subject to strict
cost/benefit analysis. As is widely recognized, if the U.S. cuts its GHG emissions to zero, there will
be almost no impact on global GHG concentrations. Thus, costs of the Administrations climate
change agenda exceed the benefits and it should be reevaluated.

Several policies could help strengthen the U.S. economy as well as slowing global CO2 emission
growth. Federal tax reform which allows expensing for all new investment would stimulate
economic growth and pull through cleaner less emitting technology. Encouraging the export of U.S.
LNG and clean coal technology to developing countries would strengthen the economy and slow the
growth of global emissions. The consistent use of cost/benefit analysis to review existing regulations
and analyze proposed regulations would also strengthen the economy.
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Summary for Policymakers

Introduction

This Synthesis Report is based on the reports of the three Working Groups of the intergovernmental Pane! on Climate Change
{PCC), including relevant Special Reparts. it provides an integrated view of climate change as the final part of the IPCC's
Fifth Assessment Report (ARS).

This summary follows the structure of the longer report which addresses the following topics: Observed changes and their
causes; Future dimate change, risks and impacts; Future pathways for adaptation, mitigation and sustainable development;
Adaptation and mitigation.

In the Synthesis Report, the certainty in key assessment findings is communicated as in the Working Group Reports and
Special Reports. It is based on the author teams’ evaluations of underlying scientific understanding and is expressed as 2
qualitative level of confidence {from very Jow to very high} and, when possible, probabilistically with a quantified likelihood
{from exceptionally unfikely to virtually certain)'. Where appropriate, findings are also formulated as statements of fact with-
out using uncertainty qualifiers.

This repart includes information relevant fo Article 2 of the United Nations Framework Convention on Climate Change
{UNFCCQ).

SPM 1.  Observed Changes and their Causes

Human mf!uence on the chmate system tscl ear, and recent anthmpcgemc emisswns af green-
- house gases are the highest in hxstory ‘Recent chmate changes have had w:despread impacts:
“on human and natural systems i =

SPM 1.1 Observed changes in the climate system

Warmmg of the climate system is unequwocai and sinee: the 19505, many of the obsewed‘ =
changes are unprecedented over decades o milfennia. The atmosphere and acean: have :
warmed the ameunts of snow and ice have dam:mshed and sea ieve has nsen {1 13

Each of the fast three decades has been successively warmer at the Earth’s surface than any preceding decade since 1850.The
period from 1983 to 2012 was fikely the warmest 30-year period of the last 1400 years in the Northern Hemisphere, where
such assessment is possible {medium confidence). The globally averaged combined land and ocean surface temperature
data as calculated by a linear trend show a warming of 0.85 [0.65 to 1.06] °C2 over the period 1880 to 2012, when multiple
independently produced datasets exist {Figure SPM.1a). {1.1.1, Figure 1.1}

in addition to robust multi-decadal warming, the globally averaged surface temperature exhibits substantial decadal and
interannual variability (Figure SPM.1a). Due to this natural variability, trends based on short records are very sensitive to the
beginning and end dates and do not in general reflect long-term climate trends. As one example, the rate of warming over

Each finding is grounded in an evaluation of underlying evidence and agreement. In many cases, 3 synthesis of evidence and agreement supports an
assignment of confidence. The summary terms for evidence are: limited, medium of robust. For agreement, they are low, medium or figh. A level of
confidence is expressed using five qualifiers: very low, low, medium, high and very high, and typeset in Ralics, e.q., medium confidence. The follow-
ing terms have been used to indicate the assessed tkelihood of an outcome or a result: vintually centain 99-100% probability, very fkely 30~100%,
ikely 66—1000%, abott as likely a5 not 33~66%, unlikely 0-33%, very uniikely 0—10%, exceptionally unlikely 0~1%. Additional terms {extremely
fikely 95-100%, more likely than not >50-100%, more uniikely than fikely 0~<50%, extremely uniikely 0-5%} may afso be used when appropriate.
Assessed likefthnod is typeset in itafics, e.g., very fkely. See for more detalls: Mastrandrea, M.D., C.B. Fisld, TF. Stocker, 0. Edenhofer, K.L. Ebi, D1 Frame,
H. Held, £ Kriegler, K 1 Mach, PR. Matschoss, G.-K. Plattner, G.W. Yohe and £W. Zwiers, 2010: Guidance Note for Lead Authars of the IPCC Fifth Assess-
ment Report on Consistent Treatment of Uncertainties, Intergovernmental Panel on Climate Change {IPCC), Geneva, Switzertand, 4 pp.

Rarges in square brackets or foliowing "+ are expected 1o have a 90% fikelihood of induding the value that is being estimated, unless otherwise
stated.



120

Sununary for Policymakers

{a) Globally averaged combined fand and ocean surface temperature anomaly
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Figure SPM.1| The complex relationship hetween the observations (panels a, b, ¢, yellow background) and the emissions (panel d,
fight biue background) is addressed in Sectior 1.2 and Topic 1. Observations and other indicators of a changing giobal dlimate system. Observa-
tions: {a) Annually and globally averaged combined land and ocean surface temperature anomaties relative to the average over the period 1986 to 2005,
Cotours indicate different data sets. {b} Annually and globally averaged sea leve! change relative to the average over the period 1986 to 2005 in the
fongest~sunning dataset. Colours indicale different data sets. Al datasets are sligned to have the same value in 1993, the first year of satelfite altimetry
data {red). Where assessed, uncertainties are indicated by coloured shading. {¢) ic concentrations of the greenhouse gases carbon dioxide
("D gseer) met hane {CR,, crarge}ar‘d wtmus oxtde (N 0, md) determ msd fram ice core data (dms) and from d‘mf( atmosphen( v\raswemems {lines).

Cumuat ive emissions of o, 1rom these o
affects of the accumulation of CH, and N,O emissions are shown in panet <. Greenhouse gas emission data from 19701 m 2010 are shnwn in thme SPM 2
{Figures 1.1, 1.3, 1.5}
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the past 15 years {1998-2012; 0.05 {~0.05 to 0.15] °C per decade), which begins with a strong Ef Nifio, is smailer than the
rate calculated since 1951 {1951~2012; 0.12 [0.08 10 0.14] °C per decade}. {1.1.1, Box 1.1]

Ocean warming dominates the increase in energy stored in the climate system, accounting for more than 90% of the energy
accumulated between 1971 and 2010 {high confidence), with only about 1% stored in the atmosphere. On a global scale,
the acean warming is largest near the surface, and the upper 75 m warmed by 0.11 {0.09 to 0.13} °C per decade over the
period 1971 to 2010. it is virtually certain that the upper ocean {0-700 m} warmed from 1971 to 2010, and it fikely warmed
between the 1870s and 1971. {7.7.2, Figure 1.2}

Averaged over the mid-latitude land areas of the Northern Hemisphere, precipitation has increased since 1901 {medium
confidence before and high confidence after 1951). For other fatitudes, area-averaged long-term positive or negative trends
have Jow confidence. Observations of changes in ocean surface salinity alse provide indirect evidence for changes in the
global water cycle over the ocean {medium confidence). it is very Jikely that regions of high salinity, where evaporation dom-~
inates, have hecome more saline, while regions of low salinity, where precipitation dominates, have become fresher since
the 1950s.{1.1.1, 1.1.2}

Since the beginning of the industrial era, oceanic uptake of €0, has resulted in acidification of the ocean; the pH of ocean
surface water has decreased by 0.1 {high confidence), corresponding to a 26% increase in acidity, measured as hydrogen ion
concentration. {1,1.2}

Qver the period 1992 to 2011, the Greenland and Antarctic ice sheets have been fosing mass {high confidence}, likely at a
larger rate over 2002 to 2011. Glaciers have continued to shrink almost worldwide (high confidence). Northern Hemisphere
spring snow cover has continued to decrease in extent {high confidence}. There is high confidence that permafrost tempera-
tures have increased in most regions since the early 1980s in respanse to increased surface temperature and changing snow
cover. {7.1.3}

The annual mean Arctic sea-ice extent decreased over the period 1979 to 2012, with a rate that was very /ikefy in the range
3.5 to0 4.1% per decade. Arctic sea-ice extent has decreased in every season and in every successive decade since 1979, with
the most rapid decrease in decadal mean extent in summer {high confidence). it is very likely that the annual mean Antarctic
sea-ice extent increased in the range of 1.2 to 1.8% per decade between 1979 and 2012, Howevey, there is high confidence
that there are strong regional differences in Antarctica, with extent increasing in some regions and decreasing in others.
{1.1.3, Figure 1.1}

Over the period 1901 to 2010, global mean sea level rose by 0.19 {0.17 to 0.21] m (Figure SPM.1b}. The rate of sea level rise
since the mid-19th century has been larger than the mean rate during the previous two mittennia {high confidence). {1.7.4,
Figure 1.1}

SPM 1.2 Causes of climate change

i Amhmpugemc greenhsuse gas emissions have mcreased since the pre- mdﬁstﬂai efa, cis'wen i

- largely by economicand population growth; and are now higher than ever. This has led to atmo

- spheric cancentrations of carbon dioxide, methane and nitrous oxide that are unprecedents

- at least the last 800, 060 years. Thelr effects, together with thase: aof other anthropogenic dr

ers, have been detected throughout the climate system and are extremely fikely to have been :
“the dommant cause af the observed warmmg sirice the mid=20th century. {7 213 1 :

Anthropogenic greenhouse gas (GHG) emissions since the pre-industrial era have driven large increases in the atmospheric
concentrations of carbon dioxide {CQ,), methane (CH,) and nitrous oxide {N,0} {Figure SPM.1c). Between 1750 and 2011,

cumulative anthropogenic CO, emissions to the atmosphere were 2040 + 310 GtC0,. About 40% of these emissions have
remained in the atmasphere {880 + 35 GtCQ,); the rest was remaved from the atmosphere and stored on land {in plants and
soils) and in the ocean. The ocean has absorbed about 30% of the emitted anthropogenic CO,, causing ocean acidification.
Abaout half of the anthropogenic €0, emissions between 1750 and 2011 have occurred in the last 40 years {high confidence}
(Figure SPM.1d). {1.2.7, 1.2.2}



122

Summary for Pelicymakers

Total annual anthropogenic GHG emissions by gases 1870-2010
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Figure SPM.Z | Total annual anthropogenic greeshouse gas {GHG} emissions {gigatonne of CO,-equivalent per year, GtCQ,-eq/yr) for the period 1970
10 2010 by gases: CO, from fossit fuel combustion and industrial processes; CO, from Forestry and Other Land Use (FOLU); methane (CH,); nitrous oxide
(N,0Y; fiorinated gases covered under the Kyoto Protocal {F-gases). Right hand side shows 2010 emissions, using ahernatively (Q,-equivalent emission
weightings based on IPCC Second Assessment Report {SAR) and ARS values, Unless otherwise stated, £0,-equivalent emissions in this report inckide the
hasket of Kyoto gases {CO,, CH,, N0 as wall as F-gases} calculated based on 100-year Global Warming Poterstial {GWP o) vahies from the SAR {see Glos-
sary). Using the most recent GWP g values from the ARS {right-hand bars) would result in higher total annual GHG emissians (52 GtCO,-eqlys) from an
increased cariribution of mathane, but does not change the long-term trend significantly, {Figure 1.6, Box 3.2)

Total anthropogenic GHG emissions have continued to increase over 1970 to 2010 with larger absolute increases between
2000 and 2010, despite a growing number of climate change mitigation policies, Anthropogenic GHG emissions in 2010 have
reached 49 + 4.5 GICO,-egfyr *. Emissions of CQ, from fossil fuel combustion and industrial pracesses contributed about 78%
of the total GHG emissions increase from 1970 to 2010, with a similar percentage contribution for the increase during the
period 2000 to 2010 {high confidence) (Figure SPM.2). Globatly, economic and population growth continued to be the most
important drivers of increases in CO, emissions from fossit fuej combustion. The contribution of population growth between
2000 and 2010 remained roughly identical to the previous three decades, while the contribution of economic growth has
risen sharply. increased use of coal has reversed the fong-standing trend of gradual decarbonization (i.e,, reducing the carbon
intensity of energy) of the world’s energy supply {high confidence). {1.2.2}

The evidence for human influence on the dimate system has grown since the IPCC Fourth Assessment Report {AR4). 1t is
extremely fikely that more than half of the observed increase in global average surface temperature from 1951 to 2010 was
caused by the anthropogenic increase in GHG cencentrations and other anthropogenic forcings together. The best estimate
of the human-induced contribution to warming is similar to the observed warming over this period {Figure SPM.3}. Anthro-
pogenic forcings have Jkely made a substantial contribution to surface temperature increases since the mid-20th century
over every continental region except Antarctica‘, Anthropogenic influences have fikefy affected the global water cycle since
1960 and contributed to the retreat of glaciers since the 1960s and to the increased surface melting of the Greenland ice
sheet since 1993, Anthropogenic influences have very fikely contributed to Arctic sea-ice loss since 1979 and have very fikefy
made a substantial contribution fo increases in global upper ocean heat content {0-700 m) and to global mean sea level rise
observed since the 1970s. {1.3, Figure 1.10}

* Greenhouse gas emissions are quantified a5 CO,-equivatent (GC0,-eq) emissions using weightings based on the 100-year Global Warming Potentials,
using IPCC Second Assessment Report values unless otherwise stated. {Box 3.2)

For Antarctica, large observationa! unceniainties result in low confidence that anthropogenic forcings have contributed to the observed warming aver-
aged over available stations,
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Contributions to observed surface temperature change over the period 1951-2010
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Figure SPM.3 | Assessed fikely ranges (whiskers} and their mid-points (bars) for warming trends over the 1951-2010 period from welt-mixed greenhouse
gases, other anthropogenic forcings {including the cooting effect of aerasols and the effect of land use change), combined anthropogenic forcings, naturel
forcings and natural internal climate variability éwhich is the element of climate variabiity that arises spontaneously within the climate system even in the
absence of forcings). The chserved surface temperature change is shawn in black, with the 5 to 35% uncertainty range due to ohservational uncertainty,
The attributed warming ranges {colowis} are based on observations combined with climate model simulations, in order to estimate the comtribution of an
individual external forcing to the observed warming. The cantribution from the combined anthropogenic forcings can be estimated with less uncertainty
than the contributions from greenhouse gases and from other anthropogenic forcings separately. This is because these twa contributions partially compen-
sate, resulting in a combined signaf that is better constrained by observations. fFigure 1.97

SPM 1.3 fmpacts of dlimate change

ntecent deéa‘des, changes in pfihxaté‘have‘ caused impacts on natural and human systemson
tinents and across the oceans. Impacts are due to ohserved climate change, irvespe
e of its cause, indicating the sensitivity of natural and human systems to changing climat

all

2

Evidence of observed climate change impacts is strongest and most comprehensive for natural systems. In many regions,
changing precipitation or melting show and ice are altering hydrological systems, affecting water resources in terms of
quantity and quality {medium confidence). Many terrestrial, freshwater and marine species have shifted their geographic
ranges, seasonal activities, migration patterns, abundances and species interactions in response to ongoing climate change
{high confidence). Some impacts on human systems have also been attributed to climate change, with a major or minor
contribution of climate change distinguishable from other influences (Figure SPM.4). Assessment of many studies covering
a wide range of regions and crops shows that negative impacts of climate change on crop yields have been more common
than positive impacts (high confidence), Some impacts of ocean acidification on marine organisms have been attributed to
human influence {medium confidence). {1.3.2}
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Figure SPM.4 | Based on the available sdentific literature since the IPCC Fourth Assessmant Report {AR4), there ate substantially more impacts in recent
decades row attributed to dimate changa. Attribution requires defined scientific evidence on the role of climate change. Absence from the map of addi-
tionat impacts attributed to dimate change does not imply that such impacts have not occurred. The publications supporting attributed impacts reflect 3
growing knowledge base, but publications are stif limited for many regions, systems and processes, highlighting gaps in data and studies, Symbals indicate
categories of attributed impacts, the refative contribution of cmate change (major of minat) to the abserved impact and confidence in altribution, Each
symbol refers to one of more entries in WGIi Table SPM.A1, grouping related regional-scale impacts. Numbers in ovals indicate regional totals of climate.
change publications from 2001 to 2010, based on the Scopus bibliagraphic database for publications in English with individual countries mentioned in title,
shstract or key words {as of luly 2011). These numbers provide an overall measure of the available sclentific fiterature an dlimate change across regians;
they do not indicate the number of publications supporting attribution of climate change impacts in each region, Studies for polar regions and small istands
are grouped with neighbouring continental regions. The inclusion of publications for of attri followed IPCC scientific evidence criteria
defined in WGH Chapter 18. Publications considered in the attribution analyses come from a broader range of fiterature assessed in the WGH ARS, See WGH
Table SPM.AT for descriptions of the attributed impacts. {Figure 1.77}

SPM 1.4 Extreme events

“Changés in many extreme weather and dlimate events have been observed since about 1950,
< Some of these changes have been linked to human influences, including a decrease in cold tem:
i perature extrames, an ing inwarm temp e extremes, an increase in extreme highsea
- fevels and an increase in the number of heavy precipitation events in a number of regions. 1.4

Itis very fikely that the number of cold days and nights has decreased and the number of warm days and nights has increased
on the global scale. It is fikefy that the frequency of heat waves has increased in large parts of Europe, Asia and Austrafia, it is
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very fikely that human influence has contributed to the observed global scale changes in the frequency and intensity of
daily temperature extremes since the mid-20th century. it is fikely that human influence has mare than doubled the prob-
ability of occurrence of heat waves in some focations. There is medium confidence that the observed warming has increased
heat-related human mortality and decreased cold-related human mortality in some regions. {7.4/

There are /ikely more land regions where the number of heavy precipitation events has increased than where it has decreased.
Recent detection of increasing trends in extreme precipitation and discharge in some catchments implies greater risks of
flooding at regional scale {medium confidence). it is likely that extreme sea fevels {for example, as experienced in storm
surges} have increased since 1976, being mainly a result of rising mean sea level, (1.4}

impacts from recent climate-related extremes, such as heat waves, droughts, floods, cyclones and wildfires, reveat significant
vuinerability and exposure of some ecosystems and many human systems to current climate variability {very high confi-
dence}. {1.4}

SPM 2. Future Climate Changes, Risks and Impacts

;"Cont: ued _emission of greenhause gases wmll cause further warmmg “and ieng-!astmg

omponents of the' climate system, increasing the likelihood of severe,

. s for people and ecosystems. Limiting climate change weuld

: ;reqmre substamsat and sustained reductions in greenhouse gas emissions whrch mgether o
©owith adaptatlon can Ixmst chmate change rrsks {2 it :

SPM 2.1 Kay drivers of future climate

Cumuiatwe emissions of CO2 largely determine globai mean surface warmmg by the fate
century and beyond Pro;ectmns of greenhouse.gas emissions vary over a wide range o
depen mg onboth sucm economic development and chmate pahcy 20k :

Anthropogenic GHG ernissions are mainly driven by population size, economic activity, lifestyle, energy use, land use patterns,
technology and dimate policy. The Representative Concentration Pathways {RCPs), which are used for making projections
based on these factors, describe four different 21st century pathways of GHG emissians and atmospheric concentrations,
air poliutant emissions and fand use. The RCPs indude a stringent mitigation scenario (RCP2.6), two intermediate scenarios
{RCP4.5 and RCP6.0} and one scenario with very high GHG emissions (RCP8.5). Scenarios without additional efforts to
constrain emissions (‘baseline scenarios’) lead to pathways ranging between RCP6.0 and RCP8.5 {Figure SPM.5a). RCP2.6 is
representative of a scenario that aims to keep global warming /ikely below 2°C above pre-industrial temperatures. The RCPs
are consistent with the wide range of scenarios in the fiterature as assessed by WGHP. (2.1, Box 2.2, 4.3/

Muitiple lines of evidence indicate a strong, cansistent, almost linear relationship between cumulative €O, emissions and
projected global temperature change to the year 2100 in both the RCPs and the wider set of mitigation scenarios analysed
in WGl {Figure SPM.5b}. Any given level of warming is associated with a range of cumulative CO, emissions®, and therefore,
e.g., higher emissions in earlier decades imply fower emissions later. {2.2.5, Table 2.2}

ughly 300 baseline scenarios and 900 mitigation scenarios are categorized by CO,-equivalent concentration {C0,-eq) by 2100. The CO;-ea includes
the forcing due to all GHGs (inciuding halogenated gases and tropospheric azone), aerasols and albedo change.

Quantification of this range of L0, emissions requires 1aking into account nor-CO, drivers,
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Figure SPM.5 | {a} Emissions of carbon dioxide {CO,) alone in the Representative Concentration Pathways (RCPs} {lines) and the assnciated scenarin
catequries used in WG (cofoured areas show 5 to 95% range). The WGH! scenario categaries summarize the wide range of emission scenarios published
in the scientific fiterature and are defired on the basis of COyeq concentration levels {ie ppmy in 2160, The time series of other greenhouise 0as emissions
ase shown in Box 2.2, Figure 1. {b) Global mean susface temperature increase at the time global CO, emissions reach a given pet cumulative total, plotied
as a function of that total, from various fines of evidence. Coloured phume shows the spread of past and future projections from a hierarchy of dimate
carbor cycie models driven by historical emissions and the four RCPs over afl times out to 2100, and fades with the decreasing number of available models:
Ellipses show total anthropogenic warming in 2100 versus cumuiative C0, emissions from 1870 to 2100 from a simple ciimate model {median dimate
response} under the scenario categaries used in WGlH. The width of the effipses in terms of temperature is caused by the impact of different scerarios for
non-C0; dimate drivers. The filled black effipse shows observed emissions to 2005 and observed temperatures in the decade 20002000 with associated
uncertainties. {Box 2.2, Figure 1; Figure 2.3}
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Multi-mode! resuits show that fimiting total human-induced warming to less than 2°C relative to the period 18611880 with
a probabitity of >66% would require cumulative CQ, emissions from alf anthropagenic sources since 1870 to remain below
about 2900 GtCO, (with a range of 2550 to 3150 GtCO, depending on non-CO, drivers). About 1900 GtCO,? had already been
emitted by 2011. For additional context see Table 2.2. {2.2.5}

SPM 2.2 Projected changes in the climate system

Surface temperature i projected to rise over the 21st century under all assessed amissmn .
‘scenarios. It is very likefy that heat waves will occur more often and last longer, and: that
- extreme p eclpxtaﬁon nts will become more intense and frequent in many regio :

i ‘ocean wa!! contmue to warm anmd acxdn‘y, and giobal mean sea Ievet to nse {2 2}

The projected changes in Section SPM 2.2 are for 20812100 refative to 1986-2005, unless otherwise indicated.

Future climate will depend on committed warming caused by past anthropogenic emissions, as well as future anthropogenic
emissions and naturai climate variability. The global mean surface temperature change for the period 2016~2035 relative to
1986-2005 is similar for the four RCPs and will fikefy be in the range 0.3°C to 0.7°C {medium confidence). This assumes that
there will be ne major volcanic eruptions or changes in some natural sources (e.g., CH, and N, 0}, or unexpected changes in
total solar irradiance. By mid-21st century, the magnitude of the projected climate change is substantially affected by the
choice of emissions scenario, {2.2.7, Table 2.1}

Relative to 1850-1900, global surface temperature change for the end of the 27st century (2081~2100} is projected 1o fikely
exceed 1,5°C for RCP4.5, RCP6.0 and RCPB.S (high confidence). Warming is fikely to exceed 2°C for RCP6.0 and RCPS.5
thigh confidence}, more likely than not to exceed 2°C for RCPA.5 (medium confidence), but uniikely to exceed 2°C for RCP2.6
{medium confidence}. {2.2.1]

The increase of global mean surface temperature by the end of the 21st century {2081-2100) relative to 1986-2005 is fikely
to be 0.3°C to 1.7°C under RCP2.6, 1.1°C to 2.6°C under RCP4.5, 1.4°C to 3.1°C under RCP6.0 and 2.6°C to 4.8°C under
RCP8.5% The Arctic region will continue to warm mare rapidly than the global mean {Figure SPM.6a, Figure SPM.7a). {2.2.1,
Figure 2,1, Figure 2.2, Table 2.1}

1t is virtually certaln that there will be more frequent hot and fewer cold temperature extremes over most fand areas on daily
and seasonal timescales, as global mean surface temperature increases. It is very fikely that heat waves will occur with a
higher frequency and ionger duration. Occasional cold winter extremes will continue to occur. {2.2.7}

Caprespanding figuses for fimiting warming 1o 2°C with & probabifity of »50% and >33% are 3000 GtCO, {range of 2900 to 3200 G0, and 3303 G1C0,
{range of 2950 to 3800 GtCO,) respectively. Higher or lower temperature fimits would imply larger or lower cumulative emissions respectively.

This correspords 1o about two thirds of the 2900 GICO, that would limit warming to less than 2°C with 3 probability of >66%; ta about 63% of the total
amount of 3000 GICO, that would fimit warming to fess than 2°C with a probability of »50%; and ta about 58% of the total amaunt of 3300 GO,
that would mit warming 1o Jess than 2°C with a probability of >33%,

¥ The period 1986-2005 is approximately 0.63 {0.55 to 0.67] °C warmer than 18501900 /2.2 1}
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Figure SPM.6 | Global average surface temperature change {a) and global mean sea level rise* (b} from 2006 1o 2100 as determined by multi-nodel
simulations. All changes are refative to 1986~2005. Time series of projections and a measure of uncertainty {shading) are shown for scenarios RCP2.6
{biue} and RCPB.S {red). The mean and associated uncertainties averaged over 20812100 are given for all RUP scenarios as colored vertical bars at the
sight hand side of each panel The number of Coupled Mode! Intercomparison Project Phase 5 (CMIPS) models used 1o calautate the multi-mode! mean is
indicated. {2.2, Figure 2.1}

Changes in precipitation wifl not be uniform. The high latitudes and the equatorial Pacific are /ikely to experience an increase
in annual mean precipitation under the RCP8.5 scenario. in many mid-fatitude and subtropical dry regions, mean precipi-
tation will /ikely decrease, while in many mid-latitude wet regions, mean precipitation will fikefy increase under the RCP8.5
scenario {Figure SPM.7bj. Extreme precipitation events over most of the mid-fatitude fand masses and over wet tropicat
regions will very fikely become more intense and more frequent. {2.2.2, Figure 2.2}

The global ocean wifl continue to warm during the 21st century, with the strongest warming projected for the surface in
tropicat and Northern Hemisphere subtropical regions {Figure SPM.7a}. {2.2.3, figure 2.2)

* Based on Current {from observations, physical und iing and modeling), anly the collapse of marine-based sectors of the Antarctic
ice sheet, if intiated, could cause global mean sea level 1o rise substantially above the fkely range during the 215t centusy. There is meviom confidence
that this additional contribution would not exceed several tenths of a meter of sea level rise duting the 21st century.
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RCP2.6 RCPB.5
{a) Change in average surface temperature {1986-2005 to 20812100}

{b} Change in average precipitation {1386-2005 to 20812100}

(%)

~40 -30 ~20 -10 0 10 20 30 40 50

Figure SPM.7 | Change in average surface temperature (a) and change in average precipitation (b} based on multi-mode! mean projections for
20812100 refative to 1986-2005 under the RCP2.6 {eft) and RCPA.S {right} scenarios. The number of models used to calculate the muiti-mode] mean
is indicated in the upper right corner of each panel. Stippling {ie., dots) shows regions where the projected change is large compared to natural intemal
variability and where at least 90% of madels agree on the sign of change. Hatching (ie., diagonal lines} shows regions where the projected change is fess
than one standard deviation of the natural internal vartability. (2.2, Figure 2.2}

Earth System Models project a global increase in ocean acidification for ali RCP scenarios by the end of the 21st century, with
a slow recovery after mid-century under RCP2.6. The decrease in surface ocean pH is in the range of 0.06 to 0.07 {1510 17%
increase in acidity) for RCP2.6, 0.14 to 0.15 (38 to 41%) for RCPA.5, 0.20 ta 0.21 {58 to 62%) for RCP6.0 and 0.30 to 0.32
{100 to 109%;) for RCPB.S. {2.2.4, Figure 2.1}

Year-round reductions in Arctic sea ice are projected for all RCP scenarios. A nearly ice-free’ Arctic Ocean in the summer sea-
ice minimum in September before mid-century is iikefy for RCP8.5'2 (medjum confidence). {2.2.3, Figure 2.1)

It I virtually certaip that near-surface permafrost extent at high northern fatitudes will be reduced as global mean surface
temperature increases, with the area of permafrost near the surface (upper 3.5 m) projected to decrease by 37% (RCP2.6) to
81% (RCP8.5) for the mutti-model average {(medium confidence). (2.2.3}

The global glacier volume, excluding glaciers on the periphery of Antarctica {and excluding the Greenland and Antarctic ice
sheets), is projected to decrease by 15 to 55% for RCP2.6 and by 35 to 85% for RCP8.5 (medium confidence). (2.2.3}

1 When sea-ice extent is ess than one miflion kim? {or at least five consecutive years.

¥ Based on an assessment of the subset of models that most dosely reproduce the cimatological mean state and 1979-2012 trend of the Arctic sea-ice
axtent.
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There has been significant improvement in understanding and projection of sea level change since the AR4. Global mean sea
fevel rise will continue during the 21st century, very likely at a faster rate than observed fram 1971 to 2010, For the period
2081-2100 relative to 1986--2005, the rise will fikely be in the ranges of 0.26 to 0.55 m for RCP2.6, and of 0.45 10 0.82 m
for RCP8.S {(medium confidence)™ (Figure SPM.Bb). Sea level rise will not be uniform across regions. By the end of the
215t century, it is very Jikely that sea level will rise in more than about 95% of the ocean area. About 70% of the coastlines
worldwide are projected to experience a sea level change within +20% of the global mean. {2.2.3}

SPM 2.3 Future risks and impacts caused by a changing climate

Chmate change wi 1 amp sfy emtmg nsks and. create new nsks fm natura! anti human SyS* :
* tems. Risks are unevenly distributed and are generally greater for dxsadvantaged peopie and
communmes in ceuntnes at all fevels of deveiapment {z e :

Risk of climate-related impacts rasults from the interaction of climate-related hazards (including hazardous events and
trendls) with the vulnerability and exposure of human and natural systems, including their ability to adapt. Rising rates and
magnitudes of warming and other changes in the climate system, accompanied by ocean acidification, increase the risk
of severe, pervasive and in some cases irreversible detrimental impacts. Some risks are particularly relevant for individuat
regions {Figure SPM.8), while others are global. The overall risks of future dimate change impacts can be reduced by limiting
the rate and magnitude of climate change, inciuding ocean acidification. The precise levels of dimate change sufficient to
trigger abrupt and irreversible change remain uncertain, but the risk associated with crossing such thresholds increases with
rising temperature (medium confidence). For risk assessment, it is important to evaluate the widest possible range of impacts,
including fow-probability outcomes with large consequences. (1.5, 2.3, 2.4, 3.3, Box Introduction. 1, Box 2.3, Box 2.4}

Alarge fraction of species faces increased extinction risk due to climate change during and beyond the 21st century, espe-
ciafly as climate change interacts with other stressors (high confidence). Most plant species cannot naturally shift their
geographical ranges sufficiently fast to keep up with current and high projected rates of dimate change in mast fandscapes;
most small mammals and freshwater moHuscs will not be able to keep up at the rates projected under RCP4.5 and above
in fat Jandscapes in this century (high confidence). Future risk s indicated to be high by the observation that natural global
climate change at rates lower than current anthropogenic climate change caused significant ecosystem shifts and species
extinctions during the past millions of years. Matine organisms wifl face progressively lower oxygen levels and high rates and
magnitudes of ocean acidification (high confidence), with associated risks exacerbated by rising ccean temperature extremes
{medium confidence). Coral reefs and polar ecosystems are highly vulnerable. Coastal systems and low-lying areas are at
risk from sea fevel rise, which will continue for centuries even if the global mean temperature is stabilized (high confidence).
{2.3, 2.4, Figure 2.5}

Climate change is projected ta undermine food security (Fgure SPM.9). Due to projected dimate change by the mid-21st century
and beyond, global marine species redistribution and marine biodiversity reduction in sensitive regions will challenge the sustained
provision of fisheries productivity and ather ecosystem services (high confidence). For wheat, rice and maize in tropical and temper-
ate regions, dimate change without adaptation is projected to negatively impact production for jocal temperature increases
of 2°C or more above late 20th century levels, although individual focations may benefit (medium confidence). Global tem-
perature increases of ~4°C or more'? above fate 20th century levels, combined with increasing food demand, would pose
large risks to food security globally (high confidence). Climate change is projected to reduce renewable surface water and
groundwater resources in mast dry subtropical regions {robust evidence, high agreement), intensifying competition for water
among sectors {imited evidence, medium agreement). {2.3.1, 2.3.2}

# Prajected warming averaged over land is larger than giobat average warming for aif RCP scenarios for the period 2081-2100 relative to 1986-2005.
for regional projections, see Figure SPM.7. (2.2}
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Climate change poses risks for food production
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Figure SPM.9 | (a) Projected global redistribution of maximum catch potential of ~1000 exploited marine fish and invertebrate species. Projections
compare the 10-year averages 2001~2010 and 2051-2060 using acean conditions based on a single dimate model under a moderate to high warming
scenaria, without analysis of potential impacts of overfishing or ocean acidification. {b} Summary of projected changes in crop vields {mostly wheat, maize,
rice and soy), due to climate change over the 215t century. Data for each timeframe sum to 100%, indicating the percentage of projections showing yield
increases versus decreases, The figure includes projections {based on 1090 dsta paints} for different emission scenarios, for tropical and temperate regions
and for adaptation and no-adaptation cases combined. Changes in crop yieids are relative to late 20th century levels. {(Figure 2.6a, Figure 2.7}

Untif mid-century, projected climate change will impact human health mainly by exacerbating health prablems that already
exist {very high confidence). Throughout the 21st century, climate change is expected to lead to increases in ill-health in many
regions and especially in developing countries with fow income, as compared to a baseline without dimate change (high
confidence). By 2100 for RCPB.5, the combination of high temperature and humidity in some areas for parts of the year is
expected to compromise common human activities, including growing food and working outdoors {high confidence). {2.3.2}

In urban areas climate change is projected to increase risks for people, assets, economies and ecosystems, including risks
from heat stress, storms and extreme precipitation, infand and coastal flooding, landslides, air poliution, drought, water scar-
city, sea fevel rise and storm surges {very high confidence), These risks are amplified for those lacking essential infrastructure
and services or fiving in exposed areas. {2.3.2}
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Rural areas are expected to experience major impacts on water availability and supply, food security, infrastructure and
agricuftural incomes, including shifts in the production areas of feod and non-food crops around the warld (high confidence).
2.3.2}

Aggregate economic losses accelerate with increasing temperature (imited evidence, high agreement}, but globat economic
impacts from dimate change are currently difficult to estimate. From a poverty perspective, climate change impacts are
projected to slaw down economic growth, make poverty reduction more difficult, further erode food security and prolong
existing and create new poverly traps, the fatter particufarly in urban areas and emerging hotspots of hunger {medium confi-
dence}, International dimensions such as trade and relations among states are also important for understanding the risks of
climate change at regional scales. {2.3.2]

Climate change is projected to increase displacement of people {medium evidence, high agreement). Populations that fack
the resources for planned migration experience higher exposure to extreme weather events, particutarly in developing caun-
tries with fow incame. Climate change can indirectly increase risks of violent conflicts by amplifying well-documented drivers
of these conflicts such as poverty and ecanomic shacks (medium confidence). (2.3.2}

SPM 2.4 Climate change beyond 2100, irreversibility and abrupt changes

‘ Many aspez:ts of ¢l ate change and associated impacts will continue for centuries, sven if
anthropogenic & ons of greenhouse gases are stopped. The risks of abrupt or rrreverseb§
| chaages mcrease as the magmtude of the warmmg increases. (2 9

Warming will continue beyond 2100 under alt RCP scenarios except RCP2.6. Surface temperatures will remain approximately
constant at elevated levels for many centuries after a complete cessation of net anthropogenic CQ, emissions. A farge frac-
tion of anthropogenic dlimate change resulting from CQ, emissions is irreversible on a multi-century to millennial timescale,
except in the case of a large net removal of CQ, from the atmosphere over a sustained period. (2.4, Figure 2.8}

Stabilization of global average surface temperature does not imply stabilization for ali aspects of the dimate system. Shifting
biomes, soif carbon, ice sheets, acean temperatures and associated sea level rise all have their own intrinsic Jong timescales
which will result in changes Jasting hundreds to thousands of years after global surface temperature is stabilized. (2.7, 2.4}

There is high confidence that acean acidification will increase for centuries if CO, emissions continue, and will strongly affect
matine ecosystems. {2.4/}

it is virtually certain that global mean sea levet rise will continue for many centuries beyond 2100, with the amount of rise
dependent on future emissions. The threshold for the loss of the Greenland ice sheet over a millennium or more, and an asso-
ciated sea fevel rise of up to 7 m, is greater than about 1°C {fow confidence) but less than about 4°C {medium confidence}
of global warming with respect to pre-industrial temperatures. Abrupt and irreversible ice loss from the Antarctic ice sheet is
possible, but current evidence and understanding is insuffident to make a quantitative assessment. {2.4)

Magnitudes and rates of dimate change assotiated with medium- to high-emission scenarios pose an increased risk of
abrupt and irreversible regional-scale change in the composition, structure and function of marine, terrestrial and freshwater
ecosystems, including wetlands {medium confidence). A reduction in permafrost extent is virtually certain with continued rise
in global temperatures. {2.4}
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SPM 3. Future Pathways for Adaptation, Mitigation and Sustainable Development

SPM 3.1 Foundations of decision-making about climate change

Eﬁecte\ze decnsmn‘makmg m ‘mtt chmate change and:its effects can be mformed by awide
- range of analytical approaches for evafuatmg expected risks and benefits, recogmzmg the'

- importance of governance, ethical dimensions; equity, value Judgments, ‘econamic assess:
S 'ments and dwerse perceptmns and responsesto nsk and uncertamty 31 :

Sustainable development and equity provide a basis for assessing climate policies. Limiting the effects of climate change is
necessary to achieve sustainable development and equity, including poverty eradication. Countries’ past and future contri~
butians to the accumulation of GHGs in the atmasphere are different, and countries also face varying chaltenges and circum-
stances and have different capacities to address mitigation and adaptation. Mitigation and adaptation raise issues of equity,
justice and fairness. Many of those mast vulnerable to dimate change have contributed and contribute little to GHG emis-
sions. Delaying mitigation shifts burdens from the present to the future, and insufficient adaptation responses to emerging
impacts are already eroding the basis for sustainable development. Comprehensive strategies in response to climate change
that are consistent with sustainable development take into account the co-benefits, adverse side effects and risks that may
arise from both adaptation and mitigation options. {3.7, 3.5, Box 3.4}

The design af climate policy is influanced by how individuals and organizations perceive risks and uncertainties and take
them into account. Methods of valuation from ecanamic, social and ethical analysis are available to assist decision-making.
These methods can take account of a wide range of possible impacts, induding tow-probability outcomes with Jarge conse-
quences. But they cannot identify a single best balance between mitigation, adaptation and residual climate impacts. (3.7}

Climate change has the characteristics of a collective action problem at the global scale, because most GHGs accumulate
over time and mix globally, and emissions by any agent {(e.g., individual, cornmunity, company, country} affect other agents.
Effective mitigation will not be achieved if individual agents advance their own interests independently. Caoperative responses,
inchuding international cooperation, are therefore required to effectively mitigate GHG emissions and address other dlimate
change issues. The effectivenass of adaptation can be enhanced through complementary actions across levels, including
international cooperation. The evidence suggests that cutcomes seen as equitable can lead to more effective cooperation.

(3.1}

SPM 3.2 Climate change risks reduced by mitigation and adaptation

Without additional mitigation efforts beyond those in place today, and even with adaptation,
warming by the end of the 21st century will lead to high to very high risk of severe, wide- . -
- spread and irceversible impacts globally (high confidence). Mitigation involves some fevel
~of ‘co-benefits and of risks due to adverse side effects, but these risks do not involve the .
J ‘same possabnhty of severe, widespread and irreversible impacts as nsks from: chmate change,
increasing the benefits from near-term mmqa’cmn efforts. 3.2, 34} :

Mitigation and adaptation are complementary approaches for reducing risks of climate change impacts over different time-
scales {(high confidence). Mitigation, in the near term and through the century, can substantially reduce climate change
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impacts in the latter decades of the 21st century and beyond. Benefits from adaptation can already be realized in addressing
current risks, and can be realized in the future for addressing emerging risks. {3.2, 4.5}

Five Reasons For Concern (RFCs) aggregate climate change risks and ilustrate the implications of warming and of adaptation
fimits for people, economies and ecosystems across sectors and regions. The five RFCs are associated with: {1} Unique and
threatened systems, (2} Extreme weather events, (3) Distribution of impacts, {4} Global aggregate impacts, and {5) Large-
scale singular events. In this repart, the RFCs provide information relevant to Article 2 of UNFCCC. {Box 2.4

Without additional mitigation efforts beyond those in place today, and even with adaptation, warming by the end of the

21st century will lead to high to very high risk of severe, widespread and irreversible impacts globally (high confidence)
(Figure SPM.10). In most scenarios without additional mitigation efforts {those with 2100 atmospheric concentrations

{a) Risks from climate change... {b) ...depend on cumulative CO, emissions...

i
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Figure SPM.10 | The relationship between risks from climate change, temperature change, cumuiative carbon dioxide {CO;} emissions and changes in
anaual greenhouse ges {GHG) emissions by 2050. Limiting risks across Reasons For Concern {a} would imply a fimit for cumulative emissions of (O, {b}
which would constrain annual GHG emissions over the next few decades (c}. Panet a reproduces the five Ressons For Concern {Bax 2.4}, Paniel b finks
temperature changes to cumulative €O, emissions {in GICQ,) from 1870, They are based on Coupled Mode! Intercomparison Project Phase 5 {CMIFS)
simulations {pisk plume) and on a simple dimate madel {madian dimate response i 2100}, for the baselines and five mitigatian scenario categories (six
ellipses), Details are provided in Figure SPALS. Panel ¢ shows the relationship between the cumulative CO, emissions {in GtCO,) of the scenario catego-
ries and their associated change in annual GHG emissions by 2050, expressed in percentage change (in percent Gt{O,-eq per year) relative to 2010, The
aifipses correspond to the same scenario categories as In Pane! b, and are built with a simifer method {see details in Figure SPM.5). ffigure 3.1/
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>1000 ppm CO,-eq), warming is mare likely than not to exceed 4°C above pre-industrial levels by 2100 (Table SPM.1}. The
risks associated with temperatures at or above 4°C include substantial species extinction, global and regional food insecurity,
consequential constraints an common human activities and fimited potential for adaptation in some cases {high confidence).
Some risks of climate change, such as risks ta unique and threatened systems and risks associated with extreme weather events,
are moderate to high at temperatures 1°C to 2°C above pre-industrial levels. (2.3, Fgure 2.5, 3.2, 3.4, Box 2.4, Table SPM.1}

Substantial cuts in GHG emissions over the next few decades can substantially reduce risks of climate change by limiting
warming in the second half of the 21st century and beyond. Cumulative emissions of O, largely determine global mean
surface warming by the late 215t century and beyond. Limiting risks across RFCs wourld imply a limit for cumulative emissions
of £0,. Such a limit would require that global net emissions of CO, eventually decrease to zero and would constrain annual
emissions over the next few decades {Figure SPM.10} {high confidence). But some risks from dlimate damages are unavoid-
able, even with mitigation and adaptation. {2.2.5, 3.2, 3.4}

Mitigation involves some level of co-benefits and risks, but these risks do not involve the same possitility of severe, wide-
spread and frreversible impacts as risks from climate change, Inertia in the economic and climate system and the possibifity
of irreversible impacts from climate change increase the benefits from near-term mitigation efforts (high confidence}, Delays
in additional mitigation or constraints on technological options increase the fonger-term mitigation costs to hold dimate
change risks at a given levef {Table SPM.2). 3.2, 3.4}

SPM 3.3 Characteristics of adaptation pathways

. Adaptation can reduce the risks of tlimate change impacts, but there ave limits to it
7 tiveness; especially with greater magnitudes and rates of climate change. Taking a longer-
~term perspective, in the context of sustainable development, increases the likelihood that
rmore immediate adaptation actions will alse enhance future options and preparedness. {

Adaptation can contribute to the well-being of populations, the security of assets and the maintenance of ecosystern goads;
functions and services now and in the future. Adaptation is place- and context-specific {high confidence}. A first step towards
adaptation to future climate change is reducing vulnerability and exposure to prasent climate variability {high confidence).
Integration of adaptation into planning, including policy design, and decision-making can promote synergies with develop-
ment and disaster risk reduction. Building adaptive capacity is crucial for effective selection and implementation of adapta-
tion options {robust evidence, high agreement). {3.3)

Adaptation planning and implementation can be enhanced through complementary actions across fevels, from individuals to
governments {high confidence). National governments can coordinate adaptation efforts of local and sub-national govem-
ments, for example by protecting vulnerable groups, by supporting economic diversification and by providing information,
policy and legal framewarks and financial support {(robust evidence, high agreement). Local government and the private
sector are increasingly recognized as itical to progress in adaptation, given their roles in scaling up adaptation of commu-
nities, households and civil society and in managing risk information and financing {medium evidence, high agreement). {3.3]

Adaptation planning and implementation at all levels of governance are contingent on societal values, objectives and risk
perceptions (high confidence). Recognition of diverse interests, circumstances, social-cultural contexts and expectations can
henefit decision-making processes. indigenous, focal and traditional knowledge systems and practices, including indigenous
peaples” holistic view of community and environment, are a major resource for adapting to climate change, but these have
not been used consistently in existing adaptation efforts. Integrating such forms of knowledge with existing practices increases
the effectiveness of adaptation. {3.3}

Constraints can interact to impede adaptation planning and implementation {(high confidence). Common constraints on
implementation arise from the following: limited financial and human resources; limited integration or coordination of gov-
ernance; uncertainties about projected impacts; different perceptions of risks; competing vatues; absence of key adapta-"
tion feaders and advocates; and fimited tools to monitor adaptation effectiveness. Another constraint includes insufficient
research, monitoring, and ebservation and the finance to maintain them. {3.3}
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Greater rates and magnitude of climate change increase the likelihood of exceeding adaptation limits (high confidence).
Limits to adaptation emerge from the interaction among climate change and biophysicat and/or sacio-economic constraints.
Further, poor planning or implementation, overemphasizing short-term outcomes or failing to sufficiently anticipate conse-
guences can result in maladaptation, increasing the vulnerability or exposure of the target group in the future or the vuiner-
ability of other people, places or sectors {medium evidence, high agreement). Underestimating the complexity of adaptation
as a social process can create unrealistic expectations about achieving intended adaptation outcomes. (3.3

Significant co-benefits, synergles and trade-offs exist between mitigation and adaptation and among different adap-
tation responses; interactions occur both within and across regions {very high confidence). Increasing efforts to mitigate and
adapt to climate change imply an increasing complexity of interactions, particularly at the intersections among water,
energy, fand use and biodiversity, but tools to understand and manage these interactions remain {imited, Examples of
actions with co-benefits include (i) improved energy efficiency and cleaner energy sources, teading to reduced emissions of
heatth-damaging, climate-altering air pollutants; {if} reduced energy and water consumption in urban areas through greening
cities and recycling water; {iii) sustainable agriculture and forestry; and {iv} pratection of ecosystems for carbon storage and
other ecosystem services. {3.3}

Transformations in economic, sacial, technological and political decisions and actions can enhance adaptation and promote
sustainable development {high confidence), At the national level, transformation is considered most effective when it reflects
acountry's own visions and approaches to achieving sustainable development in accordance with its national circumstances
and pricrities. Restricting adaptation responses to incremental changes to existing systems and structures, without consider-
ing transformational change, may increase costs and losses and miss opportunities. Planning and implementation of trans-
formational adaptation could reflect strengthened, altered or aligned paradigms and may place new and increased demands
on governance structures to reconcile different gaals and visions for the future and to address possible equity and ethical
implications. Adaptation pathways are enhanced by iterative leaming, deliberative processes and innovation. (3.3}

SPM 3.4 Characteristics of mitigation pathways

: There are multipie mitiga’uon pathways that are i:ke!y to hmxt warmsng 0 be!ow 2°C re%atwe‘ .
to pre-industrial levels. These pa hways woﬁid require substantial emissions reductions over‘ i
the next few decades and near zeto emissions of €0, and other long-lived greenhouse gases ©
by the end of the century. iImplementing such reductions poses substantial technologma*
omic, social and institutional challenges; whichincrease with deiays inadditional mitigati :
and if key technologies are not available. Limiting warming to lower o higher fevels involves

G ‘Slm}laf chaiienges but on different ’nmescales 3.4) S

Without additional efforts to reduce GHG emissions beyond those in place today, global emissions growth is expected to
persist, driven by growth in global population and economic activities. Global mean surface temperature increases in 2100
in baseline scenarios—those without additional mitigation—range from 3.7°C to 4.8°C above the average for 1850-1900
for a median climate response. They range fram 2.5°C to 7.8°C whan including climate uncertainty {5th to 95th percentile
range} {high confidence). {3.4)

Emissions scenarios leading to CO,-equivalent concentrations in 2100 of about 450 ppm or lower are fikely to maintain
warming below 2°C over the 21st century relative to pre-industrial levels'. These scenarios are characterized by 40 to 70%
global anthropogenic GHG emissions reductions by 2050 compared to 2010, and emissfons levels near zero or below in
2100, Mitigation scenarios reaching concentration levels of about 500 ppm CO,-eq by 2100 are more likely than not to limit
temperature change to less than 2°C, unless they temporarily overshoot concentration levels of roughly 530 ppm C0,-eq

™ For comparison, the C0,-eq concentration in 2011 is estimated to be 430 ppm {uncertainty range 340 to 520 ppm}

¥ This range differs from the range provided for a simitar concentration category in the AR4 {50 1o 85% fower than 2000 for CO, only). Reasons for this
difference include that this report has assessed a substantially larger number of scenasios than in the AR and looks at all GHGs. in addition, 3 large
proportion of the new scenarios include Carbon Dioxide Removal (CDR} technologies {see balow). Other factors include the use of 2100 concentration

levets instead of stabilization levels and the shift in reference year from 2000 to 2010.
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before 2100, in which case they are about as likely as not to achieve that goal. in these 500 ppm C0,-eq scenarios, global 2050
emissions Jevels are 25 to 55% lower than in 2010. Scenarios with higher emissions in 2050 are characterized by a greater
reliance on Carbon Dioxide Removal {CDR) technafegies beyond mid-century {and vice versa). Trajectories that are fikely to
limit warming to 3°C refative to pre-industrial Jevels reduce emissions less rapidly than those limiting warming to 2°C. A lim-
ited number of studies provide scenarios that are mare /ikely than not to imit warming to 1.5°C by 2100; these scenarios are
characterized by concentrations below 430 ppm CO,-eq by 2100 and 2050 emission reduction between 70% and 95% below
2010, For a comprehensive overview of the characteristics of emissions scenarios, their CO,-equivalent concentrations and
their fikelihood to keep warming to below a range of temperature fevels, see Figure SPM. 11 and Table SPM.1. 3.4}

{a) GHEG emission pathways 2000-2100; All ARS scenarios
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Figure SPM.11| Global greenhiouse gas emissions (gigatonne of CO,-equivatent per year, GtCO-eqfyr) in basefine and mitigation scenarios for different
fang-term concentration levels {a} and associated upscaling requirements of fow-catbon energy (% of primary energy) for 2030, 2050 and 2100 compared
10 2010 Tevels In mitigation scenarios {b). fFigure 3.2}
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Table SPM.1 | Key characteristics of the scenarios collected and assessed for WGII ARS, For all parameters the 10th to 90th percentile of the scenarios

is shown . {Table 3.1}

o “oq Con: Change in C0eg tikelthood of staying below a specific
ce‘ntxwét‘mns W el emissions compared - temperature level overthe 2ist con-
Liavpn i [ Relativa o 2010 (in %) <0 S tury{relative 10 18501900 4
: et stevories | position o e o -
(ppm‘cqu ) kSuhcate‘gqnes of the o o : el : 3
Category iabel ; RO el g 15°C i 3% e
conc range) o ;
<430 Only a limited number of individual mode! studies have explored fevels below 430 ppm (0-eqt
450 Wore "efy‘ X
3010 450) Toal range 7 RCP26 TR0l | -NB0-T8 L
No avershoot of
50 530 pom €Oy ~57to—42 | -107t0~73
{480 10 530) .
Overshost of $30 551025 | ~11410-90
ppm COpeq
No overshoot of
580 porm COreq ~a7t0-19 | -Blto-59
{530 to 580}
Ouershoot of 560 6107 | -1B3t0-86
ppm COyeq
{580 10 650 Total range -38t024 | ~13410-50
RCPAS
(65010 720) Total range “117 | -S4w-21
(720 10 1000} Total range RCP6.0 18t054 ~T1072
>1000° Total range RCPS.S 521095 7410178
Notes:

The fotal range’ for the 430 ta 480 ppm CQ,-8q concentrations scenarios corresponds 1o the range of the 10th to 90th percentile of the subcategory of
these scenarios shown in Table 6.3 of the Working Group Hi Report.

* Baseling scenarios falt into the >1000 and 720 1o 1000 ppm CO;-eq categories, The fatter category also includes mitigation scenarios. The baseline sce-
narios in the latter category reach a ternperature change of 2.5°C to 5.8°C above the average for 1850-1900 in 2108, Together with the basefine scenarins
in the >1000 ppm C0;-eq category, this leads to an overali 2100 temperature range of 2.5°C to 7.8°C (range based on median climate response: 3.7°C
10 4.8°C) for basefine scenarios across both concentration cateqories.

<The global 2010 emissions are 31% above the 1990 emissions {consistant with the historic greenhouse gas emission estimates presented in this report).
C0;-eq amissions include the basket of Kyoto gases (carbon dioxide (CO;), methane {THY, nitrous oxide (N0} as well as Hluorinated gases).

4 The assessment here invalves a large number of scenarios published in the scientific iterature and is thus not fimited to the Representative Concentration
Pathways {RCPs). To evaluate the COy-eq concentration and cimate implications of these scenarios, the Mode! for the Assessment of Greenhouse Gas
induced Climate Change (MAGICC) was used in 2 probabiiistic mode, For a comparison between MAGICC modst results and the outcomes of the models
used in WGH, see WG{ 12.4.1.2, 12.4.8 and WGHE6.3.2.6.

*The assessment in this table is based on the probabilities calculated for the fufl ensemble of scenarios in WGIH ARS using MAGICC and the assessment in
WGt of the uncertainty of the temperature projections not covered by climate madels. The statements are therefore consistent with the statements in WG,
which are based on the Coupled Model intercomparison Project Phase 5 (CMIPS) runs of the RCPs and the assessed uncenainties, Hence, the tkelihood
statements reflect different lines of evidence from bioth WGs. This WG method was also applied for scenarios with intermediate concantration levels where
no CMIPS runs are available. The fikelibood statements are indicative only {WGH! 5.3} and follow broadiy the terms used by the WG SPM for temperature
projections: likely 66~100%, more fikely than not >50-100%, about as fikely as not 33-66%, and uniikely 0-33%. In addition the term more unlikely
than likely 0—<50% is used.

“The CO,-equivalent concentration {see Glossary} s calculated on the basis of the total forcing from a simple carbon cycle/climate model, MAGICC, The €O,
equivalent concentration in 2011 s estimated to be 430 ppm (uncertainty range 340 to 520 ppm}. This is based on the assessment of total anthropogenic
radiative forcing for 2011 refative fo 1750 in WGH, Le,, 2.3 Wim?, uncertainty range 1.1 10 33 Wim2,

#The vast majerity of scenarios in this cateqory overshaot the category boundary of 480 ppm CO,~eq concentration.

" For scenarios in this category, no CMIPS run or MAGICC realization stays below the respective temperature fevel. Still an unfikely assignment is given 1o
reflect uncertajnties that may not be refiected by the current dimate modes,

* Scanarios in the 580 to 650 ppm CO,-eq category include both overshoot scenarios and scenarios that do not exceed the concentration fevel at the high
end of the category (9., RCP4.5). The fatter type of scenarios, In general, have an assessed probability of mare unfikely than likely to stay below the 2°C
temperature level while the former are mostly assessed to have an unfikefy probabifity of staying below this Jevel

+1n these scenarios, global CO,-eq emissions in 2050 are batween 70 to 95% below 2010 emissions, and they are between 110 10 120% below 2010
emissions in 2100.

22
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Figure SPM.12 | The implications of different 2030 greenhouse gas {GHG) emissions levels Jor the rate of carbon diokide (CO,) emissions reductions
and Jow-carbon energy upscaling in mitigation scenarios that are at least about as fikely as not to keep warming throughout the 215t centuty below 2°C
relative to pre-industrial levels {2100 CO,-equivalent concentrations of 430 to 530 ppm). The scenarios are grouped according to different emissions levels
by 2030 {coloured in different shades of greer). The left pane! shows the pathways of GHG emissions {gigatonne of CO,-equivaient per year, GtCO eq/
yr} teading to these 2030 tevels. The black dot with whiskers gives historic GHG emission levels and associated uncertalnties in 2010 as reported in Figure
SPM.2. The black bar shows the estimated uncertainty ranga of GHG emissions implied by the Cancln Pledges. The middie panel denotes the average
annual €O, emissions reduction rates for the period 20302050, It compares the median and interquartite range across scenarios from recent intermode
comparisons with explicit 2030 interim goals 10 the range of scenarios in the Scenario Database for WGH! ARS. Annual rates of historical emissions change
{sustained aver & period of 20 years} and the average annuaf CQ, emission change between 2000 and 2010 are shown as well, The arrows in the right
paref show the magnitude of zero and iow-tarbon energy supply upscaling from 2030 to 2050 subject to different 2030 GHG emissions levels, Zero- and
low-carbon energy supply includes renewables, nuciear energy and fossit energy with carbon dioxide capture and storage (CCS) or bioenergy with CCS
{BECCS). {Note: Only scenarios that apply the full unc ined mitigation technology portfolio of the underlying models {default tachnology assumption)
are shown, Scenarios with large net negative global emissions {>20 GtCO,-eq/yr), scenarios with exogenous carbon price assumptions and scenarios with
2010 emissions significantly outside the historical range are excluded,] {Figure 3.3]

Mitigation scenarios reaching about 450 ppm CO,-eq in 2100 {consistent with a fikely chance to keep warming below 2°C
relative to pre-industrial levels) typically involve temporary overshoott’ of atmospheric concentrations, as do many scenarios
reaching about 500 ppm CO;-eq to about 550 ppm CO,-eq in 2100 (Table SPM.1). Depending on the level of overshoot,
overshoot scenarios typically refy on the availability and widespread deployment of binenergy with carbon dioxide capture
and storage {BECCS} and afforestation in the second half of the century. The availability and scale of these and other CDR
technalogies and methods are uncertain and CDR technologies are, to varying degrees, associated with challenges and
risks'®. CDR is also prevajent in many scenarios without oversheot to compensate for residual emissions from sectors where
mitigation is more expensive (high confidence). {3.4, Box 3.3}

Reducing emissions of non-CO, agents can be an important element of mitigation strategies, All current GHG emissions
and other forcing agents affect the rate and magnitude of climate change over the next few decades, although long-term
warming is mainly driven by CO, emissions. Emissions of non-CO, forcers are often expressed as 'CO,-equivalent emissions’,
but the choice of metric to calculate these emissions, and the implications for the emphasis and timing of abatement of the
various climate forcers, depends on application and policy context and contains value judgments. 3.4, Box 3.2}

In concentration ‘overshoot' scenarios, concentrations peak during the century and then decline.

CDR methads have hiogeachemical and technological limitations to their potertial an the global scafe. There is insufficient knowledge to quantify how
much €O, emissions could be partially offset by COR on 3 century timescale. CDR methods may carry side effects and long-term consequences on a
giebal scale,

23
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Glohal mitigation costs and consumption growth in baseline scenarios
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Figure SPM.13 | Global mitigation costs in cost-effective scenarios at different atmospheric concentrations levels i 2100. Cost-effective scenarios
assume immediate mitigatio in alt countries and a single global carbon price, and impose no additional fimitations or technology relative to the models’
default technology assumptions, Consumption fosses are shown relative to a baseline development without climate policy ('eft panel}. The table at the top
shows percentage points of annualized consumption growth reductions relative to consumption growth in the baseline of 1.6 to 3% per year {8.q., if the
redduiction Is 0.06 percentage points per year due to mitigation, and haseline growth is 2.0% per yeas, then the growth rate with mitigation would be 1.94%
per year). Cost estimates show in this table do not consider the benefits of reduced climate change or co-benefits and adverse side effects of mitigation.
Extimates at the high end of these cost ranges are from models that are relatively inflexible to achiave the deep emissions reductions reguired in the fong
1un to meet these goals and/or include assumptions about market imperfections that would raise costs. {Figure 3.4/

" Delaying additional mitigation to 2030 will substantially increase the challenges associated with Fmiting warming over the

21st century to below 2°C refative to pre-industrial levels, It will require substantially higher rates of emissions reductions
from 2030 to 2050; a much more rapid scale-up of low-carbon energy over this peried; a larger reliance on CDR in the long
term; and higher transitional and long-term economic impacts. Estimated global emissions levels in 2020 based on the
Cantin Pledges are not consistent with cost-effective mitigation trajectories that are at least about as fikely as not to fimit
warming to below 2°C refative to pre-industrial levels, but they do not preciude the option to meet this goal (high confidence)
{Figure SPM.12, Table SPM.2). {3.4/

Estimates of the aggregate economic costs of mitigation vary widely depending on methodologies and assumptions, but
increase with the stringency of mitigation. Scenarios in which all countries of the world begin mitigation immediately, in
which there is a single global carbon price, and in which alf key technologies are available have been used as a cost-effective
benchmark for estimating macro-economic mitigation casts (Figure SPM.13). Under these assumptions mitigation scenarios
that are fikely to limit warming to below 2°C through the 21st century relative to pre-industrial levels entail fosses in global
consumption—not including benefits of reduced climate change as well as co-benefits and adverse side effects of mitiga-
tion—of 1 to 4% {median: 1.7%} in 2030, 2 to 6% {median: 3.4%) in 2050 and 3 to 11% (median; 4.8%) in 2100 refative to
consumption in baseline scenarios that grows anywhere from 300% to more than 900% over the century {Figure SPM.13).
These numbers correspond to an annuatized reduction of consumption growth by 0.04 to 0.14 {median: 0.06) percentage
points over the century refative to annualized consumption growth in the baseline that is between 1.6 and 3% per year (high
confidence). {3.4]

In the absence or under limited availability of mitigation technologies {such as hioenergy, CCS and their combination BECCS,
nudclear, wind/solar), mitigation costs can increase substantially depending on the technology considered. Delaying additional
mitigation increases mitigation costs in the medium to long term. Many models could not limit /ikely warming to below 2°C
over the 21st century relative to pre-industrial levels if additional mitigation is considerably delayed. Many models could
not limit fikely warming to below 2°C if bioenergy, CCS and their combination (BECCS) are limited {high confidence}
(Table SPM.2). 3.4}
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Table SPM.2 | Increase in globat mitigation costs due to either limited availability of specific technolagies or defays in additional mitigation * relative to
cost-effective scenarios v, The increase in costs is given for the median estimate and the 16th to 84th percentile range of the scenarios (n parentheses} < in
addition, the sample size of each scenario set is provided in the cofoured symbols. The colours of the symbols indicate the fraction of models from systematic
mode! comparison exercises that could successfuliy reach the targeted concentration tevel {Table 3.2

Mitigation cost increases

Mitigation cost increases in scenarios with et
limited avaitabifity of technologies ¢ du;&zngiﬂz{]e:nigd;g?gal
% increase in total discounted * mitigation costs % i N
C - . % increase in mitigation costs
{2015~2100) relative to default technology assumptions] telative to immediate mitigation]
2100 " iong term
concentzations 70 CC5 nuclear phase out | fimited solarfwing | fimited bicenergy m?;&':tfz' :]"5;?5‘5 costs
{ppm (Opeq) . (2050-2100}
450 [T 3 6% 64%
{430 10 480} {2910 297%} {410 18%)} {210 29%) {34 10 78%} 44% 37%
e e } (@210 78%) (161082%)
R0 et available : : i g
@B010.530) ]y A PR e
550 39% 13% 8% 1RB%
{530 to 580} {18 to 78%} {2t023%) {510 15%} {410 66%) 15% 16%
. ) (310 32%) (5 10 24%)
X sEbwese L ma e S5 o R A

Symbol fegend—fraction of models successful in producing scenarios {numbers indicate the number of successful models)

all madels successful between S0 and 80% of models successful

less than 50% of models successful

between 80 and 100% of models successful

Notes:
“ Delayed mitigation scenarios are associated with greenhouse gas emission of mere than 55 GtCO,-eq in 2030, and the increase in mitigation costs is mea-

sured refative to cost-effective mitigation scenarios for the same long-term coneentration fevel.

 Cost-effective scenarios assume immediate mitigatios in all countries and a single globat carbon price, and impose ne additional fimitations on technology
relative o the models” default technology assumptions.

“The range is determined by the central scenarios encompassing the 16th to 84th percentile range of the scenario set. Only scenarios with a time horizon
antit 2100 are included. Some models that are inchuded in the cost ranges for concentration fevels above 530 ppm C0,-eq in 2106 coufd not praduce assoch-
ated scenarias for concentration levels betow 530 ppm CO,-eq in 2100 with assumptions about imited availability of technologies and/or delayed additional
mitigation,

* Ro CCS: carbon dioxide capture asd storage is not included in these scenarios. Nudear phase out: no addition of nuclear power plants heyond those urider
construction, and aperation of existing plants until the end of their lifetime. Limited SolarWind: @ maximum of 20% global electricity generation from solar
and wind power in apy year of these scenarios. Limited Bioenergy: 8 maximusm of 100 £y modern bicenergy supply globally (modern bioenergy used for
heat, power, combinations and industry was around 18 Elyr in 2008). £} = Exajoule = 10 Joule.

* Percentage increase of net present value of consumption fosses in percent of haseline consumption {for scenarios from general equilibrium models} and
ahatement costs in percent of baseline gross domestic praduct {GDP, for scenarios from partial equilibrium models) for the period 2015~2100, discounted
at 5% per year,

Mitigation scenarios reaching about 450 or 500 ppm C0,-eq by 2100 show reduced costs for achieving air quality and energy
security objectives, with significant co-benefits for human health, ecosystem impacts and sufficiency of resources and resifience
of the energy system. {4.4.2.2}

Mitigation policy could devalue fossil fuel assets and reduce revenues for fossil fuel exporters, but differences between ragions
and fuels exist {high confidence). Most mitigation scenarios are associated with reduced revenues from coal and oil trade for
major exporters (high confidence). The availability of CCS would reduce the adverse effects of mitigation on the value of fossit
fuel assets {medium confidence). {4.4.2.2}

Solar Radiation Management {SRM) involves large-scale methods that seek to reduce the amount of absorbed sofar energy
in the dimate system. SRM is untested and is not included in any of the mitigation scenarios, if it were deployed, SRM would

25
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entail numerous uncertainties, side effects, risks and shortcomings and has particular governance and ethical implications.
SRM would not reduce ocean acidification. If it were terminated, there is high confidence that surface temperatures would
rise very rapidly impacting ecosystems susceptible to rapid rates of change. {Box 3.3}

SPM 4. Adaptation and Mitigation

: Many adaptatioﬁ ami m:tsgatm optrons can help address chmate cha 4o, but no smgl i
_optian is sufficient by ttself. Effective smptementatmn depends on  policies and. cogperationat

- all scales and can be enhanced through mtegrated responses tha’x Smk atiaptatmn and mttega- L
“;tson w:th other scc:efal objectwes {4} : L G

SPM 41 Commeon enabling factors and constraints for adaptation and mitigation responses

“Adaptat‘ n and mltaganen responses are underpmned by commen enablmg ?actars. These .
include effective mstitutions and governance; innovation and investments in environmentally
. soun technolagles and mfrastruc rex sustamab e Iwehhoeds and beha oural and hfestyi -

Inertia in many aspects of the socio-economic system constrains adaptation and mitigation options (medium evidence, high
agreement). Innovation and investments in environmentally sound infrastructure and technologies can reduce GHG emis-
sions and enhance resilience to climate change {very high confidence). (4.1}

Vuinerahility to climate change, GHG emissions and the capacity for adaptation and mitigation are strongly influenced by
livelihoods, fifestyles, behaviour and culture (medium evidence, medium agreement). Also, the social acceptability andfor
effectiveness of climate policies are influenced by the axtent to which they incentivize or depend on regionally appropriate
changes in {ifestyles or behaviours. {4.7]

For many tegions and sectors, enhanced capacities to mitigate and adapt are part of the foundation essential for managing
climate change risks {high confidence). Improving institutions as well as coordination and cooperation in govemance can help
avercome regional constraints associated with mitigation, adaptation and disaster risk reduction {very high confidence. (4.1}

SPM 4.2 Response options for adaptation

- ‘Adaptation options exist in all sectors, but their context for implementation and potential to

*rodiice climate-related visks: differs across sectors:and regions. Some adaptation responses

- involve significant co-benefits, syhergies ‘and: trade-offs. Increasing dimate: change will
increase challenges for many adaptation options. 4.2 00 T S

Adaptation experience is accumulating across regions in the public and private sectors and within communities. There is
increasing recognition of the value of sociat {including local and indigenous), institutional, and ecosystem-based measures
and of the extent of constraints to adaptation. Adaptation is becoming embedded in some planning processes, with more
limited implementation of responses {high confidence). {1.6, 4.2, 44.2.1}

The need for adaptation along with associated challenges is expected to increase with climate change (very high confidence).
Adaptation options exist in all sectors and regions, with diverse potential and approaches depending on their context in
vuinerabifity reduction, disaster risk management or proactive adaptation planning {Table SPM.3}. Effective strategies and
actions consider the potential for co-benefits and opportunities within wider strategic goats and development plans, (4.2}
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Table 5PM.3 | Approaches for managing the risks of ciimate change through adaptation. These approaches should be considered ovetlapping vather than
discrete, and they are often pursued simultaneously. Examples are presented in no specific order and ¢an be relevant to more than one category. {Table 4.2

SOvertapping | ; Sl
Approaches. ‘ ‘Ca(egary‘ : S o 1 Exampies

Humah L improved access 1o education, nutrition, health facilities, energy, safe housmg & settiement structures,
developrient & social support structures; Reduced gender inequality & marginaizatian in other farms,

improved access to & control of local resources; Land tenure; Disaster risk reduction; Social safety nets

¥ PoverFy alleViation: | ¢ cocit protection; lisurance schemes.

VR Incame, asset R Tivelihoad diversification; improved infrastricture; Access 1 technology & decision-
Livelihood Sevurity | making fora; increased decision-making power; Changed croppiog, livestock & aquacuiture practices;
Reliance an social networks.

Early waming systems; Hazard & vulperability mapping; Diversifying water resources; improved

2;5'@;;;;‘;‘ : drainage; Flood & cyclone shekers; Building codes & practices; Storm & wastewater management;
[MANAGEMENt -1 transport & road infrastructure improvements,

= 3 nsif Maintaining wetlands & urban green spaces; Coastal afforestation; Watershed & Fservoir
Ecosystem management; Reduction of other stressors on ecasy: & of habita

management wof of genetic diversity; i ion of disturh; regimes; C ity-based natural resource

management.

5 t(al ¢ fanid- e -{ Provisioning of adequate housing, infrastructure & services; Managing develapment in flood prone &
p?:n g 0! 1 other high risk areas; Urban planning & upgrading programs; Land zoning laws; Easements; Pratected
areas.

Engineered & built-environment options: Sea walls & coastal protection structures; Flood levees;
Water storage; improved drainage; Flood & cyclone shelters; Building codes & practices; Storm &
wastewater management; Transport & road infrastructure improvements; Flaating hauses; Power plant
& electricity grid adjustments,

Technofogical pptions: New trop & animal varieties; indigenous, traditional & local knowledge,

technologies & methods; Efficient iigation; ; D [«

i S agricutture; Food storage & preservation facilities; Hanrd & vulnerability mapping & momtonng, Early
N warning systerns: Building insulation; Mechanical & passive coaling; Technology development, uansier

Structurabiphysical i & diffusion.

throubh de\},elopmgm,

Ecasystem-hased options: Ecological ; Soil i &

Mangrove consarvation & replanting; Green infrastrucure {n.g., shade trees, green roofs); Connothng
averfishing; Fisheries co-management; Assisted species migration & dispersal; Ecological corridors;
Seed banks, gene banks & other ex sitv conservation; Community-based natuiral resource management.

Services: Social safety nets & social protection; Food banks & distribution of food surphus; Municipat
] services including water & senitation; Vaccination programs; Essential public health services; Enhanced
emergency medical services.

§ Economic options: Financial incentives; Insurance; Catastrophe bonds; Payments for ecosystem

s senvices; Pricing water o encourage universal provision and careful use; Microfinance; Disaster

%‘ contingency funds; Cash transfers; Public-private partnerships.

{ Laws & regulations: Land zoning laws; Building standards & practices; Fasements; Water regulations

& agreements; Laws to support disaster risk reduction; Laws to encoUrage insurance purchasing;
Defined property rights & land tenure security; Protected areas: Fishing quotas; Patent pools &

lnsmu@na! technology transfer.

National & government policies & programs: National & regional adaptation plans including
sainstreaning; Sub-nationat & focal adaptation plans; Econamic diversification; Urben upgrading
programs; Municipal water management programs; Disaster planning & preparedsiess; integrated
water respurce managerent; Integrated coastal zong Ecosystem-based
Community-based adaptation.

| ineluding incremantal & transformatianal ac

Educational optines: Awareness raising & integrating into education; Gender equity in education;
Extension services, Sharing indigenaus, traditional & facal knowledge; Participatory action reseasch &
social fearning; Knowtedge-sharing & learning platforms.

S infarmationaf options: Mazard & vulnerability mapping; Farly waming & response systems;
Social Systematic monitoring & remete sensing: Climate services; Use of indigenous climate ohservations;
: Participatory scenario development; Integrated assessments.

Behaviaural options: Household preparation & evacuation planning; Migration; Sail & water
conservation; Storm drain dearance; Livelihood diversification; Changed crapping, livestock &
aquaculture practices; Reliance on social networks.

Practical: Social & technical i 2l shifts, or & managerial changes that
produce substantial shifts in outcomes.

i pofitical: Poliical, sactal, cultural & ecological decisions & actions consistent with reducing
Spheresof ”fang" *§ vulnerability & visk & supporting adaptation, mitigation & sustainable develpment.

Personal: Individual & collective sssumptions, beliefs, values & worldviews influencing dimate-change
fesponses.
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SPM 4.3 Response options for mitigation

: Mntxgatxon npteous are avaziab!e inevery ma;or sector Mrt atmn can be more cost effecnve o
i using an mtegrated approach that combines: measures 1o reduce energy use. and the gree ;
“house gas.intensity of endiuse sectors, decarb‘ nsze energg suppiyz reduce net emussmns and*
: lenhance carbon smks in iand based sectors { 3}

Well-designed systemic and cross-sectoral mitigation strategies are more cost-effective in cutting emissions than a focus
on individual technologies and sectors, with efforts in one sector affecting the need for mitigation in others (medium confi-
dence). Mitigation measures intersect with other sacietal goals, creating the possibility of co-benefits or adverse side effects.
These intersections, if weli-managed, can strengthen the basis for undertaking climate action. {4.3}

Emissions ranges for baseline scenarios and mitigation scenarios that limit CO,-equivalent concentrations to fow fevels
{about 450 ppm CO,-eq, fikely to limit warming to 2°C above pre-industrial fevels} are shown for different sectors and gases
in Figure SPM.14. Key measures to achieve such mitigation goals include decarbonizing {i.e,, reducing the carbon intensity ofy
electricity generation {medium evidence, high agreement} as well as efficiency enhancements and behavioural changes, in
order to reduce energy demand compared to baseline scenarios without compromising devefopment (robust evidence, high
agreement). In scenarios reaching 450 ppm €0,-eq concentrations by 2100, global CO, emissions from the energy supply
sector are projected to decline over the next decade and are characterized by reductions of 90% or more below 2010 fevels
between 2040 and 2070. in the majority of low-concentration stabilization scenarios {about 450 to about 500 ppm CO,-eq,
at feast about as fikely as not to limit warming to 2°C ahove pre-industrial levels), the share of Jow-carbon electricity supply
{comprising renewable energy {RE), nuclear and carbon dioxide capture and storage {(CCS) including bicenergy with carbon
dioxide capture and storage (BECCS)) increases from the current share of approximately 30% to more than 80% hy 2050,
and fossil fuel power generation without CCS is phased out almost entirely by 2100. {4.3}

Direct €0, emissions by major sectors, and non-CO, emissions, for baseline and mitigation scenarios
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Figure SPM. 141 Carbon dioxide (CO,} emissions by sector and total non-CO, greenhouse gases (Kyoto gases) across sectoss in baseline {faded bars) and
mitigation scenarios {solid colour bars) that reach about 450 {430 1o 480) ppm (0,-eq concentrations in 2100 {likely to fimit warming to 2°C above pre-
industrial levels). Mitigation in the end-use sectors leads also to indirect emissions reductions in the upstream energy supply sector. Divect emissions of the
end-use sactors thus do not include the erission reduction potential at the supply-side due to, for example, reduced electricity demand. The numbers at the
bottom of the graphs refer to the number of scenarios included in the range {upper row: baseline scenarios; lower row: mitigation scenarios), which differs
across seciors and time due to different sectoral resolution and time harizon of madels. Emissions ranges for mitigation scenarios include the full pantfalio
of mitigation options; many models cannot reach 450 ppm CO,-eq concentration by 2100 in the absence of carbon dioxide capture and storage {CCS).
Negative emissions in the electricity sector are due to the apptr(at,an of bicenergy with carbon dioxide capture and storage (BECCS). 'Net' agricuiture,
furemy and other land use (AFOLU) emissions consider tion, reforestation as well as deforestation activities. /4.3, Figure 4.1}
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Near-term reductions in energy demand are an important element of cost-effective mitigation strategies, provide mare
flexibility for reducing carbon intensity in the energy supply sectar, hedge against refated supply-side risks, avoid lock-in to
carbon-intensive infrastructures, and are associated with important co-benefits. The most cost-effective mitigation aptions in
forestry are afforestation, sustainabie forest management and reducing deforestation, with farge differences in their refative
impartance across regions; and in agricutture, cropland management, grazing fand management and restoration of organic
sails (medium evidence, high agreement). {4.3, Figures 4.1, 4.2, Table 4.3}

Behaviour, lifestyle and culture have a considerable influence on energy use and associated emissions, with high mitigation
potential in some sectars, in particufar when complementing technotogical and structural change {medjum evidence, medium
agreement). Emissions can be substantially lowered through changes in consumption patterns, adoption of energy savings
measures, dietary change and reduction in food wastes. {4.7, 4.3}

SPM 4.4 Policy approaches for adaptation and mitigation, technology and finance

_Effective adaptation and mitigation responses will depend on policies and measures across.
muitxple scales: international regional, national and s ional. Policies across all scales -
‘supporting tec%moiagy development, diffusion and transfer as. well ag fmam:e for responses

“ to climate change; tan complement and enhance the eﬁectweness uf pcshctes that dn‘ectfy
L promute adapﬁaison and’ mxtxgatmn “ 4}

international cooperation is critical for effective mitigation, even though mitigation can also have focal co-benefits. Adapta-
tion focuses primarnily on focat 1o national scale outcomes, but its effectiveness can be enhanced through coordination across
governance scales, including international cooperation: {3.1, 4.4.7}

« The United Nations Framewark Canvention on Climate Change (UNFCCC) is the main multilaterat forum focused on
addressing climate change, with nearly universal participation. Other institutions organized at different levels of gover-
nance have resulted in diversifying international climate change cooperation. (4.4.1}

e The Kyoto Protocol offers fessons towards achieving the ultimate objective of the UNFCCC, particularly with respect to
participation, implementation, flexibility mechanisms and environmental effectiveness {medium evidence, jow agree-
ment). (4.4.1}

@ Policy linkages among regional, national and sub-national climate policies offer potential climate change mitigation ben-
efits {medjum evidence, medium agreement}. Potential advantages include fower mitigation costs, decreased emission
leakage and increased market liquidity. /4.4, 7}

e International cooperation for supporting adaptation planning and implementation has received less attention histori-
cally than mitigation but is increasing and has assisted in the creation of adaptation strategies, plans and actions at the
national, sub-national and local level (high confidence). {4.4.1)

There has been a considerable increase in national and sub-national plans and strategies on both adaptation and mitigation
since the AR4, with an increased focus on policies designed to integrate muitiple objectives, increase co-benefits and reduce
adverse side effects (high confidence): {4.4.2.1, 4.4.2.2]

= National governments play key roles in adaptation planning and implementation {robust evidence, high agreemeni}
through coordinating actions and providing frameworks and support. While local government and the private sector
have different functions, which vary regionally, they are increasingly recognized as critical to progress in adaptation,
given their roles in scaling up adaptation of communities, households and civit sodety and in managing risk information
and financing {medium evidence, high agreement). {4.4.2.1)

s Institutional dimensions of adaptation governance, inciuding the integration of adaptation into planning and decision-
making, play a key role in promoting the transition from planning to implementation of adaptation {robust evidence,

28
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high agreement). Examples of institutional approaches to adaptation involving muitiple actors include economic options
{e.g., insurance, public-private partnerships), iaws and regulations (e.g., land-zoning faws} and national and government
policies and programmes {e.g., econamic diversification). {4.2, 4.4.2.1, Table SPM.3}

« n principle, mechanisms that set a carben price, including cap and trade systems and carbon taxes, can achieve mitiga-
tion in a cost-effective way but have been implemented with diverse effects due in part to national drcumstances as
well as policy design. The short-run effects of cap and trade systems have been limited as a result of loose caps or caps
that have not proved to be constraining (imited evidence, medium agreement). in some countries, tax-based policies
specifically aimed at reducing GHG emissions—alongside technology and other poficies—have helped to weaken the
fink between GHG emissions and GDP {high confidence}. in addition, in a large group of countries, fuel taxes {afthough
not necessarily designed for the purpose of mitigation) have had effects that are akin to sectoral carbon taxes. {4.4.2.2]

¢ Regulatory approaches and information measures are widely used and are often environmentally effective {medium evi-
dence, medium agreement). Examples of regulatory approaches include energy efficiency standards; examples of infor-
mation programmas include fabelling programmes that can help consumers make better-informed decisions. {4.4.2.2}

»  Sectorspecific mitigation policies have been more widely used than econamy-wide policies {medium evidence, high
agreement). Sector-specific policies may be better suited to address sector-specific barriers or market faifures and may be
bundled in packages of complementary policies. Although theoretically more cost-effective, administrative and political
barriers may make economy-wide policies harder to implement. interactions between or among mitigation poicies may
be synergistic or may have no additive effect on reducing emissions. {4.4.2.2}

e Economic instruments in the form of subsidies may be applied across sectors, and include a variety of policy designs, such
as tax rebates or exemptions, grants, foans and credit lines. An increasing number and variety of renewable energy (RE)
policies including subsidies—motivated by many factors—have driven escalated growth of RE technologies in recent
years, At the same time, reducing subsidies for GHG-related activities in vatious sectors can achieve emission reductions,
depending on the social and economic context {high confidence). {4.4.2.2}

Co-benefits and adverse side effects of mitigation could affect achievement of other objectives such as those related to
human health, food security, biediversity, focal environmental quality, energy access, livelihoods and equitable sustainable
development. The potential for co-benefits for energy end-use measures outweighs the potential for adverse side effects
whereas the evidence suggests this may not be the case for all energy supply and agriculture, forestry and other land use
(AFOLU) measures. Some mitigation policies raise the prices for some energy services and could hamper the ability of socie-
ties to expand access to modern energy services to underserved populations (fow confidence). These potential adverse side
effects on energy access can be avoided with the adoption of complementary policies such as income tax rebates or ather
henefit transfer mechanisms {medium confidence). Whether or not side effects materialize, and to what extent side effects
materialize, will be case- and site-specific, and depend on focal circumstances and the scale, scope and pace of implementa-
tion. Many co-benefits and adverse side effects have not been well-quantified. {4.3, 4.4.2.2, Box 3.4}

Technology policy {development, diffusion and transfer) complements other mitigation palicies across al scales, from interna-
tional to sub-national; many adaptation efforts also critically rely on diffusion and transfer of technologies and management
practices {high confidence}. Policies exist to address market failures in R&D, but the effective use of technelogies can also
depend on capacities to adopt technalogies appropriate to local dircumstances. {4.4.3

Substantial reductions in emissions would require large changes in investment patterns {high confidence). For mitigation
scenarios that stabilize concentrations {without overshoot} in the range of 430 to 530 ppm C0,-eq by 2100!%, annual invest-
ments in fow carbon electricity supply and energy efficiency in key sectors (transport, industry and buildings} are projected
in the scenarios to rise by several hundred billion dolfars per year before 2030, Within appropriate enabling environments,
the private sector, along with the public sector, can play important roles in financing mitigation and adaptation {medium
evidence, high agreement). {4.4.4)

* This range comprises scenarios that reach 430 to 480 ppm CO,-eq by 2100 {/ikefy to limit warming te 2°C above pre-industrial levels) and scenarios
that reach 480 to 530 ppm C0,-eq by 2100 (without overshoot: mare fikely than not to imit warming to 2°C abova pre-industrial ievels).
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Finandial resources for adaptation have become available more slowly than for mitigation in both developed and developing
countries. Limited evidence indicates that there is a gap between global adaptation needs and the funds available for adapta-
tion {medium confidence). There is a need for better assessment of global adaptation costs, funding and investment. Potential
synergies between international finance for disaster risk management and adaptation have not yet been fully realized (high
confidence). {4.4.4}

SPM 4.5 Trade-offs, synergies and interactions with sustainable development

. (Climatechangeisa threat to sustainable development. Nonetheless, there are many opportl- -

- nities to link mitigation, adaptation and the pursuit of other socistal objectives through inte-
_grated responses high confidence). Successful implementation relies on refevant tools, suit-
 able governance structures and enhanced capacity to respond (medium confidence). {35,451

Climate change exacerbates other threats to sacial and natural systems, placing additional burdens particularly on the poor
{high confidence). Aligning climate policy with sustainable development requires attention to both adaptation and mitigation
(high confidence). Defaying global mitigation actions may reduce options for climate-resitient pathways and adaptation in
the future, Opportunities to take advantage of positive synergies between adaptation and mitigation may decrease with time,
particularly if limits to adaptation are exceeded. Increasing efforts to mitigate and adapt to climate change imply an increas-
ing complexity of interactions, encompassing connections among human health, water, energy, land use and biediversity
(medium evidence, high agreement). (3.1, 3.5, 4.5}

Strategies and actions can be pursued now which will move towards dimate-resifient pathways for sustainable development,
while at the same time helping to improve livetihoods, social and economic well-being and effective environmental manage-
fment. In some cases, economic diversification can be an important element of such strategies. The effectiveness of integrated
responses can be enfianced by refevant tools, suitable governance structures and adequate institutional and human capacity
(medium confidence). integrated responses are especiafly refevant to energy planning and implementation; interactions
among water, food, energy and hiological carbon sequestration; and urban planning, which provides substantiai opportu-
nities for enhanced resilience, reduced emissions and more sustainable development {medium confidence). (3.5, 4.4, 4.5}
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SUMMARY 2

CLIMATE CHANGE Q&A

Is the climate warming? 3

-

How do scientists know that recent cfimate change is largely caused by human activities? ....

3 (O, is already in the atmosphere naturally, so why are emissions from

human activity significant? 6
45 What role has the Sun played in climate change in recent decades? ...... 7
5 What do changes in the vertical structure of atmaspheric temperature~rom the

surface up to the stratosphere-—tell us about the causes of recent climate change? ...
& Climate is always changing. Why is climate change of concern now? ...... g
7 Is the current level of atmospheric CO, concentration unprecedented in Earth’s history?
& ls there a point at which adding more CO, will not cause further warming? ......... 10
% Does the rate of warming vary from one decade to another? n
18 Does the recent slowdown of warming mean that climate change js no langer happening? .......... 12

£1 {f the world is warming, why are some winters and summers still very cold? ..........

12 Why is Arctic sea ice decreasing while Antarctic sea ice is not? ...... .14
1% How does climate change affect the strength and frequency

of floods, droughts, hurricanes, and tornadoes? 15
14 How fast is sea level rising? 16
15 What is ocean acidification and why does it matter? s

it How confident are scientists that Earth will warm further over the coming century? .

17 Are climate changes of a few degrees a cause for concern? 19

{8 What are scientists doing to address key uncertainties
in our understanding of the climate system? 19

1 Are disaster scenarios about tipping points fike ‘turning off the Gulf Stream’
and release of methane from the Arctic a cause for concern? 2

2¢if emissions of greenhouse gases were stopped, would the climate return

to the conditions of 200 years ago? 22
THE BASICS OF CLIMATE CHANGE B1-B8
CONCLUSION 23
ACKNOWLEDGEMENTS 24
FOR FURTHER READING QG
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GREENHOUSE GASES such as carbon dioxide (CO,) absorb heat (infrared radiation)
emitted from Earth’s surface. Increases in the atmospheric concentrations of these

gases cause Earth to warm by trapping more of this heat. Human activities—especially
the burning of fossil fuels since the start of the industrial Revolution—have increased
atmospheric CO, concentrations by about 40%, with more than half the increase
occurring since 1970. Since 1900, the global average surface temperature has increased by
about 0.8 °C (1.4 °F). This has been accompanied by warming of the ocean, a rise in sea
level, a strong decline in Arctic sea ice, and many other associated climate effects. Much
of this warming has occurred in the last four decades. Detailed analyses have shown

that the warming during this period is mainly a result of the increased concentrations of
CO, and other greenhouse gases. Continued emissions of these gases will cause further
climate change, including substantiat increases in global average surface temperature and
important changes in regional climate. The magnitude and timing of these changes will
depend on many factors, and slowdowns and accelerations in warming lasting a decade
or more will continue to occur. However, long-term climate change over many decades
will depend mainly on the total amount of CO, and ather greenhouse gases emitted as a
result of human activities.

2 CLIMATE CHANGE



FIGURE 1A Earth's global average
surface temperaturg has risen a5
shown in this plot of combined

{and and ocean measurements
from 1850 to 202, derived from
threa independent analyses of the
avaitzble data sets. The temperature
changes are relative to th
average surface wmperamre of

cC Ang data from

NASA CISS dataset (blug),
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IS THE CL]MATE WARMING?

. of temperature.sensrtzve species of fish, mamma?s msects. etc together pro d X

incor trovertsb!e evidence of planetary sca!e warmmg

The clearest evidence for surface warming comes from widespread thermameter records, In some places,
these records extend back to the late 19™ century. Today, temperatures are manitored at many thousands
of locations, over both the fand and acean surface. Indirect estimates of temperature change from such
saurces as tree rings and ice cores help to place recent temperature changes in the context of the past. in
terms of the average surface temperature of Earth, these indirect estimates show that 1983 to 2012 was
probably the warmest 30-year periad in more than 800 years.

Awide range of other observations provides a more comprehensive picture of warming throughout the
climate system. For exarnple, the lower atmosphere and the upper layers of the ocean have also warmed,
snow and ice cover are decreasing in the Northern Hemisphere, the Greenfand ice sheet is shrinking, and
sea fevel is rising [FiGURE 18). These measuremnents are made with a variety of monitoring systems, which
gives added confidence in the reality that Earth’s climate is warming.
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TIGURE 18, A large amount of
observational evidence besides

the temperature records shows

that Earth’s clienate is changing.

For example, additional evidence
of a warming trend can be found

in the dramatic decrease in i

extent of Arctic sea ice at its
summer minimum {which occurs

in September), decrease in spring
snow cover in the Northern
Hemisphere, increases in the global
average upper ocean {upper 700 m
or 2300 feet) heat content {shown
refative to the 1955-2006 average),
and in sea-level rise.
Source: NOAA chimate.gov
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Arctic sea ice minimum and maximum extents (compared to the averages)
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HOW DO SCIENTISTS KNOW THAT RECENT
CLIMATE CHANGE IS LARGELY CAUSED BY
HUMAN ACTIVITIES?

 Scientists know that recent climate change is largely caused by hurnan activities from a
- undersianding of basic physics, comparing observations with models, and fingerorint
 the detailed patterns of climate change caused by different human and natural influences.

Since the mid-1800s, scientists have known that CO, is one of the main greenhouse gases of importance to
Earth's energy balance, Direct measurernents of CO, in the atmosphere and in air trapped in ice show that
atmospheric CO, increased by about 40% from 1800 to 2012. Measurements of different forms of carbon
{isatopes, see Question 3} reveal that this increase is due ta human activities. Other greenhause gases
{notably methane and nitrous oxide} are alsa increasing as a consequence of human activities. The observed
global surface temperature rise since 1900 is consistent with detailed calculations of the impacts of the
observed increase in atmospheric CO, {and other human-induced changes) on Earth's energy balance.

Different influences on climate have different signatures in climate records. These unigue fingerprints are
easfer to see by probing beyond a single number (such as the average temperature of Farth’s surface), and
looking instead at the geographical and seasonal patterns of climate change. The observed patterns of
surface warming, temperature changes through the atmosphere, increases in ocean heat content, increases
in atmospheric moisture, sea fevel rise, and increased melting of land and sea ice alsa match the patterns
scientists expect to see due to rising levels of CO and ather human-induced changes {see Question s).

The expected changes in climate are based on our understanding of how greenhouse gases trap heat.
Both this fundamental understanding of the physics of greenhouse gases and fingerprint studies show
that natural causes alone are inadequate to explain the recent abserved changes in climate. Natural causes
include variations in the Sun's autput and in Earth’s orbit around the Sun, volcanic eruptions, and internal
fluctuations in the climate system (such as £l Nifio and La Nifia). Calculations using climate models (see
infoboy, p.20) have been used to simulate what would have happened to global temperatures if only
natural factors were influencing the climate system. These simulations yield little warming, or even a slight
cocling, over the 20™ century. Only when models indude human influences on the composition of the
atmosphere are the resulting temperature changes consistent with observed changes.

EVIDENCE & CAUSES
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C02 IS ALREADY IN THE ATMOSPHERE
NATURALLY, SO WHY ARE EMISSIONS FROM
HUMAN ACTIVITY SIGNIFICANT?

: Hi;méh actii{ftiéé Hé\)e si kniﬁ‘ca‘nkﬂ} disturbed t‘h‘e‘natu‘(ai{cé&éﬁ ,cyci!e by ektrécting lon
buried fossil fuels and burving them for energy, thus releasing €O to the atmosphere.

In nature, CO_is exchanged continually between the atmosphere, plants and animals through
photosynthesis, respiration, and decomposition, and between the atmosphere and ocean through gas
exchange. A very small amount of CO, {roughly 19 of the emission rate from fossil fuel combustion) is
also emitted in volcanic eruptions. This is batanced by an equivalent amount that is removed by chemical

weathering of rocks.

The CO, level in 2012 was about 40% higher than it was in the nineteenth century. Most of this CO,
increase has taken place since 1970, about the time when global energy consumptian accelerated.
Measured decreases in the fraction of other forms of carban {the isotopes C and C) and a small
decrease in atmospheric oxygen concentration {abservatians of which have been avaifable since 1950}
show that the rise in CO, is largely from combustion of fossil fuels {which have low *C fractions and no
4C). Deforestation and other land use changes have also released carbon from the biosphere {iiving
world) where it normally resides for decades ta centuries. The additional CO_ from fossil fuef burning and
deforestation has disturbed the balance of the carbon cycle, because the natural processes that could
restore the balance are too slow compared to the rates at which human activities are adding CO, to the
atmosphere. As a result, a substantia} fraction of the CO, emitted from human activities accumulates

in the atmosphere, where some of it will rermain not just for decades or centuries, but for thousands of
years. Comparison with the CO_ levels measured in air extracted from ice cores indicates that the current
concentrations are higher than they have been in at least 800,000 years {see Question 5}.

CLIMATE CHANGE



TGURE 2. Measurements of the
sust's energy incident o
how no net increase in solar
orcing during the past 30 years,

nd therefore this cannot be
esponsible for warming duting

hat period. The data show only
mall periedic amplitude variations
ssociated with the Sun’s nyear
ycle. Figure by Keith Shine.
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WHAT ROLE HAS THE SUN PLAYED IN
CLIMATE CHANGE IN RECENT DECADES?

Far earlier periods, solar changes are less certain because they are inferred from indirect

sources—including the number of sunspats and the abundance of certain forms {isotopes} of carbon

or beryliium atoms, whose production rates in Earth's atmosphere are influenced by variations in the
Sun. There is evidence that the 11 year solar cycle, during which the Sun’s energy output varies by roughly
0%, can influence ozone concentrations, temperatures, and winds in the stratosphere {the layer in the
atmosphere above the troposphers, typically from 12 to 50 km, depending on latitude and season). These
stratospheric changes may have a smalf effect an surface climate over the 11 year cycle. However, the
available evidence does not indicate pronounced long-term changes in the Sun’s output over the past
century, during which time human-induced increases in CO, concentrations have been the dominant
influence on the long-term global surface temperature increase. Further evidence that current warming
is not a result of solar changes can be found in the temperature trends at different altitudes in the

atmosphere {see Question ).

| Ry}
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WHAT DO CHANGES IN THE VERTICAL
STRUCTURE OF ATMOSPHERIC TEMPERATURE
—FROM THE SURFACE UP TO THE
STRATOSPHERE—TELL US ABOUT THE
CAUSES OF RFCFNT CLIMATE CHANGE7

k~The observed

. ‘naturaﬁ Factors alone cannot explam the observed changeé

mmg in the lower atmosphere and cooimg in the upper atmosphe(e 1
ith key mmghts into the underlying causes of clxmate change and reveal that

prov‘de us

In the early 1960s, results fram mathematical/physica] models of the climate system first showed that
human-induced increases in CO, would be expected to lead to gradual warming of the lower atmosphere
{the troposphere} and cooling of higher levels of the atmosphere {the stratosphere}. In contrast, increases
in the Sun's autput would warm both the troposphere and the full vertical extent of the stratosphere. At
that time, there was insufficient abservational data to test this prediction, but temperature measurements
from weather baflaons and satellites have since confirmed these early forecasts. It is now known that the
observed pattem of tropaspheric warming and stratospheric cooling over the past 30 to 40 years is broadly
consistent with computer model simulations that include increases in CQ, and decreases in stratospheric
azone, each caused by human activities. The observed pattern is not consistent with purely natural changes
in the Sun’s energy output, volcanic activity, ar natural climate variations such as Ef Nifio and Lz Nifia,

Despite this agreement between the global-scale patterns of modelled and observed atmospheric tem-
perature change, there are still some differences. The most noticeable differences are in the tropical tropo-
sphere, where models currently show more warming than has been observed, and in the Arctic, where the
observed warming of the troposphere is greater than in most models.

CLIMATE

CHANGE
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CLIMATE IS ALWAYS CHANGING. WHY IS
CLIMATE CHANGE OF CONCERN NOW?

The fargest global-scale climate variations in Earth's recent geclogical past are the ice age cycles see
infobox, p.B4), which are cold glacial periads followed by shorter warm periods tFicuas 3. The last few
of these natural cycles have recurred roughly every 100,000 years. They are mainly paced by slow changes
in Earth's arbit which alter the way the Sun’s energy is distributed with latitude and by season on Earth.
These changes alone are not sufficient to cause the observed magnitude of change in temperature, nor to
act on the whale Earth. Instead they lead to changes in the extent of ice sheets and in the abundance of
€0, and other greenhouse gases which amplify the initial temperature change and complete the global
transition from warm to cold or vice versa.

Recent estimates of the increase in glabal average temperature since the end of the last ice age are 416 5
°C (7 to 9 °F}. That change occurred over a period of about 7,000 years, starting 18,000 years ago. CO_ has
risen by 40% in just the past 200 years, contributing to human alteration of the planet's energy budget
that has so far warmed Earth by about 0.8 °C (1.4 °F). If the rise in CO, continues unchecked, warming

of the same magnitude as the increase out of the ice age can be expected by the end of this century or
soon after. This speed of warming is more than ten times that at the end of an ice age, the fastest known
natura sustained change an a global scale.

IS THE CURRENT LEVEL OF ATMOSPHERIC
CO, CONCENTRATION UNPRECEDENTED
IN EARTH S HISTORY?

.The present tevel of atmosphenc €0, concentrat:on is almost ceri:amly unpr >cédehte
i the past million years, during whxch t!me rmodern humans evol 1d societies

deve(oped The atmospheric CO. concentration was however hlgher in Earth's more

distant past {many millions of y years ago), at. whlch time| palaeocfsmatrc and geoioglcai
E data md»cate that temperatures and sea ieveis were also hxgher than they are today

Measurerments of air in ice cares show that for the past 800,000 years up until the 20th century, the

atmospheric CO,_ concentration stayed within the range 170 to 300 parts per milfion (ppm), making the recent

rapid rise to nearly 400 ppm over 200 years particularly remarkable triGurE 31, During the glacial cycles of

the past 800,000 years bath CO, and methane have acted as important amplifiers of the climate changes

triggered by variations in Earth's orbit around the Sun. As Earth warmed from the last ice age, temperature
continued
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FIGURE 3. Data from ice cores have
been used to reconstruct Antarctic
temperatures and atmospheric
CO, concentrations over the past
800,000 years. Temperaturs is
based on measurements of the
isotopic content of water in the
Dome C ice core. CO, Is measured
in air trapped in ice, and is 2
composite of the Dome Cand
Vostok ice core. The current CO,
concentration {blue star} is from
atmaspheric measurements, The
cyclical pattern of temperatur
variations constitutes the ice

apef interglacial cycles. During
these cycles, changes in CO,
concentrations {in blue} track
closely with changes in temperature
fin red). As the record shows, the
recent increase in atmospheric CO,
concentration is unpracedented

in the past 800,000 years. Sa:

Figure by jereany Shakun, dota

Lith

L. 2008 and fouzel et

160

and CO, started to rise at approximately the same time and continued to rise in tandem from about 18,000 to
11,000 years aga, Changes in ocean ternperature, circutation, chemistry and biology caused CO, to be refeased
to the atmosphere, which combined with other feedbacks to push Earth into an even warmer state.

For earlier geological times, CO, concentrations and temperatures have been inferred from less direct
methods. Those suggest that the concentration of CO, last approached 400 ppm about 3 to § million
years ago, a period when global average surface temperature is estimated to have been about 2 to 3.5°C
higher than in the pre-industrial period. At 50 million years ago, CO, may have reached 1000 ppm, and
global average temperature was probably about 10°C warmer than today. Under those conditions, Earth
had little ice, and sea level was at least 60 metres higher than cusrent fevels.

Current
Pt

GO, concentration, ppm J\*

| Ej\m;%f\ﬁw\\f Y A

400,000 200,000 4
Years before present

IS THERE A POINT AT WHICH ADDING MORE
CO, WILL NOT CAUSE FURTHER WARMING?

-~ No. Adding‘more €O, tothe atrriosphere
increase. As the atmaspheric concentrations of CO. increase, the addition of extra €O,

- Becomes progressively less effective at trapping Earth’s energy, but surface temperature
Cwilkstltse. S g G ~

Il cause surface temperatures to continue fo

Our understanding of the physics by which CO, affects Earth's energy balance is confirmed by faboratory
measurements, as well as by detailed satellite and surface observations of the emission and absorption
ofinfrared energy by the atmosphere. Greenhouse gases absorb some of the infrared energy that Earth
emits in so-called bands of stronger absorption that occur at certain wavelengths. Different gases absarb
energy at different wavelengths. CO, bas its strongest heat-trapping band centred at a wavelength of 15
micrometres {millioniths of a metre), with wings that spread out a few micrometres on either side. There
are also many weaker absorption bands. As CO, concentrations increase, the absorption at the centre of
the strong band is already so intense that it plays little role in causing additional warming. However, more
energy is absorbed in the weaker bands and in the wings of the strong band, causing the surface and
lower atmosphere to warm further.

CLIMATE CHANGE
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DOES THE RATE OF WARMING VARY FROM

FIGURE 4. As the climate system
varjes naturally from year to year
and from decade to decade, reliable
jnferences about human-induced
climate change must be rade with
a lenger view, using multi-decadal
and fonger records. Calculating 2

‘running average' over these longer
tirnescales alfows one ta more easily
see fong-term trends. For the global
average temperature for the periad
1850-2012 {using the data from

the UK Met Office Hadley Centre
relative to the 196+-90 average) the
plots show: {top) the average and
range of uncertainty for annually
averaged data; {2nd plot) the
ternperature given for any date is
the average for the ten years shout
that date; {3¢d plot] the eguivalent
picture for 30-year; and {4th plot}
the bo-year averages. Source: Met
Office, based on the HadCRUTy datases

Research Unit {Merice et o, 2om2).

Even as CO, is rising steadily in the atmosphere, leading to gradual warming of Earth’s surface, many natural

factors are modulating this long-term warming. Large volcanic eruptions increase the number of small
particles in the stratosphere that reflect sunlight, leading to short-term surface cooling lasting typically two
1o three years, followed by a slow recovery. Ocean circulation and mixing vary naturally on many time scales,
causing variations in sea surface temperatures as well as changes in the rate at which heat is transported to
greater depths. For example, the tropical Pacific swings between warm Ef Nifio and cooler La Nifia events
on timescales of twa to seven years. Scientists know of and study many different types of climate variations,
stich as those on decadal and multi-decadal timescales in the Pacific and North Atlantic Oceans, each with
its own unique characteristics. These oceanic variations are assaciated with significant regiona and global
shifts in temperature and rainfali patterns that are evident i the observations.

Warming from decade to decade can also be affected by human factors such as variations in the emissions,
from coal-fired power plants and other pollution sources, of greenhouse gases and of aerosols {airbotne
particles that can have both warming and cooling effects).

These variations in the temperature trend are clearly evident in the observed temperature record (FiGune
4. Short-term natural climate variations could also affect the long-term human-induced climate change
signal and vice-versa, because climate variations on different space and timescales can interact with

one another. It is partly for this reason that climate change projections are made using climate models
(see infobos, p.20) that can account for many different types of climate variations and their interactions.
Reliable inferences about human-induced climate change must be made with a longer view, using records
that cover many decades.

Temperature change
ative 1o the 1961-1990 average

sBueys amyeiaduwag

0.5°C

°C

BBRIRAZ 06611961 343 0 A

-0.5°C

1850 1500 1950 2000
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DOES THE RECENT SLOWDOWN OF
WARMING MEAN THAT CLIMATE CHANGE
IS NO LONGER HAPPENING?

: fmm human i uced changes in greenhouse gases F

Decades of slow warming as well as decades of accelerated warming occur naturally in the climate system.
Decades that are cold or warm compared to the long-term trend are seen in the observations of the past
150 years and also captured by climate models. Because the atmosphere stores very fittle heat, surface
temperatures can be rapidly affected by heat uptake elsewhere in the climate system and by changes in
external influences on climate {such as particles formed from material lofted high into the atmosphere
fram volcanic eruptions). More than §o% of the heat added to Earth is absorbed by the oceans and
penetrates only slowly into deep water. A faster rate of heat penetration inta the deeper ocean will stow the
warming seen at the surface and in the atmosphere, but by itseif will not change the long-term warming
that will occur from a given amount of CO,. For example, recent studies show that some heat comes out
of the ocean into the atmosphere during warm El Nifio events, and more heat penetrates to ocean depths
in cold La Nifias. Such changes occur repeatedly over timescales of decades and longer. An example is the
major E} Nifio event in 1997-98 when the globally averaged air temperature soared 1o the highest level in
the 20™ century as the ocean lost heat to the atmosphere, mainly by evaporation.

Recent studies have also pointed to a number of other small cooling influences over the past decade or so.
These include a relatively quiet period of solar activity and a measured increase in the amount of aerosols
{reflective particles) in the atmosphere due to the cumulative effects of a succession of smalf volcanic
eruptions. The combination of these factors, bath the interaction between the ocean and the atmosphere
and the forcing from the Sun and aerosols, is thought likely to be responsible for the recent slowdown in

surface warming,

Despite the decadal slowdown in the rise of average surface temperature, a longer-term warming trend

is still evident {see Figure 4). Each of the Jast three decades was warmer than any other decade since
widespread thermometer measurements were introduced in the 1850s. Record heatwaves have occurred
in Australia {January 2013}, USA {July 2012), in Russia {summer 2010}, and in Europe {summer 2003}. The
continuing effects of the warming climate are also seen in the increasing trends in ocean heat content and
sea level, as well as in the continued melting of Arctic sea ice, glaciers and the Greenfand ice sheet.

CLIMATE CHANGE
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IF THE WORLD IS WARMING, WHY ARE SOME
WINTERS AND SUMMERS STILL VERY COLD7

vern: as the ciimate warm :

Climate change means not only changes in globally averaged surface temperature, but also changes in
atmospheric circulation, in the size and patterns of natural climate variations, and in local weather. La
Nifia events shift weather patterns so that some regions are made wetter, and wet summers are generally
cooler, Stronger winds from polar regians can contribute to an occasional colder winter. In a similar way,
the persistence of one phase of an atmospheric circulation pattern known as the North Atlantic Oscilfa-
tion hag contributed to several recent cold winters in Europe, eastern North America, and northern Asia.

Atmaspheric and ocean circulation patterns will evalve as Earth warms and will influence storm tracks
and many other aspects of the weather. Global warming tilts the odds in favour of more warm days and
seasons and fewer cold days and seasons. For example, across the continental United States in the 19605
there were more daily record low temperatures than record highs, but in the 2000s there were more than
twice as many recard highs as record lows. Another jmportant example of tilting the odds is that over

recent decades heatwaves have increased in frequency in farge parts of Europe, Asia and Australia.

EVIDENCE & CaUSES 13
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WHY IS ARCTIC SEA ICE DECREASING
WHILE ANTARCT[C SEA ICE IS NOT7

. change i wmds andin th ;ocean eem to Be dommatmg the pattems of chmate and sea: ‘
|ce change in the ocean around Antarctlca : : : :

Sea ice in the Arctic has decreased dramaﬁcally since the late 1970s, particularly in summer and autumn.
Since the satellite record began in 1978 {providing for the first time a complete and continuous areal
coverage of the Arctic}, the yearly minimum Arctic sea ice extent (which occurs in early to mid-September)
has decreased by more than 40% (¥15URE s}. lce cover expands again each Arctic winter but the ice is
thinner than it used to be. Estimates of past sea ice extent suggest that this decline may be unprecedented
in at least the past 1,450 years. The total volume of ice, the praduct of ice thickness and area, has
decreased faster than jce extent over the past decades. Because sea ice is highly reflective, warming is
amplified as the ice decreases and more sunshine is absorbed by the darker underlying ocean surface.

Sea ice in the Antarctic has shown a slight increase in extent since 1979 overafl, although some areas,
such as that to the west of the Antarctic Peninsula, have experienced a decrease. Changes in surface
wind patterns around the continent have contributed to the Antarctic pattern of sea ice change while
acean factors such as the addition of cool fresh water from melting ice shelves may also have played a
role. The wind changes include a recent strengthening of westerly winds, which reduces the amount of
warm air from fow latitudes penetrating into the southern high latitudes and alters the way in which ice
moves away from the continent. The change in winds may result in part from the effects of stratospheric
ozone depletion over Antarctica {i.e., the ozene hole, a phenomenon that is distinct from the human-
driven changes in long-fived
FIGURE 5. The Arctic summer greenhouse gases discussed in
sea ice extent in 2012, {measured
in Septernber} was a record low,
shown {in white) compared to the
median summer sea ice extent for
1579 10 2000 {in orange autline). In
2013, Arctic summer sea ice extent
rebounded somewhat, but was stilf

this document). However, short-
term trends in the Southern
Qcean, such as those abserved,
can readily occur from naturat
variabifity of the atmosphere,
ocean and sea ice system,

the sixth smallest extent on record.

Sorce: Natianal Srow and lz2 Data
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HOW DOES CLIMATE CHANGE AFFECT THE
STRENGTH AND FREQUENCY OF FLOODS,
DROUGHTS, HURRICANES AND TORNADOFS7

ster as 2 resu&t ofhumam i

= Earth s Fower atmosphere is becommg warmer

Trendsin extreme ralm‘ai! vary fmm regxon regior: the most pronounced changes are
evxdent in North Amer:ca and parts of Europe especuaﬂy in wmter. S :

Atmbuting extrerne weather events to climate change is chalienging because these events are by definition
rare and therefore hard to evaluate reliably, and are affected by patterns of natural climate variabifity. For
instance, the biggest cause of droughts and floads around the world is the shifting of climate patterns
between El Nifio and La Nifia events. On fand, El Nifio events favour drought in many tropical and subtropical
areas, while La Nifia events promote wetter conditions in many places, as has happened in recent years.
These short-term and regional variations are expecied to become more extreme in a warming dimate.

There is considerable uncertainty about how hurricanes are changing because of the large naturaf variability
and the incomplete observational record. The impact of climate change on hurricane frequency remains

a subject of angoing studies. While changes in hurricane frequency remain uncertain, basic physical
understanding and model results suggest that the strongest hurricanes (when they occur) are likely

1o become more intense and possibly larger in a warmer, moister atmosphere over the oceans. This is
supported by available observational evidence in the North Atlantic. Some conditions favourable for strang
thunderstorms that spawn tornadoes are expected to increase with warming, but uncertainty exists in other
factors that affect tornado formation, such as changes in the vertical and horizontal variations of winds.

EVIDENCE & CAUSES 15
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FIGURE 6, Observetions show that
the global average sea level has
risen by about 20 cm {8 inches)

ce the late 16 contury, Sea level
is rising faster in recent decades;

S

measurements from tide gauges
{blue} and satellites {red) indicate
that the best estimate for the

two deca i 3.2 mm
per year {o.a2 inches per year), The
shaded area represents the sea level
uncertainty, which has decreased as
the number of gauge sites used in
the global averages and the number
ta points have increased.

2 Shun and Kue 20m3)
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HOW FAST 1S SEA LEVEL RISING?

. centredon 1.2 mm per year {02 inchies per year). The overall observed

ements of tide gauges and reckényt::sate ite data show that global sea
levelis vising, with best estimates of {heigiobal-averagé vise over the fast two decades !
centred ‘ e sincatgoris
‘about 20 cm (8 inches) o

This sea-level rise has been driven by {in order of importance): expansion of water volume as the ocean
warms, melting of mountain glaciers in most regions of the world, and losses from the Greenland and
Antarctic ice sheets. Alf of these result from a warming climate. Fluctuations in sea level also occur due to
changes in the amounts of water stared on fand. The amount of sea level change experienced at any given
focation also depends an a variety of other factars, including whether regional geological pracesses and
rebound of the tand weighted down by previous ice sheets are causing the land itself to rise or sink, and
whether changes in winds and currents are piling ocean water against some coasts or moving water away.

The effects of rising sea level are felt most acutely in the increased frequency and intensity of occasional
storm surges. If CO, and other greenhouse gases continue o increase on their current trajectories, it is
projected that sea level may rise by a further 0.5 to 1 m {1.5 to 3 feet) by 2100, But rising sea levels will

not stop in 2100; sea levels will be much higher in the following centuries as the sea continues to take up
heat and glaciers continue to retreat. it remains difficult to predict the details of how the Greenland and
Antarctic ice Sheets will respond to continued warming, but it is thought that Greenland and perhaps West
Antarctica will continue to lose mass, whereas the colder parts of Antarctica could start to gain mass as
they receive move snowfal{ from warmer air that contains more moisture. Sea level in the fast interglacial
{warm) period around 125,000 years ago peaked at probably 5 to 10 m above the present level. During this
period, the polar regions were warmer than they are today. This suggests that, over millennia, fong periods
ofincreased warmth will fead to very significant loss of parts of the Greenland and Antarctic Ice Sheets and
to consequent sea level rise.

oo w0 £ Toad [ 50 £
Year
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FIGURE 7. As CQ in the air has
increased, there has been an
increase in the CO, content of the
surface ocean {upper box}, and a
decrease in the seawater pH {lower
box}, Source: adapted from Dase et of.
{2009} and Bates ¢t al, fz012).
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WHAT IS OCEAN ACIDIFICATION AND WHY

DOES IT MATTER?

“hasshiftedtoa more

€O, dissolves in water to form a weak acid, and the oceans have absorbed about a third of the CO, resulting

e readily in acid. As the acidity of seaw
them to formor maintain their shells.

Direct observations of acean:chemistry have shown that the cherical balanice of seawater
; ; ate (lower pH) {Fis :

a5 corals and: some shellfish) have shells composed of calcium carbonate
c . a‘kte‘ increases, it becomes more

from human activities, leading to a steady decrease in ocean pH levels. With increasing atmospheric CO,,
the chemical balance will change even more during the next century. Laboratory and other experiments

show that under high CO, and in more acidic waters, some marine species have misshapen shells and

lower growth rates, although the effect varies amang species. Acidification also alters the cycling of
nutrients and many other elements and compounds in the ocean, and it is likely to shift the competitive

advantage among species, with as-yet-to-be-determined impacts an marine ecosystems and the food web.

400
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FIGURE &, If emissions continue
on their present trajectory, without
either technolagical or regulatory
abatement, then the best estimate
is that globat average temperature
wift warm 3 further 2.6 to 4.8°C
{4.7 10 8.6 °F) by the end of the
century {right). The figure on left
shows projecied warming with very
aggressive emissions reductions.
The figures represent multi-model
estimates of ternperature averages
for 2081-2100 comparad to

19862005, Source: 1PCC ARS
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HOW CONFIDENT ARE SCIENTISTS THAT
EARTH WILL WARM FURTHER OVER THE
COMING CENTURY?

-~ Very confident. h‘e‘miésiohézco‘nﬁnuéon‘théir‘pféSeht trajectory, with
- calor regulatory abatement, then varming o {
‘which'has already occurred would be expected by the end of the 2

©48Carlod

Warming due to the addition of large amounts of greenhouse gases to the atmosphere can be understood in
terms of very basic properties of greenhouse gases. It will in turn lead to many changes in natural dimate pro-
cesses, with a net effect of amplifying the warming. The size of the warming that will be experienced depends
largely on the amount of greenhouse gases accurnulating in the atmosphere and hence on the trajectory

of emissions [FIGURE &}. If the tota} cumulative emissions since 1870 are kept below about 1 trilfion {milfion
milfion) tonnes of carbon, then there is a two-thirds chance of keeping the rise in global average temperature
since the pre-industrial period below 2 °C (3.6 °F). However, over half this amount has already been emitted.

Based just on the established physics of the amount of heat CO, absorbs and emits, a doubling of
atmospheric CO, concentration from pre-industrial levels {up to about 560 ppm) would by itself, without
amplification by any ether effects, cause a global average temperature increase of about 1 °C (1.8 °F).
However, the total amount of warming from a given amount of emissions depends on chains of effects
{feedbacks) that can individually either amplify or diminish the initial warming.

The most important amplifying feedback is caused by water vapour, which is a potent greenhouse gas in the
atmosphere as warmer air can hold more moisture. Also, as Arctic sea ice and glaciers melt, more sunlight

is absorbed into the darker underlying fand and ocean surfaces causing further warming and further melting
of ice and snow. The biggest uncertain factor in our knowledge of feedbacks is in how the properties of
dlouds wilt change in response ta climate change. Other feedbacks involve the carbon cycle. Currently the
land and aceans together absorb about half of the €O, emitted fram human activities, but the capacities of
land and ocean to store additional carbon are expected to decrease with additional warming, leading to faster
increases in atmospheric CO,_ and faster warming. Models vary in their projections of how much additionat
warming to expect, but all such madels agree that the overall net effect of feedbacks is to amplify the

€O -anly warming by a factor of 1.5 to 4.5.

Change in average surface temperature {1886~2005 1o 2081-2100)

-2 18 -t 0§ 0
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ARE CLIMATE CHANGES OF A FEW DEGREES
A CAUSE FOR CONCERN?

s sealevel rise and sto
naturalworld

Both theory and direct observations have confirmed that global warming is associated with greater warming
over land than oceans, moistening of the atmosphere, shifts in regional precipitation patterns and increases in
extreme weather events, ocean acidification, melting glaciers, and rising sea levels {which increases the risk of
coastal inundation and storm surge). Already, record high temperatures are on average significantly outpacing
record low temperatures, wet areas are becoming wetter as dry areas are becoming drier, heavy rainstorms
have become heavier, and snowpacks {an impartant source of freshwater for many regions) are decreasing.

These impacts are expected to increase with greater warming and will threaten foad production,
freshwater supplies, coastal infrastructure, and especially the welfare of the huge population currently
living in fow-lying areas. Even though certain regions may realise some local benefit from the warming, the
fong-term consequences overall will be disruptive.

WHAT ARE SCIENTISTS DOING TO
ADDRESS KEY UNCERTAINTIES IN OUR
UNDERSTANDING OF THE CLIMATE SYSTEM7

Saence 5 contmual pmcess of observat ion, understandmg, modeﬁmgy testing and o
i predmhon “The prediction of a iong term trendin giobal warmmg from increasing -
5 greenhcuse gases is robust and has been confirmed by a growin body of evvdenca
Neverthefess, understandmg {for example, of cloud dynamics i
© on centennial and decadal t timescales and on regiohal-to- iocal‘spatial scal es} remalr
; mcompiete All'of these are areas of ac’rwe research : o

Comparisons of mode! predictions with observations identify what is well-understood and, at the same
time, reveal uncertainties or gaps in our understanding. This helps to set priorities for new research.
Vigilant monitoring of the entire climate system-—the atmosphere, oceans, land, and ice—is therefore
critical, as the climate system may be full of surprises.

continued
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Together, field and laboratory data and theoretical understanding are used to advance models of Earth's climate
system and to improve representation of key pracesses in them, especially those associated with clouds,
aerosols, and transport of heat into the oceans. This is critical for accurately simulating climate change and
associated changes in severe weather, especially at the regional and ocal scales important for policy decisions.

Simulating how clouds will change with warming and in turn may themselves affect warming, remains
one of the major challenges for global climate models, in part because many doud processes occur on
scales smaller than the current models can resolve. Greater computer power may enable some of these
processes to be resolved in future-generation models.

Dozens of groups and research institutions work on climate models, and scientists are now able to analyse
results from essentially all of the world’s major Earth-System Models and compare them with each other and
with observations. Such opportunities are of tremendous benefit in bringing out the strengths and weak-
nesses of various models and diagnosing the causes of differences amang models, so that research can feeus
on the relevant processes. The differences among models allow estimates to be made of the uncertainties in
prajections of future climate change, and in understanding which aspects of these projections are robust.

Studying how climate responded to major changes in the past is another way of checking that we understand
how different processes work and that models are capable of performing under a wide range of conditions.

- Why are ccmputer modeis used to study chmate change)

; Th fitire evolution of Eanh‘s climate & xtresponds o mteractxons among them, The most comprcheﬂswe chmatc
the present rapid rate of increasing mosphenc LO;has : dels; Earth-System Madels; are de ignedto :
“ro precise analogues in the past;norcan it be properly Earth S chmate system with as friuch detailas is pe:m:tted by
- inderstood through laboratory experiments, AsWearealsor o undeisiandmg and by avauiab!e supercamputers
: ab{etocarry ut deliberate led experiments on Earth
reelf cornpiiter: models dre am ng the most :mportant tools
; ‘used to study Earth’s climate system:

xiThe capabx ity of chmate mode\s has ‘mproved steadily
“the 19605. Usmg physicsi “based equarrons the models.can -

: bietested and are successfui insimulatinga. broad range of -
Ciamazg‘modeis aré based D weather and ciimate variations, for example from individual
onmathematical equations = 7. storms; et stream meanders ELNifio events, and the demate

:“that represent thebest - of the last century. Their projections of the most prominent
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Q&A B

ARE DISASTER SCENARIOS ABOUT TIPPING
POINTS LIKE “TURNING OFF THE GULF
STREAM’ AND RELEASE OF METHANE FROM

The compoasition of the atmosphere is changing towards conditions that have rot been experienced for
miltions of years, so we are headed for unknown territory, and uncertainty is large. The climate system
involves many competing processes that could switch the climate into a different state once a threshold
has been exceeded.

A well-known example is the south-north ocean overturning circulation, which is maintained by cold salty
water sinking in the North Atlantic and which involves the transport of extra heat to the North Atlantic via
the Gulf Stream. During the fast ice age, pulses of freshwater from the ice sheet over North America led to
slowing down of this overturning circulation and to widespread changes in climate around the Northern
Hemisphere. Freshening of the North Atlantic from the melting of the Greenland ice sheet is however,
much less intense and hence is not expected to cause abrupt changes. As another example, Arctic
warming could destabilise methane {a greenhouse gas) trapped in ocean sediments and permafrost,
potentially leading to a rapid release of a large amount of methane. if such a rapid release occurred, then
major, fast efimate changes would ensue.

Such high-risk changes are considered unlikely in this century, but are by definition hard to predict.
Scientists are therefore continuing to study the possibility of such tipping points beyond which we risk
large and abrupt changes.
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IF EMISSIONS OF GREENHOUSE GASES WERE
STOPPED, WOULD THE CLIMATE RETURN
TO THE CONDITIONS OF 200 YEARS AGO?

MGURE ¢ If global emissions
were to suddenly stop, it would
take a long time for surface air
temperatures and the ocean 1o
begin 1o cool, because the excess
€D, in the atmosphere would
there for a long time and
would continue to exest a warminy
effect. Modet projections show how
atmospheric CO, concantration

{8}, surface air temperature (b},

rer

and ocean thermal expansion (c}
would respond following a scenario
of business-as-usual emissions.
ceasing in 2300 {rad), 3 scenario

of aggressive emission reductions,
falling clese 1o zero 50 years from
now {orange}, and twe intermediate

emissions scenarios
bluse). The small dow
in temnperature at 2300 is caused
by the elimination of emissions

ai

including methane. Seurce:
eral, 20%

o Not Even ifemissions of greehhdhskefgaskes; were to suddenly stop, Earth's surface terr per a‘cu‘ré o

would not cool and returm fo the level in the pre-industrial era for thousands of years.

If emissions of CO, stopped altogether, it would take many thousands of years for atmospheric CO, to
return to ‘pre-industrial’ fevels due to its very slow transfer to the deep ocean and ultimate burial in ocean
sediments. Surface temperatures would stay elevated for at least a thousand years, implying extremely
fong-term commitment to a warmer planet due to past and current emissions, and sea levet would fikely
continue to rise for many centuries even after temperaure stopped increasing [FIGURE 9]. Significant
<cooting would be required ta reverse melting of glaciers and the Greenland ice sheet, which formed
during past cold climates, The current CO -induced warming of Earth is therefore essentially irreversible
on human timescales. The amount and rate of further warming will depend almost entirely on how much

mmore CO, humankind emits.
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This dacument explains that there are well-understood physical mechanisms by which
changes in the amounts of greenhouse gases cause climate changes. It discusses the
evidence that the concentrations of these gases in the atmosphere have increased and
are still increasing rapidly, that dlimate change is occurring, and that most of the recent
change is almost certainly due to emissions of greenhouse gases caused by human
activities. Further climate change is inevitable; if emissions of greenhouse gases continue
unabated, future changes will substantially exceed those that have occurred so far. There
rerains a range of estimates of the magnitude and regional expression of future change,
but increases in the extremes of climate that can adversely affect natural ecosystems and

human activities and infrastructure are expected.

Citizens and governments can choose among several options (or a mixture of those
aptions) in response to this information: they can change their pattern of energy
production and usage in order to limit emissions of greenhouse gases and hence the
magnitude of climate changes; they can wait for changes to occur and accept the fosses,
damage and suffering that arise; they can adapt to actual and expected changes as much
as possible; or they can seek as yet unproven ‘geoengineering’ solutions to counteract
some of the dlimate changes that would otherwise occur. Each of these options has
risks, attractions and costs, and what is actually done may be a mixture of these different
options. Different nations and communities will vary in their vulnerability and their
capacity to adapt. There is an important debate to be had about choices among these
options, to decide what is best for each group or nation, and most importantly for the
global population as a whale. The options have to be discussed at a global scale, because
in many cases those communities that are most vulnerable control few of the emissions,
either past or future. Our description of the science of climate change, with both its facts

and its uncertainties, is offered as a basis to inform that policy debate.
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Foundation, which has given millions to NRDC. ironically enough, researchers
have uncovered that Steyer's hedge fund “minted a lot of money off oil and gas
investments, among other environmentally destructive business ventures.” A
profile of environmental groups profiting from the very oil and gas companies
they fundamentally oppose by the progressive magazine The

Nation confirmedthat “NRDC still holds stocks in mutual funds and mixed assets
that do not screen for fossil fuels.”

The NRDC also received more than $1.7 million in 2011 from the SeaChange
Foundation—a foundation with dubious funders. An exposé by the Washington
Free Beacon uncovered that Kiein Ltd., a company incorporated in Bermuda that
exists solely on paper, donated at least $10 million to the SeaChange
Foundation. SeaChange then funnels that shadowy money to a number of
progressive organizations.

NRDC has received similarly hidden contributions through other “donor-advised”
funds, criticized by some watchdogs as “dark money.” The Schwab Charitable
Fund, a donor-advised fund that donors to other left-environmentalist groups
have used to obscure their identities, funneled at least $4.7 million in NRDC
donations since 2008.

NRDC also receives considerable funding from more traditional fiberal
foundations. The George Soros-backed Open Society Institute and Foundation tc
Support Open Society gave NRDC over $2.2 million since 2008. The William and
Flora Hewlett Foundation, one of the largest left-environmentalist foundations in
the country, has provided NRDC with over $4.7 million over that same period.

Black Eyes

Concocting Hysteria That’s Rotten to the Core

in 1989, the NRDC colluded with Washington PR firm Fenton Communications to
create the “Alar-on-apples” food scare.

Following the release of a report called “Intolerable Risk" — which claimed that
Alar, a pesticide used by apple farmers, was “the most potent cancer-causing
agent in our food supply” and blamed the chemical for “as many as 5,300”
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childhood cancer cases — Fenton and NRDC went on a five-month media blitz.
The campaign kicked off with a CBS 60 Minutes feature seen by over 50 million
Americans. Despite the fact that the claims were completely unfounded, hysteria
set in. Apples were pulled off of grocery shelves, schools stopped serving them
at lunch, and apple growers nationwide lost over $250 million.

The Wall Street Journal printed one of David Fenton’s (of Fenton
Communications) internal memos, after the Alar-on-apples scandal was publicly
debunked. Here’s Fenton in his own words:

We designed [the Alar Campaign] so that revenue would flow back to the Natural
Resources Defense Council from the public, and we sold this book about
pesticides through a 900 number and the Donahue show. And to date there has
been $700,000 in net revenue from it.

Henry Miller, the founding director of the FDA’s Office of Biotechnology summed
up the debacle:

Thousands of appie growers suffered substantiai losses, some went bankrupt,
and the federal government spent almost $10 million to support struggling apple
growers. The scare was eventually exposed as a fraud. The source of that
chaos, the Natural Resources Defense Council (NRDC), is known for that sort of
alarmist junk science.

Fabricating a Swordfish Shortage

In 1998, NRDC joined forces with Fenton Communications again. This time, the
plan was to convince the public that swordfish were being over-fished, with
claims that America’s taste for it “threaten{ed] the livelihood of the species.”

The “Give Swordfish a Break!” campaign was operated by a group called
SeaWeb, which, conveniently, was created by Fenton specifically for this
purpose. Nearly 100% of the funding for this campaign came from pass-through
grants solicited by NRDC on behalf of SeaWeb.

As with the Alar scare, these claims were utterly false, ultimately leading the U.S.
Fish and Wildlife Service to condemn the campaign as “flawed to the core,” while
the National Marine Fisheries institute declared that swordfish were never in any
danger of extinction at all. Rebecca Lent, the director of the Highly Migratory
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Species Division of the National Marine Fisheries Service (NMFS), which
regulates commercial fishing, said “Swordfish are not considered endangered.”
About SeaWeb’'s NRDC-backed campaign, Lent said, “I think it will end up having
a detrimental effect on our fishermen... | know a lot of [U.S. fishermen} who have
lost their jobs already.”

Using Questionable Science to Generate Chemical Scares

NRDC is no stranger to overstating environmental risks to generate public outcry
and attention. The organization has been especially effective in using a handful
of questionable “studies” to scare the public about the safety of chemicals used
in millions of everyday products.

While NRDC has warned the public that many of their favorite products are subtly
poisoning them, actual toxicologists fail to subscribe to NRDC's doomsday
forecasts. The Center for Health and Risk Communication at George Mason
University surveyed members of the Society of Toxicology and found that these
experienced toxicologists “overwhelmingly reject the notion that exposure to even
the smallest amounts of harmful chemicals is dangerous or that the detection of
any level of a chemical in your body by biomonitoring indicates a significant
health risks."

The toxicologists surveyed were asked specifically about their opinions of NRDC
and 79 percent of respondents were critical of the organization.

Instead of recognizing that professionals who study chemicals for a living
guestion NRDC'’s position on chemicals, NRDC slammed the survey for lack of
peer review—even though few publicly released poils are peer reviewed. When
asked if NRDC released its data for peer review, Linda Greer, NRDC's Health
and Environment Program Director, responded: “We're an advocacy group and
we don'’t hold ourselves out as scientific researchers.”

After successfully stirring up groundless fears of Alar, NRDC is now pushing to
ban bisphenol A (BPA), a common chemical used in plastics. Though research
from the U.S. governmentfound that it would be very difficult for BPA to cause
health effects in humans, NRDC has sued the Food and Drug Administration for
failing to ban BPA. The FDA has determined that science does not justify a ban
of BPA from all food and drink containers.
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A comprehensive study of BPA by the FDA concludes that the chemical is safe at
normal doses and notes that “Many of the studies that report low dose effects of
BPA utilized an insufficient number of dose groups to establish a clear dose-
response relationship, used small numbers of animals, and/or failed to
appropriately account for possible litter effects in the analysis of the data.”

“Sue and Settle” Collusion with the EPA

The Natural Resources Defense Council is one of the many environmental
groups that have coliuded with federal agencies in “sue and settle” lawsuits.
Since 2009, the NRDC has accepted at least nine settlements from the EPA.

In these cases, environmental activists sue the Environmental Protection Agency
(EPA), arguing that the agency is taking too long to issue a particular regulation
or that the agency isn’'t meeting a specific legal requirement. The EPA can then
either defend itself in court or settie with the environmentalists. In several cases
the EPA issued a consent agreement to settle cases the very same day activists
filed their lawsuits.

In many cases, if the environmentalists are successful in suing the EPA, the
groups’ attorneys’ fees are paid by the federal government. According to a

2011 report from the Government Accountability Office, between 1995 and
2010, taxpayers reimbursed the Natural Resources Defense Council to the tune
of $252,004.

Professor David Schoenbrod—a staff attorney for NRDC during the 1970s who is
now Trustee Professor at New York Law School and a visiting scholar at the
American Enterprise Institute—explained the “sue and settle” strategy:

I used to do this when | was at the Natural Resources Defense Council. There
are thousands of such suits brought. Environmental groups would crank these
out by the hundreds. They get an intern to look at a company’s emissions reports
and compare those figures with what the permit authorized.

NEPA Hypocrisy

The National Environmental Policy Act (NEPA), which took effect in 1970,
reguires all government agencies to weigh environmental factors when making
decisions and requires agencies to prepare an environmental statement to
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accompany reports and recommendations for funding from Congress. NRDC has
heaped praise on the legislation, calling it the “environmental Magna Carta” and
saying "NEPA is democratic at its core.”

Why then is NRDC now trying to stop the federal government from using the
NEPA process?

Before developers could even file a NEPA permit application to begin copper
mining in Alaska's Bristol Bay region, NRDC began leading a call for the
Environmental Protection Agency to veto the project before the government ever
reviewed the development’s environmental impact strategy and plans. Rather
than trusting in the environmental review process it treasures, NRDC hopes to
stifle new developments before they're ever vetted——simply because NRDC, like
most radical environmentalist groups, essentially never met a mining project it
liked.

Cherry-Picking “Scientific Consensus”

NRDC is one of many environmental activist organizations support its push for
the end of fossil fuels because of a “scientific consensus” that carbon emissions
have led to climate change. However, NRDC and its activist allies neglect to
acknowledge a similar scientific consensus regarding genetically modified foods.

The U.S. National Academy of Sciences, British Royal Society, World Health
Organization, American Medical Association, and American Association for the
Advancement of Science have all expressed their support for the
Intergovernmental Panel on Climate Change’s report that carbon emissions have
resulted in a warming climate. Those same organizations also agree that no
adverse health effects have been attributed to genetically modified foods.

Yet despite the agreement that GMOs are not harmful, NRDC is pushing for the
labeling of foods containing GMOs. Science has not shown that there is any
reason to label GMO foods as any different from conventional foods. The
American Association for the Advancement of Science notes:

Foods containing ingredients from genetically modified (GM) crops pose no
greater risk than the same foods made from crops modified by conventional plant
breeding technigues.
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The labeling campaign, however, has been heavily funded by individuals and
groups that aren’t interested in consumer knowledge——they're interested in
banning GMOs outright, despite the significant costs to food productions that this
would entail. It's a purely ideological crusade, not a pragmatic one, and it shows
that NRDC and anti-GMO activists prefer to adapt the term “scientific consensus”
only when it suits their needs.
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Montreal versus Kyoto: A Tale of Two Protocols

Cass R. Sunstein”

Abstract

Over the last thirty years, climate change and depletion of the ozone layer have
been widely believed to be the world's largest environmental problems. The two problems
have many similarities. Both involve global risks created by diverse nations, and both
seem to be best handled through international agreements. In addition, both raise serious
issues of intergenerational and international equity. Future generations stand to lose a
great deal, whereas the costs of restrictions would be borne in the first instance by the
current generation; and while wealthy nations are largely responsible for the current
situation, poorer nations, above all Africa and India, are anticipated 1o be quite
vulnerable in the future. But an exiraordinarily successful agreement, the Monireal
Protocol, has served largely to eliminate the production and use of ozone-depleting
chemicals, while the Kyoto Protocol has spurred only modest steps toward stabilizing
greenhouse gas emissions. What accounts for the dramatic difference between the two
protocols? Part of the explanation lies in the radically different self-interested judgments
of the United States; part of the explanation lies in the very different payoff structures of
the two agreements. Influenced by the outcome of a purely domestic cost-benefit analysis
involving reductions in ozone-depleting chemicals, the United States enthusiastically
supported the Montreal Protocol. Influenced by the very different outcome of cost-benefit
analyses for reductions in greenhouse gas emissions, the United States aggressively
opposed the Kyoto Protocol. An examination of the two protocols suggests that neither
agreement fit the simple structure of a prisoner's dilemma, in which a nation gains from
an enforceable agreement, gains even more if it is the only nation not to comply while all
others do, and loses most if it, and everyone else, pursue their own national self-interest.
For the United States, at least, compliance with the Montreal Protocol would have been
Justified even if no other country had complied; for the Unired States, and for several
other countries, compliance with the Kyoto Protocol would not have been justified even if
all other parties had complied. An understanding of the judgments that surround the two
protocols indicates that even though moral considerations require the United States to
spend a great deal to protect citizens in other nations, and even though such
considerations can influence behavior, the nation is unlikely to act in response solely to
those considerations. A general implication is that any international agreement to control
greenhouse gases is unlikely to be effective unless the United States believes that it has

* Karl N. Liewellyn Distinguished Service Professor of Jurisprudence, Law School and Department of
Political Science, University of Chicago. T am grateful to Elizabeth Emens, Jack Goldsmith, Robert Hahn,
Fric Posner, and Adrian Vermeule for valuable comments on a previous draft.
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more lo gain than to lose. An illuminating wrinkle, also suggestive of the role of domestic
self-interest, is that some European nations, above all the United Kingdom, initially
contended that ozone depletion was a greatly exaggerated problem while later calling for
sirong controls on greenhouse gases. For an international accord, an exceedingly
serious problem lies in the fact that while the United States and China would have to
bear the lion's share of the cost of emissions reductions, both nations are projected to
lose relatively less from climate change.

“l am pleased to sign the instrument of ratification for the Montreal protocol
[governing] substances that deplete the ozone layer. The protocol marks an important
milestone for the future quality of the global environment and for the health and well-
being of all peoples of the world. Unanimous approval of the protocol by the Senate on
March 14th demonstrated to the world community this country's willingness to act
promptly and decisively in carrying out its commitments to protect the stratospheric
ozone layer . .."”

— Ronald Reagan’

“I oppose the Kyoto Protocol because it . . . would cause serious harm to the U.S.
economy. The Senate's vote, 95-0, shows that there is a clear consensus that the Kyoto
Protocol is an unfair and ineffective means of addressing global climate change
concerns.”

— George W. Bush®

Of the world’s environmental challenges, the two most significant may well be
stratospheric ozone depletion and climate change. At first glance, the problems appear to
be closely related. In fact ozone depletion and climate change are so similar that many
Americans are unable to distinguish between them.? Consider seven similarities between
the two problems:

1. Both ozone depletion and climate change have received public recognition on
the basis of relatively recent scientific work, theoretical and empirical. The
risks associated with ozone depletion were first explored in a theoretical paper
in 1974." The risks of climate change have a much longer history, with an

! See http://www.findarticles.com/p/articles/mi_m1079/is_n2135_v88/ai_6495606

2 See http://www.whitchouse.gov/news/releases/2001/03/200103 14.htm!

* See Andrew Dessler and Edward Parson, The Science and Politics of Global Climate Change 10-11
(2006)

* See Robert Percival et al., Environmental Regulation 1047 (2003).

[
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early paper in 1896,° but the current scientific consensus is very much a

product of the 1990s.°

Both problems involve the effects of emissions from man-made technologies

that come from diverse nations and that threaten to cause large-scale harm.

3. Both ozone-depleting chemicals and greenhouse gases stay in the atmosphere
for an extremely long time. Hence the relevant risks are difficult to reverse;
even with action that is both immediate and aggressive, the underlying
problems will hardly be climinated all at once.” This point has significant
implications for issues of timing. )

4, No nation is able to eliminate either problem on its own. Indeed, no nation is
even able to make significant progress on either problem on its own, certainly
not in the long run.® Because of the diversity of contributors, both problems
seem to be best handled through international agreements.”’

5. Both problems involve extremely serious problems of international equity.
Wealthy nations have been the principal contributors to both ozone depletion
and climate change, and hence it is plausible to argue that corrective justice
requires wealthy nations to pay poorer ones to reduce the underlying risks.
This argument might well mean that poor nations should be compensated for
their willingness to enter into any international agreements that reduce
emissions levels. Wealthy countries might owe significant duties of financial
and technological assistance, either to help in emissions reduction or to pay
for adaptation to the underlying problems.

6. Both problems present extremely serious problems of intergenerational equity.
Future generations are likely to face greater risks than the current generation,
and a key question is how much the present should be willing to sacrifice for
the benefit of the future. The answer to this question is complicated by two
facts: Future generations are likely to be much wealthier than our own, and
expenditures by the present, decreasing national wealth, may end up harming

2

* See Scott Barrett, Environment & Statecraft 363 (2005). Indeed, an even earlier paper, from 1827,
sketched the possible contribution of greenhouse gases. See James Houghton, Global Warming: The
Complete Briefing 17 (3d edition 2004).

© Dessler and Parson, supra note, at 64-66. I refer to a scientific consensus, but there are dissenting
voices. See, e.g., Nir Shaviv, The Spiral Structure of the Milky Way, Cosmic Rays, and Ice Age Epochs on
Earth, 8 New Astronomy 39 (2003) (arguing that cosmic rays are responsible for most of recent variations
in global temperatures); Nir Shaviv and J. Veizer, Celestial driver of Phanerozoic climate?, 13 GSA Today,
4 (2003). A reply is Stefan Rahmstorf et al., Cosmic Rays, Carbon Dioxide and Climate, in Eos,
Transactions of the American CGeophysical Union (January 27, 2004).

’ For ozone depletion, see Barrett, supra note; for climate change, the point is emphasized and explored
in Richard Posner, Catastrophe 161-63 (2004).

¥ A qualification is that the United States now accounts for about one-fifth of the world’s emissions,
and that by 2025, China will account for nearly one-fourth of the world's emissions. See infra. If either
nation entirely eliminated its emissions ~ to say the least, an unlikely prospect -- the progress might count as
significant. Note, however, that because greenhouse gas emissions are cumulative, even a total elimination
of greenhouse gas emissions, from the United States and China, would not make a major dent in the
problem.

® As we shall see, however, these statements must be qualified for ozone depletion. For some nations,
including the United States, unilateral action was worthwhile. See below; James Murdoch and Todd
Sandler, The Voluntary Provision of a Public Good: The Case of Reduced CFC Emissions and the
Montreal Protocol, 63 I Public Economics 331 (1997).

a3
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future generations, simply by ensuring that they too have less wealth on which
to draw.

7. With respect to both problems, the United States is a crucial actor, probably
the most important in the world.!” The importance of the United States lies not
only in its wealth and power; it also lies in the fact that the United States has
been an extremely significant source of both ozone-depleting chemicals and
greenhouse gases.!!

Notwithstanding these similarities, there is one obvious difference between the
two problems. An international agreement, originally signed in Montreal and designed to
control ozone-depleting chemicals, has been ratified by almost all nations in the world
(including the United States, where ratification was unanimous).'> At last count, 183
nations have ratified the Montreal Protocol.” Nations are complying with their
obligations; global emissions of ozone-depleting chemicals have been reduced by over
95%; and atmospheric concentrations of such chemicals have been declining since
1994.™ By 2050, the ozone layer is expected to return to its natural level.”” The Montreal
Protocol, the foundation for this process, thus stands as an extraordinary and even
spectacular success story. Its success owes a great deal to the actions not only of the
United States government, which played an exceedingly aggressive role in producing the
Protocol,'® but to American companies as well, which stood in the forefront of technical
innovation leading to substitutes for ozone-depleting chemicals.!”

With climate change, the situation is altogether different. To be sure, an
international agreement, produced in Kyoto in 1997, did go into force in 2005, when
Russia ratified it'%; the Kyoto Protocol has now been ratified by over 130 nations.'” But
numerous nations are not complying with their obligations under the Kyoto Protocol,®
and the United States firmly rejects the agreement, with unanimous bipartisan opposition
to its ratification. Far from leading technical innovation, American companies have
sharply opposed efforts to regulate greenhouse gas emissions, and have insisted that the
costs of regulation are likely to be prohibitive.”’ Between 1990 and 2004, the United

1 On ozone depletion, see Robert Percival et al., Environmental Regulation 1048 (2003) (United States
accounted for almost one-half of global CFC use in the mid-1970s); Record Increase in UU.S. Greenhouse
Gas Emissions Reported (2006), available at http://www.ens-newswire.com/ens/apr2006/2006-04-18-
OZ.a.?g] {United States accounts for about 25% of the world’s greenhouse gas emissions).

See id.

"2 For the text of the Montreal Protocol, as amended, see http://www.unep.org/czone/Montreal-
Protocol/Montreal-Protocol2000.shtml

¥ Scott Barrett, Environment & Statecraft 239 (2005).

¥ See id.

" 1d.

' See Edward Parson, Protecting the Ozone Layer 252-53 (2003).

' See Percival et al., supra note, at 1051; Edward Parson, Protecting the Ozone Layer 126-27, 176-77,
180-82 (2003).

¥ See Andrew Dessler and Edward Parson, The Science and Politics of Global Climate Change 129
(2006).

' See Al Gore, An Inconvenient Truth 282-83 (2006).

* See below,

*' Seer George Pring, The United States Perspective, in Kyoto: From Principles to Practice 185, 195-97
(Peter Cameron and Donald Zillman eds. 2001).
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States experienced a decline in emissions of ozone-depleting chemicals, to the point
where such emissions are essentially zero. But in the same period, the United States
experienced a rapid growth in greenhouse gases.” In part as a result, worldwide
emissions of greenhouse gases are projected to rise at a rapid rate. An additional
complication stems from the fact that developing nations have refused to join the Kyoto
Protocol, and it is in those nations that greenhouse gases are increasingly most rapidly. In
particular, India and China have shown explosive growth in recent years, and China will
soon become the leading greenhouse gas emitter in the world. 3

My goal in this Article is to understand why the Montreal Protocol has been so
much more successful than the Kyoto Protocol, and in the process to shed some light on
the prospects for other international agreements, including those designed to control the
problem of climate change. A central conclusion is simple: Both the success of the
Montreal Protocol and the mixed picture for the Kyoto Protocol were largely driven by
the decisions of the United States, and those decisions were driven in tum by a form of
purely domestic cost-benefit analysis. To the United States, the monetized benefits of the
Montreal Protocol dwarfed the monetized costs, and hence the circumstances were
extremely promising for American support and even enthusiasm for the agreement.
Remarkably, the United States had so much to lose from depletion of the ozone layer that
it would have been worthwhile for the nation to act unilaterally to take the steps required
by the Montreal Protocol.** For the world as a whole, the argument for the Montreal
Protocol was overwhelmingly strong.

The Kyoto Protocol presented a radically different picture. To the United States
alone, the monetized benefits of the Kyoto Protocol appeared to be dwarfed by the
monetized costs.” If the United States complied with the Kyoto Protocol on its own, it
would spend a great deal and gain relatively little. If all parties complied, some of the
most influential analyses suggested that the United States would nonetheless be a net
loser. Because of the distinctive properties of the agreement, it was not at all clear that the
world as a whole had more to gain than to lose from the Kyoto Protocol. Hence the
circumstances were unpromising for a successful agreement—and they were especially
unpromising for American participation, no matter the political affiliation of the relevant
president. The different cost-benefit assessments, for the United States in particular but
also for the world, provide the central explanation for the success of one agreement and
the complex picture for the other.

There is a morc general point. For the United States, and for other key nations as
well, the payoff structures of the two agreements were fundamentally different. For some

** See below.

¥ See infra.

** See Parson, supra note, at 228.

* See William Nordhaus and Joseph Boyer, Warming the World (2000); below. In the Clinton
Administration, certain studies suggested low costs from compliance with Kyoto, see Pring, supra note, at
194, but those studies were not widely accepted even within the executive branch, see id. at 196.
Throughout I emphasize the importance of an analysis of costs and benefits, but that analysis is not the only
relevant factor. Enforcement issues, for example, create serious problems for the Kyoto Protocol — more
serious than for the Montreal Protocol. See Barrett, supra note.
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nations, most prominently including the United States, unilateral compliance with the
requirements of the Montreal Protocol was justified, even if no other nation complied. It
would be impossible to make this point about the Kyoto Protocol. Indeed, it is plausible
to suggest that for the United States, and for some other nations including China in
particular, compliance with the Kyoto Protocol was not justified even if such compliance
was both necessary and sufficient to ensure that all parties complied. Neither situation
presented the simplest situation for an international agreement: a prisoner’s dilemma in
which all or most nations will do badly if each acts in its individual self-interest, but gain
a great deal if all are able to enter into a binding agreement.

The Montreal Protocol did not present a prisoner’s dilemma because key nations,
including the United States, would gain from unilateral action; and in fact, many nations
engaged in such action.”® The problem of climate change might well present a prisoner’s
dilemma, in the sense that nations and their citizens, acting in their private self-interest,
may produce bad or even catastrophic outcomes that can be avoided with a binding
agreement (whose provisions of course must be specified). But for the United States, and
for at least some other nations as well, the Kyoto Protocol did not solve the prisoner’s
dilemma, because it led to an outcome even worse than what would follow from
unregulated self-interested action by all sides.

In both cases, the United States (and it was hardly alone in this respect) acted like
homo economicus—a self-interested welfare maximizer, focusing not on its moral
obligations, but on the material incentives.”’ If this point generalizes, we might think of it
as suggesting a kind of individual rationality constraint, or at least constraining factor,
operating at the level of nations.”® The different cost-benefit assessments help to explain
other apparent anomalies as well. For example, they illuminate the pattern of apparently
universal compliance with the Montreal Protocol and the likelihood of widespread
noncompliance with the Kyoto Protocol. They help explain why many nations reduced
their CFC emissions before the Montreal Protocol took effect—and why their reductions
were not only in advance but also in excess of the mandates of the agreement.”’ They also
help explain the fact that American companies strongly supported the Montreal Protocol

** See Murdoch and Sandler, supra note.

A helpful, supportive discussion, which also requires a qualification, is Stephen J. DeCanio,
Economic Analysis, Environmental Policy, and Intergenerational Justice in the Reagan Administration, 3
International Environmental Agreements: Politics, l.aw and Economics 299 (2003). The support stems
from the fact that the core analysis came from “projected health risks to the U.S. population from
stratospheric ozone depletion.” 1d. at 302. The qualification is that the choice of a relatively low discount
rate, for the future, can be taken to suggest a degree of altruism toward future generations, through a
principle of intergenerational neutrality. See id. Note, however, that these were future generations of
Americans.

" The point is emphasized more generally in Jack Goldsmith and Eric Posner, The Limits of
International Law (2005). An evident problem with rational actor models, for both individual and states, is
that such models are powerless to explain decisions without a sense of the relevant utility functions — of
what concerns the relevant actors. If the relevant actors care about endangered species, wherever they
might be found, then it is in their rational self-interest to attempt to protect endangered species, wherever
they might be found. In the context of the Montreal and Kyoto Protocols, I shall emphasize the role of
purely material concerns, including of course concerns about the health and wealth of American citizens.

* See Murdoch and Sandier, supra note, at 347.
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while sharply opposing the Kyoto Protocol. They help explain why China and India
refused to participate in the Kyoto Protocol. They illuminate another apparent anomaly:
European nations, above all the United Kingdom, were initially quite cautious in reacting
to the problem of ozone depletion, suggesting that the scientific evidence was both
theoretical and speculative, while European nations, above all the United Kingdom, have
been quite aggressive in reacting to the problem of climate change.

For the future, the implications of these points are simple. With respect to
international agreements in general, the participation of the United States, and of other
nations as well, is greatly affected by perceived domestic consequences."‘O To say this is
not to deny that moral judgments may play some role and perhaps a significant one—not
only but above all if injured nations are in a position to punish those who do not diminish
their injury. Many billions of dollars are spend each year on foreign aid.*" and an
international agreement to control global environmental problems might operate as a
form of such aid. I, for example, the citizens of the United States care a great deal about
the welfare of endangered species, the nation may well be willing to enter into a costly
agreement to protect endangered species. As we shall see, there are exceedingly good
reasons, grounded in corrective justice, to ask the United States to assist those nations
that are most vulnerable as a result of climate change. But if the United States is spending
much more than it receives, it is unlikely to be an enthusiastic participant.

For climate change in particular, it is reasonable to predict that the United States
will ratify an international agreement to reduce greenhouse gases only if the perceived
domestic costs of the relevant reductions decrease, the perceived domestic benefits
increase, or both. There is a more general lesson. Without the participation of the United
States, the success of any such agreement is likely to be limited, if only because the
United States accounts for such a high percentage of the world’s greenhouse gas
emissions. Indeed, 1 have noted that China and India are anticipated to be large emitters
in the near future,™ and they are most unlikely to participate if the United States does not.
The case of China is particularly important. China will soon be the world’s leading
emitter of greenhouse gases, and both the United States and China are in the position of
having relatively less to lose from climate change and relatively much to lose from
controls on greenhouse gases. These points have Jarge implications for the prospects for
and contents of a successful agreement, to which [ shall turn in due course.

The remainder of this Article comes in three parts. Part Il explores the Montreal
Protocol and the role of scientific evidence, European caution, American enthusiasm, and
cost-benefit analysis in producing it. Part 111 examines the Kyoto Protocol and American

* This is an explicit theme of James H. Maxwell and Sanford L. Weiner, Green Consciousness or
Dollar Diplomacy? The British Response to the Threat of Ozone Depletion, 5 International Environmental
Affairs 19 (1993).

*' See Congressional Research Service, Foreign Aid: An Introductory Overview of U.S. Programs and
Policy (Janvary 19, 2005) (reporting, among other things, $7.35 billion for development assistant, id. at 4,
and $2.68 billion in humanitarian assistance, id. at 6).

* See James Houghton, Global Warming: The Complete Briefing 244-45 (3d ed. 2004) (noting that
between 1990 and 2000, China saw a nineteen percent increase in greenhouse gas emissions, and India a
sixty-eight percent increase).
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reservations, with special emphasis on the possibility that the agreement would deliver
low benefits for the world and impose significant costs—with pal’ticufarly high costs, and
particularly low benefits, expected for the United States. Part I'V explores the lessons and
implications of the two tales.

I. Ozone and Montreal
A. Science and Policy

Chlorofluorocarbons (CFCs) were originally used as working fluids for
refrigerators, in part because they appeared to be far safer than the alternatives, which
were either inflammable or dangerously toxic. % In the decades that followed, CFCs were
found to have numerous cooling applications, prominently including axr-condmomng
But CFCs came to be used most significantly as propellants in aerosol spray cans.” * CFCs
and related chumca]s prominently including halons, acquired widespread commercial
and military uses,” producing billions of dollars in revenues.

The idea that CFCs posed a threat to the ozone layer was initially su&;ested in an
academic paper in 1974, written by Sherwood Rowland and Mario Molina.™ According
to Rowland and Molina, CFCs would migrate slowly through the upper atmosphere,
where they would release chlorme atoms that could endanger the ozone layer, which
protects the earth from sunlight.*” Rowland and Molina specified the * ‘catalytic chain by
which the chlorine atoms released would destroy ozone.™® The potential consequences
for human health were clear, for Rowland and Molina wrote only two years after the loss
of ozone had been linked with skin cancer.® Tn 1971, it had been prominently suggested
that a one percent ozone loss would cause an additional 7000 cases of skin cancer each
year.! ® Hence the finding by Rowland and Molina indicated that significant health risks
might well be created by emissions of CFCs.

In the immediately following years, depletion of the ozone layer received
widespread attention in the United States, which was the world’s leading contributor to
the problem, accounting for nearly 50 percent of global CFC use.*! A great deal of
theoretical and empirical work was done within the scientific community; the National
Academy of Sciences and many others made contributions.”” Much of the relevant
research was supportive of the initial claims by Molina and Rowland.** At the same time,
industry attempted to conduct and publicize its own research, mounting an aggressive

¥ See Parson, supra note, at 20.
“1d. at 21.

*1d. at 22.

% See Percival et al., at 1047,
T 1d. at 1047-49.

* Parson, supra note, at 23,
1d. at 24.

“Id. at 25.

' See Benedick, supra note, at 26.
“2 Benedick, supra note, at 11.
i Parson, supra note, at 33.
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public relations campaign to discredit the association between CFCs and ozone
depletion.™ A senior executive at DuPont, the world’s largest producer, testified before a
Senate panel that the “chlorine-ozone hypothesis is at this time purely speculative with no
concrete evidence . . . to support it”* At the very least, industry representatives
suggested no harm would come from each year’s delay and that costly regulation should

not be imposed unti} further research had been established that real risks were involved,*

Nonetheless, intense media attention to the problem greatly affected consumer
behavior. In a brief period, American consumers responded to warnings by cutting their
demand for aerosol sprays by more than half, thus dramatically affecting the market.*’
The same public concern spurred domestic regulation. In 1977, Congress amended the
Clean Air Act to permit the Administrator of the Environmental Protection Agency
(EPA) to regulate “any substance . . . which in his judgment may reasonably be
anticipated to affect the stratosphere, especially ozone in the stratosphere, if such effect
may reasonably be anticipated to endanger public health or welfare.”*® In 1978, EPA
used the Toxic Substances Control Act* to ban the use of CFCs as aerosol propelflants in
nonessential applications and defined criteria for exemptions of “essential uses.™ Asa
result of the ban, aerosol production in the United States fell by nearly 95 percent.’! A
significant reduction in the American contribution to ozone depletion was achieved in a
way <t7hat “was remarkably fast, simple, and seemingly rational”™—and that imposed little
cost.”™

The role of the public is especially noteworthy here. 1t is not surprising to find
considerable mobilization on the part of environmentalists and those with
environmentalist inclinations. But changes in consumer behavior were quite widespread,
in a way that makes a sharp contrast with other domains (including climate change). Two
points seem relevant here. The first is that skin cancer, the harm associated with ozone
depletion, is highly salient and easily envisioned; and a salient, easily envisioned harm is
especially likely to affect behavior.™ This point is connected to the fact that it is not
difficult to energize people with the vivid image of a loss of the earth’s “protective
shield.” The second point is that the change in consumer behavior was not, in fact,
extremely burdensome to consumers. Aerosol spray cans are not central to daily life, and
a refusal to purchase them, or a decision to take other steps to reduce uses of ozone-
depleting chemicals, did not impose large costs. Because the relevant harms were vivid,
directly involving human health, and because no real hardship was imposed by taking
steps to reduce those costs, consumer behavior was significantly affected. As we shall
see, there is no parallel in the context of climate change.

* Benedick, supra note, at 12.
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%043 Fed Reg 11301 (1978).
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Despite the flurry of domestic activity, no international agreement was in sight. In
fact the effort to produce international cooperation was at first “an unmitigated faijure.”
A central reason was the skepticism and opposition of the European Commumty, which
firmly rejected regulatory measures of the sort taken by the United States. 3 In Europe, it
was widely believed that science did not justify those measures, which would inflict high
costs for speculative benefits. In most European coumr;es unlike in the United States, the
public was relatively indifferent to the ozone question.”® Heavily influenced by private
groups with an economic stake in the outcome most European nations resorted to
symbols rather than regulatory restrictions.” 7 Such symbols included voluntary emissions
codes, unaccompanied by regulatory requirements of any kind. " Industry arguments
about the expense of such requirements, and the potential loss of tens of thoumnds of
jobs, contributed heavily to the weak response of the European Community.*’ The result
of the disparity in reactions, and a source of continuing tensions between the United
States and Europe, was a significant shift from American to European dominance in
emissions of CFCs.%

While American companies, above all DuPont, showed some sensitivity to the
scientific evidence and potential risks, their European counterparts sought “to preserve
market dominance and to avoid for as long as possible the costs of switching to
alternative products.’ 8! The United Kingdom was a central actor here, and it was not 2
coincidence that the export of CFCs played a large role in Britain’s foreign exchange.”
The British govemment was heavily mflucnced by Imperial Chemical Industries, among
the largest CFC producers in the world.® But facing significant public concern, and
regulatory restrictions, major American producers began the process of finding effective
substitutes.** To be sure, DuPont and other companies also emphasized the tentative and
theoretical nature of the evidence, and lobbicd hard against the most aggressive domestic
controls.” The election of President Reagan in 1980 signaled a period of skepticism
about imposing new restrictions on CFCs, and hence little happened in the period from
1980 to 1982. o In 1982, in fact, members of the U.S. delegation to an international
negotiations indicated if they had known in 1977 what they now knew, they would have
declined to ban aerosols.”’
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In 1983, however, the United States started to support international controls,
essentially asking the world to follow its own policies by banning uses of CFCs in
aerosol propeliants.®® Notably, the United States did not ask for international action that
would inflict new costs on the nation; it sought an agreement that would replicate its
existing domestic action,’ 1mposmg regulatory burdens on others and thus conferring
benefits on Americans at little or no additional expense. Industry organizations within the
United States initially objected vigorously to the new position, contending that it gave
undue credence to speculative science and fearmg the rise of further controls on CFCs.”
While the government maintained its position in the face of these objections, continuing
negotiations produced an international stalemate through 1984,

In 1985, the United States emphasized that a new theory indicated that truly
catastrophic harm was possible, stemming from a sudden collapse of ozone
concentrations. Because of the worst-case scenario, imimediate action would be
desirable.™ Still skeptical of the science, and attuned to the costs, European leaders
continued to reject the effort to produce an mtt.rnatlonal agreement, contending that the
United States was engaged in scare monoermg > and that “Americans had been
panicked into ‘over-hasty measures.’ * Strikingly, the British government played an
important role in steering public opposition to regulatory controls.” A relevant fact was
that “a ban on CFCs as aerosol propellants would have imposed economic consequences
for the United Kingdom that would be markedly different from those for the United
States.”” Because of European skepticism, an international agreement scemed highly
unlikely, with industry favoring the European position.”

B. The Road to Montreal

A great deal changed as a result of the emergence of strengthened scientific
consensus, suggesting that the problem was both more serious and less disputable than
had previously been thought. New findings in 1985 and 1987 showed a *hole™ in the
ozone layer over Antarctica, one that had grown to the size of the United States.”™ A
paper published in 1985 suggested that between 1957 and 1984 there had been a 40
percent depletion in levels of total column ozone over Antarctica.” The discovery of the
Antarctica hole “dramatically transformed the politics of the international negotiations as

“ Percival ct al., supra note, at 1048, The shift in American policy appears to have had something to do
with the replacement of Ann Gorsuch, as Administrator of the Environmental Protection Agency, with
William Ruckelshaus. See Parson, supra note, at 115.
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well as the science.™ A significant role was played by the sheer vividness of the
discovery, which “captured the public’s imagination.™

Equally important, perhaps, were major assessments of the problem from 1986
and 1988. In 1986, a NASA/World Meteorological Association group provided an
exceptionally detailed review of the evidence, concluding that continued growth in CFCs
would produce large losses in the ozone Iayer.82 In 1988, the Ozone Trends Panel,
established by NASA, reiterated the basic finding that CFCs were the primary cause of
the ozone hole with a new analysis of a significant global trend.® These conclusions,
generally taken as authoritative, helped to pave the way toward the negotiations that led

to the Montreal Protocol.

Within the United States, the position of industry began to shift in 1986,
apparently as a result of significant progress in producing safe substitutes for CFCs.M
While arguing that CFCs produced no imminent hazard, DuPont supported an
international freeze on CFC emissions, seeing that step as a justified precautionary
measure’” after the discovery of the Antarctic ozone hole.® Indeed, DuPont and other
producers pledged to phase out production by an early date and also supported
international controls.*” The reasons for this shift remain unclear. It is likely that public
relations concerns played a significant role, especially in light of the fact that the relevant
products were not especially profitable.® It is also likely that American producers saw
that good commercial opportunities lay in the development and marketing of new
products for which they had a comparative advantage over foreign producers.89 In
support of this hypothesis, consider the companies” warning “that international
cooperation was essential, and that participation in an agreement to phase out CFCs
needed to be as broad as possible, to avoid production by other manufacturers relocating
to non-signatory states.”™ It is noteworthy in this regard that the European Community
speculated that the Reagan Administration’s support for aggressive controls was driven
by the fact that “U.S. producers had secretly developed substitutes.™"

In December 1986, the international negotiations became increasingly serious.
Within the United States, there was mounting disagreement within the executive branch,
as some officials agreed with the industry suggestion that a freeze might be justified, but
not emissions reductions.” But the legislative view was unambiguous. By a vote of 80-2,
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the Senate voted in 1987 to ask President Reagan to take aggressive action to protect the
ozone layer.” The relevant resolution said that the President should “strongly endorse the
United States’ original position . . . and continue to seek aggressively . . . an immediate
freeze . . . a prompt automatic reduction of not less than fifty percent . . . and the virtual
climination of [ozone-depleting} chemicals.”™

What followed was a period of intense discussions within the Reagan
Administration,” with sharp differences between the Office of Management and Budget,
skeptical of aggressive controls, and the Environmental Protection Agency. favorably
disposed to such controls.” The internal disagreement was resolved after a careful cost-
benefit analysis suggested that the costs of controls would be far Jower than anticipated,
and the benefits far higher.”” In the words of a high-level participant in the proceedings:
“A major break . . . came in the form of a cost-benefit study from the President’s Council
of Economic Advisers. The analysis concluded that, despite the scientific and economic
uncertainties, the monetary benefits of preventing future deaths from skin cancer far
outweighed the costs of CFC controls as estimated either by industry or by EPA."® This
conclusion was generally in line with the EPA’s own analysis of the problem, in the sense
that both were highly supportive of aggressive controls.” In particular, both EPA and the
Council of Economic Advisers concluded that the ozone layer depletion would cause a
“slagglgging" increase in the number of deaths from skin cancer—over five million by
2165.

Though the formal analysis played a role, “even a qualitative benefit-cost
comparison was sufficient to support regulation,” especially in light of the risk of
“global-scale catastrophic damages.”'” Recall in this connection that skin cancer is a
salient harm, one that is likely to energize citizens and officials alike. The association
between skin cancer and cherished leisure activities—such as lying on the beach—
undoubtedly helped to spur the sense that the problem needed to be addressed in
aggressive terms.

With the American position fixed, the stage was set for the negotiation of a new
protocol. At an early point, the European Community, led above all by France, Italy, and
the United Kingdom, urged caution and a strategy of “wait and learn.”'™ Concerned
about the economic position of Imperial Chemical Industries, the United Kingdom
rejected an aggressive approach.i03 The United States took the lead in endorsing stringent
additional controls; it was joined by several other nations, including Canada, New
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Zealand, Finland, and Norway.'™ Those urging stringent controls placed a particular
emphasis on the problem of irreversibility. Because some CFCs last for a century or
more, it was necessary to act immediately, to avoid the need for “even more costly
measures in the future ”'%

Many months of discussions led to the decisive meeting in Montreal, starting on
September 8, 1987 and including over 60 countries, more than half of them
developing.'® The key part of the resulting protocol was not merely a freeze on CFCs,
but a dramatic 50% cut by 1998, accompanied by a freeze on the three major halons,
beginning in 1992."%7 The most important factor behind this aggressive step “was the
promotion by an activist fashion of U.S. officials of an extreme negotiating position and
its maintenance through several months of increasingly intense domestic and
international opposition."‘08 The 50% figure operated as a compromise between the
American proposal for 95% reductions and the European suggestion of a frecze; it was
also supported by scientific evidence suggesting that minimal ozone depletion would
follow if the 50% reduetion were implemented.]09

A knotty question involved the treatment of developing countries. While CFC
consumption was low in those countries, their domestic requirements were increasing, !
and a badly designed agreement could merely shift the production and use of CFCs from
wealthy nations to poorer ones, leaving the global problem largely unaffected. On the
other hand, developing nations reasonably contended that they should not be held to the
same controls as wealthier nations, who were responsible for the problem in the first
place. India and China emphasized that nations with less than 25 percent of the world’s
population had been responsible for over 90 percent of the world’s CFCs.'"" This claim
was meant by several steps, including both loosened restrictions on developing nations
and financial assistance to them. Under Article 5 of the Montreal Protocol, developing
countrics are authorized to meet “basic domestic needs™ by increasing to a specified level
for ten years, after which they are subject to a 50 percent reduction for the next ten years.
In addition, a funding mechanism was created by which substantial resources—initially
$400 million—were transferred to poor countries.'”? These provisions have been
criticized as unduly vague, essentially a way of deferring key questions'"; but they
provided an initial framework, one that has turned out to work exceedingly well.
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C. Costs and Benefits

Why did the United States adopt such an aggressive posture with respect to ozone
depletion? I have referred to the significant effect of a study by the Council of Economic
Advisors, suggesting that a well-designed agreement would give the United States far
more than it would lose. A further clue is provided by the foliowing contemporaneous
account, by the Environmental Protection Agency, of the costs and benefits of the
Montreal Protocol™:

Costs and Benefits of Montreal Protocol to the United States (in billions of 1985 dollars):

Unilateral Implementation of Montreal

No controls Mentreal Protocol Protocol by the United States

Benefits o 3,575 1,363
Costs e 21 21
Net benefits — 3,554 1,352

These figures were generated by a projection of over five million skin cancer
deaths by 2165, together with over twenty-five million cataract cases by that year—
figures that would be cut to 200,000 and two million, respectively, by a 50% CFC
reduction.''> Of course it is possible to question these numbers; the science does not
allow uncontroversial point estimates here, and perhaps the EPA had an interest in
showing that the agreement was desirable. What matters, however, is the perception of
domestic costs and benefits, and in the late 1980s, no systematic analysis suggested that
the Montreal Protocol was not in the interest of the United States. It should be clear that
on these numbers, even unilateral action was well-justified for the United States, because
the health benefits of American action would create substantial gains for the American
public. But if the world joined the Montreal Protocol, the benefits would be nearly
tripled, because it would prevent 245 million cancers, including more than five million
cancer deaths, by 2100.'® At the same time, the relatively low expected cost of the
Montreal Protocol—a mere $21 billion—dampened both public and private resistance;
and the cost turned out to be even lower than anticipated because of technological
innovation.""”’

One of the most noteworthy features of the ozone depletion problem is that over
time, the United States was anticipated to be a decreasingly large contributor to that
problem. By 2050, no controls were expected to mean a 15.7% decrease in the ozone
layer——whereas unilateral American action would produce a 10.4% decrease, and the
international agreement would result in a mere 1.9% decrease. By 2100, no controls were
expected to mean a 50% decrease; unilateral action a 49% decrease; and the international
agreement a 1.2% decrease.’'® In the short-run, aggressive action by the United States

'™ See Barrett, supra note, at 228.
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alone was amply justified by the domestic cost-benefit calculus. In the long-run, the
United States would do much better with global cooperation, especially from developing
nations, which would be increasingly important sources of ozone-depleting chemicals.
American enthusiasm for the Montreal Protocol, and for aggressive regulatory steps, can
be understood only in this light.

There is no full accounting of the costs and benefits of the Montreal Protocol for
the world. But if we build on a 1997 study in Canada, we can generale the following
numbers as a rough approximation’ "

Global Benefits and Costs of Montreal Protocol, 1987-2060

Avoided cases of skin cancer 20,600,000
Avoided cases of skin cancer deaths 333,500
Avoided cases of cataracts 129,100,000
Monetized benefits (including damages to

fisheries, agriculture, and materials; not rpe
including the health benefits mentioned $439 billion
about)

Monetized benefits in terms of deaths $333 billion
averted

Monetized health benefits (nonfatai skin $339 billion
cancers and cataracts averted)

Monetized costs $235 billion
Net benefits >$900 billion

To be sure, many of these numbers might be questioned, because they depend on
contentious assumptions.'®® But the conclusion is that the Montreal Protocol was an
extraordinary bargain for the world in general, as well as for the United States in
particular. Its success had everything to do with these facts.

This point raises an obvious question: Why was an agreement necessary at all? As
we have seen, severe reductions in CFC emissions preceded the ratification of the
agreement. At first glance, many nations had self-interested motives with respect to the
ozone problem, sufficient to justify large reductions in such emissions.”*! If so, an
international accord might not be required at all. It is true that the United States made
substantial reductions on its own, as did other nations, and that still more nations might
have done so without the Montreal Protocol.'® But an agreement was nonetheless

"% Barrett, supra note, at 237,

**? For example, the economic value of a human life is highly controversial, as is the adoption of a
uniform number. For discussion, see DeCanio, supra note, at 304-06; Cass R. Sunstein, Laws of Fear:
Beyond the Precautionary Principle (2005).

'} See James Murdoch and Todd Sandler, The Voluntary Provision of a Pure Public Good; The Case
of Reduced CFC Emissions and the Montreal Protocol, 63 J Public Economics 331 (1997}

2 Indeed, many nations did so. See id. at 347. It is not clear, however, whether all or most of their
reductions would have oceurred without the shadow of obligations under the Montreal Protocol. It is
possible that the protocol helped spurred this ahead-of-schedule reductions, and above-requirement
reductions, in part because of the information the meetings and the protocol provided, in part because of the
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important. As we have seen, the United States itself was much better off with agreement
from other countries, and for many of those countries, the purely domestic cost-benefit
calculus was less clear than it was for the United States. It is plausible to think that
numerous nations were willing to make significant cuts only on the assumption that other
nations would do so as well. Recall that at the time of the Montreal Protocol, European
nations sought a freeze, not a 50% emissions reduction. Perhaps their position was
uninformed by an accurate understanding of the domestic costs and benefits; but the
agreement was nonetheless necessary to ensure significant cuts in CFC emissions.

The posture of the developing nations also helps explain why an agreement was
valuable. For them, cuts were not perceived as justified by reference to the domestic
caleulus; side-payments were required. Perhaps it is relevant here that the skin cancer
risks associated with ozone depletion primarily threaten light-skinned people,'” and
hence nations with mostly dark-skinned populations had relatively little to gain from the
agreement. And in understanding why an agreement was necessary, it is relevant that
American producers, such as DuPont, were more enthusiastic about the development of
substitutes on the assumption that there would be an international market for them—and
on the assumption that they would not be losing, and might even be gaining, in the global
marketplace by virtue of their efforts to produce CFC substitutes. The final point is that
an international process, culminating in the Montreal Protocol, helped to spread relevant
information about both costs and benefits, spurring nations to take notice of a problem
that some of them might have neglected on their own.

None of this means that the problem of ozone depletion presented a standard
prisoner’s dilemma, in which all or most nations nceded an enforceable agreement to
produce a result better than what would emerge from purely self-interested action. The
ozone problem had no such structure. As we have seen, the United States essentially
complied with the requirements of the Montreal Protocol before the Montreal Protocol,
and many nations went well beyond those requirements both before and after the
protocol.”** There was no incentive to defect. But the agreement was certainly in the
interest of the United States, because it greatly increased the health benefits for the
nation’s citizens, and at least some of the parties would not have reduced at all or as
much on their own.

Perhaps it is relevant here that the skin cancer risks associated with ozone
depletion primarily threaten like-skinned people, and hence nations with mostly dark-
skinned populations had relatively little to gain from the agreement. On this count, the
problem of climate change is altogether different.

technology-forcing role of the protocol, in part because of the symbolic value of early and substantial
reductions both domestically and internationally.

123 See DeCanio, supra note, at 302.

P 1d. at 347.
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D. Beyond Montreal

After the Montreal Protocol, restrictions on ozone-depleting substances have been
rapidly strengthencd,'” to the point where a world-wide phase-out of fifteen different
CFCs was accepted in London in 1990.'% At that stage, the European Community, now
convinced, sought a clear timetable for further reductions, leading to an agreement for
total elimination of CFC use and production by 2000.'* Imperial Chemical Industries, an
original source of the British and hence European skepticism about regulatory controls,
now played a different role, having “realized—even more strongly than before—the
potential commercial opportunitics, as well as the risks, involved in shifting to substitutc
chemicals.”'”

Remarkably, the European Community announced that it would phase out CFCs
by 1997. Not to be outdone, the United States announced that it would do so by 1996.
The accelerated action was spurred by evidence that the costs of the phase-out would be
much lower than expected—and that the damage to the ozone layer was cven greater.
Action to control ozone-depleting chemicals has increased since that time, to the point
where almost all nations have agreed to it. As a result of the various restrictions, new
damage to the ozone layer has essentially ceased; the ozone “hole” is shrinking; and
ozone concentrations are expected to return to natural levels by 2050.'* This, then, is a
stunning story of successful international cooperation.

If we examine the American role here, we can see that the development of the
Montreal Protocol is a distinctive and striking case study in a well-known phenomenon in
the political science literature, which involves the provision of public goods by
international powers, or "hegemonsf'm On this view, the most powerful nations are
often in a good position to provide global public goods, such as financial stability and
peace, entirely on their own. Consider protection against terrorist threats: If the United
States succeeds in reducing those threats, it might well benefit many nations, not simply
the United States."*! The domestic actions of the United States—significantly reducing
CFC emissions before any international requirements—conferred substantial benefits on
other nations (though admittedly, those bencfits might be characterized as a reduction of
harm). And in pressing successfully for aggressive action at the international level, the
United States provided large health benefits to citizens all over the globe.

13> An informative capsule summary can be found in Parson, supra note, at 240-41.

1% Parson, supra note, at 235.

127 On the British turnaround, see Maxwell and Weiner, supra note, at 32.

2814, at 33

129 Parson, supra note, at 239.

130 gee Kris James Mitchener and Marc Weidenmier, Empire, Public Goods, and the Roosevelt
Corollary, 65 T Ec History 658 (2005); Deepak Lal, Globalization, Imperialism, and Regulation, 14 Camb
Rev. International Aff. 107 (2001); Charles Kindleberger, Dominance and Leadership in the International
Economy: Exploitation, Public Goods, and Free Rides, 25 International Studies Q. 242 {1981).

Bt is possible, however, that efforts to protect the United States from terrorist attacks will cause
terrorists to shift their attention to other nations. To know whether the United States is conferring benefits
on such nations, it is necessary to know the nature of its efforts: Discouraging global terrorism, through
military or other means, will of course help multiple nations.
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I1. Climate Change

Concern about greenhouse gases has arisen in the same general period as concern
about ozone-depleting chemicals. But there is an initial puzzle: In the two contexts, many
of the major actors have reversed their positions. The best example is the United States,
at once the most important agent behind the Montreal Protocol and among the most
important obstacles to an international agreement to govern greenhouse gases.'> For
ozone depletion, the United States first acted unilaterally, and then sought international
restrictions. For greenhouse gases, the United States has hardly acted unilaterally. On the
contrary, international action came first, and has spurred the exceedingly modest
domestic measures that are now on the books.'*

For their part, European nations were significant obstacles to international
regulation of ozone-depleting chemicals, favoring an approach of “wait and learn™; for
climate change, they have been favorably disposed toward regulatory controls, with the
United Kingdom in the forefront.** The reversal of positions suggests that it is
inadequate to portray the United States as skeptical of global solutions to environmental
problems, or to sce the European Union as more committed to environmental goals. Nor
is it adequate to portray the American position on greenhouse gases as entirely a funetion
of Republican leadership. The difference depends instead on assessments of national
interest, public opinion, and the role of powerful private actors.'”

A. From Framework to Kyoto

Since the late 1980s, international organizations have shown a great deal of
concern about climate change. The initial activity occurred in December 1988, when a
resolution of the United Nations General Assembly declared climate change to be a
“common concern of mankind™ and asked for a global response.’*® In 1989, the European
Community signaled that it would support an international agreement to deal with the
problem. In 1992, more than 180 nations, including the United States, signed the
Framework Convention on Climate Change during the Rio Conference on Environment
and Developmcnt.‘37 In fact the United States was the first industrialized nation fo ratify
the Framework Convention,'*® which set the stage for everything that has happened since.

2 For a helpful overview, see Pring, supra note.

Since 1992, the Department of Energy has been required to estimate aggregate greenhouse gas
emissions in the United States, and annual reports are available; these estimates are mandated by the United
Nations Framework Convention on Climate Change, signed by the United States. See Energy Information
Administration, supra note, at ES-1; http://www.eia.doe.gov/oiat/1605/1605a.htm;
http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmis
sionslnventory2006.htm!

13 See Tony Blair, Foreword, in Avoiding Dangerous Climate Change (Hans Joachim Schellnhuber et
al. eds. 2006).

13 See Pring, supra note, at 201-03.

136 percival et al., supra note, at 1062,

37 See Parson, supra niote, at 368-69.

'* See Pring, supra note, at 185.
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Unlike the Montreal Protocol, the Framework Convention lacked quantitative
limits for emissions reductions; the absence of such restrictions had everything to do with
the posture of the United States, which strongly resisted them,"’ here occupying the
place of the United Kingdom in the early stages of the debate over ozone-depleting
chemicals. The Framework Convention generally limited itself to information-gathering
requirements and general aspirations, calling in abstract terms for stabilization of
emissions to prevent “dangerous interference™ with global climate. Thus the convention
urged that it would be desirable to “return by the end of the present decade 1o earlier
levels of anthropogenic emissions of carbon dioxide and other greenhouse gases.™ The
parties agreed to produce, at a latter stage, a legal instrument that would establish
quantitative limits for developing countries. The Convention was ratified by the United
States Senate in 1992 and entered into force two years later.

The Framework Convention inaugurated a new process of meetings, to be held
annually. In 19935, the parties to the convention (including the United States, now led by
President Clinton) met in Berlin and agreed to set emissions limits at specific periods and
to agree to a protocol that would embody those Jimits."*” The Clinton Administration
appeared to support the “Berlin Mandate,” asking industrialized nations to accept
restrictions on greenhouse gas emissions. But other national leaders were not enthusiastic
about this commitment. In 1997 a unanimous Senate adopted Senate Resolution 98,
which asked President Clinton not to agree to limits on greenhouse gas emissions if the
agreement would injure the economic interests of the United States or if it would
“mandate[] new specific scheduled commitments to limit or reduce greenhouse gas
emissions for Developing Country Parties within the same compliance period™ as for the
United States.'*! Indeed, the unanimous Senate concluded that any “exemption for
Developing Country Parties is inconsistent with the need for global action on climate
change and is environmentally flawed” and indicated that it “strongly believed™ that the
proposals under consideration “could result in serious harm to the United States
economy, including significant job loss, trade disadvantages, increased energy and
consumer costs, or any combination thereof.”'** (Recall that a near-unanimous Senate
had voted in favor of aggressive action to protect the ozone lawyer—and that a
unanimous Senate voted to support a more rapid phase-out of CFCs than was required by
the Montreal Protocol and its amendment.'**)

This was an exceedingly important resolution—even more important than it might
have seemed. Because such commitments from developing countries were highly
unlikely—indeed, no commitments “within the same compliance period” had been made
even for the Montreal Protocol'*—this vote was essentially a suggestion that the United
States should accept no commitments at all. It is worth underlining the bipartisan nature
of the vote; no Democratic member of the Senate opposed it. As we shall see, the

'3 Parson, supra note, at 368.
“01d. at 369.
! hitp://www.opic.gov/GeneralOPIC/senateresolution98.htm
142
“1d.
'+ Barrett, supra note, at 369-70.
'* See supra.
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opposition of developing countries stemmed from a calculation overlapping with that of
the Senate, To be sure, it was possible for such countries to urge that wealthy nations had
been responsible for the problem in the first instance, and that they should not have to
bear significant costs when wealthy nations had already benefited from the technologies
that contribute to climate change. This argument ~ invoking corrective justice, but with a
distributional component — was not made and could not be made by the United States.
But developing countries also believed, not without reason, that they would lose more
than they would gain from restrictions on greenhouse gases. As we shall see, China was
and remains the most important actor here. China stands to lose relatively little from
climate change, and it would have to spend a great deal to reduce greenhouse gases':
hence China’s reluctance to participate in an international accord parallels the analysis of
the United States.

The Clinton Administration took an equivocal approach to this resolution and
indeed to the Kyoto negotiations in general. In part because of the presence of Vice
President Gore, the administration did favor some kind of international response.'*®
Nonetheless, it spoke at some points in favor of voluntary responses rather than
regulation and adopted negotiating positions that would impose relatively little burden on
the national economy.'’ In the complex Kyoto negotiations in December 1997, the
United States did support regulatory limits, but relatively modest ones, ar,%uing against
reductions in emissions levels and instead for stabilizing current levels.'*® (Again this
posture is a sharp contrast from the negotiations that led to the Montreal Protocol, in
which the United States sought significant reductions, while other nations urged
stabilization.) The United States also urged several other steps: inclusion of the
developing countries in the treaty, through their acceptance of some kind of quantitative
limits; a rejection of early deadlines in favor of a ten-year delay; and a base year of 1995
rather than 1990, which would make quantitative limits less stringent. The United States
also opposed mandatory “domestic measures,” such as energy taxes,"* and sought ample
mechanisms to ensure emissions trading, a sensible idea that would have the advantage
driving down costs. The restrictions supported by the United States were distinctly less
aggressive than those sought by the European Union and Japan.' In conformity with
Senate Resolution 98, American negotiators made serious efforts to persuade the ma{'pr
developing countries to agree to limit their emissions at some future date; they refused. 3t

In fact many of the American positions were rejected during the negotiations.
Ultimately, most of the major developed nations, including the United States, agreed to
the Kyoto Protocol, which sets forth firm quantitative limits on greenhouse gas
emissions. Specified reductions were listed for, and limited to, the “Annex 17 nations—
those bound by the Kyoto Protocol. The list was designed to ensure that taken as a whole,
the nations would show a reduction of S percent over 1990 levels—a reduction that must

143 See infra.

1% Pring, supra note, at 196.

714, at 197.

“*1d. at 198.

M9Td. at 198-99.

130 See Pervival et al., supra note, at 1063.
5! Percival et al., supra note, at 1063
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be met in the period between 2008 and 2012. For example, the United States was
required to reduce emission by 7 percent; Japan by 6 percent; the European Union by 8
percent. Some nations were permitted to have increased emissions; these included
Iceland, Norway, and Australia. Developing nations made no commitments at all, though
they were permitted to engage in emissions trading with Annex | nations.

[t is worth asking why, exactly, these particular targets were chosen. The simplest
answer is that national self-interest played a key role.'> The point is most obviously true
for developing nations. India’s greenhouse gas emissions exceed Germany’s; those of
South Korea exceed France; next to the United States, China is the largest emitter of
greenhouse gases in the world.'> But none of these nations is controlled by the Kyoto
Protocol. Russia was given a target of 100 percent of its 1990 emissions, but in 1997, its
actual emissions were already merely 70 percent of that amount, because of economic
difficulties. The trading system created by the Kyoto Protocol actually ensured a huge
economic boon to Russia, as everyone was aware.”™ Germany appeared to accept a
significant reductions requirement—8 percent by 2012—but in 1997, its own emissions
were already 10 percent lower than 1990, as a result of reunification with the former East
Germany, whose p]ummetmg economy resuited in radical emissions decreases.' For the
United Kingdom, the story is not altogether different. The target, a reduction of 8 pereent,
was less severe than it seemed, because state subsidization of natural gas had already led,
in 1997, to a level 5 pereent below that of 1990." The real loser, in terms of the actual
costs of mandatory cuts, was the United States.

It should therefore be unsurprising that in the United Statcs, a strong bipartisan
consensus stood in opposition to ratification; no member of the Senate, Democratic or
Republican, supported ratification. Although Vice President Gore played a key role in
producing the Kyoto Protocol. the Clinton Administration took an ambivalent approach
in the aftermath of negotiations. On the one hand, it emphasized the flexible nature of
some of the provisions—including emissions tradmg —and urged that developing
countries might eventually be persuaded to be included.”’ On the other hand, the Clinton

Administration promised Congress that it would not adopt measures to implement the
Kyoto Protocol before Senate ratification and that it would not seek such ratification
unless it had obtained “meaningful participation™ from developing countries.'>® Under
intense mtemauonal pressure, the United States signed the protocol on September 12,
1998."° But it is an understatement to say that the signing was not well-received in
Congress, which added a proviso to the 1999 Environmental Protection Agency
Appropriations Act banning the ageney to use appropriations “to propose or issue rules,
regulations, decrees or orders for the purpose of implementation, or in preparation for

'* See Richard Benedick, Morals and Myths: A Commentary on Global Climate Policy, WZB-
Mittelungen Heft 108, at 15-16 (Sept. 2003)

' 1d. at 16.

PId. at 16.

155 ld‘

156 1d.

'*" Pring, supra note, at 200-01.

314 at 205.

**1d. at 206.
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implementation™ of the Kyoto Protocol.’®® At this point, Vice President Gore himself
indicated that the protocol would not be submitted for ratification without meaningful
participation by developing nations.'®’ Indeed the whole process had an air of unreality to
it, because “everyone on both sides of the Atlantic alrcady knew in 1997 that the U.S.
could never join the protocol as drafted.” %

The Bush Administration offered no such ambivalent picture. In 2001, President
Bush described the Kyoto Protocol as “fatally flawed™ and “effectively dead,”
emphasizing the nonparticipation of developing countries. In the key letter, President
Bush wrote, “I oppose the Kyoto Protocol because it exempts 80 percent of the world,
including major population centers such as China and India, from compliance, and would
cause serious harm to the U.S. economyi*’63 In fact the United States attempted to
persuade other nations, above all Japan and Russia, to reject the protocol as well."® In
addition, the United States has done exceedingly little to reduce the emission of
greenhouse gases, relying largely on collecting information about emissions levels and
encouraging further research.'” One of the nation’s principal goals is an 18%
improvement in greenhouse gas intensity between 2002 and 2012,'%° with intensity
measured as emissions per unit of gross domestic product (GDP). But the goal is an
aspiration, not a requirement,'®” and in any case significant reductions in greenhouse gas
intensity can be accompanied by extremely large increases in greenhouse gas
emissions.'**

Nonetheless, the Kyoto Protocol went into effect in 2005, and the number of
nations formatly committed to it is impressive indeed. Of the original participants in the
process that Jed to Kyoto, the United States and Australia are the only nonratifiers. In

160 Id.

"*1Id. at 207.

' See Benedick, Morals and Myths, supra note, at 16.

1% See note supra.

1% percival et al., supra note, at 1071.

1% For overviews, see hitp://www state. gov/g/oes/rls/fs/4674 1 htm and
http://'www.epa.gov/globalwarming/, in particular the reports mentioned at
http://yosemite.epa.gov/oar/globalwarming.nsf/content/actions.html;
http://'www whitehouse.gov/news/releases/2001/06/20010611-2 html; Daniel R. Abbasi, Americans and
Climate Change 20-23 (2006). On June 22, 2005, a 53-44 majority of the United States Senate approved a
“sense of the Senate™ resolution to the effect that “Congress should enact a comprehensive and effective
national program of mandatory market-based limits and incentives on greenhouse gases that slow, stop and
reverse the growth of such emissions . . . .” Id. at 20. The most aggressive legislative proposal, from
Senators John McCain and Joseph Lieberman in 2003, would have capped greenhouse gas emissions at
2000 levels. The proposal was defeated by a vote of 55-43. For an overview, see
http://commerce. senate.gov/newsroom/printable.cfm?id=214305; for an analysis, see Sergey Paltsev et al.,
Emissions Trading to Reduce Greenhouse Gases in the United States: The McCain-Lieberman Proposal,
available at http://web.mit.edu/globalehange/www/reparts.htmi.

' For a helpful outline, see
http://www pewclimate.org/policy_center/analyses/response_bushpolicy.cfm

¢ See id.

"This in fact has been the experience of the United States between 1990 to 2004, with significant
reductjons in greenhouse gas intensity (by 21%) accompanied by significant growth in carbon dioxide
emissions (by 19%). See Energy [nformation Administration, Emissions of Greenhouse Gases in the United
States 2004 at xii (2005).
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2001, the Marrakech accords led to further innovations, in which developing countries
were made beneficiaries of funds to assist with technology transfer.'® Although the level
of the funds remain unspecified, donors led by the European Union pledged to grant $410
million annually.'™ To this extent, the Montreal Protocol and the Kyoto Protoco} might
appear to be roughly parallel. But the appearance is badly misleading, as we shall shortly
see.

B. Costs and Benefits

For the United States and the world, the benefits of the Montreal Protocol were
projected to dwarf the costs. What are the relevant figures for the Kyoto Protocol?

Begin with the United States, focusing on the cost side. At the time of ratification,
this was a much-disputed question. An early analysis in the Clinton Administration found
“modest™ costs from the Kyoto Protocol, producing a mere $.04 to $.06 increase in the
price of gasoline, and an annual increase in the average family’s energy bill of $70-$110
by 2010."”" Within the Clinton Administration itself, however, these projections were
disputed. A study by the Department of Energy projected substantial gasoline price
increases from $1.39 to $1.91, and 20 percent to 86 percent increases in the price of
electricity by 2010.'” Compare in this regard an industry-funded study done at the
Wharton School, which projected costs far in excess of these projections' *—including a
loss of 2.4 million jobs and $300 billion in the nation’s GDP, with an average annual cost
of $2700 per household, including a 65 cent per gallon increase in the price of gasoline
and a near-doubling of the price of energy and electricity.'™

These figures are almost certainly inflated. One of the most careful, objective, and
influential analyses comes from William Nordhaus and Joseph Boyer.'” As Nordhaus
and Boyer show, a great deal depends on the amount of emissions trading. If trading were
freely available, the cost to American companies would be dramatically reduced, because
they could avoid expensive emissions reduction requirements and rely instead on
purchasing permits.’”® Additional uncertainty about the numbers stems from the fact that
technological innovation might drive down costs—as indeed it did in the context of
CFCs.”7 According to Nordhaus and Boyer, the worst-case scenario for the Kyoto
Protocol, involving no effective trading, would produce total costs of $852 billion in
present value.'” The best case, involving global trading, would involve a cost of $91

1% See id. at 1072-73; Vespa, Climate Change 2001: Kyoto at Bonn and Marrkech, 29 Ecol. L. Q. 395
(2002).
17 Percival et al., at 1073.
! Pring, supra note, at 194.
72 1d. at 196.
' htwp:rwww. api, org/globalelimatewefastateimpacts. him
174
1d.
’”* Nordhaus and Boyer, supra note.
75 1d. at 155-162.
177 See above.
" 1d. at 159.
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billion.'” The most likely figure is $325 billion, involving trading among the Annex 1
180
nations.

For the world as a whole, however, the costs are actually lower—merely $217
biltion in the case of Annex 1 trading, and $884 billion in the case of no trading.'®' The
reason is that many nations, especially those in Eastern Europe, would receive a great
deal of money from permit sales, and hence they would count as net winners quite apart
from any bencfits from reducing global warming. The mere grant of permits produces
tens of billions of dollars in gains for both Russia and Europe—a total of $112 billion
from Annex I trading." It is a real question whether these billions of dollars in revenue,
amounting to a kind of transfer, should count as a “benefit” from the Kyoto Protocol. But
even if such amounts are included, the worldwide costs of the protocol are in the
hundreds of billions of dollars.

What would the United States and the world receive in rcturn for these costs?
Here too there is a great deal of uncertainty."™ In its 2001 report, the Intergovernmental
Panel on Climate Change projected an increase of between 1.4 and 5.8 degrees
Centigrade by 2001"*—and an increase of 1.4 degrees would cause far less damage than
an increase of 5.8 degrees. To these points it must be added that specialists greatly
disagree about the likely damage from climate change, even assuming a particular
increase in global mean temperatures.'® If climate change is abrupt, the cost will be far
higher than otherwise; abrupt climate change may lead to worldwide catastrophe.'®® The
magnitude of the risk of catastrophe is disputed, and any such risk must be made part of
the overall analysis.m7 In addition, a great deal turns on the sclection of the discount rate;
because many of the gains from emissions reductions will be experienced in the future, a
low ](g;scount rate will obviously mean higher benefits from risk reduction than a high
one.

" d.

B0 yd.

181 id.

14, at 162.

'8 For valuable overviews, see Avoiding Dangerous Climate Change (Hans Joachim Scellnhuber et al.
eds 2006); Richard Tol, The Marginal Damage Costs of Carbon Dioxide Emissions: An Assessment of the
Uncertainties, 33 Energy Policy 2064 (2005); Nordhaus and Boyer, supra note.

' percival et al., supra note, at 1058,

> See Tol, supra note; Houghton, supra note.

"% Sec Richard A. Posner, Catastrophe (2005); Avoiding Dangerous Climate Change, supra note.

"7 See Nordhaus and Boyer, supra note (projecting a catastrophic risk of between 2% and 6%); Peter
Challenor et al., Towards the Probability of Rapid Climate Change, in Avoiding Dangerous Climate
Change 55, 61 (projecting a risk of abrupt climate change, which is potentially catastrophic, at 30-40
percent).

" For relevant discussion, see DeCanio, supra note (supporting intergenerational neutrality and
suggesting that a Jow discount rate is compatible with this principle); Richard B. Howarth, Against High
Discount Rates, in Perspectives on Climate Change: Science, Economics, Politics, Ethics 99 (Walter
Sinnott-Armstrong and Richard Howarth eds. 2005).
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According to an influential estimate, however, the present worldwide cost of
climate change is projected to be in the vicinity of four trillion dollars."® That cost should
be put in perspective; the annual GDP of the United States is $10 trillion, suggesting a
capital stock value of at least $100 trillion.”*® But four trillions dollars is a great deal, and
even that figure may be far too low if climate change is abrupt.191 According to other
estimates, climate change will reduce the GDP of developed nations by one or two
percent, and reduce the GDP of developing nations by five percent or more.'” It is
difficult to doubt the proposition that the Kyoto Protocol would be worthwhile if it would
eliminate the total cost of climate change. But the agreement would actually have a
meager effect, reducing anticipated warming by a mere 0.03 C by 2100."” The reason is
that climate change is a function of aggregate emissions of greenhouse gases, and the
Kyoto Protocol would have only a small effect on those aggregate emissions. There are
three points here. First, China, India, and other developing countries—now substantial
contributors to climate change, and anticipated to be larger contributors in the near
future—are not included in the agreement at all. Second, past emissions of greenhouse
gases will contribute to warming; it follows that even a substantial reduction in future
emissions would not eliminate the problem. Third, the Kyoto Protocol requires the parties
not to make substantial cuts in emissions, but merely to return to a point slightly below
emissions levels in 1990. It is for these reasons that its contribution to the problems
caused by climate change are anticipated to be small.

What are the anticipated effects of the agreement for the United States? The initial
point is that the most serious damage from climate change is most unlikely to be felt in
the United States.'™ On some estimates, American agriculture will actually be a net
winner as a result of climate change.'® On other estimates, Americans will be net losers,
but not nearly to the same extent as other nations.* In this light, we can offer a plausible
if roul%b projection of the costs and benefits of the Kyoto Protocol for the United States
alone

13 See Nordhaus and Boyer, supra note, at 130-32 ($4 trillion): see also Posner, supra note, at 44
(noting but raising doubts about estimates of $4 trillion or $5 trillion).

190 See Posner, supra note, at 44.

191 Id

%2 See Houghton, supra note, at 188.

19 Nordhaus and Boyer, supra note, at 152.

19! See Nordhaus and Boyer, supra note, at 96-97,

1% See Olivier Deschenes and Michael Greenstone, The Economic Impacts of Climate Change:
Evidence from Agricultural Output and Random Fluctuations of Weather (2006), available at
http://www.aei-brookings.org/publications/abstract.php?pid=1031; compare the suggestion in Nordhaus
and Boyer, supra note, at 97, that “the economic impact of gradual climate change (that is, omitting
catastrophic outcomes) is close to zero for a moderate (2.5 degree C) global warming.” Note that this
conclusion does not come to terms with the economic effects on the United States that would come from
the very fact of serious economic harms in other nations.

1% See Nordhaus and Boyer, supra note.

7 Compiled on the basis of Nordhaus and Boyer, supra note, at 156-67.
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Costs and Benefits of Kyoto Protocol for the United States (in billions of 2000 dollars):

218

No Kyoto Unilateral Action to Comply with
Controls Protocol Kyoto Protocol
Benefits — 12 0"
Costs — 325 325
Net Benefits — ~313 -325

It should be immediately clear that on these numbers, the Kyoto Protocol is not a
good bargain for the United States. The anticipated benefits of $12 billion are hardly
trivial, but they are dwarfed by the anticipated costs of $325 billion. For the United
States, significant unilateral action to comply with the Kyoto Protocol may well produce
no benefits at all, and it would not be easy to defend in cost-benefit terms. If the United
States engaged in emissions reduction on its own, it would be taking extremely costly
action for speculative benefits. To say this is not to say that unilateral action would have
no rationale.'™ Perhaps such action could spur technological innovation in a way that
would have substantial long-term consequences for the problem of climate change—and
do so at a cost lower than what is now anticipated. As we have seen, something of this
sort did happen with ozone depletion, as substitutes developed more rapidly, and more
cheaply, than anyone expcctcd.zoo But for climate change, any such strategy would be a
gamble, and it would not be the simplest to defend in conventional terms.

The larger point is that for the United States, the perceived values presented a
very different picture for the Kyoto Protocol than for the Montreal Protocol. The costs of
the Kyoto Protocol were much higher than the costs of the Montreal Protocol (by some
$313 billion), and the benefits of the former were much lower than the benefits of the
later (by some $3,562 billion!). For the world as a whole, the picture is better, but not
particularly good, and not nearly as good as that for the Montreal Protocol:

Costs and Benefits of Kyoto Protocol for the World (in Billions of 2000 Dollars
No Controls Kyoto Protocol

Benefits — 96

338 or 217 (if we include, as offsetting

Costs — benefits, $112 billion in permits for Eastern
Europe)
Net Benefits — ~242 or—119

To be sure, these numbers must be taken with many grains of salt, depending as
they do on cont