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BUSINESS ACTIONS TO REDUCE
GREENHOUSE GAS EMISSIONS

WEDNESDAY, JUNE 8, 2005

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE,
Washington, DC.

The Committee met, pursuant to call, at 10:10 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Sherwood L.
Boehlert [Chairman of the Committee] presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

Business Actions to Reduce
Greenhouse Gas Emissions

WEDNESDAY, JUNE 8, 2005
10:00 A.M.—12:00 P.M.
2318 RAYBURN HOUSE OFFICE BUILDING

Purpose

On June 8, 2005, the Science Committee will hold a hearing on what several lead-
ing businesses in a variety of industries are doing to reduce emissions of greenhouse

ases.

The Bush Administration has initiated a number of programs to encourage busi-
nesses to take voluntary actions to reduce emissions of greenhouse gases. Either as
part of the Administration programs or other efforts, many U.S. companies are
working to reduce greenhouse gas emissions. (See attached list.) Some companies
have begun simply by taking stock of the emissions they produce. Others have set
targets for reducing their emissions and are taking steps to meet them by improving
energy efficiency, switching to energy sources that produce fewer greenhouse gases,
or eliminating greenhouse gases from manufacturing processes.

The motivations of these companies vary. Some find the scientific evidence of a
changing climate compelling. Others face domestic or international competitive pres-
sure, while others face pressure from lenders or shareholders. Some see advantage
in creating new products or businesses that may hold a competitive advantage in
future markets. Still others see financial risk to their businesses should the climate
change substantially.

The Committee plans to explore the following overarching questions at the hear-
ing:

1. What concrete actions are businesses taking to reduce greenhouse gas emis-
sions? In what ways are these actions beneficial to the company?

2. Why are businesses taking these actions and what are the most important
drivers for them?

Witnesses

James E. Rogers, Chairman, CEO and President, Cinergy Corp. Based in Cin-
cinnati, Cinergy provides electricity to 1.5 million customers in Ohio, Indiana and
Kentucky, has more than 7,000 employees, and generated $4.7 billion of revenue in
2004. It owns 13,000 megawatts of electric generating capacity and is largely reliant
on coal as a fuel source. Cinergy and Duke Power, a major utility in the Southeast
United States, recently announced plans to merge.

Dr. Mack McFarland, Environmental Manager, Fluorochemicals Business, E.I.
DuPont de Nemours and Company. As a multinational chemical and product manu-
facturer based in Delaware, DuPont ranks 66 among the Fortune 500, with 55,000
employees worldwide and 2004 revenues of $27.3 billion.

Mr. Ron Meissen, Senior Director, Engineering, Environment, Health & Safety;
Baxter International Inc. Baxter is a global health care company that supports
treatment of medical conditions including hemophilia, immune disorders, kidney
disease, cancer, trauma and other conditions. Based in Deerfield, Ill., and with fa-
cilities throughout the United States and the rest of the world, Baxter has 51,000
employees and generated $8.9 billion of sales in 2003.

Robert Hobbs, Director of Operations, United Technologies Research Center,
United Technologies Corporation (UTC). Ranked 22 among the Fortune 500 and
based in Connecticut, UTC businesses include Carrier heating and cooling, UTC
Fire & Security systems, Hamilton Sundstrand aerospace systems and industrial
products, Otis elevators and escalators, Pratt & Whitney aircraft engines, Sikorsky
helicopters and UTC Power fuel cells. In 2004, UTC had 210,000 employees and
generated $37 billion in revenue.



Background

Carbon dioxide (CO2) is a greenhouse gas and an inevitable product of combus-
tion. It is the greenhouse gas that has received the most attention, but others gases
such as methane, nitrous oxide, hydrofluorocarbons and sulfur hexafluoride are also
produced by human activities and have a greater greenhouse effect than CO..

In a speech in February 2002, President Bush “reaffirmed America’s commit-
ment. . .to stabilize atmospheric greenhouse gas concentrations at a level that will
prevent dangerous human interference with climate,” and initiated a number of vol-
untary programs aimed at reducing greenhouse gas emissions. Specifically, the
President has committed to reducing the Nation’s greenhouse gas intensity—the
amount of greenhouse gases emitted per unit of economic activity—by 18 percent
by 2012. Several states and other countries have contemplated or are now attempt-
ing to implement mandatory emission-reduction policies.

In May 2001, the Bush White House requested a report from the National Acad-
emy of Sciences on the status of scientific understanding of climate change. The
Academy’s reply is attached.

What are companies doing to reduce their greenhouse gas emissions?

A number of United States-based businesses have begun to inventory and reduce
their greenhouse gas emissions. These are some of the activities companies are un-
dertaking:

Identifying and tracking greenhouse gas emissions. An inventory is necessary to
establish a company’s baseline of greenhouse gas emissions. It is usually the first
step for any company planning to set a reduction target, to develop options for re-
ducing emissions, and to track progress toward a target. It is also necessary for any
company wishing to accurately assess the risk posed by any particular shareholder
resolution, regulatory proposal, or lending policy related to climate change. More-
over, it is essential for companies participating in voluntary or mandatory green-
house gas trading market. According to economists, trading markets would lower
the costs of any future greenhouse gas regulation, should one be implemented.

Companies have developed a variety of approaches for inventorying their green-
house gas emissions. While all companies generally include direct emissions from
internal operations, they must also decide whether to include indirect emissions
generated from the electricity they buy or from the products they sell. Utilities, for
example, tend to count only those emissions that are directly the result of gener-
ating electricity. Energy intensive manufacturers, however, include not only the
emissions generated in their manufacturing processes, but also usually include in
their inventories emissions generated by the electricity they purchase to power their
operations. Appliance manufacturers and other companies whose largest emissions
arise from the use of their products often include those emissions in their inven-
tories. Companies participating in emissions trading markets have realized that it
is important to maintain careful accounts of each type of emission to avoid double
counting or trading the same emissions twice. Most companies report that they have
developed their inventories through a “learn by doing” approach.

Setting targets for reduction. A number of companies have set targets for reducing
the greenhouse gas emissions in their inventory. Some have set targets in absolute
terms, while others have pledged to reduce emissions relative to production or rev-
enue. Still others have expressed their commitment in terms of cutting energy use.
Among the companies that have set absolute emission reduction targets, Nike has
pledged to reduce greenhouse gas emissions 13 percent below its 1998 inventory by
2005. DuPont set a goal (and has already surpassed it) of reducing greenhouse gas
emissions 65 percent below its 1990 inventory by 2010. Using the same target date
and baseline date, Alcoa has pledged a 25 percent reduction, British Petroleum 10
percent, and Johnson & Johnson 7 percent. Eastman Kodak has committed to reduc-
ing its energy use 15 percent by 2004 below the amount it consumed in 2000.

Among companies that have pledged to reduce emissions relative to output or rev-
enue rather than in absolute terms, Pfizer has plans to reduce its greenhouse gas
emissions by 35 percent for every dollar in revenue the company earns by 2007
using 2000 as its baseline year. Baxter International has pledged to make a 30 per-
cent reduction per unit of production value by 2005 using 1996 as its baseline year.
And United Technologies Corporation committed to a 40 percent reduction per dol-
lar of revenue by 2007 using 1997 as its baseline and has already met that target.

Improving energy efficiency. Improving energy efficiency reduces greenhouse
gases, and may also save a company money. Some companies are improving the effi-
ciency of their manufacturing processes or their lighting and heating systems. Re-
ductions of greenhouse gas emissions, which accompany these efficiency gains, are
often viewed as a bonus. For example, United Technologies Corporation and IBM
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have found that energy efficiency provides a significant opportunity to save money
and reduce greenhouse gas emissions.

Changing manufacturing processes. Some companies are altering their manufac-
turing process to reduce emissions of potent greenhouse gases such as nitrous oxide
or fluorocarbons. For example, DuPont met a substantial portion of its commitment
to reduce greenhouse gas emissions by reducing emissions of nitrous oxide in the
nylon manufacturing process. IBM pledged to reduce emissions of perfluorocarbons,
a potent greenhouse gas, by 40 percent per unit of production (and 10 percent in
absolute terms) from its semiconductor manufacturing operations.

Green power purchasing. In states that allow consumers to choose among utilities,
companies can reduce emissions by switching, in whole or in part, to “green power”
suppliers, which generate electricity from renewable energy sources that do not emit
greenhouse gas, such as wind, solar, biomass, and geothermal. For example, Staples,
Bristol-Myers Squibb and Johnson & Johnson have purchased or are purchasing
“green power” that allows them to claim significant reductions in greenhouse gas
emissions.

Sequestration. A number of businesses have been “road-testing” carbon sequestra-
tion projects—the long-term storage of carbon dioxide in its organic form in forests
or soils, or in liquid form in the ocean, so as to prevent its release into the atmos-
phere. For example, DTE Energy, Wisconsin Energy Corporation, Georgia-Pacific,
and Weyerhaeuser, are working to enhance carbon sequestration in forests and soils
to offset their greenhouse gas emissions. American Electric Power and British Petro-
leum are developing technologies to sequester carbon dioxide in the ocean or in un-
derground, depleted oil and gas reservoirs, coal seams, or saline aquifers. Many sci-
entists believe that there is much still to learn about whether the carbon dioxide
placed in these so-called carbon sinks can be considered to be permanently removed
from the atmosphere.

Why are companies reducing greenhouse gas emissions?

According to a variety of recent reports that have surveyed business practices,!
businesses that are investing to reduce greenhouse gas emissions do so because they
believe such investments will help them compete.

Reducing greenhouse gases can make a company more competitive in a variety
of ways. Actions to reduce emissions can make a company more energy efficient or
can lead it to develop new products. Such advantages can benefit a company’s bot-
tom line, even if the company never encounters pressure to reduce greenhouse gases
in the future.

Companies also decide to reduce greenhouse gases as a way to manage future
risks as many appear to view as real the possibility that shareholders, creditors, or
governments may some day require them to reduce their emissions of greenhouse
gases. Some companies take the position that the scientific evidence that man-made
greenhouse gas emissions may be harming the climate is credible.2 Others are
“hedging their bets” either about future climate change or about future constraints
on emissions. In the process, some companies have discovered that emission reduc-
tions can in fact benefit them today. For example, while compiling a greenhouse gas
inventory, some companies have discovered opportunities to improve efficiency that
they had not previously identified.

These are some of the reasons that businesses have found compelling enough to
justify their taking steps to inventory or reduce greenhouse gas emissions:

Increased efficiency saves money. Investments in energy conservation and effi-
ciency can yield direct savings in energy costs and lower the per-unit cost of produc-
tion for some companies. For example, between 1990 and 2000 DuPont held its en-
ergy use constant while boosting its production by 35 percent, saving the company
$2 billion. Efficiency and conservation are particularly valuable to companies whose

1See World Resources Institute, “A Climate of Innovation: Northeast Business Action to Re-
duce Greenhouse Gas Emissions,” (2004); Pew Center on Global Climate Change, “Corporate
Greenhouse Gas Reduction Targets,” (2001); Kolk, A., and J. Pinske, “Market Strategies for Cli-
mate Change,” European Management Journal, 22 (3):304—14 (2004); Coalition for Environ-
mentally Responsible Economies (Ceres), “Electric Power Climate Risk Disclosure: A Compari-
son of 2004 Reports Released by American Electric Power, Cinergy and TXU.” (2005). In addi-
tion, a number of companies have issued annual reports, which describe their actions to reduce
greenhouse gas emissions and their rationale.

2The aluminum manufacturer Alcoa, Inc., has said on its website that “the time for debate
is long past” and that while “the science may or may not be incomplete, [ilf you get this one
wrong, you don’t get a second chance.” On its website, British Petroleum says, “There is an
emerging consensus that climate change is, at least in part, linked to the production and con-
sumption of carbon based fuels. As a major supplier of these fuels it’s only right that we play
a part in finding and implementing solutions to one of the greatest challenges of this century.”
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greenhouse gas emissions come from the energy purchased from electric utilities, as
reducing expenditures for electricity purchases can directly benefit such a company’s
bottom line.

Competitive advantages may go to innovators. A number of companies are betting
that future markets will favor more energy efficient products. For automobile and
appliance manufacturers that make products that use electricity or that themselves
emit greenhouse gases, creating more efficient products may give these companies
a competitive advantage. It may also improve the public’s perception of the company
as being environmentally responsible. For example, a number of automakers are in-
vesting in hybrid vehicle technologies, which are up to 50 percent more efficient
than conventional gasoline engines. Whirlpool, whose products are responsible for
95 percent of its greenhouse gas emissions, has committed to reducing the emissions
from its products by three percent between 1998 and 2008. General Electric recently
announced plans to double its spending on developing environmental and energy-
efficient products and to double revenue from those products to $20 billion by 2010.

Early action is a hedge against future regulations or other pressures. Although
companies are facing a good deal of investment and regulatory uncertainty sur-
rounding reduction of greenhouse gas emissions, some companies have decided that
acting in the near-term is more cost-effective than reacting later when there may
be less uncertainty, but potentially higher costs. They believe that beginning to re-
duce emissions now and continuing steadily over time will be cheaper than being
forced to make large reductions all at once in the future should it become necessary
to do so. For example, companies are measuring and tracking their greenhouse gas
emissions and participating in a variety of emissions trading programs to learn how
to track and trade emissions. Dow Corning and Baxter International are two of a
number of companies participating in the Chicago Climate Exchange, a voluntary
market to demonstrate trading of CO2 emissions. These companies appear to believe
that first-hand knowledge of how greenhouse gas markets work may benefit them
in the future.

Direct financial risk from climate change. Some companies face direct financial
risks from climate change. For example, insurance companies and the companies
that reinsure them are beginning to recognize financial risks from climate change.
On its website, Swiss Re, one of the leading global reinsurers, says that “the world
of insurance and re-insurance will have to face a new challenge: developing and im-
plementing strategies and business solutions to deal with climate change and a car-
bon-constrained future.” The company says that climate change may alter not only
fhe average losses faced by insurers, but the range and annual fluctuations of those
osses.

Pressure from investors and lenders to reduce risk. Individual and institutional
shareholders as well as the lending arms of major financial institutions are increas-
ingly concerned with the risks they might face should regulation, public perception
or other pressures one day induce companies to emit fewer greenhouse gas emis-
sions. They are beginning to recognize that some companies within a given sector
will likely perform better than others should reductions in greenhouse gas emissions
ever be required. To protect the future value of their stocks, an increasing number
of investors have introduced shareholder resolutions calling on companies to develop
climate change strategies, cut greenhouse gas emissions, invest in renewable en-
ergy, and disclose greenhouse gas information. In addition, lending institutions,
such as Bank of America and JPMorgan Chase, have committed to figuring out how
to take these considerations into account in their investment decisions. There has
also been growth in specialized stock indices, such as the Dow Jones Sustainability
Index, that recognize companies that are taking early action and that attract some
investors seeking “green” stocks.

Influencing the policy and regulatory debate. Some companies believe that their
experience in applying various approaches to reducing greenhouse gases to their op-
erations will lend credibility to their efforts to shape climate policy. For example,
American Electric Power has committed to reduce or offset emissions by four per-
cent between 2003 and 2007 and is gaining real world experience in tracking, reduc-
ing and trading greenhouse gas emissions by participation in the Chicago Climate
Exchange. These actions, the company has said, have put it in a better position to
inform the current policy debate on climate change. Duke Power’s CEO recently an-
nounced steps that his company would take to reduce greenhouse gas emissions. In
addition, in an attempt to influence the national policy debate, he also called for
an economy-wide, mandatory carbon tax to reduce the dependence of our economy
on fossil fuels and thus lower greenhouse gas emissions.

Questions to the Witnesses
The witnesses were asked to respond in their testimony to the following questions:



James Rogers, Cinergy

e What concrete actions is Cinergy taking to reduce greenhouse gas emissions?
In what ways are they beneficial to Cinergy?

o Why is Cinergy taking these actions and what are the most important drivers
for them?

Dr. Mack McFarland, Dupont

e What concrete actions is DuPont taking to reduce greenhouse gas emissions?
In what ways are they beneficial to DuPont?

e Why is DuPont taking these actions and what are the most important drivers
for them?

Ronald Meissen, Baxter International

e What concrete actions is Baxter Health Care taking to reduce greenhouse gas
emissions? In what ways are they beneficial to Baxter?

o Why is Baxter taking these actions and what are the most important drivers
for them?

Robert Hobbs, United Technologies Corporation

e What concrete actions is UTC taking to reduce greenhouse gas emissions? In
what ways are they beneficial to UTC?

e Why is UTC taking these actions and what are the most important drivers
for them?

The following companies are among those that are taking action to address
greenhouse gases. The lists include companies participating in the
Pew Center’s Business Environmental Leadership Council (BELC)
or the Environmental Protection Agency’s (EPA) Voluntary Cli-
mate Leaders Program. Some companies participate in both.

According to the Pew Center’s web site, members of the Business Environmental
Leadership Council (BELC) are taking any of the following types of action to ad-
dress greenhouse gas emissions: set targets for emissions reductions; implement in-
novative energy supply and demand solutions; participate in emissions trading; and
invest in carbon sequestration opportunities and research. They also agree on sev-
eral beliefs:

1. We accept the views of most scientists that enough is known about the
science and environmental impacts of climate change for us to take actions
to address its consequences.

2. Businesses can and should take concrete steps now in the U.S. and abroad
to assess opportunities for emission reductions, establish and meet emission
reduction objectives, and invest in new, more efficient products, practices and
technologies.

3. The Kyoto agreement represents a first step in the international process, but
more must be done both to implement the market-based mechanisms that
were adopted in principle in Kyoto and to more fully involve the rest of the
world in the solution.

4. We can make significant progress in addressing climate change and sus-
taining economic growth in the United States by adopting reasonable poli-
cies, programs and transition strategies.

According to EPA’s Climate Leaders web site, EPA’s Climate Leaders program is
an EPA industry-government partnership that works with companies to develop
long-term comprehensive climate change strategies. Partners set a corporate-wide
greenhouse gas (GHG) reduction goal and inventory their emissions to measure
progress. By reporting inventory data to EPA, Partners create a lasting record of
their accomplishments. Partners also identify themselves as corporate environ-
mental leaders and strategically position themselves as climate change policy con-
tinues to unfold.
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ABB

Air Products

Advanced Micro Devices, Inc.
Alcan Aluminum Corporation
Alcoa

American Electric Power
Ball Corporation

Baltimore Aircoil Company
Bank of America Corporation
Baxter International
Boeing

BP

California Portland Cement
Calpine

Caterpillar, Inc.

CH2M Hill

Cinergy Corp.

Cummins, Inc.

Deutsche Telekom

DTE Energy

DuPont

Eastman Kodak Company
EMC Corporation

Entergy

Exelon Corporation

Fetzer Vineyards

First Environment, Inc.
FPL Group, Inc.

Frito-Lay, Inc.

GAP Inc.

GE Transportation

General Motors Corporation
Georgia-Pacific

Green Mountain Energy Company

Hasbro, Inc.
Hewlett-Packard Company
Holcim

IBM

Intel

Interface, Inc.
International Paper
Johnson & Johnson
Johnson Controls, Inc.

John Hancock Financial Services

Lafarge North America Inc.
Lockheed Martin

Source:

Mack Trucks, Inc.

Marriott International, Inc.
Maytag

Melaver, Inc.

Miller Brewing Company
National Renewable Energy Laboratory
NiSource Inc.

Noble Corporation

Norm Thompson

Oracle Corporation
Outfitters, Inc.

Novartis

Ontario Power Generation
Pfizer Inc.

PG&E Corporation
Polaroid Corporation
Praxair, Inc.

PSEG

Quad/Graphics Inc.
Raytheon Company

Rio Tinto

Roche Group U.S. Affiliates
Rohm and Hass

Royal Dutch Shell

Shaklee Corporation

SC Johnson

St. Lawrence Cement
Staples, Inc.
STMicroelectronics

Sun Microsystems, Inc.
Sunoco

Target Corporation
Tenneco Automotive

The Collins Companies
The Hartford

Toyota

TransAlta

Tyson Foods, Inc.

U.S. Steel Corporation
United Technologies Corp.
Unilever HPC

Volvo Trucks North America, Inc.
We Energies
Weyerhaeuser

Whirlpool

Wisconsin Energy Corporation
Xerox Corporation

http://www.pewclimate.org/companies _leading _the - way _belc/company _ profiles/

http://www.epa.gov/climateleaders/partners/index.html
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Chairman BOEHLERT. Good morning. It is a pleasure to welcome
everyone here this morning for this important and, I hope, eye-
opening hearing.

We spend a lot of time in Washington talking about what might
or might not be done about climate change in theory, but mean-
while, out in the “real world,” real companies that make real
money, making real products for real people are taking action.

So we ought to be sure that our debate here is informed by the
real experience. We need to understand why your companies are
taking steps to reduce greenhouse gas emissions and what you
have learned through your actions.

I don’t want to say much more than that. I think today’s testi-
mony speaks for itself, and my own views on climate change are
well known.

I just want to thank our witnesses for being here today. I think
that you and your companies are real heroes. You are taking a
broad view while still remaining hardheaded, bottom line-oriented
business people who have an obligation to protect your companies.
But you are putting the enlightened back in self-interest. Some-
where Adam Smith’s invisible hand is applauding.

I thank you for appearing today.

And I recognize Mr. Gordon for any comments he might care to
make.

[The prepared statement of Chairman Boehlert follows:]

PREPARED STATEMENT OF CHAIRMAN SHERWOOD L. BOEHLERT

It’s a pleasure to welcome everyone here this morning for this important and, I
hope, eye-opening hearing. We spend a lot of time in Washington talking about
what might or might not be done about climate change—in theory—but meanwhile,
out in the “real world” real companies that make real money making real products
for real people are taking action.

So we ought to be sure that our debate here is informed by that real experience.
We need to understand why your companies are taking steps to reduce greenhouse
gas emissions and what you've learned through your actions.

I don’t want to say much more than that. I think today’s testimony speaks for
itself, and my own views on climate change are well known.

I just want to thank our witnesses for being here today; I think that you and your
companies are real heroes. You're taking a broad view, while still remaining hard-
headed, bottom-line oriented business people who have an obligation to protect your
companies. But you’re putting the “enlightened” back in self-interest. Somewhere
Adam Smith’s “invisible hand” is applauding.

Mr. Gordon.

Mr. GorDON. Thank you, Mr. Chairman, and good morning. And
as usual, I concur with your remarks. And I want to thank you for
calling this hearing on the voluntary efforts that U.S. businesses
are making to improve their energy efficiency and reduce their
greenhouse gas emissions.

It is refreshing to hear something positive on this issue. The pro-
grams these companies have initiated demonstrate that not all ef-
forts to reduce emissions result in economic losses or put our busi-
nesses at an economic disadvantage.

These programs are obviously not cost-free, but they appear to be
cost-effective. The firms represented here have made investments
that are returning economic and environmental dividends.

The voluntary programs undertaken by these firms and others
can also help us to better understand how far current technologies
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can take us in reducing greenhouse gases and what level of invest-
ment is required to achieve them.

Perhaps the experience gained through this type of voluntary ef-
fort will give us insights into the types of government research and
development efforts we should focus on and the type of adjustment
programs that might be needed to reduce the costs and improve the
effectiveness of technologies that reduce energy consumption and
emissions.

So once again, thank you, Mr. Chairman, for calling this hearing,
and I look forward to hearing from our informed witnesses.

[The prepared statement of Mr. Gordon follows:]

PREPARED STATEMENT OF REPRESENTATIVE BART GORDON

Good morning. Thank you, Mr. Chairman for calling this hearing on the voluntary
efforts that U.S. businesses are making to improve their energy efficiency and re-
duce their greenhouse gas emissions.

It is refreshing to hear something positive on this issue. The programs these com-
panies have initiated demonstrate that not all efforts to reduce emissions result in
economic losses or put our businesses at an economic disadvantage.

These programs are obviously not cost free, but they appear to be cost effective.
The firms represented here have made investments that are returning economic and
environmental dividends.

The voluntary programs undertaken by these firms and others can also help us
to better understand how far current technologies can take us in reducing green-
house gases and what level of investment is required to achieve them.

Perhaps the experience gained through this type of voluntary effort will give us
insights into the types of government research and development efforts we should
focus on and the type of adjustment programs that might be needed to reduce the
costs and improve the effectiveness of technologies that reduce energy consumption
and emissions.

These programs demonstrate that we have technologies available today to reduce
energy use and emissions. We may not be able to address all of our energy and envi-
ronmental security issues through voluntary efforts alone, but the reductions
achieved by these companies show that we can begin to improve our energy effi-
ciency.

I look forward to hearing your testimony and thank you for appearing before the
Committee this morning.

Chairman BOEHLERT. Thank you very much, Mr. Gordon.
[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

I want to thank Chairman Boehlert and Ranking Member Gordon for bringing the
issue of global climate change and the control of greenhouse gases before the Com-
mittee today. I appreciate their continued leadership on science and environmental
policy issues.

I am pleased to hear from businesses that have had the foresight and the capa-
bility to begin developing suitable and equitable approaches in solving this shared
problem of the control of greenhouse gases.

Business leadership is necessary if we are to avoid further catastrophic effects of
our actions on the environment.

One of the most profound challenges we face in the 21st century is the problem
of global climate change.

Time and again, the world’s leading atmospheric scientists have warned us about
the devastating impact of climate change. We now have irrefutable proof of its im-
pact on our economy, our way of life, our health and our children.

Because our country is leading the world in the output of those negative elements
that lead to climate change, I am embarrassed that we are one of the last industri-
alized nations to accept responsibility to clean up our environment.

I realize that solutions may not be easy, quick, or cheap; however, if we do not
address this problem now, future costs will be measured in dire consequences to our
lives and our children’s lives.

Mr. Chairman, I want to acknowledge and applaud TXU and UPS for their clean
air efforts in the right direction in my district. It will take efforts like this where
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businesses, based on their own set of values and their sense of right and wrong,
will step up to the plate and make the right decisions about what effect their com-
panies activities are having on the environment.

An effective program to fight climate change need not involve huge increases in
energy prices or draconian rules that choke industries and damage a company’s eco-
nomic well-being. There are immense business opportunities in creating approaches
to sustainable growth and development.

We must invest in the development of new technologies that will provide new and
environmentally friendly sources of energy that include both conventional and non-
conventional energy sources. We must work with other nations in a cooperative
manner. A well-crafted strategy can address global climate change and maintain our
preeminent economic position in the world.

What gives me hope is the fact that the same science and technology that discov-
ered and produced the harmful effects of climate change is the same type of science
and technology that Congress and businesses can depend on to come up with solu-
tions to the threat climate change poses.

In Texas, a slight change in the average temperature has already begun to ad-
versely affect our inland and marine fisheries, beaches, forest composition, water
supply, agribusiness and health (more Lyme disease and asthma, for example).

The suffering is unacceptable and unnecessary in the richest and most innovative
country in the world. Increasing health care costs strain an already struggling
health care system.

I urge all of my colleagues to look at this issue closely, and I am looking forward
to working with businesses, non-profits and my colleagues to reduce the impact of
carbon emissions from coal-burning plants, greenhouse gases, and other human-gen-
erated pollutants upon our citizens.

[The prepared statement of Mr. Carnahan follows:]

PREPARED STATEMENT OF REPRESENTATIVE RUSS CARNAHAN

Mr. Chairman and Mr. Ranking Member, thank you for holding this hearing.

It is inspiring to hear that the four companies’ represented before us have been
able to simultaneously lower energy costs while voluntarily reducing greenhouse gas
emissions (GHG). The efforts of these companies should be applauded and imitated
by others.

The United States accounts for between one-fifth and one-fourth of current global
GHG emissions annually. These companies have volunteered to help in reducing
GHGs and in doing so have been positive examples. Yet, our nation as a whole has
a responsibility to address our role in GHG emissions and in the larger issue of cli-
mate change.

I believe we can do more in the area of reducing emissions. Earlier this year, I
sponsored an amendment to the Energy Bill that would offer tax credits for hybrid
vehicles to both manufacturers and consumers. I hope that industry and govern-
ment alike can examine areas where everyone can work together to reduce green-
house gas emissions.

I welcome the witnesses to our committee today and look forward to hearing their
testimony. Thank you.

Chairman BOEHLERT. And our distinguished panel, and it is a
very distinguished panel. It consists of Mr. James R. Rogers, Chair-
man and CEO and President of Cinergy Corporation; Dr. Mack
McFarland, Environmental Manager, Fluorochemicals Business,
E.I. DuPont de Nemours and Company.

And for the purpose of an introduction, the Chair recognizes Mrs.
Biggert.

Ms. BIGGERT. Thank you, Mr. Chairman.

It is a privilege for me to introduce Mr. Ron Meissen, a Senior
Director at Baxter International who manages the company’s
worldwide environment, health, and safety resources. With an
MBA and Bachelors and Masters degree in civil engineering, Mr.
Meissen is a 30-year employee of Baxter Global Health Care Com-
pany that produces medical supplies and biopharmaceuticals for
the treatment of hemophilia, immune disorders, kidney disease,
cancer, trauma, and other conditions. Baxter generated $8.9 billion
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in sales in 2003 thanks to the hard work of 51,000 employees at
64 different facilities in seven states, one U.S. territory, and nu-
merous foreign facilities in other countries.

Headquartered in my home state, Baxter is one of Illinois’ great
corporate citizens in part because of its commitment to reducing
energy consumption and associated greenhouse gas emissions. So I
would like to welcome Mr. Meissen to the hearing today.

Thank you, Mr. Chairman. I yield back.

Chairman BOEHLERT. Thank you very much for that commercial.
It is a pleasure to have that introduction.

And our final witness, Dr. Robert Hobbs, Director of Operations,
United Technologies Research Center, United Technologies Cor-
poration.

And T just might add that all of these witnesses are very distin-
guished in their careers and their accomplishments, and I very
much appreciate, gentlemen, you serving as resources for this com-
mittee, because we have so much to learn from people with real-
life experiences in the “real world.” Sometimes we are insulated
frolrln the “real world,” so we welcome the “real world” to Capitol
Hill.

With that, let me start out with Mr. Rogers, who will be—oh, let
me also add that the Whirlpool Corporation has submitted testi-
mony, and we appreciate that, for the record. (See Appendix 2: Ad-
ditional Material for the Record.)

Mr. Rogers, and all of the witnesses, your full statements will ap-
pear in their entirety in the record. We would ask that you try to
summarize your remarks, which will afford us ample opportunity
to sort of pick your brains some more.

Mr. Rogers, welcome.

STATEMENT OF MR. JAMES E. ROGERS, CHAIRMAN, CEO, AND
PRESIDENT, CINERGY CORPORATION

Mr. ROGERS. Thank you, and good morning.

I appreciate the opportunity on behalf of Cinergy to testify today
at what I hope will be a series of hearings on the issue of global
warming.

My name is Jim Rogers. I am the CEO of Cinergy. We serve ap-
proximately 1.5 million customers in Ohio, Indiana, and Kentucky.
As you know, we have recently announced a merger with Duke En-
ergy, which is headquartered in Charlotte, North Carolina.

As a Midwest utility, coal fuels most of our generating plants.
We burn approximately 30 million tons of coal a year. That makes
us the fifth largest consumer of coal. And despite this utilization
of coal, which is one of our greatest resources in this country, we
recently, in fact, in 2003, announced a voluntary commitment to re-
duce greenhouse gas emissions to five percent below our 2000 lev-
els and to do this by the period 2010 to 2012.

To reach that goal, we are going to spend over $21 million on a
variety of projects that we anticipate, with these projects, cutting
about 30 million tons of greenhouse gas emissions.

We are not alone in this country in industrial America in terms
of working to reduce greenhouse gas emissions. There are 94 For-
tune 500 companies that are working today to reduce emissions.
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The question you are probably asking yourself is: “Why would a
primarily coal-burning utility in the Midwest take on such a com-
mitment?” And as I think about it, I look back over the last decade
and we spent $1.7 billion to reduce the emissions of SOx, NOx, and
Mercury from our plants. We are looking, over the next five years,
to spend roughly $1.8 billion to reduce SOx, NOx, and Mercury
from our plants.

My position and our company’s position on the issue of global
warming has evolved. This is not an overnight recognition on our
part. We have opportunities for research and participate in domes-
tic and international economic and environmental discussions, and
from these various vantagepoints, we have come to believe several
things. One is the world is warming. Two, human activities have
contributed to the warming. Thirdly, and this is the part that
needs more work, it is not clear, and I don’t think we fully under-
stand what the impact should be.

But understanding all of that, it has led us to the conclusion that
the prudent path at this point in time is to take actions today to
prepare to live in a carbon-constrained world tomorrow.

But the question you have to ask is, and I have asked myself is:
“What if we were wrong. What if the scientists that say this is a
problem are wrong? Will the steps we have taken be inappropriate?
Will it leave the world in a worse spot than it would have been oth-
erwise?”

And I believe the answer is simply this. As we work to reduce
greenhouse gas emissions, we will work to create environmentally-
friendly technologies. We will be pursuing methods of saving en-
ergy far more efficiently than we have before. We will be working
in this country to lower our dependency on foreign oil by encour-
aging the development of numerous auto fuel sources. These advan-
tages can shape our economy into one that is cleaner and more self-
reliant, and who can argue with that outcome?

In our 2004 annual report, we did something quite different. We
focused on the issue of global warming. And the headline was, “Can
we find common ground?” So rather than rely on all of the smart
people, the scientists, and all of the others, we went to the people
who have a stake in our company: the investors, the employees, the
customers, policy-makers. And we asked them: “How should we, as
a company, be thinking about this issue?”

And I would urge you to look at our website, because you could
see our annual report there, and you could look at what people
were saying. But let me quickly tell you the signposts that have
motivated us to deal with this issue.

One signpost is the states are increasingly taking on the role of
regulation of greenhouse gas emissions. Just look across this coun-
try, and there are over eight states that are now either registering
your CO»> emissions or looking at ways to regulate it.

Congress is continuing to look at this issue as signpost two. Not
only is this committee addressing how businesses are reacting to
global warming, the Senate, as you know, has been tackling the
issue in a number of ways.

We believe that the Clear Skies legislation that is now pending,
this multi-emission legislation, is stalled because of the lack of
progress on carbon.
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The third signpost that we see is that Kyoto was approved, and
we believe that can have possible trade implications going forward.

And the fourth point that I would highlight is that our share-
holders are increasingly asking companies to quantify their green-
house gas emissions. Several years ago, we had a shareholder pro-
posal, and that has helped stimulate and accelerate our thinking
on these important issues.

The other signpost I would mention is that trading markets are
developing both here and abroad, and so smart people that make
money from having markets develop are already anticipating that
this is going to be an issue and that there will be a trading of emis-
sion allowances from reduction of COx.

And the last point I would make is as you look around our soci-
ety, look at the movies, look at the books, and look at the cover of
Business Week and the cover of National Geographic, it is all about
global warming. It is in the consciousness of people across this
country.

So our—my challenge to you, and the challenge that we have, is
to find a way to reduce emissions, to find a way to invest more in
technology, and to make sure that we have technology to do that.

And I would say in conclusion that we have invested in IGCC
coal gasification. We were one of two companies that participated
in a project in the early 1990s. We built a coal gasification facility
using Dow technology. And we are currently in negotiation with
GE and Bechtel to build another coal gasification. We believe that
is an important technology to allow us to utilize one of the greatest
resources we have in this country, and that is coal.

Thank you, Mr. Chairman.

[The prepared statement of Mr. Rogers follows:]

PREPARED STATEMENT OF JAMES E. ROGERS

Good Morning. My name is Jim Rogers, I am Chairman, CEO and President of
Cinergy. Cinergy was formed ten years ago by the combination of PSI Energy in
Indiana and Cincinnati Gas & Electric. As you know, Cinergy also recently an-
nounced a merger with Duke Energy based in Charlotte, North Carolina.

Let me tell you a bit about our company before I explore our interest in green-
house gas emission policies.

Cinergy serves approximately 1.5 million customers in Ohio, northern Kentucky
and much of Indiana. We operate nine coal-fired generating stations that burn al-
most 30 million tons of coal per year.

As a Midwest utility Cinergy has ample access to coal. And with rising natural
gas prices, coal is the most economical choice for supplying our customers with elec-
tricity. Despite our generating choice, in 2003 Cinergy committed to reducing our
greenhouse gas emissions to five percent below 2000 levels during the period of 2010
and 2012. To reach that goal we are spending $21 million to fund projects through
the remainder of the decade. We plan on reaching the goal despite a growing de-
mand for electricity in our region, and taking into account the electricity penalty
we will realize when the bulk of our generating units are outfitted with pollution
control equipment to meet new Environmental Protection Agency regulatory re-
quirements.

All in all we expect that we will need to cut greenhouse gas emissions by a total
of 30 million tons.

While electric rates in the Midwest are likely to increase as a result of pollution
control expenditures to reduce sulfur dioxide, nitrogen oxide and mercury, no in-
creases will be due to our carbon commitment.

We made our decision to reduce GHG emissions despite the fact that there cur-
rently is no commercially viable method of capturing and sequestering carbon from
coal fired power plants. However there are new technologies on the horizon and re-
search on carbon capture and sequestration applications will and must continue to
keep coal a viable and necessary fuel for the future.
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In fact, Cinergy is completing a feasibility study on the construction of an Inte-
grated Gasification Combined Cycle power plant (IGCC)—the state of the art coal
plant technology available to us today. It is relatively easier and less energy inten-
sive to capture CO2 from an IRC’s high pressure synthesis gas than from conven-
tional pulverized coal flue gas. In addition, sulfur dioxide, nitrogen oxide and mer-
cury emissions are substantially reduced with IGCC technology and because it is
more efficient even without carbon capture components, it does reduce carbon emis-
sions.

According to industry analysts’ estimates, the cost of IGCC is 10—20 percent more
then traditional pulverized coal. Those costs will come down, however, if the appro-
priate incentives are made available and we are able to deploy five or more facilities
over the next decade. It is also a technology that is a necessary component of any
international technology transfer program. Developing countries that today operate
plants without even the simplest of pollution control equipment can with tech-
nologies such as IGCC begin reducing all emissions more efficiently and completely.

Let me turn to the subject at hand. Why has Cinergy taken on this commitment
and why expend so much attention on greenhouse gas emissions?

I spend a good deal of my time, not just in running the company—but also in re-
searching and participating in domestic and international economic and environ-
mental conferences so that I can appropriate the wisdom from those venues back
to our shareholders and all of our stakeholders. Over the past several years I have
developed a better understanding of climate change and I see the debate in the sci-
entific world honing in on a few basic facts: that the world is warming and that
human activities have contributed to the warming. What the impacts will be I don’t
think we yet fully understand.

Because of this, I believe people increasingly will believe that greenhouse gas
emissions should be reduced and that actions should begin today to prepare for that
eventuality.

But what if I and the multitude of scientists and industries agreeing with that
premise are wrong? If we approach this issue appropriately, then we will have
worked to create new environmentally friendly technologies, pursued methods of
saving energy far more efficiently and work to lower our dependence on foreign oil.
We will have advanced to a multitude of fuel sources and technological configura-
tions that will help move our economy into a cleaner and more self reliant future.
And I don’t know anyone that can argue effectively against that outcome.

Let me share with you some of what I call signposts that I have observed over
the past several years which helped guide me to the development of our position
today. We published these signposts in our 2004 annual report because we chose
not to ignore the issue of greenhouse gases but to address it in a positive manner.

Signpost #1
The states are taking action

Four states have an overall cap on GHG emissions and two have a cap on power
plant CO, emissions. Eight states regulate GHG emissions. And, eight states have
filed suits against Cinergy and four other utilities to curb their GHG emissions,
while others are involved in suits with EPA over the need to regulate carbon.

A coalition of nine northeast states has initiated the regional greenhouse gas ini-
tiative which would create a regional market based cap and trade program.

Governor Schwarzenegger of California an executive order identifying a goal to re-
duce emissions including:

e By the year 2010, to reduce California’s GHG emissions to less than those
produced in 2000.

e By 2020, to reduce GHG emissions below 1990 levels.
e By 2050, reduce overall emissions a full 80 percent below 1990 levels.

He noted that the state is going to accelerate the timetable to get more energy
from renewable sources 20 percent by 2010 and a third by 2020.

These sources include solar, wind, geothermal, and biomass from agriculture and
other waste.
b ’£he(>1 state’s fleet of government vehicles, all 70,000 of them, will be replaced with

ybrids.

Signpost #2
increasing number of Members of Congress are expressing concern
about global warming.

While in 1997 the U.S. Senate voted to reject the Kyoto Protocol, that did not
mean they were rejecting the issue. I think that it is important to remember that
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the ratified 1992 Agreement of the Parties has an objective of stabilizing atmos-
pheric greenhouse gas concentrations “at a level that prevents dangerous anthropo-
genic interference with the climate system” has never been refuted.

Senators McCain and Lieberman have introduced and modified their climate re-
duction proposal and those voting favorably have increased even though there are
still not enough votes to pass the Senate.

Multi-Emissions legislation, which I have championed for years, sadly can’t move
past the Senate Environmental and Public Works Committee because the issue of
climate remains unresolved. That hurts the utility industry and its customers be-
cause also unresolved are rules that regulate sulfur dioxide, nitrogen oxide and mer-
cury as well—all which will undoubtedly cost rate payers millions in unneeded ex-
penditures because the roadmap for an eventual solution to those issues will be tied
up in courts for years.

Signpost #3
Kyoto has been approved by 38 Industrial nations this year.

Europe wants to accelerate GHG mitigation and some countries, including Tony
Blair with whom I met yesterday, are interested in exploring what lies beyond
Kyoto’s 2012 expiration.

I think that it is also important to consider that while industry in Europe is man-
dated to deal with emissions reductions, that issue could become increasingly
confrontational in trade discussions as the lack of a U.S. policy could possibly be
considered a trade subsidy.

Signpost #4
A growing number of shareholders are asking companies to quantify the
risks associated with GHG emissions.

Increasingly investor groups are asking utilities and other companies to quantify
their GHG emission risks and to determine what steps are being taken to manage
those risks.

The assets of socially responsible mutual funds are growing faster then the mu-
tual fund industry as a whole.

And, the California Public Employee Retirement System (CalPERS) announced
that it will sign onto the Global Carbon Disclosure Project, an international effort
to improve the transparency of business risks associated with climate change.

Signpost #5
CO; and GHG emissions trading markets are developing in Europe and the

The EU initiated its emissions trading scheme this year and facilitates the trad-
ing of CO, allowances among 12,000 EU industrial installations.

The Chicago Climate Exchange established in 2003, has grown from 13 to 85
members.

Signpost #6
Global Warming is becoming part of our everyday consciousness.

The issue served as cover stories for Business Week and National Geographic in
2004.

And this past Saturday’s New York Times included a front page story discussing
world-wide technology advances in energy efficiency. The story highlighted countries
that have outperformed the U.S., from Japan with its newly manufactured kilowatt
saving refrigerators and air conditioners to Germany with its impressive new fuel
efficient homes and to Singapore which is placing new restrictions on autos to en-
courage increased bus and rail usage.

Increasingly, U.S. businesses are stepping up to take action. Not just in the utility
industry but if you look at the President’s voluntary climate reduction program, nu-
merous business have made commitments to reduce emissions. Even Exxon-Mobile
is now advertising voluntary actions it is taking to reduce its impact on climate
trapping emissions.

But what does all of this domestic and international activity mean for the U.S.?
While other countries are incentivizng new technologies in a comprehensive fashion,
we are arguing about what to do. And where will those other countries take those
technologies? To China which according to the New York Times consumes 11.5 times
the energy of Japan to produce the same industrial output.

Despite the fact that Japan is far from meeting its Kyoto target—it is already
moving from industry to home and automobile—in attempts to dramatically increase
efficiency and alternative vehicle use. And who is dominating the world market on
hybrid vehicle sales? The Japanese car manufacturers. Meanwhile Japan has nearly
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tripled its industrial output from 1973 to today while keeping its overall energy con-
sumption roughly flat.

While the world is deploying leapfrogging technology in an effort to deal with cli-
mate change, the U.S. lags sorely behind; concerned that movement to address the
climate issue might create some kind of economic instability.

So how do you and we in industry alter the climate paradigm?

I think that it will require a number of steps—smaller steps then embracing
Kyoto that will set us on the right path.

First, again, there are aspects of climate science that are indisputable even
thought significant additional scientific work remains to refine the unknowns.

O COg is at its highest concentrations in the past 400,000 years
O The Earth is getting warmer
O The warming is caused by a combination of human and natural processes.

Second, I think that we have all recognized that Kyoto was a 10,000 pound go-
rilla, and too much for the U.S. to tackle. As a result, I think that it is important
to eliminate the linkage between any kind of carbon reduction policy and Kyoto.

While I believe that the best approach to climate is an economy wide approach—
I think the path there may need to be more creative and perhaps even incremental
in order to demonstrate the ability to control emissions in an economically viable
way.

Whatever emission reduction approach is adopted, I believe that coupling it with
legitimate methods of advancing technology is crucial. I know that this committee
focuses on Research and Development. I believe that taking a hard look at what pro-
grams are funded and what can be jump-started in order to bring them closer to
commercial adaptation is important. Much of the discussion on R&D tends to focus
on the R and not so much on the D—development or what I think we need to see
is Deployment. Getting these technologies into the marketplace earlier and more ef-
fectively is an issue that I believe is often overlooked.

And, I think that beyond traditional government programs, the development of
technology funds to help offset the costs of meeting emission reduction targets can
work, not only by spreading out the cost of those targets throughout the entire econ-
omy but by also helping the U.S. regain the lost momentum to lead the energy effi-
ciency technology race. Ideas abound about how to fund these off budget—and they
may not be practical right now—however beginning the discussion is important if
optimal solutions to meeting a greenhouse gas reduction target are to be utilized.

Third, I also think it’s important to greatly simplify the implementation of taking
on emission reduction commitments. As a Utility company executive I am mystified
each and every time the issue of meeting climate reduction programs or even the
development of a voluntary registration of emissions arises, with it surfaces the host
of issues that makes a solution all but impossible. How do you deal with past ac-
tions, additionality, every household and homeowner taking on a commitment? The
Answer: Don'’t.

Let’s not follow the complicated example of our friends across the “pond” that
have developed hundreds of varying allocation rules for every industry or fuel type.
Keep it simple. Make a forward looking commitment, meet it and if you go below
it—allow those tons to be used to trade with others.

And finally as the Committee continues to examine greenhouse gas emissions I
would urge you to be creative. This commitment in my own company has empow-
ered our employees to creatively address how best to meet that commitment. The
Acid Rain Program reforms to command and control regulations helped minimize
the role of the government in business decisions and unleashed the power of the
market by making reductions a good investment. This is the one of the economically
efficient paths forward. To take another approach provides naysayers with the un-
wavering momentum that challenges the possibility of forward movement.

I believe that the country needs leadership in this area. I don’t believe that I am
being disloyal to the President whom I support, to Congress or to my shareholders
when I say that the time is now to move positively toward reachable goals that will
not only put us on track to operate in a greenhouse constrained environment, but
on a track that will also make this country the technological leader it once was and
can be again.

Measuring Baseline GHG Emissions

The table below summarizes Cinergy’s baseline 2000 GHG emissions. Cinergy is
reporting corporate-wide GHG emissions that include all of Cinergy’s business ac-
tivities.
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Legacy Electricity Generating Units 69,768,000
Merchant Electricity Generating Units 0
Fugitive Natural Gas 409,000
Cinergy Solutions Projects 3,454,000
Fleet Vehicles 36,000
SF¢ Emissions 176,000
Total CO; equivalent emissions 73,843,000
Cinergy’s GHG emissions s goal 70,151,000

Cinergy GHG Goal Reductions

Cinergy chose to adopt a voluntary GHG emissions cap of five percent below
Cinergy’s 2000 GHG emissions for the period 2010 through 2012 because we wanted
to emphasize on-system GHG reductions. Cinergy could have chosen a different goal
such as committing to reduce our GHG emissions one (1) percent per year beginning
2004. However, such a commitment would probably have to be met through the pur-
chasing of offsets. To identify, design, and implement on-system reductions will re-
quire a certain amount of lead-time. Cinergy believes that the results of on-system
reductions will be much more beneficial to the Company and to the electric industry
in general. Cinergy designed its GHG goal to provide an opportunity for the Com-
pany to first explore implementation of cost-effective on-system methods of reduc-
tions.

Part of Cinergy’s GHG Management Goal was a pledge to spend up to $21 million
on COz reducing and offsetting projects from 2004 to 2010. In 2004 and 2005
Cinergy allocated $3 million in each year to various projects designed to reduce, off-
set, or provide research in the reduction of Cinergy’s CO2 emissions. The projects
selected by the internal Cinergy GHG Management Committee included:

Markland Dz;m Control ﬁpgrade ' 7,400
Wind & Solar Demonstration Projects 68
Heat Rate Improvement Projects to Various 349,882
Cinergy Electric Generating Units

Purchase of Hybrid Vehicles 26
Reforestation Project 1,000
Energy Conservation 62
Research and Development Project 0
Total Annual CO, Reductions 358,438




19

i—Iea Rate proveme Prject; to \Arlo(l ‘ I 206,387
Cinergy Electric Generating Units

Energy Conservation with Cinergy 16,764
Customers

Wind & Solar Demonstration Projects 37
Purchase of Hybrid Vehicles 65
Reforestation Project 350
Research and Development Project 0
Total Annual CO, Reductions 223,585

Prior to 2004 Cinergy has implemented a number of projects and activities specifi-
cally for the reduction of GHG emissions or for other business reasons that have
reduced or offset our GHG emissions in the following areas:

e Power plant efficiency
e Combined heat and power
Landfill gas capture and electric generation
e End-user energy conservation
e Renewable energy generation
o Terrestrial sequestration
e SFg usage reduction
e Fly ash reuse
e Materials recycling

These past and future projects and activities that are not directly connected to
the expenditure of the $21 million will continue to reduce GHG emissions.

The table below presents the amount of GHG reductions or offsets for each of the
project categories. Emission reductions for 2004 are still being calculated.

Power Plant Efficiency 122,000 109,000 241,000
Combined Heat & Power 1,552,000 1,450,000 1,756,000
Landfill Gas' 1,021,000 1,177,000 899,000
End-User Conservation 750,000 748,000 743,000
Natural Gas Recovery 0 14,000 13,000
Renewable Energy 0 0 10
Terrestrial Sequestration 47,000 39,000 39,000
SF¢Reductions 7,000 71,000 63,000
Alternative Fleet Fuels 120 120 100
Beneficial Reuse of Fly Ash 109,000 138,000 168,000
Materials Recycling 15,000 13,000 0
Total Reductions & Offsets 3,624,000 3,760,000 3,921,000

1 Landfill gas (methane) only include Cinergy’s ownership share of the landfill gas reductions made at
various landfills where Cinergy has an ownership interest in the landfill gas collection system and/or the
electric generation.

The table below provides aggregated data for Cinergy’s GHG emissions and reduc-
tions for the years 2001 through 2003. Data for 2004 is still being aggregated. The
company’s reduction target is based on Cinergy’s baseline emissions that include its
large generating plants, non-regulated generating plants, combined heat and power
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plants, fugitive natural gas emissions, SF6 emissions, and emissions from fleet vehi-
cles.

Cinergy GHG Emissions 66,608,000 | 66,443,000 | 68,324,000
TQtal GHG Offsets 3,624,000 3,760,000 3,921,000
Cinergy Net GHG Emissions 62,984,000 | 62,683,000 | 64,403,000
Cinergy GHG Goal 95% of

2000 GHQ Emissions 70,155,000 | 70,155,000 | 70,155,000
GHG Emissions Over/Under -7,171,000 | -7,472,000 | -5,752,000
Goal o

The reader should not assume that Cinergy has already met its GHG goal of re-
ducing its GHG emissions more than the five percent below our 2000 GHG emis-
sions. While Cinergy’s GHG emissions were below our year 2000 corporate baseline
emissions of more than 73 million tons, the lower emissions are due to the slow
economy in 2001 and 2002 and mild summer and winter weather in 2002 and 2003.
GHG emissions in 2003 were higher because of increased economic activity. The
slow economy and mild weather lowered demand for electricity so Cinergy generated
less and therefore lower associated GHG emissions. Cinergy cannot predict future
weather or economic conditions with absolute certainty. Cinergy uses internal mod-
els to project electricity demand into the future. Based on certain scenarios modeled
during evaluation of the Cinergy GHG goal, Cinergy anticipates that the demand
for electricity will grow and that our GHG emissions will exceed our 2000 baseline
emissions anywhere from one million tons to more than 12 million tons annually
during the 2010 through 2012 time period.

BIOGRAPHY FOR JAMES E. ROGERS

Mr. Rogers, 57, has been CEO for more than 16 years—at PSI and now at
Cinergy. Prior to the formation of Cinergy, he joined PSI Energy, Inc., in 1988 as
the company’s Chairman, President and Chief Executive Officer. Prior to joining
PSI, he was Executive Vice President, Interstate Pipelines for the Enron Gas Pipe-
line Group. Before joining Enron Corp., Mr. Rogers was a partner in the Wash-
ington, D.C. office of Akin, Gump, Strauss, Hauer & Feld (a law firm based in Dal-
las, Texas). He represented energy companies before the Federal Energy Regulatory
Commission (FERC), the Department of Energy, various Congressional committees
and federal courts.

Immediately before joining Akin, Gump, Strauss, Hauer & Feld, Mr. Rogers was
Deputy General Counsel for Litigation and Enforcement of the FERC. In this posi-
tion he directed all aspects of the FERC’s litigation and enforcement. Previously,
Mr. Rogers served as Assistant to the Chief Trial Counsel at the FERC, as a Law
Clerk for the Supreme Court of Kentucky, and as Assistant Attorney General for
the Commonwealth of Kentucky, where he acted as intervener on behalf of State
consumers in gas, electric, and telephone rate cases. He was a reporter for the Lex-
ington (Kentucky) Herald-Leader from 1967 to 1970.

Mr. Rogers has served more than 38 years cumulatively on the boards of Fortune
500 companies. He is currently a director of the following corporations: Cinergy
Corp., Fifth Third Bancorp and Fifth Third Bank. He serves as 2nd Vice Chairman
of the Board, is on the Executive Committee and is Chairman of the Strategic Plan-
ning Committee of the Edison Electric Institute. He previously served as Chairman
of the Environmental Policy Committee. He also serves on the Board of the Amer-
ican Gas Association and the U.S. Chamber of Commerce.

Mr. Rogers also serves on numerous civic boards and has published numerous ar-
ticles on energy and environmental issues. He formerly served as director of the fol-
lowing corporations: Duke Realty Corp., Bankers Life Holding Corporation; A O
Irkutskenergo (a Russian hydroelectric/coal-fired steam utility), INB (Indiana Na-
tional Bank) and NBD Indiana Inc. He has testified before Congressional Commit-
tees 13 times since 1989.

Mr. Rogers attended Emory University (Atlanta, Georgia) and holds a B.B.A. and
J.D. degree from the University of Kentucky, where he was a member of the Ken-
tucky Law Journal and Beta Gamma Sigma (Academic Honorary Society). He was
named to the Hall of Fame at the Carol Martin Gatton College of Business and Eco-
nomics and the Hall of Fame of the College of Law, both of the University of Ken-
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tucky. He also received an honorary Doctor of Law degree from Indiana State Uni-
versity.

Chairman BOEHLERT. Thank you very much, Mr. Rogers.

Dr. McFarland.

STATEMENT OF DR. MACK McFARLAND, ENVIRONMENTAL
MANAGER, FLUOROCHEMICALS BUSINESS, E.I. DuPONT DE
NEMOURS AND COMPANY

Dr. MCFARLAND. Good morning, Chairman Boehlert, Mr. Gordon,
and members of the Committee.

My name is Mack McFarland, and I am the Global Environ-
mental Manager for DuPont’s Fluorochemicals Business.

In that role, I advise our worldwide operations on a range of en-
vironmental and business matters. I appreciate this opportunity to
share our experiences regarding greenhouse gas emission reduc-
tions with you.

DuPont is a science-driven company with a commitment to safe-
ty, health, and environmental protection. We use science to derive
products and services that improve the quality and safety of peo-
ple’s lives. We also use science to drive how we develop, manufac-
ture, and manage our products throughout their life cycle.

As a 200-year-old company, we take the long view and strive for
sustainable growth that benefits our shareholders, the societies in
which we operate, and the global environment. It is that commit-
ment to sustainable growth and the science that underpins our ap-
proach to global climate change.

Our experience with climate change actually began with another
global environmental issue, stratospheric ozone depletion. DuPont
developed the first fluorochemical refrigerating gases, CFCs, in the
1930s. In the 1970s, when it was proposed that CFCs might de-
plete stratospheric ozone, DuPont delved into the science. In 1988,
based on the scientific consensus presented in the International
Ozone Trends Panel Report and our evaluation of that science, we
voluntarily and unilaterally committed to phase out CFCs.

We also used our science capabilities to lead in the development
of alternative products to meet the growing societal demand for air
conditioning and refrigeration. This experience with the CFC ozone
issue provided us with a keen understanding of the implications of
environmental issues that are global in scope and decades to cen-
turies in duration.

Global climate change was a natural extension of this experience.
With the beginning of the negotiations of the UN Framework Con-
vention on Climate Change, we again delved into the science. We
concluded that the scientific understanding, while imperfect, was
certainly sufficient to indicate a legitimate issue. In 1991, we took
a hard look at our own greenhouse gas emissions and realized that
they were not insignificant. While we recognize that it would take
concerted global action across all economic sectors to address global
climate change, we determined that we needed to take responsible
action and reduce our own emissions footprint.

The largest contributors to our footprint were unintended by-
product emissions, nitrous oxide associated with the manufacture
of a key raw material for nylon, and HFC-23 associated with the
manufacture of a fluorochemicals refrigerant.
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We set aggressive goals to reduce our greenhouse gas emissions
by 40 percent on a global carbon equivalent basis by the year 2000,
using 1990 as a base year. We also set goals to address carbon di-
oxide emissions from energy use, aiming to keep energy use flat,
even as production grew.

By the year 2000, we exceeded our original goals globally. In
1999, with our 2000 goals in sight and the scientific case for cli-
mate change continuing to strengthen, we reaffirmed our commit-
ment to action on greenhouse gases and set aggressive new goals
for the year 2010. We committed to reduce our global carbon equiv-
alent greenhouse gas emissions by 65 percent, using 1990 as a base
year. We committed to continue to hold our global energy use flat.
And finally, we committed to acquire 10 percent of our global en-
ergy in the year 2010 from renewable resources. By the year 2004,
we had exceeded the emission reduction goal and had held energy
use flat while global production grew by over 30 percent.

We are also making steady progress on our renewable energy
goal. We have spent over $50 million to achieve the byproduct
emission reductions and have made additional investments in en-
ergy efficiency. On the other hand, achieving the energy flat goal
has saved us over $2 billion.

In conclusion, first, we determined that enough was known about
global climate change to provide a basis for concern and warrant
prudent action on our part. Second, we set and achieved aggressive
greenhouse gas emission reduction goals that, while costly to pur-
sue, have created an overall cost savings for the company due to
reduced energy use. Third, we believe that climate change is clear-
ly an environmental, social, and economic challenge and must be
addressed with all of these aspects in mind. Fourth, although we
have no regrets over taking these actions, we do have a concern
that developing policy regimes around the world do not adequately
account for the actions of early movers. This can place the early
movers at a competitive disadvantage and act as disincentives to
others to step up with bold, voluntary action.

Thank you. I will be happy to answer any questions.

[The prepared statement of Dr. McFarland follows:]

PREPARED STATEMENT OF MACK MCFARLAND

Good morning Chairman Boehlert, Mr. Gordon, and Members of the Committee.
My name is Mack McFarland, and I am the Global Environmental Manager for
DuPont’s fluorochemicals business. In that role I advise our worldwide operations
on a range of environmental and business matters. I appreciate this opportunity to
share our experiences regarding greenhouse gas emission reductions with you.

DuPont is a science driven company with a commitment to safety, health and en-
vironmental protection. We use science to derive products and services that improve
the quality and safety of people’s lives. We also use science to drive how we develop,
manufacture and manage our products throughout their life cycle. As a 200-year-
old company we take the long view, and strive for sustainable growth that benefits
our shareholders, the societies in which we operate and the global environment. It
is that commitment to sustainable growth and dedication to science that underpins
our approach to global climate change and greenhouse gas emissions reductions.

Our experience with greenhouse gas reductions actually began with another glob-
al environmental issue; stratospheric ozone depletion. DuPont developed the first
fluorochemical refrigerant gases, chlorofluorocarbons, or CFCs, in the 1930s. They
were developed as safe alternatives to the more dangerous refrigerants then in use,
such as ammonia. In the 1970s when it was proposed that CFCs might deplete
stratospheric ozone DuPont delved into the science. In 1988, based on the scientific
consensus presented in the International Ozone Trends Panel Report, and our eval-
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uation of that science, we voluntarily and unilaterally committed to phase out CFCs.
We also used our science capabilities to lead in the development of alternative prod-
ucts to meet the growing societal need for air conditioning and refrigeration. This
experience with the CFC/ozone issue provided us with a keen understanding of the
implications of environmental issues that are global in scope and decades to cen-
turies in duration.

Global climate change was a natural extension of this experience. With the begin-
ning of negotiations for the UN Framework Convention on Climate Change we
again delved into the science. We concluded that the scientific consensus, while im-
perfect, was certainly sufficient to indicate a legitimate issue.

In 1991 we took a hard look at our own greenhouse gas emissions and realized
that they were not insignificant. While we recognized that it would take concerted
global action across all economic sectors to address global climate change, we deter-
mined that we needed to take responsible action to be part of the solution, and to
reduce our own emissions “footprint.” The largest contributors to our footprint were
unintended by-product emissions associated with manufacture of a key raw material
for nylon and with manufacture of a fluorochemicals refrigerant; nitrous oxide from
our nylon plants and trifluoromethane or HFC-23 from some of our fluorochemical
plants. Both have significant global warming potentials.

We set aggressive goals to reduce our global greenhouse gas emissions by 40 per-
cent on a carbon-equivalent basis by the year 2000, using 1990 as a base year, with
most of our actions targeted at nitrous oxide and HFC-23. We built a detailed in-
ventory of our global emissions and a system to search out the lowest cost emissions
reductions in our global operations, as well as a system to track and publicly report
our ongoing emissions. We also set goals to address carbon dioxide emissions from
energy use, aiming to keep energy use flat even as production grew.

We recognized that this was a significant undertaking that needed to be done in
as flexible and cost effective a manner as possible. This, of course, is as true for
a national or global program as it is for a single company’s actions. The byproduct
emissions were reduced both by traditional abatement technologies and, more im-
portantly, by changing our manufacturing processes to avoid producing them in the
first instance. We pursued our energy goals through a wide variety of large and
small projects, including everything from expanding our use of highly efficient co-
generation to changing light bulbs in our offices.

So, how have we done against these goals? By the year 2000, we exceeded our
original goals globally. In 1999, with our 2000 goals in sight and the scientific case
for climate change continuing to strengthen, we reaffirmed our commitment to ac-
tion on greenhouse gases and set aggressive new goals for the year 2010.

o First, we committed to reduce our global carbon-equivalent greenhouse gas
emizs*sions by 65 percent using 1990 as a base year (vs. our original 40 percent
goal).

o Second, we committed to continue to hold our global energy use flat using
1990 as a base year. The achievement of this goal will require that our busi-
ness growth be much less raw material and energy intensive than in the
past—ha move that is very consistent with our overarching goals of sustainable
growth.

o Third, we have committed to acquiring 10 percent of our global energy use in
the year 2010 from renewable resources. We want to show that we are serious
about the need for renewable energy to be a part of our future. We also want
to indicate that we are prepared to work with energy suppliers and others
to develop a robust renewable energy market.

We have been making steady progress on our 2010 goals. Through a technology
breakthrough in our fluorochemical operations, we have reduced our global carbon-
equivalent emissions by over 72 percent. We also continue to hold our energy use
flat while our global production has grown over 30 percent since 1991. This has re-
sulted in a reduction of 420 million cumulative metric tons of greenhouse gas emis-
sions from our global operations versus business as usual. We are also making solid
progress in meeting our renewable energy goal with about five percent of our cur-
rent energy use from renewable resources such as wind, hydropower and landfill
gas.

In 2004 we divested our nylon business and we are now in the process of recalcu-
lating our goals by subtracting the emissions of that business from both our 1990
baseline and from the emissions for subsequent years. We will of course make the
recalculated goals public.

Let me share with you a few of the things we have learned from our experience
with reducing greenhouse gas emissions.
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e First, these kinds of reductions are not a simple matter and have economic
ramifications. We have spent over $50 million dollars in our efforts to reduce
nitrous oxide and HFC-23, as well as spending on energy efficiency projects.

e That leads me to a happier second key learning—the sort of programmatic
actions necessary to address greenhouse gases can lead to unexpected bene-
fits. Our hold-energy-use-flat goal has helped us to focus effort on energy sav-
ings activities and projects that might not have otherwise risen far enough
up on our capital spending priorities to have been pursued. The result? We
have saved over $2 billion dollars on energy costs since 1991, and this is the
“gift that keeps on giving” in ongoing operating cost savings.

e Third, as various greenhouse gas emissions policy regimes develop around the
world there seems to be little effort to take account of the actions of early
movers like ourselves. This can place the early movers at a competitive dis-
advantage and act as a disincentive to other entities to step up with bold vol-
untary actions.

In conclusion:

e We determined that enough is known about global climate change to provide
a basis for concern and warrant prudent action on our part;

e We have set and achieved aggressive greenhouse gas emissions reduction
goals that while costly to pursue, have created an overall cost savings for the
company due to reduced energy use;

¢ Climate change is clearly both an environmental and economic challenge and
must be addressed with both of these aspects in mind.

Thank you. I will be happy to answer any questions.

BIOGRAPHY FOR MACK MCFARLAND

Summary CV

Mack received a B.S. in chemistry from the University of Texas at Austin in 1970
and a Ph.D. in Chemical Physics from the University of Colorado in 1973. From
1974 through 1983, first as a Post-Doctoral Fellow at York University and then a
research scientist at the NOAA Aeronomy Laboratory, Mack planned, conducted and
interpreted field experiments designed to probe the cycles that control atmospheric
ozone concentrations. These studies included measurements of gases and processes
important to the global climate change issue. In late 1983 Mack joined the DuPont
Company. His primary responsibilities have been in the areas of coordination of re-
search programs and assessment and interpretation of scientific information on
stratospheric ozone depletion and global climate change. During 1995 and 1996,
Mack was on loan to the Atmosphere Unit of the United Nations Environment Pro-
gramme and in 1997 he was on loan to the Intergovernmental Panel on Climate
Change (IPCC) Working Group II Technical Support Unit. The value of his contribu-
tions to DuPont has been recognized through a C&P Flagship Award, Environ-
mental Respect Awards, and Environmental Excellence Awards. In 1999, Mack was
awarded an individual Climate Protection Award by the U.S. Environmental Protec-
tion Agency for his contributions in providing understandable, reliable information
to decision-makers.

Education

Ph.D. in Chemical Physics, 1973, University of Colorado. Thesis title: Development
of a Flow-drift Technique for Ion-molecule Kinetic Studies.

B.S. in Chemistry with Honors, Special Honors, 1970, University of Texas at Austin.

Publications

Co-author of over 40 scientific publications primarily in the areas of reaction ki-
netics and atmospheric measurements of trace gas concentrations.

Work Experience

March, 1998-present: Principal Scientist, Environmental Programs in DuPont
Fluoroproducts, Wilmington, DE.

March, 1997-February, 1998: On loan (from DuPont) to the Intergovernmental
Panel on Climate Change (IPCC), Working Group II (WG II), Technical Support
Unit (TSU), Washington, D.C. Decision-makers rely on IPCC Assessment Re-
ports as their primary source of scientific, technical and socio-economic informa-
tion on global climate change. The TSUs play lead roles in the IPCC process
by helping to assure that reports are complete, objective and policy relevant.
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March, 1995-February, 1997: On loan (from DuPont) to the Atmosphere Unit of the
United Nations Environment Programme (UNEP), Nairobi, Kenya. Responsibil-
ities during this assignment included representing UNEP at international meet-
ings, assisting in strategy development for the Atmosphere and other UNEP
programs, and preparing policy relevant materials for publication.

December, 1983—-February, 1995: Principal Consultant, Environmental Programs
(most recent title) in DuPont Fluoroproducts (formerly Freon(r) Products), Wil-
mington, DE. Primary responsibilities included management of atmospheric
science research programs; representing DuPont in scientific meetings and be-
fore regulatory bodies, the media and customers; facilitating the preparation of
scientific assessments; and analysis and communication of information on strat-
ospheric ozone depletion and global climate change for development and imple-
mentation of business strategies.

1975-1983: Scientist in the National Oceanic and Atmospheric Administration
(NOAA) Aeronomy Laboratory (AL), Boulder, CO. While at York University (see
below) and NOAA, Mack planned, conducted and interpreted field experiments
designed to probe the cycles that control atmospheric ozone concentrations.

1974-1975: Post Doctoral Fellow at York University, Downsview, Ontario, Canada.

Since joining DuPont in 1983, Mack’s primary responsibilities have been in the
areas of coordination of research programs and assessment and interpretation of sci-
entific information on stratospheric ozone depletion and global climate change. Co-
ordination of research programs involved two types of activities, both aimed at a co-
operative approach to research and assessment to provide policy relevant informa-
tion: project management through representing DuPont on the industry sponsored
research programs to determine potential environmental impacts of CFCs and their
replacements; and influence of direction of government sponsored research programs
to ensure that they were appropriately focused on providing sound information as
a basis for decisions. Cooperative research efforts tend to build consensus around
key policy relevant scientific information as opposed to isolated research programs
that have led to “our science/their science” politicization of environmental issues in
some other areas.

Mack has been involved as an author, contributor or reviewer of every major
international assessment on stratospheric ozone depletion and global climate
change. Most recently he was a Lead Author of the technology chapter of Working
Group III (Mitigation) of the IPCC Third Assessment Report (TAR—the report re-
leased in 2001) and a Lead Author on the Appendix to that chapter: “Options to
Reduce Global Warming Contributions from Substitutes for Ozone Depleting Sub-
stances.” He was also a Lead Author of the Technical Summary for the Working
Group I TAR (The Scientific Basis) as well as an Author of the draft Summary for
Policy-makers that was ultimately accepted by the IPCC. In 1999 he was a member
of the UNEP TEAP task force that prepared the report: “The Implications of the
Montreal Protocol of the Inclusion of HFCs and PFCs in the Kyoto Protocol.”

Interpretation and communication of scientific information based on these assess-
ments has provided a basis for developing and implementing business strategies.
Mack has given hundreds of presentations on the science of ozone depletion and cli-
mate change to DuPont management, DuPont’s customers, media representatives,
government representatives and scientists. The value of his contributions to DuPont
has been recognized through a C&P Flagship Award, Environmental Respect
Awards, and Environmental Excellence Awards. In 1999 Mack was awarded an indi-
vidual Climate Protection Award by the U.S. Environmental Protection Agency for
his contributions in providing understandable, reliable information to decision-mak-
ers.

Chairman BOEHLERT. Thank you very much, Dr. McFarland.
Mr. Meissen.

STATEMENT OF MR. RONALD E. MEISSEN, SENIOR DIRECTOR,
ENGINEERING, ENVIRONMENT, HEALTH & SAFETY, BAXTER
INTERNATIONAL, INC.

Mr. MEISSEN. Mr. Chairman and Members of the Committee, I
would like to thank you for your leadership on this area of global
climate change. I would also like to thank you for holding this
hearing.

I am Ron Meissen, and I manage Baxter’s climate initiatives. I
also manage the reduction of Baxter’s greenhouse gas emissions. I
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appreciate the opportunity that you have provided to us to describe
the balance between environmental stewardship and business re-
alities.

In my remarks today, I would like to share with you some of the
examples of how Baxter is proactively addressing environmental
issues by driving greater operating efficiencies, adopting new tech-
nologies, and collaborating through public and private partner-
ships.

Baxter is a global health care company based in Deerfield, Illi-
nois that produces biotech, specialty pharmaceutical, and device
products that are used in the treatment of a variety of complex
medical conditions.

In the mid-1990s, Baxter began publicly reporting information
regarding energy use, cost, and associated greenhouse gas emis-
sions, and was the first company to publish an environmental fi-
nancial statement to demonstrate the linkage between our activi-
ties and our bottom line. In 1997, we set a number of long-term,
nine-year goals in environmental health and safety including a goal
to reduce energy usage and associated greenhouse gas emissions by
30 percent per unit.

A key driver in our proactive initiatives has been the realization
that sound environmental practices can provide a competitive ad-
vantage. By driving greater operating efficiencies by adopting new
technologies and by sharing ideas and best practices, we have
achieved a 35 percent per unit reduction in greenhouse gas emis-
sions from 1996 to 2004, a 22 percent improvement in energy effi-
ciency during the same period, and our environmental health and
safety investments over the last six years have yielded a savings
of $80 million in 2004. We estimate that our energy savings and
cost avoidance alone in that year exceeded $9 million.

The benefits go far beyond cost avoidance and energy or raw ma-
terial savings. Many of the initiatives that we have put in place
and investments that we have made have yielded higher quality
levels, greater production output, and flexibility in our operations,
reduced waste, as well as improvements in workplace safety, which
is very important to Baxter.

We have pioneered a Lean and Clean approach by applying Lean
manufacturing disciplines to our environmental processes and envi-
ronmental know-how to our manufacturing operations. You may be
familiar with Lean manufacturing, which is a process designed to
remove waste and improve quality and efficiency by reducing or
eliminating non-value-added activities and materials.

At Baxter, we have integrated Clean expertise into our Lean
manufacturing initiatives to not only prevent negative environ-
mental consequences but also to identify opportunities for environ-
mental improvement.

Over the past decade, Baxter has grown significantly, investing
in important expansions and upgrades to our manufacturing base.
The investments that we have made also provide great opportuni-
ties to implement environmental improvements. For example, in
the process of expanding our facility in Bloomington, Indiana, we
are using new technologies to reduce energy usage and associated
greenhouse gas emissions.
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I also can not speak positively enough about the benefits of col-
laboration through public and private partnerships, such as the
U.S. EPA’s Climate Leaders program and the Green Supplier Net-
work.

Last year, Baxter led participation in the health care industry in
the Green Suppliers Network program, which strives to integrate
both Lean and Clean manufacturing principles into the operations
of suppliers common to that particular industry. So far, seven Bax-
ter suppliers have agreed to participate in the program in which
the U.S. Department of Commerce’s Manufacturing Extension
Partnership and the U.S. EPA provide fronts for technical profes-
sionals to train suppliers in Lean and Clean manufacturing proc-
esses. These professionals conduct a review of the suppliers’ oper-
ations and recommend areas for improvement. This program brings
expertise to small- and medium-sized companies that would nor-
mally not be considered or it would be unaffordable to them.

We are a global company, and we must remain globally competi-
tive. Our 67 manufacturing facilities are located in 28 countries,
and we hold all to the same high levels of standards.

Accordingly, we must closely monitor the actions proposed and
taken by other countries to address climate change. For example,
one of our food manufacturing facilities in Ireland will be affected
by the phase one of the EU Emissions Trading Directive, which es-
tablishes a mandatory carbon cap and trade system. Climate taxes
are also being implemented in some countries, and we currently
gay climate tax for the electricity that we use in the United King-

om.

We believe we are well positioned to respond to these initiatives,
because our experience has taught us that reasonable improve-
ments in energy conservation and emissions reductions are possible
without huge investment, that investments in technology and im-
provements in manufacturing processes can bring both environ-
mental and other benefits, including quality improvements, re-
duced raw material costs, and improved workplace safety, that
companies that have been forward-looking on this issue are in a
better position to compete on a global basis.

In summary, we believe that it is possible to responsibly address
environmental issues and specifically climate change in a manner
that provides economic benefit and is of a competitive advantage to
our company.

Thank you for this opportunity to share with you our experiences
and perspectives.

[The prepared statement of Mr. Meissen follows:]

PREPARED STATEMENT OF RONALD E. MEISSEN

Mr. Chairman and Members of the Committee, I would like to thank you for this
opportunity to testify today on climate change and related activity within the busi-
ness community, particularly at my company, Baxter International Inc.

I speak to you today both as a representative of one company that has been recog-
nized as being at the leading edge of corporate environmental stewardship and as
a practicing expert in the field. My name is Ron Meissen, and I serve as Senior Di-
rector of Environment, Health and Safety Engineering at Baxter. In addition to my
professional interest in the subject of climate change and sustainability, I have a
strong personal interest in this subject as well—I am currently pursuing my Ph.D.
at the University of Wisconsin in Madison in sustainable development. The focus
of my dissertation research, which I am hoping to complete in the next year, is the
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development and application of a strategic business model to reduce energy related
greenhouse gas emissions.

In my role at Baxter, I coordinate the company’s safety, occupational health, in-
dustrial hygiene and environmental engineering professionals as they lead their re-
spective functions for the company and provide their expertise to Baxter’s facilities
and employees throughout the world. I also oversee Baxter’s initiatives related to
climate change and greenhouse gas emissions reductions.

Baxter International Inc. is a global health care company based in Deerfield, Illi-
nois that assists health care professionals and their patients with treatment of com-
plex medical conditions including hemophilia, immune disorders, kidney disease,
cancer, trauma and other conditions. Baxter’s 48,000 employees apply their exper-
tise in medical devices, pharmaceuticals and biotechnology to help make a meaning-
ful difference in patients’ lives. In short, we strive to make a positive impact on the
health and well-being of our local and global communities, and to conduct our oper-
ations in a manner that minimizes the use of natural resources and impact on the
environment. Because of the life-saving nature of the products that we make, and
the significant impact that we have on human health, Baxter has held environ-
mental stewardship as a priority for more than two decades, and has been a pioneer
in the areas of environmental financial reporting, management of environmental,
safety and health data, and establishing, tracking progress against and reporting on
specific environmental goals, including greenhouse gas emissions. We recognize that
the health of the planet affects the health of the people who inhabit it. As a health
care company, we understand this connection and work toward improving both.

I gave my first speech on global warming in 1989, to a group of my colleagues
attending the company’s annual Environmental Conference. Even then, prior to the
more definitive scientific studies that have emerged over the last decade, some envi-
ronmental professionals and enlightened organizations concluded that their emis-
sions were having an impact on the atmosphere and environment, and began pur-
suing initiatives to reduce energy use, reduce emissions and eliminate the use of
compounds and gases believed to contribute to the greenhouse effect. In the early
1990s, I became very interested in sustainable development, especially after the
Earth Summit Conference in 1992, when essentially all the nations of the world
adopted sustainable development as world policy.

In the mid-1990s, Baxter began tracking and publicly reporting detailed informa-
tion regarding energy use, energy cost and associated greenhouse gas emissions
from all of Baxter’s facilities. Then, in 1997, Baxter set a number of long-term envi-
ronmental, health and safety (EHS) goals, including a goal to reduce energy usage
and associated greenhouse gas emissions by 30 percent, per unit of production activ-
ity, by 2005 from 1996 levels. Also in the late 1990s, the World Business Council
on Sustainable Development (WBCSD) and the World Resources Institute (WRI) or-
ganized a group of experts and business leaders to develop the WBCSD/WRI GHG
Protocol for calculating greenhouse gas emissions. I was honored to be a part of that
group to develop what is now the global standard businesses and other organiza-
tions use to determine their greenhouse gas emissions.

Baxter has continued its leadership on this issue in the ensuing years, becoming
one of the initial members of the Pew Center on Global Climate Change’s Business
Environment Leadership Council, a non-profit, non-partisan independent organiza-
tion that is facilitating exchange of information and innovative solutions to address
global climate change, a charter member of the U.S. EPA’s Climate Leaders Pro-
gram, a voluntary EPA industry-government partnership that encourages companies
to develop long-term comprehensive climate change strategies, and a founding mem-
ber of the Chicago Climate Exchange, the first voluntary pilot carbon trading plat-
form in North America.

Our leadership and commitment to reducing our environmental footprint and ad-
vancing the health and welfare of our communities has been sustained over the
years not just by good intentions. A key driver for these proactive initiatives over
the years at Baxter has been the realization that sound environmental practices can
contribute to and in some cases drive competitive advantage.

By driving greater operating efficiencies, by piloting and in many cases adopting
new technologies, and by sharing ideas and best practices within the company and
through collaborations and voluntary programs sponsored by the EPA and others,
we have achieved among other things:

e A 35 percent reduction in greenhouse gas emissions from 1996 through 2004,
on a per-unit-of-production value basis;

o A 22 percent improvement in energy efficiency from 1996 through 2004, on
a per-unit-of-production value basis; and
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e Savings and cost avoidance totaling several millions of dollars each year. In
2004 alone, we estimate our energy savings and cost avoidance exceeded $9
million.

And the benefits go far beyond just cost avoidance and energy or raw material
savings. Many of the initiatives we have put in place in our facilities have also
brought higher production throughput, higher quality levels, greater production
flexibility and optimization of manufacturing assets, reduced scrap materials and
waste, as well as improvements in workplace safety.

Given the nature of our products and the nature of our operations, the majority
of Baxter’s greenhouse gas emissions are carbon dioxide emissions related to energy
usage. Therefore, the focus of our greenhouse gas management strategy is energy
conservation—specifically, activities and initiatives that improve the energy effi-
ciency of our facility and reduce our energy costs.

Driving Operating Efficiencies

At Baxter, we view EHS as an integrated part of our operations, not as a separate
or supplemental function. We believe that world-class manufacturing requires excel-
lence in design, process, purchasing, quality and EHS. Successful, world-class com-
panies tap all of those areas of expertise in a seamless manner to reduce waste,
drive efficiency and increase productivity.

By applying Lean manufacturing disciplines to our environmental processes, and
environmental know-how to our manufacturing operations, we have driven both
Lean and Clean concepts and tools through our organization. The results have been
greater efficiencies and productivity in our manufacturing facilities, as well as re-
ductions in raw material and energy use, and reduction in waste generation and
emissions.

Lean manufacturing is a process designed to remove waste and improve quality
and efficiency by continuously identifying, reducing and eliminating non-value-
added activities, materials and other resources in the manufacturing process. Lean
tools like value streams and process mapping help identify opportunities to reduce
raw materials, wasted motion and scrap by standardizing processes and materials
by pinpointing where waste is created. But, Lean manufacturing initiatives, when
taken solely on their own, can sometimes have negative environmental con-
sequences.

At Baxter, we have integrated our EHS expertise and professionals into Lean
manufacturing initiatives to not only prevent negative environmental consequences,
but also to identify opportunities for environmental improvement—we call this Lean
and Clean. First, we apply environmental concepts such as waste, water use and
emissions to such commonly used lean tools as value stream maps to incorporate
environmental considerations into the improvement initiative. Secondly, we apply
lean tools to EHS-focused processes as waste water treatment or safety incident in-
vestigations to make our EHS processes more efficient. And, we integrate our tradi-
tion pollution prevention techniques into Lean and Clean tools to provide a new way
of systematically looking at waste reduction opportunities.

This enables plant personnel to see and think about their processes differently,
which can and does inspire innovative solutions. In a number of our manufacturing
facilities, projects are underway that use process mapping and other lean manufac-
turing techniques to reduce the amount of waste or scrap generated in production.
By breaking down all of the steps in a specific manufacturing process and assessing
the resource allocation in terms of materials, utilities and other “inputs” and “out-
puts” for each step, our plants are able to identify multiple opportunities to reduce
both manufacturing costs and waste. And, since employees themselves generate the
ideas, they have a vested interest in seeing the initiatives through to successful
completion and are motivated to continue to suggest further improvements.

The American Society for Quality recently recognized our facility in Marion, North
Carolina with its Gold Award for International Team Excellence for applying Lean
tools to one area of the facility. Through value stream mapping, the team identified
a number of opportunities to reconfigure production processes, which yielded in-
creased product throughput, decreased the amount of manufacturing floor space re-
quired to get the work done, and reduced energy and heating, ventilation and air
conditioning, or HVAC, requirements. As a result of these changes, the facility esti-
mates it has saved in excess of $100,000 per year in utility costs. While $100,000
a year may not seem like a big number, when you consider that we have 67 manu-
facturing facilities alone, these kinds of projects and incremental savings quickly
add up to much larger numbers and do make a difference.
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Adopting New Technologies

Over the last decade, Baxter has grown significantly, investing in important ex-
pansions and upgrades to its manufacturing base. The capital investments that we
have made to expand our manufacturing capacity, assure product quality and ad-
vance our product portfolio have also provided great opportunities for us to imple-
ment environmental improvement.

For example, we are moving away from sterilization methods that use ethylene
oxide to methods that use e-beam sterilization. Baxter is different from most phar-
maceutical companies, because we don’t manufacture pills and tablets. Instead,
most of our products are medications that are administered intravenously or in-
jected, or are devices. The production process for these types of products typically
requires much more extensive sterilization procedures, which can be labor and cap-
ital intensive. For decades, many of our products have been sterilized using ethylene
oxide. In this process, finished product is moved along a conveyor belt into a special
room or chamber. Then ethylene oxide gas is released into the room and product
exposed to the gas for a certain length of time to render it sterile. The ethylene
oxide, which is a toxic gas, is then evacuated from the room by means of vacuum
pressure, which is an energy intensive process. Then the product is moved to an-
other well-ventilated area for a period of time to allow for any remaining gas to be
released from the product. All of the exhaust gases are required to be treated with
a scrubber, also an energy intensive process.

Now, we are increasingly using alternative, more energy efficient methods of ster-
ilization that also have considerably less environmental impact—technologies simi-
lar to those used to protect your own mail from anthrax and other contamination.
With e-beam sterilization, we use high energy electrons to sterilize our products.
These newer methods are significantly more energy efficient and do not have the
same requirements for ventilation and treatment of exhaust gases.

Because of the sterilization processes we employ and the clean room environments
we must maintain in our facilities in order to produce the highest quality of medical
products, our HVAC requirements are very high, and energy intensive, in some
cases representing 60 to 70 percent of the energy consumption for the facility. Ac-
cordingly, this is an important area of focus for us.

For example, we are currently in the process of expanding our facility in Bloom-
ington, Indiana, and are employing new technology to replace clean rooms and
thereby reduce our HVAC and lighting requirements. Through the use of isolators,
special pre-assembled self-contained production and laboratory units, we are able to
confine and more closely control the higher sterility, ventilation and lighting re-
quirements of a clean room to significantly smaller space. Picture if you will a trail-
er sized unit, with equipment inside and the walls made up of windows. Depending
on the particular application, work may done in the small area within the isolator,
or employees may even work outside of the unit, with their hands and arms inserted
into glove-like apparatus that extends from the window into the unit. Not only will
this approach save a considerable amount in energy costs, less investment is re-
quired in HVAC and other infrastructure. And, the risk of employees possibly being
exposed to chemicals used in the process is significantly lower.

Sharing Ideas and Best Practices

I cannot speak positively enough about the benefits of collaboration—the sharing
of ideas, practical advice and best practices within our own organization and
through such formal industry and agency collaborations as the EPA’s Climate Lead-
ers and Green Supplier Network programs.

These programs serve as valuable clearinghouses for sharing of best practices,
real-world experience and multiple perspectives that really set a strong foundation
for continuous environmental improvement across companies and industries. Most
importantly, they are helping to address some of the most difficult environmental
challenges we face today, and extending the progress that large companies like Bax-
ter have made further into the supply chain—to the smaller and medium sized com-
panies that are our suppliers.

Last year, Baxter spearheaded the participation of the health care industry in a
public/private initiative called the Green Suppliers Network. The objective is to inte-
grate both Lean and Clean manufacturing principles into the operations of suppliers
common to a particular industry. While large companies like Baxter are able to tap
the expertise that resides within the organization to drive improvement in oper-
ations and reduce their environmental impact, the reality is that few small or me-
dium size companies have that expertise available to them internally. Over the
years, we had tried to share our own expertise with select suppliers through con-
ferences, audits, and meetings, but recognized that the impact that we could have
was limited while the opportunity for improvement was significant. We learned of
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the Green Suppliers Network and the impact it was having in other industries, like
the automotive industry, and we were immediately attracted to the program. Our
Purchasing and Environment, Health and Safety departments have worked to ag-
gressively promote the program with suppliers. So far, seven Baxter suppliers have
agreed to participate in the program, in which the U.S. Department of Commerce’s
Manufacturing Extension Partnership (MEP) and the U.S. EPA provide funds for
technical professionals to train suppliers in Lean and Clean manufacturing proc-
esses.

For a small fee, a participating supplier receives access to manufacturing consult-
ants experienced in process improvement and waste reduction, including a week-
long review of the supplier’s operations, help in administering relevant training and
expertise, and a full report detailing areas for improvement and change. Experts
from EPA’s state pollution prevention technical programs also lend their support.
This program brings expertise and insight to these companies that would normally
not be considered or would be unaffordable.

The first of our seven suppliers to participate already has implemented a number
of changes and yielded impressive results, significantly reducing energy consump-
tion and therefore cost, and significantly reducing hazardous waste generation and
emissions—savings that have far exceeded the initial fee and modest capital invest-
ments required. The environmental and economic benefits realized have motivated
this supplier to continue with other initiatives. We look forward to similar successes
with the other suppliers that are participating.

While we highly value external collaborations such as these, we also recognize
that some of the best ideas can and do come from within our own company. We have
created a number of ways to share and leverage those ideas and expertise that re-
sides within our global organizations, including global energy engineering con-
ferences, training sessions and awards.

We held our last biannual global energy engineering conference in September
2004 in Austin, Texas, with 60 Baxter energy managers representing 44 facilities
from 21 different countries attended the week long conference. The conference in-
cluded training sessions dedicated to maximizing the performance of plant utility
systems and sharing information on best demonstrated energy practices. At every
biannual conference, each manufacturing facility is asked to identify three specific
energy projects that its energy management team will commit to implement during
the next two-year period. At the next energy conference, the locations report the re-
sults of their three key projects to all conference attendees. This open sharing of
both successful energy projects and unforeseen challenges has been beneficial in
strengthening individual expertise and broadening institutional technical knowl-
edge. As part of the conference, we also present awards to the engineers and facili-
ties that achieve outstanding performance in such areas as:

Largest percentage of energy cost saved per unit of production
Largest percentage of energy usage saved per unit of production
Energy project that has the widest application throughout Baxter
Most innovative cost saving project implemented at Baxter

Largest percentage of energy saved of total facility energy cost in a non-man-
ufacturing facility

e Special recognition for outstanding contribution to Baxter’s energy program.

Our next energy conference is scheduled for the fall of 2006, and I am very excited
to hear updates from the facilities on the three projects that they each committed
to in 2004.

While we have achieved reductions in greenhouse gas emissions and improve-
ments in energy efficiency over the years, we recognize that much more needs to
be done. We are a very global company, with more than half of our sales and two-
thirds of our employees located outside the United States. Our 67 manufacturing
facilities are located in 28 countries, and no matter where a facility is located, all
are held to the same high level of EHS policies, standards and metrics.

We are a global company and we must remain globally competitive. Accordingly,
we must closely monitor actions proposed or taken by other countries to address cli-
mate change, such as implementing regional or national carbon cap or trade sys-
tems. One of our manufacturing facilities in Ireland will be affected by phase one
of the EU Emissions Trading Directive, which establishes a mandatory carbon cap-
and-trade scheme. Climate taxes also are being implemented in some countries. We
currently pay climate taxes on our electricity use in the United Kingdom. Here in
the United States, 132 mayors from across the country recently announced that they
would voluntarily adopt the Kyoto Protocol reduction target for their cities. In 2001,
Baxter developed its formal position on climate change, which states that we be-
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lieve, “The Kyoto agreement represents a first step in the international process, but
more must be done, both to implement the market-based mechanisms that were
adopted in principle in Kyoto and to more fully involve all countries in the solution.”

Fortunately, because of our foresight on this issue, because of the significant expe-
rience we have gained over the years in reducing our greenhouse gas emissions and
energy use, and the experience we have gained through participation in the Chicago
Climate Exchange’s voluntary program for capping and trading greenhouse gas
emissions, we expect to be well-positioned to respond to these and other emerging
cap-and-trade initiatives.

Our EHS policy clearly states that we are committed to continuous improvement
in environmental, health and safety performance. We strive to conserve resources
and minimize or eliminate adverse EHS effects and risks that may be associated
with our products, services and operations. Because we self-manufacture nearly 90
percent of the products that we sell, and because we have in place talented environ-
mental professionals in all of our major facilities, we are able to more closely mon-
itor our environmental impact, and implement appropriate changes.

While we recognize that we are in the minority of companies that voluntarily have
taken action on this issue, we are encouraged by the lessons that our own experi-
ence has taught us:

e that reasonable improvements in energy conservation and emissions reduc-
tions are possible without huge investment;

e that investments in new technology and improvements in manufacturing
process can bring significant benefits in quality, optimal use of manufacturing
assets, reduced raw material costs, and improved workplace safety as well as
reduced energy requirements and associated greenhouse gas emissions; and

e that companies that have been forward-looking on this issue are in the best
position to build upon the momentum they have created and better compete
on a global basis.

In summary, we believe that it is possible to responsibly address environmental
issues in a manner that provides economic benefit and competitive advantage. Our
experience has proven to us that the business case is indeed there for taking action
to reduce impact on our climate and environment by decreasing energy consumption
and lowering greenhouse gas emissions.

Thank you for this opportunity to share with you some of our experiences and per-
spectives on climate change.

BIOGRAPHY FOR RONALD E. MEISSEN

Ron Meissen manages worldwide Environment, Health and Safety (EHS) re-
sources for Baxter International Inc. In this position, Mr. Meissen is responsible for
providing EHS services to regional and facility team members through the coordina-
tion of Baxter’s safety, occupational health, industrial hygiene and environmental
engineering professionals.

Mr. Meissen joined Baxter in 1975 as a project control engineer and progressed
through a variety of positions in energy management and environmental engineer-
ing. He has been actively engaged in the company’s environmental program and re-
porting and co-founded the company’s EHS sustainability team. For the past 10
years, he has managed Baxter’s greenhouse gas and climate change initiatives and
represents the company in outside climate groups, including the Chicago Climate
Exchange, the Pew Center on Global Climate Change and the U.S. Environmental
Protection Agency Climate Leaders Program.

Mr. Meissen has Bachelor of Science degree in civil engineering from the Univer-
sity of Wisconsin—Platteville, a Master of Science degree in civil engineering from
the University of Illinois, and a masters of business administration from Lake For-
est Graduate School of Management. He is currently pursuing his Ph.D. in sustain-
able development at the University of Wisconsin—-Madison, where he is working on
his dissertation about the development of a strategic business model to reduce en-
ergy-related greenhouse gas emissions.

Chairman BOEHLERT. Thank you, Mr. Meissen.
Dr. Hobbs.
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STATEMENT OF DR. ROBERT H. HOBBS, DIRECTOR OF OPER-
ATIONS, UNITED TECHNOLOGIES RESEARCH CENTER,
UNITED TECHNOLOGIES CORPORATION

Dr. HoBBs. Good morning, Mr. Chairman and Members of the
Committee. I am Bob Hobbs, Director of Operations at the United
Technology Research Center, the research and development arm of
United Technologies Corporation. United Technologies, based in
Hartford, Connecticut, is a diversified company that provides high
technology products and services to the aerospace and commercial
building industries worldwide. UTC’s products include Otis ele-
vators and escalators, Carrier air conditioning systems, UTC Fire
& Security products and services, UTC Power fuel cells, Pratt &
Whitney aircraft engines and space propulsion systems, Hamilton
Sundstrand aerospace systems, and Sikorsky helicopters.

UTC is a $38 billion company, the 39th largest in the United
States. Our shareholder return since 1992 is more than three times
that of either the S&P 500 index or the Dow 30 Industrials. UTC
is proud of its record of providing shareholder value within the con-
fines of very good corporate citizenship.

UTC is pursuing its climate change goals directly by reducing
greenhouse gas emissions produced by UTC operations and indi-
rectly by developing and manufacturing products that use less en-
ergy and emit smaller amounts of greenhouse gases.

In 1997, UTC resolved to reduce its global energy consumption
by 25 percent by 2007. We exceeded that target halfway through
the 10-year period and so increased the goal to a 40 percent reduc-
tion, which we met last year, two years early. Since joining the En-
vironmental Protection Agency Climate Leaders in 2001, we have
reduced our greenhouse gas emissions by 74,000 metric tons as a
result of our energy efficiency goals. In roughly the same time pe-
riod, our revenues increased by $9.5 billion, demonstrating that en-
vironmental quality and economic growth can indeed go hand-in-
hand. UTC’s environmental performance and achievements re-
cently earned us one of the EPA’s 2005 Climate Protection Awards.

Why is UTC taking a leadership role to address climate change?

The short answer is that our own corporate policy demands it.
UTC’s environmental health and safety policy requires that we
“conserve natural resources in the design, manufacture, and dis-
posal of products and delivery of service.”

To quote our Chairman, George David, “We don’t choose between
responsibility and profitability. We pursue both with discipline and
focus.” Our vision of corporate responsibility and global sustain-
ability places environmental performance right alongside financial
results. We believe that setting goals for reduced energy consump-
tion, which translates into lower greenhouse gas emissions, has al-
ready improved our bottom line performance by reducing produc-
tion costs and allowing us to be more competitive.

Environmental leadership doesn’t merely enhance our corporate
reputation, it offers our customers world-class quality and products
while increasing efficiency and reducing waste, making them better
stewards of the environment as well.

By creating products that use less energy and help lower green-
house gases that contribute to climate change, we can differentiate
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our products in an increasingly environmentally-conscious global
marketplace.

UTC has an expansive and diverse portfolio of energy-efficient
and environmentally-friendly products, but let me talk briefly
about one.

UTC Power has developed the industry’s first integrated micro-
turbine and double-effect absorption chiller system, the
PureComfort 240M. The system converts more than 80 percent of
its fuel input to efficient electric cooling and heating output. I
started to say 90, because we see 90 percent fuel efficiency in our
laboratories. They quote 80 in their literature. We expect it to re-
duce carbon dioxide emissions by 40 percent and nitrogen oxide
emissions by 90 percent over those of the average central fossil fuel
generation plant. In May, the A&P grocery chain installed a
PureComfort 240M in its Mount Kisco, New York store, citing the
technology as one of the company’s commitments to “make more ef-
ficient use of energy and to protect the environment by minimizing
emissions.”

New corporate climate policies have proven to be complementary
to good business policies, allowing UTC to understand, manage,
track, and minimize our greenhouse gas emissions and energy use
while simultaneously adding business value.

Thank you, Mr. Chairman, for giving us the opportunity today to
share with you and members of the Committee some of the spe-
cifics of our commitment to reducing greenhouse gases throughout
our operation and across all our product lines. If you would like
further information regarding our environmental success story, we
have copies of the UTC 2004 corporate responsibility report avail-
able here or on our website.

[The prepared statement of Dr. Hobbs follows:]

PREPARED STATEMENT OF ROBERT H. HOBBS

Good morning, Mr. Chairman and Members of the Committee. I am Bob Hobbs,
Director of Operations at the United Technologies Research Center, the research
and development arm of United Technologies Corporation (UTC). United Tech-
nologies, based in Hartford, Connecticut, is a diversified company that provides high
technology products and services to the aerospace and commercial building indus-
tries worldwide. UTC’s products include Otis elevators, escalators and people mov-
ers; Carrier heating and air conditioning systems; UTC Fire & Security fire safety
and security products and services; UTC Power fuel cells; Pratt & Whitney aircraft
engines; Hamilton Sundstrand aerospace systems; and Sikorsky helicopters.

UTC & Corporate Responsibility

UTC is a $38 billion company, the 39th largest in the United States. Our total
shareholder return since 1992 is close to 1000 percent and is more than three times
that of either the S&P 500 index or the Dow 30 Industrials. UTC is proud of its
record of solid corporate citizenship. We’ve been included in the Dow Jones Sustain-
ability World Indexes since it began in 1999 and have been rated AAA by Innovest
Strategic Value Advisors. We were also named one of the world’s 100 most sustain-
able companies at this year’s World Economic Forum in Davos by Corporate Knights
and were the only aerospace company included. UTC’s success is rooted in clarity
of organization and total alignment among management about what we want to ac-
complish. For UTC, that is shareholder value within the confines of very good cor-
porate citizenship. We don’t choose between one or the other, we pursue both with
discipline and focus.

Shareholder value comes in part from research and development. UTC spends ap-
proximately $2.8 billion annually, 90 percent of that in the United States, to develop
tomorrow’s technologies. United Technologies Research Center (UTRC) works with
each UTC business to make certain their products and services are the most innova-
tive and technologically advanced in the world. UTRC is an incubator for UTC prod-



35

ucts, researching energy and environmental innovations to assist UTC in devel-
oping, and then building, new products for the next generation. Whether its re-
search on hydrogen production and storage technologies, inventing ways to heat and
cool more efficiently or improving jet engine design and efficiency, UTRC provides
valuable technical experience to further UTC’s pursuit of better environmental qual-
ity in its products.

UTC Voluntary Commitment

UTC is constantly working to reduce the environmental footprint of our worldwide
facilities and operations. We are accomplishing this objective directly by reducing
greenhouse gas emissions produced by UTC operations and indirectly by developing
and manufacturing products that use less energy and emit smaller amounts of
greenhouse gases. We are driving pollutants in the manufacturing process down to
their lowest achievable levels and reducing our energy consumption so less pollution
is produced in the satisfaction of our energy needs. UTC quantifies environmental
goals, measures progress and reports that progress to our Board of Directors, em-
ployees and community.

In 1997, UTC resolved to reduce its global energy consumption by 25 percent (nor-
malized for revenues) from 1997 levels by 2007. Once we exceeded that target, we
increased the goal to a 40 percent reduction in our energy use worldwide, and we
are already meeting that ambitious goal. Even as we revised the goal upward, we
kept the timetable firm and still achieved the enhanced goal two years ahead of
schedule. Since joining the Environmental Protection Agency (EPA) Climate Leaders
in 2001, we have reduced our greenhouse gas emissions by 74,000 metric tons as
a result of our energy efficiency goals. In roughly the same time period, our reve-
nues increased by $9.5 billion, demonstrating that environmental quality and eco-
nomic growth can indeed go hand-in-hand. UTC’s environmental performance and
achievements recently earned us one of the EPA’s 2005 Climate Protection Awards.

Key Drivers in Reducing Greenhouse Gases

Why is UTC taking a leadership role to address climate change? The short answer
is that our own corporate policy demands it. UTC’s environmental, health and safety
policy requires that we “conserve natural resources in the design, manufacture, use
and disposal of products and delivery of service.” We take this directive extremely
seriously and have established internal environmental standards that both comply
with the law and go beyond it when necessary to achieve the goals of this policy.
We don’t choose between responsibility and profitability; our corporate responsibility
places environmental performance right alongside financial results.

We would not be where we are today if not for strong commitment of our Chair-
man, George David, senior managers and front-line employees in each of our busi-
ness units. In a speech given in 1998 at the Earth Technologies Forum, Mr. David
explained his personal motivation in committing the corporation to address the cli-
mate change issue by stating: “I have children and prospectively grandchildren and
great grandchildren whose lives and livelihoods concern me.” Mr. David again
stressed UTC’s commitment to sustainability in a 2003 speech to the Society for Or-
ganizational Learning in East Hartford, Connecticut. He defined UTC’s approach to
sustainability within the context of five general themes: energy efficiency of our
products and service; environment, health and safety impacts in our own operations;
productivity in its conventional sense (doing more with less); opportunities for em-
ployees to develop themselves; and legal compliance and high ethical standards.

Through close coordination among the operating businesses and corporate head-
quarters, UTC has brought together a tight network of experts to gather and ana-
lyze energy consumption data; provide technical assistance; develop benchmarks;
and share best practices across the corporation. We have developed internal guide-
lines for use across the units in common energy applications such as lighting and
compressed air. In addition to our energy efficiency goals, we are also on track to
achieve a 60 percent reduction in air pollutants and non-recycled waste and a 40
percent reduction in water consumption by 2007 (all normalized for revenue). We've
been able to achieve such dramatic progress due in part to our “Achieving Competi-
tive Excellence” (ACE) program. ACE is the internal UTC discipline intended to
simplify procedures, raise efficiency and ensure world-class quality in products and
processes while supporting our environmental commitments. “Continuous improve-
ment” in our operations is the key element of ACE.

Climate change is a growing dynamic in the global marketplace. We believe that
setting goals for reduced energy consumption, which translates into lower green-
house gas emissions, has already improved our bottom line performance by reducing
production costs and allowing us to be more competitive. Lower energy costs and
improvements in manufacturing processes are leaving us with more resources to de-
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vote to developing new and innovative products that address climate change and
other environmental and energy problems. We are also keeping ahead of the curve
on potential future climate change regulations by investing in greenhouse gas reduc-
tions now. We hope and trust that policy-makers will recognize these early commit-
ments to the climate change solution.

Energy Efficiency, Greenhouse Gases and UTC Products

Genuine corporate responsibility requires that we make environmental consider-
ations priorities in new product development and investment decisions. Environ-
mental leadership doesn’t merely enhance our corporate reputation; it offers our cus-
tomers world-class quality in products while increasing efficiency and reducing
waste—making them better stewards of the environment as well. UTC continuously
explores ways to increase efficiency and reduce greenhouse gas emissions through
the products it develops.

By creating products that use less energy and help lower greenhouse gases that
contribute to climate change, we can differentiate our products in an increasingly
environmentally conscious global marketplace. Because the energy savings from the
use of our products present our greatest contribution to the reduction of greenhouse
gases, I'd like to give you a snapshot of UTC’s expansive and diverse portfolio of
energy-efficient and environmentally friendly products.

UTC Power|Fuel Cells

Our UTC Power division is a full-service provider of clean power solutions and
is the leading developer and producer of fuel cells for on-site power, transportation
and space applications. UTC Fuel Cells (UTCFC) is a business unit of UTC Power
and manufactures the PureCell™ 200 power system, which provides 200 kilowatts
of electricity and up to 925,000 btu/hr of heat for combined heat and power applica-
tions. Each PureCell™ 200 avoids the production of 1,100 tons of carbon dioxide
emissions annually, which is why UTC Power earned one of the EPA’s Climate Pro-
tection Awards in 2000. Last month, the PureCell™ 200 fuel cell fleet achieved a
major milestone, providing one billion kilowatt hours of energy production, or
enough to power 91,000 homes for a year. We've already deployed a total of 275
units world wide, including 26 in New York to date, avoiding 102 million pounds
of carbon dioxide emissions in the Chairman’s home state alone.

In addition to its demonstrated environmental and energy efficiency accomplish-
ments, the PureCell™ 200 is earning a reputation for reliability as well. A UTC
Power fuel cell kept the Central Park police station operating during New York
City’s famous power outage in 2003, and just last month, Russia’s leading oil and
gas pipeline engineering company, Orgenergogaz, was able to keep operating during
a blackout in southern Moscow because of the PureCell™ 200. We’re keeping lights
on from New York to Moscow and will expand our reach in 2007 when UTC Power
plans to introduce an enhanced version of the PureCell™ 200 with twice the life
span of its existing product.

UTC Power has also developed the industry’s first integrated microturbine and
double-effect absorption chiller system, the PureComfort™ 240M. The system con-
verts more than 80 percent of its fuel input to efficient electric, cooling and heating
output. We expect it to reduce carbon dioxide emissions by 40 percent and nitrogen
oxide emissions by 90 percent over those of the average central fossil fuel generation
plant. This is equal to the benefits of planting 150 acres of trees and taking 250
cars off the road, respectively, during the same time period. In May, the A&P gro-
cery chain, which operates 650 stores in 10 states, installed a PureComfort™ 240M
system in its Mount Kisco, NY store, citing the technology as one of the company’s
commitments to “make more efficient use of energy and to protect the environment
by minimizing emissions.”

Waste heat represents an untapped energy resource. According to the U.S. De-
partment of Energy’s May 2003 Thermally Activated Technologies Roadmap, total
energy loss in the form of waste heat in the United States is equal to the amount
of energy annually consumed by the U.S. transportation sector or by the entire Jap-
anese economy. UTC Power, in partnership with Carrier Corporation, another UTC
business unit, developed the PureCycle™ 200 power system to turn waste heat into
electricity, providing a zero-emission alternative to traditional power sources. In ad-
dition to the environmental benefits, the PureCycle™ 200 offers high reliability, low
maintenance and cost savings through the reduced fuel use.

In addition to its portfolio of climate-friendly on-site power solutions, UTCFC is
also developing zero emission, energy efficient fuel cells for transportation applica-
tions with environmental and energy security benefits. We’ve deployed zero emission
fuel cell buses in Washington, DC, California, Madrid and Turin. Last year, AC
Transit logged over 8,000 miles operating a Thor 30’ hydrogen fuel cell, hybrid-elec-
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tric bus developed by ISE Corporation and UTC Fuel Cells. This bus was deployed
in the Oakland, California area and achieved double the fuel economy of a 30-foot
diesel bus. This year, we are delivering power plants for four fuel cell buses that
will be operated in California by AC Transit and SunLine Transit.

UTCFC is currently working with major automobile manufacturers, including Nis-
san, Hyundai-KIA and BMW, and the U.S. Department of Energy (DOE) on develop-
ment and demonstration programs for automobiles. We are teamed with Chevron
and Hyundai-KIA as part of DOE’s Hydrogen Learning Demonstration Program and
will be deploying a fleet of 32 zero-emission Hyundai-KIA Tucson sport utility vehi-
cles and Sportage cars as part of the initiative.

Carrier

Carrier Corporation is the world’s leading manufacturer of heating, ventilating,
refrigerating, and air conditioning systems and products. Carrier is at the forefront
of its industry, developing systems with ever-more environmentally sound refrig-
erants and dramatically reducing the power requirements of their products. From
the smallest window air conditioning units to the largest centrifugal chillers, Car-
rier heating and cooling equipment is distinguished by some of the highest energy
efficiency ratings in the industry. Carrier participates in the EPA’s Energy Star pro-
gram to provide energy efficient products to residents and businesses. Carrier sup-
ports the goals of the Montreal Protocol to phase out use of certain substances that
deplete the ozone layer, and in 1994, pioneered the worldwide phase-out of CFCs.
Carrier is also helping lead a revolution in the way the air conditioning industry
handles chlorine-containing refrigerants and is the only air conditioning manufac-
turer that provides chlorine-free refrigerants across its entire product line.

Not a company to rest on its laurels, Carrier is a leading advocate for a national
energy policy with a strong commitment to conservation and efficiency improve-
ment, including a consensus energy efficiency standard agreement for commercial
packaged air conditioning products, refrigerants and freezers. Carrier was instru-
mental in moving the industry to a 13 SEER [Seasonal Energy Efficiency Ratio]
standard, meaning that Carrier residential air conditioning systems shipped in the
United States after January 2006 will be on average 30 percent more efficient than
today’s standard.

Pratt & Whitney

Pratt & Whitney is a world leader in the design, manufacture and support of air-
craft engines, gas turbines and space propulsion systems. Through the development
of better heat resistant coatings, more environmentally friendly processes, innova-
tive servicing procedures, more efficient turbine blades and quieter, more fuel effi-
cient engines, Pratt & Whitney has pioneered most major advances in both military
and commercial aviation. And, the company’s new Specialty Materials & Services
business is redefining entire industries by applying environmental technologies in
unique ways. For example, ElectroCore™ is a new, advanced power plant emissions
control system under development that will control a variety of pollutants from coal-
, wood- and other solid fuel-fired boilers, ushering in a new way to control multiple
pollutants in power plants and manufacturing facilities.

Otis

Another UTC division, Otis, the world largest manufacturer of elevators, esca-
lators and moving walkways, reexamined every aspect of the elevator—from design
and installation to operation and maintenance—and created the Gen2 system that
is up to 50 percent more efficient than conventional elevators. Innovative new re-

generative technologies will reduce the net power requirements of new Otis ele-
vators installed worldwide even further.

Forming Partnerships

UTC regularly forms partnerships with others to encourage greenhouse gas reduc-
tions and meet energy efficiency goals. As an EPA Climate Leaders partner, UTC
pledged to reduce global greenhouse gas emissions by 16 percent per dollar of rev-
enue from 2001 to 2007. As an EPA Energy Star member, we are helping Americans
to save energy and avoid greenhouse gas emissions by providing energy efficient
products in residential and commercial settings. UTC is a founding member of the
Pew Center’s Business Environmental Leadership Council, a group of companies
committed to responding to climate change challenges, and the U.S. Green Building
Council, a coalition of companies promoting the use of green building practices.

Earlier this year, Global Green USA awarded UTC the “Corporate Design Award”
for our Sustainable Cities environmental grant and volunteer effort to advance envi-
ronmentally responsible building systems in urban areas. UTC Power joined with
the EPA as part of CHP Partners, a public-private partnership committed to pro-
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viding clean, efficient power and thermal energy and reducing pollutants and green-
house gases. On the state level, UTC is active with the Regional Greenhouse Gas
Initiative, a multi-state effort to reduce carbon dioxide emissions, and Governor
Rell’s Connecticut Climate Change initiative.

UTC also frequently partners with suppliers to help them reach our standards.
For example, Hamilton Sundstrand provides training for its suppliers to help them
attain UTC environmental levels. And, Pratt & Whitney is a corporate sponsor of
EPA’s Strategic Goals Program under which large companies share with suppliers
their best practices in environmental management systems, pollution prevention
and waste minimization.

Conclusion

Good corporate climate policies have proven to be complementary to good business
policies, allowing UTC to understand, manage, track and minimize our greenhouse
gas emissions and energy use while simultaneously adding business value. Thank
you, Mr. Chairman, for giving us the opportunity today to share with you and the
Members of the Committee some of the specifics of our commitment to reducing
greenhouse gases throughout our operations and across all our product lines. If
you'd like further information regarding our environmental success story, we have
copies of the UTC 2004 Corporate Responsibility Report available here and on our
website at www.utc.com.
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DiscussioN

Chairman BOEHLERT. Thank you very much, Dr. Hobbs.

And Mr. Meissen, thank you for commending our leadership. Let
me say to you, to all of you, we want to commend your leadership.
It is music to our ears up here to hear from leading figures in the
“real world” outside Washington, DC and the responsible manner
in which you are dealing with this very important subject.

Let me ask you. When you are out leading the parade, you are
also a target. What has been the reaction that you have had from
your business colleagues? And are you winning any converts, or is
it not in your enlightened self-interest to try to convert the
unconverted?

Mr. Rogers, let me ask you.

Mr. ROGERS. Mr. Chairman, I served as a Chairman of the Envi-
ronmental Policy Committee for our industry association EEI for
four or five years, and what I have seen in our industry is a move-
ment toward dealing with these issues in a straightforward man-
ner. They are all in a little different place. Some of our companies
have nuclear primarily, and it is easy for them to think about this
issue and deal with it. Some like ourselves are predominantly coal.
It is a different—we start in a different point. But if I look at the
climate programs that existed during the 1990s in terms of green-
house gas reductions, I look at what has happened over the last
five or six years, our industry is really starting to step up and deal
with this issue in a very responsible way. And I am proud to be
part of an industry, and one that has such a direct impact on so
many, because who doesn’t use electricity. And I see people increas-
ingly look at this issue in our industry, and I think that is a good
thing.

Chairman BOEHLERT. Thank you for that. Thank you for your
leadership. I hope that there is some followership.

Dr. McFarland.

Dr. MCFARLAND. Yes, I agree that there is an increasing trend
of industries stepping forward to deal with this issue in a prudent
manner and take action. You see this initially with global compa-
nies that are having to operate in a carbon-constrained world in
other regions. About half of our business and 40 percent of our op-
erations are outside the United States, and we are operating in
carbon-constrained regimes. And there are other global companies
that are having to do the same. So it is—you know, as I said, it
is a social, economic, and environmental reality for many compa-
nies.

Chairman BOEHLERT. Mr. Meissen.

Mr. MEISSEN. I do agree with you. Some people struggle with
this concept of climate change. It is happening in distant places. It
is going to happen in the future. But at Baxter, we focus on im-
proving efficiencies, environmental stewardship. We put it in terms
of being more efficient, effective, cost-effective. It makes us more
competitive. And that is—by focusing on our energy management
program, which is—most of our energy greenhouse gas emissions
are associated with that. By driving on that, pushing on that, we
are able to also reduce greenhouse gas emissions.

Chairman BOEHLERT. Dr. Hobbs.
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Dr. HoBBs. Mr. Chairman, I believe our Chairman, George
David, has been both visible and vocal on the issues of environ-
mental protection and sustainability globally. I am very proud of
the stand he has taken in these issues. UTC also partners with
others, including EPA Climate Leaders, Pew Climate Center, and
closer to home, the Connecticut Climate Change Group. So we are
working with our other industry people to try to both understand
and share practices.

Chairman BOEHLERT. Well, you know, there are some doubters
out there. We are still doing our leveled best to try to convince the
doubters that they shouldn’t be so skeptical.

But Mr. Rogers, in your testimony, you had some interesting
commentary, and I would like you to repeat it a little bit and ask
the others to comment. Suppose we are wrong. What is the worst
case if we are wrong?

Mr. ROGERS. If we are wrong, what it means is we have devel-
oped technologies that are more environmentally-friendly. What is
wrong with that?

Chairman BOEHLERT. That is exactly right.

Mr. ROGERS. And we help our customers. Particularly if you are
a power supplier, you help your customers use energy more wisely.
What is wrong with that? And as I see it, we are moving direc-
tionally. I see it with SOx, NOx, mercury, and I see it with carbon.
We are moving more and more to almost, not quite, because I don’t
think the cost-benefit test can be met, but we are moving in a di-
rection of minimizing our emissions from all operations across this
country. I think that that is a standard that we are moving on
around the world. Now there is a place where it doesn’t make sense
to reduce further, but the reality is I think most global companies,
both companies that are looking at what is going on around the
world and are looking at the science are saying, “We need to deal
with this issue. We need to be responsible about this issue.”

And I remember, Mr. Chairman, a senior partner of mine when
I practiced law here in Washington, Bob Strauss. And Strauss used
to say, “When you see a parade form on an issue in Washington,
you have two choices: you can throw your body in front of it and
let them walk over you, or you can jump in front of the parade and
pretend it is yours.”

Chairman BOEHLERT. Very fortunately, he is still providing lead-
ership in a whole wide range of areas to this day.

Dr. McFarland, do you have a comment?

Dr. MCFARLAND. Yes, I agree entirely that this makes sense any-
way from a wide range—for a wide range of issues. With global eco-
nomic growth, we must learn to use our resources, natural re-
sources, more effectively. Saving energy makes sense, economic
sense, especially when you see rising energy prices, energy security
issues. So even if we are wrong about climate change, which I be-
lieve that we are not, and our company believes we are not, then
the actions that we have taken make sense.

Chairman BOEHLERT. Well, as you pointed out in your testimony,
the scientific case continues to be strengthened every day.

Dr. MCFARLAND. Yes.

Chairman BOEHLERT. The scientific consensus is clearly there.
You understand it. You have outlined to us the benefits to your in-
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dividual companies and to society. I love Mr. Rogers, and I wish
he would speak some time, but we won’t have him do it now, his
grandkids theory. We were discussing that yesterday. And the test
that he applies in many of his decisions: “How is this going to im-
pact on my grandkids?” Very important.

Mr. Meissen.

Mr. MEISSEN. Well, I don’t see a downside. I only see an upside.
I see an upside to becoming more energy efficient, more—reducing
costs, becoming more competitive. I see an upside working with our
many suppliers, and by working with them on the Lean and Clean
principles that I mentioned, they also become more competitive.
And also, which is very important for Baxter and other companies
that have many suppliers, they are more reliable. And they are
going to be in business longer and be there to deliver the products
and services that they provide our company. And I also think that
there is no downside, just an upside in acting responsibly for the
company. And I believe our customers, shareholders, stakeholders
expect us to do that.

Chairman BOEHLERT. Thank you very much.

And Dr. Hobbs?

Dr. HoBBs. Taking the actions that we have at UTC are not only
protecting the environment, but they are saving us money and
making us more effective in creating better products for us, so all
of that is good. Furthermore, I hope that we don’t have to have the
trash pile up in front of our house before we realize that we should
produce less waste. That is really all we are talking about.

Chairman BOEHLERT. So it is a win-win situation.

Dr. HoBBSs. Absolutely.

Chairman BOEHLERT. Thank you all very much.

My time has expired.

Mr. Gordon.

Mr. GORDON. Thank you, Mr. Chairman.

So oftentimes, we have a bad news panel. This is nice to have
a good news panel today. Dr. McFarland, I think you hit a good
note when you reminded all of us that we should not penalize early
movers. That needs to be echoed so that as this process goes for-
ward that we reward and not penalize.

And Mr. Rogers, you were very impressive in laying out the logic
of your case.

But what I would like to do is turn to the international folks
here first.

As we all know, the Kyoto protocol has been ratified by the req-
uisite number of countries. What I would like to better understand
is what you are going to be required to do internationally that you
are not going to be doing here, what is the cost of that in terms
of competitiveness, and what would be necessary to get you to the
Kyoto levels. So I will—maybe we will just do it in reverse order
here.

Dr. HoBBS. Mr. Gordon, UTC is a global company. We make
more of our revenue outside the United States than inside the
United States, or at least have more employees outside the United
States. We have been taking our environmental actions globally
right from the beginning. The kinds of energy reductions and——

Mr. GorDON. But if I could—
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Dr. HoBBs. I didn’t talk about, like, air emission reductions.

Mr. GORDON. Well, excuse me. I don’t mean to be discourteous,
but we have got a limited time here. More specifically, what are
you going to be doing internationally—what are you going to be re-
quired to do internationally that you are not going to be doing here
and how is that

Dr. HoBBs. Well, what I was about to say is that we are not
going to do anything internationally, because we are already—we
believe we are already doing it.

Mr. GORDON. And are you doing the same

Dr. HoBBs. We are doing the same thing in the United States.

Mr. GORDON.—domestically? So it has no impact.

Dr. HoBss. I believe that is the case.

Mr. GORDON. Thank you.

And what about DuPont?

Dr. MCFARLAND. I think it is the same case for DuPont. We view
this as a global issue. We are taking actions. We do have plants
in Europe, for example, that are under the cap and trade, but the
energy efficiency put us in—well positioned right now. The ques-
tion is going forward. But to date, it—there is no

Mr. GORDON. So you think domestically you will be meeting the
Kyoto standards?

Dr. MCFARLAND. We reset our goals and we looked at energy effi-
ciency improvements. It is being done globally.

Mr. GORDON. But do you expect that here, domestically, you will
reach the Kyoto standards?

Dr. MCFARLAND. Yes.

Mr. GORDON. Okay. And what about Baxter? I am not trying to
criticize. I am just trying to better understand here.

Mr. MEISSEN. We are working to reduce our greenhouse gas
emissions. To meet the Kyoto standard may require some addi-
tional efforts than we currently have. We have been preparing for
a carbon cap and——

Mr. GORDON. Okay. When you say that, do you mean inter-
nationally or domestically?

Mr. MEISSEN. Both.

Mr. GORDON. Okay.

Mr. MEISSEN. Both. We are in—we realize that the cap-and-trade
schemes are emerging around the world, and it is taking place in
Europe. And in anticipating that, we became a founding member
of the Chicago Climate Exchange, which is a carbon cap and trade
organization in Chicago, which I might talk about later, but—as a
member company. And there, we are gaining experience in trading.
We are gaining experience in making our greenhouse gas emissions
database more robust. And we are gaining institutional knowledge
in how that operates so that we can better respond to these cap
and trade systems as they emerge.

Mr. GORDON. So do you expect to meet the international Kyoto
standards?

Mr. MEISSEN. We expect to meet the emissions limits for those
facilities that are affected.

Mr. GORDON. Internationally?

Mr. MEISSEN. Right.
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Mr. GORDON. Indeed. What more will be needed here in this
country for you to accomplish that?

Mr. MEISSEN. I believe that as we go forward into the future, we
are going to be adopting more state-of-the-art technologies, more ef-
ficient utility systems. We are going to——

Mr. GorDON. Well, is it the cost? I mean, are you concerned
about losing a competitive advantage to do that?

Mr. MEISSEN. No. [—we are taking—our approach is a global ap-
proach, just like these other gentlemen. And we—Dby driving
down—we are seeing the benefits of being more efficient in seeing
and realizing those benefits, it is spurring us on to achieve more.

Mr. GORDON. Mr. Rogers wrote—go ahead, sir.

Mr. ROGERS. Congressman, let me caution a little bit on Kyoto,
if I may.

Mr. GORDON. I am not trying to—I am not either advocating
or——

Mr. ROGERS. No.

MII; GORDON. I just want to know where we are to get a bench-
mark.

Mr. ROGERS. But let me kind of make an important point, if I
may.

If you look at—Kyoto goes back to 1990 levels.

Mr. GORDON. Right.

Mr. RoGeRs. I think it is impossible, particularly for the power
industry, to go back to 1990 levels, given how much our economy
has grown over the last 15 years. If you put a stake in the ground
around 2000, it is a more prudent approach, given where we are
today across this country in the growth of the demand for elec-
tricity. As I think about going forward, the prudent way forward
is to think more about slowing down the rate of emissions and then
starting to reduce the emissions level. And that is a strategy that
matches up with concerns by environmentalists who talk about the
carbon debt, and also matches up extremely well with a—from a
cost-benefit standpoint.

And finally, I would suggest that Kyoto is such a politically-
charged word. We are much better off, as we think about reducing
carbon going forward, to come up with a son or daughter of Kyoto
rather than that.

Mr. GORDON. Well, let me ask you this. There are other countries
that have adopted Ktoto. I mean, they may game it or not. But
what is going to happen to those power companies in the other
countries? Are they to go back to 1990? I know that, as you pointed
out, they probably have more of a nuclear base that might make
it easier, but are they going to make the 1990 baseline or are they
just going to game it or give up or what is going to happen?

Mr. ROGERS. I had the opportunity yesterday to have lunch with
Prime Minister Blair, and we talked about the United Kingdom.
The United Kingdom is an interesting situation, because they are
meeting their targets and why are they meeting their targets in
the generation? Because they had a lot of coal. What has happened
is, starting in the 1990s, and really with Thatcher, what they have
done is shut down their coal plants and really converted to gas fire
generation in a large movement. That has been responsible for a
lot of their change. They have been able to take natural gas out
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of the North Sea, bring it into the United Kingdom, and use it. If
you go to a country like France, they already have 75 to 80 percent
of their generation in nuclear, so no problem. The countries who
will have the difficulty will be Germany. Germany is—there the
government has cut a deal with the Green Party to effectively shut
down nuclear by 2025. I don’t see how they are able to hit a Kyoto
target in 2012 if they are facing a shut down of nuclear units in
subsequent years.

The following point on this is it is not clear yet if they will hit
the Kyoto targets, which are really 2012 targets, and are other
countries. Some of the countries have got a head start, and the
United Kingdom would be an example of that because of the con-
version from coal to gas that happened in the 1990s.

Mr. GORDON. So what does that mean for our competitive posi-
tion?

Mr. ROGERS. The troubling competitive issue is if they start to
try to say that U.S. companies are subsidized because they are
not—

Mr. GORDON. You inferred a trade problem. So are you foreseeing
that there could be, again, whatever trade allegations brought
against us and penalties on the international scale?

Mr. ROGERS. I could see the EU and countries and companies in
the EU starting to use that as an argument that U.S. countries are
subsidized because they don’t have to comply with Kyoto, as a con-
sequence, their products are cheaper. I think that is a possibility.
We haven’t seen that yet, but I think that is a possibility.

Mr. GORDON. I wish we could talk more, but my time is up.

Chairman BOEHLERT. Dr. McFarland, did you want to respond to
Mr. Gordon? Okay. Fine.

Mr. Bonner.

Mr. BONNER. Thank you, Mr. Chairman.

Many people back in our Districts have—who have seen corpora-
tions move overseas in a global economy have asked questions of
us over the years what are we doing to stop these job losses. You
have got companies that go to India or China or places in Europe
or Central or South America, and the belief is that they don’t have
the same minimum wage standards that we have. They don’t have
the same environmental protection laws that we have. For those of
you who have companies in or plants in other countries, how do our
environmental laws and what we are doing compare with the plant
operations that you have got in China, or in India, or in Europe,
or in other parts of the world? Are we putting our U.S. companies
at a disadvantage in terms of being able to stay on the continent
and provide jobs to American workers? It is an open question.

Dr. MCFARLAND. You know, I would be happy to provide more in-
formation, because this is somewhat outside my area of expertise.
But speaking for DuPont strictly, we have one environmental
standard around the world. And wherever we put a plant, it is the
same standard. So you know, that is not an issue for us.

Dr. HoBBs. For UTC, it is much the same. Our—we endeavor to
hold everyone that works for UTC to the same standards of envi-
ronmental performance, and by the way, the same ethical perform-
ance. And we provide things like education evenly all over the
globe. We don’t set wage standards in all of the places that we
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have factories, but to the extent that we are using our rules, we
have global standards.

Mr. BONNER. And let me just add to Dr. McFarland since he has
the plant in my District, we are grateful for the jobs that DuPont
provides in south Alabama and consider you all very good, out-
standing corporate citizens.

Mr. Rogers, I would like to go to a question that comes from one
of the comments you made earlier in your statement, and that is
that states are not—and I want to get your quote right, increas-
ingly taking on added roles in their monitoring and regulation on
greenhouse emissions. In your judgment, since there are 50 states
and obviously 50 different standards, is that an added hardship or
is that something that your company welcomes in terms of the
added emphasis that state governments are applying?

Mr. ROGERS. I think it is an additional hardship from the stand-
point—I mean, you create this patchwork of different regulations in
different states, and it—one of the—from a national policy stand-
point, we ought to have environmental policies that apply across all
of our country in every state, and we—and it should be a national
policy, not state. I think it would make it very difficult for compa-
nies to operate in this country, particularly in the power industry.
If you have one rule in Alabama, you have got another rule in
Georgia, another rule in the Carolinas. The question is how—what
does that mean when power flows between states. And so to have
the states weighing in with specific rules that are different than
the EPA, I believe, would be a problem.

Mr. BONNER. Thank you, Mr. Chairman.

Chairman BOEHLERT. Thank you very much.

Mr. Carnahan.

Mr. CARNAHAN. Thank you, Mr. Chairman.

I want to compliment all of the panel on the work that you are
doing —your leadership in this important environmental area.

I wanted to get some additional comment from each of you quick-
ly, because I guess, Dr. McFarland, you had expressed concern
about being put at a competitive disadvantage, and Mr. Meissen
had indicated that he believed they were actually achieving some
competitive advantage from some of the activities and develop-
ments. And I wanted to see if there is really a difference of opinion
here or get your additional comment about that.

Dr. MCFARLAND. I don’t see a difference of opinion on that. What
we are—you know, what Mr. Meissen is talking about is in the cur-
rent climate. And we, too, are saving money by our energy effi-
ciency goals. However, if some sort of regime is set up where you
are set to a standard that is based on historical performance, then
the companies that have moved early have already picked their
low-hanging fruit. They have done the things that they can do most
economically. So if it is set on a prior performance standard, those
that have moved are going to have to spend more to meet a reduc-
tion target, given reduction target, as compared to those who have
not taken action.

So the difference is Mr. Meissen is talking about in the current
climate. And we, too, have saved money in the current climate, but
we are talking about in a regulatory, carbon-constrained regime
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where you are set to a standard that is based on some prior per-
formance.

Chairman BOEHLERT. Just let me interrupt here, and I will not
take this out of your time.

I want to point out that you should be credited and not penalized
for your early, positive, constructive action, and that is our objec-
tive.

The gentleman is

Mr. CARNAHAN. Thank you, Mr. Chairman.

Mr. Meissen, did you have any additional comment?

Mr. MEISSEN. Okay. Thanks a lot.

I think many companies expect that they would be credited for
the initial activities that they have done. Their participation in the
voluntary programs, such as U.S. EPA Climate Leaders program,
the different registries in different states. I do believe that it is a
challenge to have different regulations in different states, and a
uniform framework and a uniform time frame, I think, will be ben-
eficial for companies. They would provide companies flexibility in
planning, especially capital planning cycles, which are multi-year
cycles, and if there is a requirement to invest in maybe expensive
core generation systems, it has great savings also, then they can
work that into their strategic planning cycle and capital cycle.

Mr. CARNAHAN. I guess I want to also close with a quick question
to get your opinion about what you believe would be some of the
best things we could do from the public policy perspective to
incentivize and encourage companies to continue with some of
these cutting-edge actions. Really, any of the panel.

Dr. McFARLAND. Well, it—to provide some assurance, regulatory
assurance, that those who have—are taking forward—or are step-
pingd forward with action are credited for those actions going for-
ward.

Mr. ROGERS. I think another thing that the Committee could do
is continue to take a holistic review of the R&D programs the gov-
ernment now funds and look at ways to jump-start some of these
programs and where the focus is on the D part of the programs and
also more toward the deployment and not just the development.
And I think that would be a movement in the right direction.

Mr. CARNAHAN. Thank you, Mr. Chairman.

Chairman BOEHLERT. The Committee is proud of the leadership
provided in advancing clean coal technology, and I would imagine,
Mr. Rogers, you would be a cheerleader in that arena.

Mr. ROGERS. Yes, sir.

Chairman BOEHLERT. Thank you very much.

The distinguished Vice Chairman of the Committee, Mr. Gut-
knecht.

Mr. GUTKNECHT. Well, thank you very much, Mr. Chairman. And
let me thank you, Chairman, for bringing this distinguished panel
here today.

I want to compliment all of you and your companies for what you
are doing. And I happen to agree that, long-term, this makes good
sense. It makes good business sense, it makes good environmental
sense, and so I just want to congratulate all of you and the compa-
nies that you represent, because the testimony here has been excel-
lent, and I agree with the basic point.
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But I do want to pursue something that Mr. Bonner from Ala-
bama raised. And I think it is—I wasn’t completely satisfied with
the responses that we had. One of the reasons that the Kyoto pro-
tocols received a rather chilly reception up here on Capitol Hill, I
think, was because it exempted some of the developing countries,
and in particular, China and India. And there is growing concern
in all kinds of businesses that I talk to on a regular basis in my
District, and I suspect my District is no different than the Districts
of most of my colleagues here on this side of the panel, and that
is that we were going to impose fairly strict standards on American
enterprises but not on those in developing countries, like China
and India. I wonder if you could give us a little more response to
that. And how serious 1s that problem? And long-term, you know,
where do we go from here?

Mr. RoGERS. Congressman, let me suggest that you can not have
an effective climate program without having both China and India
as part of it.

The question really is raised, well, what do we do as we work to
make them part of it. I think it has to be the industrial countries
of the world, and clearly China and India, given how fast they are
growing, the number of power plants they are building, the number
of factories they are building. So the question is how do you get the
timing right on that. We could, as a country—it was good judgment
not to go back to 1990 levels at this point. But good judgment also
tells you that we need to work to start to reduce the rate of emis-
sions in preparation, and but we have to work hard to make sure
internationally we bring those two countries along. If you could
bring those two countries, then over time, you would bring other
developing countries along, but they clearly have to be part of this
to get a good result.

Mr. GUTKNECHT. Anybody else?

Does it place—particularly small manufacturers. I think it is
easier if you are a big player and you have access to lots of capital
and, more importantly, you have a strong science and technology
base to your company anyway. I think it is relatively—it is easier
for companies like yours, with all due respect, than it is if you were
a smaller company that is building widgets in north Mankato, Min-
nesota that—you know, they can’t do that kind of thing. And that
is where I think a lot of the fear was.

Anyway, that is not really a question. I would just yield back my
time. And again, thank you for what you do.

Chairman BOEHLERT. Mr. Lipinski.

Mr. LipINSKI. Thank you, Mr. Chairman.

I would like to, as my colleagues have done, applaud everyone on
the panel here for what your companies have done to improve the
environment.

Now the question that I have, the first question comes from what
Dr. McFarland said, he had talked about he doesn’t want compa-
nies to be penalized, those who have picked the low-hanging fruit,
to be penalized if there are some regulations put out that they are
penalized as compared to other companies who still have the low-
hanging out there. And I think we certainly all agree about that.
But my question is, and we will start with Dr. McFarland, and I
want to hear from everyone on the panel, how far have you gone
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now in picking all of the low-hanging fruit. Are you close to the end
now of reductions? You have gotten the low-hanging fruit, and we
all know once it gets tougher, then there is much less economic in-
centives and other incentives to make further reductions. Is this it?
Are you close to the end of what is going to be easy to do? And
what incentive is there to do any more?

Dr. McFARLAND. Well, clearly we have picked the lowest-hanging
fruit, but technology is not static. We are continuing to drive to-
ward lower emissions and improving our performance on these. It
is difficult to answer, because the way we make the decisions is to
provide marginal cost curves for what projects we can undertake to
achieve, you know, the best greenhouse gas emission reductions,
and those marginal cost curves change yearly with advances in
technology. So I am not trying to avoid your question, it is just a
difficult question with the technology changing. We could continue
to focus on making project—process—progress to reducing our
emissions.

Mr. LiPINSKI. Are there—right now, and this is for Dr. McFar-
land and all of you, are there—do you have items right now that
are in the works in the plans to do more reductions?

Dr. MCFARLAND. Yes.

Mr. LipiNski. Mr. Rogers.

Mr. ROGERS. I would approach the question by saying we are in
the business of supplying electricity, and we have to have the capa-
bility to meet whatever demand is placed on us in the future, and
we operate in an area where there is growing demand for elec-
tricity, so we have to build more generation. So our ability to do
that, if we build gas-fired plants, is % the carbon emission of a coal
plant. Gas prices today are $5 to $7, and the economics of that are
questionable. And the—a broader question of our country, do we
really want to have our power generation increasingly dependent,
ultimately, on foreign sources of natural gas.

We are also looking at an integrating coal gasification facility.
That would allow us to reduce our emissions even further, if we
can build that and it makes economic sense. We are currently, as
I mentioned before, working with GE and Bechtel trying to nego-
tiate the building of a facility like that. And that would be a $1 bil-
lion investment. So we continue to look at investments and the en-
vironmental footprint of the investment is very critical to how—
what decision we make.

Mr. LipINSKI. Mr. Meissen.

Mr. MEISSEN. Yes. Most of Baxter’s greenhouse gas emissions are
associated with the use of energy. And because of that, Baxter has
a very active energy management program. We have a network of
energy managers in our largest facilities. We hold energy con-
ferences, a global energy conference every two years. And we are
doing energy audits, energy reviews of all of our major facilities on
a frequent basis. And when we do these reviews, we do find oppor-
tunities. The projects, because of the dynamics of our organizations
and many other companies like us, the manufacturing processes
are changing, the fuel costs are changing, the opportunities are
coming before us that we find. People say, “Well, we have picked
all our low-hanging fruit,” and I believe that—my experience at
Baxter is that the tree keeps growing, the fruit keeps coming down
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lower, and every year we can go around and pick some more fruit.
And so it is a continuous process of being more efficient and look-
ing for projects. And we always have a bank of projects that we are
working on and additional projects that we can work before us.

Mr. LipINsKI. Dr. Hobbs.

Dr. HoBBSs. Mr. Lipinski, UTC is coming to the end of the first
decade of its environmental goals, and we are developing our goals
for the next decade. They will continue to say we will improve in
greenhouse gas emissions and reductions in energy usage. But we
are looking more actively now at other parts of the value chain for
new areas that we can make the impact. So we are looking at our
partners and suppliers. How can we partner with them to make
sure they are doing the same things we are? But we are looking
for additional places to harvest low-hanging fruit as we go forward.

Mr. LipiNskI. Thank you, Mr. Chairman.

Chairman BOEHLERT. To follow up on Mr. Lipinski’s question,
are there federal technology development or demonstration pro-
grams that have or could make a difference? I guess what he is
looking for, and so am I, and I am sure all of us, is sort of guid-
ance. What more can we do? So are there federal technology devel-
opment programs that have made a difference, or, if they were
more adequately funded, could make a significant difference?

Mr. Rogers.

Mr. ROGERS. I am delighted with that question, because I think
back—on the project we are trying to create today on coal gasifi-
cation, I think back to the early 1990s. And we were the bene-
ficiary of a grant from the Department of Energy to build a coal
gasification facility, one of only two that were built in the United
States in the early 1990s. And we built it in Indiana, Wabash River
Plant. And we used the Dow technology there. And we took the gas
that came out of that unit and generated electricity. Here we are
today, more than a decade later, working on a coal gas plant that
is going to be closer to being what I call a commercial project
versus demonstration. I think it is going to be very critical to have
additional funding for carbon sequestration projects and carbon
capture projects in these coal gas, because the economics of coal gas
is very close to pulverized coal, depending on your assumptions
about how carbon constrained we are in the future. The thing that
really needs to be funded on these coal gas projects is really the
funding of the carbon sequestration. And I think that would be
very important in order to allow further development of the—be-
cause as you know, in technology, it is not the first generation,
often not the second, but it is generally the third, fourth, and fifth
technology, or generations in these technologies where it becomes
very cost-effective. We need more money to experiment with carbon
sequestration.

Chairman BOEHLERT. Does anyone else care to comment on that?

Dr. HoBBs. Mr. Chairman, I personally am from our research
center, and so we have been very pleased to have help from the
government on occasions to help us develop new products more
rapidly that wouldn’t come along as quickly without your help. One
of our projects we are working on recently is basically an air condi-
tioner running backwards. An air conditioner, normally you put in
electricity and you get out cold air. We said, “Suppose you put in
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hot air. Can you get out electricity?” So we took a Carrier air condi-
tioner, take a thermal waste heat source and get hundreds of kilo-
watts of electricity out of it. In partnership with the Department
of Energy, we are able to try this in some field tests, for instance,
at some geothermal sites in Alaska we are hoping for later in the
year. There is important opportunity to try some things quickly
that we wouldn’t be able to do on our own and maybe bring some
new products to market that make really good use of waste energy.
Huge amount of waste energy. If we could harvest a lot more of
that to reduce the generation requirements in this country, that
would be really a neat opportunity.

Chairman BOEHLERT. Okay. And I would appreciate after this
hearing, we will probably correspond with each of you, one, to
thank you for your outstanding testimony, and two, maybe to ask
some additional questions. And I would appreciate it if you would
give some thought to that question, specific question, what more do
you think, short of writing a blank check for all research, and that
is obviously not going to happen, but what more do you think, spe-
cifically, we should do in terms of the Congress in providing fund-
ing for the demonstration programs that offer some real promise?
And so we will follow through on that.

Ms. Biggert.

Ms. BIGGERT. Thank you, Mr. Chairman.

My first question is for Mr. Meissen.

I understand, and it was in your testimony, that there are a
number of companies in the Chicago area that have formed the
Chicago Climate Exchange, the first voluntary pilot carbon-trading
platform. Can you tell me what is its purpose and something about
your participation in that exchange?

Mr. MEISSEN. Okay. Yes. Thank you, Representative.

Approximately two years ago, the Chicago Climate Exchange was
formed. This is the first multi-sector, multi-national carbon trading
scheme performed in—actually in existence in the United States. It
was formed initially by 14 companies. Baxter was one. Currently,
there are over 90 members in different—members in different cat-
egories of membership.

The purpose of the exchange is to demonstrate that a carbon cap
and trade scheme can work, to demonstrate the procedures, dem-
onstrate that a metric ton of carbon, there could be a cost assigned
to that in a trading scheme. And for Baxter, we found that very
beneficial to us, because we are learning what that is all about. We
are developing institutional knowledge on how it works. And that
helps prepare us to address carbon cap and trade schemes as they
evolve around the world.

Ms. BIGGERT. And this is the first? There haven’t been any oth-
ers throughout the country? Have people contacted you on how to
form this or anything? Is this

Mr. MEISSEN. Oh, yes. We have gotten a lot of good recognition
for this. They have asked us about our participation in it. We have
also been asked to speak on that in a number of forums.

Ms. BIGGERT. How do the energy requirements of manufacturing
at Baxter differ from some of the other companies and industries
that might be involved?
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Mr. MEISSEN. One of the major differences with energy usage for
Baxter that is a manufacturer of health care products is that we
have to manufacture them in clean rooms under sterile conditions.
And so our clean rooms and production operations relating to them
are very energy-intensive. But we focus a lot of effort on making
those more efficient. And we recently were going to a concept called
isolators where instead of building a large clean room, we are
building a small self-contained production unit where the basic pro-
duction takes place, and those units are much more effective and
provide higher levels of quality. It assures quality and also reduces
energy costs.

Ms. BIGGERT. Okay. Thank you.

And Mr. Rogers, you mentioned a merger with Duke Power. And
I understand that that company has nuclear facilities.

Mr. ROGERS. Yes, ma’am, they do, indeed. And actually, one of
the reasons why we thought combining with them was a good thing
for us, we were the largest non-nuclear generator in the United
States, primarily coal and gas, and by combining with Duke, who
is a recognized leader in the operation of nuclear, it gives us the
capability to use that technology, because we don’t—there are no
silver bullets for the future, and we don’t know what technology is
going to be the right technology, because we don’t know what the
rules will be yet with respect to environmental requirements. And
there might be a day where nuclear again is important to our coun-
try. I sense that it might well be.

Ms. BIGGERT. So I know that even the Administration has just
come out with talking about how we haven’t built a nuclear facility
in years and years and years and that there is some talk about
wanting to further that. Would your company then be in a position
to maybe want to build another reactor?

Mr. ROGERS. It is my understanding that Duke has announced
that they would be very interested in building another nuclear fa-
cility. However, it is almost impossible for them to contemplate
that unless there is some resolution on the issue of storage of spent
fuel, and the Yucca Mountain issue has been a major forever issue
in our industry that is yet to be completely resolved. I think it
would be very difficult for anybody in this country to build a nu-
clear unit in the face of no resolution of that spent fuel issue.

Ms. BIGGERT. Thank you. And we will be having a hearing on
that soon.

Dr. Hobbs, you were talking about the waste heat energy. What
are the obstacles that stand in the way of making this waste heat
productive?

The kind of product that we are looking at works very well now
if there is high-grade waste heat. And the research efforts we are
going to today, particularly, are looking at lower-grade waste heat,
heat that is not as hot when it starts. This includes all things from
solar sources, for instance, solar collectors, to, as I say, geothermal
sites and other sorts of sites. And the technology we are working
on is how to use this lower-temperature heat effectively, and can
you make the whole process work. It is exciting science right now.

Ms. BIGGERT. Are there any other market barriers?

Dr. HoBgs. I have still got to make the product work before I
worry about marketing.
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11Ms. BiGGERT. Well, thanks for all you are doing, and thank you
all.

Chairman BOEHLERT. Thank you, Ms. Biggert.

Ms. Woolsey.

Ms. WooLSEY. Thank you, Mr. Chairman.

I would like to piggy-back on the last question you brought up
to the panel, because you actually stole my question, so I am going
to just take it and go further with it.

It is clear that it would make a big difference if products and
services that would help you with these new technologies were al-
ready available in the marketplace and that they were available,
affordable, and efficient and did what you needed them to do.

So I am asking you a couple of things. I mean, I am so im-
pressed, Dr. Hobbs, that you actually develop your own products
for your solutions. One, if those products were already available on
the market, would you just purchase that solution and those serv-
ices, and two, are you able to recoup your costs by turning that into
a sellable product yourselves?

Dr. HoBgs. I hope if somebody else had it we might buy the com-
pany. We partner with all sorts of people for solutions. And in fact,
the place that my research center particularly is working now is on
integrated solutions. We are looking at more than simple compo-
nents but at whole systems and how you can take multiple things
and put them together to gain efficiency and lower total cost and
reduce greenhouse gases and so forth in the process. And so having
other people—parts of systems that belong to other people is per-
fectly fine. The more things that we have to play with, the more
opportunities there are.

Ms. WoOLSEY. Right. Any of you that would like to respond
about what in your own industries you would take advantage of if
it were available in the marketplace, and also with the idea that
I believe green technology is the next future industry of the United
States if we will wake up and get behind it. So what does the Fed-
eral Government need to do to help that industry go forward?

Dr. McFarland, you had a——

Dr. McFARLAND. Yes. You bring up another issue. What you
heard about today, primarily, are the actions that industry is tak-
ing to reduce its own emissions. And you have heard the other
panel members, and we as well, provide products to increase the
efficiency of our end users. If you look at how carbon emissions are
spread across the economy, assigning the carbon emissions that—
from Mr. Rogers’ sites and other utilities’ sites, to the end user,
about % of the emissions come from industry. About % come from
buildings. And about % come from transportation. It is not exactly
that. I could get you better numbers on that. You can find them
in the reports.

We have got to engage all of the sectors of the economy. This is
a global issue, as has been pointed out before. We need to engage
all countries. But we also need to engage all sectors of the econ-
omy. And what Dr. Hobbs is talking about is a better way to con-
vert energy and more efficiently use the resources, but you have
got to have that pool. The industry is generally very cost-sensitive,
and in some cases, more cost-sensitive than other sectors of the so-
ciety. So we look at energy already as a—on the bottom line.
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Projects that we are talking about here today I know go beyond
what we would—what would be normal business, because they
would not normally make the investment hurdle. But again, you
heard from people here that are looking at energy as part of the
bottom line.

Ms. WooLsEY. Thank you.

Anybody else want to comment?

Thank you, Mr. Chairman.

Chairman BOEHLERT. Mr. Sodrel.

Mr. SODREL. Thank you, Mr. Chairman.

It is great to have a couple Hoosiers here. In fact, I have bought
some of your electricity, Mr. Rogers, as little as possible.

Mr. ROGERS. Well, thank you for whatever you bought. We need
the money.

Mr. SODREL. In my other life, I was in the transportation busi-
ness, and we found that reducing our energy use was very cost-ef-
fective, but there is that 90/10 rule that people talk about: you get
90 percent of the benefit by 10 percent of the money. When we had
trucks getting four miles to the gallon, it wasn’t very difficult to get
five. And when you got five, it wasn’t very difficult to get six. What
we found was that the latest technology in trucks costs more
money to acquire, costs more money to maintain, and burns more
fuel. So it is very difficult to get the user excited about going out
and acquiring the asset. So I—you know, we talked a lot about the
Kyoto protocols and how that affects our business. And I appreciate
the fact that American-based industries that are operating in for-
eign countries will apply our standards to that operation. That
doesn’t mean that our domiciled in that country will do likewise,
which puts us at a cost disadvantage.

I guess my question is, Mr. Meissen was talking about, you
know, efforts in his plant, how close are we to getting to the end
here? I mean, I always tell people, in our business, we can save 100
percent of our energy and create no environmental problems if we
just lay off 600 people and they don’t come to work today. You
know, then we could save it all. So it is a balance between creating
jobs and doing it with the minimal impact on the environment. And
my question is how close do you think you are to the end where
it becomes almost prohibitively expensive to cut emissions any fur-
ther?

Mr. MEISSEN. Well, Representative, what we have seen at Baxter
over the last 10 years is we have been able to accomplish an incre-
mental improvement in energy efficiency and an incremental im-
provement or reduction in energy costs. And I don’t see the end in
the next decade or—I mean, I see incremental improvements con-
tinuing to increase, because every once in a while, there is a quan-
tum shift, there is a new technology. We can go 10 percent all of
a sudden in a certain area. I think it is difficult to anticipate where
that end might be, but I think it is a number of years out for Bax-
ter.

Mr. ROGERS. I would respond to that by saying the cost-benefit
curve continues to move, and we really shouldn’t, sort of, have a
preordained spot for it in the future, because as you look at tech-
nologies, I look at the combined cycle plants, gas-fired plants have
been developed by GE and how much their efficiency has been im-
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proved over the last decade. I look at coal gasification and how
much we have brought the costs down and we are going to have
the ability to do it even in a cheaper way going forward. We par-
ticipated and are joint owner of a coal generation facility at the
Texas City plant with BP where basically the same concept of cap-
turing the heat and fully utilizing it within the system has created
great efficiencies in terms of the utilization of natural gas.

So I think our country is on a road, and if we have clear stand-
ards or goal lines with respect to emissions levels, I think we have
the capability in this country to use our ingenuity and our ability
to develop technological solutions. I think there is no end to what
we can achieve.

I had the good fortune in my life to have Neil Armstrong on our
Board of Directors, which always meant that I started every con-
versation “one small step.” But I think if we had in this country
a kind of a man-to-the-moon type commitment with respect to tech-
nology and certain lines of where we need to be in the future in
terms of emissions level, I think this country has got the capability
to get it done.

Mr. SODREL. Just a follow up.

Because all of you have worked very hard on emissions and re-
ducing your emissions, would you work any harder, would you be
any more successful if we passed regulations that moved you faster
than available technology can take you? I mean, is our new law
going to help you become any more efficient than the existing laws?

Mr. ROGERS. Some of my friends in the industry would say, “Now
you have gone from preaching to meddling,” if you require us to do
something that we don’t have the capability to do or there is not
the technology to do. But I believe that we need to be very sophisti-
cated in the way we think about this, because sometimes if you put
a stake in the ground, you go—you are forced and you work hard
and you make it. There might be times where you can’t make it,
and we need to have regulations that are flexible enough that—and
understand that to get the balance right on a stake-in-the-ground,
we are going to make it, plus some flexibility if it doesn’t work out
that way. That is where we have got to have very creative legisla-
tion and regulators that really understand what the goals are and
how best to get there, but at the same time not creating something
that is just impossible.

Mr. SODREL. Would anybody else like to respond to that one?

Dr. HoBBs. Let me just add two or three words. I think that if
there is additional legislation, flexibility in the approaches that
companies have to approaching it is the key issue. If—you know,
to Mr. Rogers’ point, it is the ability to use different technologies
and bring different things to the table that will be so important for
continuing to make these strides. So if there is legislation, it has
to be crafted in a way that it doesn’t inhibit our ingenuity and
flexibility.

Ms. BIGGERT. [Presiding.] The gentleman’s time has expired.

The gentleman from Texas, Mr. Green, is recognized for five min-
utes.

Mr. GREEN. Thank you.

And I would like to thank the Chairman and the Ranking Mem-
ber. I suppose I am especially appreciative of the Ranking Member
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for allowing me the opportunity to occupy this space. It is a lot big-
ger when you get here than it appears to be from the far end of
the table.

I do want to acknowledge, as others have, that we have an out-
standing group of experts here today. And I have been more than
impressed with what you have said. I have been inspired. And Mr.
Rogers, just to pick on you, I want you to know that your com-
ments most recently made about what we are capable of doing,
those are truly inspirational comments. Probably, had we been in
another venue, someone would have applauded what you said. I
think you demonstrated to us by way of your articulations that if
we have the will, we can find the way. And that is what we are
trying to gather now: the will to get this done, because Americans
have always had the ability to find the way once we have applied
the will.

I would like to just mention China for a moment, if I may, be-
cause having visited China, you really don’t have to be an expert
to see that there really is a problem there. It is quite visible. It is
almost intuitively obvious to the most casual of observers. And
given that it is now a problem, given that they are placing more
cars on the road, given that they are attracting businesses from all
over the world, given that they are constructing more buildings and
industries, if it is a problem now, it surely is going to become a
major problem in the future. And the question that we have to
grapple with is how do we get them to comply to come on board
if we are not on board. And I am saying that with as much sin-
cerity as I can, because I am interested in having you, if you can,
to the extent that you can, give some intelligence with reference to
how do we get this done, which has to be done, without having
done it ourselves. Mr. Rogers, perhaps you can continue to inspire
me.

Mr. RoGERS. That is a very tough question.

I believe very strongly that we have to bring China and India on
board, not necessarily all of the other developing countries at this
time. But it is really a question of leadership. And you are right
in your point that it is pretty hard to preach something when you
are not doing it yourself. But I think the question that we have to
ask ourselves is can we put a stake in the ground on this issue that
moves us in that direction but, more importantly, allows companies
in our country, like the ones here, and other companies, like GE,
who can develop the technologies that they can subsequently sell
into China and India creates a market for their products but they
are products that allow them to create energy in a more efficient
way or to reduce emissions, whether it is SOx, NOx, mercury, or
CO.. And I think all of those are problems in China and India.

And so my judgment is that we are going to have to lead on this.
I don’t think leadership translates into Kyoto. I think it is some-
thing less than that, because I don’t think our country can do it
for now. But I do think we can do something. And we need to do
it and say we will go to this place, and if India and China are not
on board at that place, then maybe we don’t go any further. So we
have—I think, at the end of the day, we are going to have to go
first in order to bring them along with us.
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And quite frankly, I am impressed with what Prime Minister
Blair is doing. He is taking the G—8 in a couple of months and basi-
cally going to make this issue a primary issue. And he believes that
bringing both India and China on board is critical to our success
on this issue.

Mr. GREEN. I welcome any additional comments, Mr. Chairman,
if time permits. If not, I will yield back.

Chairman BOEHLERT. Time does permit. And incidentally, if we
were in a different venue, you had said you would stand up and
applaud. You can stand up and applaud right here. This venue is—
but I don’t want you guys to think, quite frankly, that this is all
going to be a cakewalk as you go forward. You understand that.
Maybe absent today are some of the most critical of our colleagues
in terms of this whole issue, and I am really sorry that they have
conflicts and can’t be here, because I would like them to hear what
you are saying. And what you are saying is you are not just altru-
istic in doing what you are doing, providing leadership, and you are
not just goodhearted citizens. There is an enlightened self-interest
in doing what you are doing, and it is good for everybody.

So you have got more time, Mr. Green.

Mr. GREEN. Thank you, Mr. Chairman.

If another panel member would care to give a response. Yes, sir.

Mr. MEI1SSEN. Well, I can’t speak to what other industries and
companies are doing, but given the nature of our products and
services and our manufacturing operations around the world, we
operate—we have the same standards around the world, and these
are the same standards on quality, but also in environmental
health and safety policies but also on energy conservation, water
conservation, and other resource conservation. We have a number
of facilities in China and a few in India that are doing an excellent
job on managing resources and operating in a very cost-effective
manner. Actually, a few best practices are coming. So I think that
it first starts with the company. And in our case, we can’t influence
maybe what other companies or larger organizations can do, but we
can influence what we do. We can set our policies. We can set the
direction we want to go. We can set our strategic focus. We see the
carbon cap and trade schemes emerging around the world, and that
is why we got involved in the Chicago Climate Exchange. The emis-
sions of all of the members of the Chicago Climate Exchange equal
over % the emissions of Great Britain. And in the first year of our
pilot program, we were able to reduce that eight percent on an ab-
solute basis. And that is by finding the most cost-effective in the
different facilities and the different organizations to implement a
project that reduces carbon.

And so when you have a multi-sector, multi-national organiza-
tion, you can find the lowest—I mean, the cost—incremental cost
to reduce carbon can be determined, and therefore, you, cost-effec-
tively, can reduce it for the whole group.

Mr. GREEN. Yes, sir. Dr. Hobbs.

Dr. HOBBS. Just one more quick thing.

Sometimes applauding what people are doing good is a good
thing, too, so recently our Carrier division and the state Environ-
mental Protection Agency of China established a China Ozone Pro-
tection Award. The program recognizes individuals and organiza-
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tions promoting the use of non-ozone-depleting technologies. That
is not greenhouse, but it is allied, and—but we are trying to project
the same kind of responsible image to China that we do in the
United States.

Mr. GREEN. Thank you, Mr. Chairman. I yield back.

Chairman BOEHLERT. Thank you, Mr. Green.

Chairman Inglis.

Mr. INGLIS. Thank you, Mr. Chairman. That enlightened self-in-
terest you were talking about, Mr. Chairman, comes home with
General Electric who makes those coal gasification turbines in
Greenville, so we are very excited about that. And I think that it
is something that proves the point that you are making, that indus-
try with enlightened self-interest can do things that really can help
the whole world. So that is exciting.

Also, Mr. Rogers, we are excited about Duke Power looking at a
nuclear power plant. I think the best—one of the best sites they
could look at is in South Carolina’s Savannah River Site, particu-
larly if they use that technology—use that opportunity—your new
company uses that opportunity to create hydrogen as a byproduct
out of that nuclear reactor that they would build. We know a lot
about keeping hydrogen under pressure at Savannah River Site,
because we have kept tritium under pressure for 30 years there,
and so it would be a fabulous place for Duke Power to do this, to
start moving us toward fixing what Dr. McFarland was talking
about, at least % of that sector being transportation. If we can cre-
ate hydrogen and move toward a hydrogen economy that could pro-
pel us in cars, it would be a fabulous thing. And we have got an
opportunity with that next nuclear reactor. And I hope, Mr. Chair-
man, that that becomes an opportunity for us to work in a very bi-
partisan way, and also biophilosophical, if that is a word, way be-
tween conservationists and environmentalists. Conservationists are
people who want to conserve things. Environmentalists are people
who have, perhaps, a slightly different worldview or a different
worldview than conservationists, but there is agreement, it seems
to me, or potential for agreement on things like moving toward hy-
drogen, especially if you did it through nuclear.

So that is a little bit of preaching there about the opportunities
that are available.

And the question—I would follow up in what Mr. Green was ask-
ing about. It seems to me that if we are to encourage China and
India to do what we have now figured out to do because our tech-
nology has gotten us to the place where we can do it, if we can get
them, in some way, to go with that technology right off the starting
line rather than to retrofit later. I have got to assume it is far more
expensive—and this is your experience. I have got to assume it is
far more expensive to retrofit an investment you already have. If
we could encourage them to somehow get involved in this new tech-
nology, like coal gasification turbines made by General Electric, to
buy those first rather than build the quick and easy now, come
back later and find it cost-prohibitive to go that—can—anybody
want to comment on how you can encourage people to do that? Ob-
viously, your companies are leaders in this.

Mr. ROGERS. I think it is really critical that when new power
plants are built in China and India they use the best available
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technology. And you are right. I mean, as a company that in the
Midwest we will have spent, over the last decade and looking for-
ward to 2010, almost $4 billion on retrofits in terms of putting
scrubbers on the back end of plants and putting SCRs to take NOx
out and take SO, out and to combine they take mercury out. It is
smarter to do it on the front end. And when you build a power
plant, whether you build it in China or you build it in the United
States, you are building that plant to be there for 40 to 50 years.
And that is why it is so important in this country, and that is why
I am so much a pragmatist about this. I am—all across our coun-
try, power companies, over the next three to five years, are going
to be making decisions about the next generation of power plants
to build. We don’t even know what the rules are on SOx, NOx, and
mercury. We don’t know what the rules are on carbon. But we all
instinctively know that they are going to be tighter than they are
today and that we will have carbon rules. And because we will, we
are forced to look at nuclear more, look at coal gasification because
those are lower-cost approaches to taking it out. If you looked at
a coal plant today and you—and if this is the coal plant where the
retrofits have been put on, probably only that much of the coal
plant is where the power is generated. All of the rest is to clean
up the air byproduct. If you look at a coal gasification facility, what
you see is you could do it cheaper, take the SOx, NOx, and mercury
out, on the front end, and so you don’t have to build this huge facil-
ity on the back end of the power generation. And that is about as
technical as I ever get.

But my point is that these decisions are 40- and 50-year deci-
sions. And so to your point, if we can lead with our technology and
to set—help them and do it ourselves, set guidelines and goal lines,
I think we have the ability to make the right decisions, rather than
make the wrong decision and have to fix it 15 years from now.

Mr. INGLIS. Anybody else want to comment about that?

Dr. MCFARLAND. On the issue of leadership and bringing the
other countries, China and India, on board, it is also a matter of
implementing those technologies here to bring the costs down. And
also, there is a long-term issue here that we, to solve this issue,
are going to have to have breakthrough technologies, and devel-
oping and providing the market signals to implement those tech-
nologies in the long run are going to be absolutely critical to solv-
ing this long-term global issue.

This isn’t a sprint. It is a marathon. We have got to get started
now. It is going to take decades to really, truly address this issue.
You know, just to put it in perspective, to achieve the goals of the
Framework Convention on Climate Change, which I like to talk
about rather than the Kyoto protocol, some time in the next 75 to
150 years, global average per capita emissions of carbon must be
one-tenth of what they are today in the United States and con-
tinuing to fall. The more you emit now, the less you can emit in
the future. So it says you start now, you take incremental steps,
and you prepare for the future.

Chairman BOEHLERT. Thank you.

The gentleman’s time has expired.
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To paraphrase an old adage, Dr. McFarland, a journey of decades
starts with the first day of forward movement, and you guys are
moving forward. Thank you.

Mr. Wu.

Mr. Wu. I would like to commend the Chairman for his leader-
ship on this issue and thank the panel, Mr. Rogers, Dr. McFarland,
Mr. Meissen, Dr. Hobbs, for your private sector leadership and the
enterprises which you represent, whether it is Cinergy or DuPont
or United Technologies or Baxter. Thank you very much for pro-
viding that private sector leadership.

I don’t have a question for you all so much as I have a comment
about what is going on in the public sector on this issue. Now I am
way past the age where I take newspaper stories at face value, but
there is a front-page story in today’s New York Times by Andrew
Revkin. And anything that says that a former American Petroleum
Institute official is now the Chief of Staff for the White House
Council on Environmental Quality sort of gets me to read the rest
of the article. And the rest of the article proved rather interesting,
because it turns out that this attorney with an economics back-
ground has been editing science reports on climate. And here is an
example of a paragraph, which he crossed out from a scientific re-
port.

The paragraph would have read, and this is all crossed out,
“Warming will also cause reductions in mountain glaciers and ad-
vance the timing of the melt of mountain snow peaks in polar re-
gions. In turn, runoff rates will change, and flood potential will be
altered in ways that are currently not well understood. There will
be significant shifts in the seasonality of runoff that will have seri-
ous effects on native populations that rely on fishing and hunting
for their livelihood. These changes will be further complicated by
shifts in precipitation regimes and a possible intensification in in-
creased frequency in extreme hydrologic events.”

“Extreme hydrologic events” is what I think we, in the North-
west, call a flood. And this is all redacted from a scientific report.
And it would be disturbing in and of itself were it not for the fact
that in the story, it said that “critics admit that while all Adminis-
trations routinely vet government reports, scientific content in such
reports should be reviewed by scientists,” and that, further,
“politicization by the White House has fed back directly into the
science program in such a way as to undermine the credibility and
integrity of scientific programs with a chilling effect and has cre-
ated a sense of frustration among scientists.” And there is a com-
ment of the National Academy of Sciences that they warn that the
Administration’s procedures for vetting reports on climate could re-
sult in excessive political interference with science.

Now you all have provided terrific private sector leadership in
this arena, and Mr. Chairman, you and others on this committee
have provided leadership on this issue in terms of science. And I
would submit that we have an oversight responsibility to make
sure that the integrity of the scientific process is maintained no
matter what the current political climate may be. There is always
a limit to what we can do, whether that is technologic or political,
but we must exert best efforts.
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As you know, Mr. Chairman, on my side of the aisle, I have been
a relative moderate on climate change issues. I have been more fo-
cused on backyard issues than global change issues, but I do find
that a twisting of the scientific process is very disturbing to me,
and I would like to submit this June 8 New York Times article into
the record of the hearing and yield back the balance of my time.
[The information follows:]
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BUSH AIDE EDITED
CLIMATE REPORTS

Ex-Oil Lobbyist Softened

Greenhouse Gas Links

By ANDREW C, REVKIN

A White House official who once
led the oil industry’s fight against
limits on greenhouse gases has re-
peatedly edited government climate
reports in ways that play down links
between such emissions and global
warming, according to internal docu-
ments.

In handwritten notes on drafts of
several reports issued in 2002 and
2003, the official, Philip A. Cooney,
removed or adjusted descriptions of
climate research that government
scientists and their supervisors, in-
cluding some senior Bush adminis-
tration officials, had already ap-
proved. In many cases, the changes
appeared in the final reports.

The dozens of changes, while
sometimes as subtle as the insertion
of the phrase “significant and funda-
mental” before the word “uncertain-
ties,” tend to produce an air of doubt
about findings that most climate ex-
perts say are robust.

Mr. Cooney is chief of staff for the
White House Council on Environ-
mental Quality, the office that helps
devise and promote administration
policies on environmental issues.

Before going to the White House in
2001, he was the “climate team lead-
er” and a lobbyist at the American
Petroleum Institute, the largest
trade group representing the inter-

Continued on Page Al6
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In Editing Climate Reports, Bush Aide
Softened Greenhouse Gas Links

Continued From Page Al

ests of the oil industry. A lawyer with
a bachelor’s degree in ecc he
has no scientific training.

The documents were obtained by
The New York Times from the Gov-
ernment Accountability Project, a
nonprofit legal-assistance group for
government whistle-blowers.

The project is representing Rick S,
Piltz, who resigned in March as a
senior associate in the office that co-
ordinates government climate re-
search. That office, now called the
Climate Change Science Program,
issued the documents that Mr. Coo-
ney edited.

A White House spokeswoman, Mi-
chele St. Martin, said yesterday that
Mr. Cooney would not be available to
comment. “We don’t put Phil Cooney
on the record,” Ms. St. Martin said.
“He’s not a cleared spokesman,”

In one instance in an October 2002
draft of a regularly published sum-
mary of government cilimate re-
search, “Our Changing Planet,” Mr.
Cooney amplified the sense of uncer-
tainty by adding the word “extreme-
ly” to this sentence: “The attribution
of the causes of biological and eco-
logical changes to climate change or
variability is extremely difficult.”

In a section on the need for re-
search into how warming might
change water availability and flood-
ing, he crossed out a paragraph de-
scribing the projected reduction of
mountain glaciers and snowpack.
His note in the margins explained
that this was “straying from re-
search strategy into speculative find-
ings/musings.”

Other White House officials said
the changes made by Mr. Cooney
were part of the normal interagency
review that takes place on all docu-
ments related to global environmen-
tal change. Robert Hopkins, a
spokesman for the White House Of-
fice of Science and Technology Pol-
icy, noted that one of the reports Mr.
Cooney worked on, the administra-
tion’s 10-year plan for climate re-
search, was endorsed by the Na-
tional Academy of Sciences. And My-
ron Ebell, who has long campaigned
against limits on greenhouse gases
as director of climate policy at the
Competitive Enterprise Institute, a
libertarian group, said such editing
was necessary for “consistency” in
meshing programs with policy.

But critics said that while all ad-
ministrations routinely vetted gov-
ernment reports, scientific content in
such reports should be reviewed by
scientists. Climate experts and rep-
resentatives of  environmental
groups, when shown exampies of the

revisions, said they illustrated the
significant if largely invisible influ-
ence of Mr. Cooney and other White
House officials with ties to energy in-
dustries that have long fought green-
house-gas restrictions.

In a memorandum sent last week
to the top officials dealing with cli-
mate change at a dozen agencies,
Mr. Piltz said the White House edit-
ing and other actions threatened to
taint the government’s $1.8 billion-a-
year effort to clarify the causes and
consequences of climate change.

“Each administration has a policy
position on climate change,” Mr.
Piitz wrote. “But I have not seen a
situation like the one that has devel-
aped under this administration dur-
ing the past four years, in which po-
liticization by the White House has
fed back directly into the science
program in such a way as to un-
dermine the credibility and integrity
of the program.”

A senior Environmental Protec-
tion Agency scientist who works on
climate questions said the White
House environmental council, where
Mr. Cooney works, had offered valu-
able suggestions on reports from
time to time. But the scientist, who
spoke on the condition of anonymity
because all agency employees are
forbidden to speak with reporters
without clearance, said the kinds of
changes made by Mr. Cooney had
damaged morale. “I have coll

long taken a sharply different view.
Starting with the negotiations lead-
ing to the Kyoto Protocol climate
treaty in 1997, it has promoted the
idea that lingering uncertainties in
climate science justify delaying re-
strictions on emissions of carbon di-
oxide and other heat-trapping
smokestack and tailpipe gases.

On learning of the White House re-
visions, representatives of some en-
vironmental groups said the effort to
amplify uncertainties in the science
was clearly intended to delay consid-
eration of curbs on the gases, which
remain an unavoidable byproduct of
burning oil and coal.

“They’ve got three more years,
and the only way to control this issue
and do nothing about it is to muddy
the science,” said Eileen Claussen,
the president of the Pew Center on
Global Climate Change, a private
group that has enlisted businesses in
programs cutting emissions.

Mr. Cooney’s alterations can cause
clear shifts in meaning. For exam-
ple, a sentence in the October 2002
draft of “Our Changing Planet” origi-
nally read, “Many scientific observa-
tions indicate that the Earth is un-
dergoing a period of relatively rapid
change.” In a neat, compact hand,
Mr. Cooney modified the sentence to
read, “Many scientific observations
point to the conclusion that the Earth
may be undergoing a period of rela-
tively rapid change.”

Ad

in other agencies who express the
same view, that it has somewhat of a
chilling effect and has created a
sense of frustration,” he said.

Efforts by the Bush administra-
tion to highlight uncertainties in sci-
ence pointng to human-caused
warming have put the United States
at odds with other nations and with
scientific groups at home,

Prime Minister Tony Blair of Brit-
ain, who met with President Bush at
the White House yesterday, has been
trying to persuade him to intensify
United States efforts to curb green-
house gases. Mr. Bush has called
only for voluntary measures to slow
growth in emissions through 2012,

Yesterday, saying their goal was
to influence that meeting, the scien-
tific academies of 11 countries, in-
cluding those of the United States
and Britain, released a joint letter
saying, “The scientific understand-
ing of climate change is now suffi-
ciently clear to justify nations taking
prompt action.”

The American Petroleum Insti-
tute, where Mr. Cooney worked be-
fore going to the White House, has

ing a similar pat-
tern of changes is the 2003 “Strategic
Plan for the United States Climate
Change Science Program,” a thick
report describing the reorganization
of government climate research that
was requested by Mr. Bush in his
first speech on the issue, in June
2001. The document was reviewed by
an expert panel assembled in 2003 by
the National Academy of Sciences.
The scientists largely endorsed the
administration’s research plan, but
they warned that the administra-
tion’s procedures for vetting reports
on climate could resuit in excessive
political interference with science.
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An Editor in the White House

Handwritten revisions and comments by Philip A, Cooney, chief of staff for the White House Councit on
Environmental Quality, appear on two draft reports by the Climate Change Science Program and the Subcommittee
on Global Change Research. Mr. Cooney's changes were incorporated into later versions of each document,
shown below with revisions in bold.

“STRATEGIC PLAN FOR THE U.S. CLIMATE CHANGE SC!ENCE PROGRAM,” DRAFT TEXT, OCT. 2002
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Chairman BOEHLERT. Thank you.

From one relative moderate to another, the Chair now recognizes
Dr. Ehlers.

Mr. EHLERS. Thank you, Mr. Chairman. I would just observe
that when I stopped reading the New York Times, 1 increased the
amount of time I had available and reduced my anxiety level. That
is offered in jest, by the way. I don’t want a New York Times edi-
torial about the know-nothing attitude in the Science Committee.

I had several questions I was going to ask. Many of them have
been touched upon.

Let me summarize with a few comments and some additional
questions.

First of all, on Mr. Green’s question and the answers.

I certainly agree that China and India are the greatest problem
in the near future, but I think the Kyoto treaty was fatally flawed
by not setting up a timeline for every nation. And the reason for
that was alluded to by Mr. Rogers, in your comment that energy
investments tend to be very long-term investments. And if, for ex-
ample, Uganda and Costa Rica knew that they were going to be
subject to the treaty requirements in 2020, they would make far
different investment decisions now than they would make if they
knew they didn’t have to worry about it until some time in the fu-
ture, and they wouldn’t have to make retroactive changes. So I
really think every nation has to be—has to know it is going to af-
fect them, because clearly in sunny climates, particularly central
Africa, our good investments in solar energy over the long run
might be much more productive than investments in burning coal.

That was just a comment.

But Mr. Rogers, also in your testimony, you seemed to suggest
that restrictions on greenhouse gas emissions can result in leader-
ship and technology and advanced competitiveness. I think that is
a very important factor that we tend to overlook too often on the
Congress, and I have been impressed with those countries that
have adopted, including, at times, the United States, that have
adopted advanced requirements. They have led to developments of
entire new industries in environmental control and which imme-
diately becomes an export business when other countries have
dropped those same requirements. But it seems to me that is al-
ways forgotten, or else ignored, by those who say there is no cli-
mate change. We could—if in fact we are wrong in that, or they are
wrong on it, we could be in the situation of having to import our
environmental controls rather than being in the position of devel-
oping them, as Dr. Hobbs says, and exporting them. Does that
make sense to you, or am I in La-La Land here?

Mr. ROGERS. No, I think you make a very good point. And at
great risk, I am reminded of a series of articles that were in the
New York Times over the last week talking about the innovation
and the new technologies in Japan, because they are very focused
on reducing their emissions of carbon and greenhouse gases. And
it reminded me that, you know, there is an advantage to countries
who know they are going to have to deal with this. It is an advan-
tage of going to work, developing the technology, and solving the
problem. And I believe that we might be left behind, because we
don’t have the same motivation here, although these companies are
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just such wonderful examples of people that are looking ahead. Be-
cause I think the reason that they are looking ahead is because
they know eventually, or inevitably, that there are going to be re-
quirements and that they will make money off of these tech-
nologies. And they see it as a trend that is occurring, and they are
positioning themselves for it.

So I support your point very strongly.

Mr. EHLERS. It seems to me that our business community in the
United States is, in many ways, ahead of both the political commu-
nity and the general public on that issue, and that is particularly
displayed by the folks represented here.

Two other quick points.

First of all, Dr. Hobbs, I—as a scientist, I have to take a little
exception to the suggestion that you can just reverse an air condi-
tioner and put in heat and get electricity out. I don’t want people
to think that they can buy this thing and just put a switch on it
and flip it and run it backwards.

Dr. HoBBs. Yeah, you have to change a couple of valves, but it
is not much worse—not much more than that.

Mr. EHLERS. Well, we will have to talk about that.

But your second point that you added later is the most important
one. It is very much dependent on the quality of the heat you are
working with. If you have high-energy content heat, it is very sim-
ple. If you have low-energy content, it is hard to beat the econom-
ics, and I hope we can. One thing we can’t beat are the laws of
thermodynamics, of course. That is our ultimate limitation.

Just quickly picking up on Mr. Sodrel’s excellent question.

I think another factor that is involved in this is that as fuel
prices increase, and this is not a short-term phenomenon, even
though they may drop next year for a few years, but long-term,
there are going to be sharp uptake as we deplete our fossil fuel,
but particularly petroleum and natural gas resources. Many new
approaches are going to become economically feasible, so that is an-
other factor that says, you know, things that don’t look feasible
now, from an economic standpoint, will be feasible in 10 years, 15
years, and so let us get the ground work done.

And I can’t let this pass without getting in a very strong state-
ment saying that that is why it is absolutely important for the gov-
ernment to continue to support fundamental research so that you
fellows can pick up the results of that and apply it in a very prag-
matic way and solve these problems and make things more eco-
nomically feasible. If we don’t step up to the plate, as we should
in the Congress and fund the fundamental research, it is going
leave you folks high and dry in the future. If we do that, it is going
to give you lots of opportunities for applied research technology de-
velopment that is going to benefit not only you but the entire coun-
try.

As you said, it is better to preach than to meddle, and so I de-
cided I should preach instead of meddle in your business.

So that is the end of my sermon, Mr. Chairman. Thank you very
much.

Chairman BOEHLERT. Thank you, Pastor—I mean, Dr. Ehlers.

Listen, we have got truth in advertising. Dr. Ehlers is a very dis-
tinguished scientist in his own right. He is a fellow of the American
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Physical Society and one of the strengths of this committee. And
I thank you for your observations.

I am going to speak shortly. I am going to have a whole room
full of lobbyists from the high-tech industries meeting on Capitol
Hill. And part of my message to them is we want you to lobby us
more, because we have to be strong advocates for more investment
in fundamental research. We have to be strong advocates in more
investment in K-12 science and math education. We are competing
in the global marketplace, and we are not doing as well as we
should.

And so—but part of the reason we are doing better than some
people think is the panel before us and the companies you rep-
resent and the leadership you are providing in a very important,
sensitive area.

So I thank you for being facilitators and resources for this com-
mittee. We will follow-up with some additional questions, as I indi-
cated. In the meantime, have a good day.

This meeting is adjourned.

[Whereupon, at 12:05 p.m., the Committee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Dr. Mack McFarland, Environmental Manager, Fluorochemicals Busi-
ness, E.I. DuPont De Nemours and Company

Q1. If you have any views on federal technology programs that you believe could help
reduce greenhouse emissions with improved focus or additional funding, please
provide them to the Committee.

Al. While many of DuPont’s greenhouse gas reductions have involved non-CO»
process gases, we recognize that energy related technologies will be the predominant
source of GHG reductions. We therefore believe the following areas are important
to pursue (not all of which lie in the Committee’s purview).

e There are a range of energy efficiency and alternative energy provisions in
the House and Senate energy bills currently in conference that we believe are
beneficial, including from the Senate bill provisions 1521, 1522, 1529, 1527,
1524, 1506, 1508, 1501, 1507.

e As a general matter support for co-generation and other forms of distributed
generation can help to make energy use more efficient.

e The Department of Energy’s biofuels program, under which we are collabo-
rating on an Integrated Corn Based Biorefinery, provides great promise to ad-
vance non-fossil fuels.

e There are a range of energy efficiency and renewable energy matters on
which additional R&D can yield significant benefits. They include;

Continuing advances in low cost, distributed process energy instrumenta-
tion that can be installed without a shut-down. Concurrent advances in
control room energy monitoring supervised by expert systems.

Continuing development to improve the reliability and efficiency and de-
crease the capital cost of: insulation and steam traps, topping cycles, re-
covery of waste b pressure generators, modern motors.

Long-term development of separation technologies that are an alternative
to distillation.

Decreasing the capital cost for renewable energy equipment with par-
ticular attention to solar and large stationary CHP and fuel cells.

e Significantly reducing the purity required for any fuel used in a fuel cell.
e Addressing the large scale electrical energy storage problems (environ-

mental footprint, durability and cost).

Improving the efficiency and reliability and reduce the cost for the trans-
mission of electricity.

Decreasing the environmental impact of storage and production of all
forms of biomass.
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PREPARED STATEMENT OF TOM CATANIA
VICE PRESIDENT, GOVERNMENT RELATIONS
WHIRLPOOL CORPORATION

Whirlpool Corporation is the world’s leading manufacturer and marketer of major
home appliances with annual sales of over $13 billion, producing 42 million appli-
ances per year, and employing 68,000 employees. We have 50 manufacturing and
technology research centers around the globe. Whirlpool markets Whirlpool,
KitchenAid, Brastemp, Bauknecht, Consul, and other major brand names to con-
sumers in more than 170 countries. We have nine major manufacturing facilities in
the United States. Of these, our plant in Clyde, Ohio is the world’s largest clothes
washer plant. Our plant in Marion, Ohio is the world’s largest dryer plant and our
plant in Findlay, Ohio is the world’s largest dishwasher plant.

Whirlpool Corporation respectfully submits the following testimony together with
the attached slides describing what we are doing to reduce greenhouse gas emis-
sions. Some may still debate whether the science is definitive about the causes of
global climate change or even whether it is, in fact, occurring. Despite any remain-
ing uncertainty, though, Whirlpool Corporation believes prudence dictates that,
when existing solutions are available to mitigate a company and its products’ impact
on the environment, they are worth pursuing especially where, as has been our ex-
perience, many of those solutions are not only a win for the environment and the
consumer, but also for our employees and our shareholders.

Whirlpool Corporation is first and foremost a consumer and brand focused home
appliance company. Our tens of thousands of shareholders and employees and tens
of millions of consumers expect us to fulfill our commitments to them to the utmost
of our collective ability, and they also assume that we can exceed their expectations
while minimizing our impact on the environment. We take those expectations to
heart. We have found that reducing the greenhouse gas emissions impact of our
company and its products is quite compatible with what some see as a more narrow
mission of being a profit-maximizing home appliance manufacturer and marketer.

Market-based Incentives and Public/Private Partnerships

We believe that GHG emissions reductions can be achieved most effectively and
quickly through an appropriate balance of regulatory measures, market-based incen-
tives, and public/private partnerships. Such incentives include a manufacturer’s tax
credit such as the one being debated in the current Energy Bill for super energy-
efficient appliances. It could also include demand-side management incentives to
consumers that encourage them to choose more energy efficient appliances. One ex-
ample nearby was the state of Maryland’s exemption of ENERGY STAR® appli-
ances from state sales tax. This program saw a 21 percent increase in the sales of
ENERGY STAR® appliances.

If the Appliance Manufacturer Tax Credit were passed by Congress this year in
the Energy Bill, it would save over 200 trillion BTUs of energy, or the equivalent
of taking 2.3 million cars off the road, or eliminating the need for 6 coal-fired power
plants for a year. The bill would also reduce the amount of water necessary to wash
clothes by 870 billion gallons or approximately the amount of water necessary to
meet the needs of every household in a city the size of Phoenix, Arizona for two
years.

If, for example, the state of Ohio were to pass a four-year, state sales tax exemp-
tion for consumers of ENERGY STAR® clothes washers, dishwashers, refrigerators,
and dehumidifiers, the carbon savings would be 224,107 m/t. The CO. avoided
would be 822,472 m/t; and consumers would have $261 million more to put back
into the economy and pay for other products and services.

Public-private market transformation partnerships that have been successful in-
clude the ENERGY STAR® program implemented by the U.S. Environmental Pro-
tection Agency and the Department of Energy. This program is voluntary and yet
has become competitively mandatory in the sense that, if a manufacturer does not
participate in the program, the manufacturer risks losing market share. It is an ex-
cellent program that transforms consumer education into an opportunity for manu-
facturers to successfully market a more environmentally friendly product at a pre-
mium. Today, over 40 percent of the appliances in the ENERGY STAR® product
categories meet or exceed the ENERGY STAR® levels.

If all new appliances sold in the United States were ENERGY STAR® qualified,
the electricity saved in one year would be 3.4 billion kWh, the gas saved would be
109 million kWh, the carbon emissions avoided would be 2.4 million metric tons,
and the savings in monthly electricity bills would be $618 million.
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Voluntary Cap and Trade Program

If a voluntary cap and trade program offers true incentives for our industry to
reduce GHGs, then such a program would be helpful, too. However, the current
thoughts on cap and trade programs do not incentivize our industry to participate
since the proposed programs do not credit our industry with savings from the life-
cycle use of the product—the largest portion of GHG emissions reductions for appli-
ance manufacturing. In 2000, the Energy Information Administration (EIA) reported
that in 1999, 28 percent of all residential electricity consumption in the U.S. came
from the use of white goods (refrigerators, dryers, freezers, clothes washers, cooking,
and dishwashers). The UK Ecolabelling Board reported in 1992 that the cradle-to-
grave assessment of the environmental impact of clothes washers was allocated such
that less than 10 percent of the impact came from production, distribution, and dis-
posal of the product. Whereas, life-cycle use of the product accounted for over 90 per-
cent of the environmental impact. This shows that, if the government wants to moti-
vate appliance manufacturers to participate in a meaningful cap and trade program,
then it needs to provide credit for the power plant emissions reduced or avoided
through the increased energy efficiency of our products.

We currently do not participate in the 1605b voluntary emissions reduction pro-
gram because there is no clear benefit for our participation since our indirect emis-
sions reductions would not be credited in the proposed final interim guidelines. They
should be. Also, we are already reducing emissions voluntarily and so there is no
incentive to become mired in a complex and burdensome emissions reporting pro-
gram. Additionally, 1605b fails to recognize emissions reductions made before the
2003 reporting period.

Unilateral Reductions

Whirlpool Corporation has committed to reducing its GHG emissions globally by
three percent during the period 1998 through 2008 despite a nearly 40 percent pro-
jected increase in production volumes. A description of this commitment is in the
attached presentation. Whirlpool Corporation made this commitment because it is
the right thing to do and it is a possible thing to do while still addressing our busi-
ness objectives of producing consumer-demanded products, employing people, and
generating profits. As national, regional, and global plans are developed to address
climate change, care should be taken to analyze the overall climate impact of any
particular measure. For example, banning the use of a particular greenhouse gas-
emitting compound as a refrigerant or refrigerator wall insulation material, may be
a net climate detriment if its impact in the product is to decrease its energy effi-
ciency.

What Whirlpool has done and will continue to do

I am submitting a detailed presentation of what Whirlpool Corporation has done
in the past to address GHG emissions, however, I will briefly cover a few of the
highlights here.

Whirlpool has earned the ENERGY STAR® Partner of the Year award six times
since 1999. Whirlpool has led in the crafting of all major appliance efficiency legisla-
tion since 1975 and in the crafting of every appliance efficiency standard since 1990.

The appliance industry as a whole has contributed significantly to energy effi-
ciency and consumer savings over the years. Today’s refrigerator uses 61 percent
less energy than in 1983, saving the consumer $59/year vs. a 20-year old unit.
Whirlpool’s side-by-side refrigerators use 619 kWh/year, equal to a 75-watt light
bulb. In 1980, as reported by the EIA in 2001, it took $87 per year to operate the
average clothes washer and, in 2001, the cost dropped to only $25 a year for the
highly efficient Whirlpool Duet.

Whirlpool was the first appliance manufacturer to announce in 2003 a global
greenhouse gas emissions reduction target. Using 1998 annual total global emis-
sions from product manufacturing, product lifetime energy use, and any emissions
associated with product disposal as our baseline, Whirlpool will decrease our abso-
lute total emissions by three percent by 2008. This reduction will occur despite a
projected increase in unit sales by nearly 40 percent during that period. Such a re-
duction results in an annual savings of four million metric tons of carbon in abso-
lute savings and fifteen million metric tons of carbon annually compared to our 1998
per unit rate of emissions. Fifteen million metric tons represents the elimination of
28 coal-fired power plants and the equivalent of 10 million fewer cars on the road.

This commitment is a global effort. This is something very important to recognize
given that the Kyoto Protocol and a few other recent climate change proposals do
not address climate change on a truly global basis. Our emissions per unit reduc-
tions from 1998 to 2008 are projected to be over 20 percent for production in Europe,
India, and China and nearly 30 percent for production in the U.S. and Canada.
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Closing

I appreciate the opportunity to provide comments on this important subject today.
In summary, Whirlpool Corporation knows that it can contribute meaningfully to a
reduction in greenhouse gas emissions without jeopardizing its leading global posi-
tion in the industry. In fact, working on energy and water efficiency has helped us
develop some of the products that are most profitable and loved by consumers. How-
ever, we believe this virtuous cycle is created through market-based mechanisms
that encourage technological innovation, allow flexibility in global production, credit
indirect emissions reductions that occur during the use of the product, and consist-
ently support public-private partnerships that stimulate consumers into action. We
look forward to working with you in the future on this important matter. Thank
you.
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Foreword

This study originated from a White House request to help inform the Administration’s ongoing review of U.S. climate
change policy. In particular, the written request (Appendix A) asked for the National Academies’ “‘assistance in idemtifying the
areus in the science of climate change where there are the greatest certainties and uncertainties,” and “views on whether there
are any substantive differences between the IPCC {Intergovernmental Panel on Climate Change] Reports and the IPCC summa-
ries.” In addition, based on discus with the Administration, the following specific questions were incorporated into the
statement of task for the study:

« What is the range of natural variability in climate?

« Are concentrations of greenhouse gases and other emissions that coniribute to climate change increasing at an acceler-
ating rate, and are different greenhouse gases and other enissions increasing at different rates?

* How long does it take to reduce the buildup of greenhouse gases and other emissions that contribule to climate change?

* What other emissions are contributing factors to climate change (e.g., aerosols, CO, black carbon soot}, and what is their
relative contribution to climate change?

* Do different greenhouse gases and other emissions have different draw down periods?

* Are greenhouse gases causing climate change?

* s climare change occurring? If so, how?

* Is human activity the cause of increased concentrations of greenhouse gases and other emissions that contribute to
climate change?

« How much of the expected climate change is the cansequence of climate feedback processes {€.g., water vapor, cloiuds,
snow packs)?

* By how much will temperatures change over the next 100 years and where?

« What will be the consequences (e.g.. extreme weather, health effects) of increases of various magnitudes?

* Has science determined whether there is a “safe” level of concentration of greenhouse gases?

« What are the substantive differerices between the IPCC Reports and the Summaries?

» What are the specific areas of science that need fo be studied further, in order of priority, to advance our undersianding
of climate chunge?

The White House asked for a response “as soon as possible” but no later than early June—Jess than one month after submitting
its formal request,

The National Academies has a mandate arising from its 1863 charter to respond 10 government requests when asked. In view
of the critical nature of this issue, we agreed to undertake this study and to use our own funds to support it.

A distinguished committee with broad expertise and diverse perspectives on the scientific issugs of climate change was
therefore appointed through the Natiooal Academies’ National Research Council (see Appendix B for biographical informa-
tion on commitiee members). In early May, the committee held a conference call to discuss the specific questions and 10
prepare for its 2-day meeting (May 21-22, 2001) in Irvine, California. The committee reviewed the 14 questions and deter-

vil
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mined that they represent important issues in climate change science and could serve as a useful framework for addressing the
two general questions from the White House.

For the task of comparing IPCC Reports and Summaries, the committee focused its review on the work of IPCC Working
Group I, which dealt with many of the same detailed questions being asked above. The committee decided to address the
questions in the context of a brief document thar also could serve as a primer for policy makers on climate change science. To
aid in the presentation, the questions have been organized into seven sections, with the questions addressed in each section
listed in #talics at the beginning of that section.

While traditional y d for an independent NRC study, including review of the report by independent experts, were
followed, it is important to note that tradeoffs were made in order to accommodate the rapid schedule. For example, the report
does mot provide extensive refcrences to the scientific literature or marshal detailed evidence to support its “answers” to the
questions. Rather, the report largely presents the ientific views and judg of ittee members, based on
the accumulated knowledge that these individuals have gained—both through their own scholarly efforts and through formal
and informal interactions with the world’s climate change science community.

The result is a report that, in my view, provides policy makers with a succinct and balanced overview of what science can
currently say about the potential for future climate change, while outlining the uncertainties that remain in our scientific
knowledge.

‘The report does not make policy recommendations regarding what to do about the potential of global warming. Thus, it does
not estimate the potential economic and environmeatal costs, benefits, and uncertaintics regarding various policy responses and
future human behaviors. While beyond the charge pi 1 10 this cc i ientists and social scientists have the ability
to provide assessments of this type as well. Both types of assessments can be helpful to policy makers, who frequently have 1o
weigh tradeoffs and make decisions on important issues, despite the inevitable uncertainties in our scientific understanding
concerning particular aspects. Science never has all the answers. But science does provide us with the best available guide 10
the future, and it is critical that our nation and the world base important policies on the best judgments that science can provide
concerning the future consequences of present actions.

T would especially like to thank the members of this committee and its staff for an incredible effort in producing this
important report in such a short period of time. They have sacrificed many persenal commitments and worked long weekends
to provide the nation with their considered judgments on this critical issue.

Bruce Alberts
President
National Academy of Sciences

Copyright @ National Academy of Sciences. All rights reserved
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Summary

Greenhouse gases are accumulating in Earth’s atmo-
sphere as a result of human activities, cansing surface air
temperatures and subsurface ocean temperatures to rise.
Temperatures are, in fact, rising. The changes observed over
the last several decades are likely mostly due to human ac-
i , but we cannot rule out that some significant part of
these changes is also a reflection of natural variability.
Human-induced warming and associated sea level rises are
expected to continue through the 21st century. Secondary
effects are suggested by computer model simulations and
basic physical reasoning. These include increases in rainfall
rates and increased susceptibility of semi-arid regions to
drought. The impacts of these changes will be critically de-
pendent on the magnitude of the warming and the rate with
which it occurs.

The mid-range mode] estimate of human induced global
warming by the lmtergovernmental Pavel on Climate Change
(IPCC) is based on the premise that the growth rate of cli-
mate forcing' agents such as carbon dioxide will accelerate.
The predicted warming of 3°C (5.4°F) by the end of the 21st
century is consistent with the assumptions about how clouds
and atmospheric relative humidity will react to global warm-
ing. This estimate is also consistent with inferences about
the sensitivity? of climate drawn from comparing the sizes of
past temperature swings between ice ages and intervening
warmer periods with the cemresponding changes in the cli-
mate forcing. This predicted temperature increase is sensi-

IA climate forcing is defined as an froposed perturbation of Earth's
energy balance. Climate forving is typically meastred in watts pet square
meter {(Wim2),

“The sensitivity of the climate system to a prescribed forcing is com-
‘monly expressed in terms of the zlobat mean temperature chunge that woutd
be expecied after a time sufficiently long for both the atmosphere and ocean
10 come to equilibrinm with the change in climate forcing.

7

tive to assumptions concerning future concentrations of
greenhouse gases and aerosols. Hence, national policy deci-
sions made now and in the longer-term future will influence
the extent of any damage suffered by vulverable buman
populations and ccosystems later in this century, Because
there is considerable uncertainty in current understanding of
how the climate system varies nawrally and reacts to emis-
sions of greenhouse gases and aerosols, current estimates of
the magnitude of futare warming should be regarded as ten-
tative and subject to future adjustments (either upward or
downward).

Reducing the wide range of uncertainty inherent in cur-
rent model predictions of global climate change will require
major ad in und ding and modeling of both (1)
the factors that determine atmospheric concentratians of
greenhouse gases and aerosols, and (2) the so-called “feed-
backs” that detenmine the sensitivity of the climate system to
a prescribed increase in greenhouse gases. There also is a
pressing need for a global observing system designed for
monitoring climate.

The committee generally agrees with the assessment of
human-caused climate change presented in the IPCC Work-
ing Group 1 (WG} scientific report, but secks here to articu~
late more clearly the jevel of confidence that can be ascribed
to those assessments and the caveats that need to be attached
1o them. This articulation may be helpful to policy makers 48
they consider a variety of options for mitigation and/or adap-
tation. In the sections that follow, the commitiee provides
brief responses to some of the key questions related to cli-
mate change science. More detailed responses to these ques-
tions are located in the main body of the text.

Whar is the range of natural variability in climate?

The range of natural climate variability is known to be
quite large (in excess of several degrees Celsius) on local

Copyright © National Academy of Sciences. All rights reserved.
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and regional spatial scales over periods as short as a decade,
Precipitation also can vary widely. For example, there isevi-
dence to suggest that droughts as severe as the “dust bow!l”
of the 1930s were much mote common in the central United
States dixing the 10th to 14th centuries than they have been
in the more recent record. Mean temperature variations at
local sites have exceeded 10°C (18°F) in association with
the repeated glacial advances and retreats that occurred over
the course of the past million years, It is more difficult w
estimate the natural variability of giobal mean temperature
because of the sparse spatial coverage of existing data and
difficulties in inferring temperatures from varicus proxy
data. Nonetheless, evidence suggests that global warming
rates as large as 2°C (3.6°F) per milleanium may have oo~
curred during retreat of the glaciers following the most re-
cent ice age.

Are concentrations of greenhouse gases and other emis-
sions that contribute to climate change increasing at ar ac-
celerating rate, and ure different greenhouse gases and other

issi i ing at d rates? Is human activity
the cause of increased concenrrations of greenfiouse guses
and other emissions that contribute 1o climate change?

The emissions of some greenhouse gases are increasing,
but others are decreasing. In some cases the decreases are a
result of policy decisions, while in other cases the reasons
for the decreases are not well understood.

Of the greenhouse gases that are directly influenced by
human activity, the most important are carbon dioxide, meth-
ane, ozone, nitrous oxide, and chlorofluorocarbons (CFCs),
Aerosols released by human activities are also capable of
influencing climate. (Table | lists the estimated elimate forc-
ing due to the presence of each of these “climate forcing
agents™ in the atmosphere.)

Concentrations of carbon dioxide (CO,} extracted from
ice cores drilied in Greentand and Antarctica have typically
ranged from near 190 parts per million by volume (ppmv}
during the ice ages to near 280 ppmv during the warmer
“interglacial” periods like the present one that began around
10,000 years ago. Concentrations did not rise much above
280 pprav until the Industrial Revolution. By 1958, when
systematic atmospheric measurements began, they had
reached 313 ppmv, and they are currently ~370 ppmy and
rising at a rate of 1.5 ppmv per year (slightly higher than the
tate during the early years of the 43-year record). Human
activities are responsibie for the increase. The primary
source, fossil fuel burming, has released roughly twice as
much carbon dioxide as would be required to account for the
observed increase. Tropical deforestation also has contrib-
uted to carbon dioxide releases during the past few decades,
The excess carbon dioxide has been taken up by the oceans
and land biosphere.

Like carbon dioxide, methane (CH,) is more abundant in
Barth’s atmosphere now than at any tirne during the 400,000

CLIMATE CHANGE SCIENCE

vear long ice core record, which dates back over a number of
glacialfinterglacial cycles. Concentrations increased rather
smoothly by about 1% per year from 1978, until about 1990,
The rate of increase slowed and became more erratic during
the 1990s. About two-thirds of the current emissions of meth-
ane are released by human activities such as rice growing,
the raising of cattle, coal mining, use of land-fills, and natu-
ral gas handling, all of which have increased over the past 50
years.

A small fraction of the ozone (0,) produced by natural
processes in the stratosphere mixes inte the lower atmo-
sphere, This “tropospheric ozone™ has been supplemented
during the 20th century by additional ozone, created locally
by the action of sunlight upon air poliuted by exhausts from
motor vehicles. emissions from fossil fue) burning power
plants, and biomass burning.

Nitrous oxide (N0} is formed by many microbial reac-
tions in soils and waters, including those acting on the in-
creasing amounts of nitrogen-containing fertilizers. Some
synthetic chemical processes that relsase vitrous oxide have
also been identified. Its concentration has increased approxi-
mately 13% in the past 200 years.

Atmospheric concentrations of CFCs rose steadily fol-
Jowing their first synthesis in 1928 and peaked in the early
1990s. Many other industrially useful fluorinated compounds
{e.g.. carbon tetrafluoride. CF,, and sulfur hexafluoride,
8Fy), have very tong atmospheric lifetimes, which is of con-
cern, even though their atmospheric concentrations have not
yet produced large radiative forcings. Hydrofluorocarbons
(HFCs), which are replacing CFCs, have a greenhouse ef-
fect, but it is much less pronounced because of their shorter
atmospheric lifetimes, The sensitivity and generality of mod-
ern anafytical sysiems make it quite unlikely that any cur-
rently significant greenhouse gases remain ro be discovered.

What other emissions are contriburing fuctors to climate
change (e.g., aerosols, CO, black carbon soot), and what is
their relative contribuiion to climate change?

Besides greenhouse guses, human activity also contrib-
utes to the atmospheric burden of aerosols, which inchide
both sulfate particles and black carbon (soot). Both are un-
evenly distributed, owing to their short lifetimes in the atmo-
sphere. Suifate particles scatter solar radiation back to space,
thereby offsetting the greenhouse effect to some degree.
Recent “clean coal technologies™ and use of low sulfur fuels
have resulted in decreasing sulfate concentrations, especially
in North America, redocing this offset. Biack carbon aera-
sols are end-products of the incomplete combustion of fossil
fuels and biomass burning (forest fires and land clearing).
They impact radiation budgets both directly and indirectly;
they are believed to contribute 10 global warming, although
their relative imaportance ks difficult to guantify at this point.

Copyright © National Academy of Scignces. All rights reserved.
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How long does it take to reduce the buildup of green-
house gases and other emissinns that contribute to climate
change? Do different greenhouse gases and other emissions
have different draw down periods?

TABLE 1 Removal Times and Climate Forcing Values
for Specified Atmospheric Gases and Aerosols

Approximate
Removal Times®

Climate Forcing (W/m?
Up fo the year 2000

Farcing Agent

Greenhouse Gases.

Carbon Dioxide >100 years 13115
Methane 10 years 051007
Tropospheric Ozone  10-100 days 0.25100.75
Nitrous Oxide 100 yeurs 011002
Perflucrocisbon >1000 years 0.01
Compounds
(including SFy)
Fine Aervsols
Sulfate 10 days -0310-1.0
Black Carbon 10 days Btto 08

2A removal time of 100 years means that much, but not all, of the substance

would be gone in 100 years. Typically, the wmount remaining at the sud of
100 years is 37% after 200 years 14%; alter 300 yoars 5%: after 400 years
2%,

Is climate change occurring? If so, how?

Weather station records and ship-based observations in-
dicate that global mean surface air temperature warmed be-
tween about 0.4 and 0.8°C (0.7 and 1.5°F) during the 20th
century. Although the magnitude of warming varies locally,
the warming trend is spatially widespread and is consistent
with an array of other evidence detailed in this report. The
ocean, which represents the largest reservoir of heat in the
climate system, has warmed by about 0,05°C (0.09°F) aver-
aged over the layer extending from the surface down to
10,000 feet, since the 1950s

The observed warming has not proceeded at a uniform
rate. Virtually all the 20th century warming in global surface
air temperature occurred between the early 1900s and the
1940s and during the past few decades. The troposphere
warmed much more during the 1970s than during the two
subsequent decades. whereas Earth’s surface warmed more
during the past two decades than during the 1970s. The
causes of these irregularities and the disparities in the timing
are not completely understood. One striking change of the
past 35 years is the cooling of the stratosphere at altitudes of
~13 miles, which has tended to be concentrated in the win-
tertime polar cap region.

Are greenhouse gases causing climate change?

The IPCC’s conclusion that most of the observed warm-
ing of the last 50 years is likely to have been due to the

increase in greenhouse gas concentrations accurately reflects
the current thinking of the scientific community on this is-
sue. The stated degree of confidence in the JPCC assessment
is higher today than it was 10, or even 5 years ago, but uncer-
tainty remains because of (1) the level of natural variability
inherent in the climate system on time scales of decades to
centuries, (2) the questionable ability of models to accurately
simulate natural variability on those long time scales, and
(3) the degree of confidence that can be placed on recon-
structions of global mean temperature over the past millen-
nium based on proxy evidence. Despite the uncertaintes,
there is general agreement that the observed warming is real
and particularly strong within the past 20 years, Whether it is
consistent, with the change that would be expected in
response to human activities is dependent upon what
assumptions one makes about the time history of atmo-
spheric concentrations of the various forcing agents, particu-
larly aerosols.

By how much will temperatures change over the next 100
years and where?

Climate change simulations for the period of 1990 to 2100
based on the IPCC emissions scenarios yicld a globally-av-
eraged surface temperature increase by the end of the cen-
tury of 1.4 10 5.8°C (2.5 1o 10.4°F) relative to 1990, The
wide range of uncertainty in thesc estimates reflects both the
different assumptions about future concentrations of green-
house gases and aerosols in the various scenarios considered
by the IPCC and the differing climate sensitivities of the
various climate models used in the simulations. The range of
climate sensitivitics implied by these predictions is genet-
ally consistent with previously reported values.

The predicted warming is larger over higher latitudes than
over low latitudes, especially during winter and spring, and
larger over land than over sea. Rainfall rates and the fre-
quency of heavy precipitation events are predicted to in-
crease, particularly over the higher latitudes. Higher evapo-
ration rates would accelerate the drying of soils following
rain events, resulting in lower relative humidities and higher
daytime temperatures, especially during the warm season.
The likelihood that this effect could prove important is great-
est in seini-arid regions, such as the U.S. Great Plains. These
predictions in the IPCC report are consistent with current
understanding of the processes that control local climate.

In addition to the IPCC scenarios tor future increases in
greenhouse gas concentrations, the committee considered a
scenario based on an energy policy designed to keep climate
change moderate in the next 50 years. This scenario takes
into account not only the growth of carbon emissions, but
also the changing of other gr gases
and aerosols.

Sufficient time has elapsed now to enable comparisons
between observed trends in the concentrations of carbon di-
oxide and other greenhouse gases with the trends predicted
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in previous IPCC: reports. The increase of global fossil fuel
carbon dioxide emissions in the past decade has averaged
0.6% per year, which is somewhat below the range of IPCC
scenarios, and the same is true for atmospheric methane con-
centrations. It is not known whether these slowdowns in
growth rate will persist,

How much of the expected climate change is the conse-
quence of climate feedback processes {e.g., water vapor,
clouds, snow packs)?

The contribution of feedbacks to the climate change de-
pends upon “climate sensitivity,” as described in the report,
If a central estimate of climate sensitivity is used, about 40%
of the predicted wanming is due to the direct effects of green-
house gases and acrosols. The other 60% is caused by feed-
backs. Water vapor feedback (the additional greenhouse ef-
fect accruing from increasing concentrations of atmospheric
water vapor as the atmosphere warms) is the most important
feedback in the models. Unless the relative humidity in the
tropical middle and upper tropesphere drops, this effect is
expected to increase the terperature response o increases in
human induced greenhouse gas concentrations by a factor of
1.6. The ice-albedo feedback (the reduction in the fraction of
incoming solar radiation reflected back 1o space as snow and
ice cover recede) also is believed o be important. Together.
these two feedbacks amplify the simulated climate response
1o the greenhouse gas forcing by a factor of 2.5. In addition,
changes in cloud cover, in the relative amounts of high ver-
sus fow clouds, and in the mean and vertical distribution of
relative humidity could either enhance or reduce the ampli-
tude of the warming. Much of the difference in predictions
of global warming by various climate models is attributable
to the fact that cach model represents these processes in its
own particular way. These uncertainties will remain until a
more fundamental understanding of the processes that con-
trol atmospheric relative humidity and clouds is achieved,

What will be the consequences (e.g., extreme weather,
health effects) of increases of various magnitude?

1n the near term, agricalture and forestry are likely to ben-
efit from carbon dioxide fertilization and an increased water
efficiency of some plants at higher amospheric CO, con-
centrations. The optimal climate for crops may change, re-
quiring significant regional adaptations. Some models
project an increased tendency toward drought over semi-arid
regions, such as the U.S. Great Plains. Hydrologic impacts
could be significant over the western United States, where
much of the water supply is dependent on the amount of
snow pack and the timing of the spring runoff. Increased
rainfall rates could impact potlution run-off and flood con-
trol. With higher sea level, coastal regions could be subject
to increased wind and flood damage even if tropical storms
do not change in intensity. A significant warming also could
have far reaching implications for ecosysiems. The costs and
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risks involved are difficult to quantify at this point and are,
in any case, beyond the scope of this brief report.

Health outcomes in response to climate change are the
subject of intense debate. Climate is one of a number of fac-
tors influencing the incidence of infectious disease. Cold-
related stress would decline in a warmer climate, while heat
stress and smog induced respiratory illnesses in major urban
areas would increase, if no adaptation ocenrred, Over much
of the United States, adverse health outcomes would likely
be mitigated by a strong public health system, relatively high
levels of public awareness, and a high standard of living.

Global warming could well have serious adverse societal
and ecological impacts by the end of this century, especially
if globally-averaged temperature increases approach the
upper end of the IPCC projections, Even in the more conser-
vative scenarios, the models project temperatures and sea
levels thar continue to increase well beyond the end of this
cenfury, ing that that examine only the
next 100 years may well underestimate the magnitude of the
eventual impacts,

Has science determined whether there is a “safe” level of
concentration of greenhouse gases?

The question of whether there exists a “safe” Jevel of con-
centration of greenhouse gases cannot be answered directly
because it would require a value judgment of what consti-
tutes an acceptable risk to human welfare and ecosystems in
various parts of the world, as well as a more quantitative
assessment of the risks and costs associated with the various
impacts of global warming. Tn general, however, risk in-
creases with increases in both the rate and the magnitude of
climate change.

Whart are the substantive differences between the IPCC
Reports and the Summaries?

The committee finds that the full IPCC Working Group I
(WGI) report is an admirable summary of research activities
in climate science, and the full report is adequately summa-
rized in the Technical Summary, The full WG report and its
Technical Sunmary are not specifically directed at policy.
The Summary for Policymakers reflects less emphasis on
communicating the basis for uncertainty and a stronger em-
phasis on areas of major concern associated with human-
induced climate change. This change in emphasis appears to
be the result of a summary process in which scientists work
with policy makers on the document. Written responses from
U.S. coordinating and lead scientific authors to the commit-
tee indicate, however, that {a) no changes were made with-
out the consent of the convening lead authors (this group
represents a fraction of the lead and contributing authors)
and (b) most changes that did occur lacked significant im-
pact.

It is critical that the IPCC process remain truly represen-
tative of the scientific community. The committee’s concerns

Capyright ® National Academy of Sciences, All rights reserved.



Climate Change Science: An Analysis of Some Key Questions
http:/iwww.nap.edu/catatog/10139.him!

117

SUMMARY

focus primarily on whether the process is likely to become
less representative in the future because of the growing vol-
untary time commitment required to participate as a lead or
coordinating author and the potential that the scientific pro-
cess will be viewed as being too heavily influeaced by gov-
ernments which have specific postures with regard to trea-
ties, emission controls, and other policy instruments. The
United States should promote actions that improve the IPCC
process while also ensuring that its strengths are maintained.

What are the specific areas of science that need to be
studied further, in order of priority, 1o advance our under-
swanding of climate change?

Making progress in reducing the large uncertainties in
projections of future climate will require addressing a num-
ber of fundamental scientific questions relating to the builidup
of greenhouses gases in the atmosphere and the behavior of
the climate system. Issues that need to be addressed include
(a) the future usage of fossil fuels. (b) the future emissions of
methane, (c) the fraction of the future fossil-fuel carbon that
will remain in the atmosphere and provide radiative forcing
versus exchange with the oceans or net exchange with the
land biosphere, (d) the fecdbacks in the climate system that
determine both the magnitude of the change and the rate of
energy uptake by the oceans, which together determine the
magnitude and time history of the i s for

4 given radiative forcing, (¢) details of the regional and local
climate change consequent to an overall Jevel of global cli-
mate change, (f) the nature and causes of the natural vari-
ability of climate and its interactions with forced changes,
and (g) the direct and indirect effects of the changing distri-
butions of aerosols. Maintaining a vigorous. ongoing pro-
gram of basic research, funded and managed independently
of the climate assessment activity, will be crucial for nar-
rowing these uncertainties.

In addition, the research enterprise dealing with environ-
mental change and the interactions of human society with
the environment must be enhanced. This includes support of
(a) interdisciplinary research that couples physical. chemi-
cal, biological, and hurman systems, (b} an improved capa-
bility of integrating scientific knowledge, including its
uncertainty, into effective decision support systems, and
(c) an ability 1o conduct research at the regional or sectoral
level that promotes anatysis of the response of human and
natural systems to multiple stresses.

An effective strategy for advancing the understanding of
climate change also wilt require (1) a global observing sys-
tem in support of Jong-term climate monitoring and predic-
tion, (2) concentration on large-scale modeling through
i ased, dedi d sup p and human res ,
and (3) efforts to ensure that climate research is supporied and

110 ensure & effectiveness. and efficiency.
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Climate, Climate Forcings, Climate Sensitivity, and
Transient Climate Change

CLIMATE

Climate is the average state of the atmosphere and the
underlying land or water, on time scales of seasons and
longer. Climate is typically described by the statistics of a
set of atmospheric and surface variables, such as tempera-
ture, precipitation, wind, humidity, cloudiness, soil moisture,
sea surface temperatore, and the concentration and thickness
of sea ice. The statistics may be in terms of the long-term
average. as well as other measures such as daily minimum
temperature, length of the growing season. or frequency of
floods. Although climate and climate change are usually pre-
sented in global mean terms, there may be large local and
regional departures from these global means. These can ei-
ther mitigate or exaggerate the impact of climate change in
different parts of the world.

A number of {actors contribute to climate and climate
change, and it is useful to define the terms climate forcings,
climate sensitivity, and transieot climate change for discus-
sion below,

CLIMATE FORCINGS

A climate forcing can be defined as an imposed perturba-
tion of Earth’s energy halance. Energy flows in from the
sun, much of it in the visible wavelengths, and back out again
as long-wave infrared (heat) radiation. An increase in the
luminosity of the sun, for example, is a positive forcing that
tends to make Earth warmer. A very large volcanic sruption,
on the other hand, can increase the aerosols (fine particles)
in the lower strutosphere (altitudes of 10-15 miles) that
reflect sunlight 10 space and thus reduce the solar energy
delivered to Earth’s surface. These examples are natural
forcings. Human-made forcings result front, for exampie, the
gases and acrosols produced by fossil fuel burning, and

)

alterations of Earth’s surface from various changes in land
use, such as the conversion of forests into agricultural land,
Those gases that absorb infrared radiation, i.e., the “green-
house” gases, tend to prevent this heat radiation from escap-
ing to space. leading eventually to a warming of Earth’s sur-
face. The observations of human-induced forcings underlie
the current concerns about climate change.

The common unit of measare for climatic forcing agents
is the energy perturbation that they introduce into the cli-
mate sysiem, measured in units of watts per sguare meter
(W/m?). The consequences from such forcings are often then
expressed as the change in average global temperature. and
the conversion factor from forcing 1o temperature change is
the sensitivity of Earth’s chimate system. Although some
forcings—volcanic plumes, for example—are not global in
nature and temperature change may also not be uniform,
comparisons of the strengths of individual forcings. over
comparable areas, are useful for estimating the relative im-
portance of the various processes that may cause climate
change.

CLIMATE SENSITIVITY

The sensitivity of the climate system to a forcing is com-
monly expressed in terms of the global mean temperature
change that would be expected after a time sufficiently long
for both the stmosphere and ocean to come to equilibrium
with the change in climate forcing. If there were no climate
feedbacks, the response of Earth's mean temperature to a
forcing of 4 W/m? (the forcing for a doubled atmospheric
CO,) would be an increase of about 1.2°C (about 2.2°F).
However, the total climate change is affected not only by the
immediate direct forcing, but also by climate “feedbacks™
that come into play in response to the forcing. For example,
4 climate forcing that causes warming may melt some of the
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sea ice. This is a positive feedback because the darker ocean
absorbs more sunlight than the sea ice it replaced. The re-
sponses of atmospheric water vapor amount and clouds prob-
ably generate the most important global climate feedbacks,
The nature and magnitude of these hydrologic feedbacks
give rise to the largest source of uncertainty about climate
sensitivity, and they are an area of continuing research.

As just mentioned, a doubling of the concentration of car-
bon dioxide {from the pre-Industriat value of 280 parts per
million) in the global atmosphere causes a forcing of 4 W/
m?. The central value of the climate sensitivity to this change
is a global average temperature increase of 3°C (5.4°F), but
with a range from 1.5°C to 4.5°C (2.7 to 8.1°F) (based on
climate system models: see section 4). The central value of
3°C is an amplification by a factor of 2.5 over the direct
effect of 1.2°C (2.2°F). Well-documented climate changes
during the history of Earth, especially the changes between
the last major ice age (20,000 years ago) and the current
warm period, imply that the climate sensitivity is near the
3°C value. However, the true climate sensitivity remains
uncertain, in part because it is difficult to model the effect of
cloud feedback. In particular, the magnitde and even the
sign of the feedback can differ according to the composition,
thickness, and ajtitude of the clouds, and some studies have
suggested a lesser climate sensitivity. On the other hand,

id from paleocli variations indj that climate
sensitivity could be higher than the above range, although
perhaps only on longer time scales.

TRANSIENT CLIMATE CHANGE

Climate fluctuates in the absence of any change in forcing,
just as weather fluctuates from day to day. Climate also
responds in a systematic way to climate forcings. but the
response can be slow because the ocean requires time to warm
(or cool}y in response to the forcing. The response time depends
upon the rapidity with which the ocean circulation transmits
changes in surface temperature into the deep ocean, If the cli-
mate sensitivity is as high as the 3°C mid-range, then a few
decades are required for just half of the full climate respanse to
be realized, and at Jeast several centuries for the full response.’

Such a fong climate response time complicates the climate
change issue for policy makers because it means that a discov-
ered undesirabie climate change is likely to require many de-
cades 1o halt or reversc.

Increases in the temperature of the ocean that are initiated in
the next few decades will continue to raise sea level by ocean
thermal expansion over the next several centuries. Although
society might conclude that it is practical to live with substan-
tial climate change in the coming decades, it is also important
to consider further consequences that may occur in later centu-
ries. The climate sensitivity and the dynamics of large ice sheets
become increasingly relevant on such longer time scales.

Tt is also possible that climate could undergo a sudden large
change io response to accumulated climate forcing. The
paleoclimate record contains examples of sudden large climate
changes, at least on regional scales. Understanding these rapid
changes is a current rescarch challenge that is relevant fo the
analysis of possible anthropogenic climate effects.

Phe time required for the full response to be realized depends. in part,
on the rate of heat transfer from the ovean mixed layer to the deeper ocean.
Slower transfer leads 10 shorter response times on Bacth's surface,

Copyright © National Academy of Sciences. All rights reserved.



120

Ciimaie Change Science: An Analysis of Some Key Questions
hitp:/iwww.nap.edu/catalog/10133 htm|

Natural Climatic Variations

What is the range of natural variability in climate?

Climate is continually varying on time scales ranging
from seasons to the lifetime of Earth. Natural climate
changes can take place on short time scales as a result of the
rapid alterations to forcings (as described in section 1). For
example, the injection of large quantities of sulfur dioxide
(80,), which changes to suluric acid droplets, and fine par-
ticulate material into the stratosphere (the region between 10
and 30 miles altitude where the temperature rises with in-
creasing allitude) by major volcanic eruptions like that of
Mt. Pinatubo in 1991 can cause intervals of cooler than aver-
age global temperatures. Climate variability aiso can be gen-
erated by processes operating within the climate system-—
the periodic rapid warming trend in the eastern Pacific Ocean
known as El Nifio being perhaps the best known example.
Each of these different processes produces climate variabil-
ity with its own characteristic spatial and seasonal signature.
For example, E} Nifio typically brings heavy rainstorms to
coastal Ecuador, Peru, and California and droughts to Indo-
nesia and Northeast Brazil.

Over long time scales, outside the time period in which
humans could have a substantive effect on global climate
{e.g., prior to the Industrial Revolution), proxy data (infor-
muatjon derived from the content of tree rings. cores from
marine sediments, pollens. etc.) have been used to estimate

8

the range of natural climate variability. An important recent
addition to the collection of proxy evidence is ice cores ub-
tained by international teams of scientists drilling through
miles of ice in Antarctica and at the opposite end of the world
in Greenland. The results can be used to make inferences
about climate and atmospheric composition extending back
as long as 400,000 years. These and other proxy data indi-
cate that the range of natural climate variability is in excess
of several degrees C on focal and regional space scales over
periods as short as a decade. Precipitation has also varied
widely. For example, there is evidence to suggest that
droughts as severe as the “dust bowl” of the 1930s were
much more common in the central United States during the
10th to 14th centuries than they have been in the more recent
record.

Temperature variations at local sites have exceeded 10°C
(18°F) in association with the repeated glacial advances and
retreats that occurred over the course of the past miltion
years. It s more difficult to estimate the natural variability of
global mean temperature because large areas of the world
are not sampled and because of the large uncertainties inher-
ent in temperatures inferred from proxy evidence. Nonethe-
less, evidence suggests that global warming rates as large as
2°C (3.6°F) per millennium may have occurred during the
retreat of the glaciers following the most recent ice age.
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Human Caused Forcings

Are concentrations of greenhouse gases and other emis-
sions that contribute to climate change increasing at an ac-
celerating rate, and are different greenhouse gases and other
emissions increasing at different rates?

Is human activity the cause of increased concentrations
of greenhouse gases and other emissions that contribuie to
climate change?

What other emissions are contributing factors to climate
change (e.g., aerosols, CO, black carbor soor), and what is
their relative conrribution 1o climate change?

How long does it take 1o reduce the buildup of green-
house gases and other emissions that contribute to climate
change?

Do different greenhouse gases and other emissions have
different draw down periods?

Are greenhouse gases causing climate change?

GREENHOUSE GASES

The most important grecnhouse gases in Earth’s atmo-
sphere include carbon dioxide (CO,), methane (CH,). ni-
trous oxide (N,0), water vapor (H,0), ozone (O3), and the
chlorofluorocarbons (CFCs including CFC-12 (CCLF,) and
CFC-11 (CCIyF)). In addition to reflecting sunlight, clouds
are also @ major greenhouse substance. Water vapor and
cloud droplets are in fact the dominant atmospheric absorb-
ers, and how these substances respond to climate forcings is
a principal determinant of climate sensitivity, as discussed

9

in Section 1. The CO,, CH,, N,0 and H,0 are both produced
and utilized in many biclogical processes, although the ma-
jor source of gaseous water is evaporation from the oceans.
Ozane is created in the atmosphere by reactions initiated by
sunlight. The CFCs are synthetic compounds developed and
refeased into the atmosphere by humankind. In addition,
salfur hexafluoride {SF) and perfluorocarbon gases such as
carbon tetrafluoride (CF,) are very potent and nearly inert

) gases with heric tifeti much Jonger
than 1000 years.

The natural atmosphere contained many greenhouse gases
whose atmospheric concentrations were determined by the
sam of the ongoing geophysical, biological, and chemical
reactions that produce and destroy them. The specific effects
of humankind’s activities before the industrial era were im-
mersed in all of the natural dynamics and became noticeable
only in the immediate vicinity. as with the smoke from smail
fires. The theoretical realization that human activities could
have a global discernible effect on the atmosphere came dus-
ing the 19th century, and the first conclusive measurements
of atmospheric change were made during the last half of the
20th century. The first greenbouse gas demonstrated to be
i in atmospheric ation was carbon dioxide,
formed as a major end product in the extraction of energy
from the burning of the fossil fuels—coal, oil, and natural
gas——as well as in the burning of biomass.

The h istics of g pases are
(1) an ability to absorb terrestrial infrared radiation and (2) a
presence in Earth's atmosphere. The most important green-
house gases listed above all contain three or more atoms per
molecule. Literally thousands of gases have been identified
as being present in the atmosphere at some place and at some
time, and all but a few have the ability to absorb terrestrial
infrared radiation. However, the great majority of these
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chemical compounds, both natural' and anthropogenic, are
removed in hours, days, or weeks, and do not accumulate in
significant concentrations. Some can have an indirect green-
house effect, as with carbon monoxide (CO).2 Ifthe average
survival time for a gas iu the atmosphere is a year or longer,
then the winds have time to spread it throughout the lower
atmosphere, and its absorption of terrestrial infrared radia-
tion occurs at all latitudes and longitudes. All the listed
greenhouse gases except ozone are released to the atmo-
sphere at Barth’s surface and are spread globally throughout
the lower atmosphere.

The lifetime of CH, in the atmosphere is 10-12 years,
Nitrous oxide and the CFCs have century-long lifetimes be-
fore they are destroyed in the siratosphere. Atmospheric CO,
is not destroyed chemically, and its removal from the atmo-
sphere takes place through multiple processes that transiently
store the carbon in the land and ocean reservoirs, and ulti-
mately as mineral deposits. A major removal process de-
pends on the transfer of the carbon content of near-surface
waters to the deep ocean, which has a century time scale, but
final removal stretches out over hundreds of thousands of
years. Reductions in the atmospheric concentrations of these
gases following possible lowered emission rates in the fu-
tre will stretch out over decades for methane, and centuries
and longer for carbon dioxide and nitrous oxide.

Methane, nitrous oxide, and ozone all have natural
sources, but they can also be introduced into the atmosphere
by the activities of humankind. These supplementary sources
have contributed to the increasing concentrations of these
gases during the 20th century.

Carhon Dioxide

While all of the major greenhouse gases have both natu-
ral and anthropogenic atmospheric sources, the nature of
these processes varies widely among them. Carbon dioxide
is naturally absorbed and released hy the terrestrial biosphere
as well as by the oceans. Carbon dioxide is also formed by
the burning of wood, coal, oil, and natural gas, and these
activities have increased steadily during the last two centu-
ries since the Industrial Revolution. That the burning of fossil
fuels is 4 major cause of the CO, increase is evidenced by

IWhile the activities of mankind are past of the natural world. the con-
vention exists in most discussions of the atmosphere that “natural processes™
are those that would stil} exist without the prescace of human beings; those
procosses that are significantly influonced by humans are calied “nathropo-
genic™.

2Both carbon monoxide and methane are removed from the atmosphere
by chemical reaction with hydroxyl (OH). An increase in the carbop mon-
oxide uses up hydroxyl, slowing methane removal and allowing its concen-
ration and greenhouse effect to increass,

Fossil fuels are of biological origin and are depleted in both the stable
isotope 1 and the radioactive isotope 4C, which has a half-life of 5600
years.

CLIMATE CHANGE SCIENCE

the concomitant decreases in the relative abundance of both
the stable and radioactive carbon isotopes® and the decrease
in atmospheric oxygen. Continuous high-precision measare-
ments have been made of its atmaospheric concentrations only
since 1958, and by the year 2000 the concentrations had in-
creased 17% from 315 parts per million by volume (ppmv)
10 370 pprav. While the year-to-year increase varies, the av-
erage annual increase of 1.5 ppmv/year over the past two
decades is slightly greater than during the 1960s and 1970s.
A marked seasonal oscillation of carbon dioxide concentra-
tion exists, especially in the northern hemisphere because of
the extensive draw down of carbon dioxide every spring and
summer as the green plants convert carbon dioxide into plant
material, and the return in the rest of the year as decomposi-
tion exceeds pholosynthesis. The seasonal effects are quite
different north and south of the equator, with the variation
much greater in the northern hemisphere where most of
Earth’s land surface and its vegetation and soils are found.

The atmospheric CO, increase over the past few decades
is less than the input from human activities because a frac-
tion of the added CO, is removed by oceanic and terrestrial
processes. Until recently, the partitioning of the carbon sink
between the land and sea has been highly uncertain, but
recent high-precision measurements of the atmospheric
oxygennitrogen (0,:N,) ratio have provided a crucial con-
straint: fossil fuel burning and terrestrial uptake processes
have ditferent 0,:CO, ratios, whereas the ocean CO, sink
has no significant impact on atmospheric O,. The atmeo-
spheric CO, increase for the 1990s was about half the CO,
ermission from fossil fuel combustion, with the oceans and
land both serving as important repositoties of the excess
carbon, i.e., as carbon sinks,

Land gains and Joses carhon by various processes: some
natural-like photosynthesis and decomposition, some con-
nected to land use and land management practices, and some
responding to the increases of carbon dioxide or other nutri-
ents necessary for plant growth. These gains or Jasses domi-
nate the net land exchange of carbon dioxide with the atmo-
sphere, but some riverine loss to oceans is also significant.
Most quantifiable, as by forest and soil inventories, are the
above- and below-ground carbon losses from land clearing
and the gains in storage in trees from forest recovery and
management. Changes in the frequency of forest fires, such
as from fire suppression policies. and agricultural practices
for soil conservation may modify the carbon stored by land.
Climate variations, through their effects on plant growth and
decomposition of soil detritus, also have large effects on ter-
restrial carbon fluxes and storage on a vear-to-year basis.
Land modifications, mainly in the middle latitudes of the
northern hemisphere, may have been a net source of carbon
dioxide to the atmosphere over much of the last century,
However, quantitative estimates have only been possible
over the last two decades, when forest clearing had shifted 10
the tropics. In the 1980s land became a small net sink for
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HUMAN CAUSED FORCINGS

carbon, that is, the various processes storing carbon globally
exceeded the loss due to tropical deforestation, which by
itself was estimated to add 10-40% as much carbon dioxide
to the atmosphere as burning of fossil fuels. In the 1990s the
net storage on land became much larger, nearly as large as
the ocean uptake. How land contributes, by location and pro-
cesses, to exchanges of carbon with the atmosphere is still
highly uncertain, as is the possibility that the substantial net
removal will continue to occur very far into the future.t

Methane

Meth

is the major of natural gas and it is
also formed and released to the atmosphere by many bio-
logic processes in low oxygen environments. such as those
occwiTing in swamps, near the roots of rice plants, and the
stomachs of cows. Such human activities as rice growing,
the ratsing of cattle, coal mining, use of land-fills, and natural-
gas handling have increased over the last 50 years, and direct
and inadverient emissions from these activities have been
partially responsible for the increase in atmospheric methane.
Its atmospheric concentration has been measured globally
and continuously for only two decades, and the majority of
the methane molecules are of recent biologic origin. The
concentrations of methane increased rather smoothly from
1.52 pprav in 1978 by about 1% per year until about 1990,
The rate of increase slowed down to less than that rate dur-
ing the 19905, and also became more erratic; current values
are around 1.77 ppmv. About two-thirds of the current emis-
sions of methane are released by human activities. There is
no definitive scientific basis for choosing among several
possible explanations for these variations in the rates of
change of global reethane concentrations, making it very dif-
fieult to predict its future atmospheric concentrations.

Both carbon dioxide and methane were trapped tong ago
in air bubbles preserved in Greenland and Antarctic ice
sheets. These ice sheets are surviving relics of the series of
ice ages that Earth experienced over the past 400,000 years.
Concentrations of carbon dioxide extracted from ice cores
have typically ranged between 190 ppmv during the ice ages
to near 280 ppmv during the warmer “interglacial” periods
like the present one that began around 10,000 years ago.
Concentrations did not rise much above 280 ppmv until the
Industrial Revolution. The methane concentrations have also
varied during this 400,000 year period. with lowest values of
0.30 ppmv in the coldest times of the ice ages and 0.70 ppmyv
in the warsnest, umil 4 steady rise began about 200 years ago

“The variations and uncertainties in the land carbon balance are impot-
tant not only i the contemparary carbon budget, While the terresteial car-
‘Bon reservoirs are small compared to the veezns, the possivility of destabi-
lizing fand ecosystems and releasing the stored carbon, e.g. from tbe tundra
soils, hus been hypothesized.

1

toward the present concentrations. Both carbon dioxide and
k are more dant in Earth’s now than

at any time during the past 400,000 years,

Other Greenhouse Gases

Nitrous oxide is formed by many microbial reactions in
soils and waters, including those processes acting on the in-
creasing amounts of nitrogen-containing fertilizers. Some
synthetic chemical processes that release nitrous oxide have
also been identified. Its concentration remained about 0.27
ppmy for at least 1,000 years until two centuries ago, when
the rise to the current 0.31 ppmv began.

Ozone is created mainly by the action of solar ultraviolet
radiation on molecular oxygen in the upper atmosphere, and
most of it remains iu the stratosphere. However. a fraction of
such ozone descends nawrally into the lower atmosphere
where additional chemical processes can both form and
destroy it. This “tropospheric ozone” has been supplemented
during the 20th century by additional ozone—an important
component of phatochemical smog—created by the action
of sunlight upon pollutant molecules containing carbon an
nitrogen, The most of the Jatter mclude compound:
such as ethylene (C.H,), carbon monoxide (CO), and nitric
oxide released in the exhaust of fossil-fuel-powered motor
vehicles and power planis and during combustion of bio-
mass. The lifetime of ozone is short enough that the
molecules do not mix throughout the lower atmosphere, but
instead are found in broad plumes downwind from the cities
of origin, which merge into regional effects, and into a lati-
tude band of relatively high ozone exiending from 30°N to
50°N that encircles Earth during Northern Hemisphere
spring and summer. The of shorter-lived molecuk
such as ozone, in the troposphere depends upon a steady
supply of newly formed molecules, such as those created
daily by traffic in the large citics of the world. The wide-
spread practice of clearing forests and agricultural wastes
(“biomass burning™), especially noticeable in the tropics and
the Southern Hemisphere, contributes to tropospheric ozone.

The chlorofluorocarbons (CFCs) are different from the
gases considered above in that they have no significant natu-
ral source but were synthesized for their technological util-
ity. Essentially all of the major uses of the CFCs—as refrig-
erants, aerosol propellants, plastic foaming agents, cleaning
sotvents, and so on—result in their release, chemically unai-
tered, into the atmosphere. The atmospheric concentrations
of the CFCs rose, sfowly at first, from zero before first syn-
thests in 1928, and then more rapidly in the 1960s and 1970s
with the development of a widening range of technological
applications. The concentrations were rising in the 1980s at
arate of about 18 parts per trillion by volume (pptv) per year
for CFC-12, 9 pprv/year for CFC-11, and 6 pptv/year for
CFC-113 (CCI,FCCIF,). Because these molecules were
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identified as agents causing the destruction of stratospheric
azone.’ their production was banned in the industrial coun-
tries as of January 1996 under the terms of the 1992 revision
of the Montreal Protocol, and further emissions have almost
stopped. The atmospheric concentrations of CRFC-11 and
CFC-113 are now slowly decreasing, and that of CFC-12
has been essentially level for the past several years, How-
ever, because of the century-long lifetimes of these CFC

tecul ppreciable atmospheric tons of each
will survive well into the 22nd century.

Many other fluorinated compounds (such as carbon tet-
rafluoride, CF,, and sutfur hexafhuoride, SF), also have tech-
nological utility, and significant greenhouse gas capabilities.
Their very long atmospheric lifetimes are a source of con-
cern even though their atmospheric concentrations have not
vet produced large radiative forcings. Members of the class
of compounds called hydrofluorocarbons (HFCs) also have
a greenhouse effect from the fluorine, but the hydrogen in
the molecule allows reaction in the troposphere, reducing
both its atmospheric lifetime and the possible greenhouse
effect. The atmospheric concentrations of all these gases,
which to date are only very minor greenhouse contributors,
need to be continuousty monitored to ensure that no major
sources have developed. The sensitivity and generality of
modern analytic systems make it uniikely that any additional
greenhouse gas will be discovered that is already a signifi-
cant contributor to the current total greenhouse eftect.

AEROSOLS

Sulfate and carbon-bearing compounds associated with
particles (i.e., carhonaceons aerosols) are two classes of acro-
sols that impact radiative bal and therefi
climate.

Bfack Carbon (soot)

The study of the role of black carbon in the atmosphere is
relatively new. As a result it is characterized poorly as to its
composttion, source hs, and i on
radiation. Black carbon is an end product of the incomplete
combustion of fossil fuels and biomass, the latter resulting
from both natural and human-influenced processes. Most of
the black carbon is associated with fine pasticles (radius
<{).2 pm) that have global residence times of about one week.
These lifetimes are considerably shorter than those of most
greenhouse gases. and thus the spatial distribution of biack
carbon aerosol is highly variable, with the greatest concen-

SEighty-five percent of the mass of the atmosphere les in the tropo-
sphiere. the region between the surface and an aktitude of about 10 miles.
Abput 90% of Earth's ozone is found in the stratospbere, and the rest is in
the troposphere.

CLIMATE CHANGE SCIENCE

trations near the production regions. Because of the scien-
tific uncertainties associated with the sources and composi-
tion of carbonaceous serosols, projections of future impacts
on climate are difficult. However, the increased burming of
fossil fuels and the increased burning of biomass for land
clearing may result in d black carbon i
globally,

Suifate

The precursor 1o sulfate is sutfur dioxide gas, which has
two primary natural sources: emissions from marine biota
and volcanic emissions. During periods of low volcanic ac-
tivity, the primary source of suifur dioxide in regions down-
wind from continents is the combustion of sulfur-rich coals;
Tess is contributed by other fossil fuels. In oceanic regions
far removed from continental regions, the biologic source
should dominate. However, mode] analyscs, accounting for
the ubiquitous presence of ships, indicate that even in these
remote regions combustion is a major source of the sulfur
dioxide. Some of the sulfur dioxide attaches fo sea-salt aero-
sol where it is oxidized to sulfate. The sea salt has a resi-
dence time in the aunosphere or the order of hours to days,
and it Is transported in the lower troposphere. Most sulfate
aerosol is associated with small serosols (radius
<1 pm) and is wransported in the upper tropasphere with an
atmospheric lifetime on the order of one week. Recent “clean
coal technologies” and the use of tow sulfur fossil fuels bave
resulted in decreasing sulfate concentrations. especially in
North America and regions downwind. Future atmospheric
concentrations of sulfate aerosols will be determined by the
extent of non-clean coal burping techniques. especially in
developing nations.

CLIMATE FORGINGS N THE INDUSTRIAL ERA

Figure 1 summarizes climate forcings that have been
introduced during the period of industrial development,
between 1750 and 2000, as estimated by the TPCC. Some of
these forcings, mainly greenhouse gases, are known quite
accurately, while others are poorly measured. A range of
unceriainty has been estimated for each forcing, represented
by an uncertainty bar or “whisker.” However, these esti-
mates are partly subjective, and it is possible that the true
forcing falls outside the indicated range in some cases.

Greenhpuse Gases

Carbon dioxide (CQ,) is probably the most important cli-
mate foreing agent today, causing an increased forcing of
about 1.4 W/m? CO, climate forcing is likely to become
more dominant in the future as fossil fuel use continues. If
fossil fuels continue to be used at the current rate, the added
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HUMAN CAUSED FORCINGS
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FIGURE 1 The global mean radiative forcing of the climate system for
the year 2000, refative to 1750, and the associated confidence fevels with
which they are known. (From IPCC, 2001 reprinted with permission of the
Intergovernmental Panel on Climate Change.)

CO, forcing in 50 years will be about } W/m?. If fossil fuel
use increases by 1-1.5% per year for 50 years, the added CO,
forcing instead will be about 2 W/m?, These estimates ac-
count for the non-linearity caused by partial saturation in
some h gas infrared ab bands, yet they are
only approximate because of uncertainty about how effi-
ciently the ocean and terrestrial biosphere will sequester at-
maspheric CO,. The estimates also presume that during the
next 50 years humans will not, on a large scale. capture and
sequester the CO, released during fossil-fuel burning.

Other greenhouse gases together cause a climate forcing
approximately equal to that of CO.. Any increase in CH,
also indirectly causes further climate forcing by increasing
stratospheric H,O (about 7% of the CH, is oxidized in the
upper atrsosphere), as well as by increasing ropospheric O,
through reactions involving OH and nitrogen oxides. The
total climate forcing by CH, is at least 4 third as large as the
CO, forcing, and it could be half as Jarge as the CO, forcing
when the indirect effects are included.

Methane is an example of a forcing whose growth could
be slowed or even stopped entirely or reversed. The com-
mon scenarios for future climate change assume that meth-
ane will continue o increase. If instead its amount were to
remain constant or decrease. the net climate forcing could be
significantly reduced. The growth rate of atmospheric meth-
ane has slowed by more than half in the past two decades for
reasons that are nol well understood. With a better under-
standing of the sources and sinks of methane, it may be pos-
sible to encourage practices (for example, reduced leakage
during fossil-fuel mining and transport, capture of fand-fill

, and more efficient agricultural practices) that lead
to a decrease in atmospheric methane and significantly re-
duce future climate change, The atmospheric lifetime of
nethane is of the order of a decade. therefore, untike CO,.
emission changes will be reflected in changed forcing rather
quickly,

‘Tropospheric ozone (ozone in the lower 5-10 railes of the
atmosphere) has been estimated to cause 4 climate forcing of
about 0.4 W/n?, Some of this is linked to methane incseases
as discussed above, and attribution of the ozone forcing be-
tween chemical factors such as methane, carbon monoxide,
and other factors is a challenging problem. One recent study,
hased in part on limited observations of ozone in the late
1800s, suggested that human-made ozone forcing could be
as large as about 0.7-0.8 W/m?2. Surface level ozone is a
major ingredient in atr pollution with substantial impaets on
human health and agricultural productivity. The potential
human and cconomic gains from reduced ozone pellution
and its importance as a climate forcing make it an attractive
target for further study as well as possible actions that could
lead to reduced ozone amounts or at least a halt in its further
growth,

Aerosols

Climate forcing by anthropogenic aerosols is a large
source of uncertainty about future climate change. On the
basis of estimates of past climate forcings, it seems likely
that aerosols. on a global average, have caused a negative
climate forcing {cooling) that has tended to offset much of
the positive forcing by greenhouse gases. Even thongh aero-
so] distributions tend to be regional in scale, the forced cli-
mate response is expected to occur on farger. even hemi-
spheric and global. scales. The monitoring of aerosol
properties has not been adequate to yield accurate knowl-
edge of the aerosol climate influence.

Estimates of the current forcing by sulfates fall mainly in
the range —0.3 to -1 W/mZ However, the smaller values do
not fully account for the fact that sulfate acrosols swell in
stze substantially in regions of high humidity. Thus, the sul-
fate forcing probably falls in the range -0.6 to -1 W/n%
Further growth of sulfate acrosals is likely to be limited by
concerns about their detrimental effects, especially acid rain,
and it is possible that control of sulfur emissions from com-
bustion will even cause the sulfate amount 1o decrease.

Rlack carbon (soot) aerosols absorb sunlight and, even
though this can cause a local cooling of the surface in re-
gions of heavy aerosol concentration, it warms the atmo-
sphere and, for plausible atmospheric loadings, soot is ex-
pected to cause a global surface warming, IPCC reports have
provided a best estimate for the soot forcing of 0.1-0.2 W/
m?, but with Jarge uncertainty. One recent study that accounts
far the larger absorption that soot can cause when it is mixed
internally with other aerosols suggests that its direct forcing
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is at feast 0.4 W/mZ, It also has been suggested that the indi-
Tect effects of black carbon—which include reducing low-
level cloud cover (by heating of the layer), making clouds
slightly “dirty” (darker), and Jowering of the albedo of snow
and sea ice—might double this forcing to 0.8 W/m2 The
conclusion is that the black carbon aerosol forcing is uncer-
tain but may be substantial. Thus there is the possibility that
decreasing black carbon emissions in the future could have a
cooling effect that would at least partially compensate for
the warming that might be caused by a decrease in sulfates.

Other aerosols are also significant. Organic carbon aero-
sols are produced naturally by vegetation and anthro-
pogenically in the burning of fossil fuels and biomass. Or-
ganic carbon aerosols thus accompany and tend to be
absorbed by soot aerosols, and they are believed to increase
the toxicity of the aerosol mixture. 1t is expected that efforts
to reduce emissions of black carbon would also reduce or-
ganic carbon emissions. Ammonium nitrate (not included in
Figure 1) recently has been estimated to cause a forcing of
0.2 W/m?,

Mineral dust, along with sea salt, sulfates, and organic
acrosols, contributes a large fraction of the global aerosol
mass. It is likely that human land-use activities have influ-
enced the amount of mineral dust in the air, but trends are
not well measured. Except for iron-rich soil. most minera!
dust probably has a cooling effect, but this has not been de-
(ermined well.

The greatest uncertainty about the aerosol climate forc-
ing—indeed, the largest of all the uncertainties abour global
climate forcings—is probably the indirect effect of acrosols
on clouds. Aerosols serve as condensation nuclei for cloud
droplets. Thus, anthropogenic aerosols are believed to have
two major effects on cloud properties: the increased number
of nuclei results in a larger number of smaller eloud droplets,
thus increasing the cloud brightness (the Twomey effect).
and the smaller droplets tends to inhibit rainfall, thus increas-
ing cloud lifetime and the average cloud cover on Earth, Both
effects reduce the amount of sunlight absorbed by Earth and
thus tend to cause global cooling. The existence of these
effects has been verified in field studies, but it is exuremely
difficult to determine their global significance. Climate mod-
els that incorporate the aeroscl-cloud physics suggest that
these effects may produce 2 negative global forcing on the
order of 1 W/m® or larger. The great uncertainty about this
indirect aerosol climate forcing presents a severe handicap
both for the interpretation of past climate change and for
future assessments of climate changes.

Other Forcings

Other potentially important climate forcings include vol-
canic aerosols, anthropogenic land use, and solar variability.

CLIMATE CHANGE SCIENCE

Stratospheric aerosols produced by large volcanoes that eject
gas and dust to altitudes of 12 miles or higher can cause a
climate forcing as large as several watts per square meter on
global average. However, the acrosols fall out after a year or
two, 5o unless there is an unusual series of eruptions, they do
not contribute to long-term climate change.

Land-use changes, especially the removal or growth of
vegetation, can cause substantial regional climate forcing.
One effect that has been evaluated in global climate models
is the influence of deforestation. Because forests are dark
and tend (o mask underlying snow, the replacement of for-
ests by crops or grass yields a higher albedo surface and thus
a cooling effect. This effect has been estimated to yield a
global cooling tendency in the industrial era equivalent to a
forcing of —0.2 W/m?. Land use changes have been an im-
portant contributor to past changes of atmospheric carbon
dioxide. However, the impacts of such changes on climate
may be much more significant on regional scales than glo-
bally, and largely act through changes of the hydrologic
cycle. Such impacts are currently poorly characterized
because they depend on complex modeling details that are
still actively being improved.

Solar irradiance, the amount of solar energy striking
Earth, has been monitored accurately only since the late
1970s. However, indirect measures of solar activity suggest
that there has been a positive trend of solar iiradiance over
the industrial era, providing a forcing estimated at about 0.3
W/m?. Numerous possible indirect forcings associated with
solar variability have been suggested. However, only one of
these, ozone changes induced by solar ultraviolet irradiance
variations, has convincing observational support. Some stud-
ies have estimated this indirect effect 1o enhance the direct
solar forcing by 0.1 W/m?, but this value remains highly
uncertain. Although the net solar forcing appears small in
comparison with the sum of all greenhouse gases, it is per-
haps more appropriate to compare the solar forcing with the
net anthropogenic forcing. Solar forcing is very uncertain,
but almost certainly much smaller than the greenhouse gas
forcing. Tt is not implausible that solar irradiance has been a
significant driver of climate during part of the industrial era,
as suggested by several modeling studies. However, solar
forcing has been measured to be very small since 1980, and
greenhouse gas forcing has certainly been much larger in the
past two decades. In any case. future changes in solar irradi-
ance and greenhouse gases require careful monitoring to
cvaluate their future balance. In the future, if greenhouse
gases continue to increase rapidly while aerosol forcing
moderates, solar forcing may be relatively less important.
Even in that case, however, the difference between an in-
creasing and decreasing irradiance could be significant and
affect interpretation of climate change, so it is important that
solar variations be accurately monitored.
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Climate System Models

Climate system models are an important tog! for inter-
preting observations and assessing hypothetical futures.
They are mathematical computer-based expressions of the
thermodynamics, fluid motions, chemical reactions. and
tadiative transfer of Earth climate that are as comprehensive
as allowed by computational feasibility and by sciemific
understanding of their formulativn. Their purpose is tw cal-
culate the evolving state of the global atmosphere, ocean,
1and surface, and sea ice in response to external forcings of
both natural causes (such as solar and volcanic) and human
causes (such as emissions and land uses), given geography
and initial material compositions. Such models have been in
use for several decades. They are continually improved to
increase their comprehensiveness with respect to spatial
resolution, temporal duration, biogeochemical complexity,
and representation of important effects of processes that can-
not practically be caleulated on the global scale (such as
clouds and turbulent mixing), Formulating. constructing, and
using such models and analyzing, assessing, and inierpret-
ing their answers make climate system models large and
expensive enterprises. For this reason, they are often associ-
ated. at Ieast in part, with national laboratories. The rapid
increase over recent decades in available computational
speed and power offers opporiunities for more elaborate,
more reaistic models, but requires regular upgrading of the
basic computers to avoid obsolescence.

Climate models calculate outcomes after taking into ac-
count the great number of climate variables and the complex
interactions inherent in the climate system. Their purpose is
the creation of a synthetic reality that can be compared with
the observed reality, subject to appropriate averaging of the
measurements. Thus, such models can be evaluated through
comparison with observations, provided that suitable obser-
vations exist. Purthermore, model sohttions can be diagnosed
to assess contributing canses of particular phenorena. Be-

15

cause climate is uncontrollable (albeit influenceable by hu-
mans), the models are the onfy available experimental labo-
ratory for climate. They aiso are the appropriate bigh-end
tool for forecasting hypothetical climates in the years and
centuries ahead. However, climate models are imperfect.
Their simulation skill is limited by uncertainties in their for-
mulation, the limited size of their calculations, and the diffi-
culty of interpreting their answers that exhibit almost as
much complexity as in nature.

The current norm for a clirmate system model is to include
a full suite of physical representations for air, water. land,
and ice with a geographic resolution scale of typically about
250 km. Model solutions match the primary planetary-scale
citculation, seasonal variability, and teraperature structures
with qualitative validity but still some remaining discrepan-
cies. They show forced responses of the global-mean tem-
perature that corresponds roughly with its measured history
over the past century, though this requires model adjust-
ments. They achieve a stable equilibrium over millennial
intervals with free exchanges of heat, water, and stress across
the land and water surfaces. They also exhibit plansible ana-
logues for the dominant modes of intrinsic variability, such
as the El Niito/Southern Oscillation (ENSO), although some
important discrepancies still remain. At present. climate
system models specify solar luminosity, atmospheric com-
position, and other agents of radiative forcing. A frontier for
climate modetls is the incorporation of more complete bio-
geochemical cyeles (for example, for carbon dioxide). The
greater the sophistication and complexity of an atmospheric
model. the greater the need for detailed multiple measure-
ments, which test whether the model continues 10 mimic
observational reality. Applications of climate models to past
climate states encompass “snapshots” during particular mil-
Jennia, but they do not yet provide for continuous evolution
aver longer intervals (rransitions between ice ages).
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Observed Climate Change During the Industrial Era

Is climate change occurring? If so, how?

Are the changes due 1o human activities?

THE OCCURRENCE OF CLIMATE CHANGE

A diverse array uf evidence points to a warming of global
surface air temperatures., Instrumental records from land sta-
tions and ships indicate that global mean surface air tem-
perature warmed by about 0.4-0.8°C (0.7-1.5°F) during the
20th century. The warming trend is spatially widespread and
is consistent with the global retreat of mountain glaciers,
reduction in snow-cover extent, the earlier spring melting of
ice on rivers and lakes. the accelcrated rate of rise of sea
level during the 20th century relalive to the past few thou-
sand years, and the increase in upper-air water vapor and
rainfall rates over most regions. A lengthening of the grow-
ing season also has been documented in muny arcas, along
with an earlier plant flowering season and earlier arrival and
breeding of migratory birds. Some species of plants, insects,
birds, and fish have shifted towards higher latitudes and
higher elevations. The ocean, which represents the largest
reservoir of heat in the climate system, has warmed by about
0.05°C (0.09°F) averaged over the layer extending from the
surface down to 10.000 feet, since the 1950s.

Pronounced changes have occurred over high latitudes of
the Northern Hemisphere. Analysis of recenily declassified
data from U.S. and Russian submarines indicates that sea ice
in the central Asctic has thinned since the 1970s. Satellite
data also indicate a 10-15% decrease in summer sea ice con-
centration over the Arctic as a whole, which is primarily due
to the retreat of the ice over the Siberian sector. A decline of
about 10% in spring and summer continental snow cover
extent over the past few decades also has been observed,

16

Some of these high latitude changes are believed to be as
much or more a reflection of changes in wintertime wind
patterns as a direct consequence of global warming per se.
The rate of warming has not been uniform over the 20th
century. Most of it occurred prior to 1940 and during the
past few decades. The Northern Hemisphere as a whole ex-
perienced a slight cooling from 1946-73, and the cooling
during that period was quite marked over the eastern United
States. The cause of this hiatus in the warming is stili under
debate. The hiatus is cvident in averages over both Northern
and Southern Hemispheres, but it is more pronounced in the
Northern Hemisphere. One possible cause of this feature is
the buildup of sulfate acrosols due to the widespread burning
of high sulfur coal during the middle of the centary. fol-
lowed by a decline indicated by surface sulfale deposition
measurements. It is also possible that at least part of the rapid
warming of the Northem Hemisphere during the first part of
the 20th century and the subscquent cooling were of natural
origin—a remote response to changes in the oceanic circula-
tion at subarctic latitudes in the Atlantic sector, as evidenced
by the large local temperature trends over this region. Sug-
gestions that either variations in solar Juminosity or the fre-
quency of major volcanic emissions could have contributed
1o the irregular rate of warming during the 20th century can-
not be excluded.

The IPCC report compares the warming of global mean
temperature during the 20th century with the amplitude of
climate variations over longer time intervals, making use of
recent analyses of tree ring measurements from many differ-
ent sites, data from the Greenland ice cores, and bore hole
temperature measurements. On the basis of these analyses,
they conclude that the 0.6°C (1.1°F) warming of the North-
ern Hemisphere during the 20th centuxy is fikely to have
been the largest of any century in the past thousand years.
This result is based on several analyses using a variety of
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OBSERVED CLIMATE CHANGE DURING THE INDUSTRIAL ERA

proxy indicators, some with annual resolution and others
with less resolved time resolution. The data become rela-
tively sparse prior to 1600, and are subject to uncertainties
related to spatial completeness and interpretation making the
results somewhat equivocal, e.g., less than 90% confidence.
Achieving greater certainty as to the magnitade of climate
variations before that time will require more extensive data
and analysis.

Although warming at Earth's surface has been quite pro-
nounced during the past few decadcs, satellite
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lated in climate models is suggestive of such a linkage, but it
does not constitute proof of one because the model simula-
tions could be deficient in natural variability on the decadal
to century time scale. The warming that has been estimated
to have occurred in response to the buildup of greenhouse
gases in the atmosphere is somewhat greater than the ob-
served warming. At least some of this excess warming has
been offset by the cooling effect of sulfate aerosols, and in
any case one should not necessarily expect an exact corre-

pond because of the of natural variability.

beginning in 1979 indicate relatively little warming of air
temperature in the troposphere. The committee concurs with
the findings of a recent National Research Council report,!
which concluded that the observed difference between sur-
face and tropospheric temperature trends during the past 20
years is probably real, as well as its cautionary statement to
the effect that temperature trends based on such short petiods
of record. with arbitrary start and end points, are not neces-
sarily indicative of the Tong-term behavior of the climate
system. The finding that surface and troposphere tempera-
ture trends have been as different as observed over intervals
as long as a decade or two is ditficult to reconcile with our
current understanding of the processes that control the vert-
cal distribution of temperature in the atmosphere,

THE EFFECT OF HUMAN ACTIVITIES

Because of the large and still uncertain level of natural
variability inherent in the climate record and the uncertain-
ties in the time histories of the various forcing agents (and
particularly aerosols), a causal linkage between the buildup
of greenhouse gases in the almosphere and the observed eli-
mate changes during the 20th century cannot be unequivo-
cally established. The fact that the magnitude of the observed
warming is large in comparison to natral variability as simu-

15 of Globat Temy Change, 2000.

The cooling trend in the stratosphere, evident in radio-
sonde data since the 1960s and confirmed by satellite obser-
vations starting in 1979, is so pronounced as 1o be difficult to
explain on the basis of natural variability alone. This trend is
believed to be partially a result of stratospheric ozone deple-
tion and partially a result of the buildup of greenhouse gases,
which warm the atmosphere at low levels but cool it at high
levels. The circulation of the stratosphere has responded to
the radiatively induced temperature changes in such a way
as to concentrate the effects in high latitudes of the winter
hemisphere, where cooling of up to 5°C (3°F) has been ob-
served.

There have been significant changes in the atmospheric
circulation during the past several decades: e.g.. the transi-
tion in climate over the Pacific sector around 1976 that was
analogous in some respects to a transition toward more “El
Nifio-like” conditions over much of the Pacific, and the more
gradual strengthening of the wintertime westerlies over sub-
polar latitudes of both Northern and Southern Hemispheres,
Such features bear watching, lest they be early indications of
changes in the natural modes of atmospheric variability trig-
gered by human induced climate change. To place them in
context, however, it is worth keeping in mind that there were
events of comparable significance earlicr in the record, such
as the 1930s dust bow!
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Future Climate Change

How much of the expected climate change is the conse-
guence of climate feedback processes {e.g., water vapor,
clouds, snow packs)?

By how much will temperatures change over the next 100
years and where?

Whar will be the consequences (e.g., extreme weather,
health effects} of increases of various magnitude?

Has science determined whether there is a “safe” level of
concentration of greenhouse gases?

ESTIMATING FUTURE CLIMATE CHANGE

Projecting future climate change first requires projecting
the fossil-fuel and land-use sources of CO, and other gases
and aerosols. How much of the carbon from future use of
fossil fuels will be seen as increases in carbon dioxide in the
atmeosphere will depend on what fractions are taken up by
iand and the oceans. The exchanges with land occvr on vari-
ous time scales, out to centuries for soil decomposition in
high latitudes, and they are sensitive to climate change. Their
projection into the future is highly problematic.

Future climate change depends on the assumed scenario
for future climate forcings, as well as upon climate sensitiv-
ity. The IPCC scenarios include a broad range of forcings.
One scenario often used for climaie model studies employs
rapid growth rates such that annual greenhouse gas emis-
sions continue to accelerare. This is a useful scenario, in part
because it yields a reasonably large “signal/noise” in studies
of the simulated climate response. More important, it pro-
vides a warning of the magnitude of climate change that may
be possible if annual greenhouse gas emissions continue 10
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increase. There are sufficient fossil fuels in the ground to
supply such a scenario for well over a century.

IPCC scenarios cover a broad range of assumptions about
future cconomic and technological development. including
some that allow grecnhouse gas emission reductions, How-
ever, there are large uncertainties in underlying assurptions
about popuslation growth, economic development, life style
choices, technological change, and energy alternatives, so
that it is useful to examine scenarios developed from mut-
tiple perspectives in considering strategies for dealing with
climate change. For example. one proposed growth
scepario! for the next 50 years notes that CO, emissions have
grown by about 1% anpually in the past 20 years and as-
sumes a zevo growth rate for CO, emissions tntif 2050 (that
is, constant emissions). The scenario also focuses on forcings
from non-CO, greenhouse gases such as methane, and as-
sumes a zero growth rate for them (that is, atmospheric
amounts in 2050 similar to those in 2000}, Plausiblc assump-
tions for technological progress and human factors were pro-
posed to achieve this trajectory for radiative forcing. This
scenatio Jeads to a predicted temperature increase of 0.75°C
by 2050, approximately half of that resutting from more con-
ventional assumptions. Onc rationale for focusing first on
2050 rather than 2100 is that it is more difficult to foresee
the technological capabilities that may allow reduction of
greenhouse gas emissions hy 2100

Scenarios for future greenhouse gas amounts, especially
for CO, and CH,, are a major source of uncertainty for pro-
jections of future climate. Successive IPCC assessments over
the past decade each have developed a new set of scenarios

Uamsen, 1., M. Sato, R. Ruedy, A. Lacis, and V. Oinas, Global warming
in the twenty-irst century: an alternative scenario, Proceedings af the Na-
tional Academy of Sciences, 97 9875-9880, 2000.
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with little discussion of how well observed trends match with
previous scenarios. The period of record is now long enough
to make it useful to compare recent trends with the scenarios,
and such studies will become all the more fruitful as years
pass. The increase of global fossil fuel CO, emissions in the
past decade, averaging 0.6% per year, has fallen below the
IPCC scenarios. The growth of atmospheric CH, has fallen
well below the IPCC scenarios. These slowdowns in growth
rates could be short-term fluctuations that may be reversed.
However, they emphasize the need to understand better the
factors that influence current and future growth rates.

Global warming will not be spatially uniform, and it is
cxpected to be accompanied by other climate changes. In
areas and seasons in which there are large temperature
changes, feedbacks may be much larger than their global
values. An example of such regionally large effects is the
ice-albedo feedback. Reduced snow cover and sea and lake
ice will be important at high latitudes and higher elevations,
especially during winter and spring. In the presence of the
higher temperatures, atmospheric water vapor concentration
and precipitation will also be higher. Determining the net
ice-albedo feedback effcet is complicated by its connections
to other aspects of the hydrologic and energy cycles. Clouds
may change to amplify or reduce its effect. Increased pre-
cipitation with warming at the margin of ice and snow may
act to either reduce or amplify this effect, e.g., reducing the
effect by increasing snow levels where it is below freezing.
Changing vegetation cover likewise can introduce major
modification.

An increase in the recycling rate of water in the hydro-
logic cycle is anticipated in response to higher global aver-
age temperatures, Higher evaporation rates will accelerate
the drying of soils following rain events, thereby resulting in
drier average conditions in some regions, especially during
periods of dry weather during the warm season. The drier
soils, with less water available for evapotranspiration, will
warm more strongly during sunlight hours resulting in higher
afternoon temperatures, faster evaporation, and an increase
in the diurnal temperature range. The effect is likely to be
greatest in semi-arid regions, such as the U.S. Great Plains.
The faster recycling of water will Jead to higher rainfall rates
and an increase in the frequency of heavy precipitation
events.

There is a possibility that global warming could change
the behavior of one or more of the atmosphere’s natural
modes of variability such as ENSO or the so-called North
Atlantic or Arctic Oscillation. Such changes could lead to
complex changes in the present-day patierns of temperature
and precipitation, including changes in the frequency of win-
ter or tropical storms. Higher precipitation rates would favor
increased intensity of tropical cyclones, which derive their
energy from the heat that is released when water vapor con-
denses.

Temperatures are expected to increase more rapidly over
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land compared to oceans because of the ocean’s higher heat
capacity and because it can transfer more of the trapped heat
to the atmosphere by evaporation. Over land, the warming
has been—and is expected to continue to be—larger during
nighttime than during daytime.

Conseguences of Increased Climate Change of Various
Magnitudes

The U.S. National Assessment of Climate Change Im-
pacts, augmented by a recent NRC report on climate and
health, provides a basis for summarizing the potential conse-
quences of climate change.® The National Assessment di-
rectly addresses the importance of climate change of various
magnitudes by considering climate scenarios from two well-
regarded models (the Hadley model of the United Kingdom
and the Canadian Climate Model). These two models have
very different globally-averaged temperature increases (2.7
and 4.4°C (4.9 and 7.9°F), respectively) by the year 2100, A
key conclusion from the National Assessment is that U.S.
society is likely to be able (o adapt to most of the climate
change impacts on human systems, but these adaptations
may come with substantial cost. The primary conclusions
from these 1cports are summarized for agriculture and for-
estry, water, human health, and coastal regions,

In the near term, agriculture and forestry are likely (o ben-
efit from CO, fertilization effects and the increased water
efficiency of many plants at higher atmospheric CO, con-
centrations. Many crop distributions will change, thus re-
quiring significant regional adaptations. Given their resource
base, the Assessment concludes that such changes will he
costlier for small farmers than for large corporate farms.
However, the combination of the geographic and climatic
breadth of the United States, possibly augmented by ad-
vances in genetics, increases the nation’s robustness to cli-
mate change. These conclusions depend on the climate sce-
nario, with hotter and drier conditions increasing the
potential for declines in both agricuiture and forestry. In ad-
dition, the response of insects and plant diseases to warming
is poerly understood. On the regional scale and in the Jonger
term, there is much more uncertainty.

Increased tendency toward drought, as projected by some
models, is an important concern in every region of the United
States even though it is unlikely o be realized everywhere in
the nation, Decreased snow pack and/or earlier season melt-
ing are expected in response to warming because the freeze
line will be moving to higher elevations. The western part of

cept where noted, this section is based on information provided in the
U.S. Nationial Assessment. U.S. Glubal Change Research Program, “Cli-
mate Change Impacts on the United States: The Potential Consequences of
Climare Variability and Change™, 2001, Cambridge University Press, 612
Pp-
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the nation is highly dependent on the amount of snow pack
and the timing of the runoff. The noted increased rainfall
rates have implications for pollution run-off, flood control,
and changes to plant and animal habitat. Any significant cli-
mate change is likely to result in increased costs because the
nation’s investment in water supply infrastructure is largely
tuned to the current climate.

Health outcomes in response to climate change are the
subject of intense debate. Climate change has the potential
to influence the frequency and transmission of infectious dis-
ease, alter heat- and cold-related mortality and morbidity.
and influence air and water guality. Climate change is just
one of the factors that influence the frequency and transmis-
sion of infectious discase, and hence the assessments view
such changes as highly uncertain.® This said, changes in the
agents that transport infectious diseases (e.g., mosquitoes,
ticks, rodents) are likely to occur with any significant change
in precipitation and temperature. Increases in mean tempera-~
tures are expected to result in vew record high temperatures
and warm nights and an increase in the number of warm
days compared to the present. Cold-related stress is likely to
decline whereas heat stress in major urban areas is projected
to increase if no adaptation occurs. The National Assess-
ment ties increases in adverse air quality to higher terapera-
tures and other air mass characteristics. However. much of
the United States appears 10 be protected agatast many dif-
ferent adverse health ouicomes related to climate change by
a strang public health system, relatively high levels of public
awareness, and a high siandard of living. Children, the eid-
erly, and the poor are cousidered to be the most vulnerable to
adverse health outcomes. The understanding of the refation-
ships between weather/climate and human health is in its
infancy and therefore the health of climate
change are poorly understood. The costs, benefits, and avail-
ability of resources for adaptation are also uncertain.

Fifty-threc percent of the U.S. population lives within the
coastal regions, along with billions of dollars in associated
infrastructure. Because of this, coastal areas are more vul-
nerable to increases in severe weather and sea level rise.
Changes in storm frequency and intensity are ane of the more
uncertain elements of future climate change prediction.
However, sea level rise increases the potential damage to
coastal regions even under conditions of current storm inten-
sities and can endanger coastal ecosystems if human sys-
tems or other barriers limit the opportunities for rugration.

In comtrast to human systems, the U.S. National Assess-
ment makes a strong case that ecosystems are the most vul-
nerable 1o the projected rate and magnitude of climate
change, in part because the available adaptation options are

3Under the Weather: Climate, Ecosystems, and fafectious Disease, 2001,
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very limited. Significant climate change will cause disrup-
tions to many U.S. ecosysterus, including wettands, forests,
grasslands, rivers, and lakes. Ecosystems have inherent
value, and also supply the country with a wide variety of
ecosystem services.

The impacts of these climate changes will be significant,
but their nature and intensity will depend strongly on the
region and timing of occurrence. At a national level, the di-
rect economic inapacts are likely to be modest. However, on
a regional basis the level and extent of both beneficial and
harmful impacts will grow. Some economic sectoss may be
transformed substantially and there may be significant re-
gional transitions associated with shifts in agriculture and
forestry, Increasingly. climate change impacts will have to
be placed in the context of other stresses associated with
Jand use and a wide variety of pollutants. The possibility of
abrupt or unexpected changes could pose greater challenges
for adaptation.

Even the mid-range scenarios considered in the IPCC re-
sult in temperatures that continue to increase well beyond
the end of this century, suggesting that assessments that ex-
amine only the next 100 years may well underestimate the
magnitude of the eventual impacts. For example a sustained
and progressive drying of the land surface, if it occurred,
would eventually lead to desertification of regions that are
now marginally arable. and any substantial melting or break-
ing up of the Greenland and Antarctic ice caps could cause
widespread coastal inundation.!

“8afe” Level of Concentration of Greenhouse Gases

The potential for significant climate-induced impacts
raises the question of whether there exists a “safe” level of
greenhouse gas concentration. The word “safe” is ambigu-
ous because it depends on both viewpeint and value judg-
ment. This view changes dramatically if you are part of an
Eskimo community dependent on sea ice for hunting, or an
inhabitant of a coastal city, or a farm community. It depends
on whether an industry is robust or sensitive to climate
change. The viewpoint changes distinctly between countries
with sufficient resonrces for adaptarion and poorer nations.
Value judgments become particularly important when as-
sessing the potential impacts on natural ecosystems. The
question can be approached from two perspectives. The first
issue is whether there is a threshold in the concentration of
greenhouse gases that, if exceeded, would canse dramatic or
catastrophic changes to the Earth system. The second issue

4 Appreciable desertification on a regional scale could take place within
ecnde or two. Many centuries would be required for substantial melting of
the ice sheets to occur and the likelihood of a breakup during this century is
considered to be remote.
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is whether the consequences of greenhouse warming, as a
function of the concentration of greenhouse gases, are suffi-
ciently well known that the scientific community can define
“an acceptable concentration” based on an analysis of poten-
tial risks and damages. The first issue is best add d by

21

Both climate change and its consequences also are likely
to have a strong regional character. The largest changes oc-
cur consistently in the regions of the middle to high lati-
tudes. Whereas all models project global warming and glo-~

examining Earth's history. Guidance for the second issue
can be derived from assessments of the impacts of climate
change.

A variety of measurements demonstrate that CO, has var-
ied substantially during Earth’s history. reaching levels
between three and nine times pre-industrial levels of carbon
dioxide prior to 50 million years ago. During the periods of
hypothesized high carbon dioxide concentrations, there are
strong indicators of warmth (although many different fac-
tors have contributed to climate change during Earth’s his-
tory). These indi s include warm deep-sea temperatures
and abundant life within the Arctic Circle. There are also
some records of abrupt warming (thousands of years) in
Earth’s history fhat may be related to atmospheric green-
house concentrations, which caused significant perturbations
to the Earth system. The globul temp i deter-

bal in pr the sign of the precipitation
projections varies among models for some regions.
The range of model sensitivitics and the challenge of pro-
jecting the sign of the precipitation changes for some regions
¥ i ial limitation in ing climate im-
pacts. Therefore, both the IPCC and the U.S. National As-
sessment of Climate Change Impacts assess potential cli-
male impacts using approaches that are “scenario-driven,”
In other words, models with a range of climate sensijtivities
are used to assess the potential impacts on water, agriculture,
human heaith, forestry, and the coastal zones, nationally and
region by region. The differences among climate mode! pro-
jections are sufficiently large to limit the ability to define an
“acceptable concentration” of atmospheric greenhouse
gases. In addition, technological breakthroughs that could
improve the capabilities to adapt are not known. Instead, the

muined for some of these warm periods exceed future projec-
tions from all climate models for the next century. These
changes are associated with some extinctions, and both the
periods of warmth and abrupt transitions are associated with
the large-scule redistribution of species. However, a sub-
stantial biosphere is evident (Le., no catastrophic impact
tending toward wholesale extinctions) even with substan-
tially higher CO, concentrations than those postulated to
oceur in response to human activities.

The course of future climate change will depend on the
nature of the climate forcing (e.g., the rate and magnitude of
changes in greenhouse gases, acrosols) and the sensitivity of
the climate sysiem. Therefore, determination of an accept-
able concentration of greenhouse gases depends on the
ability to determine the sensitivity of the climate system as
well as knowledge of the full range of the other forcing fac-
tors, and an assessment of the risks and vuinerabilives. Ch-
mate models refleet a range of climate sensitivities even with
the same emission scenario. For example, the consequences
of climate change would be quite different for a globally-
averaged warming of 1.1°C (2.0°F) or a 3.1°C (5.6°F) pro-
Jjected for the IPCC scenario in which CO, increases by 1%
per vear leading to a doubling from current levels in the next
70 years.

provide a broader level of guidance:

» The nature of the potential impacts of climate change
increases as a function of the sensitivity of the climate model.
If globally-averaged temperature increases approach 3°C
(5.4°F) in response o doubling of carbon dioxide, they are
likely to have substantial impacts on human endeavors and
on natural ecosystems,

+ Given the fact that middle and high Jatitude regions
appear to be more sensitive to climate chunge than other
regions, significant impacts in these regions are likely 1o
occur at lower levels of global warming.

* There could be significant regional impacts over the
full range of IPCC maodel-based projections.

* Natural ecosysiems ate less able to adapt to change than
are human systems.

In summary. critical factors in defining 2 “safe” concen-
tration depend on the nature and level of societal vulnerabil-
ity. the degree of risk aversion, ability and/or costs of adap-
tation and/or mitigation, and the valuation of ecosystems, as
well as on the sensitivity of the Earth system to climate
change.
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Assessing Progress in Climate Science

What are the substantive differences between the IPCC
Reports and the Summaries?

What are the specific areas of science that need to be
studied further, in order of priority, 10 advance our under-
sianding of climate change?

The committee was asked to address these two questions.
The first involved evaluating the IPCC Working Group T
report and summaries in order to identify how the summa-
ries differ from the report. The second question involved
characterizing areas of uncerlainty in scientific knowledge
concerning climate change, and identifying the research ar-
eas that will advance the understanding of climate change.

INTERGOVERNMENTAL PANEL ON CLIMATE
CHANGE

The full text of the IPCC Third Assessment Report on
The Scientific Basis represents a valuable effort by U.S. and
international scientists in identifying and assessing much of
the extensive research going on in climate science. The body
of the WGI report is scientifically credible and is not unlike
what would be produced by a comparable group ofonly U.S.
scientists working with a similar set of ennssion scenarios,
with perthaps some normal differences in scientific tone and
emphas

However, because the IPCC reports are generally invoked
as the authoritative basis for policy discussions on climate
change. we should critically evaluate this effort so that we
can offer suggestions for improvement. The goal is a stron-
ger IPCC that will lead to betler definitions of the nature of
Temaining problems, a clarity in expressing both robust con-
clusions and uncertainties, and thus aid achievement of the
best possible policy decisions. We must alsa consider op-
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tions for an improved process, given the enormous and grow-
ing investment required by individual scientists to produce
this assessment. Three important issues directed to this goal
are described below.

The IPCC Summary for Policy Makers

The IPCC WGI Summary for Policymakers (SPM) serves
an obviously different purpose than the scientific working
group reparts. When one is condensing 1,000 pages into
20 pages with a different purpose in mind, we would expect
the text to contain some modifications. After analysis, the
committee finds that the conclusions presented in the SPM
and the Technical Summary (TS) are consistent with the main
body of the report. There are, however, differences. The pri-
mary differences reflect the manner in which uncertainties
are communicated in the SPM. The SPM frequently uses
terms (e.g., likely, very likely, unlikely) that convey levels
of uncertainty; however, the text less frequently includes
either their basis or caveats. This difference is perhaps under-
standable in terms of a process in which the SPM attempts to
underline the major areas of concern associated with a
human-induced climate change. However, 4 thorough under-
standing of the uncertainties is essential to the development
of good policy decisions.

Climate projections will always be far from perfect. Con-
fidence limits and probabilistic information, with their basis,
should always be considered as an integral part of the infor-
mation that climate scientists provide to policy and decision
makers. Without them, the IPCC SPM could give an impres-
sion that the science of global warming is “settled,” even
though many uncertaintics still remain. The emission sce-
narios used by the IPCC provide a good example. Human
decisions will almost certainly alter emissions over the next
century. Because we cannot predict cither the course of
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human populations, technology, or societal transitions with
any clarity, the actual greenhouse gas emissions could be
either greater or less than the IPCC scenarios. Without an
understanding of the sources and degree of uncertainty,
decision makers could fail to define the best ways to deal
with the serious issue of global warming.

Maditication of the Scientific Text After Completion of the

The SPM results from a discussion between the lead au-
thors and government representatives (including also some
non-governmental organizations and industry rep
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entists and governmental representatives. Governmental rep-
resentatives are more likely to be tied to specific government
postures with regard to treaties, emission controls, and other
policy instruments. If scientific participation in the future
becomes less representative and governmental representa-
tives are tied to specific postures, then there is a risk that
future IPCC efforts will not be viewed as independent pro-
cesses.

The United States should promote actions that improve
the TPCC process while also ensuring that its swengths are
maintained. The most valuable contribution U.S. scientists
can make is to continually question basic assumptions and

1 promote clear and careful appraisal and presen-

tives). This discussion, combined with the requirement for
consistency, results in some modifications of the text, all of
which were carefully documented by the IPCC. This process
has resulted in some concern that the scientific basis for the
SPM might be altered. To assess this potential problem, the
committee solicited written responses from U.S. coordinat-
ing lead authors and lead authors of IPCC chapters, reviewed
the WGT draft report and sumumaries, and interviewed Dr.
Daniel Albrition who served as a coordinating lead author
for the IPCC WG Technical Summary. Based on this analy-
sis. the committee finds that no changes were made without
the consent of the convening lead authors and that most
changes that did occur lacked significant impact. However.
some scientists may find fault with some of the technical
details. especially if they appear to underestimate uncer-
tainty. The SPM is accc ied by the more ive
Technical Summary (TS). The SPM contains cross-refer-
ences to the full text, which unfortunately is not accessible
until a later date, but it does not cross-reference the accom-
panying TS,

The IPCC as Representative of the Science Community

The IPCC process demands a significant time commit-
ment by members of the scientific community. As a result,
many climate scientists in the United States and elsewhere
choose not to participate at the level of & lead author even
after being invited. Some take on less time-consuming roles
as contributing authors or reviewers. Others choose not to
participate. This may present a potential problem for the fu-
ture. As the commitment to the assessment process contin-
ues to grow, this could create a form of self-selection for the
participants. In such a case, the community of world climate
scientists may develop cadres with particularly strong feel-
ings about the outcome: some as favorable to the IPCC and
its procedures and others negative about the use of the IPCC
as a policy instrument. Allemative procedures are needed to
ensure that participation in the work of the IPCC does not
come at the expense of an individual’s scientific career.

[n addition, the preparation of the SPM involves both sci-

tation of the uncertainties about climate change as well as
those areas in which science is leading to robust conclusions.
and work toward a significant improvement in the ability to
project the future. In the process, we will better define the
nature of the problems and ensure that the best possible in-
formation is available for policy makers.

RESEARCH PRIORITIES

The underlying scientific issues that have been discussed
in this report and the rescarch priorities that they define have
evolved over time. For this reason. many have been identi-
fied previously in NRC reports.!

Predictions of global climate change will require major
advances in understanding and modeling of (1) the factors
that determine atmospheric concentrations of greenhouse
gases and aerosols and (2) the so called “feedbacks” that
determine the sensitivity of the climate system to a pre-
scribed increase in greenhouse gases. Specifically, this will
involve reducing uncertainty regarding: (a) future usage of
fossil fuels, (b) future emissions of methane, (¢) the fraction
of the future fossil fuel carbon that will remain in the atmo-
sphere and provide radiative forcing versus exchange with
the oceans or net exchange with the land biosphere, (d) the
feedbacks in the climate system that determine both the mag-
nitude of the change and the rate of energy uptake by the
oceans. which together determine the magnitude and time
history of the temperature increases for a given radiative
forcing, (e) the details of the regional and local climate
change consequent to an overall level of global climate
change, (f) the nature and causes of the natural variability of
climate and its interactions with forced changes, and (g) the
direct and indirect effects of the changing distributions of
aerosol. Because the total change in radiative forcing from

'Decade-to-Century-Scale Climate Variability and Change: A Science
Strategy, 1998; The Armospheric Sciences Entering the Twenty-First Cen-
tury, 1998: Adequacy of Climate Observing Systems, 1999; Global Envi-
ronmental Change: Research Pathways for the Next Decade, 1999, Jm-
proving ihe Effectiveness of U.S. Climate Modeling. 2001: The Science of
Regional and Global Change: Putting Knowledge to Work, 2001,
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other greenhouse gases over the last century has been nearly
as large as that of carbon dioxide, their future evolution also
must be addressed. At the heart of this is basic research,
which atiows for creative discoveries about those elements
of the climate systemn that have not yet been identified, or
studied.

Knowledge of the climate system and projections about
the future climate are derived from fundamental physies and
chemistry through models and observations of the atmo-
sphere and the climate system. Climate models are built us-
ing the best scientific knowledge of the processes that oper-
ate within the climate system. which in turn are based on
observations of these systems. A major limitation of these
model forecasts for use around the world is the paucity of
data available to evaluate the ability of coupled models to
simulate important aspects of past climate. In addition, the
observing system available today is a composite of observa-
tions that neither provide the information nor the continuity
in the data needed to support measurements of climate vari-
ables. Therefore, above all, it is essential 10 ensure the exist-
ence of a long-term observing system that provides a more
definitive observational foundation to evaluate decadal- to
century-scale variability and change. This observing system
must include observations of key state variables such as tem-
perature, precipitation, humidity, pressure, clouds, sea ice
and snow cover, sea level, sea-surface temperature, carbon
fluxes and soil moisture. Additionally, more comprehensive
regional measurements of greenhouse gases would provide
critical information about their local and regional source
strengths.

CLIMATE CHANGE SCIENCE

Climate observations and modeling are becoming increas-
ingly important for a wide segment of society including
water resource managers, public health officials, agribusi-
nesses, energy providers, forest ing com-
panies, and city planncrs. In order to address the conse-
quences of climate change and better serve the nation’s
decision makers, the research enterprise dealing with envi-
ronmental change and environment-society interactions must
be enhanced. This includes support of (a) interdisciplinary
research that couples physical, chemical, biological, and
human systems, (b} improved capability of integrate scien-
tific knowledge, including its uncertainty, into effective
decision support systems, and (¢) an ability to conduct
research at the regional or sectoral level that promotes analy-
sis of the response of human and natural systems to multiple
stresses.

Climate research is presently overseen by the U.S. Global
Change Research Program (USGCRP). A number of NRC
reports? have concluded that this collection of agencies is
hampered organizationally in its ability to address the major
climate problems. The ability of the United States to assess
future climate change is severely limited by the lack of a
climate observing system, by inadequate computational re-
sources, and by the general inability of government to focus
Tesources on climate problems. Efforts are needed to ensure
that U.S. efforts in climate research are supported and man-
aged to cnsure innovation, effectiveness, and efficiency.
These issucs have been addressed by NRC reports, but more
examination is needed.

*Global Environmental Change: Rescarch Pathways for the Next De-
cade, 1999, Improving the Effectiveness of U.S. Climute Modeling, 2001;
The Science of Regional and Global Change: Putting Knowledge 1o Work,
200)
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A
Letter from the White House

THE WHITE HOUSK
WASHINGTON

May 11, 2001

Dr. Bruce Alberts

National Academy of Sciences
2101 Constitution Avenue, NW
Washington, D.C, 20418

Dear Dr. Alberts:;

The Administration is conducting a review of U.S. policy on climate change.
‘We seck the Academy’s assistance in identifying the arcas in the science of climate
change where there are the greatest certainties and uncertainties.

Wo would also like your views on whether there are any substantive
differences between the JPCC Reports and the IPCC sumrnaries.

We would appreciate a response es soon as possible.

stsgis g

Deputy Assistant to the President Deputy Assigtant to the
for Domestic Policy snd President for International
Director, Domestic Policy Council Beconomic Affairs
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