
Bulletin of the American Academy   Winter 2008    29

Energy and Climate Change
Rosina M. Bierbaum, William K. Reilly, and Richard L. Revesz
Introduction by Richard A. Meserve

This panel discussion was given at the 1916th Stated Meeting, held at the House of the Academy in Cambridge on October 7, 2007.

We have an opportunity this morning to
have a far-reaching discussion about climate
change with three extremely knowledgeable
individuals. My role is to set the stage for them
by laying out a few facts. 

Figure 1 shows the exponential growth in
world energy usage from 1850 to 2000. That
growth will extend into the future; energy
consumption is expected to increase by as
much as 50 percent over the next 25 years,
with disproportionate growth in the develop-
ing world. The different wedges in the ½gure
indicate the various sources of energy. Fossil
fuels meet 80 percent or so of energy demand;
an additional 10 percent is derived from bio-
mass. Because we are burning biomass at a
rate faster than replenishment, it too is adding
a carbon burden to the atmosphere. 

Not surprisingly, as shown in Figure 2, the
growth in energy usage  resulted in an enor-
mous parallel increase in global carbon diox-
ide emissions. This has caused, of course, in-
creased concentrations of carbon dioxide in
the atmosphere. In Figure 3, we see the con-
centrations of carbon dioxide in the atmos-
phere as measured in Hawaii from 1960 to
the present. CO2 concentrations have in-
creased from about 280 parts per million
(ppm) in the pre-Industrial period to 380
ppm or so today. The annual oscillation in
the ½gure arises from the fact that most of
the landmass on Earth is in the northern
hemisphere; we see a downward cycle in the
spring as photosynthesis takes carbon diox-
ide out of the atmosphere, and a correspon-
ding increase in the fall.

Old Mission Point, 2005.
Warmer temperatures
lead to reduced ice cover
on the Great Lakes, evap-
oration of the water dur-
ing the winter, and lower
water levels in the lakes.
Photograph by Todd
Marsee, Michigan Sea
Grant Archvies. 
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What does all this mean? Everyone has heard
about global warming. Figure 4 shows the
global average temperatures from 1600 to
2000 and then a projection into the future.
Scientists have developed several different
but generally consistent ways to estimate
global temperatures in the past. The data
show a slight increase up to the present. The
gray area shows the range of estimates for
the future based on various scenarios involv-
ing economic growth and energy supply. The
estimates are from the Intergovernmental
Panel on Climate Change, a world consen-
sus body that is studying the climate change
problem. They show a stark increase above
the historical baseline.

The range of estimates for the future is broad:
from the relatively small increase of two de-
grees at the low end up to much higher aver-
age temperatures at the upper end. Unfortu-
nately, experience suggests that we are mov-
ing toward the upper end of the range rather
than the lower end. And although these num-
bers may not seem large, it must be remem-
bered that these are global average tempera-
tures. The temperature increases are much
larger at high latitudes than they are at low
latitudes. So relatively small changes in the
global average can mean very large changes
at high latitudes.

Climate change will have many effects be-
yond temperature change. Unfortunately,
many of these effects are now already being
observed. No one can say whether a particu-
lar hurricane, for example, is the result of
climate change. But one expects that the av-
erage hurricane will become more violent,
and we are starting to see that. All over the
globe, glaciers, ice caps, and sea ice are melt-
ing. This past summer the sea in the north-
ern latitudes was as open as it has been in
recorded history. 

Figure 2

Figure 3

Climate change will have
many effects beyond temper-
ature change. Unfortunately,
many of these effects are
now already being observed.

Figure 1
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Heat stress to crops and people is another
problem. At the same time, changing pat-
terns of rainfall will have profound effects
on agriculture. The projections show that
the droughts plaguing Africa will grow worse.
And we can expect outbreaks of agricultural
pests because they will survive future win-
ters without the cold weather to kill them. 

We will also experience increased burdens of
infectious diseases as tropical vectors move
north. In the United States, we are already
starting to see diseases that we have previ-
ously considered tropical diseases. Climate
change is threatening biodiversity as well.
The changes in temperature are occurring
so fast that species cannot move northward
or to higher altitudes rapidly enough. They
may not ½nd niches with appropriate tem-
perature and other conditions that they need
to survive. So one expects enormous reduc-
tions in the number of species that will sur-
vive through the next century.

Finally, there is the acidi½cation of the oceans.
With increased concentrations of carbon
dioxide in the atmosphere, more carbon
dioxide will dissolve in the seas, producing
carbonic acid. Acidi½cation will have an im-
pact on the many species that take calcium
carbonate from sea water and use it to build
shells or skeletons. We have already observed
changes in the pH of the ocean. A group of 25
oceanographers published a paper last week
projecting that, by the middle of the twenty-
½rst century, the surfaces of the world’s
oceans will violate the epa’s water quality
standard for pH.

Climate change is a severe challenge that no
one country can solve. Figure 5 shows world
CO2 emissions by region from 1970 to 2004.
As China and Asia grow economically, their
demand for energy will increase and their
emissions will go up.

In Figure 6 we have data from the Interna-
tional Energy Agency. Let me draw your at-
tention to the third column, which shows es-
timates of the releases of CO2 per capita.
The United States has considerably larger
CO2 emissions per capita than any other
country on this chart and China has about
½ve times less per-capita emissions of CO2
than we do. The Chinese can legitimately
make the argument that they have the right
to emit more. They can claim that they need
more energy for their own economic growth.

Figure 4

Figure 5

Figure 6



32 Bulletin of the American Academy   Winter 2008

But if countries at the low end use more car-
bon, the earth will become unsustainable for
all of us.

The ½fth column reflects an additional com-
plication: the tons of CO2 per dollar of gross
domestic product. China is far less ef½cient
in its use of carbon than we are. So at the
same time that the Chinese are expanding
their usage of fossil fuels, they are not doing
it in an ef½cient manner, which aggravates
the problem.

Let me return to Figure 1 and flag one addi-
tional issue that deserves to be on the table:
the increase, from 1925 to the present, in the
size of the wedge from oil. Beyond the cli-
mate change problem, the world’s depen-

dence on petroleum creates the special prob-
lem of energy security. It is hard to beat
gasoline as a transportation fuel because of
its high energy density. Yet, as we see in Fig-
ure 7, about 60 percent of the world’s oil
supply comes from the Middle East, the for-
mer ussr, and Africa. So for reasons com-
pletely independent of climate change, we
need to be concerned about dependence on
oil from unstable areas, in particular from
countries who might use oil as a tool for in-
ternational influence. 

My comments merely set the stage for today’s
discussion. I hope that our three speakers
this morning will reveal a path out of the
dilemma in which we ½nd ourselves.

Rosina M. Bierbaum

Rosina M. Bierbaum is Professor and Dean of the
School of Natural Resources and Environment at
the University of Michigan. She was elected to the
American Academy of Arts and Sciences in 2007.

Time is short, both for my presentation and
for humanity to confront this problem. The
range of temperatures that Dick showed for
the next century, up to 6 degrees Celsius, or
11 degrees Fahrenheit, is a phenomenal in-
crease to occur in 100 years, which is a geo-
logical blink of an eye. So I want to start by
saying that we need to begin thinking about
climate change in a different way. It is cer-
tainly “a matter of degrees,” as depicted by
the thermometer, but we also have to think
about climate change as the “degrees” or
composite of environmental insults, includ-
ing habitat fragmentation, biodiversity loss,
pollution, and coastal erosion. We must con-
sider the impact of all these interacting prob-
lems simultaneously, and try to solve them
together, because by addressing just one
problem, we may unwittingly create or exac-
erbate another. 

We also need to think about climate change
in terms of “degrees” of latitude and longi-
tude. Where you live on the planet determines
how climate change will feel to you. It also
determines what resources and capability
you have–economic, scienti½c, and techno-
logical–in order to address those changes.
We, as a society, have spent a lot of time
studying climate change as a matter of de-
grees of temperature, and far too little time
understanding composite stresses and re-
gional impacts. 

My take-home messages are four points.
First, the degrees of warming matter. Miti-

gation will make a difference: the more we
can control and slow the increase in temper-
ature, the better the possibilities for coping
with the changes. Second, we are already
committed to further climate changes. Tem-
peratures have already increased 0.8 degrees
Celsius, and another 0.4 to 0.5 degrees are in
the works from greenhouse gases already
emitted. Signi½cant change is under way.
The rate and magnitude of these changes
make achieving the Millennium Develop-
ment Goals, which were set by the United
Nations in 2000, much more complicated.
Third, it is not just the average changes that
are of concern, but how climate change af-
fects the vulnerability of particular regions,
concomitant with multiple stresses, and the
manifestation of extreme events (heat waves,
floods, droughts, and hurricanes). These im-
pacts cause great economic and human pain.
Fourth, to effectively tackle climate change,
I would argue for a portfolio approach. We
need mitigation–that is, to reduce the emis-
sions of greenhouse gases and slow the rate
of temperature increase–but we also need
adaptation to cope with the changes already
under way and the impacts that are in store.

Dick showed us that the temperatures have
already increased 0.8 degrees above pre-In-
dustrial levels. Mountain glaciers are already
disappearing. As the average temperature
rises to about a degree and a half, we will
start seeing more extensive damage to coral
reefs. As the average temperature rises to two
and a half degrees, another 2 billion people
will likely experience water shortages, and
between 20 and 40 percent of the world’s
species will be at risk of disappearing. At
three and a half degrees, all sectors of society
across the globe are projected to be experi-
encing signi½cant impacts. And remember
that fully half of the projected range of tem-

Figure 7

We also have to think about
climate change as the “de-
grees” or composite of envi-
ronmental insults, including
habitat fragmentation, bio-
diversity loss, pollution, and
coastal erosion.
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I had the honor of cochairing a United Na-
tions report that came out earlier this year
entitled Confronting Climate Change: Avoiding 
the Unmanageable and Managing the Unavoid-
able. “Avoiding the unmanageable” means
trying to mitigate climate change or reduce
emissions, and “managing the unavoidable”
means trying to cope with the harm. We con-
cluded that most impacts of climate change
will be negative, especially for the poorest
and most vulnerable nations. Achieving the
Millennium Development Goals will be
dif½cult because climate change will affect
all resources in all regions. Our city, state,
national, and international institutions are
ill-prepared to cope with these changes, so
we need to enhance our preparedness. Both
mitigation and adaptation are needed: miti-
gation will not work alone because it is too
late to avoid substantial climate change; adap-
tation alone will not work because adapta-
tion measures become more costly and less
effective as the magnitude of the changes to
which one is trying to adapt increases.

The Millennium Development Goals (listed
at right), which the world pledged to meet,
address poverty, education, equality, child-
care, maternal health, disease, environmen-
tal sustainability, and development. At ½rst
blush, it might appear that only number
seven, “Ensure environmental sustainabil-
ity,” is linked to climate change. But, as
agricultural lands shift, water availability
changes, and disease vectors move, our abil-

ity to provide food, improve health, provide
clean water, and sustain natural resources
will be degraded. As climate changes, the
baseline against which we intended to mea-
sure progress on these goals shifts, and so cli-
mate change becomes absolutely central to
goals one, four, ½ve, seven, and eight. How-
ever, all the Millennium Development Goals
will become dif½cult to achieve as climate
changes because economic, ecological, and
sociopolitical stability are inextricably inter-
linked. 

I mentioned that we need to understand re-
gional impacts and the interaction of multi-
ple stresses with climate change. To give you
an example, the map on the left in Figure 1
displays ozone concentrations in the Eastern
United States with today’s climate and air
pollution. The map on the right shows ozone
concentrations with the climate and emis-
sions projected for 2050. Note that there
could be increases in ozone levels of more
than 10 percent across much of the North-

perature increases that Dick showed us for
the next century is above this level. So the
odds of going beyond three and a half degrees
are very high, unless immediate reductions
in greenhouse gas emissions begin. 

What happens as temperatures increase? The
water cycle of the planet speeds up, which
increases precipitation and raises the sea
level, both from melting mountain glaciers
and from thermal expansion of water. Those
changes in temperature and the hydrological
cycle alter the ideal range where species live
and flourish. They certainly change the avail-
ability and quality of water for our crops and
forests, the sea level at our coasts, and the in-
tegrity of our ecosystems as a shifting climate
map moves over them and the parts that swim,
crawl, and fly try to keep up with the changes.
The resultant heat waves and change in dis-
tribution and extent of disease vectors also
affect human health (see illustration above).

Certainly, we have studied the effects of cli-
mate change to some extent but we have
tended to do so sector by sector. Unfortu-
nately, climate change is occurring simulta-
neously to all sectors. Further, we have not
analyzed to any great degree how climate
change will affect the livability of our com-
munities, or our ability to provide energy ser-
vices, or the impact on commerce and trade.
I would argue that we best get on with under-
standing the character and magnitude of
changes to our ecological, economic, and
societal systems. 

Millennium Development Goals

1. Eradicate Extreme Poverty and Hunger

2. Achieve Universal Primary Education

3. Promote Gender Equality and Empower
Women

4. Reduce Child Mortality

5. Improve Maternal Health

6. Combat hiv/aids, Malaria, and
Other Diseases

7. Ensure Environmental Sustainability

8. Develop a Global Partnership for 
Development

Where you live on the planet
determines how climate
change will feel to you. It also
determines what resources
and capability you have–
economic, scienti½c, and
technological–in order to
address those changes.

Climate change will impact all sectors and regions. Source: OSTP, 2000
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such dramatic increases in extreme heat and
extreme rainfall. In fact, worldwide weather-
related disasters in 2005 cost $375 billion, a
third of a trillion dollars. That kind of cost
will continue to increase, and surveillance,
preparation, and response strategies are
necessary in order to cope. 

Even as this challenge is growing, adaptation
research is lagging. A National Research
Council Report (nrc) from September
2007 shows that while we are making some
progress in understanding the physical cli-
mate system, we are losing the capacity to
observe it, principally via satellites. Of the
$1.7 billion that we spend on climate research,
only $30 million is currently spent on under-
standing human dimensions–clearly incom-
mensurate–and the nrc warned that we
are not making progress in understanding
vulnerability to climate change and its po-
tential impacts on humans, conducting risk
analysis, or understanding what stakehold-
ers want from science to aid decisionmaking.

It is essential that adaptation options be de-
veloped rapidly. The list below is an example
of some adaptation needs that came out of
the First National Summit on Coping with
Climate Change, held at the University of
Michigan’s School of Natural Resources and
Environment in May 2007. Adaptation op-
tions can include wise management, new
technology, changed institutions, monitor-
ing, and research and development. For ex-
ample, management of natural resources
could be designed to be “robust” over bigger
spatial and longer temporal scales. New de-
sign criteria may be needed for levees, reser-
voirs, and dams. Species preservation may
require active facilitation of migration or
“banking” of genetic material. 

east (indicated by the arrow). If we do not
think about how climate change and air
quality interact, or more speci½cally how
warmer temperatures enhance smog forma-
tion, we might not be able to achieve the
standards we have set to protect the health
of the most sensitive populations.

Understanding how climate change will im-
pact extreme events is a high priority. Ex-
treme events are increasing, and the human
pain and economic cost are enormous. We
do not handle droughts, floods, heat waves,
and hurricanes well now, and, as Dick said,
more are in store in the future. The upper
panels in Figure 2 show the change in pre-
cipitation intensity over time. Such down-
pours cause floods, erode our soils, wash

pollutants into our waterways, and damage
crops. Rainfall intensity has already increased,
and by the end of the next century, it is pro-
jected to increase greatly in many parts of
the world. In the Midwest, where I live, we
have already experienced a doubling in in-
tense precipitation events from 1950 to now,
and we expect that they will double again
over the course of the next century.

The bottom panels in Figure 2 show the
change in heat waves, which have increased
slightly in recent decades. But we are headed
toward a huge increase. The heat wave in
2003 in Europe, which killed 35,000 people
in a rich part of the world, could become the
norm as frequently as one out of every ½ve
years. Clearly, we have to learn to adapt to

Adaptation options include:

· Prioritize Lands to Preserve

· Design Migration Corridors for Species

· Create Infrastructure to Withstand New
“Extremes”

· Link Reservoirs to Enhance Supply

· Seed Banks, Mass Propagation Techniques

· Create Emergency Response Plans

· Design Early Warning Alert Systems/
Surveillance

Figure 1

Figure 2
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This country also needs to conduct Integrated
Assessments that not only synthesize the
available scienti½c and technological infor-
mation, but also identify near-term actions
that make sense to implement, while also lay-
ing out short-term and long-term strategies
and research needs. The United States has
not published an integrated national report
since the ½rst National Assessment mandated
by Congress was published in 2000. And,
even as these issues become more pressing,
the federal budget for this work is declining.
It was $2.5 billion at its peak in 1997; it is down
to $1.5 billion now. If you think about ecolog-
ical impacts and infrastructure planning, the
agencies that need to be involved in address-
ing these issues have extremely modest bud-
gets to do so. In Figure 3, the slivers represent-
ing the Environmental Protection Agency
and the departments of Agriculture, Energy,
and Interior are incommensurate with the
task.

Potentially good news is on the horizon,
though. A memorandum from the Of½ce of
Management and Budget and the Of½ce of
Science and Technology Policy outlined the
President’s fy’09 priorities to the Federal
agencies. It states: “Agencies should continue
to make investments to improve our ability
to observe, model, assess, and adapt to im-
pacts of climate change, particularly on a re-
gional scale, and to assure the availability of
critical long-term climate data.” So as agen-
cies put their budgets together and submit
them to Congress in February 2008, they
should reflect these priorities, and I hope
both Congress and the community will in-
sure that they do.

On the mitigation side, or the energy tech-
nology side, things are not much better. En-
ergy research peaked at about $6.5 billion,
and we are down to just a little bit above 

Figure 5

The degrees of warming
matter. Mitigation will
make a difference: the more
we can control and slow the
increase in temperature, the
better the possibilities for
coping with the changes.

Figure 3

Figure 4
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I have, I think, a hopeful message this morn-
ing. One of the more encouraging develop-
ments of the past year has been the commit-
ment by a number of our leading corpora-
tions to public policies regulating carbon
dioxide in the United States. This commit-
ment has been most notable in the 13 com-
panies and nonpro½t organizations that form
the United States Climate Action Partner-
ship. They include DuPont, Paci½c Gas and
Electric, Johnson and Johnson, Duke Power,
General Electric, and others. This group has
ambitious goals.

Now, why would a company commit to car-
bon regulation? I think of my own associa-
tion with the DuPont Company, on whose
board I have served as Chairman of the En-
vironmental Policy Committee since 1993.
DuPont underwent a transformation when
they discovered that chlorofluorocarbons, a
product that generated $800 million in rev-

However, we can produce wise integrated
mitigation and adaptation strategies. For ex-
ample, sustainable land and water use poli-
cies serve multiple purposes–they are vital
for agriculture, forestry, energy production,
and biodiversity preservation. Renewable
energy sources can be new income streams
for communities that are currently import-
ing and paying for oil, coal, or gas. Building
ef½cient and healthy buildings that can with-
stand increasing floods and storm surges is
a win-win.

To conclude, the past is not prologue. Basing
the management and planning of energy and
natural resources on the climate of the last
hundred years is wrong. Adaptive manage-
ment will be needed in all sectors, in all re-
gions, to cope with changing averages, ex-
tremes, and composite stresses. Our current
investment is simply incommensurate with
the urgency of the problem. We need inte-
grated science assessments and serious re-
search development and deployment in both
mitigation and adaptation. 

Our generation is leaving the next generation
a great challenge: sustainable management
of our ever-changing planet. In order to give
the next generation a chance to achieve this,
we must rapidly stem the rate of growth of
greenhouse gas emissions into the atmos-
phere, principally from energy use, and learn
to cope with the changes already under way
in our lifetime.

$2 billion. So what we are spending on all of
climate science and all of energy research
amounts to less than $4 billion a year. This
drop in funding is happening worldwide, too.
A 2006 Organization for Economic Cooper-
ation and Development report said that the
world public funding for energy has dropped
from about $11 billion to $8.3 billion, and
private investment in energy has dropped
from about $9 billion to $4.2 billion. Yet if
you look at the prodigious growth in energy
supply that will occur in developing coun-
tries, there are going to be hundreds of bil-
lions of dollars in infrastructure built in the
coming decades. I would argue that with
this kind of investment, the United States is
certainly not positioning itself to capture
that new energy technology supply market.
These expenditures are simply incommen-
surate with the task.

If we want to get down to the two to three
degrees that Dick mentioned, this is what
the United States would have to do to con-
tribute its share. Figure 4 shows our “busi-
ness as usual” curve. We would have to be on
one of these two curves to head down, by
about 2050, to a 60 or 80 percent reduction 
–our share of holding average temperature
increase at two to three degrees. The Senate
bills that are appearing–the McCain-Lieber-
man, the Kerry-Snow, the Saunders-Boxer,
the Bingham-Specter, and the Lieberman-
Warner–would all put the United States in
this range, which is quite phenomenal. We
should pay attention to the old proverb that
it is easier to close the jaws of an alligator
when they are small–and begin to make
progress now. 

But as clean energy solutions are sought, we
have to be cognizant of the intersections be-
tween energy choices and natural resources.
This is an area that has received very little
attention. Figure 5 shows water use by source,
in gallons per megawatt hour. Notice that
biofuels, coal, nuclear, and concentrated so-
lar all use a lot of water per megawatt hour.
And just yesterday, a new Fellow of the Acad-
emy and my former boss, Jerry Melillo, re-
minded me that biofuels production might
also lead to massive nitrogen fertilizer use
that could then contribute to runoff, eutro-
phication of our water bodies, acid rain, etc.
So there are “devils in the details” of mitiga-
tion and adaptation options that we need to
consider together. 

One of the more encourag-
ing developments of the past
year has been the commit-
ment by a number of our
leading corporations to pub-
lic policies regulating carbon
dioxide in the United States.
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enue, contribute to upper atmospheric ozone
depletion. It was a stunning development
for a science-based company that had con-
sidered itself responsible and mindful of the
public good. This realization sensitized the
company to other aspects of its operations
and how those aspects related to the climate.
The company changed drastically. Ed Wool-
ard, the chairman at that time, began to refer
to himself as the Chief Environmental Of½cer,
ceo; and the company has, since 1990, re-
duced its greenhouse gas emissions by 72 per-
cent. In the process, it has saved $3 billion in
energy costs and has begun to transform it-
self from a chemical to a biological company,
producing seeds that are designed to with-
stand droughts and lower frost intervals and
generating other products, like non-fossil fu-
els that help us adapt to climate change.

Conoco Philips, another company on whose
board I have served for a lesser period of
time, recently became the ½rst U.S. oil com-
pany to support the United States Climate
Action Partnership. In that case, the deci-
sion rested upon two judgments. First, the
Chief Executive Of½cer, Jim Mulva, and the
senior management came to believe in the
science that Rosina just presented. That be-
lief, together with a sense that if the science
was correct and the country and the world
were headed in the direction it suggested,
prompted the company to undertake to
transform itself from an oil company into an
energy company. It also recognized that pro-
found new public policies were likely to im-
pact the economic sector in which they
worked, and that those companies that em-
braced progressive public policies earlier
would be more likely to be taken seriously
in the design of those policies.

One of the most notable responses to the
company’s promise to support California’s
new low-carbon energy commitment came
the day after the company announced it
would support the partnership, when the
governor of California called the chairman
and invited him to help design the low-car-
bon fuel standard for the state. This task is
going to be highly complex, but it seems it
will bear fruit for the company. Company
insiders still refer, however, to CO2 elimina-
tion as “demand destruction” with respect
to its product, oil and gas. And obviously
that presents particular challenges to an oil-
and gas-producing company.

I would like to turn to a deal with which I
have been extensively involved: the acquisi-
tion of Texas Utilities Company by tpg

Capital, kkr, and to a lesser extent, Gold-
man Sachs. About a year ago, Henry Kravis
and David Bonderman went to Texas to pro-
pose this deal to John Wilder, the chairman
of Texas Utilities. The proposal was to ac-
quire and take private a public utility, the
largest electricity-generating company in
Texas, with a 37 percent market share in the
fastest growing electricity market in the
United States. It also had some $11 billion in
revenues and $2.6 billion in net income,
with a share price that increased from $5 to
about $60 over the last four or ½ve years. 

However, a great deal of anger has been di-
rected at Texas Utilities. Texans, who had
been promised reductions in their rates as a
result of deregulation, have in fact seen a
twofold increase in rates. Gas prices during
the period had gone up fourfold, which ex-
plains the rate hikes that angered members
of the Texas legislature and the ratepayers.
Environmentalists despised the company,
and we resolved that if we were to go ahead
and make this $45 billion investment–the
largest private equity investment ever made
at that time–we would have to have the ac-
tive support of the environmental commu-
nity. So we spent several weeks looking at all
of the opportunities to improve the environ-
mental performance of a company of this
sort. Through numerous conference calls,
many of those with people I did not know,
we came up with a number of proposals, and
it fell to me to oversee the negotiation with
the environmentalists.

I selected two environmental organizations.
Obviously we wanted two, so as not to ex-

pose one to the kind of criticism that a deal
like this might entail. I have often been asked
why I chose the ones I did: Environmental
Defense (ed) and Natural Resources Defense
Council (nrdc). Environmental Defense is
an environmental group that does deals. They
did deals with me when I was Administrator
of the epa, most noticeably one in which they
insisted on a cap on sulfur dioxides in the
United States, a permanent cap in the Clean
Air Act, in exchange for their support of the
proposed bill. They and I, on behalf of the
½rst Bush administration, agreed to that
compromise one evening, and Fred Krupp,
head of Environmental Defense, kept his
word to support our bill. 

Fred had a representative in Texas who was
not particularly popular with the energy sec-
tor there, a man named Jim Marston. He had
referred to txu ceo John Wilder as the Jef-
frey Skilling of the electricity business. So
there was a history of severe animosity. But
since ed had made its campaign against
txu’s proposed expansion of coal-½red
power a high priority, and had been handing
out fliers in the legislature and running tele-
vision ads and the rest, they were the logical
people to deal with. Natural Resources De-
fense Council is also a very effective and re-
spected organization, particularly with re-
spect to climate change, and so I also brought
David Hawkins of nrdc, another longtime
friend and colleague, into the deal. 

The most notable problem was how to meet
Texas’s growing capacity need in an environ-
mentally responsible way–without increas-
ing carbon dioxide emissions. Texas, by the
way, is ½rst in the Union in carbon dioxide
emissions. When I mentioned this to one
Texas legislator as the nature of the problem,
he said with enthusiasm, “Yes,” and I realized
I had to change my pitch.

One of the things we looked at was whether
to build Integrated Gasi½cation Combined
Cycle (igcc) plants to address the carbon
dioxide problem. Gasi½cation, contrary to
some perceptions, does not itself involve the
capture of carbon dioxide. It involves the
generation of gases that are more readily
amenable to capture, transport, and seques-
tration when the appropriate technology and
infrastructure are in place. I do not mean to
demean igcc, but we looked at the econom-
ics of gasi½cation carefully, and in a deregu-

What I think it means to
China is we will not let the
lights go dim and the air
conditioners go off. We will
meet demand, but we will
do it in a much more mod-
erate and responsible way.
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lated state like Texas, where one cannot sim-
ply pass the cost onto the ratepayer with the
agreement of the regulator, economic com-
petitiveness is fundamental. The technology
providers do not offer warranties either for
the cost of the facilities or for the reliability,
neither of which have yet been adequately
demonstrated.

What commitments did we make? I brought
Jim Marston to San Francisco. We sat down at
7 o’clock in the morning. The New York Times,
in a front page story, later reported on what
we had for breakfast at that conversation.
And by the way, just to give you a sense of
how strong the feelings were on this, when I
asked David Hawkins of nrdc, without
mentioning Texas Utilities, about his views
on coal, he said, “If you want to understand
how bad it can get, look at the expansion
plan of Texas Utilities. They’re going to build
11 new coal-½red power plants in Texas, and
3 more in the deregulated states of Virginia,
Maryland, and Pennsylvania. It’s the Mein
Kampf of the carbon wars.” I went back to
my partners and said, “I think this could be
harder than we thought.” 

At any rate, David was one of the people who
went through the long negotiation with me.
We agreed to scrap all 3 of the coal-½red power
plants that had been contemplated in the 3
deregulated energy states, and 8 of the 11
coal-½red power plants planned in Texas, in
return for the environmentalists’ agreement
to support the remaining 3. We promised a
signi½cant reduction of SO2, NOx, and mer-
cury in all 18 existing Texas Utilities facilities.
And we assured the environmental commu-
nity that the company would embrace car-
bon regulation and apply for membership in
the United States Climate Action Partner-
ship. This, I might add, stunned the Texas
congressional delegation, and just a few weeks
later, Conoco Philips, another major Texas
energy company, also committed to join the
partnership. So in terms of the long-term
political impact, the deal may turn out to be
somewhat signi½cant as well. 

We also committed to spend $400 million
on energy ef½ciency to bring down the CO2
growth rate and energy use over the next ½ve
years, and to make txu the largest purchaser
of wind power in the country. Texas is par-
ticularly well suited for wind and already
leads the Union in production of wind pow-

er. txu’s commitment to purchase large
amounts of wind power made it possible to
½nance more wind power in the state by
guaranteeing the offtake. Finally, we com-
mitted never to build another conventional
pulverized coal-½red power plant. We are bet-
ting on technology that relies on noncarbon
or carbon-capture technologies to increase
Texas’s capacity. Texas, by the way, because
of its history with enhanced oil recovery, has
the pipelines and the experience of injecting
CO2. So it is one of the places where a se-
questration experiment could be founded.

In explaining this plan to members of Con-
gress, we were largely embraced because
several members of Congress had been con-
sidering punitive measures against new coal-
½red power plants. One hundred ½fty coal-
½red power plants, by the way, are now un-
der consideration for permits in the United
States. Among the members of Congress
whom I briefed, only Senator Kerry was neg-
ative. He asked me, “Bill, what does this mean
for China?” In fact, the Chinese have closely
followed our experience. But whereas Texas
has a 2.3 percent growth rate in electricity
demand, the Chinese two years ago had a 16
percent growth rate. The Chinese added
93,000 megawatts of coal-½red power to
their capacity last year, signi½cantly more
than one new coal-½red power plant a week. 

What I think it means to China is we will not
let the lights go dim and the air conditioners
go off. We will meet demand, but we will do
it in a much more moderate and responsible
way. We will be attentive to our carbon diox-
ide impacts, and we will try to bring them
down. We will try to do it in an economically
acceptable and intelligent way, but we are
committed to do it. The net impact of all of

these measures is to reduce the carbon diox-
ide emissions that otherwise would have been
associated annually with the expansion of
Texas Utilities by 55 million tons of carbon
dioxide. 

Based upon telephone calls I have received,
this deal has had a large impact on two groups
of people. One group consists of environmen-
talists, many of whom have called me to ask,
“Why didn’t you call me?” to which the an-
swer was, “Well, I read your website, and it
looked like there was no way you could ever
agree to any coal-½red power.” And yet, a few
weeks after our deal, the Sierra Club made an
agreement with Kansas City Power and Light
to do something similar, though on a some-
what smaller scale. The other calls have been
from power companies, particularly from
aep, the largest coal-½red power company
in the country, whose cfo Holly Koeppel
said, “We watched in amazement at what you
did, and we want to open a dialogue with the
environmentalists.”

When major utilities and large private equity
½nanciers engage the climate issue in a sig-
ni½cant and innovative way, the nation’s eco-
nomic sector has entered a new and promis-
ing era. While the United States awaits en-
actment of serious climate policy, the private
sector is displaying a new and encouraging
response.

When major utilities and
large private equity ½nan-
ciers engage the climate 
issue in a signi½cant and 
innovative way, the nation’s
economic sector has entered
a new and promising era.
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This is a complicated issue, and I cannot give
you the full solution. I will indicate some
problems with these two components. First,
the pure rate of time preference. My claim is
that applying these discounting concepts to
the future generation has no appeal to any
plausible moral theory. I have developed this
simple example, which will not answer every
question, but I think will give you an idea of
what I mean. Think of a world that has only
two people. The ½rst person lives from years
1 to 50, and the second from years 51 to 100.
In this world there are 100 units of resources
that are split between these two people. Let
us also say that each of these people can
transform these resources into utility in ex-
actly the same way. These resources are not
going to increase, so we only have these 100
units. The next question is, “How would you
like to distribute these 100 units of resources
between the two people?”

I try this exercise with my class all the time.
Most people’s intuition is that each person
should get 50 units. But any discounting for
a pure rate of time preference would give al-
most all the resources to the ½rst person. Now,
sometimes people say, “Well, this is a very
simple world with no productive capacity,
and obviously the real world works different-
ly.” But the point is that a pure rate of time
preference is a pure rate of time preference,
and all the other complications are just com-
plications that are going to be dealt with
eventually. 

But the normal intuition suggests that there
is a problem with a pure rate of time prefer-
ence. The standard economic model for a
pure rate of time preference is usually asso-
ciated with an influential article by Kenneth
Arrow. I was actually once very fortunate to
discuss the problem with Arrow. I was co-
teaching a course with an economist at
Princeton, and Arrow was at Princeton for
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My talk will take off from a sentence in
Rosina’s presentation. She said that most
impacts of climate change will be negative,
especially on the poorest and most vulner-
able nations. There are a number of reasons
for that. Some speci½c problems were dis-
cussed in her presentation, but generally the
reasons fall into one of three categories.

First is differential exposure. For certain of
the negative impacts, tropical areas are like-
ly to be most affected. Second is sensitivity.
Poorer countries tend to be more dependent
on agriculture, and to the extent that climate
change will negatively affect agriculture, they
will suffer more. They also have lower levels
of health and are experiencing rapid popula-
tion growth. Lastly, poorer developing coun-
tries are likely to have less adaptive capacity.
They may not have the infrastructure to con-
tain rising sea levels or to deal with public
health problems, or the institutional strength
to deal with problems more generally.

The primary bene½ciaries 
of anything we do on 
climate change are likely 
to be future generations in
developing countries.

Any expenditures in stop-
ping climate change are 
going to be expenditures
from the developed world
now to bene½t developing
countries in the future.

The result is that the primary bene½ciaries
of anything we do on climate change are
likely to be future generations in developing
countries. Why future generations? As we
heard earlier today, the temperature increas-
es, which at this point have been relatively
modest, are going to grow substantially over
the next 50 or so years. For a lot of environ-
mental policy, we perform economic evalua-
tion, which has been required for federal
regulations since 1981. An executive order
mandates that any environmental regulation
that poses costs on the economy of more than
$100 million a year has to be justi½ed in cost-
bene½t terms. This obviously does not apply
to Congressional acts. Nonetheless, there is
a strong view in the academic community
that public policies should be justi½ed by
reference to their economic impacts and in
terms of costs and bene½ts. And my view is
that this requirement is actually a good thing.
The only question is how you go about do-
ing the analysis.

A problem arises when we have to ½gure out
the bene½ts that accrue to future generations.
The economic literature would generally
discount such future bene½ts in light of two
factors. The ½rst is a pure rate of time prefer-
ence. Essentially, you would look at this in
the same way you would look at ½nancial
flows. Obviously, getting a million dollars
ten years from now is not the same as getting
a million dollars now. That calculation is
trivial. Anyone can do it. But the question is,
how do you deal with an impact on a life ten
years from now or a hundred years from now
versus an impact on a life now? If you use
discounting at any sort of rate used in eco-
nomics, impacts 100 or 500 years from now
are worth virtually nothing. So we would be
willing to pay almost nothing to save thou-
sands, even millions, of lives in 100 or sev-
eral hundred years.

The second component generally assumes
that there should be an additional discount
because future generations will be wealthier
than the current generation is. The general
assumption is a declining marginal utility of
money–an additional dollar is worth less to
someone who’s wealthier than to someone
who’s poorer, and since we are poorer than
people in the future will be, the additional
dollar is worth more to us than it would be
to people in the future. 
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a public lecture. We invited him to come to
our class, where we were talking about this
problem. When I posed this hypothetical to
him, he was extremely generous and said,
“Ricky, my theory does not work well with
your example. And the fact that it doesn’t
work well with your example does count as
an argument against my theory.”

Now let us think about the point relating to
the greater wealth of future generations. I
have said that the primary bene½ciaries of
climate change policies are future genera-
tions in developing countries. As you know,
the differential in gnp per capita between
the developing world and the developed
world is staggering. It is not plausible, dur-
ing any of the time frames that we have been
talking about, that developing countries are
going to be wealthier than the developed
world is now. So essentially, any expenditures
in stopping climate change now are going to

be expenditures from the developed world
now to bene½t developing countries in the
future. And those countries in the future are
going to continue to be poorer than we are
now. So if one is worried about the marginal
utility of additional money, this provides an
argument for negative discounting. That is,
we would want to send more resources that
way because we will be bene½ting people
who are poorer in the future than we are
now. Once that argument is made, though,
there is usually a quick counterargument:
“Look, why would we want to bene½t devel-
oping countries in the future since we don’t
seem to be very willing to bene½t developing
countries in the present?” For this claim, I
cite the very low levels of foreign aid from
the United States and less so from the rest of
the developed world. 

One of the beauties of 
climate change policies is
that they are immune from
the corruption of developing
countries. Anything we do 
in the developed world to 
reduce our impact would 
result in bene½ts.

I have two plausible answers to that counter-
argument. First, just because we have been
doing badly in one area should not mean that
we should use it to justify doing badly in an-
other area. My sense–and I am not a scholar
of foreign aid–is that the most plausible
moral theories would suggest that we should
do more than we are doing now. But leaving
that aside, one of the concerns about foreign
aid is the vast levels of corruption in devel-
oping countries. The claim is, “Why should
we spend a lot of money to be extremely in-
effective?” And a lot of foreign aid is inef-
fective. Empirical studies have shown that
transferring money to certain African nations
for health programs results in something like
one cent to the dollar in actual bene½ts to
people, and so on. 

One of the beauties of climate change poli-
cies is that they are immune from the cor-
ruption of developing countries. Anything
we do in the developed world to reduce our
impact would result in bene½ts, and corrupt
governments of developing countries will
and can do nothing to stand in the way of
those bene½ts actually accruing to them in
the future. The question of projects that the
developed world could do in developing
countries is somewhat more complicated.
But typically, investments in speci½c projects
in the developing world, which are often
undertaken by the private sector, are much
more effective in helping the bene½ciary
countries than our government-to-govern-
ment aid programs. So even people who are
skeptical about things that we can do now to
help current generations in the developing
world could come to see that the situation is
quite different when the question is how we
can help future generations of the develop-
ing world now through the kinds of policies
that this panel discussed. 
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