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Prospects for Future Climate Change and
the Reasons for Early Action

ever before in human

history has the global

community collectively

faced an environmental
issue as complex as climate change.
Left unchecked, the rapidly growing
concentrations of greenhouse gases
(GHGs) are projected to change the
world we live in to one that is likely
to have longer and more severe
droughts and water shortages, more
intense storms, flooding of coastal
communities, worsening of air pollu-
tion, migration of forests, and loss of
valuable ecosystems.! The scenario of this world presents a
bleak future for our children and grandchildren.

These projected impacts are so frightening that many
people question whether they could really happen. Are
they just another media scare? And aren’t climate changes
part of the natural variability of the Earth? To answer
these questions and many others raised by the public and
by policy-makers, thousands of scientists who are part of
the Intergovernmental Panel on Climate Change (IPCC),
have spent years researching all aspects of Earth science
and compiling their peer-reviewed findings into four
comprehensive IPCC science assessments (published in
1990, 1995, 2001, and 2007).2-5 Although some details of
the projections remain uncertain, the scientific knowl-
edge that is known with some confidence leads to the
conclusions given by the IPCC in the latest assessment
report. The Earth’s climate is in for a significant warming
that is likely to induce a number of adverse impacts.
During nonglacial periods in the past, significant shifts in
the Earth’s climate generally occurred over tens to hun-
dreds of thousands of years, whereas today’s changes are
occurring over mere decades. Will we have time to adapt?

Because the IPCC has conducted a number of com-
prehensive assessments of climate change, the 38th An-
nual A&KWMA Critical Review by Dr. Michael Mac-
Cracken® could not—and does not—attempt to duplicate
such an effort. Rather, in this review, Dr. MacCracken
builds a bridge from a basic understanding of climate
science, including climate change impacts, to his argu-
ment that there is an urgent need for aggressive action to
stabilize the climate. He focuses on six overarching ele-
ments of climate science that are known with a high level
of confidence, along with their supporting evidence. They
are (1): Emissions from human activities, particularly
combustion of fossil fuels, are changing atmospheric
composition; (2) Enhancing the natural greenhouse effect
will lead to long-term global warming; (3) Changes in the
climate as a result of past activities are already evident,
and these changes are consistent with a human influence;
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(4) Future warming is projected to be substantial; (5) The
environment and society will both be impacted in signif-
icant ways; and (6) Slowing the ongoing change will re-
quire substantial reductions in emissions over coming
decades to limit anthropogenic interference with the
climate system. The final sections of the review are
devoted to a discussion of what is needed to form the
basis for an international agreement that will seek to
avoid the very worst of the projected impacts. Dr. Mac-
Cracken notes that as a last resort, there may be a need
for human geoengineering to mitigate the projected change.

In 2007, the Nobel Committee awarded the Nobel
Peace Prize jointly to IPCC and to former Vice President Al
Gore “for their efforts to build up and disseminate greater
knowledge about man-made climate change, and to lay
the foundations for the measures that are needed to coun-
teract such change.” Dr. MacCracken was privileged to
attend the ceremony, which he calls “very moving.” The
work of the IPCC has come to represent the most author-
itative and complete review of the scientific literature on
climate change, forming a basis for international policy
development. With the projections of the scientific com-
munity becoming more confident with each IPCC assess-
ment, and with the world’s climate exhibiting more and
more signs of warming, the political community world-
wide is mobilizing to meet the challenge. Plans and strat-
egies for mitigation of and adaptation to climate change
are developing rapidly on many fronts. Most world lead-
ers and many major multinational industries are taking
climate change very seriously. However, there is much
disagreement over the most effective approach to address
climate change.

In 1992, the U.S. government negotiated and ratified
the United Nations Framework Convention on Climate
Change (UNFCCC), committing the United States to take
voluntary steps to limit year 2000 emissions to their 1990
levels. A primary objective of the UNFCCC is to “prevent
dangerous anthropogenic interference with the climate
system,” the definition of which has been intensely de-
bated since the time of the UNFCCC inception. Follow-up
negotiations under the UNFCCC led to an agreement on
the Kyoto Protocol in 1997, which called for developed
nations, on average, to reduce their emissions in the pe-
riod 2008-2012 to approximately 5% below 1990 levels.
Over the ensuing 5 yr, details were negotiated and, with
the notable exception of the United States, the Kyoto
Protocol was ratified and entered into force on February
16, 2005. Policies to implement it are currently being put
in place in Europe and other developed nations.

By December 2007, the UNFCCC was holding its 13th
meeting of the Conference of the Parties (COP 13) of the
Framework Convention (as the UNFCCC is referred to in
short). This meeting, hosted by the government of
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Indonesia, took place in Bali and brought together more
than 10,000 participants, including representatives from
over 180 countries, intergovernmental and nongovern-
mental organizations, and the media. The conference cul-
minated in the adoption of the Bali Roadmap, which
consists of a number of forward-looking decisions that
represent various tracks toward reaching a secure climate
future and charts the course for a new negotiating process
designed to tackle climate change, with the aim of getting
to an agreed outcome in Copenhagen in 2009.

In early April 2008, COP 14 met in Bangkok, Thai-
land, to flesh out the Bali Roadmap, putting together a
program to craft a future international climate pact that
will successfully halt the increase in global emissions
within the next 10 to 15 yr and dramatically reduce emis-
sions by mid-century. Yvo de Boer, executive secretary of
the UNFCCC, said that the meeting would also involve
“examining to what extent developing countries can take
real, measurable, and verifiable action to combat climate
change, providing that real, measurable, and verifiable
money is on the table.”” By the end of the week, de Boer
was able to announce that a timetable had been agreed for
the negotiating process leading up to a long-term inter-
national climate change agreement to be concluded in
Copenhagen in 2009. “The train to Copenhagen has left
the station,” he said.”

Recognizing that the United States simply has to be a
party to an international effort to limit GHG emissions
and avoid the most serious impacts, the current U.S. ad-
ministration has been participating in the negotiations
and indicating that it wants to get to an agreement, but
that agreement must include limits on emissions by the
major developing nations (even though their per capita
emissions are a fifth or less of those in the United States).
Trying to get U.S. efforts going, the U.S. Congress has
stepped in; there are currently no fewer than seven
economy-wide cap-and-trade proposals pending in the
110th Congress.® (Note: ref 8 has an excellent comparison
chart of these proposals.)

On April 16-18, 2008, a meeting of the 17 top na-
tional emitters of GHGs was held in Paris at which Presi-
dent Bush unveiled a plan to limit GHG emissions after
2012 (the end of the Kyoto Protocol time period). The
major economies represented at the meeting account for
80% of world GHG emissions, topped by the United States
and China. President Bush’s plan proposed to halt the
growth of GHG emissions in the United States by 2025.
However, the proposal was generally not well received, as
many delegates at the meeting felt that far faster action
was needed to avert the worst effects of global warming.®

One concern by many in the U.S. government has
been the need to include developing nations in the nego-
tiations for emission reductions. Because rapidly develop-
ing countries, such as India, China, and Brazil, are emit-
ting an increasingly large percentage of the overall global
emissions, though per capita emissions remain well below
those in the developed countries, it is important that a
mechanism be developed to engage their governments in
measures to reduce emissions, or at the very least, in the
growth of emissions.

The World Bank is considering the development of a
clean energy financing vehicle to provide the upfront
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capital costs of switching to low-carbon technologies,
with an initial capitalization of US$10 billion.'° This plan
includes the development of a long-term, stable, regula-
tory framework to stimulate an international carbon mar-
ket that could transfer tens of billions of dollars per year
to developing countries in return for reducing their emis-
sions. The framework establishes systems to reduce car-
bon dioxide (CO,) emissions from power plants, increase
renewable energy generation, track renewable energy
credits, and establish baselines for carbon sequestration.

China and other key developing nations have adopted
“unilateral actions” to cut emissions. China is reported to be
taking significant action to reduce its GHG emissions and
these efforts are expected to equal or surpass currently pro-
posed U.S. climate policy through 2010.1* GHG emissions in
China are expected to be cut 7% below projected levels
through 2020. Most of the reductions have been financed
domestically, independent of the Kyoto Protocol’s Clean
Development Mechanism, under which developing coun-
tries can sell emission reductions achieved from approved
projects to developed nations. In contrast to the reductions
reported above, there is some evidence that Chinese emis-
sions may be rising at a rate of between 11% and 14% per
year, a rate far greater than that assumed in the IPCC model
projections.1?

In this critical review, Dr. MacCracken comments that
even if GHG emissions from the industrialized nations went
to zero tomorrow, the projected growth in developing na-
tion emissions will still cause warming to exceed dangerous
levels later this century. Because the developing nations are
least able to cope with some of the climate change impacts,
it is in their best interest to move toward a low carbon-
emitting economy. He adds: “To the leaders of the develop-
ing nations, [you] need to move expeditiously, albeit in a
differentiated way that allows for some growth in CO, emis-
sions for a brief period to allow for the economic develop-
ment needed to raise the standard-of-living of your people.”

In the absence of aggressive action by the U.S. gov-
ernment, many private groups in the United States have
stepped forward, including the Pew Center on Global
Climate Change supported by the Pew Charitable
Trusts.13 The Pew Center is working with 42 major corpo-
rations that comprise the Business Environmental Lead-
ership Council (BELC). These companies, ranging from
high technology to diversified manufacturing, oil, and gas
to transportation, utilities, and chemicals manufacturers
with more than 3.8 million employees and representing
US$2.8 trillion in market capitalization, joined the BELC
with the belief that companies taking early action on
climate strategies and policy will gain sustained compet-
itive advantage over their peers.

There are a number of other private initiatives looking
at ways to address climate change. For example, at the 2007
U.S. Conference of Mayors Climate Protection Summit,
former President Bill Clinton announced a new partnership
between the Clinton Climate Initiative and Wal-Mart Stores
Inc.# One of the technologies the partnership will explore is
energy-efficient, high-performance light-emitting diode
lights for parking lots and street lamps. By switching to
LEDs, Wal-Mart estimates that cities could save 50% on
street lamp energy consumption and reduce maintenance
costs by 80%. Wal-Mart has also made a commitment to
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designing a store prototype that is 25-30% more efficient by
2009, and reducing GHG emissions in existing stores by
20% by 2012.15

Another private organization, the Climate Group, is
dedicated to advancing business and government leader-
ship on climate change and includes companies based in
the United Kingdom, the United States, and Australia.
One member of the group, DuPont, has made a significant
investment in energy efficiency, allowing the company to
hold energy use flat between 1990 and 2000, while in-
creasing production 35% and saving the company US$2
billion. DuPont also helped to start up several external
emissions trading programs, including the Chicago Cli-
mate Exchange and the UK Emissions Trading Scheme.16

There is also a tremendous amount of action to con-
front climate change going on at the state and local level.
For example, the Regional Greenhouse Gas Initiative, es-
tablished in December 2005, is the first mandatory U.S.
cap-and-trade program for CO,.17 The initiative currently
includes 10 Northeast and Mid-Atlantic states and sets a
cap on emissions of CO, from power plants, allowing
sources to trade emissions allowances. Major efforts to
combat climate change are also under way in California
and other western states, Florida, North Carolina, several
other southeastern states, and the Midwest.

On April 18, at the 2008 Conference of Governors on
Climate Change, 4 governors—along with representatives
from another 14 states—signed a joint declaration on the
future of climate change policy in the United States. The
declaration recognized the leadership of state-based cli-
mate action plans and programs in paving the way for
cost-effective reductions of GHGs, but acknowledged that
a federal-state partnership is the only way to “get the job
done.”18

There is some frustration by the states that the U.S.
Environmental Protection Agency (EPA) has not acted to
regulate GHG emissions. In April 2007, the U.S. Supreme
Court ruled, in the case of State of Massachusetts et al.
versus EPA, that EPA is authorized to regulate GHGs under
the federal Clean Air Act.'” Dr. MacCracken wrote an
affidavit in support of the plaintiffs gaining standing in
the case by demonstrating that actual impacts were oc-
curring; his affidavit was mentioned favorably in the re-
sulting majority opinion. Among other defenses, EPA
claimed that GHGs were not “pollutants” in the sense of
the word that defined EPA’s mandate and, therefore, they
had no jurisdiction to regulate them. The court found
that CO, was a pollutant and instructed EPA to proceed
with regulations unless it could demonstrate that GHGs
do not contribute to climate change that harms human
health and welfare.

In late March 2008, the EPA administrator revealed
plans to issue an advanced notice of proposed rulemaking
on the endangerment posed by GHGs, requesting comment
on both the science and the implications of regulation.
However, to date, EPA has not issued any formal language
toward establishing regulations for GHG emissions or doc-
umentation on the potential harm from GHG emissions.
On April 2, 2008, 12 states, the District of Columbia, 2 cities,
and several environmental groups sued EPA over its failure
to regulate GHG emissions from motor vehicles.2° They
asked the U.S. Circuit Court of Appeals for the District of
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Columbia to force EPA to issue a formal determination
within 60 days on the public health impacts from GHG
emissions.

There is a general recognition by all that developing a
strategy to stabilize the climate at a level that will minimize
damages is an extremely difficult and potentially costly is-
sue. Economic models predict up to two orders of magni-
tude difference in the costs of reducing the same amount of
GHG emissions. Costs for stabilizing the climate range from
somewhere between 0.1% and 10% of the world’s total
economic output per year,?! depending on which model is
used and what assumptions are made. Economic models,
although unable to provide accurate cost estimates, can be
used to provide insights into ways to reduce costs. For ex-
ample, the many models deployed to evaluate the costs of
stabilizing the climate have suggested that overall costs can
be reduced by allowing a certain amount of flexibility in
methods for reducing GHGs, by announcing policies well in
advance of implementation to allow for thoughtful plan-
ning, and by allocating allowances to make up for differ-
ences in the costs to be borne by various states, industrial
sectors, and households.2!

The authors of a recent paper in Nature?? argue that
the IPCC gives a mistaken impression of the extent of the
technological challenges we face to reduce CO, emissions
to an acceptable level. They argue that if the IPCC were to
run the models out to 2100, assuming that energy tech-
nologies stayed the same, the results would be totally
unrealistic. The IPCC used scenarios with an already as-
sumed rate of technology improvement equalized across
regions and countries, masking the need for a more accel-
erated path forward. In a personal communication during
an interview, one of the authors stated that the IPCC
assumption that technological innovations will occur
spontaneously threatens to “blind us to reality and could
potentially distort our ability to develop effective poli-
cies.”23 Because climate models require projecting
changes out 50-100 yr in the future, assumptions must be
made on the types of technological developments that
will be made over that period. One can understand the
challenge in making these assumptions because 100 yr
ago no one could have imagined today’s transportation
systems and information technologies.

It is evident that it will be necessary to have both a
program on mitigation and one on adaptation to enable
humanity to lead healthy lives in a changing climate. The
authors of a recent paper published in Science?* suggest
some new ways to help promote regional adaptation to
climate change. To identify the most critical aspects, they
suggest assessing the vulnerability of natural and human
systems to climate change as a function of the magnitude
of global warming and then, to indicate the level of policy
action needed, identifying the scenarios of greenhouse
gas emissions that avoid the most damaging impacts of
climate change. Their system provides data-constrained
estimates of the range of possible future climate changes
on decadal to century time scales that can be updated on
the basis of new results, providing a narrower range of
possible futures for use in adaptive planning. Although
this approach does not attempt to manage the climate
system itself, it does provide ideas for different regions to
develop their own roadmap to climate adaptation.
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Finally, the often-quoted Stern report?s lays out the
issue clearly: “Our actions now and over the coming decades
could create risks of major disruption to economic and so-
cial activity, on a scale similar to those associated with the
great wars and the economic depression of the first half of
the twentieth century. And it will be difficult or impossible
to reverse these changes. So prompt and strong action is
clearly warranted.” Dr. MacCracken agrees with this com-
ment and his critical review elaborates the reasons why.

Given the complexity of the problem and the poten-
tial cost of action, it may be that effective policies are
being developed as quickly as humanly possible. In this
review, Dr. MacCracken comments that “The industrial-
ized nations need to get on a path that reduces their
collective [GHG] emissions by approximately 80% by
2050, and that heads to essentially zero emissions in the
few decades thereafter.” That scenario is a hard one to
imagine. Dr. MacCracken reminds us that because of the
long lifetime of CO, and the large capacity of the ocean to
store CO, for long periods, “Even if [GHG] emissions are
halted completely and the concentrations of relatively
short-lived gases (like methane) start to drop, there will be
some future warming as the deep ocean warms (thus
reducing the cooling influence of upwelling waters) and
as the aerosol loading simultaneously drops.”

Why is it taking so long for us to get moving to
address the problem? The National Research Council
(NRC) of the National Academy of Sciences2¢ was recently
asked to review the U.S. Climate Change Science Program.
The NRC report includes the comment: “Discovery sci-
ence and understanding of the climate system are pro-
ceeding well, but use of that knowledge to support
decision-making and to manage risks and opportunities
of climate change is proceeding slowly.”

Clearly what is needed most is some fresh and cre-
ative thinking on the issue. Dr. MacCracken has outlined
a path forward that brings in the developing countries
and suggests that by using a well-designed combination
of increases in energy efficiency, switching to renewables,
fission, and fusion, and the development of other new
technologies that the climate might be stabilized at levels
ranging from 445 to 710 ppmv of CO, equivalent. Dr.
MacCracken urges government negotiators to agree on a
combination of national and international regulations,
taxes, permits, and incentives to make this happen. He
calls for immediate action and comments, “Strong lead-
ership and a firm commitment to move away from carbon
emitting technologies are needed to convince businesses
and the public to act.”

Dr. MacCracken is currently chief scientist for climate
change programs at The Climate Institute in Washington,
DC, a nonprofit organization founded in 1986, and
possibly the oldest single-issue group focused on cli-
mate change. Dr. MacCracken holds a bachelor’s of
science degree from Princeton University and a Ph.D.
from the University of California Davis/Livermore; his
dissertation focused on exploring the viability of differ-
ent hypotheses for explaining glacial cycling. He went
to work at Lawrence Livermore National Laboratory
(LLNL), developing an air quality model for the San
Francisco Bay Area that helped in the region’s develop-
ment of an air quality maintenance plan. Most of his
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research, however, focused on modeling the effects on
climate of natural forcings and human-activities, in-
cluding the proposed fleet of supersonic aircraft, a pos-
sible nuclear war, soot aerosols, and emissions of GHGs.
From 1987 to 1993, he served as division leader for
atmospheric and geophysical sciences, having served
from 1974 as deputy division leader. From 1993 to
2002, Dr. MacCracken was on assignment from LLNL to
the Interagency Office of the U.S. Global Change Re-
search Program, where he served as the founding exec-
utive director of the office (1993-1997) and then as
executive director of the National Assessment Coordi-
nation Office (1997-2001). His responsibilities included
coordinating the U.S. government’s review of draft
IPCC assessments and advising the administration on
the science of global warming. Dr. MacCracken retired
from LLNL when his assignment with the Global
Change Office ended in 2002. Since then, in addition to
his position at The Climate Institute, he has served as
president of the International Association of Meteorol-
ogy and Atmospheric Sciences (2003-2007) and as a
member of the integration team for the Arctic Climate
Impact Assessment and a range of other panels.

A&WMA members and interested parties are invited
to read, attend, and comment on the 38th Annual Critical
Review at A&’WMA's 101st Annual Conference & Exhibi-
tion in Portland, OR, on Wednesday, June 25, 2008, 8:00
a.m. to 11:30 a.m. As always, the review presentation will
be followed by comments from invited discussants: (1)
Mark Trexlor, managing director of global consulting ser-
vices, EcoSecurities; (2) Bart Croes, chief of the Research
Division for the California Air Resources Board; (3) Carol
Whitman, senior legislative principal of environmental
policy for the National Rural Electric Cooperative Associ-
ation; and (4) Mark Jacobson, director of the Atmosphere
and Energy Program and professor of civil and environ-
mental engineering at Stanford University. The discus-
sants will provide different perspectives on the climate
change issue and extend the discussion to aspects of the
issue not being addressed by the review author. Com-
ments also will be accepted from the floor and from writ-
ten submissions to the Critical Review Committee Chair.
The Chair will condense and summarize these points for
publication in the October issue of the Journal. Members
are encouraged to suggest topics and authors for future
critical reviews and to apply for membership on the Crit-
ical Review Committee to assist with the process.

Critical Review Committee Chair (2008-2009)
Sylvia Edgerton; e-mail: sylvia.edgerton@pnl.gov

Critical Review Committee Members

Pratim Biswas Peter Mueller
Delbert Eatough Thomas Overcamp
Judith C. Chow John Watson
Howard Ellis
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