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‘OZONE DEPLETION, THE GREENHOUSE EFFECT,
AND CLIMATE CHANGE

-TUESDAY, JUNE 10, 1986

U.S. SENATE,
CoMMITTEE ON ENVIRONMENT AND PUBLIC WORKs,
SUBCOMMITTEE ON ENVIRONMENTAL PoLLuTION,
Washington, DC.

The subcommittee met at 9:30 am., in room SD-402, Dirksen
Senate Office Building, Hon. John Chafee (chairman of the subcom-
mittee) presiding.
B Present: Senators Chafee, Stafford, Symms, Mitchell, and

aucus.

OPENING STATEMENT OF HON. JOHN H. CHAFEE, U.S. SENATOR
FROM THE STATE OF RHODE ISLAND

Senator CHAFEE. Good Morning. Today we are beginning impor-
tant hearings to discuss two related problems that stem from pollu-
tion of the Earth’s fragile atmosphere: there is the problem of
ozone depletion; and there is the problem of the greenhouse effect
and climate change.

I am pleased that we have many distinguished witnesses and de-
lighted that all of you are willing to share your views with this
committee. Several of our witnesses have traveled great distances
and altered their plans to be here. We appreciate your willingness
to help us.

Last December, my friends and colleagues, Senators Durenberger
and Baucus held a hearing in the Subcommittee on Oversight to
discuss global warming. Their attention to and interest in these
matters should be recognized and commended. Our work today in
the Subcommittee on Environmental Pollution is a direct result of
their efforts. Similarly, the efforts of Senator Gore to focus congres-
sional attention on the problems of the greenhouse effect are ap-
plauded.

Today’s hearing will focus on the nature of the problems, includ-
ing the likely timing and magnitude of predicted changes and the
risks posed by such changes. Tomorrow’s hearing will concentrate
on what is being done by the Federal Government, both domestical-
ly and internationally, to both improve our understanding of these
matters and to respond to them.

We will consider the buildup of greenhouse gases which threaten
to warm the Earth to unprecedented levels. Such a warming could,
within the next 50 to 75 years, produce enormous changes in a cli-
mate that has remained fairly stable for thousands of years.

@
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We will also look at the future of the ozone layer which acts as
the Earth’s protective shield blocking excessive ultraviolet radi-
ation from the Sun. From what we know today, the growing use of
manmade chemicals may trigger a significant depletion or modifi-
cation of the ozone layer. These two problems: the greenhouse
effect and ozone depletion, are closely related. :

Now, why is all of this so important? Why are we spending time
on these problems?

We are doing so because there is a very real possibility that
man—through ignorance or indifference, or both—is irreversibly
altering the ability of our atmosphere to perform basic life support
functions for the planet.

These hearings must depart from previous examinations of these
problems. Ozone depletion and the greenhouse effect can no longer
be treated solely as important scientific questions. They must be
seen as critical problems facing the nations of the world. These are
problems that demand solutions.

A recent assessment of the greenhouse problem by the Depart-
ment of Energy summed up the stakes in stark terms:

Human effects on atmospheric composition and the size and operations of the ter-

restrial ecosystems may yet overwhelm the life support system crafted in nature
over billions of years. ’

This is not a matter of Chicken Little telling us the sky is falling.
The scientific evidence, some of which we will hear today, is telling
us we have a problem; a serious problem. There is much that we
know. There is a great deal that we can predict with a fair amount
of certainty.

Now, it is true that we lack the tools to close all of the scientific
gaps. We don’t completely understand our climate systems and we
cannot predict precise outcomes. But we will always be faced with
a level of uncertainty. It is a fact that the current gaps in scientific
knowledge may not be closed for many years. Therefore, the ques-
tion raised is this: Can we continue to risk so much when we do not
know the detailed nature of the outcome?

To my mind, the risks are so great that we must avoid continu-
ing on a path that will irreversibly alter our environment unless
we know that it is safe to proceed down that path. Scientists have
characterized our treatment of the greenhouse effect as a global ex-
periment. It strikes me as a form of planetary Russian roulette.

We should not be experimenting with the Earth’s life support
systems until we know that—when the experiment is concluded—
the results will be benign. As Russell Peterson, former chairman of
the President’s Council on Environmental Quality who worked as a
chemist for 26 years has said “we cannot afford to give chemicals
the same constitutional rights that we enjoy under the law, chemi-
cals are not innocent until proven guilty.”

By not making policy choices today, by sticking to a “wait and
see” approach, we may in fact be making a passive choice. By al-
lowing these gases to continue to build up in the atmosphere, this
generation may be committing all of us to severe economic and en-
vironmental disruption without ever having decided that the value
of “business as usual” is worth the risks.
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Those who believe that these are problems to be dealt with by
future generations are misleading themselves. Man’s activities to
date may have already committed us to some level of temperature
change. If historical evidence is any guide, a slight warming may
be enough to turn productive, temperate climates into deserts. To
quote from another recent Department of Energy report, “large
changes in both precipitation and the extent of deserts and grass-
lands can be associated with relatively small variations in the
global mean temperature.”

The path that society is following today is much like driving a
car toward the edge of a cliff. We have a choice. We can go ahead,
take no action and drive off the edge—figuring that, since the car
will not hit the bottom of the canyon until our generation is al-
ready long gone, the problem of coping with what we have made
inevitable, is for future generations to deal with. We can hope that
they will learn how to adapt. On the other hand, we can put the
brakes on now, before the car gets any closer to the edge of the cliff
and before we reach a point where momentum will take us over
the edge, with or without application of the brakes.

Having painted a bleak picture, the question arises: What do we
do about all of this?

The first thing we should do is to ratify the Vienna Convention
for the protection of the ozone layer which is pending on the
Senate Calendar. The convention is the first worldwide legal in-
strument directed to the protection of the atmosphere as a re-
source. It has the support of industry, environmental groups, and
the administration and should be ratified as soon as possible.

Next, it is important to focus attention on the potential effects of
- ozone depletion and of climate change on-the choices that we as a
global society must make if we are to avoid further buildup of
harmful gases in the atmosphere. These are no longer just science
issues. They are now policy issues.

As evidenced by the October 1985 Villach Conference, there is
now an international consensus among the scientific community.
Although there will always be dissenters, those who claim, for ex-
ample, that the Earth is actually cooling not warming, the scientif-
ic community has told us with unusual clarity that we have a prob-
lem. We must not allow their message to fall on deaf ears.

To move us along in the right direction, I intend to ask my col-
leagues to join me in six new initiatives.

First, we will be asking EPA Administrator Thomas and the Ex-
ecutive Director of the Office of Technology Assessment, Jack Gib-
bons, to launch immediate and separate studies setting forth policy
options that, if implemented, would stabilize the leveis of atmos-
pheric gases. These studies are expected to address significant
changes in energy policy—in terms of both improvements in
energy efficiency and development of alternatives to fossil fuels—
reductions in the use of CFC’s, ways to reduce other greenhouse
gases such as methane and nitrous oxides, as well as rates of defor-
estation and reforestation efforts. The thought is not to embark on
a 5 or 10-year study but to conclude these studies in fairly short
order; say 1 or 2 years.

Second, the National Academy of Sciences will be asked to
review existing gaps in scientific knowledge and to make recom-
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mendations to us on how to close these gaps. Again, this is a task
that should take several months, not several years. In developing
recommendations, the Academy will be expected to consult with all
of the relevant Federal agencies.

Third, the Department of State should make its best effort to
bring these issues to the attention of other nations. At a minimum,
that effort should include discussions at the next summit meeting
with the Soviet Union and at the next international economic
summit meeting. The fact that the Soviet Union contains 44 per-
cent of the world’s coal reserves makes their involvement particu-
larly important. Similarly, the vast coal reserves in the People’s
Republic of China makes them major players in this matter.

Fourth, we will be urging the United Nations Environment Pro-
gram and the World Meteorological Organization [WMO] to expand
their efforts to assess climate change problems and its social and
economic impacts. As a followup to the successful Villach Confer-
ence of October 1985, we need these organizations to look at social
and economic effects of climate change and policy options to reduce
atmospheric pollution. Such an assessment should enable UNEP to
convene a meeting to negotiate a convention on climate change in
the near future.

Fifth, EPA will also be asked to coordinate a study on the envi-
ronmental effects of climate change. This study should be designed
to solicit the opinions of knowledgeable people throughout the
country through a process that includes public hearings and meet-
ings.

And finally, we will be asking the President’s Council on Envi-
ronmental Quality to issue a directive to all Federal agencies to
recognize ozoné depletion, the greenhouse effect, and climate
change as environmental impacts that must be considered in the
NEPA process.

It seems that the problems man creates for our planet are never
ending. But we have found solutions for prior difficulties, and we
will for these as well. What is required is for all of us to do a better
job of anticipating and responding to today’s new environmental
warnings before they become tomorrow’s environmental tragedies.

I am delighted that the ranking member of this subcommittee,
Senator Mitchell, is here, and Senator, if you have a statement,
now would be a good time for it.

OPENING STATEMENT OF HON. GEORGE J. MITCHELL, U.S.
SENATOR FROM THE STATE OF MAINE

Senator MrrcHeLL. I thank you very much, Mr. Chairman. I com-
mend you for holding this series of hearings, and I look forward to
participating with you. I apologize in advance for the fact that I
will have to attend another hearing, but I do intend to review the
record of testimony very carefully and to participate in tomorrow’s
hearing, as well.

The problem of global warming is one of immense significance. It
is the most serious and more pressing than anticipated. Previously,
most of the models forecasting the rate of global warming focused
on the air pollutants produced by combustion of fossil fuels. More
recent data suggest that trace gases may increase the rate of
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warming by a factor of two. This means that warming may be in-
creasing twice as fast as previously thought.

The data produced to date suggests there may be an average in-
crease in temperature of 1 °C since the beginning of the industrial
revolution. Considering how much warmer this June has been than
average, a 1 degree difference may appear to be insignificant, but
an average 1 degree increase could be devastating, so the experts
tell us. A 1 degree increase in the average global temperature
would melt glaciers, and such melting would increase the sea level.
There are uncertainties in predicting how much the sea level
would increase in a particular area. In some cases, it could be an
average increase of a few feet; in others, much more. For a coastal
State like Maine and to other States along the coastline, such an
increase would be devastating.

An average 1 degree increase in temperature could have major
impacts on agriculture. This country’s Midwestern breadbasket
could again become a dust bowl. More heat would mean less water
for crops and variations in growing seasons. It is important to keep
in mind that this average increase is global in nature. It is not a
national or a regional problem. If American farmers suffer for lack
of water, so will farmers all over the planet. If shorelines along our
coasts are flooded, so will shorelines everywhere in the world.

The enormity of this phenomenon is staggering, and we have a
responsibility to limit emissions of pollutants that trap the heat in
our atmosphere. As difficult, as immense, and as seemingly remote
as the problem is to our daily lives, we cannot delay. There will be
those who argue that more research is necessary to completely un-
derstand the phenomenon and to answer every scientific question.

As in the case of acid rain, such complete understanding will
come only after we flounder in the weight of our shortsighted poli-
cies. This is one more indication that the benefits of industrializa-
tion carry with them the burden of controlling pollutants. These
pollutants threaten our lakes, fish, health, and forests today in the
form of acid deposition.

We will hear today that these pollutants also threaten the future
of our planet, which cannot tolerate such a sudden and dramatic
increase in temperature and survive in a form familiar to us.

Solutions are possible and available. The statement released at
the conclusion of the Villach Conference in Austria last October
addresses the common nature of some of our environmental prob-
lem. That statement said in part that:

Climate change and sea level rises due to greenhouse gases are closely linked with
other major environmental issues, such as acid deposition and threats to the Earth’s
ozone shield, mostly due to changes in the composition of the atmosphere by human
activity.

Reduction in coal and oil use and energy conservation undertak-
en to reduce acid deposition will also lower concentrations of green-
house gases. Reductions in emissions of chlorofluorocarbons will
help protect the ozone layer and will also slow the rate of climate
change. The rate and degree of future warming could be profound-
ly affected by governmental policies on energy conservation, use of
fossil fuels, and the emission of some greenhouse gases.

The testimony we will hear today will demonstrate that such
governmental policies are needed; nationally and on a global basis.
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The testimony I expect we will hear from Federal agencies tomor-
row will be that current government policy is to conduct more re-
search, a familiar refrain from this administration on issues of this
type.

What is missing in the Federal effort is action. The problem of
global warming brings another round. of scientists before us decry-
ing the folly of waiting until it is too late to prevent irreversible
damage. In the case of acid rain, research has been offered as a
substitute for much-needed action. This policy has produced more
bodies of water that cannot sustain life, more trees that are dying,
and more people who find it hard to breathe.

The policy has produced more studies, not any meaningful
change in policy. I hope these 2 days of hearings will help persuade
the administration that inaction has its own costs, almost invari-
ably higher than the cost of action.

I represent a State that already has been affected by acid deposi-
tion. I want to do all I can to keep Maine, the rest of our country,
and our planet from facing potentially more dramatic environmen-
tal damage from global warming. The best way to avoid these un-
desirable outcomes is to begin taking action now to prevent further
damage rather than spending twice as much time and, later,
money repairing damage.

Mr. Chairman, I look forward to working with you and the other
members of the committee on this issue.

Senator CHAFEE. Thank you very much, Senator Mitchell. We ap-
preciate your interest and drive and energy in this matter and rec-
ognize that you have other commitments but look forward to you
participating in these hearings to the extent you can. ’

[Senator Baucus’ opening statement follows:]

OPENING STATEMENT OF HON. MAX BAUCUS, U.S. SENATOR
FROM THE STATE OF MONTANA

Senator Baucus. Mr. Chairman, the subject of today’s hearing
presents one of the greatest challenges any of us will face.

The implications of rapid global warming has the potential to
disrupt and alter life as we know it today. The changes that are
being talked about are more rapid than anything that has occurred
since man began to walk the face of this Earth.

The time for action is now. If the scientific community’s projec-
tions of actually seeing effects within the next 20 years and almost
certainly within the next 50 years are correct, then we may al-
ready be beyond the point where we have luxury of waiting to act.

The real question before us is what actions should we be taking

ow.

The United States as a country has slipped as a leader of envi-
ronmental protection. We need to regain that leadership position.

Today air quality issues in general and acid rain in particular,
finds itself mired in what seems to be insurmountable regional
bickering.

This inability to act is not just a congressional problem, but it
extends throughout the executive branch.

We have lost sight of the big picture.
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There is an absurd assumption that we can stall and put off
these tough decisions until some unknown future date.

We need to lay aside the silly arguments over the value of a fish
versus cleaning up the environment and get on to the real Jjob of
protecting our home, both for current and future generations.

Everyone complains, you can’t predict the weather, but overall
we all expect it to be about the same, year after year.

When it does change, even for short periods of time, the disrup-
tive effect can be tremendous.

Eastern Montana is dotted with places where people tried to
farm until the dust bowl of the 1930’s wiped them out. During this
drought, whole communities throughout the great plains literally
dried up and blew away. These changes were short-term natural oc-
currences.

With the “greenhouse effect,” we are not talking about short-
term changes.

We are talking about permanent and perhaps ongoing change for
some indefinite period into the future.

Furthermore, we are not talking about localized areas being af-
fected, but worldwide change.

What do we know about the “greenhouse effect?”

First, we debated if the question is increasing CO, buildup in the
atmosphere.

We found that it was. We actually measured this increase.

Then, the scientific community projected that based upon this in-
crease, there would be an increase in worldwide temperatures. The
Jjury is still out.

Those changes may now be occurring. It is expected that within
the next few years, we shall actually be able to measure these
changes.

The question is, should we just wait until we actually know for
sure, or take steps now to address the problem?

I come down on the side of action. We are talking about a prob-
lem that has been building up for at least since the last century.

Each day we fail to set needed policies in motion, the potential
for failure increases.

Mr. Chairman, I commend you for calling this hearing to focus
attention on this critical environmental problem. This is the most
critical environmental problem we will face, both for the remain-
der of this century and well into the next century.

Senator Durenberger and I conducted a hearing on the “green-
house effect” late last year.

This committee needs to join together to make this issue a high
profile policy question and to focus needed attention both here in
the United States and internationally, so that we can begin work
toward solving it.

We need to educate the public.

We need to move forward with critically needed reforms to the
Clean Air Act.

And, we need to accelerate the research needed to more fully un-
derstand the question. Finally, we cannot go it alone. This issue
must be given international attention by every nation in the world.
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The United States needs to build on initiatives it has underway
and we need to gain eminence as a leader in worldwide environ-
mental protection.

One of the first steps, that should be taken is for the President to
include discussions on the “greenhouse effect” in any upcoming
summits with the Soviet Union.

I look forward to working with you and every member of this
committee, to ensure that this issue gets the type of attention that
is needed and it deserves.

Senator CHAFEE. Senator Gore, we welcome you here. Senator
Gore has taken a long interest in these matters, especially when he
served in the House, and has carried those interests over to his
tenure here in the Senate. So we welcome you, Senator, and look
forward to your statement.

STATEMENT OF HON. ALBERT GORE, JR., U.S. SENATOR FROM
THE STATE OF TENNESSEE

Senator Gore. Thank you very much, Mr. Chairman, Senator
Mitchell. Thank you for your courtesy in inviting me to testify
today. I have listened to both of the opening statements, and I
think they are really excellent presentations of what the problem
is that we face. I will put my prepared statement into the record
with your permission and spend a short time here talking about
the policy implications of this problem.

You have. a distinguished roster of scientists and experts to dis-
cuss these technical issues, but as you noted, Mr. Chairman, in
your opening statement, these are no longer scientific issues alone;
they are policy questions that we must resolve.

As you also mentioned, I held a series of hearings over on the
House side beginning 5 years ago and continuing up until 1 left the
House. During those hearings, I was very surprised at the testimo-
ny I heard. At the beginning, the scientists were divided on the
question of whether the greenhouse effect was real or not. When
we first looked at it, the trend was toward seeing it as a real phe-
nomenon.

By 1984, and certainly by the Villach Conference of last fall, the
consensus had jelled. At the present time, and this is the first fact
that I would like to impress on the subcommittee, and you are well
aware of it, is that there is no longer any significant difference of
opinion within the scientific community about the fact that the
greenhouse effect is real and is already occurring.

Fact No. 2: Even if we took the most extreme actions imaginable
right now, we would still feel significant impacts from the green-
house effect, because of the momentum that has already been pro-
grammed into the world climate system.

Fact No. 3: These impacts are not the type that we should simply
sit back and wait for . The temptation is, when something is this
big and this powerful, to conclude, “Well, we just can’t do anything
about it anyway.” It almost begins to climb into the category of an
act of God, something that appears so overwhelming and unstoppa-
ble that we are tempted to just say, “Well, let’s not even fool with
that.” That is particularly true when one of the suggested re-
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sponses is a dramatic change in the pattern of fossil fuel consump-
tion in the world. A change of that kind is difficult to imagine.
Because the impact is so great, we have to begin to think about
what we can do to mitigate the impact of the greenhouse effect.
The first choice I think we should make, therefore, is to refuse to
give up and say that this is inevitable and the remedies are un-
thinkable and therefore, the only thing we can do is learn to live
with it and adapt to it. We should choose, instead, to: One, improve
the world’s confidence in the knowledge of this problem so as to
enhance our willingness to take the type of action that will be nec-
essary.
We may have to begin with pieces of the problem, such as defor-
» estation. The experts tell us that at least 20 percent of the problem,
.~ and probably more, is due to the rapid rates of deforestation in the

- world. It is easier, Mr. Chairman, for me to imagine a global effort
“at reforestation than it is to imagine a dramatic shift in fossil fuel
- use patterns in a comparable period of time.

-Perhaps by building our confidence that we can deal with this
issue on a global basis through attacking reforestation, we can then
build enough momentum to make a meaningful change in fossil
fuel patterns.

Similarly, the contribution of these trace gases is significant.
Chlorofluorocarbons, which you have singled out on several occa-
sions in the past, may represent one-third of the total contribution
of trace gases to the greenhouse effect.

Trace gases, in turn, may amount to 40 percent of the total prob-
lem. Twenty percent of the problem is due to deforestation. The re-
maining 80 percent is due to the changes in the makeup of gases in
the atmosphere. One-half of that is attributed to trace gases and
not the carbon dioxide.

If one-third of the trace gases are chlorofluorocarbons, that is a
significant percentage. Maybe we can attack that problem and
then, in the process, improve the ability of the world to cope with
this problem and pick up the momentum that is necessary in order
to address the main part of the problem.

I believe very strongly, from a policy standpoint, that when we
are dealing with an issue that is this important, and I think it will
be the environmental issue for the remainder of this century, and

= when the remedies are so difficult and almost unthinkable, the

first step has to be to increase the level of confidence that we have
in the data. It is also essential to increase the level of agreement
both here in the United States and in other countries about why it
is necessary to move in a concerted way.

I think that the list of six proposals you outlined in your opening
statement is excellent, if I may say so, Mr. Chairman. I would en.
courage this subcommittee to consider the addition of one more
measure to that list. Earlier this year, I introduced Senate Concur-
rent Resolution 96, which calls for an international year of study
on the greenhouse effect. I remember the International Geophysi-
cal Year in 1957 and the dramatic advances in scientific knowledge
which resulted from that year of cooperation.

In fact, ironically, our best data on the increasing levels of CO,
in the atmosphere come from experiments that were launched
during the International Geophysical Year in 1957. I am sure this
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subcommittee is aware of the chart showing the stepwise increase
in parts per million of CO; in the atmosphere.

This comes from the research station in Hawaii which was initi-
ated as part of the 1957 International Geophysical Year. If we had
an international year of research into the greenhouse effect, I be-
lieve it would help to quickly elevate the awareness of all nations
of the importance of this problem, and it would increase our level
of confidence in the data that we are working with, thereby
making it more likely that we could increase our resolve to deal
with this problem.

Mr. Chairman, as I mentioned, I will put my prepared statement
in the record, but I would like to close by commending you for your
leadership and this subcommittee for its activity in this area. I
wish to work with you and cooperate in every way possible to ad-
dress this incredibly important problem. Again, I thank you for
your invitation to be here this morning.

Senator CHAFEE. Thank you very much, Senator Gore. It seems
to me you put your finger on it. The problem is so massive that
there is an inevitable reluctance on the part of anyone to really
plunge in and try and do something about it. “This is really too big
for us” is the reaction, I think.

We don’t have all the perfect scientific evidence. There may be
gaps here and there. Indeed, some suggest that the ozone situation
is not depleting but is increasing, and it goes back and forth. I sup-
pose you can find somebody who will say the world is flat. None-
theless, I think we have got to face up to it. We can’t wait for every
shred of evidence to come in and be absolutely perfect; I think we
ought to start along the route that you suggest to try and do some-
thing about it, and certainly, to increase the public’s awareness of
the problem and the feeling, as you say, that it is not hopeless. We
can do things such as the reforestation that you mentioned, the
other efforts with the chlorofluorocarbons, for example. We can do
something. Indeed, we have done a modest amount here in the
United States already. ‘

So I hope that with your continued support and interest and that
of others in the Senate, we can plunge ahead and accomplish some-
thing even though it might not be the total cure. At least we can
get started on this long road, where the first step does make a dif-
ference.

Senator Stafford is here, the chairman of the full committee. We
welcome you, Mr. Chairman; Senator Gore has just completed his
statement. If you have any questions for him or wish to give your

. own statement, now would be a good time.

Senator STAFFORD. Thank you very much, Mr. Chairman. I am
very happy to be here. Asking questions of a witness when I
haven’t heard his statement would be rather presumptuous on my
part.

Senator Gore. It has been done before, Mr. Chairman. :

Senator STaFrorp. I was thinking, Senator, of the celebrated
Steve Allen Show many years ago when he would propound the
answer and somebody would think up the question.

1 apologize for not being able to get here sooner, Mr. Chairman. I

do have a brief statement.
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I am sure you want me to come to the first paragraph of it, be-
cause in it I say, first let me congratulate you on holding these
hearings.

Senator CHAFEE. That is fine, no one will argue with that.

OPENING STATEMENT OF HON. ROBERT T. STAFFORD, U.S.
SENATOR FROM THE STATE OF VERMONT

Senator STAFFORD. It seems every issue we deal with is impor-
tant, but one or two of them, including this one are, I think, of sur-
passing importance. As important as they may be, obtaining public
and press attention is devilishly difficult. Such has been the case
here. In August 1979, the DuPont Corp. provided every member of
this committee and its staff with a briefing book on CFC’s and
ozone depletion. My copy is here with me today. Even though
nearly 7 years have passed, here it is. I have even learned how to
pronounce chlorofluorocarbons. DuPont said, 7 years ago, we
should wait for the result of 8 to 5 years of research before taking
action. Adding to that, and here I quote.

If ozone depletion is detected during this period, the wisdom of waiting out the
rest of the period obviously would be reassessed.

I expect we will hear today that this is a time for reassessment,
because it is my understanding that ozone has decreased, tempera-
ture has increased, the ocean is warming, glaciers are melting, and
the sea level is rising. Scientists everywhere appear to be crying
‘out to our wisdom. This issue has been plagued in the past by the
unwillingness of political leaders to admit the existence of ‘a prob-
lem, unless they see at least the glimmer of a solution.

The industry has been very effective at warning our people that
air-conditioning, refrigeration, and foam insulation were all at
stake in this debate. What they have not been told is that the other
so-called necessities at risk are spray perfume, fresh frozen corn on
the cob, and styrofoam packages for Big Macs. Mr. Chairman,
please accept my sincere compliments for your political courage
and willingness to conflict this important suhject.

Senator CHAFEE. Thank you very much, Senator Stafford. I am
delighted that you were here. Again, we thank you for coming,
Senator Gore, and look forward to continuing to work with you as
we proceed.

Our first panel will consist of, if you gentlemen would come to
the table, Dr. Robert Watson, Director of the Upper Atmospheric
Program of the National Aeronautics and Space Administration;
Dr. Sherwood Rowland, professor of chemistry, University of Cali-
fornia at Irvine, and Dr. James Hansen, the man who really start-
ed all this interest and concern about 10 years ago, I guess. Dr.
James Hansen, Director, Goddard Institute of Space Studies, Na-
tional Aeronautics and Space Administration.

Gentlemen, we welcome each of you here. Why don’t you pro-
ceed. All of your statements will be included in the record, and if
we could keep them to roughly 5 minutes, that would be fine. I am
not going to drop the gavel exactly at 5 minutes, but close thereto.
There will be questions, and somebody has a movie, and that won’t
count within the 5 minutes.

So why don’t you proceed, Dr. Watson?
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STATEMENT OF DR. ROBERT WATSON, DIRECTOR, UPPER
ATMOSPHERIC PROGRAM, NASA

Dr. WatsoN. Thank you, Mr. Chairman. Mr. Chairman, members
of the subcommittee, I am pleased to be here today to talk about
the issues of ozone depletion and global warming. As you yourself
have already said, these are very serious issues. The main con-
cerns, as you already pointed out, are depletion of the ozone layer,
which, if depleted, could have consequences for climate, and in ad-
dition, there could be large amounts of ultraviolent radiation
reaching the ground, which would have effects on human health
and agriculture.

Global warming could lead to change in precipitation patterns
and sea level rise. There should be no doubt today that there is
compelling evidence that the composition of the atmosphere is
changing at a rapid rate on a global scale. These gases are: carbon
dioxide, nitrous oxide, methane, and chlorofluoromethanes. All of
these changes are caused by human activities; that is, combustion
and agricultural policies. However, the CFC'’s are of anthropogenic
origin, as has been stated already, due to use in refrigeration, foam
blowing, and as aerosol propellants.

These trace gases are predicted not only to modify ozone, but to
change the radiative balance of the atmosphere. Therefore, we
must stop thinking of these issues as isolated issues and consider
them to be coupled both scientifically and politically. Policymakers
should be aware that if there is a change in either the ozone layer
or the climate system of the world due to either nitrous oxide or
chlorofluorocarbons, full recovery of the system will take decades
to centuries, because of the long atmospheric half-lifetimes of these
gases.

There is a difference, however, between the ozone issue and the
climate issue. Predicting changes in the column amount of ozone is
difficult. The reason it is difficult is because the fluorocarbons and
nitrous oxide decrease ozone, whereas methane and carbon dioxide
increase ozone. Therefore, there are some compensating effects in
the ozone issue. This contrasts dramatically to the global-warming
issue, because all of these gases are predicted to increase the tem-
perature of our globe. They do not compensate for each other.

The question of whether there is ozone depletion can be ascer-
tained using a simple formula. If the growth in CFC’s exceed the
growth of methane and CO,, there will, indeed, be a decrease in the
atmosphere concentration of ozone. If, however, the rate of growth
of methane and CO: is larger than the rate of growth of CFC’s,
there may be no change in the total amount of atmospheric ozone
over the next century. ‘

A simple calculation would say that if methane and CO; contin-
ue to increase at their current rates of 1 percent and half a percent
a year, respectively, and the CF(C'’s increase at 3 percent a year, we
could expect a 10-percent ozone depletion in the next 70 years and
increasing drastically thereafter.

From the two dimensional models, we can see that these effects
will not be constant with latitude. There will be less depletion at
the equator but much larger depletions in the polar regions. We
should note, however, that even when there are only small changes
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in the column content of ozone, we would still anticipate a signifi-
cant change in the vertical distribution of ozone. This could cause a
serious change in the climate system.

One other question that has been asked this morning is has
ozone changed? There does seem to be evidence that the ozone has
changed at 40 kilometers. This is quite consistent with the fluoro-
carbon theory. However, there doesn’t seem to be evidence that the
total column amount of ozone is changing on a global scale from
the Dobson network. However, we would not expect to have seen
large changes in ozone in the last 10 or 15 years.

There is some preliminary evidence from satellite data from
NASA that has shown that the column of ozone and vertical distri-
bution may have changed over the last 5 to 10 years. This data
awaits further analysis.

One thing I will show you in a few minutes, hopefully, is a film
on ozone, and here we will see that there has been huge, unexpect-
ed changes in Antarctic ozone in the springtime. We do not under-
stand what the processes are that are causing the changes in the
Antarctic ozone. Until we understand these processes, we will not
be able to say with any real confidence what the implications are
for the global system.

Another key question is: How reliable are the theoretical
models? Unfortunately you can’t have a true test of the predictive
capability of a model. All you can do is use a model to describe
today’s atmosphere and compare it to atmospheric observations. In
general, there is good agreement between atmospheric observations
and the models.

However, there are some disagreements in detail which limits
our confidence in the predictive capability of each model. I would
only like to make a couple of minor comments with respect to cli-
mate, as Dr. Hansen will cover this in great detail.

I would like to summarize the statement simply by saying there

are models that have predicted somewhere between a one-third and
1 degree change in the last 100 years. This is quite consistent with
atmospheric observations which suggest at least a half a degree
rise over that time period. Most of that has been contributed by
CO..
What is likely to happen in the future? Here is a possibility. As
we have already heard today, the trace gases, methane, nitrous
oxide, and fluorocarbons, are thought to contribute equally, if not
greater, to the predicted global warming relative to CO.. We pre-
dict the rates of global warming will be a factor of 3 to 10 times
faster in the next 50 years than the last 100 years, and so we can
expect significant changes in climate in the next few decades.

In summary, I think we have to say the global change and warm-
ing trend has doubled. It is not wise to experiment on the planet
Earth by allowing the concentrations of these trace gases to in-
crease without full understanding of the consequences.

Thank you, Mr. Chairman, and I am willing to show this film at
your convenience.

Senator CHAFEE. Before we show the film, I would like to get you
to explain a little bit about this. I have seen the film, and if you
see it for the first time, you are a little confused. Where the hairs
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cross at the center, I assume that that is the South Pole; is that

correct?

Dr. WaTsoN. Correct. It is a bird’s eye view of our Earth from the
satellite looking down on the South Pole, so what it is, is a polar
stereographic projection of the Earth; the South Pole is in the
center, and the Equator is around the edge.

Senator. CHAFEE. You will see a constant movement clockwise,
and that is the prevailing winds circulating around?

Dr. WaTsoN. That is correct. It is the basic meteorology, and
what it is called is a polar vortex. What you see is that the air is
trapped over the South Pole, and it goes around in a circular
motion.

_ Seniator- CHAFEE. The red we see will be the enlargement of the
so-called ozone hole?

Dr. Warson. Actually, the color scheme on this particular plot is
probably different from what you have seen before, but I can walk
you through it. What you will be seeing is every day in October
From 1979 through 1985. The two things to notice is over the Ant-
arctic Continent, ozone has dropped about 30-to 40-percent from
1979 to 1985. But what we also noticed by carefully examining the
data in the last year is there has also been a decrease in ozone
from 50 degrees south and 70 degrees south.

We originally thought it was confined to the Antarctic. We can

. now see that the depletion has expanded to 50 degrees south. We

haven’t seen it in other parts of the globe yet. We haven’t seen it
in the Arctic. You will see changes in color which represent

~ changes in ozone. You will see, typically, a 30- to 40-percent change

A

in ozone over the last few years’ time period.

Senator CHAFEE. The picture that we see is a model, is it not? Is
it actually taken from a satellite?

Dr. WATSON. Yes. This is actual data measured from the nimbus
7 total ozone monitoring system, nothing to do with theory.

Senator CHAFEE. The actual picture, is that a picture that is
taken, or is this a model that you have made based on the data

-that you gathered?

Dr. WATsON. It is a model of the data. It is a simulation of the
data to make it pictorial.

Senator STAFFORD. Mr. Chairman, maybe this will be answered
later on in testimony, but before we see the picture, I think it
would be interesting if we knew from the scientists here what
ozone is and how is it formed, as well. I think we have some basic
idea of why it is important, but my recollection is that one source
is from automobile exhaust, hydrocarbons, and sunlight, but maybe
I am wrong about that. Maybe a brief explanation of what it is and
why it is important would help us in the total picture.

Dr. WATSON. Yes. A simple explanation is that most of the
Earth’s atmosphere, as we know, is made up of molecular oxygen
and molecular nitrogen. When ultraviolet radiation inpinges on the
Earth’s atmosphere, it dissociates molecular oxygen into two
oxygen atoms. Thus, it produces ozone (03). The importance of 03 is
that it absorbs solar radiation of wavelengths less than 300 nano-
meters. The reason that this is important is that wavelengths of
300 nanometers or less can have an adverse effect on ecology. It
produces skin cancer; it can change aquatic and terrestrial ecosys-
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tem productivity. So ozone acts as a filter that shields out harmful
ultraviolet radiation from reaching the Earth. Changes in ozone
could change the penetration of ultraviolet radiation through the
atmosphere.

In addition ozone controls the temperature of the stratosphere. It
is very important to the radiative balance of the stratosphere.
Therefore, the predominant reasons why ozone is important are cli-
mate and changes in ultraviolent radiation. What we worry about
here is putting trace concentrations of chlorine and nitrogen gases
in the atmosphere. They change the rate at which we destroy
ozone. Ozone is naturally produced and destroyed. Addition of fluo-
rocarbons and nitrous oxide can increase the rate at which we de-
stroy it.

Senator Starrorp. Is it possible to have an excessive amount of
ozone at the level of the Earth’s atmosphere near the ground and
the depleted situation in the upper atmosphere?

Dr. WatsoN. The answer is definitely yes. What we think is prob-
ably happening is that as we add chlorine and methane to the at-
mosphere chlorine is causing the ozone near 40 kilometers to de-
crease, but the methane is increasing ozone near the ground. That
is one of the reasons why under certain scenarios in the future
composition of the atmosphere, there may be no change in the total
column of ozone, but changes in the vertical distribution which
may have consequences for ecosystems and climate.

Senator STAFFORD. And depletion up high.

Senator CHAFEE. We are delighted that Senator Baucus has joined
us. Senator, if you have a statement you would like to deliver or
make now, this would be a good chance.

Senator Baucus. Thank you, Mr. Chairman. I have a statement
that I will submit for the record and take a minute to say that I
am here, as all the rest of us are here, because we are very con-
cerned about the problems. It is very clear to me that the green-
house effect is much more severe and the results are much more
severe than I think most people have earlier anticipated.

The results are probably going to visit us on this planet much
more quickly than many of us had earlier anticipated, and I think
it is encumbent upon all of us to try to better determine what
those potential changes might be.

It is very important to better determine what we should do about
it. I think it is a very important hearing, and I want to commend
you for holding it. It is absolutely critical. I thank you.

Senator CHAFEE. Thank you very much, Senator.Your statement
will be included in the record following the other opening state-
ments.

Are there any other questions before we proceed with the movie?

It is about a 2- or 8-minute movie, I think.

Dr. Watson. That is correct.

Senator CHAFEE. Speak up, Dr. Watson, as we go along.

Dr. WarsoN. What we will see is, this is in 1979. You will see
successive days in October. The center of the picture is the center
of the Antarctic, the South Pole. What you can see is the ozone is
moving around in a clockwise rotation. Over the Antarctic Conti-
nent in 1979, the average ozone is about 225 Dobson units. In 1980,
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if you look at the Antarctic, the large and lighter blue represents
ozone. That is about 225 Dobson units.

-If-you look around the outside, you will see the dark red color.
These represent ozone concentrations of 450 Dobson units. 1981
- wasn’t very different from 1980. You see in the middle, over the
South Pole, the ozone.is typically 225 Dobson units, and that be-
tween 50 degrees and 70 degrees south, ozone is typically averaging
400 to 450 Dobson units.

In 1982, in the very center of the picture for the first time, you
see some slight pink color. This is where the ozone has now de-
creased to around 200 Dobson units. It only comes in periodially,
just flashing on and off. Nothing much else is happening on the
_outer regions between 50 south and 70 south.

In 1983, if you look over the South Pole, now the pink region is
definitely much larger, and you even see regions where it is lower
than that. So you see numbers more like 180 Dobson units at this
point. So you have seen that from 1979 through 1983, over the
South Pole, the ozone has decreased from about 225 down to about
180 Dobson units.

By 1984, that pink color is much, much broader. It represents a
much wider geographic area. We are even seeing much more of the
mixed shade, sort of a mauve color coming in, which is on the
order of 160 Dobson units. Around the outside, between 50 south
and 70 south, it appears the ozone has decreased to 400 Dobson
units.

In 1985, you can see that on average, the ozone is as low as 150
Dobson units over the South Pole, the very dark purples, and at
the outside, we no longer get the deep reds between 50 south and
70 south, which represents about 450 Dobson units. “End of pen-
guins?” That is a good question.

Fundamentally, ozone has decreased typically about 30 to 40 per-
cent over the last 7 years. We don’t understand why. It was totally
unexpected. There are quite a number of theories that have al-
ready been postulated. It is going to take at least several years to
disprove or get more confidence in some of these theories.

Senator CHAFEE. Thank you, Dr. Watson. We will ask questions
after we hear from each member of the panel. Next, we will hear
from Dr. Sherwood Rowland, professor of chemistry, University of
California at Irvine.

Dr. Rowland, with Dr. Molina, published the original paper some
112 years ago setting forth the concerns that arise from chlorofluo-
rocarbons and the whole problem of the ozone depletion. So we wel-
come you, Dr. Rowland.

STATEMENT OF DR. SHERWOOD ROWLAND, PROFESSOR OF
CHEMISTRY, UNIVERSITY OF CALIFORNIA, IRVINE

Dr. Rowland. Thank you, Senator, for inviting me to present my
summary.

The first paper which Dr. Molina and I published in June 1974
carried the outline of our theory that the chlorofluorocarbon gases
would eventually produce serious depletion in stratospheric ozone
and was summarized by the following abstract:
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Chlorofluoromethanes are being added to the environment in steadily increasing
amounts. These compounds are chemically inert and may remain in the atmosphere
for 40 to 150 years, and concentrations can be expected to reach 10 to 80 times
present levels. Photodissociation of the chlorofluoromethanes in the stratosphere
produces significant amounts of chlorine atoms and leads to the destruction of at-
mosphere ozone.

These sentences can, with the benefit of 12 years of intensive
study, now serve equally well as a brief summary of the facts of the
chlorofluorocarbon-ozone problem.

If T look at the first sentence, “Chlorofluorocarbons are being
added to the environment in steadily increasing amounts,” that
was certainly true in the early 1970’s. We have had a period of a
decade or so in which the release has been more or less flat, but
emissions have started to increase again as uses have developed in
the United States and in the rest of the world.

The second sentence says, “The compounds are chemically inert
and may remain in the atmosphere for 40 to 150 years.” For chlo-
rofluorocarbon 11, the best estimate of its lifetime is now that it is
about 60 or 70 years, and that for chlorofluorocarbon 12 is that the
lifetime is over 100 years. That is certainly true, and you heard it
in Bob Watson’s testimony that the lifetimes are long. Whatever
consequences we have from the chlorofluorocarbons will be with us
not only at the end of this century, but at the end of the next cen-
tury, as well.

The final sentence says, “Photodissociation of the chlorofluoro-
methanes in the stratosphere produces significant amounts of chlo-
rine atoms and leads to the destruction of stratospheric ozone.”

You also heard from Bob Watson that ozone depletion has been
seen in the upper stratosphere, which has, for 10 years, been the
location where we have expected such depletion to be seen first.

I have a longer statement, and I am not going to go through all
of it. But I do want to make certain comments that are taken from
it. Basically, I want to mention several things which have come up
that I think are important since the first considerations 10 to 12
years ago. These four are the following: One is that the atmosphere
is a changing complex mixture of gases, and that is certainly true.
At the time, in 1974, we knew only that carbon dioxide was in-
creasing. Now we know that carbon dioxide and methane and ni-
trous oxide and chlorofluorocarbons and maybe some others are
also increasing. So atmospheric change is a very complex problem
that we have to consider.

Of course, there is only one atmosphere, so there is only one so-
lution to the scientific problem as to what will happen when we
add all of these trace gases, and that is the solution that we are
going to have to live in.

The second comment has to do with the role of heterogeneous re-
actions in the atmosphere. About 2 years ago, my research group
began investigating the possibility that some of the atmospheric
components might be undergoing reactions on the surfaces of parti-
cles which are in the atmosphere. I point this out because the at-
mospheric models up through 1985 have been characterized by con-
sidering only reactions that take place in the gas phase. The reason
that we have been considering only those reactions is that those
are the only reactions that we know to be important.
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But in the last several years, there are a number of things which
have happened which make me believe that it is very likely that
heterogeneous reactions, that is, reactions occurring on the sur-
faces of particles in the stratosphere, may also be contributing. I
will only mention that chlorine nitrate, one of the compounds
formed in the atmosphere after the decomposition of chlorofluoro-
carbons, is quite likely, in the atmosphere, to react with water and
with hydrogen chloride.

If reactions of that kind are put into the atmospheric models,
then it is possible to show that one might expect very large deple-
tions of ozone in the Antarctic as seen in the Antarctic ozone hole.
That is merely one of the theories which is floating around now in
trying to explain the Antarctic ozone hole, but it is an explanation,
after the fact, but plausible.

We can account for the Antarctic ozone hole, but we haven’t
proven that this theory is correct. We know the hole is there, and
it is getting deeper every year. The third point to make is about
this ‘Antarctic ozone depletion. It is unexpected, and therefore, it
means that you have to be very careful about any conclusion that
you draw from your modeling, because the models did not predict
it. We are in an uncharted territory as far as knowing whether we
can accept any predictions if they haven’t accounted for the exist-
ence of the Antarctic ozone hole.

Let me then just conclude in the following way: The Antarctic
ozone hole has arrived as a profound shock, first because the losses
of ozone are massive; and second, because it was completely unpre-
dicted. Instead of the unexpected acting to ameliorate ozone deple-
tion, it has produced huge losses. We are now in the position of
having chosen to tolerate some unspecified amount of ozone deple-
tion, and are now wondering how badly we have miscalculated.

We now have a hole in the ozone layer which will last for a cen-
tury or more. Even if the entire world were to stop further emis-
sions of chlorofluorocarbons today, which is, of course, impossible.
Will the Antarctic hole deepen? Will it spread, and how soon, to
other latitudes in both hemispheres? Can we afford to go for an-
other 5 or 10 years of wait and see, of measuring and monitoring
and studying?

If our prime concern is the atmosphere, the ozone layer, and the
people it shields, the obvious answer is to discontinue this experi-
ment without waiting for all of the answers. Thank you.

Senator CHAFEE. Thank you very much, Professor Rowland. Now
we will hear from Dr. Hansen from the Goddard Institute for Space
Studies. Dr. Hansen?

STATEMENT OF DR. JAMES HANSEN, DIRECTOR, GODDARD
INSTITUTE FOR SPACE STUDIES, NASA

Dr. HanseN. Thank you, Mr. Chairman. In my brief summary
this morning, I cannot describe the capabilities and limitations of
climate models in detail. But let me just say a few words about
. that before turning to predictions of where our climate is heading.

Global climate models involve numerical computer simulations
- of fundamental equations which describe the structure and motions
of the atmosphere and the oceans. These: models can realistically
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simulate many climate variables, such as temperature, winds, and
storm tracks, including the variations of these from season to
season, from latitude to latitude, and from continent to ocean.

But they cannot yet accurately portray other climate variables
such as regional patterns of precipitation, ocean currents, and a
number of other important climate processes. But I believe that cli-
mate models are good enough now to give us some strong indica-
tions about the nature of climate changes which will occur because
of the increasing CO. and trace gases, although a number of quali-
fications and caveats must accompany the results, especially for
the regional and the local scales, as is discussed in my written tes-
timony.

I will not discuss in detail the tests of the climate models in the
greenhouse theory, but there are many. For example, by comparing
the temperatures of different planets which have different amounts
of greenhouse gases, by looking at how the Earth’s temperature
has changed in the past few hundred thousand years as the
amount of CO, has fluctuated, and by looking at how much the
Earth has warmed up in the past 100 years as CO; has increased,
from all of these, we get some empirical evidence about climate
sensitivity.

This empirical evidence suggests that the sensitivity of the cli-
mate system is somewhere between 2 °C and 5 °C, for a doubling of
atmospheric carbon dioxide.

If Dr. Watson can help me with a couple of Vu-Graphs, I would
like to show some climate model projections for how the tempera-
ture might change in the near future. These are the first GCM,
global climate model, projections of the year-by-year climate
change which is expected to result from the gradual growth of at-
mospheric CO; and trace gases, which is observed to be occurring
now.

Senator CHAFEE. Don’t go too fast. Let’s make sure we under-
stand what is what in these. What are you showing here?

Dr. HANSEN. Let me say, first of all, these calculations were car-
ried out by the Climate Modeling Group at the Goddard Institute
for Space Studies. The model simulation begins in 1958, when CO.
began to be measured accurately, and the model includes climate
forcing due to measured changes in CO., trace gases, and strato-
spheric aerosols for the period from 1958 to 1985.

For the future, we assume two scenarios. In scenario A, we used
the current growth rates for CO, and trace gases. In scenario B, we
used growth rates which drop off rapidly as we go into the future.
This map shows the global warming in scenario A; that is, for the
current growth rates of CO. and trace gases.

This map shows the global warming in the 1990’s as compared to
1958. The scale for the warming is shown on the left-hand side.
You can see that the warming in most of the United States is
about % °C to 1 °C, the patched green color. You cannot trust the
detailed geographical patterns of this predicted warming because of
natural climate variability. In fact, if you run the model twice, the
detailed patterns will change from one run to another. But note
that there are similar warmings, warmings of similar magnitude,
at other regions at the same latitude as the United States.
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So the magnitude of the warming is a firm model prediction,
given the assumptions that are in the model. A principal assump-
ggn is that the sensitivity of the climate system is 4 °C for doubled

2.

Senator CHAFEE. Wait; let’s finish this graph. What is the green?
How many degrees in change?

Dr. HanseN. The dark green that cuts across the United States
and southern Canada, that is a warming of between 1 and 1.5 °C,
which would be between 2 and 3 °F.

Senator CHAFEE. What about the yellow?

Dr. HanseN. The small yellow piece that you see in the United
States would be between 1.5 and 2 °C. In the region of the Arctic
and in the Antarctic, regions of sea ice, that brighter yellow is be-
tween 2 to 3 °C, which would be about 4 to 5 °F.

Now, if we go a little further into the future, the next viewgraph
shows the decade from 2010 to 2020; that is 30 years from now.

Senator CHAFEE. That is provided nothing has changed.

Dr. HanseN. That assumes we have continued growth of trace
gases and CO; at the rates that are occurring today.

Senator STaFFORD. Does that indicate that there will be a signifi-
cant ghange in the temperature in both the North and South Pole
areas?

Dr. HANSEN. That is right. In the region of the United States, the
warming, 30 years from now is about 1% °C, which is about 3 °F.
At high latitudes the warming is as large as 4 °C.

Senator StaFrorp. What would the effect of the change be on the
Arctic icepack and the Antarctic glaciers?

Dr. HanseN. That represents two separate questions which re-
quire different answers. With regard to the sea ice, you can see
that the largest predicted warming is in the regions of the sea ice.
We expect the area of sea ice decrease substantially. In fact, there
is some evidence that it is already occurring. If you compare the
evidence for sea ice coverage in the 1930’s with recent sea ice cov-
erage, there has been a substantial decrease in the area.

It is more difficult to say how much effect this warming will
have on ice sheets, how much melting of ice there will be, and how
much sea level will change. The warming should increase melting
on the fringes of the ice sheet, but it is also expected to increase
the accumulation of snow on the interior of the ice sheets. So the
effect of the warming on Antarctic glaciers is a difficult question,
especially for the next few decades, when the warming is still only
a few degrees. As you go several more decades into the future, the
effect becomes larger.

The next Vu-Graph shows the global warming for doubled carbon
dioxide. This is the equilibrium response of the model to doubled
CO,. If CO, and trace gases continue to increase at current rates,
then the equivalent of doubled CO; forcing will occur approximate-
ly in the late 2020’s. Because of the thermal inertia of the ocean,
the climate response may be delayed by two or three decades. So
this degree of warming might be relevant to about the year 2050,
65 years from now.

This warming is about 5 °C in the United States, or about 9 °F. I
remind you that this scenario assumes that current growth rates
for CO» and trace gases will continue. It also assumes that the cli-
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mate sensitivity is about 4 °C for doubled CO,. That sensitivity is
uncertain by about a factor of 2.

If I have time to show another figure, I would like to show what
I think is the most exciting aspect of the climate modeling results.

This is an estimate of when the greenhouse warming should
begin to rise above the noise level; that is, the level of natural cli-
mate variability. The red line is the observed global temperature
trend. And the red and blue lines are the modeled global tempera-
ture trends for the two scenarios, A and B.

You can see from the upper part of the figure that from 1958,
when the simulations began, until the present, any trends in the
real world or the model are still small compared to the natural
variability of the global temperature averaged over a season.

Even if the temperatures are averaged over 5 years to reduce the
noise, as we have done in the lower figure, the signal is still small
compared to the natural variability of 5-year timeframe. But the
exciting thing is that by the 1990’s the expected warming rises
above the noise level. In fact, the model shows that in 20 years, the
global warming should reach about 1 °C, which would be the warm-
est that the Earth has been in the last 100,000 years.

I have one more graph which gives our best estimate in response
to a question which you asked, Mr. Chairman, in your letter to me.
You requested that we try to estimate how the greenhouse warm-
ing may be felt in U.S. cities such as Washington, DC. This is a
hard question, because the global climate models are not designed
for local studies. But by looking at the climatology of some particu-
lar cities in recent decades and adding on the warming from the
climate models, we can get some estimates.

For example, in the top part of the figure, we show the number
of days when the temperature exceeds 100 °F in Washington, DC,
on the right and in Omaha, NE on the left. With the climate of the
past few decades, that has been about 1 day per year in Washing-
ton, slightly less than 1 day per year, and about 3 days per year in
Omaha. With the doubled CO, climate, which, as I mentioned,
would be about 65 years in the future, if greenhouse gases continue
to increase as they are now, at current rates, there would be 12
days per year of temperatures exceeding 100 degrees in Washing-
ton, and about 20 days per year in Omaha.

For temperatures exceeding 90 degrees, the number of days per
year would increase from about 85 to 85 to in both cities. That is
shown in the middle figure. The lower figure shows that the
number of days in which the minimum temperature does not go
below 80 degrees at night is estimated to increase from less than 1
day per year to 19 days in Washington and 9 days in Omaha.

So my conclusion in that the temperature changes themselves
have an important effect on the climatic environment. It is not just
a question of how much sea level is going to change or whether
there are going to be droughts in the Midwest. I think the tempera-
ture changes themselves will be significant.

The bottom line which I would like to emphasize is that during
the next decade, when we expect the greenhouse effect to clearly
emerge, it is very important that we obtain global observations of
the climate system.
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The needed observations of the oceans, atmosphere, and the land
have been described by prestigious groups such as the Earth
System Sciences Committee. So I won’t describe the needed obser-
~ vations here, but I emphasize that in order to understand the cli-
mate system better and predict future climate better, we need to
have a substantial number of observations on a global scale.

‘Senator CHAFEE. I would like to ask a question of each of the
panelists. That is: Do any of you believe that we need more scientif-
ic data before we could reach the conclusion that what is taking
p%age? now, if continued, will increase the temperature on the
globe?

Are you prepared to say that if we keep going on the path we are
now, the temperature in the world is going to increase?

Dr. HanseN. I don’t think we need more evidence to say that.
But to answer the kind of detailed questions which are certainly
- going to be raised, we do need more evidence. As I mentioned
global climate sensitivity is uncertain by about a factor of 2. The
magnitude of ‘the results which I showed would be different if cli-
mate sensitivity is larger or smaller than I assumed.

But I think the fact that the greenhouse effect is real is proven
in a number of different ways, such as by looking at other planets,
which have different amounts of greenhouse gases.

Senator CHAFEE. Let me get the answers from the others. Dr.
Rowland?

Dr. RowLaND. If you look at this Earth from satellites outside
- the Earth, you can see the greenhouse effect in operation at all
times. If you are going over the Sahara Desert, there are transpar-
ent regions of the infrared where the radiation comes right up
from the desert, and there are other regions where the radiation is
only coming from the top of the stratosphere because the carbon
dioxide has absorbed the radiation from the desert below that.

The fact that the greenhouse effect is working on the Earth, it
seems to me, is perfectly straightforward. It has raised the temper-
. ature of the Earth about 30 degrees over what it would be without
an atmosphere, and what we are talking about now are changes of
another 1 or 2 or 3 degrees compared with a very large change that
has already happened from gases that exist naturally.

Senator CHAFEE. Dr. Watson?

Dr. Watson. No; I believe global warming is inevitable. It is only
a question of the magnitude and the timing.

Senator CHAFEE. In speaking about ozone, Dr. Watson, you indi-
cated that there were some gases that, if released, act as a neutral-
ization of the depletion of the ozone; in other words, there are cer-
tain things that can happen to increase the amount of ozone.
Would that be true no matter what layer you are at, stratosphere
or whatever layer you are at?

Dr. WaTson, No. If you add fluorocarbons or nitrous oxide, they
would tend to change ozone, deplete ozone, throughout the middle
and upper stratosphere.

If you add methane, you would tend to increase ozone in the tro-
posphere. If you add CO,, it will produce ozone in the middle and
upper stratosphere and tend to offset the chlorine. What you tend
to have is offsetting effects. That is why it is much more difficult to
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calculate accurately how the amount of ozone will change with
time.

As I said in my testimony, even if the total column doesn’t
change much, we would expect to see a significant change in the
vertical distribution. Certain areas would have increased ozone.
Other areas would have decreased ozone.

Senator CHAFEE. What if we said: This is very serious business,
this loss to the ozone, so let’s proceed to neutralize the depletion in
some fashion. We will depend on the scientists to tell us at what
altitude it should be changed and then we proceed to change it.
What would be the side effects of that?

Would the side effects be worse than if we left well enough alone
or bad enough alone? That is for you, Dr. Watson.

Dr. Wartson. I appreciate it.

Any change in the the column of ozone could clearly be detri-
mental. Any policies that you enact are clearly going to be less
than adequate unless you simultaneously have a policy that con-
trols the atmospheric concentrations of COgz, nitrous oxide, fluoro-
carbons, and methane. You will be doing your own experiment. It
will stop certain uses of gases and still the system will be changing.

I think one has to say that the most important factor appears to
me is the total column of ozone. If you change that, decrease it, you
will have more ultraviolet rays ‘at the Earth’s surface. If you
change the ozone distribution, it may affect climate. But relative to
the direct greenhouse affects of CO,, CFC’s, and CH,, the impact of
ozone change on the climate system is not a large effect. It may be
10 to 20 percent of the signal. The most important region is just
around the trdpopause, which is between 10 and 20 kilometers
above the Earth’s surface.

Changes in ozone around 40 kilometers don’t have much impact
on the temperature of the surface of the Earth; once more, the
policy should try to conserve the total amount of ozone above the
Earth’s surface.

Senator CHAFEE. Do you agree with that, Dr. Rowland?

Dr. Rowranp. Not entirely; no. First, let me make a comment
that if you have a program to replace ozone in the atmosphere,
then you are starting a scientific program which is going to make
SDI look very simple.

The present amount of ozone that we have in the stratosphere is
created by ultraviolet energy of the Sun that is absorbed in the at-
mosphere going into the production of ozone. It is going to be very
hard to devise an engineering scheme that is going to compete with
that. That is a serious comment. Trying to replace ozone in the
upper stratosphere is essentially beyond the possibility of man.

I think some of the aspects of the question of total global ozone
need to be broken down. It is not good for those of us who live in or
near Los Angeles to have ozone in the troposphere; that is, down
near the ground. It will not be good for more and more people of
the Earth to have an increase of ozone near the surface, because it
is generally deleterious to biological species.

Calculations which suggest that because we are putting in meth-
ane and that is causing an increase in ozone down near the surface
do not necessarily promise a good future. It means that we are
going to experience a different kind of ozone problem. But there is
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_another question that comes.up, too, with the two. dimensional at-
_ mospheric models; that is, where you start considering ozone deple-
tion as a function of distance from the Equator. As Bob Watson has
said in his testimony, these models don’t seem to indicate quite the
: sanaelresults that you get if you just look at the one dimensional
model.

There is a tendency to have ozone loss over the temperate re-
gions in the upper stratosphere and to make, to create ozone in the
troposphere over the tropic regions. I am not one who is going to
say that a loss of ozone over the United States or Western Europe
is balanced by a gain of ozone over Brazil and India. I think those
are two separate problems. They are not balancing one another off.
That is the general direction that the two dimensional models are
indicating that we are going.

Senator CHAFEE. My time is up. Senator Stafford?

Senator STaFFORD. Thank you, Mr. Chairman. I have found this
a fascinating hearing thus far. I guess, gentlemen, we are talking
about two different things: ozone depletion and its effect in relation
to ultraviolet radiation, I suppose, in living animals and CO:, and
the greenhouse effect which that might cause.

There has been some evidence in front of this committee that
ozone may be one of the villains in what we refer to as clean air
and acid rain, that it may be attacking plant life, leafs of plants
and trees. So I would gather that ozone, at the first few thousand
feet of the atmosphere, is likely to turn out to be a dangerous bit of
chemistry for plant life and maybe for human beings as well. Am I
correct in that?

Dr. WaTson. Yes; most definitely.

Dr. RowLAND. Yes.

Senator STAFFORD. But in the upper atmosphere, in the strato-
sphere, it protects us from ultraviolent light. Therefore, it is desira-
ble up there. Of course, my first question has to be: Is there any
way that we can move excessive ozone from the first couple of
thousand feet of the atmosphere to the stratosphere, and I gather
there probably isn’t, that you know of now, anyway. :

Dr. RowLaND. There is no way that you can do it. The amount of
ozone that is in the stratosphere is very much larger than the
amount of ozone that is in the troposphere. About 90 percent of all
the ozone is in the stratosphere, but moving something from the
troposphere to the stratosphere is very difficult.

Senator STAFFORD. The ozone in the upper atmosphere is created
by the forces of nature, I gather, whereas at the level of Earth, we
may be contributing to it through the consumption of fossil fuels
and l:;he byproductions that come out of exhaust pipes and smoke-
stacks.

Could I ask, do volcanic eruptions contribute to either the cre-
_ation of ozone or the presence of carbon dioxide in the atmosphere
in some material way that is significant?

Dr. WaTsoN. It was clear that after the El Chichon eruption,
which was the largest volcanic eruption this century, that the
ozone levels were the lowest we have seen in this century. We don’t
fully understand what the impact of the volcanic eruption was on
the ozone, but it did appear to decrease. It may be heterogeneous
chemistry, but if it does anything, it would tend to reduce ozone as
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part of the natural fluctuations. Volcanic eruptions have insignifi-
cant effects on CO, levels.

Senator STAFFoRD. I see Dr. Rowland nodding.

Dr. RowLAND. Yes; I agree with him on that.

Senator StaFForD. In connection with COs, if we assume that the
Earth’s rising temperature maybe harmful in the long run to
human and animal and plant habitation, then we have to decide
whether or not we should burn fossil fuels in the very large quanti-
ties we do today, or at least find some way to burn them without
putting CO, in the atmosphere. Is that what we are going to have
to look at?

Dr. HanseN. Well, CO. is providing about half of the greenhouse
warming, which we illustrated. So if you wanted to make a large
reduction in that degree of warming, you would have to cut down
on CO; emissions.

Senator STAFFORD. A principal source of CO,, has to be the con-
sumption of fossil fuels around the world.

Dr. HansgN. That’s right.

Senator StaFrForD. Or manufacturing or heating, generating elec-
tricity or driving motor vehicles and others; am 1 correct in that?

Dr. HanseN. That is correct; yes.

Senator Starrorp. Finally, from this Senator, I gather a princi-
pal source of CFC’s is air-conditioning and refrigeration, which we
will want more then than we do now. So my question is: Has sci-
ence discovered any other substance that is less harmful to upper
atmosphere ozone that could be used in place of CFC’s?

Dr. RowLaND. I would say the answer is yes. The question of air-
conditioning I can use as an example.

Senator STAFFORD. Sure.

Dr. RowLAND. You have two questions, really, in air-condition-
ing. One is: How do you air-condition your home, and one is, how
do you air-condition your car? Chemically, the answer is different
for those two. The air-conditioner for your car uses fluorocarbon 12,
which is one of the prime suspects for ozone depletion. The air-con-
ditioner in your home uses fluorocarbon 22, which is perhaps a
factor of 10 less of a threat to the ozone. One of the possibilities
that one could move toward would be the substitution of fluorocar-
bon 22 for fluorocarbon 12 in refrigeration and air-conditioning.

But in addition to that, there is another compound, fluorocarbon
134, which has no chlorine at all, and in addition, has hydrogen, so
that most of it will be removed by chemical reactions in the lower
atmosphere. This fluorocarbon 134 has been investigated by the
British and by the United States and by the Japanese, and they
find that it makes a successful refrigerant but that it would be
more expensive to produce. The estimates that I have heard for
how expensive it is are a factor of 5 or 10. If the cost of the fluoro-
carbon in a refrigerator is about $1 and the refrigerator itself
would cost $500 or $1,000, then an increase in the refrigerant cost
to $10 doesn’t make me think people will give up buying refrigera-
tors. Thank you very much.

Thank you, Mr. Chairman.

Senator CHAFEE. Thank you. Senator Baucus.

Senator Baucus. I guess you, Dr. Hansen, put the climate
changes up on the screen and you predicted that the average tem-
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perature would rise, say, 2 or 3 °F. I take it those are yearly aver-
ages. My question goes to: That about seasonal variations? That is,
are the winters warmer than the summers are warmer or not?

Dr. HanseN. The warming tends to be larger in the winter than
in the summer. However, as I showed with figures for particular
cities, even though the warming is somewhat smaller in the
summer than in the winter, it still is very substantial, even in the
summer.

Senator Baucus. The warming variation is greater in the winter
rather than the summer because winters are colder; is that the
reason? Or what is the reason, do you suppose?

Dr. HanseN. The principal reason is that the troposphere is
highly convective in the summer, but as you warm up the atmos-
phere, you add more water vapor to the atmosphere; this is a
greenhouse gas itself. This process is more effective at the colder
temperature than it is at the warmer temperatures.

Senator Baucus. I don’t understand why the ozone hole is in
Antarctica. Why is the ozone depletion seemingly there and not,
say, in the Arctic, where, theoretically, there are more fluorocar-
bons from aerosol cans and air-conditioners and so forth in the
Northern Hemisphere as opposed to the Southern Hemisphere?
Why don’t we have the ozone hole in the Arctic?

Dr. RowLanD. Let me answer that. Although the use of the
chlorofluorocarbons is primarily in the Northern Hemisphere,
gases that have long lifetimes, such as these gases do, spread over
the entire Earth. At the present time, if you were to take an at-
mospheric sample, say, in Alaska and take one at the southern tip
of New Zealand and compare them, they would have only about 10
percent difference in the amounts of the chlorofluorocarbons.

In fact, I have a man in Alaska today and a man on his way to
New Zealand to collect air samples. That is the kind of measure-
ment that we are making on a regular basis. So we see not only
that the chlorofluorocarbons are going up steadily, but that they
are spread over the entire Earth.

Either Bob or I could answer the question. I will let Bob take it.

Dr. WATSON. It is a good question. Why do we see changes in the
Antarctic but not above the Arctic? We don’t fully understand why
ozone is changing over the Antarctic, but some of the theories pos-
tulate that the geophysical conditions over the Antarctic are very
different than at other places over the globe. It is the coldest at-
mosphere on the globe. It is much colder over the Antarctic than it
is over the Arctic. You have air trapped in a circular motion, called
a polar vortex.

The very cold temperatures give rise to very high concentrations
of polar stratospheric clouds; that is, ice crystals in the strato-
sphere. Some theories postulate that what is happening is that all
the nitrogen compounds are being converted into the form of nitric
acid, so they can’t react with ozone or chlorine gases, whereas the
chlorine compounds are being converted into a form which can de-
stroy ozone. The ice crystals are setting up a chemistry which is
almost unique in the globe and can only happen over the Antarc-
tic.

You can’t have it over the Arctic or other regions. We think the
very cold temperatures which give you the ice crystals change the
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nitrogen and chlorine chemistries which are normally homogene-
ous to the heterogeneous chemistry. When sunlight comes up in
polar springtime, which is August 21, you suddenly have a very
active stewpot of chemistry that leads to the destruction of ozone.
That is one theory.

Other scientists postulate that the decrease in Antarctic ozone is
part of a natural cycle. We have a series of theories, all of which
are plausible, some of which actually say it is because of the use of
fluorocarbons; others saying it is destruction of gases in the atmos-
phere; and others saying it is part of the solar cycle. Really, to
comehup with a better idea of what is happening, we need more re-
search.

It is truly hard to differentiate between them.

Dr. RowLAND. On the solar cycle suggestion, I would like to com-
ment. Senator Gore earlier mentioned the International Geophysi-
cal Year. At the time not only was a measurement for carbon diox-
ide started at Mauna Loa in Hawaii, but there were a series of sta-
tions to measure ozone started all over the world. One of these was
at a place called Halley Bay on the coast of Antarctica. We have
measurements since 1957 of the amount of ozone over that particu-
lar station, and the average amount through the late 1950’s and
the 1960’s was 300 to 330 Dobson units.

Bob Watson’s movie showed 225 Dobson units starting in 1979.
So the Antarctic ozone concentrations had already fallen a substan-
tial amount relative to the 1950’s and 1960’s by the time that
movie even started. The earlier loss of ozone was something that
was being noticed in the late 1970’s, but only by the British at
Halley Bay, at their station they had been operating since the
International Geophysical Year in 1957.

Senator Baucus. Is there any significant difference in the scien-
tific community as to what is happening here and what the poten-
tial adverse consequences might be? You all seem to be fairly much
in agreement, the three of you, with variations of differences, but
very small variations. Is there any significant disagreement in the
scientific community as to the causes of this phenomenon or its po-
tential effects in the next 60 to 75 years?

Dr. Watson. I refer to the two phenomena as Antarctic ozone
and global warming. I think on the global warming issue, there is
probably not much difference in our reasoning. With global warm-
ing, it is a question of magnitude and timing. On the question of
Antarctic ozone, I think there is a spectrum of views. I think we
are all extremely concerned about seeing such a large, unexpected,
unprecedented change in anything in our environment.

I don’t believe we know what the processes are that are causing
those changes. That is where there is a spectrum of opinions. 1
know we are all extremely concerned and we would all like to
know what the reason is for the change. Until we understand the
reason for the change, we can’t say for certain the implications of
that change.

Senator Baucus. I see my time is up. One very quick question.
Where should the bulk of the research be; what area? It is one
thing to say research; something else to say what kind of research.
Where is the research needed to better document or better identify
what we should be doing for public policy?
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Dr. RowLanp. My first reaction is that for some of the aspects,
we don’t need more research; what we need is regulatory action.
One can want to control chlorofluorocarbons either because of the
contribution to the greenhouse effect or because of its contribution
to the depletion of ozone. These are the only trace gases which are
relatively easy to control because we are producing almost all of it
ourselves. So I could imagine putting on worldwide controls for the
emissions of chlorofluorocarbons.

From my point of view, we don’t need to have any more informa-
tion to know that we ought to be doing at least that much. In
terms of monitoring what is going on with the other gases, then we
have to have a very widespread program to keep track of all of
these changes.

Senator Baucus. What country is the greatest offender?

Dr. RowLaND. There is no greatest offender. The United States is
right up there near the top, but we have had controls on chloro-
fluorocarbons in their use as aerosol propellants, and that has re-
duced somewhat our fraction of the world use. But West Germany
and Japan and Italy and France and Great Britain are all impor-
tant contributors to fluorocarbon emissions, and, of course, all of
the developed world are important contributors to carbon dioxide
emissions.

Senator Baucus. Thank you very much. My time is up.

Senator CHAFEE. Gentlemen, I am going to ask you a question.
Suppose each of you were king and you had what you might call
unlimited authority. What would you do about this problem? I will
start with King Watson.

Dr. WaTtsonN. Thanks, once again.

I think with respect to the ozone issue, we have to look at all the
gases that contribute to a potential change in ozone: the fluorocar-
bons, methane, CO:, and nitrous oxide. I don’t personally like the
approach of banning the specific use of substances like was done in
the United States in 1978. While I recognize that it certainly helps
to ban the specific use of one substance, therefore reducing the
amount, in this case, of fluorocarbons into the atmosphere.

A much more logical approach, if you want to ban or regulate
the fluorocarbons, is to put an emissions cap on the total amount of
gas that goes into the atmosphere. It doesn’t matter what the use
is. It matters that it is getting into the atmosphere. I think a proto-
col at this time that limits the amount of fluorocarbons that get
into the atmosphere is an extremely wise approach. I would advise
pushing very hard for a protocol. The area of disagreement is ex-
actly where we should put that limit.

Would you have a complete ban of fluorocarbons or limit them at
today’s production levels? For the time being, I would limit it to
something like today’s production or thereabouts and still have an
active research policy that would probably, within the next few
years, provide more information. However, we should not focus just
on the fluorocarbons, but we should consider all the gases discussed
today. All of these gases affect both climate and the ozone issue.

Therefore, I think we have to look at all the gases, including
methane, nitrous oxide, and CO.. These are very hard policy op-
tions. I think if you isolate or focus on one gas; that is, fluorocar-
bons, which are relatively easy to regulate, that would be the
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wrong approach. We would be solving a very small part of the
problem. We will be back here soon saying, “We covered the fluoro-
carbons; now what do we do about CO, and nitrous oxide?”

We have to look at our combustion policies which affect atmos-
pheric levels of nitrous oxide and CO,. In addition, we have to try
to understand what produces methane; this requires we do need
more research. We don’t understand why methane is changing, and
it is changing at 1 percent per year. If we don’t understand why it
is changing, then we certainly can’t control it.

Senator CHAFEE. Dr.Rowland?

Dr. Rowvranb. If I were king, the first thing I would do is consult
with the queen, who is sitting behind me and who has a very good
view on what the sensible things to do in such cases are. Then
what I would do, I think—I brought with me a magazine called
“Bild der Wissenschaften,” and you didn’t specify that I was king
of the world, but I gathered only king of the United States.

Senator CHAFEE. No; king of the world.

We don'’t travel second class here.

Dr. Rowranp. The atmosphere is a world problem. I am looking
at this magazine, which is the German equivalent to ‘‘Scientific
American”, and on the front is a picture of the atmosphere and the
ozone molecules and underneath it says, in German, “Humanity is
destroying the protective shield of the earth, the ozone drama.”

I think what I would do is start in on the chlorofluorocarbons. I
- would replace all of the perhalocarbons on a short-term basis, with
anything such as fluorocarbon 22, which is a much less hazardous
compound to the ozone. Then I would switch as soon as possible to
those such as fluorocarbon 134 that have no hazard at all.

There are problems in controlling the other trace gases. We are
very much involved in trying to measure methane around the
world, and its emission is a process which is largely influenced by
man, because methane comes from swamps and from rice paddies
and from cattle. Things like rice paddies and cattle are influenced
by man, but it is going to be very hard to do anything about some-
thing like that.

I think there is a possibility that we can control, in some re-
spects, the emissions of carbon dioxide, but as has been mentioned,
its release is primarily from burning fossil fuel and would require
reconstructing powerplants. It is hard enough to construct them
not tolgive off sulfur dioxide without taking off the carbon dioxide,
as well.

I think we would want to be looking at those releases very close-
ly, and anyplace that you can see that you can cut down on emis-
sions, then I think we should be doing it.

Senator CHAFEE. Dr. Hansen.

Dr. HanseN. I am sorry if I sound like a befuddled scientist
rather than a king, but I would like to understand the problem
better before I order any dramatic actions. It is a very complicated
global system, and we are just beginning to be able to model it. So I
think that what I would like to see most of all, as I mentioned ear- -
lier, is global observations during the next decade, observations of
‘the atmosphere, of the oceans, of the land surface, which allow us
to see what is happening better and allow us to develop and test
the models to represent what is happening.

61-732 O—86——2



30

Finally, I would like to point out that in my personal opinion,
the supply of two key ingredients needs to be increased in order
that we could use such observational data to quantify the green-
house effect and to develop adequate models and understanding.
One of these key ingredients that we need is an influx of young sci-
entists with appropriate training. We must begin training students
now if we are to have scientists available in the next decade when
the need for the information, I believe, is going to increase and the
pressure to help define appropriate actions is going to be a lot
greater.

The second key ingredient, in my opinion, is more research fund-
ing for this kind of work. We are spending more and more time
pursuing smaller and smaller research grants. I think that has an
effect on our productivity in this work. So if I were king, I would
ask for some research funding.

Senator CHAFEE. Let me ask you each again, it seems to me that
Dr. Watson said that dealing with the chlorofluorocarbons is but a
small part of the problem. Dr. Hansen says, Let’s have some more
research, yet Dr. Rowland says, Certainly, let’s tackle the CFC's
right away, because that is something we can do.

1t seems to me that although we are not going to achieve perfec-
tion, we are probably not going to be able to substantially decrease
the carbon dioxide emissions. But why not go after the CFC’s?
There is something we can do and do something more exciting, Dr.
Watson, than merely keep them at the same level or, it seems to
me, that I looked at Dr. Hansen’s charts. Option B was a little dis-
couraging. Maybe it is B, where we took some rather bold steps
that was somewhat more encouraging.

Dr. Watson, my question to you is: Why not proceed at least
against the villain that we do know exists, even though it may not
be the total villain?

Dr. Warson. I think we know all of the gases are villains, sir;
none of them are perfect, but are all villains in different amounts.
Some of the uses of CFC’s are extremely important such as refrig-
eration and air-conditioning. Some of the other uses are rather friv-
olous, such as aerosol propellants, and foam blowing and Big Mac
containers.

You may put a social judgment on what uses you want to ban it
from. However, Dr. Rowland may well be right that there are easy
substitutes for fluorocarbons in refrigeration. If he is right, we can
move fairly aggressively against this industry. If he is wrong, I
think we would have to look much more closely.

I think we have to have a social judgment here of the utility of
these gases for social uses. I would not like to see a society without
refrigeration. We also have to be somewhat careful that if we turn
from one use of a chemical and replace it with a chemical, that the
chemical doesn’t have adverse environmental effects that we don’t
know about.

The opportunities Dr. Rowland mentioned are quite interesting. I
don’t suggest they have any detrimental effects. What we do in reg-
ulations is we ban one substance, we start to use another sub-
stance, and the alternative is just as detrimental to the society, but
we don’t find out about it for a few more years. I think we should
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move with some caution, and some of the use of fluorocarbons are
enforceable.

Senator CHAFEE. Any other questions, gentlemen?

Senator StaFrorp. Mr. Chairman, yes; one or two occurred to
me. Just for my understanding for a somewhat befuddled Senator
here, am I correct that plants basically absorb CO, as part of their
metabolism and exude oxygen?

Dr. RowLAND. Yes.

Senator STaFFoRrD. So that should we cut down on CO, too much,
we would thereby put the plant life at risk. Am I correct on that?
That isn’t likely to happen, but I assume it could.

Dr. Rowranp. Without carbon dioxide, plant life would be in
great difficulty. But none of the conceivable control systems are
going to reduce the amount of carbon dioxide below what we have
now.

Senator StaFrorp. Thank you. I assumed that was so. I had one

- comment. If I instead of you were king, since I am chairman of the
Senate’s Education Committee, I would try to funnel more money
in the direction of producing the scientists, Dr. Hansen, that I am
sure we need or for whose need you express a view.

Finally, I can’t resist the temptation, Dr. Watson, of asking an
elementary question.

That is, after listening to you all morning, are you Australian,
New Zealand, or British?

Dr. WaTsoN. You are roughly 180 degrees off. I am English.

Senator Starrorp. Thank you very much. Thank you.

Senator CHAFEE. Senator Baucus?

Senator Baucus. If it is true that we will experience inevitable
carbon dioxide increases, maybe even nitrous oxide increases, and
more fluorocarbon increases, and if it is also true that inevitably,
unless there is some dramatic change in some of the ozone deple-
tion, %re there any beneficial effects from any of those develop-
ments?

One can argue that perhaps additional CO, means healthier
plants. I don’t know if that is true or not. I am just curious. Are
there any beneficial effects?

Dr. Wartson. With relationship to the ozone issue, I don’t see any

- beneficial effects to changing either the column or the vertical dis-

- tribution. I can only think of adverse effects. There are no benefi-
cial ones. In the climate issue, maybe. Changes in the distribution
of precipitation may be beneficial for some countries and very det-
rimental for other countries.

It is clearcut with respect to ozone changes; that is, any changes
cannot be an improvement for society, however, the climate issue
may be a bit more complex.

Senator Baucus. Any other reactions?

Dr. Rowranp. If rain falls on the Sahara and not on Western
‘Europe, it may be good for the people that live in the Sahara and
bad for the people in Western Europe, so that there are some
mixed aspects of that. I do think that when one looks into the
future at global warming and says, “Well, will 3C be good for us?”
I think we ought to go beyond that and say, “What happens if we

- continue it?”’
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I don’t think there is anybody around that argues that 30 °C
would be good for us. So the question of whether the greenhouse
effect might be good for us for 10, 15, or 30 years and then turn bad
in the middle of the next century is one for which we don’t know
the answer. But I think in the long term, the steady increase in
temperature leads to the extinction of biological life, but that is a
few centuries away.

Senator Baucus. One other final question. For international co-
operation, what is your prescription? What is the best way for us to
achieve international cooperation here? Obviously, if one country
takes a major significant step and the others don’t, we are not get-
ting anywhere.

Dr. Warson. I think on the side of research, some of you may
have already heard about Global Change, or the International Geo-
sphere-Biosphere Program which will be coordinated in the United
States by the National Academy of Sciences and be implemented
internationally through the International Council for Scientist
Unions. I think that this particular program which is currently
being developed and will be implemented during the next few years
is extremely important. It will focus on environmental issues such
as global warming and ozone depletion.

In addition, we should look at how the atmosphere, the ocean,
and terrestrial ecosystems all interact. That type of program from
a scientific perspective is a very good one. I am personally encour-
aged to see the international science community working well, at
the moment, at both the national and international level. I think it
can only be better in the future.

. As far as international regulations is concerned, if one is going to
go in that direction, I believe it should proceed through the auspic-
es of UNEP which has already put the convention together. UNEP
is the international mechanism, it seems to me.

Senator CHAFEE. Thank you, gentlemen, very much for attend-
ing. The next panel is Mr. Andrew Maguire, vice president for
policy affairs, World Resources Institute; Dr. George Woodwell, di-
rector, the Woods Hole Research Center, Woods Hole, MA; Dr.
Warl Wunsch, professor of physical oceanography, Massachusetts
Institute of Technology, Cambridge, MA; Dr. Steven Leatherman,
zlasscc)lciate professor, Department of Geography, University of Mary-
and.

If anybody wants to leave or shift chairs, now is the time to do it.
Do I understand that Dr. Woodwell and Dr. Wunsch have a time
problem? Dr. Woodwell, what is your problem?

Dr. WooDWELL. An airplane at 12 o’clock.

Senator CHAFEE. An airplane at 12 o’clock. You have got more
than a problem; you have got a disaster.

Let’s start with you first, and your plane leaves at 12 o’clock?

Dr. WoopwELL. There is another at 1 o’clock. I have to make a
plane from Kennedy Airport at 3 o’clock, and I can probably do it
if I leave at 1 o’clock.

Senator CHAFEE. You just tell us what time. You have to catch
the 12 o’clock plane?

Dr. WoODWELL. Yes.

Senator CHAFEE. Yes. All right, go ahead. Why don’t you proceed

first, then?
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' STATEMENT OF DR. GEORGE M. WOODWELL, DIRECTOR, WOODS
HOLE RESEARCH CENTER

. Dr. WoopwELL. I was delighted to hear the discussion this morn-
ing.

Senator CHAFEE. You must have been getting more and more
nervous throughout.

Dr. WoopwELL. I was particularly. pleased to hear the degree of
sophistication in the Senate and the large amount of work that has
clearly been done already in mastering this very complicated topic.
I am going to make the topic even more complicated. The topic, as
{ou did not hear from the previous panel, is also a biological prob-

em.

There is, in the atmosphere, about 700 billion metric tons of
carbon. There is another at least 2,000 billion metric tons of carbon
stored in. the forests and the in soils globally. Presumably, that
carbon is available for mobilization to some degree, perhaps 20,
maybe even 50 percent.

In the normal circumstance, over long periods of time, there is
an approximate equivalency between the processes that fix carbon
out of the atmosphere, referred to as photosynthesis, and the proc-
esses that break down that fixed carbon, the carbon compounds of
plants and soil, into carbon dioxide, heat, and water. That series of
processes is respiration. The products of respiration, I emphasize,
are carbon dioxide, heat, and water, the same products as those of
fire. The products of photosynthesis are fixed carbon compounds. In
the normal course, those two processes, photosynthesis and respira-
tion are roughly in balance over the Earth.

We think that is true, but there is no absolute proof of it. A
change in the climate has the potential for changing the balance
between photosynthesis and respiration over very large areas. The
experience of ecologists who think about such topics leads them to
believe that the factor that affects that balance most is tempera-
ture.

- You observed in the data that Dr. Hansen offered a few minutes
ago that there will be a large warming in the middle to high lati-
tudes. The extent of that warming is really, no matter how large it
is, small in proportion to what is required to produce a large bio-
logical effect.

In those latitudes there resides at least 25 percent of the total
inventory of carbon held in the biota and the soils. A change in the
temperature of 10 °C has the common effect of changing the rate of
biotic processes by a factor of 2 or more. The rate of respiration is
particularly sensitive to such a change.

So a 1.degree change might increase the rate of the process, res-
piration, by 10-20 percent. We are talking about changes over the
course of decades, a few decades, a very short time as measured by
the time that is required to change the distribution of vegetation,
the time required to build a ferest. We are talking about changes
on_the order of degrees, 10 degrees or so, in those high latitudes.

For a warming of that scale, there is no process that will affect
photosynthesis equivalently. There is no change in the insolation,
the incoming solar energy received by the plants; no change in the
length of days.
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There may be a change in the season, a longer summer season,
for example. But whether that will affect the total photosynthesis
is an open question. Here again, we are on the edge of what scien-
tists know. The best guess at the moment is that the warming will
increase respiration considerably more than it will affect photosyn-
thesis. The effect will be the release of additional carbon dioxide,
mglthane, and probably carbon monoxide from the vegetation and
soils.

So here is a positive feedback system: a warming makes the prob-
lem with carbon dioxide and other trace gasses worse.

Second, it is possible, but far from proven, that part of the in-
crease in methane already being observed is due to the increase in
the temperature of the Earth as soils respire more rapidly. Soils, of
course, respire partly anaerobically and produce methane, among
other products.

There is still a further factor that is related to this set of consid-
erations. It is easy to change the climate enough to destroy a
forest. Consider the Eastern Deciduous Forest at its juncture with
the Boreal Forest in middle to high latitudes. Over the short period
of years to decades, we expect the climate to change substantially
across that border, changing the climate where the southern limit
of the Boreal Forest is now to one that will support the Deciducus
Forest. Plants of the Boreal Zone will die. -

To regenerate a forest in that area where the Boreal Forest trees
have died will require years, decades, perhaps a century or two. If
the zone moves 200 miles north or 100 miles north or just a mile or
two north, it takes a long time for the heavy seeds of deciduous
trees, such as acorns, to be moved such a distance.

This means that there will be a wave of mortality in forests not
matched by any migration of the species that make up the forest,
far more than trees, in that time. This constitutes a wave of what I
think of as biotic impoverishment, because we lose not simply the
forest in that area, but we lose the combinations of genes that
make it possible for trees and other species to exist in that place.

You can think about an island, say, one of the Galapagos Islands,
which has vegetation characteristic of a moist climate, and sudden-
ly, in a matter of decades, the climate becomes arid and the indi-
viduals of species that require a moist climate die. The species are
eradicated. There is no source of seed remaining to replace them if
the climate changes to one that might support them.

So the best estimate that one can make here is that these climat-
ic changes, occurring at these rates which are very high rates in
the history of the Earth, will lead to what I think of as biotic im-
poverishment over large areas and will be particularly serious over
the middle to high latitudes. Second, the changes will contribute
additional trace gases to the atmosphere, especially carbon dioxide.

Such changes are unacceptable. They can be avoided, perhaps,
but avoided only by bold action now. It is clear that the major
source of carbon dioxide is combustion of fossil fuels; the secondary
source, but a large one, is deforestation; another source currently is
probably the warming of the soil globally.

These steps are appropriate now: First, an energy policy for the
nation that moves us away from dependence on fossil fuels.
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Second, policies in management of forests in the tropics, in par-
ticulalr, because it is there that deforestation is: progressing most
rapidly.

Third, there is no question as to the need for research. The
world’s research program at the moment on this subject certainly
does not exceed $30 million annually. The U.S. research program is
run by the Department of Energy. Its current budget is about $12
million, a trifling amount of money in a world in which this series
of changes is even a remote possibility.

The research should embrace not only the meteorology you have
heard about, but also basic research in ecology and the subjects
that.I have dealt with. There is a vanishingly small amount of that
research on these topics underway at the moment.

Senator CHAFEE. Dr. Woodwell, if we are going to get a couple of
questions in and you are going to catch that plane, why don’t you
wind it up fairly soon?

Dr. WoopweLL. Right. The fourth point I would make is that one
of the most important pieces of data now not being accumulated is
the rate of change in the area of forests. That can be measured
using satellite imagery and other supplementary techniques. Along
with that datum would come additional information about the
character of forests. Forests are so large in this calculus that it is
madness not to have data flowing in regularly, monitored on a
year-by-year basis, telling us what is happening to forests around
the world. We have the capacity for taking those data at low costs,
probably a total cost for the first survey of less than $5 million.

Appropriate action now has the possibility of delaying the time
when the climatic change will be on us. It will be a series of strin-
gent steps, but it is, in my view as a biologist and citizen, necessary
that we get about that business. I appreciate your interest.

Senator CHAFEE. Thank you, Dr. Woodwell. You have given us a
rather doomsday picture here, which I won’t argue with. It seems
to me that is the issue of a call to action immediately. I listened
carefully to what you said. The final part is increased research, but
it seems to me you have outlined what has to be done. I am not
- arguing against increased research, but you don’t think we can
wait for increased research before taking these steps which you
outlined, do you?

Dr. WoobpweLL. I think we know enough about this topic, and we
have known enough about it for at least a decade to move toward
alleviating the problem.

Senator CHAFEE. Senator Stafford.

Senator Starrorp. Thank you, Mr. Chairman. I don’t think I
really have a question. I have been very much impressed with what
you have said, Dr. Woodwell.

A personal note, though; I did want to say, seeing that you are
from Woods Hole, that my first assignment in the Navy in World
War II was at the Woods Hole section base. I happened to be in
midshipman school, which was on Eel Pond when the war started,
and my assignment there lasted 6 months. It was the only part of
the war I enjoyed.

Dr. WoopweLL. Come back.

Senator CHAFEE. Senator Baucus.
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Senator Baucus. I want to thank you, too. You have a plane to
catch. That was a very articulate and very provocative statement,
and we thank you very much.

Senator CHAFEE. You better buzz along. I wouldn’t loiter.

Thank you very much, Dr. Woodwell, for coming; acorns appreci-
ate.

Dr. WoopweLL. Thank you; sorry to be so rushed.

Senator CHAFEE. Dr. Maguire, we welcome you here.

STATEMENT OF DR. ANDREW MAGUIRE, VICE PRESIDENT,
WORLD RESOURCES INSTITUTE

Dr. MAGUIRE. As you are hearing at this very important session
this morning, Mr. Chairman, we have reached a dramatic moment.
Apart from nuances, the international scientific community has
reached a consensus: Mankind’s activities are changing the atmos-
phere in ways that could profoundly affect the habitability of the
Earth. The magnitude of the risks is unprecedented. The question
is: What do we do?

We now know our human species will determine its destiny
through our choice of energy sources, our controls on emissions of
nitrous oxide and other atmospheric pollutants, our policies toward
the use of chlorofluorocarbons, and I stress this, the speed with
which we act intelligently in these scientifically complex, interre-
lated areas.

The scientific findings now include these especially striking spe-
- cific conclusions: First, the doubling of greenhouse gases will occur
twice as rapidly as we previously thought, as early as the 2030’s.

Second, the entire climate system—precipitation, winds, storm
patterns, soil, and temperature—will be affected on a scale unprec-
edented in human experience. We must go back 100,000 years to
find global temperatures comparable to those now expected in the
next century, and greenhouse gases may rise to a level not experi-
enced on Earth for as many as 100 million years.

Third, the greenhouse warming which is anticipated may be as-
sociated with a sea level rise of 4.5 feet or more. Especially the
eastern seaboard and gulf coasts would be vastly changed from
what we know them to be today.

Fourth, the net result of all this could be devastating for U.S. ag-
riculture. A recent analysis of likely changes in seasonal soil mois-
ture concluded that there is strong evidence for summer reduction
of soil wetness over large areas of the Great Plains as well as West-
ern Europe.

Fifth, there has been a dramatic retreat in European glaciers
since 1850 and a warming in the Southern Hemisphere since 1951
WghsiCh has produced the 8 hottest years on record in 1980, 1981, and
1983.

Sixth, it is known that even small changes in stratospheric ozone
leads to thousands of additional skin cancers, including fatal mela-
nomas. As you can see from the data on the Antarctic, we have
here an example of rapid, dramatic change of the sort that scien-
tists recognize could once again shake the judgments and projec-
tions made even most recently, accelerating climate change more
rapidly than even the current speeded-up consensus suggests.
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As you and others, Mr. Chairman, suggested today, some prob-
lems are almost too overwhelming to comprehend in terms rele-
vant to our daily lives. Nuclear war is the classic example. Because
it is so frightening, there is a tendency to avoid talking about it.
Likewise, the profound changes implied by climate and ozone
change can lead us to look away or seek excuses for delay.

But let’s consider for a moment how sensitive our lives are to rel-
atively minor changes in temperature and climate.

First, the Sahelian droughts in Africa, the most devastating of
any climate-related catastrophes of our time are associated with
only modest climate variations.

Second, weather events have been wreaking havoc in many parts
of the United States this year. But while “extreme” by our normal
standards, they are nothing compared to a global warming. In
Utah, extensive flooding has caused the Great Salt Lake to rise
alarmingly, threatening an interstate highway, an airport, and
forcing hundreds of families to evacuate. The Great Lakes have
risen about 2 feet and may displace entire communities, inflicting
damage of more than $1 billion by current estimates. Meanwhile,
large parts of the Southeast United States experienced record
droughts leading to extensive forest fires and stunted crops.

Third, we experience terrible human and economic losses when-
ever summer temperatures are higher than normal. The unusually
hot summer of 1980, for example, is estimated to have had a role in
more than 1,000 deaths and to have cost billions of dollars in agri-
cultural losses and increased energy use.

Fourth, the El Ninos we have heard about, unusually warm
waters off the Pacific coast of Latin America, have been associated
with catastrophic reduction in anchovy harvests, severe droughts
in some regions, and heavy flooding in others.

With all due respect to one of the previous witnesses, Dr.
Hansen, I would submit that one challenge of greenhouse warming
and ozone modification is that we must act before all the dimen-
sions of the problem are fully known, or we will risk irreversible
catastrophic changes. While research continues, Government action
or inaction will have a great effect on the rate of growth in emis-
sions of trace gases. This hearing is momentous, because it is the
first to ask not only what is the problem, but what can we do?

If we curtail emissions of CFC’s and growth in CO:-producing
energy remains moderate, we can limit the extent of the effects
and delay the most serious changes for decades. But the timing of
action will also have a considerable impact on how precipitous the
actions must ultimately be and, therefore, how difficult and costly.

Let me stress that even relatively modest short-term actions may
make an important long-term difference. The World Resources In-
stitute proposes that active collaboration between scientists and
policymakers begin immediately and contain these preliminary ele-
ments: .

First, each affected government agency should include explicit
consideration of climate and ozone change through a climate as-
sessment program relevant to its jurisdiction.

Second, since we cannot solve these problems by ourselves, the
President should raise the issue at appropriate opportunities, in-
cluding the next United States-U.S.S.R. summit, as you, Mr. Chair-
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man, have proposed. Similar efforts should be made to involve the
People’s Republic of China, because they project dramatic increases
in coal use in that country, which already uses about the same
amount of coal as we do, and as the Soviet Union does.

At the highest levels we should encourage other governments to
join with us in reducing CFC emissions. An OECD conference of
ministers should be a priority this year, I believe, Mr. Chairman.

Third, we should adopt incentives and controls that increase our
options and buy time for solutions, such as further reductions on
the use of CFC’s; promotion of energy conservation through more
efficient technologies; accelerated development of renewable energy
sources; and curtailing local deforestation, as proposed in a recent
joint publication by the Word Resources Institute, the World Bank
and the United Nations Development Program.

Mr. Chairman, if I may be responsive to some of your earlier
questions and suggest some specific steps for each of the gases that
we have been discussing:

For CO. increase energy efficiency through additional regula-
tions like those we now have on automobiles but fail to provide for
appliances. Second, reduce deforestation. Third, shift the fuel mix
from more to less carbon-intensive fossil fuels. For example, natu-
ral gas produces less CO. than coal, and it might lead us to a reas-
sessment of the Power and Industrial Fuel Use Act, which, of
course, a decade ago we passed to preserve natural gas.

With respect to CFC’s, encourage innovation and substitution for
CFC’s. Second, develop better methods of recycling and recapturing
them when they are used; and third, reduce emissions in the dis-
posal and manufacturing processes. All of these things can be ac-
complished today.

With respect to nitrous oxides, reduce coal use generally, of
course, and shift to less nitrogen-intensive coal to reduce N2O.

With respect to methane, first, encourage strong controls on auto
emissions of carbon monoxide to reduce methane formation and
second, provide penalties unnecessary for methane emissions and
leaks from, for example, natural gas pipelines.

Finally, Mr. Chairman, we should begin now to examine the
technical aspects and to fashion a political consensus for more ag-
gressive policies such as a carbon tax on fossil fuels, since such ap-
proaches may soon prove necessary.

Thank you very much, Mr. Chairman.

Senator CHAFEE. Thank you, Mr. Maguire.

Senator CHAFEE. Dr. Wunsch, we welcome you.

Mr. Wunsch. I would like to speak to some of the roles that the
oceans as a whole play in this question as to how our climate is
going to change.

Senator CHAFEE. Could you pull those mikes a little bit closer,
Doctor? Thank you.

STATEMENT OF DR. CARL WUNSCH, PROFESSOR OF PHYSICAL
OCEANOGRAPHY, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Mr. WunscH. It has been well known for many years that the
oceans play a rather central role in the question of how our cli-
mate is going to change under the greenhouse warming. What has
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not been quite so clear is the great uncertainty that the ocean in-
troduces into the question of the rates at which these changes are
going to take place’

In my own view, you have a different problem societally. if you
have serious changes taking place over 20 years than if they take
place over 100 years. To a very great extent, that uncertainty has
been ignored in the kind of modeling efforts of Dr. Hansen and
others that you heard about previously.

I am not belittling those efforts, because I think they have done
the most sensible thing. But what has tended to be forgotten in
these decisions is that the ocean itself is not going to remain fixed
under this greenhouse warming, and the consequences of the
change in the ocean are not quite so obvious as perhaps the models
would lead you to believe.

Now, the ocean plays several roles in our climate system, and in
particular, insofar as it is affected by the trace gas problem. On the
one hand, as the ocean itself warms, which it inevitably will, sea
level will rise. Sea level will rise for two different reasons. It will
rise because ice will melt; it will also rise because the ocean itself
will get warmer. Warmer water occupies larger volume and both
these effects will go on.

Second, and more important, perhaps, is that much of the CO,
which is going into the atmosphere through fossil fuel burning is
actually being taken up into the ocean. This has been recognized
since almost the beginning. Much of the CO, that goes into the
ocean is taken by the ocean and placed deep in the water and effec-
tively removed from the greenhouse effect, except on extremely
long time scales. The models that you have heard discussed pre-
sume that the rate at which CO. is taken up by the ocean will con-
tinue into the indefinite future.

The ocean is also a sink for heat; the ocean is cold. To the extent
that the warming of the atmosphere of the surface waters of the
ocean takes that heat and then is carried by the ocean’s circulation
deep into the ocean, one also delays some of the warming that we
will see here where we live, in the atmosphere. Although there is
little argument about how large that ultimate warming will be,
there is a good deal of uncertainty concerning how fast we are
going to see it.

There is another consequence, as well. If I could have a little
help in showing this figure, I made a little cartoon at the serious
risk of oversimplifying the problem, trying to explain what some of
the issues are likely to be. This is a cartoon looking, if you like,
from Europe toward North America across the Atlantic Ocean,
showing you, in an oversimplified way, how the present day ocean

works and is influenced by and influences the atmosphere. Warm
water carrying carbon dioxide is carried toward the polar regions
today. That water, as it nears the poles, ‘gets cold under the influ-
ence of the atmosphere, sinks down near high latitudes, carrying
the carbon dioxide with it, and to the extent that it is carbon diox-
ide laden, injects that carbon dioxide into the deep ocean where it
is not again seen by the atmosphere for many years.

The consequence of this pattern, which an oceanographer would
call a convective pattern, due to the very dense water sinking at
the higher latitudes are several. It makes regions like Europe and
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the west coast of the United States somewhat warmer than they
would otherwise be. We have all been told in school that Europe is
warm because the Gulf Stream goes by, but Europe is actually
warm because it is so much colder to the north of Europe that the
water sinks; as it sinks it sucks warm water up from the south,
past Europe, and keeps it warm.

Water that sinks down must ultimately return to the surface.
That has a very profound biological consequence. That returning
water, which comes back up toward the surface many years later,
is rich in nutrients; it is rich in the things that plants and animals
live on and things they grow on. If I could have the next slide, it
shows one possibility and it emphasizes one possibility of what
could happen under the impact of the greenhouse effect.

The wider scientific opinion is very much on the side of what we
have already heard, that there is going to be an atmospheric warm-
ing and it is very likely to be greater near the poles, and that has
several possible consequences for the ocean.

One is that the rate of that sinking is going to be somewhat
slower than it is today. Because the water will get less cold, the
atmosphere being less cold near the poles during the warming, that
will slow down this convective process.
~ Slowing down the convective process will do a number of things:
Less CO: will be pumped into the deep ocean. Less nutrient-rich
water will ultimately be brought back toward the surface. Whether
Europe and the west coast of the United States gets warmer or
colder, no one can really say, because the temperature of the water
near the surface is a very complicated summation of the effects of
this large-scale overturning, which I have tried to indicate here,
plus the very local meteorology, which determines the actual tem-
perature of the water which sits offshore.

The models that we have today do not properly account for this
process. We cannot actually predict what the ocean is going to do.
Is it going to do this? It may well be. It is very possible, perhaps
even likely, that that change will be seen.

The oceanographic community, in trying to respond to the needs
of the modelers, is very much in the position of a meteorologist, who
is forced to predict the weather for next weekend, let us say, when
he is not permitted to know what today’s weather is.

The message that I would like to leave with you is the following:
The ocean does introduce an enormous uncertainty into the rate at
which the warming, and the rate at which sea level will rise, is ac-
tually going to occur.

We cannot make quantitative or useful statements about what
the ocean will actually do because we have almost no observations
today of the ocean. It is difficult to convince a layman, much less
many of my scientific colleagues, that the ocean is almost unob-
served today. It is as complicated as the atmosphere, but we don’t
live in it; we live on its edges. We cannot look through it. We do-
not have instruments that measure the whole volume of the ocean
all at once. ' ’

If you think about it, our climatic knowledge of the atmosphere
is the result of the needs of the national governments to forecast
the weather. Our Government, back in the 1920’s, and World War
1, did not set out to build a climate-monitoring network. It started
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to respond to the demands for aviation and agricultural weather
forecasts.

. The. global weather services today provide our. climate informa-
tion. But the ocean is observed by academics like myself with inter-
mittent abilities to maintain observations for short times.

So in closing, I would tell you that our problem about the ocean,
apart. from the potentially profound importance of its effects on
this climate problem, is that we have no idea what is going on out
there today, much less any ability to tell you, with any degree of
- confidence, what is going to happen.

Thank you.

- Senator CHAFEE. Thank you very much, Dr. Wunsch.

Now Dr. Leatherman. We welcome you from the University of

Maryland. Dr. Leatherman.

STATEMENT OF DR. STEVEN LEATHERMAN, ASSOCIATE PROFES-
-SOR, DEPARTMENT OF GEOGRAPHY, UNIVERSITY OF MARY-
LAND

Dr. LEATHERMAN. I thank you, Mr. Chairman. I am happy to be
here, and your concern for the coastal edge and the oceans is very
much appreciated. I remember your work on coastal resources. I
brought you a revised Barrier Island Handbook.

Senator CHAFEE. Good. Thank you

Dr. LeatHERMAN. Today, I would like to talk about the green-
house impact .on coastal environments. I brought a few slides with
me, if I may use those to start off with.

Senator CHAFEE. Sure.

Dr. LEATHERMAN. First, I would like to show the rising trends of
sea level rise during the last 100 years or so, particularly for the
east coast. We have also seen these types of trends for the gulf
- coast and, to a lesser extent, the Pacific coast. The general trend

has been a rise in sea level, and this has been well documented by
many scientists. You see the rise as it occurs in New York, New
Jersey, and further south.

The reason this is significant is that the rise in the water level is
at least partially due to the greenhouse effect, perhaps about 50
percent of it or so. The rest of the relative sea level rise is due to
the subsiding of coastal sediments and some other factors.

The rise in sea level has had a tremendous effect on our beaches.
Here we are looking at a beach close to home near Assateague
Island, MD. We see a salt marsh-peat on the beach. This is evi-
dence for the retreat of this barrier island and in the process, ero-
sion of the beaches. In other areas, we are actually seeing old
stumps of forests which were in place, showing up on the shoreline.
You see marsh peat and stumps along the beaches after storms
along much of the barrier coastline of the United States. Obviously,
forests do not grow on beaches.

Clearly, we have had.a large amount of beach retreat. This is an
ongoing: process occurring along approximately 80 percent of the
U.S. shoreline. Indeed, it is a global phenomenon. You are now

- looking at some areas that have been urbanized, some of the bar-
- rier islands, such as Ocean City, MD. In this NASA U-2 image, we
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see that Fenwick Island has been very highly urbanized. The
beaches are continuing to erode as the barrier retreats.

We are looking at Ocean City, MD, seeing really narrow beaches
and, of course, during winter time, those beaches are almost gone.
There is an increased amount of vulnerability as the shore erodes,
which can eventually result in loses of these structures. In fact, the
National Hurricane Center has some data which shows, that on a
statistical basis the amount of storm damage has increased tremen-
dously along our beaches over time. In fact, it has been said that
perhaps this is the second largest national liability, second only to
Social Security.

This illustration shows that we do have a long-term trend of
shoreline erosion; Again, using Ocean City, MD, as an example. Es-
sentially, what this slide illustrates is that indeed, we are looking
at long-term trends of erosion over at least the last 100 years.

This is true for most areas that we have mapped. We are seeing
beaches which are quite narrow and becoming narrower with time.

The key is that the projections indicate an accelerating sea level
rise in the future. The National Academy of Sciences has made
projections in two reports—1983 and 1985. The Environmental Pro-
tection Agency, among others, has also made projections of sea-
level rise. Essentially, these projections range from about 50 centi-
meters to over 200 centimeters, with the National Academy of Sci-
ences’ 1983 Revelle report showing about 70 centimeters cf rise by
the year 2100. That is really quite a change in sea levels.

One of the questions that emerges is: Why are the beaches re-
treating? This diagram shows that as the water level goes up by a
very small amount, this means the upper part of the beach profile
must erode and the sediment is moved offshore to balance that
amount of material. This is beach erosion. This is what we have
been seeing for at least the last 100 years along most of the east
and gulf coasts of the United States, and also the Pacific coast to a
lesser extent.

There have been some case studies completely, most recently for
Ocean City, MD. These tables indicate the amount of beach erosion.
" Based on various estimates, and considering particular time-
frames, we can project the amount of beach erosion.

1 should point out that already many of our recreational beaches
are critically narrow. Therefore, this means that we are going to
see shorelines retreat under some buildings in the future. I show
you an example at 44th Street in Ocean City. Right now, we are at
time 2 on this diagram. Time 8 is the year 2000 based on the cur-
rent trend, and time 4 is if we had even a low-level sea-level rise.
You can see that buildings are going to be sitting out in the water.
That is, high-rise buildings are going to be sitting, if they with-
stand the erosion, perched out on the beaches like this.

Other problems of sea-level rise involve the marshes. What will
happen to our tidal wetlands? You might argue that the beaches
are eroding and urbanized coastal areas are going to suffer future
damage. Perhaps the marshes can just shift landward with the sea-
level rise. The problem here is that marshes form a flat plain. As
sea level rises, new marshes will be formed, but you will only have
a percentage of the marshes in the future compared to the present.
This is because the wide plain is backed against an upward sloping
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mainland—not a flat plain. There will be quite a bit of marsh loss
" with sea-level rise.

The other problem is-that in many areas, the uplands behind the
marshes are urbanized; this is particularly true for New England.
Where protective ‘walls—bulkheads—have been built, between the
marshes and the urbanized construction, the marshes are going to
be completely squeezed out with sea-level rise. There is no place for
them to migrate.

Now we are looking at some marshes closer to home. This slide
shows Blackwater National Wildlife Refuge in Cambridge, MD on
the Eastern Shore of the Chesapeake Bay. We have air photos of
this area extending back to 1938. You can see in 1938 a healthy
marsh with a tidal creek through the middle of it. By 1957, there is
less marsh. By 1964, you see more and more open water. By 1972,
there is a real disintegration of these marshes. This marsh loss will
have an impact on waterbirds at the National Wildlife Refuge.

Most people think about Louisiana‘ when they consider marsh
losses. Indeed, Louisiana is losing 4 acres of marsh per day. We are
now beginning to see from studies at the University of Maryland
that this is not just a problem for Louisiana but, indeed, a problem
for1 lMaryland and probably for other areas in the United States as
well.

This is a picture of the marshes in Blackwater taken from an air-
craft. You can see those interior ponds becoming larger and larger.
This- area in 1938 was almost solid marsh. Now it is in a stage of
disintegration.

We are also seeing marshes. disintegrating because of loss of pro-
tective barriers. This is a small barrier in the Chesapeake Bay that
is nearly eroded through. Of course, the marshes behind at the top,
of the picture are going to be impacted. These marshes will also
erode and be lost in the near future.

Of course, Louisiana, is the most graphic example of marsh loss.
There have been some projections showing the amount of losses in
50 years. The slide shows major land losses based on the present
trends, which can be considered a base level trend, not assuming
any increases in the rate of sea level.

The solid line on the graph is the amount of marsh that will be
lost, and indeed, entire parishes will be under water in 50 years. As
you are probably well aware, 90 percent of these marsh losses in
Louisiana are human induced. That is to say, it is due to withdraw-
al of fluids—oil, water, and gases—so that the land is actually sink-
ing. The land surface in many of these deltaic areas is dropping
about 1 centimeter per year. The land surface is dropping rapidly,
and the marshes cannot keep pace. They cannot keep their head
out of the water; they become waterlogged and die.

This slide shows the rates of land loss that are being projected in
the future. My point is that Louisiana might be a very good analog
for what can be expected to occur elsewhere for our tidal wetlands,
I have a few recommendations.

Senator CHAFEE. Let’s hear them.

Dr. LEATHERMAN. The recommendations I have are as follows. In
the places we have looked, there is preponderance of shoreline ero-
sion. We still need more accurate historical shoreline data. Most of
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our. coast has not been accurately mapped. We need the historical
data so we can make accurate projections in the future.

Second, we need more research on marshes, basically, the mecha-
nisms of loss and the rates of loss. Indeed, in the Blackwater
marshes, you see the interior ponds enlarging at the expense of the
salt marshes. Researchers in Louisiana use the wetted tissue analo-
gy—as the water rises, the marshes seem to disintegrate by this
water-logging process.

Finally, I think the Federal agencies need to consider sea-level
rise effects in their environmental impact statements. Presently,
the Corps of Engineers does not consider sea level in their EIS
statements. This is also true for the Federal Flood Insurance Pro-
gram of FEMA and many other agencies.

It is not that these Administrators do not appreciate the prob-
lem, it is just that they do not have the mandate, shall we say, the
congressional mandate, to include this in their assessments.

Thank you, Senator.

Senator CHAFEE. Thank you, Dr. Leatherman.

I must say, this panel and the previous panel has brought us
some grim news. '

I guess it was Dr. Maguire that talked about the problems of nu-
clear war hanging over the country and the world. I think there is
a difference in connection with nuclear war; everybody seems to
recognize it and is worried and is doing something about it, wheth-
er it is the arms talks in Geneva or whatever it might be.

But here we are dealing with a completely different problem, it
seems to me. It is just as ominous for the future of the globe.

But nobody seems to be doing much about it. Although I will say
it is encouraging that the United Nations has had these confer-
ences and the Villach meeting that they had last October, last fall.

Let me ask you a question Dr. Maguire.

You made some very specific recommendations on the CFC emis-
sions and the emission of greenhouse gases. How do you think we
can best push the other countries into doing something? Let’s say
we are prepared to take some steps in the United States. How do
we get the others to do it?

Dr. Macuigke. I think you have to get their attention at the high-
est levels on CFC’s and the ozone issue. There has been a good deal
of discussion among the Europeans and ourselves about what needs
to be done. It is recognized that it is a serious problem, but the Eu-
ropeans suggest one approach and we suggest another. There
hasn’t yet been a protocol to set out the specific actions that will be
taken jointly to implement the ozone convention, which has al-
feady been signed. That was an important step, but it requires fol-

owup.

In this area, we are very close to a point where governments can
take the next critical step. It does require leadership.

Senator CHAFEE. For instance, I understand the Japanese have
indicated they are not interested in participating. Is that true?

Dr. MAGUIRE. Well, I am not sure exactly. I gather that has been
true, although they have recently been more forthcoming. The
question becomes one of how we get it on to our agenda of matters
to discuss with the Japanese in a very serious way. We certainly
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have lots of matters that we discuss with them regularly, and this
should be placed on the agenda.

I would think, Mr. Chairman, you are in a very good position to
make sure that that kind of initiative comes from our own Govern-
ment.

Senator CHAFEE. Dr. Wunsch, you indicated that we really don’t
know an awful lot about these great big oceans; we just know some-
thing about the fringes. Yet at the university in my State, the Uni-
versity of Rhode Island, they have an oceanographic vessel that
takes trips all around trying to ascertain more information about
the oceans. Do you think it has got to be on a far bigger scale?

Mr. WunscH. One of the concerns is that the ocean occupies 70
percent of the Earth’s surface, and it is a cliche. It also happens to
be true. From the point of view of the scientists, it is a formidable
problem in that to understand a fluid system, you have to be able
to observe it in all its components all at once. Some of the work
that has come out of the past 10 or 20 years of scientific research
at the University of Rhode Island in your State and all the other
oceanographic institutions has been a recognition that the ocean is
a very complicated, turbulent fluid. It has within it something very
closely resembling weather. It changes day to day. All its parts
interact.

With all due respect, the oceanographic vessels of the University
of Rhode Island, Iike that of all our oceanographic vessels move
around the ocean at about 10 miles an hour on a good day. At that
rate, it takes you about 80 days to get across the Atlantic once.
Once you are in the process of crossing the Atlantic, the ocean has
changed from what it was when you set out.

You have looked, in that process, at a very small piece of it. The
oceanographic community has started to try to come to grips with
this problem of how do you understand a fluid system that is liter-
ally two-thirds the size of the Earth’s surface and, on average,
about 5,000 meters, 15,000 feet deep.

We have learned; we now have a technical revolution on our
hands that makes it possible to put into place observational sys-
tems capable of beginning the observation of the sea on a global
scale in ways that are both necessary in order to try to answer
questions that committees like this and others put to us about
what the ocean will do, and in ways that scientifically are more
sensible, and, I would add, in ways that we could not have done 10
years ago.

We are now, today, in a position to do so, should our Government
and other governments set this at a high enough priority.

Senator CHAFEE. Thank you.

Dr. Leatherman, I was most interested in what you had to say. I
live on a beach, and I have seen that beach seem to shrink and
can’t understand it because the particular area I am in has not
made any significant changes. I thought the beach would come
back, because it has been there for thousands of years. You have
made a somewhat gloomier prognostication than I had been think-
ing about.

Dr. LEATHERMAN. I must say, I think, Senator, it will be there; it
Jjust will not be in the same position. Your Charlestown beaches
will roll over into lagoons as part and parcel of the barrier migra-
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tion process. The problem is, when you put buildings there, they do
-not roll over very well.
.- Senator CHAFEE. Including my house.

Dr. LeaTHERMAN. Exactly.

Senator CHAFEE. I must say, if one took to bed these problems
you have all presented, it would make for poor sleeping. Nonethe-
less, I think it is terribly important that we bring them to light
_and try and get many of these challenges before, not only our coun-
try, but the world.

I am very grateful for each of you coming. I think a long-distance
commuter was Dr. Rowland, who came from California. So Doctor,
we thank you very much, and all of you, for coming a good distance
to participate in these hearings.

‘Thank you all, and we will go to part 2 tomorrow at 9:30. ,

[Whereupon, at 12:14 p.m.; the subcommittee was recessed to re-
convene June 11, 1986 at 9:30 a.m.]

[Statements submitted for the record follow:]



47

STATEMENT OF THE HONORABLE
ALBERT GORE, JR.
SUBCOMMITTEE ON ENVIRONMENTAL POLLUTION
JUNE 10,1986

Thank you Mr. Chairman.

.
I am pleased to have this opportunity to testify before the
Subcommittee on Environmental Pollution regarding the
greenhouse effect. Mr. Chairman, I commend you and the
Subcommittee Members for calling this hearing on what I
believe to be one of the most serious long~term environmental

problems facing the United States and the World.

The greenhouse effect is the result of the buildup of
atmospheric carbon dioxide and other trace gases, which is
causing a global warming. This could cause glacial ice to
melt, leading to increases in the worldwide sea levels, and

altering climatic patterns that effect agriculture.
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.This basic informa@ion;hasxnot changed since the three
hearings that I chaired in the other body on the greenhouse
effect.. Moreover, the scientific research community is
constantly providing us with more data on the impact of the

greenhouse effect.

The February 18, 1986 issue of the New York Times contained
the article "Significant Rise in:Sea Level Now Seems
Certain." The story pointed out that many scientists predict
a rise in sea level of one foot within the next 30 to 40
years. Even this relatively small increase could push the
coast line inland, in some areas, by one hundred feet. This
could be felt on the beaches and marshes from Long Island to
Florida. and throughout the Gulf and Pacific coasts. These
fragile lands would shrink in size and decline in number.
Louisiana's. shore, for example, which now. loses 50 square
miles annually, would suffer even greater erosion. Fish and
shrimp would lose growth habitat, while salt water intrusion

. would make farmland useless for agricultural: purposes.
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Such projections are difficult for some to take seriously.
One Tennessee hewspaper recently ran a cartoon in which a
disembodied voice proclaimed: "Oh boy, who wouda thought that
someday 'from sea to shining sea' would mean from Denver to

Knoxville?n

At the same time, we must do more to learn about the issue.
In December 1985, the Department of Energy's Carbon Dioxide
Research Division published four volumes of state-of-the-art
reports on carbon dioxide and the greenhouse effect. One of
the major conclusions was. not surprisingly, that we need to

do more research.

For example, of all the carbon dioxide produced by burning
fossil fuels and from deforestation, the fate of almost 50
percent of the carbon cannot be accounted for. Clearly, we
are nowhere near the point of regulating, but we do need to
increase the research and educational efforts both nationally

and internationally.
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To address this problem, I have introduced Senate Concurrent
Resolution 96. The bill calls for an international year of

study on the greenhouse effect and- would be the beginning of
a long-term cooperative analysis by scientists from all over

the world.

The legislation would first, coordinate and promote domestic
‘and international research efforts on both the scientific and
policy aspects. of this problem; second, identify strategies
to reduce the increase of carbon dioxide and trace gases;
third, study ways to minimize the impact of the greenhouse

effect; and fourth, establish long-term research plans.

This legislation would set in motion the coordinated effort
needed to provide us the information so that policy makers,
including the United States Congress, will be able to take
the appropriate actions. Mr. Chairman, I hope that we will
be able to'work together in the future to help resolve this

important problem.
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Recently, I wrote President Reagan and urged him to begin an
international cooperative effort to address policy options

related to the greenhouse effect. On May 28 of this year he
replied that the option "to coordinate efforts to deal with

this phenomenon" is being reviewed.

Thank you Mr. Chairman. I would be happy to answer any

questions.
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STATEMENT COF
Dr. Robert T. Watson
Earth Science and Applications Division

Office of Space Science and Applications
National Aeronautics and Space Administration
before the

Subcormittee on Environmental Pollution
Committee on the Environment and Public Works

Senate

Mr. Chairman and Members of the Subcommittee:

I am pleased to be here today to discuss the current state of knowledge of the
physical and chemical processes that control the distribution of ozone in the
atmosphere. I have prepared a written statement for the record, which, with
your permission I will summarize.

This statement is based primarily on material contained in a comprehensive
assessment document titled "Atmospheric Ozone 1985: Assessment of our
Understanding of the Processes Controlling its Present Distribution and
Change"-World Meteorological Organization Global Ozone Research and Monitoring
Project-Report #16 that was coordinated by the National Aercnautics and Space
Administration (NASA) and cosponsored by NASA and two other U.S. agencies, the
Federal Aviation Administration (FAA) and the National Oceanic and Atmospheric
Administration (NOAA); three international agencies, the World Meteorological
Organization (WMO), the United Nations Environment Program (UNEP), and the
Commission of the European Communities (CEC); and the Bundesministerium fur
Forschung und Technologie (BMFT) of the Federal Republic of Germany.
Approximately 150 scientists from eleven countries contributed towards this
1500-page assessment report. This comprehensive assessment has been
summarized by NASA into a 130-page report titled "Present State of Knowledge
of the Upper Atmosphere: Processes that control ozone and other climatically
important trace gases"-NASA Reference publication 1162. This NASA report was
submitted to the Congress and to the Environmental Protection Agency (EPA) in
January of this year as part of NASA's obligations under the Clean Air Act
Amendments of 1977.

For several decades scientists have sought to understand the complex interplay
among the chemical, radiative, and dynamical processes that govern the
structure of the Earth's atmosphere. During the last decade or so there has
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been particular interest in studying the processes which control atmospheric
ozone since it has been predicted that human activities might cause harmful
effects to the environment by modifying the total column amount and vertical
distribution of atmospheric ozone. Most of the ozone in the Earth's
atmosphere resides in a region of the atmosphere known as the stratosphere.
The stratosphere extends from about 8 km at the poles, and 17 km at the
equator, to about 50 km above the Earth's surface. Ozone is the only gas in
the atmosphere that prevents harmful solar ultraviolet radiation from reaching
the surface of the Earth. The total amount of ozone in the atmosphere would,
if compressed to the pressure at the Earth's surface, be a layer about one
eighth of an inch thick. Figure 1 schematically illustrates the vertical
distribution of ozone and temperature. Unlike some other more localized
environmental issues, e.g. acid deposition, ozone layer modification is a
global phenomenon which affects the well-being of every country in the world.
Changes in the total column amount of atmospheric ozone would modify the
amount of biologically harmful ultraviolet radiation penetrating to the
Earth's surface with potential adverse effects on human health (skin cancer
and suppression of the immune response system) and on aquatic and terrestrial
ecosystems. Changes in the vertical distribution of atmospheric ozone, along
with changes in the atmospheric concentrations of other infrared-active
(greenhouse) gases, could contribute to a change in climate on a regional and
global scale by modifying the atmospheric temperature structure which could
lead to changes in atmospheric circulation and precipitation patterns. The
so-called greenhouse gases are gases which can absorb infrared radiation
emitted by the Farth's surface, thus reducing the amount of energy emitted to
space, resulting in a warming of the Earth's lower atmosphere and surface,

The ozone issue and the greenhouse warming issue are strongly coupled because
ozone itself is a greenhouse gas, and because the same gases which are
predicted to modify ozone are also predicted to produce a climate warming.
These gases include carbon monoxide (CO), carbon dioxide (C02), methane (CH4),
nitrous oxide (N20), and several chlorofluorocarbons (CFC's), including
chlorofluorocarbons 11 (CFCl3) and 12 (CF2C12). CH4, N20, and the CFC's,
respectively, are precursors to the hydrogen, nitrogen, and chlorine oxides
which can catalyze the destruction of ozone in the stratosphere by a series of
chemical reactions. Concentrations of these gases in the parts per billion
range control the abundance of ozone whose concentration is in the parts per
million range, e.g. one molecule of a chlorofluorocarbon destroys thousands of
molecules of ozone. CO and €02 can affect ozone indirectly. (O controls the
concentration of the hydroxyl radical in the troposphere which itself controls
the atmospheric concentrations of some of the gases which can affect
stratospheric chemistry. CO2 plays a key role in controlling the temperature
structure of the stratosphere which itself is important in controlling the
rates at which the hydrogen, nitrogen, and chlorine oxides destroy ozone.

There is now compelling observational evidence that the chemical composition
of the atmosphere is changing at a rapid rate on a global scale. The
atmospheric concentrations of €02, CH4, N20, and CFC's 11 and 12 are currently
increasing at rates ranging from 0.2 to 5.0% per year. The concentrations of
other gases important in the ozone and global warming issues are also
increasing, same at an even faster rate. These changes in atmospheric
camposition reflect in part the metabolism of the biosphere and in part a



broad range of human activities, including agricultural and combustion
practices. It should be noted that the only known source of the CFC's is
industrial production. They are used for a variety of uses, including aerosol
propellants, refrigerants, foam blowing agents, and solvents. At present one
of our greatest difficulties in accurately predicting future changes in ozone
or global warming is our inability to predict .the future evolution of the
atmospheric concentrations of these gases. We need to understand the role of
the biosphere in regulating the emissions of gases such as CH4, CO2, N20, and
methyl chloride (CH3Cl) to.the atmosphere, and we need to know the most
probable future industrial release rates of gases such as the CFC's, N20, CO,
and CO2 which depend upon econcmic, social, and political factors.

One important aspect of the ozone and global warming issues is that the
_ atmospheric lifetimes of gases such as N20, CFC13, and CF2C12 are known to be
very long. Consequently, if there is a change in atmospheric ozone or climate
caused by increasing atmospheric concentrations of these gases the full
recovery of the system will take several tens to hundreds of years after the
emission of these gases into the atmosphere is terminated.

Numerical models are used as a tool to predict to what extent human activities
will modify atmospheric ozone and climate. The types of models most commonly
used to predict ozone modification are known as one- and two-dimensional
photochemical models. One-dimensional models predict changes in the column
content and vertical distribution of ozone, but cannot predict variations in
ozone modification with latitude, longitude, or season. Major progress has
been made over the past few years to develop two-dimensional models which can
predict the variation of ozone change as a function of season and latitude.
Three-dimensional models which include longitudinal variations are being
developed to study the coupling between the chemical, radiative, and dynamical
processes which control the distribution of ozone, but these models are not
yet ready to perform perturbation calculations.

Because it is now well recognized that the chemical effects of these gases on
atmospheric ozone are strongly coupled and should not be considered in
isolation, the most realistic calculations of ozone change take. into account
the impact of simultaneous changes in the atmospheric concentrations of coz2,
CH4, N20, the CFC's, and possibly other gases such as CO, oxides of nitrogen
(NOx), and bromine containing substances. The effects of these trace gases on
ozone are not simply additive. Increased atmospheric concentrations of CFC's
and N20 are predicted to decrease the column content of ozone, whereas,
increased atmospheric concentrations of CO2 and CH4 are predicted to increase
the column content of ozone. Therefore, it can be seen that the effects of
increasing concentrations of CFC's and N20 are to some degree offset by
increasing concentrations of CO2 and CH4 as shown in figure 2. This is
contrasted to the global warming issue where increased atmospheric
concentrations of the same trace gases are all predicted to increase the
temperature of the. atmosphere in an approximately cumulative manner.

One-dimensional model calculations have been performed to predict how ozone
would change with time assuming that the atmospheric concentrations of €02,
CH4, and N20 continue to increase at their current rates of 0.5, 1.0, and 0.2%
per year, respectively, for the next 100 years, in conjunction with three
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different assumptions for the annual growth rates in the emission of CFC's 11
and 12 to the atmosphere, i.e. 0.0, 1.5, and 3.0%. For CFC emission increases
of up to 1.5% per year the ozone column changes were calculated to be less
than 3% over the next 70 years. With a CFC growth rate of 3.0% per year, the
predicted ozone depletion is 10% after 70 years and rapidly increasing (see
figure 3). The results of these calculations demonstrate the strong chemical
coupling that exists between these gases, and the time scale on which ozone
changes are predicted to occur. In essence, when the growth rates of the
CFC's are less than the growth rates of CH4 and CO2 only small column ozone
changes are predicted because the CFC effects on ozone are temporarily masked.
However, when the growth rates of the CFC's exceed those of CH4 and C02, these
gases can no longer buffer the impact of the CFC's and large ozone depletions
are predicted.

It should be noted that even when the predicted column ozone changes are
small, and hence little change is expected in the amount of ultraviolet
radiation reaching the Earth’s surface; major changes in the vertical
distribution of ozone are still predicted with potential consequences for
climate. Figure 4 shows that ozone is predicted to decrease in the middle to
upper stratosphere due primarily to the increasing concentrations of CFC's,
and to increase in the troposphere due primarily to the increasing
concentrations of CH4,

Two-dimensional models predict a significant variation in the ozone column
decrease with latitude with the greatest depletions occurring at high
latitudes. Depending upon the exact trace-gas scenario used to predict ozone
change, the pole to equator ratio of ozone depletion can range from a factor
of 2 to 10. Seasonal effects are predicted but are scmewhat less’ pronounced
than the latitudinal effects.

One important gquestion that has been debated during the last couple of years
is whether the magnitude of the predicted ozone change is a linear or
non-linear function of atmospheric chlorine concentration. The issue is still
somewhat unresolved although it now appears from most one~ and two~-dimensional
model calculations that ozone change is a linear function of atmospheric
chlorine (for atmospheric concentrations of chlorine of 25 parts per billion
or less), and that sudden catastrophic global ozone depletions are unlikely
with only small changes in the atmospheric concentrations of chlorine.
However, this statement assumes that the models accurately represent the real
world, yet prudence tells us that we should remember that these models are not
perfect and that they cannot explain the observed large changes which are
currently occurring in ozone over the Antarctic during springtime., Antarctic
ozone is discussed later.

A crucial question is to assess the extent of changes in global ozone that
have already taken place, and to compare the changes to what has been
predicted by theory. The search for global ozone trends involves looking for
small secular changes amidst large natural variations that occur on many time
scales. Observations of the total column content and the vertical
distribution of ozone have been made for several decades using networks of
different measurement techniques. Unfortunately, each of these observational
techniques have certain limitations which tends to restrict our confidence in



the results. These limitations arise from factors such as the lack of
continuity of reliable calibration and the uneven geographic distribution of
stations. Statistical analyses of the data is required to identify small
trends, amongst high natural variability, using data from relatively few
stations. )

In general, analyses for the trends in the total global column content of
ozone using data from the ground-based Dobson spectrophotameter network show
no statisticelly significant trend since 1970, in agreement with model
predictions for the same period when the changes in all of the trace gases are
taken into account. It should be noted that the values of total global column
ozone in the last three years have exhibited significant variability.
-Abnormally low values of total column ozone were observed in 1983 following
‘the eruption of El-Chichon and the largest El-Nino event of this century.
However, the values of total column ozone recovered in 1984, only to decrease
significantly in 1985.

. Trend estimates have also been made for the altitude profile of ozone fram the
network of stations using the Umkehr technigque. Deriving an accurate trend
For changes in the vertical distribution of ozone is more difficult than for
the total. column because there are fewer stations and the Umkehr measurements
are very,sensitive to the presence of aerosols in the atmosphere. Recent
volcanic eruptions such as El-Chichon have deposited large quantities of
aerosols,into the stratosphere and thus the Umkehr data must be corrected.
After correcting the derived ozone amounts for the aerosol interference, an
estimate of the ozone trend in the middle and upper stratosphere (30 to 40km)
gives a 2 to 3% decrease for the period 1970 to 1980, The magnitude of the
change is broadly consistent with the predictions of photochemical models
which predict that chlorine will have its maximum effect at this altitude.

A recent preliminary analysis of Nimbus 7 satellite Solar Backscatter
Ultra-Violet (SBUV) data has indicated that there has been a statistically
significant change in both the total column content (a decrease) and the
vertical distribution (a decrease in the middle and upper stratosphere) of
atmospheric ozone between 1978 and 1984. Further analysis of the data
indicates that most of the change has occurred since 1981. It is crucial to
evaluate whether the data has been interpreted correctly, and if so, whether
the decrease is due to natural causes such as a decrease in solar radiation,
the 1982 eruption of El-Chichon, or the 1982 El-Nino event, or whether it is
due to human activities such as the use of chlorofluorocarbons. At this time
any of these explanations are plausible.

Important new observational evidence on ozone changes has recently been
obtained. Data from a single Dobson instrument at Halley Bay (76 S, 27 W) has
jindicated a considerable decrease (greater than 40%) in the total column
content of ozone above the Antarctic during the spring period (late August to
early November) since 1957 with most of the decrease occurring since the mid
1970's. Satellite measurements using both the Nimbus 7 Total Ozone Monitoring
System (TOMS) and the SBUV instruments have verified this trend over the
Antarctic since 1979 and have demonstrated the spatial and temporal variations
in this feature. Figure 5 shows the decrease in the monthly mean
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concentrations of the column amount of ozone over the Antarctic in October
observed from 1979 to 1985, Similar ozone changes are not observed over the
Arctic. Satellite measurements of the vertical distribution of ozone, nitrogen
dioxide, water vapor, and aerosols over the Antarctic during the 1985 spring
period have been obtained using the Stratospheric Aerosol and Gas Experiment
(SAGE) which was launched in 1984 on the Earth Radiation Budget Satellite
(ERBS). This data is now being analyzed and interpreted. It is not yet
evident whether the behavior of ozone above the Antarctic is an early warning
of future changes in global ozone or whether it will always be confined to the
Antarctic because of the special gecphysical conditions that exist there.
While it has been suggested that these Antarctic ozone decreases are caused by
increasing concentrations of chlorine in the stratosphere, no credible
mechanism has been demonstrated since the models using present chemical schemes
are unable to simulate this effect. Until the processes responsible for the
decrease in spring-time Antarctic ozone are understood, it will not be
possible to state with any certainty whether it is a precursor of a global
trend. At present a number of theories, some chemical, others dynamical, have
been advanced to explain the observations. A major field measurement campaign
has been planned for this year to study the ozone layer above the Antarctic.
This campaign is being cosponsored and coordinated by NASA, the National
Science Foundation, the National Oceanic and Atmospheric Administration, and
the Chemical Manufacturers Association.

There are now observations of increases in the atmospheric concentrations of
the gases predicted to affect ozone, and there are observations indicating
that the total column content of ozone has changed significantly on a regional
and possibly global scale. In addition, there are indications that the
vertical distribution of ozone may also have changed. The question still
remains concerning the reliability of the models used to predict ozone change.
Given that we cannot directly test the accuracy of a prediction of the future
state of the atmosphere, including the distribution of atmospheric ozone, we
must test the models by trying to simulate the present atmosphere, including
the distribution of atmospheric ozone, or by trying to simulate the evolution
of the atmosphere, in particular ozone, over the past few years. This is done
by comparing model predictions with atmospheric observations.

We should note that nearly all the key chemical constituents that are
predicted to be present in the atmosphere, and that are important in ozone
photochemistry, have now been observed. 1In general, the models predict the
distribution of the chemical constituents quite well, However, the
measurements are not adequate for critically testing the reliability of the
photochemical models. Close examination of the intercomparison of
measurements and model simulations of the present atmposphere reveal several
disturbing disagreements. One of the major disagreements appears to be that
modelled ozone concentrations are typically 30 to 50% lower than measured
ozone concentrations in the upper stratosphere where it should be easiest to
predict the concentration of ozone, and where chlorine is predicted to have its
maximum effect. These types of disagreements limit our confidence in the
predictive capability of these models. 1In the end, however, our predictive
capability will be tested by measuring the changes taking place in the
atmosphere. This will require careful measurements of critical species to be
carried out over long time periods, i.e. decades. NASA, NOAA, and CMA



recently cosponsored a workshop to design an “Early Detection of Stratospheric -
Change" system. - This system would be designed primarily to provide the
earliest possible detection of changes in the chemical and physical structure
of the stratosphere, and the means to understand them. Implementation of such
a system is a high priority.

As stated earlier, the observed increases in the atmospheric concentrations of
the CFC's, CH4, 002, and N20 also have direct implications for the Earth’s
radiative balance through the so-called greenhouse effect. These gases absorb
infrared radiation in a part of the spectrum which is otherwise transparent.
Presently, and in the near future, changes in the concentrations of trace
gases other :than CO2 are thought to be contributing to the greenhouse warming
of the Earth's surface and lower atmosphere by an amount that is about equal
to that due to changes in the concentration of CO2 (figure 6). The cunulative
effect of the increase in all trace gases for the period 1850 to 1980 is a
predicted equilibrium warming (this neglects the heat capacity of the oceans)
in the range 0.7 to 2.0 K, about half of which should have occured to date.
Model calculations indicate that the greenhouse warming predicted to occur
during the next 50 years should be about twice that which has occurred during
the previous 130 years. Thus, problems-of ozone change and climate change
should be considered together. It is also apparent that what has been
previously thought of as the CO2-climate problem should more properly be
thought of as the trace gas~chemistry-climate problem,

It is clear that significant progress has been made in our understanding of
the physical and chemical processes that control the distribution of ozone.
However, we must recognize that significant uncertainties in our knowledge
remain, and that these can only be resolved by a vigorous program of research.
It is essential that the US goverment and industry continue their strong
commitment to studying the upper atmosphere, and that the scientific agencies
continue their close collaboration at both the national and international
level.

In surmary, given what we know about the ozone and trace gas-chemistry-climate
problem we should recognize that we are conducting a global scale experiment
on the Earth’'s atmosphere without a full understanding of the conseguences.
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Figure 1. Temperature profile and ozone distribution in the atmosphere.
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Testimony of Professor F. S. Rowland to the

Subcommittee on Environmental Pollution, June 10, 1986.

In June 1974 Dr. Mario Molina and I published our paper
"Stratospheric Sink for Chlorofluoromethanes--Chlorine Atom
Catalyzed Destruction of Ozone" in the international scientific
journal Nature. This paper carried the first outline of our
hypothesis that the chlorofluorocarbon gases would eventually
pProduce serious depletion of stratospheric ozone, and was
summarized by the following abstract:

"Chlorofluoromethanes are being added to the environ-
ment in steadily increasing amounts. These compounds are
chemically inert and may remain in the atmosphere for
40-150 years, and concentrations can be expected to
reach 10-30 times present levels. Photodissociation of
the chlorofluoromethanes in the stratosphere produces
significant amounts of chlorine atoms, and leads to the
destruction of stratospheric ozone."

These sentences can, with the benefit of 12 years of
intensive study, now serve equally well as a brief summary of the
facts of the chlorofluorocarbon-ozone problem.

In early 1974, no measurements had yet been made of any
chlorine-containing molecule anywhere in the stratosphere. Now,
we have detailed evidence concerning at least ten chlorianated
compounds in the stratosphere itself, and of many more throughout
the lower atmosphere. The chlorofluoromethanes, CCl3F (Fluoro-

carbon-11) and CC12F2 (Fluorocarbon-12), are as they were
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designed to be, chemically inert. Molina and I reasoned that the
usual processes which cleanse the atmosphere of chemical pol-
lutants such as dissolution in raindrops or break-up by visible
sunlight would not affect these compounds. The absence of
effective removal processes for these chlorofluoromethanes led us
to predict two important consequences: The average molecule of
each would survive in the atmosphere unchanged for many decades;
and removal would occur by destruction in the stratosphere after
absorption of ultraviolet radiation.

Both of these predictions have been fully confirmed by actual
atmospheric measurements. Both of these compounds have been
accumulating everywhere in the lower atmosphere at a very rapid
rate and are now found at almost three times the concentrations
measured in the early 1970s. This swift build-up is a clear
indication that the average atmospheric lifetimes are very long,
and current estimates place them as about 70 years for
Flurorcarbon-11 and more than 100 years for Fluorocarbon-12.
These lifetimes already made clear that any changes in the
atmosphere caused by them will still be easily detected not only
in the year 2000, but also in 2100 A.D. Although many other
possible removal processes -- often described as tropospheric
sinks -- have been proposed for these compounds, the facts in the
atmosphere have shown these sinks to be totally unimportant.

The concentrations of Fluorocarbons-11 and -12, as well as
those of another 10 or 12 halocarbon molecules, have been
measured in flasks returned to the laboratory after being carried

empty into the stratosphere by ballon and opened by remote
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control. The mole fractions of these halocarbons decrease with
increasing altitude, as expected for molecules susceptible to
stratospheric photodissociation, and moreover, do so in the order
of altitudes predicted in advance from laboratory measurements of
their susceptibility toward destruction by solar ultraviolet
radiation. The postulate of stratospheric destruction of these
compounds is now simply an accepted fact.

The destruction of chlorofluorocarbons in the stratosphere
releases individual chlorine atoms which can then react with
ozone to form chlorine oxide. The ozone-depleting C10x chain
reaction is fhen completed by the reaction of chlorine oxide with
oxygen atoms. Experimental measurements in the stratosphere have
amply demonstrated the presence there of both atomic chlorine and
of chlorine oxide. With chlorine atoms present, chemical attack
on ozone must occur; with chlorine oxide also present, the chain
reaction must be complete, and substantial loss of ozone must
occur. Since 1974 all of the atmospheric calculations have
indicated that this chain should be especially effective in
depleting ozone at the altitudes around 40 kilometers (25 miles),
with eventual losses there approaching 50%. Two different kinds
of measuring devices, one on a satellite and one operated at many
different ground stations, have shown a world-wide depletion of
ozone at these altitudes over the past 10-15 years.

In summary then, all of the major aspects of the original
Rowland-Molina hypothesis have been strongly substantiated by
measurements in the stratosphere.

What are the most important additional factors affecting the

-3-
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chlot&!&qﬁi@girbon-ozone problem beyond those already mentioned?
I shall briefly discuss four: The atmosphere as a complex
chang}ﬁgin{ﬁ}qgékof gaees; the role of heterogeneous reactions in
the atmosphere; the tremendous observed losses of ozone in the
Antarctic spring; and "early warning" signals of ozone depletion.

Obviously there is only one Earth and one Earth's atmosphere.
All processes affecting this atmosphere occur simultaneously, and
the atmosphere registers the complex, accumulated result of all
of these chénges. In 1974 scientists knew that atmospheric
concentrations of carbon diéxide had definitely been increasing
since 1957, and very probably had been increasing for about a _
century before that. In 1986, the atmospheric scientists now
" definitely know that the concentrations of Fluorocarbons-11 and
-12, and several other halocarbons as well, have been increasing
very steadily and rapidly; that the pace of carbon dioxide
increase has accelerated in the past decade; that methane is
increasing as well. Clearly, any other changes in the atmos-
phere, measured or predicted, can potentially be affected by
these other alterations.

For example, an increase in tropospheric ozone is for most
purposes not;diteccly connected with the chemical processes which
cause chlotiae to deplete stratospheric ozone, but is largely a
separate problem. The presence of additional ozone in the
troposphere is generally unfavorable toward biological species at
the Earth's surface, including trees, agricultural crops and man
himself. However, if measurements are being made of the total

ozone in the atmosphere above a particular location, then an
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increase in tropospheric ozone can tend to offset a decrease in
stratospheric ozone in the observations. If the only ecological
ecological concern is the direct penetration of harmful ultra-
violet radiation to the Earth's surface -- where it can affect
man, for instance -- then a tropospheric increase and a simulta-
neous stratospheric decrease in ozone do tend to cancel one
another because the actual altitude of the ozone is unimportant
for such ultraviolet protection. However, if the ecological
questions are more broadly framed, then a loss of stratospheric
ozone and an increase in surface-level ozone are each an impor-
tant problem, connected with possible climatic change in the
former case and with the direct biological effects of ozone in
the latter.

The increasing atmospheric concentrations of other trace
gases such as carbon dioxide and methane appear to offer similar
trade-offs in the future. The connection between increased
concentrations of carbon dioxide and the "greenhouse effect" --
the increased trapping in the atmospheré of outgoing infrared
radiation, with condequent warming of the Earth -- has been
discussed for about two decades, and in testimony earlier today.
The potential contributions of Fluorocarbons-11 and -12 to the
greenhouse effect were recognized by V. Ramanathan in 1975, and
have been well documented since. Similarly, the increasing
atmospheric concentrations of methane also add significantly over
the next half century to the rate of global heating which would
be expected from carbon dioxide alone.

These same trace gases do interact with the chemistry of
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ozone depletion of chlorinated compounds. Changes in temperature
affect cheﬁical reaction rates, while the chlorine atoms of the
CLOx chain reaction are diverted by methane into the temporary
reservoir species, hydrogen chloride -- more methane means more
rapid diversion of chlorine in the stratosphere. Calculations
have been made with one-dimensional (variation with altitude
alone, and not with longitude or latitude) atmospheric models for
scenarios with several trace gases increasing simultaneously, and
do indeed show little change in the total amount of ozone on a
global basis, with substantial losses in the upper stratosphere
offset by increases in the lower stratosphere and troposphere.
These calculations appear to offer some amelioration over the
next few decades in the severity of the ozone-depletion problem
from chlorofluoromethanes. This apparently pleasant circumstance
is, I believe, illusory for two reasons. First, as has often
been pointed out, the real atmosphere is three-dimensional and
may not be fully represented by one-dimensional models. Calcu-
lations with two-dimensional (altitude, latitude) models also
show substantial loss of ozone in the upper stratosphere, but do
not indicate as much ozone increase in the lower stratos-

phere as in the corresponding one-dimensional model calculations.
Furthermore, such ozone increases as do occur are largely found
in the tropical regions in these two-dimensional calculations. I
personally would never describe a loss of upper sttatospheric
ozone over the United States or western Europe as in any way
cancelled or offset by an increase in lower stratospheric ozone

over Brazil or India, even if both were to occur.
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I say "even if" they were to occur because there is reason to
doubt whether any of these one- or two-dimensional atmospheric
models is yet including all of the relevant chemical reactions
which occur in the stratosphere. The predictions of the one-
dimensional models are that the ozone concentrations in the lower
stratosphere should even now be increasing with time, coincident
with the predicted and observed ozone loses in the upper stratos-
phere. However, the analysis in the 1986 NASA report specif-
ically notes that the atmospheric observations suggest that the
global ozone concentrations have actually been decreasing in the
lower stratosphere, in disagreement with this prediction. This
discrepancy between model prediction and actual observation
strongly suggests some important error in one or the other, and
one possible explanation is that some important chemical
reactions may have not yet been included in the atmospheric
models. This leads to my second important additional factor:
Heterogeneous reactions -- chemical reactions which do not take
place as the result of collisions between gaseous molecules
moving freely, but which are aided by the presence of the
irregular surfaces which are found for dust and for ice crystals.

Until about six months ago, the atmospheric model calcu-
lations for the stratosphere had included only homogeneous,
gas-phase chemical reactions for the understandable reason that
no heterogeneous reactions had been demonstrated to be important
in the stratosphere. However, one important avenue for the
discovery of "missing" atmospheric chemistry is a substantial

discrepancy between model calculations and actual observations.
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The original Molina-Rowland paper specifically drew attention
to the fact that we had not included any heterogeneous reactions
in our estimates of future effects. Our reasoning then was
directed toward the possibility that inert molecules such as
Fluorocarbons-11 and -12 might somehow react more rapidly on the
microscopic surfaces of the various particles floating through
_ the air. We thought such decomposition of the chlorofluoro-
methanes highly unlikely, and this view has been confirmed by
their long atmospheric lifetimes. However, some of the chlori-
nated compounds known to be formed in the atmosphere after the
stratospheric decomposition of the chlorofluoromethanes are
extremely reactive chemically under laboratory conditions, and we
became concerned a few years ago that surface reactions might
play an important atmospheric role for such compounds, and
especially for the molecule chlorine nitrate. 1In March 1984
Dr. H. Sato and I began a series of laboratory experiments with
this molecule, and eventually concluded that we were simply
unable to prevent the heterogeneoﬁs reaction of chlorine nitrate
with either water or hydrogen chloride on any of the laboratory
surfaces which we tested. If chlorine nitrate reacts with water
on laboratory surfaces especially chosen for their known inert-
ness, then we must certainly consider the possibility that such
reactions can also occur on the surfaces of particles in the
atmosphere, including the dust thrown up by volcanoes such as El
Chichon in 1982; the sulfuric acid aerosol found throughout the
lower stratosphere; and the ice crystals found in the very cold

Antarctic winter stratosphere.
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No calculations.of possible global effects from such hetero-
geneous reactions of chlorine nitrate have yet been made, al-
though several research groups are already working on the prob-
lem. We already know the general direction expected from such
modeling from the caluclations in 1984 of Don Wuebbles and Peter
Connell of the Lawrence Livermore Laboratory. Two years ago they
separately introduced two such reactions of chlorine nitrate,
with water in one case and with hydrogen chloride in the other,
into the standard one-dimensional model which without them pre-
dicted only small changes in total ozone over the next few dec-
ades. In each case, the addition of one more chemical reaction
to the 160 already included caused a major change, indicating the
possibility of very rapid ozone depletion in the next 75 years.
Because model simulation of heterogeneous reactions is largely
uncharted territory, these earlier calculations do not necess-
arily have quantitative significance. However, they do show the
extreme fragility of the optimistic conclusion "no change in
total ozone over the next few decades,"” when it collapses with
the addition of a single, plausible chemical reaction to the
atmospheric model.

As you know, wide variations have been recorded over the past
decade in atmospheric model predictions of future total ozone
depletions. oOur initi;l 1974 estimate of eventual global deple-
tion of ozone was a loss of 7 - 13% one-hundred years or so in
the future. Successive official reports from NASA and from the
National Academy of Sciences have described the subsequent fluc-

tuations in such predictions, with estimates which have more or
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less covered the range from 2% to 20%. The range from 2% to 20%
was coincidentally the range of uncertainty attached to an esti-
mate of 7% given in the first NAS report in 1976.

Some of these variations have been caused by improvements in
the technical details of such modeling calculations, but most
have arisen from the inclusion in the model of newly-discovered
chemistry, or from improved measurements of the reaction rates
for some of the reactions. However, throughout these large
oscillations in the calculated total ozone loss, heavy losses
have always been predicted for the upper stratosphere. The
changes in the results for total ozone loss have been caused by
large variations in the lower stratosphere, sometimes indicating
decreases there and large global losses in total ozone, and
sometimes indicating increases in the lower stratosphere and
smaller total ozone loss. The same situation holds true today --
the prediction of future ozone losses are much less certain for
the lower stratosphere than for the upper. The lower stratos-
phere also happens to be the region in thch most of the part-
icles are found which might cause heterogeneous reactions.

Clearly, the most striking changes in ozone concentrations
which have been observed since regular measurements began 60
years ago are the progressive major losses in the Antarctic
during the spring season in the 1980s. These losses were first
reported by British scientists using data from ground stations in
Antarctica, and have been verified and expanded by data from U.S.
satellite instruments and from Japanese high altitude balloons.

The Nimbus-7 satellite data for October 1985 show wide areas of

-10-
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the Antarctic ??nFiﬁth;;ch extremely low ozone values down to
140 Dobson unik%&recorded by the British during the 1950s and
1960s. This loss of more than 50% in total ozone during the
Antarctic spring is not only without precedent anywhere over the
globe, but represents a decrease which has happened almost entir-
ely during the 1980s. The initial British publication a year ago
pointed out the remarkable correlation between this depletion in
Antarctic ozone and the rapid growth in the atmospheric concen-
trations of the chlorofluoromethanes, and the connection is
inescapable. Moreover, when either of the heterogeneous react-
ions of chlorine nitrate with water or hydrogen chloride is added
to the existing two-dimensional atmospheric models, very large
depletions of ozone are calculated for the Antarctic spring. A
plausible chemical explanation now exists not only for the enorm-
ity of the losses, but also for why they occur over Antarctica,
in the spring, and in the 1980s.

From my point of view, the first measureﬁent indicating that
chlorofluoromethanes were accumulating in the atmosphere in
amounts about equal to their total emissions to that date was a
very critical observation. The discovery of new permanent comp-
onents of the atmosphere is a non-trivial alteration, and in
retrospect should have been an early warning of possible future
atmospheric problems. The Rowland-Molina paper in 1974 was an
explicit early warning, and made the nature of the futuré problem
very clear. In the autumn after publication of that paper, I was
asked what should one look for in the atmosphere as a proof of

the Rowland-Molina theory. My answer was, "Look for chlorine
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monoxide, the carrier of the chain reaction. If you find chlor-
ine oxide in the stratosphere, then the chain reaction is
certainly being depleted." By 1978 Jim Anderson's measurements
had demonstrated that chlorine oxide was in the stratosphere, and
that was a final "early warning."

Since that time, we haven't been looking for early warnings,
but instead have been ignoring them and debating instead over how
much ozone depletion we are willing to tolerate as a world soci-
ety. The atmospheric models used in these debates have always
indicated a very large range of uncertainty in the calculated
predictions of eventual ozone loss. We could have adopted an
attitude of prudént caution for the atmosphere and chosen courses
of action based on the possibility that further experiments and
study would confirm the largest predicted ozone depletions.

These losses have always been judged not to be tolerable, and
would have then required government regularory actions placing
severe limits on the total organochlorine concentration of the
atmosphere, and therefore on the emissions of chlorofluoro-
carbons. The governments of the world have instead adopted an
attitude of prudent caution toward interfering with the
chlorofluorocarbon industry, have worried about the possibility
that feedbacks and not-yet-discovered science would work to
ameliorate or even eliminate the ozone problem, and have avoided
severe regulations. .With the exception of the bans in North
America and Scandinavia on chlorofluorocarbons as propellants in
aerosol sprays, no effective regulations exist. As a

consequence, the world-wide usage of these compounds is once
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again expanding because of major increases in other uses, and
development of new uses. The exploration of how to stimulate and
then satisfy the demand for chlorofluorocarbons in the developing
countries is also well under way.

The Antarctic ozone hole has arrived as a profound shock,
first because the loses of ozone are massive, and second because
it was completely unpredicted. Instead of the unexpected working
to ameliorate ozone depletion, it has produced huge losses. We
are now in the position of having chosen to tolerate some un-
specified amount of ozone depletion, and are now wondering how
badly we have miscalculated. We now have a hole in the ozone
layer which will last for a century or more, even if the entire
world were to stop further emissions of chlorofluorocarbons today
-- which is of course impossible.

Will the Antarctic hole deepen? Will it spread, and how
soon, to other latitudes in both hemispheres? Can we afford to
go for another 5 or 10 years of wait-and-see, of measuring,
monitoring and studying?

If our prime concerns are the atmosphere, the ozone layer,
and the people it shields, the obvious answer is to discontinue

this experiment without waiting for all the answers.
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Mr. Chairman, in your letter requesting my testimony you indicated a
number of topics I should address, specifically:

1. The nature of our work in modeling greenhouse climate effects.
2. How we test the models to determine their validity.

3. The relative contribution of different greenhouse gases to possible
future climate change.

4, The temperature changes predicted for the next few decades and the next
century, assuming some reasonable growth in trace gases.

5. How the predicted temperatures compare to past temperatures experienced
on the earth.

6. How temperature changes of the magnitude predicted might alter the number
of days with temperatures above a given limit for Washington, D.C. and
other U. S. cities.

7. Further evidence needed to confirm and quantify the greenhouse theory.

My testimony today is based principally on recent research which will be
presented next week in Washington, D. C. at a conference sponsored by the
U. S. Environmental Protection Agency and the United Nation's Environmental
Programme. This research was carried out during the past few years by
scientists at the Goddard Institute for Space Studies. The unique aspect of
this work is that it is the first time that a global climate model has been
used for simulating the climate effect of the traasient growth of atmospheric
CO; and trace gases. This is an exciting experiment because it allows us to
estimate when the greenhouse effect should begin to be evident above the level
of natural climate variability. As I will emphasize, a number of caveats must
be attached to the climate model results, especially since this represents the
first attempt to model the climate of the next few decades. But, as I will
also stress, the climate sensitivity of our present model has been extensively
compared to that of other models and to available empirical evidence from past
climate changes.

GLOBAL CLIMATE MODELING

In principle, global climate models are quite simple. For example, in
our model the earth is divided into 'gridboxes' as shown in Fig. 1, and each
gridbox is divided vertically into a number of layers, of the order of 10, in
the atmosphere. Similarly, the ground or ocean in each gridbox is divided
into several vertical layers. Fundamental equations describing the conserva-
tion of substances such as mass, energy and momentum are solved numerically
for each gridbox by a computer program, which takes account of the transfer of
these substances from one box to another and also takes account of physical
processes within the boxes which represent sources and sinks of the substances.
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Such global climate models, or GCMs, are able to reproduce the general
features of the earth's climate in a gross sense. Changes in climate
variables such as temperature, winds and storm tracks and their variations
from season to season, from latitude to latitude and from continent to ocean
are represented realistically, at least in a qualitative sense. But the
models are not sufficiently realistic to accurately portray regional patterns
of precipitation, ocean currents, and other processes which are important for
determining the practical consequences of climate trends due to greenhouse
warming. Recent evidence that the large scale ocean circulation has undergone
dramatic changes in the past is of special concern; the representations of
oceans in current GCMs are not sufficiently realistic to predict such
phenomena.

Improvement of the climate models will depend especially upon better
knowledge of physical processes occurring within the climate model gridboxes.
These processes are represented by submodels or "parameterizations". For
example, Fig. 1b schematically illustrates convective clouds which transport
moisture, heat and momentum vertically between model layers. Although there
have been major field experiments to study moist convective clouds,
substantial work still is needed to provide more realistic submodels for use
in GCMs. Another example, which is recently beginning to receive greater
attention, concerns the role of vegetation and soil processes in the transfer
of moisture, heat and momentum between the earth's surface and the atmosphere.
As a final example, it is believed that we must have a better understanding of
small scale ocean mixing before we can develop an accurate model of global
ocean circulation and currents.

A principal conclusion is that it is likely to require decades of
research to improve climate models to the point that they can be used to
predict local and regional climate changes with a high degree of confidence.
Such improvements will be possible only if appropriate observations of the
climate system and climate processes are carried out. In the meantime climate
models can provide a useful indication of the possible magnitude of future
climate trends, although the results must be accompanied by appropriate
explanations and caveats, especially the results at smaller scales.

Finally, I would like to stress one key charactistic of both climate
model results and real world climate: natural climate variability. Fig. 2
illustrates the global mean temperature in a 100 year control run of our 3-D
GCM. It can be seen that the temperature fluctuates, both from year to year
and with decadal trends, even though the amount of atmospheric COy and other
climate “"forcings" are unchanging. Such variability or "noise" is a natural
characteristic of the climate system. Although this phenomenon is captured by
the governing fundamental equations in the climate model, individual
fluctuations are not predictable. Thus for any climate trend to be detected,
it must exceed the level of natural climate variability.

TESTS OF CLIMATE MODELS

A good overall test of the greenhouse effect is provided by examining the
climates of several planets, particularly Mars, Earth and Venus, because these
planets have a wide range of abundances of atmospheric greenhouse gases. It
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Fig. 2. Global-mean annual-mean surface air temperature in the
100 year control run with the GISS global climate model.
Atmospheric COp, trace gases and aerosols are unchanging during
this run. The ocean mixed layer has observed seasonally and
geographically varying depths, and no exchange of heat with the
deeper ocean.

is found that these planets are warmer than they would be if they were simply
in blackbody equilibrium with the energy absorbed from the sun. The observed
greenhouse warmings are a few degrees on Mars, about 35 degrees on Earth and
several hundred degrees on Venus. The magnitude of these warmings is in
excellent agreement with the greenhouse theory znd simple climate models.

Another test, potentially of more direct relevance, is provided by
paleoclimate (ancient climate) variations on Earth. This test is only
recently beginning to be exploited. The climate of the Earth has fluctuated
between ices ages and interglacial warm periods several times during the last
few hundred thcusand years. It has been realized for more than a decade that
small variations in the earth's orbital characteristics about the sun were the
'pacemakers' of the 10,000-100,000 year climate changes, but the mechanism by
which global temperature changes were produced remained unknown. Recently it
has been discovered that the atmospheric COjp abundance fluctuated along with
ancient climate, and was thus the probable agent for global temperature change.
This identification of past COp warming allows an empirical evaluation of
climate sensitivity to a COp change.

In particular, the paleoclimate record indicates that a COp change of
50-100 ppm is associated with a global mean temperature change of 3.5-5°C.
The global radiative forcing (AT,) due to this COj change, i.e., the surface
temperature change which would occur if there were no climate “"feedback”
processes, can be accurately computed and is



83

AT, ~ 0.3-0.5°C. (@8]
Thus the total climate feedback factor f, defined by
AT = £ AT, (2)

is f ~ 10 for the recent glacial to interglacial climate changes. Physical
processes contributing to f have been analyzed (Hansen et al., in

Climate Processes and Climate Sensitivity, American Geophysical Union, 1984),
and it has been shown that a substantial part of the total feedback factor is
due to the growth and decay of large continental ice sheets, a process which is
not significant on the time scale of the next few decades. The feedback factor
inferred from the paleoclimate data for processes that are relevant to a change
from today's climate toward a slightly warmer climate is f ~ 2-4.

The paleoclimate evidence thus indicates that, if atmospheric COy were
doubled from say 300 ppm to 600 ppm and the climate system were allowed to
come to a new equilibrium, the earth would warm by

AT(2%C0p) ~ (2-4) * AT, ~ 2.5-5°C, (3

where AT, ~ 1.25°C is the no-feedback radiative forcing due to doubling
atmospheric COj.

The climate sensitivity inferred from paleoclimate evidence is reasonably
consistent with the climate sensitivity estimated by several National Academy
of Science studies,

AT (2%C0p) = 3 & 1.5°C, (%)

which was based mainly on intercomparison and analysis of several different
climate model studies. Thus there is general agreement about the magnitude of
global climate sensitivity, but the uncertainty in its value is at least a
factor of 2-3.

Despite all the above evidence, the one truly convincing test of the
models must be based on comparison of the models with the observed response of
the earth's climate to the present anthropogenically induced growth of
atmospheric €Oy and trace gases. Thus, we illustrate here the temperature
changes which have occurred during the past century, a time during which COj
has increased from about 280 ppm to 340 ppm and several other trace gases have
also increased.

A global map of observed temperature changes is shown in Fig. 3, based on
records of meteorological stations. It is apparent that the geographical
patterns of temperature change contain a large amount of natural variability,
which we should not attempt to associate with a small global forcing, as well
as errors in the estimated temperature trends in the regions where there are
few stations and short records. The influence of the climate 'noise' and
incomplete station coverage is reduced by averaging results over all
longitudes. Fig. 4 shows the resulting temperature trends for the period
1880-1984 as a function of latitude.
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Fig. 3. Observed rate of temperature change (°C/century) in the past
century, as estimated from meteorological station data. Yellows and reds
mark areas of increasing temperature and greens and blues represent
decreasing temperature. The black regions have no nearby stations.  In
some regions the trends are estimated from relatively short records, as
short as about 25 years for Antarctica. Results are least reliable in
remote reglons where only one or a small number of stations contribute

to the estimated trend.
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Fig. 4. Observed zonal-mean temperature trends in the past century as
estimated from meteorological station data. The zonal-mean refers to the
average for all longitudes with available temperature records. A nonlinear
color scale is used so that there are comparable areas for the different
colors.
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Several conclusions follow from the data-illustrated in Figs. 3 and 4.
The earth has warmed by about 0.6°C (1°F) in the past 100 years, with both
hemispheres warming by about that amount. High latitudes warmed substantially
more than low latitudes. There is a great amount of local variability, with
some regions actually cooling. Although the earth was about as warm in the
1930's and 1940's as it is in the 1980's, the earlier warming appears to have
been more concentrated in the high latitudes of the Northern Hemisphere, while
the recent warming is more global.

The global warming of 0.6°C in the past century is of the magnitude
expected as a result of increasing COj and trace gases. It is difficult to
make a more definitive statement than that, in part because the greenhouse
forcing is time dependent (most of the growth coming in the past 25 years) and
the climate system has a finite response time, probably several decades
(Hansen et al., ibid.), so that only a part of the eventual warming due to
these added gases has occurred as yet. Also, a warming of 0.6°C is not
particularly large compared to climate fluctuations which have occurred in the
past millenium, as illustrated below.

We show below that the expected greenhouse climate signal is rising
rapidly and should soon rise well above the level of natural variability,
providing strong empirical verification of the greenhouse effect.

PREDICTED TEMPERATURE CHANGES

The estimated contributions of different greenhouse gases to climate
forcing is illustrated in Fig. 5 for different periods. The COp contribution
is known accurately, within about 10 percent. The contributions of
chlorofluorocarbons CCR3F (Fyp) and CCLFy (F12), compounds which are entirely
man-made, are also known accurately. The CH; greenhouse contribution is less
certain; there is some recent evidence suggesting that the CHy contribution in
the past few decades may have been flatter than the indicated growth trend.
The 03 and stratospheric HpO changes, based on a chemical model, are very
uncertain and are best described as hypotheticalj indeed recent spotty
observations of 03 profiles'do not support a positive greenhouse forcing due
to changing 03. But despite uncertainties about the trends of some of the
gases, two firm conclusions can be made:

1) In the past few decades the rate of increase of greenhouse forcing of the
climate system has increased rapidly; it is now 3-10 times greater than during
the previous century, 1850-1960.

2) Non—-CO, greenhouse gases mnow add to the greenhouse effect at a rate
comparable to that of COp.

We have carried out the first GCM simulations of climate trends due to
the current changes of atmospheric CO2 and trace gases. One disadvantage of
presenting recent research results is that I can not claim that the results
have been confirmed by other climate modeling groups. However, the
sensitivity of our global climate model has been compared and found to be
similar to that of other climate models at the NSF National Center for
Atmospheric Research and the NOAA Geophysical Fluid Dynamics Laboratory. Thus
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DECADAL INCREMENTS OF GREENHOUSE FORCING
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Fig. 5. Decadal additions to global mean greenhouse forcing of the climate
system. AT, is the computed temperature change at equilibrium (t+=) for

the estimated decadel increases in trace gas abundances, with no climate
feedbacks included. Multiply AT, by the feedback factor f to get the
equilibrium surface temperature change including feedback effects. Most of
the estimated trace gas increases are based on measurements. However, the

03 and stratospheric Hy0 trends (dotted bars) are based principally on 1-D
model calculations of Wuebbles et al. (J. Geophys. Res., 88, 1444-1456, 1983),
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there is reason to expect that the general conclusions which are discussed
below would be similar for the models of these other laboratories.

The global climate model employed for these simulations is our model II
documented by Hansen et al. (Mon. Wea. Rev., 111, 609, 1983), which has an
equilibrium global mean sensitivity of %.2°C for doubled CO; as documented by
Hansen et al. (Climate Processes and Climate Sensitivity, American Geophysical
Union, 1984). For these transient experiments the ocean mixed layer depth is
based on climatology, including geographical and seasonal variations. Heat
capacity of the ocean beneath the mixed layer is included by treating heat
perturbation as a passive tracer which can diffuse into the deeper ocean; the
diffusion coefficient varies geographically as a function of the
climatological local stability beneath the mixed layer, according to the
empirical relation given by Hansen et al. (ibid.). Horizontal ocean heat

transports are fixed as described by Hansen et al. (ibid.).

Our GCM simulations begin in 1958, when COp began to be monitored
accurately by C. D. Keeling, and extend through the present into the future.
We consider two scenarios, A and B, to allow for uncertainties about past
trace gas changes and future CO and trace gas changes. Scenario B includes
only five greenhouse gases which have been measured reasonably well (COp, Fjj,
Fy2, CHs, N20) and it assumes that their growth rates will decrease rapidly
during the next few decades. Scenario A includes an allowance to approximate
the greenhouse forcing of the several other hypothesized gases in Fig. 5 and
it allows presently estimated growth rates to continue.

Scenario A achieves a radiative forcing equivalent to that for doubled
COy about 40 years from now, in the late 2020's. Scenario B achieves this
level of forcing in about 2060. The more detailed trace gas scenario of
Ramanathan et al. (J. Geophys. Res., 90, 5547, 1985) is close to Scenario A
(see Fig. 6). Finally, we note that both scenarios include some additional
radiative forcing due to volcanic aerosols, a forcing which tends to cool the
surface but generally is moderate in comparison to that from trace gas growth.
The aerosol forcing is the same in the two scenarios for the period 1958-1990,
with two significant coolings: 1963-65 (Mt. Agung) and 1982-84 (E1l Chichon).
Scenario B assumes that the mean aerosol forcing in the future will be the
same as in the period 1958-1990, a period of active volcanism, while Scenario
A assumes a negligible future volcanic forcing, as was the case for the period
1910-1960.

Global maps of the temperature changes obtained in the GCM climate
experiments are shown in Fig. 7. The detailed geographical patterns of these
changes are not to be taken seriously in view of the limitations of current
GCM's mentioned above and the gross assumption about ocean heat transports.
However, certain semi-quantitative conclusions are expected to be meaningful.

The warming in Scenario A at most midlatitude Northern Hemisphere land
areas such as the United States is typically 0.5-1.0¢(1-2°F) for the decade
1990-2000 and 1-2°C (2-4°F) for the decade 2010-2020. Even in the latter
decade the warming is much less than the equilibrium response to doubled COp,
Fig. 7c, which has a warming at about 5°C in the United States. In all of
these cases the largest temperature changes are in regions of sea ice and the
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Fig. 6. Greenhouse forcing for two trace gas scenarios. AT, is the
equilibrium warming with no climate feedbacks. Scenario B includes only COj,
CHg, N20, F)p and F}|, and it assumes that their growth rates will decrease
rapidly in the next 25 years. Scenario A includes an allowance for other
trace gases hypothesized in Fig. 5 and it allows current growth rates to
continue indefinitely.

In Scenario A COj increases as observed by Keeling for the interval 1958-1984
and subsequently with a 1.5 percent growth of the annual increment. CCR3F and
CCRyFy emissions are from reported rates to date and assume 3% yr'l increased
emission in the future, with atmospheric lifetimes for the gases of 75 and 150
years, respectively. CH, increases from l.4 ppb in 1958 at a rate of 0.6%
yr~! until 1970, 1% yr~l in the 1970's and 1.5% yr~! thereafter. N0
increases according to the semi-empirical formula of Weiss (1981), the rate
being 0.1% yr~! in 1958, 0.2% yr~l in 1980, 0.4% yr~! in 2000 and 0.9% yr~! in
2030. Potential effects of several other trace gases (such as 03,
stratospheric Hp0, and chlorine and fluorine compounds other than Fj; and F)j)
are approximated by multiplying the CFC amount by the factor 2.

In Scenario B the growth of the annual increment in COj is reduced from 1.5%
today to 1% in 1990, 0.5% in 2000 and O in 2010. The growth in annual
emissions of CCL3F and CCRyF) is reduced from 3% today to 2% in in 1990, 1% in
2000 and 0 in 2010. The methane annual growth rate decreases from 1.5% today
to 1% in 1990 to 0.5% in 2000. N0 increases are based on Weiss' (1981)
formula, but the parameter specifying annual growth in anthropogenic emissions
decreases from 3.5% today to 2.5% in 1990, 1.5% in 2000 and 0.5% in 2010. No
increases are included for other chlorofluorocarbons, 03, stratospheric H0 or
any other gases.
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7c

Fig. 7. Annual mean temperature changes computed with the GISS global
climate model, which has a sensitivity of about 4°C for doubled CO3.
Figs. 7a and 7b, for the decades 1990-1999 and 2010-2019, respectively,
were obtained from the transient experiment with CO7 and trace gases
increasing according to Scenario A; the indicated temperatures are

the difference between the transient run and a control run with 1958
atmospheric composition. Fig. 7c is the equilibrium warming in the
model for doubled COj.
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15
smallest are at low and middle latitude ocean areas.

The global mean temperatures computed by the model are compared to
observations in Fig. 8. for the period 1958 to the present. In this period
the greenhouse forcing of Scenarios A and B differ by only the order of 10
percent. It is apparent that the observed temperatures and the model results
are not inconsistent during this period. But the natural variability of
temperature in both the real world and the model are sufficiently large that
we can neither confirm nor refute the modeled greenhouse effect on the basis
of current temperature trends.

On the other hand, it is also apparent from Fig. 8. that the predicted
greenhouse warming for Scenario A rises above the level of natural
variability by the 1990's. Indeed, the model predicts a temperature level in
the next 15 years which has not existed on earth in the past 100,000 years, as
illustrated below. In view of the significance of such conclusions, we stress
here the principal caveats which must accompany the result:

1) The model sensitivity is 4.2°C for doubled COp. Emergence of the warming
signal will be delayed if the true semsitivity is less than that.

2) The projection is based on Scenario A. If Scenario B is more realistic,
emergence of the warming signal will be delayed. We estimate that Scenario B
would delay the emergence by a few years, but a more quantitative statement
requires extention of the Scenario B simulation.

3) Other major climate forcings which tend to counteract the greenhouse
warming may occur during the next several years. As one example, satellite
measurements indicate that solar irradiance decreased in the period 1980-1984
at a rate which would approximately cancel the increase in greenhouse forcing
during the same period. Although decreases in solar irradiance are probably
cyclical and must eventually be balanced by comparable increases, it is
possible that a decreasing trend could continue for several more years. As a
second example, an unusual increase in volcanic activity could conceivably
counteract the greenhouse warming for as long as a decade or so: Scenario B
contains a substantial amount of volcanic aerosols, similar to the amount in
the volcanically active period 1958-1985, but it is possible to have a greater
level of volcanic activity.

4) There may be crucial climate mechanisms which are omitted or poorly
simulated in current climate models. An example is changes in ocean
circulation, such as the formation of deep water (Bennett et al., North
Atlantic Deep Water Formation, NASA CP 2367. 1985). If the rate of deep water
Tormation is reduced, it is possible that the North Atlantic and Europe may

cool while most of the world is warming.

COMPARISON TO PAST TEMPERATURES

Global temperature changes are illustrated in Fig. 9 for the past
century, millenium and 25,000 years. The global mean temperature has varied
by about 0.5°C in the past century and 5°C in the past several hundred
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Fig. 8. Global temperature trends from observations (solid line) and from
calculations with the GISS global climate model. Part (a) shows the
temperature anomalies plotted each season (December-January-February,
March-April-May, etc.). Part (b) shows the 5-year smoothed results.
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Fig. 9. Global temperature trend for
the past century (a), millenium (b) and
25,000 years (c). (a) is based on
Hansen et al. (Science, 213, 957,
1981), updated through 1981. (b) is
based on temperatures in central
England, the tree limit in the White
Mountains of California and oxygen
isotope measurements in the Greenland
ice (W. Dansgaard, private
communication), with the temperature
scale set by the variations in the last
100 years. (c) is based on changes in
tree lines, fluctuations of alpine and
continental glaciers and shifts in
vegetation patterns recorded in pollen
spectra (Understanding Climatic Change,
National Academy Press, Washington,
D.C., 1975), with the temperature scale
set by the 3-4°C cooling obtained in a
3-D climate model (Hansen et al., in
Climate Processes and Climate
Sensitivity, American Geophysical
Union, 1984) with the boundary
conditions for 18,000 years ago. Thus
the shapes of curves (b) and (c) are
based on only Northern Hemisphere data.
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thousand years (Understanding Climatic Change, National Academy Press,
Washington, D.C., 1975). During the peak of the current interglacial
(Altithermal period 5,000-10,000 years ago) the mean temperature is estimated
to have been 0.5-1.0°C warmer than today (Fig. 9.). .

We have explicitly compared the temperature changes projected for the
next few decades with estimated temperatures for the past 150,000 years in
Fig. 10. By the early twenty first century the global temperature should have
risen well above any level experienced in past 100,000 years.

TEMPERATURE EXTREMES IN U.S. CITIES

How might temperature changes of the magnitude predicted alter the number
of days with temperatures above a given limit for Washington, D.C. and other
U.S. cities? This is a particularly difficult question to answer, because the
climate models are not designed for local studies. I believe that the best
way we can get an estimate to this question at the present time is to compile
climatological data for a given city from a long series of daily observations
(including maximum and minimum temperatures for each day) and to add to this
record the mean (monthly) increase in daily maximum temperature and in daily
minimum temperature as predicted by the climate model for the gridbox which
includes that city. This procedure tends to minimize the effects of any
errors in the model's control run climatology.

This procedure has been carried out for several U.S. cities for the
equilibrium change in climate for doubled COj, with the work being done
principally by Paul Ashcraft as a summer student study. Because of the
climate system's finite response time, the results may be most applicable to
some time approximately in the middle of the twenty first century, if Scenario
A is approximately correct.

The results of this exercise for two U.S. cities, Washington, D.C., and
Omaha, Nebraska, are shown in Fig. ll. The number of days per year in which
the maximum daily temperature exceeds 100°F increases from about 1 to 12 in
Washington and from 3 to 20 in Omaha. The number of days with maximum
temperature exceeding 90°F increases from about 35 days to 85 days in both
cities. The number of days per year in which the nightime temperature does
not fall below 80°F increases from less than one day in both cities to nine
days in Omaha and 19 in Washington, D.C.

There are a number of reasons why these estimates may differ from the
real world response. Principal among these are the following: First, the
estimates are based on a model with sensitivity 4°C for doubled COp; the real
world sensitivity is uncertain by about a factor of two. Second, the model
assumes that the ocean will continue to operate essentially like it does
today; if North Atlantic Deep Water Formation and the Gulf Stream should be
substantially modified, for example, that could significantly change the
results for a location such as Washington, D.C. Third, there are many reasons
why local responses may vary; the indicated changes can only be regarded as
plausible for these cities, under the assumption of climate sensitivity
equivalent to 4°C for doubled COj.
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Figure ll. Annual number of days in Omaha, Nebraska and Washington, D.C. with
(a) maximum temperature greater than 100°F, (b) maximum temperature greater
than 90°F, and (c) minimum temperature greater than 80°F. Today's climate
refers to observations for the period 1950-1983. The results for doubled COp
are generated by adding the warming obtained in a 2%C0 climate model
experiment to the observations for 1950-1983.
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Discussion of the practical impacts of greenhouse warming has focused on
possible indirect effects such as changes of sea level, storm frequency, and
drought. We believe, however, that the temperature changes themselves may
significantly affect the climatic environment for the general population.

EVIDENCE NEEDED TO CONFIRM AND QUANTIFY THE GREENHOUSE THEORY

Evidence confirming the essence of the greenhouse theory is already
overwhelming from a scientific point of view. However, the greenhouse issue
is not likely to receive the full attention it deserves until the global
temperature rises above the level of natural climate variability. This will
not occur at some sharp point in time, but rather gradually over a period of
time. If our model is approximately correct, that time may be soon, within
the next decade.

Unfortunately, when that point in time is reached people will begin to
ask practical questions and want quantitative answers. We are now totally
unprepared to provide that information. Our understanding of the climate
system and our climate models must be vastly improved.

The greatest need, in my opinion, is for global observations of the
climate system over a period of at least a decade. This will require both
monitoring from satellites and in situ studies of climate processes.
Prestigious scientific groups, such as the Earth System Sciences Committee
appointed by the NASA Advisory Council, have defined the required observations
in detail, and there seems little reason to repeat that information here.
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1. Introduction

I am Geoxrge M. Woodwell, Director of The Woods Hole Research
Center, Hudson River Foundation for Science and Environmental
Research. I am & scientist and a teacher. I have held long bverm
scientific and administrative positions at the Marine Biological
Laboratory, at Brookhaven National Laboratory, and the Universibty
of Maine and I serve on the boards of various organizations
supporting scholarship and conservation. I have worked in
research for many years oOn various studies of the structure,
function, development, and impoverishment of plant and animal
communities. The work has had a special focus on forests. 1 am
grateful for the opportunity bto appear again before this
committee, this time to review the biotic implications of a
global warming due to changes in the atmosphere now in progress.

The scientific community is rarely unanimous on any

jssue of wide public importance; its business is, after all, to
question, review, examine, test and to argue in search of new
insights and new data. But on the issue of climatic change there
is suxprising unanimity at the moment. If current trends
continue, the increase in infra-red absorptive gasses in the
atmosphere will lead over the next 3-0 decades to a warming of
the earth that will average between 1.5 and 4.59C. The

changes in the tropics will be emall; the changes toward the
poles in both hemispheres will be much largex. The details of the
changes in climates expected have been summarized recently in a
report by the National Academy of Sciences (NAS 1883), in
hearings in the Congress (1985), and in four volumes published by
the Department of Energy (DOE 1985). There can be no question as
to the seriousness with which the scientific community views bthe
rospect of an imminent warming caused by human activities

(UNEP/WMO/ICSU 1985).

The warming has commonly been expressed as the change in
climate anticipated from a doubling of the carbon dioxide (ox
equivalent as other infra-red absorptive gasses) of the
atmosphere above that prior to bthe surge in deforestation and
industrialization that occurred after 1860. The emphasis on a
doubling is practical, but misleading. It seems vo suggest the
establishment of a new equilibrium that will allow equilibration
of the vegetation of the eaxrth with the new climates. In fact it
simply marks the advent of an indefinite period of instability in
climates globally. If current trends continue, bthe carbon dioxide
content of the atmosphere will pass the doubling point somebtime
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before the middle of the next cenbury, when the rate of increase
will be substantially higher than it is now. The implications of
such changes for the biosphere as a whole are only now becoming
the subject of serious thought and reseaxch. They are beyond the
limits of experimentation or direct obsexvation and outvside the
consensus that has defined the carbon dioxide problem as worthy
of special consideration by governmenbvs., I can offer at best
judgements based on extensive experience in study of the
distribution and metabolism of forests. Subsequent research may
modify debtails of these interpretations appreciably; the general
trends described, however, will probably not be altered.

Our interests in the effects of climatvic changes are short
term, measured in years bo decades, not in millennia. The effects
are profound. They include effects on the distribution of
arable land, the productivity of agricultuxe, the availability of
water in lakes and streams, the productivity of grazing lands and
fisheries, and the level of the sea. They also reach to effects
on the distribution of the vegetation of the earth, including
especially the distribution and viability of forests. It is the
effects on forests that are most significant for our purposes and
the subject that I wish to call especially to your attention.

The climatic changes projected for the next years will
destroy forests over large areas. Two resulbs of this destruction
are of special importance. First, the further destruction of
forests above curxent rates from harvesting and from the
expansion of agriculture (Houghton et al. 1984, Hoodwell et
a2l.1984) will release carbon now stored in forests and tundra,
especially in soils, adding carboa dioxide and methane to the
atmosphere and speeding the warming. Second, the warming will
progress xapidly enough to destroy existing types of vegetation
over large secbions of the earth more rapidly than species
migrate. The effect will be a general impoverishment of the biota
at the very time when human demands for biotic resources are
reaching new peaks.

11. Effects of a Global Warming on the Metabolism of the
Vegetation of the Earth

The atmosphere contains about 700 x 1015g of carbon as
parbon dioxide. The terrestrial vegetation and soils, largely the
forests, contain at least 2,000 x 1015 g, about three times the
amount in the atmosphere. This large standing crop of carbon is
maintained by a crude balance between photosynthesis, the sum for.
a unit of landscape of the biotic processes that remove carbon
from the atmosphere and form the carbon compounds of plants, and
respiration, the sum of those processes that consume the
compounds and release carbon dioxide, heat and water.

There is difficulty currently in appraising the effects of
the combination of changes associated with a warming of the
earth. On the one hand there are those who argue that the
increased concentrabtion of carbon dioxide in the atmosphere will
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increase the rate of photosynbhesis globally and result in
jncreased storage of carbon in the biotic reservoirs. On the
other hand are those whose analyses suggest that any direct
effect of the increase in carbon dioxide in the atmosphere on
photosynbhesis will be small by comparison with the effects of
emall changes in climate on respiration. The jssue is made more
complicated by uncertainty concerning the patterns of changes in
climate. A global warming that raises the winter temperabures in
the high latitudes will have little effect on metabolism. A
warming that affects spring, fall, ox summer temperatures may
have profound effects. If the climatic changes affect
precipitation, there will be still further changes in mebtabolism,
more difficult bo predict. There are ample bases for argument
among scholars and for questioning virtually any conclusion.

. Phose arguments cannot be allowed, however, to obscure some
fupndamental facts, which are seen best by examining specific
changes ir climate and vegetation.

The warming will be global and will be greater im higher
latitudes. A global warming of 1.5-4.59C will involve an average
change in temperature in the boreal and sub—axctic zones of as
much as 10-159C. The change in climate will nobv involve a change
‘in the length ef day or a change in the solar enexgy impingent on
the earth’s surface. A 10°C increase in temperature can be
‘expected to indrease the rate of respiration by a factor of 1.5~
3,0, possibly more. There is no obvious mechanism affecting
photosynthesis’bhat has the capacity of compensabing for such an
increase in respiration at these latitudes. The shift in the
ratio of phobosynthesis to respiration will clearly be in favor
of respiration with an immediate further release of carbon from
the decay of organic mattver in the soils amnd vegetation of these

zones.

The magnitude of the release could be substantial. The total
carbon held in these zones in the vegebation and soils is
estimated as more than 500 x 1015g, about 25% of the global .
total. The fraction of this inventory that could be released into
the atmosphere is uncertain, but a 10-50% loss is conceivable
over the course of the next several decades. Such a release would
be in the range of 3-10 x 1015g/year, the same order of magnitude
as the current releases from combustion of fossil fuels (about 5
x 1015g/yr) and enough to conbribute substantially to the further
accumulation of carbon in the atmosphere.

The issue seemns especially clear in the higher latitudes
where the temperature changes will be greatest and where the .
accumulations of carbon vulnerable to decay are high. The same ’
process operates at lower latitudes to the extent that
temperatures rise. Here, however, there is a greater possibility
that increases in the length of the growing season oY other
factors will stimulate gross photosynbhesis on an annual basis
and provide some degree of compensation for the increased rates
of respiration. The jesue is not easily open to short—term
research. It is besb interpreted on the basis of knowledge of the
relationships between climate and the distribution of vegetation,

3
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the plant communities including forests that make up the natural
vegetation of the earth. Despite the importance of agriculture,
it is the forests that carry on the greatest amount of carbon
fixation globally and provide the greatest flux of enerxgy in

support of life.

III. Effects of a Global Harming on the Vegetation of the Earth

A. Forests at Hazard: Climatic Change and the Distribution
of Forests .

The warming anticipated over the next years will shift
climatic zones abruptly poleward. While there is a tendency for
those who inhabit the polar regions to assume that a warming will
be a blessing, the changes are clearly a mikxed blessing and quite
likely to be seen as devastating in many of their aspects.

Consider forests, the most abundant and important vegetation
type on land, the principal reservoir of biotic diversity
globally, and the major biotic source of energy for support of
people and for maintenance of environment. The eastern deciduous
forest of North America is transitional on one border along a
gradient of increased temperature and aridity to tall grass
prairie. On the other border it is transitional bvo boreal forest.
A general warming will change the area of land capable of
supporting deciduous forest. Along the warm and dry margin,
increased temperature and aridity will cause the extension of the
prairie into the forest. At the margin of the deciduous forest
with the boreal forest the climate will change from one that
supported the boreal forest to one that could support the
deciduous forest. Along both these margins trees and other
plants, living close to the margin of survival under the earlier
climatic regime, will be in a climatic zone for which they are

not longer suitable.

The immediate effect is the death of many of the plants of
the forest, especially the trees. In the normal course the
reestablishment of sufficient climatic stability will lead to the
establishment of a new forest, but the transition is a long one
measured in human terms, several decades or longer. Meanwhile the
organic matter in the trees and soil of the damaged forest
decays, releasing its carbon to the atmosphere and contributing
further to the atmospheric burden. The het effect is the
destruction of forests in the short term and the release of
carbon to the atmosphere over that period. .

The reestablishment of forests requires the availability of
seeds and other propagules that may not migrate as rapidly as
climatic conditions change. There has been ample precedent. One
classic example is the impoverished shrub vegetation that occurs on
the tops of some of the mountains of the southern Appalachians at
elevations and under conditions that support forests elsewhere.

The cause of the balds, impossible to prove in an absolute sense,
appears to be a series of climatic changes that, through a
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warming, eliminated the spruce-fir forest from certain peaks,
where the climate became appropriate for the deciduous forests of’
the region. A cooling of the climabe subsequently eliminated the
deciduous forest from the tops of the mountains but, because the
coniferous forest had become exbinct locally, the vegetation that
developed in the deforested zone, even aftver several decades, i
possibly centuries, was that of an impoverished shrub bald, not
forest. The same pattern of effects can be envisioned for the
piota of islands as they are affected by progressive climatic
changes. Islands and regions as well as continents contain
endemic species that evolved into that place. Such species are
especially vulnerable to changes of climate oxr habitat.

The transition from forest to shrub communibvy, a common
stage in the impoverishment of forests globally, whatever the
cause, involves nob only a change in species, but a reduction in
the standing stock of carbon in plants and soil. The reduction
contributes carbon to the atmosphere, adding to the problem. The
amount, indicatved above, is significant in global balance and
will contribute further to the climatic change. These factors
have not been considered in most recent appraisals of the effects
of the increase in infra—red absorptive gasses in the atmosphere.
There is no clear biotic mechanism that will in the shord texrm
balance this further release of carbon.

B. Plants and Animals at Hazard: Biotic Impoverishment

Forests are the great biotic flywheel that keeps the
biosphere functioning as a place suitable for life as we know it.
They are also the majox reservoir of biotic diversity and
contain with their soils an amount of carbon well in excess of
the amount currently in the atmosphere. They have the capacity
through photosynthesis for fixing atmospheric carbon into the
organic matter used in support of life. Their existence
requires climatvic stability over decades, even centuries, and
climatic changes on the scale anticipated over the next years
imply the devastation of forests over large areas. While most of
us have had experience with attempts to eliminate noxious
organisms from gardens, lawns, attics and pantries, and
appreciate how difficult that challenge may be, the best approachi
to eradication is to change the habitat in such a way as to . E
prevent reproduction. And the species most vulnerable to such
changes are the large-bodied, long-lived ones. Among plants trees '~
are especially vulnerable and the changes their demise brings are . :
especially important because of the extraordinary influence that .-
trees have on their habitat, establishing the environment for many
other organisms, and, to a surprising degree, for humans.

The details of the tramsitions are as elusive as the
details of the effects of nuclear war and, as for war, they will
not be available for proof except as a result of the transitions
themselves. The effects, although incremental over decades, when
summed and recognized for what they are as irreversible
impoverishment, will constitute the greatest change that has
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occurred in the surface of the earth since-humans emexged. Worse
than war, increments are accumulating now with effects that

will occur over years to come.

IV. Reasonable Steps Now
A. The Need for Policy

Human activities are affecting the earth as a whole now and
the best estimates at the moment are that the effects will become
profound ovexr the next decades. The issues have implications for
the human enterprise as fundamental as those of war and peace and
economic and domestic cecurity. They require the attention and

action of governments.

The immediate causes of the climatic changes anticipated
for the next years are the combustion of fossil fuels and the
destruction of forests. The climatic changes themselves have the
capacity for increasing the release of carbon from biotic sources

and aggravating the problem.

Steps toward a solution will require effective policies in
development and use of energy that bring, among other advances,
control of rates of combustion of fossil fuels and presexrvation,
even bthe expansion, of existing forested areas globally. They
also require the development of international protocols advancing
the objectives among other nations of the world, especially those
of the tropics. These steps will have many salutary aspects in
addition to the immediate objective of alleviating or deflecting

global climatic change.

B. The Need for Research

Global environmental questions such as the effects of war,
progressive biotic impoverishment and climatic change and its
effects are not open to direct experimentation and proof. The
undisputed facts in this instance, however, are that the
atmospheric composition is being changed rapidly in such a way as
to increase the atmosphere’s capacity to absorb radiant heat. The
cause is the combustion of fossil fuels and deforestation. An
additional cause that increases the carbon dioxide, methane and
carbon monoxide content of the atmosphere may be the receat
warming of the earth, but there is no proof of this point.
Actions taken now to correct current trends will become effective .
years in the future. If those actions are to be guided wisely
they require constant and intensive research, including
monitoring. Such is the cost of living on the earth under the

conditions we have established.

Other factors affect climates globally. They include the
energy emitted by the sun, the amount of dust and other
particulate matter in the atmosphere, and the cloudiness of the
earth’s atmosphere. Predictions of the effects of the changes
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mposition of the atmosphere are all based on the

in the gaseous CO
hese other factors are also predictable.

assumption that t

Biotic effects are even more complicated, but vitally
impoxtant. The amount of reseaxrch in ecology underway at the
moment in suppord of these analyses is negligible, despite the
importance of the jesues. Much of the research in ecology has
been deflected, mistakenly, into studies of the putatively
beneficial effects of increased carbon dioxide on the growth of
plants (DOE 1885¢c), neglecting the effechs of climatic change on
the plant communities that dominate the earth. Despite the
impoxtance of forests globally and the ease of measuring changes
in the area of forests using existing satellite imagexy, there is
no concerbved effort to use those data to measure even once bthe
changes occurring in the area of forests globally. The
information is needed annually as the product of a monitoring
program. That is one of the very first steps in improving current
estimates of the trends underway, the scale of the problem, the
potential effacts of a warming, and what might be dome %o deflect
it.

The Department of Energy has been defined.as bthe lead agency
within the US Government in directing research on these issues.
The program is emall. In 1986 the btotal budget was $12.4 million;
in 1987 it is projected as $13.6 million. The total investment in
this research in the Ug, including all the various agencies of
gevernment, was estimated as $23.5 million in 1985 and $22.8
million in 1886. The total investment in research on this topic
globally probably does not exceed $30 million annually. The US
program is severely resbricted currently by limitations of money,
dominated by perspectives within the Department of Energy.
i1imited in international intitiatives in science or government,
and substantially unsupported by other potentially complementary
programs in science, technology oxr policy development. There is
clear need now forxr increased interest within government on this
topic, for greater diversivy in approaches by the various
agencies, for an expansion in the support for. research, and foxr
special efforts at stimulabing internmatvional initiatives both in
science and in the development of protocols that may lead to
solutions. In this latver realm I call atteation to the
possibiliby that the international development agencies,
especially the banks, might be encouraged to develop policies,

stimulate research and discussion
joint programs designed to reduce the hazards of climatic change.

V. Conclusions

1. There is a ‘broad consensus within the segment of the
scientific community that works on the carbon dioxide problem
that the combined effects of the accumulation of carbon dioxide
and other infra-red absorpbive gasses in the atmosphere globally
will result in an increase in the average temperature of the
earth in the range of 1.5 to 4.50C somebime early in the next

century.

to
internationally, and to develop,
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2. The climatic changes globally will be severe,'but they
will be most important in the middle and higher latitudes of both
hemispheres where the temperature changes may be in excess of

10°cC.

' 3. The climatic changes are usually considered as the product
of a doubling of the carbon dioxide content of the atmosphere
above the approximately 270 ppm present in 1860, but the fact is
that the change will be from climatic stablility to instability
with the warming trend continuing and .probably accelerating once
it starts.

4, The biotic implications, apart from effects on
agriculture, of the climatic changes include:

a. the release of additional carbon dioxide (and other
infra—-red absorxptive gasses) from the destruction of
forests and the organic matter of soils into the
atmosphere in sufficient quantities to speed the
waxming;

b. sufficiently rapid changes in climatic zones to
cause widespread mortality of plants, especially of
trees, leading to waves of extinction of plants and
animals. The effects will be most severe in the )
forested zones of the middle and high latitudes of both
hemispheres.

5. The effects of such a warming are sufficiently severe to
warrant action to prevent or deflect the continued increase in
carbon dioxide in the atmosphere.

6. Prevention will require:
a. reduction in dependence on fossil fuels globally;
b. policies that prevent further deforestation;
c. vigorous and broadly-based programs of research in
meteorology and ecology to reduce the uncertainty
surrounding knowledge of the causes and effects of

climatic change. -

7. Appropriate action now has the potential for stabilizing-7
the carbon dioxide content of the atmosphere over the next years °
and delaying or deflecting the climatic changes.
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This Committee is accustomed to dealing with complex and
important environmental problems, but perhaps none so complex
and important as the related issues of the greenhouse effect and
ozone modification. The human condition may depend on the abil-
ity of governments to implement policies to reduce the risks
before the full dimensions of these problems are understood, for
by then it will almost surely be too late.

This hearing is an important first step in what will almost
inevitably be an evolutionary process--one hopes a timely one
--of identifying effective and acceptable responses to climate
change. The Committee's detailed review of existing
programs-~or, in some cases, lack of programs--by all the
relevant agencies may someday be viewed as an historic event.
While there has already been an impressive record of internation-
al action to protect the ozone layer going back more than a
decade, this hearing is impoftant also because it is the first to
1o 11aNijis Lelwesn Lhe giesibwuse and vwone pioDLIems

and the need for a coordinated response.

Changing Our Atmosphere: Time to Act

The international scientific community has reached a consen-
sus: mankind's activities are changing the atmosphere in ways
that could profoundly affect the habitability of the earth. 2As
the National Aeronautics and Space Administration (NASA) stated
in a January 1986 report to Congress, "we are conducting one

giant experiment on a global scale by increasing the concen-
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trations of trace gases in the atmosphere without knowing the
environmental conseguences”.

The full dimensions of this experiment are only poorly
understood, but the magnitude of the risks is unprecedented.
In careful but unmistakable language, scientists are now saying
that we can no longer take for granted a biosphere consistent
with conditions necessary to sustain humankind. A new detailed
Department of Energy (DOE) report on the global carbon cycle
concludes with the recognition that "human effects on atmospheric
composition and the size and operations of the terrestrial eco-
systems represept major excursions that may yet overwhelm the
life-support syqtem crafted in nature over billions of years."!

Similarly, -the recent report from the international Scien-
tific Committee on Problems of the Environment (SCOPE)? on cli-
mate impact assessment notes that an increase in global tempera-
ture of several degrees could trigger an irreversible melting of
glaciers, triggered by the most substantial temperature and
weather changes in historical time. Will subsequent equilibrium
permit the existence of man? The authors' stunning reply: "We do
not know."

In the face of implications of such magnitude, we submit

that one familiar response to troubling new environmental

1J. Trabalka et al, “"Human Alterations of the Global Carbon
Cycle and the Projected Future," in J. Trabalka, ed., Atmospheric
Carbon Dioxide and the Global Carbon Cycle (U.S. DOE, Dec. 1985).

2R. Kates, J. Ausubel, and M. Berberian, Climate Impact
Assessment (SCOPE Report 27, 1985), p.509.
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issues--"let's just do more research for now"~--simply won't do.
More research is needed, but serious analysis of policy options
is long overdue. Evidence of the seriousness of the problems,
and of their imposing magnitude, is increasing; it will take
considerable time.and effort to identify and implement effective
policies. However, the level and range of the risks are also
very subject to timely policy influence: From what we now Kknow
we can say quite literally that our human species will determine
its destiny through our choice of energy sources, our controls on
emissions of nitrous oxides and other atmospheric pollutants,

our policies toward the use of chlorofluorocarbons (CFCs), and
the speed with which we act intelligently in these scientifically
complex, interrelated areas.

For just these reasons, the scientific community is now
encouraging policymakers to put climatic change high on the
public agenda. Last October, an international conference of
scientists gathered at Villach, Austria under the auspices of the
UN Environment Programme (UNEP), the World Meterological Organi-
zation (WMO), and the Internatiocnal Council of Scientific Unions
(ICSU) to assess the current status of knowledge concerning
climate change. They unanimously concluded: "The understanding of
the greenhouse question is sufficiently developed that scientists
and policy-makers should begin an active collaboration to explore
the effectiveness of alternative policies and adjustments."

The World Resources Institute proposes that this much needed
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"active collaboration" begin immediately and contain these pre-
liminary elements:
© Planning by all agencies should include explicit consi-
deration of climate and ozone change. Virtually every
agency of government will be affected and should have a
climate assessment program relevant to its jurisdiction.
® The United States should exercise international leader-
ship since we cannot solve these problems by ourselves. The
President should raise the issue at appropriate opportuni-
ties, including the Summit.
® We should adopt incentives and controls that increase our
options and buy time for solutions, such as major reduc-
tions on the use of CFCs and regulations that promote energy
conservation.
e We should begin to examine the technical aspects and
fashion a political consensus for more aggressive policies,
such as taxes on fossil fuels, since such approaches may
SOONn prove necessary.
Overall, our adjustment to these problems requires develop-
ing new ways of thinking, much as we adapted more generally to

the importance of environmental issues in the 1970s.

Scientific Perspective

Both the greenhouse effect and ozone modification are now
accepted phenomena; we already have supporting empirical proof.

The issue is not "whether" but "when", and with what
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consequences.
several major international scientific reports have been
published on these issues in the last six months--the Villach
Conference, already described; the Department of Energy's four-
volume "state-of-the-art" review of carbon dioxide buildup and
its effects; and a detailed review of the chemical processes
controlling concentrations of ozone and other climatically impor-
tant trace gases produced by the WMO, NASA, and several other US
"and foreign agencies. These reviews reveal an impressive inter-
national consensus.
Especially striking are these specific conclusions:
1. A greenhouse warming of 3 to 8 degrees F is expected
for a doublihg of atmospheric CO, concentrations above
preindustrial levels. This is a global average that
will be experienced through a warming larger nearer
the poles than at the equator, with a possible sea
- level rise of 140 centimeters (4.5 feet).
2. Trace gases other than CO,, including chlorofluoro-
'carbons (CFCs), methane, and nitrous oxides, are now
collectively equal to CO, in their contribution to the
greenhouse effect. These gases are aslso accumulating
above the earth at faster rates. As a result, an
effect equivalent to doubling CO, could occur at least
" twice as rapidly as previously thought: as early as
the 2030s--less than 50 years.

3. - Continued emissions of CFCs at current levels
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would result in ozone depletion (increasing incidence
of fatal and non-fatal skin cancers and other serious
health hazards, possibly individual suppression of the
body's immune system) of 4 to 9 percent for constant
CFC emissions and much greater reductions if emissions
continue to grow. While growth in emissions of €O, and
the other greenhouse gases could increase ozone in the
lower stratosphere, partially offsetting dangerous
depletion in the upper stratosphere, this would only
occur in conjunction with a more serious greenhouse
problem and potentially harmful changes resulting from
shifting amounts of ozone at different altitudes and

latitudes.

Our ability to characterize and quantify the effects of this
warming and the related changes in atmospheric processes is
limited and may remain so for decades. The important point is
that the entire climate system--precipitation, winds, storm
patterﬂs, soil temperature, etc.--will be affected on a scale
unprecedented in human experience. Indeed, one obstacle to pre-
dicting the consequences of a climate so much warmer is that one
has to go back 100,000 years to find global temperatures compa-
rable to those likely in the next century. Atmospheric concentra-
tions of greenhouse gases may rise to a level not experienced on

earth for as much as 100 million years. Neither can these changes
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8
be easily reversed; these gases will remain in the atmosphere for
decades or even centuries.

Much of what has been predicted, while preliminary, is
truly frightening. The most obvious change will be much hotter
summers in U.S. cities. According to climatologist Jim Hansen of
the Goddard Institute for Space Studies, in a doubled CO, world
Washington is likely to exceed 100 degrees F. 12 days a year on
average, as compared with one now. Days above 90° would more
than double, from 36 to 90. In Omaha, temperatures would exceed
100° three weeks a year, rather than three days.

The effects of much warmer weather on human health and
lifestyles would surely be enormous. Few studies of the likely
consequences have been done, but all kinds of activities would
be affected. In urban areas, air pollution alerts could become
much more frequent and health problems associated with extreme
temperatures would be exacerpated. Growing seasons might be
extended, but many crops areAvulnerable to temperature abnormali-
ties during critical periods in their growth and the net result
could be devastating for U.S. agriculture. Electric utilities
would have much greater summer and lower winter demands, reguir-
ing radical changes in planning. Some areas dependent on winter
recreation might suffer seriousblosses.

The changes in climate that would accompany this uneven
wafming process would in some ways have still more profound
consequences. A receﬁt analysis of likely changes in seasonal

soil moisture concluded that, despite uncertainties, there is
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strong evidence for summer reduction and winter enhancement of
soil wetness over large areas of the Great Plains and Western
Europe.® The authors note that a "warm climate anomaly" may have
been responsible for the 1930s dust bowl-~truly a minor variation
in contrast to what a global warming will be 1like.

The effects of reductions in stratospheric ozone have
received very little study but it is known that even small
changes lead to thousands of new skin cancers. Harmful effects
on the human immune system are also suspected as well as large
economic losses due to accelerated damage to plastics and damage
to some commercially valuable animals.

These changes, worrisome as they are, presume a gradual or
largely linear process of change. In fact, scientists recognize
that there may be critical points or even "mode switches" associ-
ated with changes in temperature and atmospheric trace gases that
could lead to rapid, dramatic changes in climate. As the DOE
state of the art report states, "The assumption that CO, ~climate
change will be gradual and predictable is not unequivocally
supported by evidence in the geologic record. . . . The ice-core
CO, record contains evidence for more rapid,Aconcurrent changes

in both CO, and climate on time scales on the order of a century.

3 S. Manabe and R. Wetherald, "Reduction in Summer Soil
Wetness Induced by an Increase in Atmospheric Carbon Dioxide",
Science, Vol. 232, May 2, 1986, pp. 626-28.
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These past atmospheric CO, shifts are comparable to anthropogenic
changes brought about since the-early 19th century. "4

One possible cause of accelerated change results from the
role of the oceans in the uptake of carbon; they act as a major
"sink" for €O, . If the upper layer of the oceans becomes satur-
ated with increasing €O,, the fraction remaining in the air would
rise sharply and global warming would accelerate. Scientists
consider such a scenario & serious concern when high concentra-
tions of CO, are reached.®

Another possible source of greenhouse acceleration arises
from the potential consequences of’higher concentrations of
carbon dioxide for plant and bacterial respiration.

Higher concentrations of carbon dioxide will result in both
increased plant growth and increased respiration of bacteria
in soils. Some scientists believe that this process of increased
respiration will result in a further increase in the amount of
CO, in the atmosphere, thereby providing snother source of non-
linsarily.

The recent discovery of an "ozone hole" during springtime
in the Antarctic provides a dramatic illustration of a2 change
in the atmosphere occurring in a nonlinear fashion. Since the
late 1970s, springtime ozone has dropped more than 40 percent.

This change was not predicted and currently cannot be explained.

43, Trabalka, Human Alterations of the Global Carbon Cycile
and the Projected Future, op.cit. at 282.

53. Trabalka, Human Alterations of the Global Carbon Cycle
and the Projected Future, op.cit. at 281.
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The global increase in atmospheric chlorine due to emission of
CFCs since the 1970s is thought by some but not all experts to be
involved. Whatever the cause, such events give us further reason
for caution with respect to the risks of conducting a giant
global experiment in the atmosphere.

The lesson we draw from this brief scientific review is
that conventional approaches to problem solving are inadequate to
address what we are talking about today. For example, references
to traditionally valuable methods of calculating "costs and
benefits" may trivialize risks so all-encompassing. The green-
house and ozone issues--and how we do or do not handle them--will

affect all of humanity for generations to come.

Climate Change Up Close

Some problems are almost too overwhelming to comprehend in
terms relevant to our daily lives. Nuclear war is the classic
example; because it is so frightening, there is a tendency to
avoid talking about it. Arguably this is a large part of the
problem. Likewise, the profound changes implied by climate and
ozone change may lead us to look away or seek excuses for delay.

This reluctance to face the issues squarely is aggravated
by the fact that existing knowledge does not delineate localized
consequences of climate change beyond seasonal descriptions of
shifts in precipitation across very large regions. 1In the
absence of detailed predictions of the conseqguences of climate

change for subregions of the world and the United States, it may
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be helpful to illustrate how sensitive our lives are to relative-
1y minor changes in temperature and climate. Perspective can be
achieved by locking at recent climate related disasters associ-
ated with very modest existing climate vextremes." While the
chances that any one of these configurations will occur in a
warmer world may be more or less, they illustrate the ways in
which climate change will increasingly become evident to mankind.

The Sahelian droughts in Africa have been perhaps the most
devastating of any climate related catastrophes of our time.
Millions have starved to death and malnutrition has plagued the
drought's survivors. There is some indication that the worst
of . this drought pgriod has ended--for now. Yet this region is
within a zone potentially subject to increased summer dryness as
a result of global warming.

Extreme weather events have been wreaking havoc in many
parts of the United States this year. In Utah and the Great
Lakes regibn, record rain and snow have caused extensive flood-
ing, iliweaiening an interstate highway and airport near Salt Lake
City and forcing hundreds of families to evacuate. The Great
Lakes have risen about 2 feet; this may displace entire commun-
ities and inflict damage of more than $1 billion. Meanwhile,
large parts of the Southeast experienced record droughts leading
to extensive forest fires and stunting crops.

We also experience terrible human and economic losses when-
ever summer temperatures are very high. The unusually hot summer

of 1980, for example, was estimated to have a role in more than a
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thousand deaths and to have cost billions of dollars in agricul-
tural losses, increased energy use, and other indirect costs.

The water supplies of much of the U.S. population are al-
ready susceptible to stress from existing weather extremes. New
York City, for example, suffered an extended drought last year
despite adequate rainfall in the city proper because of its
dependence on precipitation patterns in the Catskill region 100
miles away.

One of the most serious weather anomalies is the E1 Nino,
the extended appearance of warm water off the coast of Peru
and Ecuador associated with an increase in the high pressure in
the western Pacific and a parallel drop in the eastern Pacific.
El Ninos have been associated with a catastrophic reduction in
anchovy harvests, severe droughts in some regions, and heavy
flooding in others. The causes of El Nino are under intense
investigation.® According to one current theory, the heat con-
tent of the upper equatorial ocean is a leading indicator of the
phicuomenon.  The possible effect of a general warming of the
oceans on this process is unknown, but it is profoundly troub-
ling.

No one can yet say precisely what problems will be caused
by the greenhouse effect and ozone modification. My point is
rather to emphasize how susceptible we are to even relatively

minor changes in temperature and precipitation, much less radical

¢ C. Ramage, "El Nino", Scientific American, Vol. 254, June
1986, pp. 76-83.
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changes in the global cilimate system. Even such minor changes
as we are experiencing now have large costs attached to them and
affect economic decisions being made today. As the distinguished
scientists at the Villach meeting concluded,

"Many important economic and social decisions are being
made today on major irrigation, hydro-power and other water
projects; on drought and agricultural land use; on struc-
tural designs and coastal engineering projects; and on
energy planning, all based on assumptions about climate a
number of decades into the future. Most such decisions
assume that past climatic data, without modification, are a
reliable guide to the future. This is no longer a good
assumption since the increases of greenhouse gases are
expected to cause a significant warming of the global cli-
mate."

Early Indicators

One challenge of greenhouse warming and ozone modification
is that we must act before the dimensions of the problems are
fully known or risk irreversible, catastrophic changes. Extended

debates on control strategies and cost allocation schemes will

ocurred. As William Ruckelshaus has said of the greenhouse prob-
lem, "The ultimate danger is that by remaining reliant on the
tcatastrophe theory of planning' in an era producing catastrophes
of a magnitude greater than in the past, we can place our insti-
tutions in situations where precipitate action is the sole op-
tion--and it is then that our institutions themselves can be

imperilled and individual rights overrun."’

7M. Barth and J. Titus, Greenhouse Effect and Sea Level
Rise (1984), p.x (foreward).
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Given that we must act in advance of a sizable global warm-
ing, it is fortunate that we are not dependent solely on unproven
theories. Empirical indicators provide physical proof of global
warming and ozone modification. A 25 percent increase in the
atmospheric concentration of €O, in the past century and a build-
up of CFCs and other trace gases are measured facts. The warming
effect of atmospheric carbon dioxide is a well-establilshed
fact. Without water and carbon dioxide in our atmosphere, the
earth would be a frigid zero degrees. As a result of high CoO,
concentrations in its atmosphere, Venus has temperatures of 800
degrees F. The warming effect of high CO, atmospheres is not
open to argument.

Twentieth century temperature trends also are consistent
‘with a global warming. Northern hemisphere temperatures have
shown an upward trend, interrupted inexplicably by a cooling
between 1940 and 1965. A survey of Southern hemisphere tempera-
tures has recently become available; this record may be a more
reliable indicator than Northern hemisphere trends because of the
smaller distorting effect of land mass.® It shows a clearer
warming trend. Significantly, the three warmest years of the
entire record (since 1951) were 1980, '81, and '83. Reviewing
these temperature trends and sea level changes, a recent DOE
report concludes that "Model projections of the climatic response

to an increased CO, concentration indicate that such changes

8P. D. Jones et al., A Grid-Point Surface Air Temperature
Data Set for the Southern Hemisphere, (TRO27, DOE/EV/10098-6,
1986).
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should be expected. The apparent agreement strongly suggests a
causal relation."?

Confirming evidence, recently documented, is also found in
the dramatic retreat of European glaciers since 1850. A new
study concludes that these glaciers may be extremely vulnerable
to the presence of infrared-absorbing gases, and that the obser-
ved retreat can be explained by the increase of greenhouse gases.
"Valley glaciers can be considered as very good indicators of
climatic change induced by small shifts in the long-term radi-
ation balance."!®

Finally, the reality of rapid changes in stratospheric
ozone has been dramatically demonstrated by the accelerating
spring-time reduction of ozone over the Antarctic since the late
1950's. NASA's recent report to Congress!! also describes sta-
tistically significant measured reductions in ozone at middle
and high levels of the stratosphere around the earth generally,

although this result is subject to some uncertainty.

First Steps

This hearing is momentous because it is the first to ask

not only "what is the problem”, but "what can we do?" It is

9M. MacCracken and F. Luther, Detecting the Climatic Effects
of Increasing Carbon Dioxide (U.S. DOE, 1985), p.xxvi.

103, Oerlemans, "Glaciers as Indicators of a Carbon Dioxide
Warming," Nature, Vol. 320, 17 April 1986, pp. 607-609.

llNational Aeronautics and Space Administration, Present
State of Knowledge of the Upper Atmosphere: An Assessment
Report (January 1986).
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tempting to throw up one's hands in despair upon realizing the
full dimensions of these climate problems. They are truly
global, and only an international response can be completely
effective; substantial economic interests will be adversely
affected; and the actions which are needed must precede a clear
picture of the risks. But many modest steps are feasible and
advisable in the near term, and, if taken, will make a difference
in the outcome.

Of course, more research is urgently needed. The fact that
the National Oceanic and Atmospheric Administration (NOAA) has
still not committed to continued funding of a critical
ozone-measuring satellite is a shocking example of the fragile
support for even the most essential research on these issues. A
major program on the role of the oceans in climate change ought
to be another high priority. There is also very little support
for research on the impacts of changes in climate and ozone.
Despite the present budgetary pressures, the seriousness of the
issues surery justifies funding at least double current levels.

However valuable, research alone is not the answer. Many of
these issues will require decades to resolve. The National Aca-
demy of Sciences recently completed a preliminary study of the
components necessary for an International Geosphere-Biosphere
Program.!? Their review touches on many of the issues relevant to
a detailed understanding of the causes and conseguences of cli-

mate change. While noting that such an effort was unimaginabile

12Natural Research Council, Global Change in the Geosphere-
Biosphere (1986).
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even a decade ago; they also recognize and state: "Nor can it be
completed in the next 10 years or the next 20." Again, we are
likely to experience serious effects before we understand them.

While research continues, government action--or inaction-
--will have a great effect on the rate of growth in emissions of
trace gases. The increase in energy prices caused by OPEC great-
1y reduced energy growth rates and therefore carbon dioxide
emissions. The end of the global recession and the recent drop
in energy prices have combined to hasten growth in CO, emissions
once again. If this trend continues, the consequences of climate
change will be felt sooner and demand more precipitous action.
1f, conversely, we curtail emissions of CFCs and'growth in
€O, ~producing energy remains moderate, we can 1imit the extent of
the effects and‘delay the most serious changes for decades.

The timing of action will also have considerable impact on
how precipitous actions must ultimately be, and therefore how
difficult and costly. As the DOE state of the art report notes,

Yianning fo. potential development and implementation
of alternative environmentally benign energy sources
should be undertaken well in advance of the time when
a response may be needed to lessen the political,
economic, and other human impacts of these changes.13

The faster emissions increase and the longer they are al-
lowed to accumulate, the more difficult it becomes to stay within
any proposed future limit for the atmospheric concentration of
trace gases. Even relatively modest short-term actions may

therefore make an important long-term difference if they help to

133, Trabalka, Human Alterations of the Global Carbon Cycle
and. the Projected Future, op.cit. at 282.
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avoid rapid or sustained growth of gas concentrations. Restric-
tions on aerosol uses of CFCs adopted in the U.S. and Europe are
a good example. These actions did not stop the increase in
atmospheric concentration of CFCs or the growth in other uses,
but they reduced the rate of buildup. In the absence of these
actions, the problems we have discussed today would otherwise be
more imminent and the necessary responses more severe.

Several steps should be taken immediately. One is to place
these issues much higher on the world's agenda. Political lead-
ership is necessary at the highest levels. We strongly support
Senator Chafee's recent recommendation to include climgte change
on the agenda for the next U.S. summit meeting with the Soviet
Union. Similar efforts should also be made to involve the
People's Republic of China, which now uses as much coal as the
U.S. and USSR, and which plans rapid future coal development as
the basis for its economic growth.

International political leadership is also necessary to
CTCmote Cooperalive policies to restrict continued growth in
CFC emissions. The most recent estimates are that roughly a
third of global CFC use still goes for aerosol propellants, for
which substitutes are readily available. It is in our interest
to do all we can to encourage other governments to join the U.S.
in reducing CFC emissions. There are ongoing efforts toward this
end resulting from procedures created by the Vienna Convention
for the Protection of the Ozone Layer. However, the highest
levels of government should be involved in expressing the depth

of our concern to other countries.

61-732 O—86—-5
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Much more should also be done to promote broader public and
official awareness of these issues and their consequences.
Ciimate change should be an important consideration in the plan-
ning done by government agencies. wWhile NASA, NOAA, EPA, and DOE
already have some climate and ozone programs, the results of
these programs are rarely taken into account in other activities
or broader agency planning. For example, DOE does not consider
climate implications of coal leasing, "clean coal" technologies,
or electricity growth. Worse, many other departments with seri-
ously threatened interests--Defense, Agriculture, Interior,
State, Transportation, and Federal Emergency Management Agency
(FEMA), for example--have no internal expertise or process for
analyzing these issues.

In January, we wrote to Alan Hill, Chairman of the Council
on Environmental Quality, proposing that CEQ advise agencies of
their responsibilities to consider these issues. We are told
that our letter was referred fo Mary Walker, Assistant Secretary
fo: Fovivonmenc, tSafety & Health at the Department of Energy,
from whom we have received no response.

The Environmental Protection Agency has done the only policy
analysis of climate change and ozone modification. Currently EPA
is conducting an analysis of strategies for achieving further
reductions in emissions of CFCs in response to a lawsuit brought
to enforce the ozone protection provisions of the Clean air Act.
Similar analysis should be initiated to look at options for
staying within potentially desirable limits on the buildup of

other greenhouse gases.
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The World Resources Institute is preparing its own assess-
ment of the policy changes required to limit the accumulation of
greenhouse gases to levels consistent with substantial economic
and population growth. While the records of inaction to
date--and the complexity of the problem scientifically and polit-
ically-~give little reason for confidence, it is clear that a
combination of energy efficiency investments, renewable energy
development, strong controls on CFC emissions, and a halt to
global deforestation could allow the world to avoid the equiva-
lent of a doubling in the CO, concentration for many decades.

Nevertheleds, some significant climate change is unavoid-
able. Past emissions of these greenhouse gases have already
committed the aéhosphere to a warming that may be as much as 2
degrees Fahrenheit.

U.S. support for a major international effort to halt tropi-
cal deforestation ought to be undertaken for many reasons, but
the benefit of reducing the buildup of carbon dioxide could
tantial. The biotic contribution to CO,, much of it due
to tropical deforestation!?, is as much as 40 percent of the con-

tribution from fossil fuels. Tropical Forests: A Call for

Action, the report of an international task force convened by
the World Resources Institute, The World Bank, and the United
Naitons Development Programme, outlines in detail the necessary

steps to halt this destruction.

14Richard Houghton, "Uncertainties in Estimating the Terres-
trial Biospheric CO, Release from the Tropics", CDIC Communica-
tions, Spring 1986, pp. 4-5.
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We should also accelerate support for development of more
efficient technologies and renewable energy systems. Unfortun-
ately, support for such initiatives has declined dramatically in
the U.S. over the last five years. Moreover, the short-term
decline in energy prices has slowed some of the private sector
interest in energy alternatives as well. Strong government
leadership will be necessary to reverse this self-defeating
trend.

Finally, policies to more directly 1imit carbon dioxide
emissions may also soon be necessary, and we should initiate an
assessment of the policies which we may not be able to do with-
out. One logical direction is to consider a carbon tax, with
funds raised going to plant trees and promote energy conserva-
tion. Analysis of such policies should begin today, so that
decisions concerning their implementation can be made in the near

future.
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Introduction

I will discuss the relationship between the ocean and the continuing
rise in levels of atmospheric carbon dioxide (CO-2)}. That the ocean
is important in understanding the effects of the C0-2 rise has been
Known for a long time. But the extent to which the oceanic effects

introduce very great uncertainty has not been much appreciated.

Rising concentrations of carbon dioxide and other trace gases with
‘greenhouse’ properties are now widely recognized as representing
an 'experiment'’ with our environemnt with potentially catastrophic
consequences in the longer term. The weight of scientific
understanding strongly supports the conclusion that the atmosphere
will warm considerably ( an average change of about 29 C, with
regional changes probably much larger than this average ), and with
a greater warming near the poles than at the equator. Although no
one can guarantee this outcome, it is widely accepted as the most

likely change.

What is the role of the ocean in the actual result? In general

terms, the ocean plays a number of parts. Much of the carbon dioxide
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that is added to the atmosphere ultimately finds its way into the
ocean. To the extent that CO-2 is dissolved in the deep ocean,

it no longer has a greenhouse effect and thus reduces the effective
atmospheric warming. The fraction of the CO~-2 that will eventually
be locKed up in thé ocean can be calculated. on the basis of chemical
equilibrium and is not controversial. Unfortunately, the time
required to reach this final equilibrium staie is extremely long
(probably thousands of years) and so it is not particularly relevant

to the present discussion.

In the calculations made by meteorologists, the ocean is assumed to
take up a certain fraction of the cb-a currenily going into the
atmosphere and to continue to do so indefinitely. This fraction has
been estimated by both observing the fraction of the CO-2 which is
staying in the atmosphere and relégating the remainder to the oﬁean.
and by observing the chemical distribution in the present day ocean

and converting that to CO-2 uptake rates.

The ocean thus removes part of the carbon dioxide and the rate at
which it does so in the near-terh will to a great extent determine
the Eate at ﬁhich the atmdsphere warms. Should the ocean remove a
great deal more than is currently estimated, the warming will be

delayed; should it take up a good deal less, the warming will come

sooner,

But the ocean plays a number of less direct roles whose consequences
also need to be understood. As the atmosphere warms, it in turn
warms the ocean. Not only is the ocean a sink for CO-2, it is also a

sink for the increasing heat in the atmosphere. When heat is placed
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in the ocean rather than accﬁmulating in the atmosphere, it takes
tonger for the atmosphere to warm up to the level that the

greenhouse effect will eventually cause.

The ocean, as it absorbs heat in some locations, moves that heat
around as the fluid circulates, giving it back to the atmosphere in
other locations (the heat put into the ocean in the tropics and
carried to mid-latitudes where it is returned to the atmosphere is
largely what maKes the mid-latitudes habitable for us)., Thus the
regional changes in warming, cooling, and precipitation patterns
that will be caused by the warming, will be partly determined by how
the ocean moves the increased heat around. Recall that the
extremely intense effect EiI HNino hasbupon our weather and climate is
the consequence of a change in ocean surface temperatures in the

tropics of no more than about 1° C.

What Will Happen?

Some conclusions about what will happen are reasonably clear. There
wil! be shifts in climate, both locally and globally, with probable
large shifts in rainfall patterns. Sea level will rise as the ocean
warms, causing potentially serious flooding problems (the rise in
sea level will occur both because of the melting of ice, but also

because warmed water expands).

what is quite unclear is how fast these things will occur.

Society can deal with the consequences of such shifts on a 200
hundred year time scale in a very different way than it can
accomodate them on a 20-50 year time scale. I believe it would be a

foolhardy scientist who would categorically predict which we are
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going to see.

Much of the difficulty in making a time scale forecast lies in the
nearly complete uncertainty over how the ocean itself will change as
a warming proceeds. The ocean is a very complex, flowing, fluid
machine. Because we Know so little about how it operates, most of
the calculations that have been done to understand the impact of the
CO-2 warming have effectively treated the ocean as though it were a
solid--able to absorb C0-2, heat and moisture and to give them back
to the atmosphere, but not itself changing any of its existing

dynamical (i.e. flow) properties.

From an oceanographer’s point of view, the worry is that the ocean
itself is going to respond in ways which are not accounted for in
existing ocean models, and which can substansially change the rates
and regions in which the CO-2 warming effects will appear. The
geological record strongly suggests that such changes have occurred
in the past; I will return to some of that evidence later on.

To give some of the flavor of the possibilities let me try to
describe how we thinK the ocean works today, and one way in

which it could change under the CO-2 warming.

1 have included as figure 1 an oversimplified schematic of the water
movement in the ocean as it operates today. The figure is
oversimplified in that the ocean is a turbulent fluid and I have
tried to represent only those gross, large-scale features which we
believe have the most immediate impact on our climate system. The
ocean waters which gain heat from the sun and atmosphere in the

tropics tend to move on average toward the polar regions. In the
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polar regions, the atmosphere regains that heat, leaving behind
water which is extremely cold and salty, so cold and salty that it
tends to sink to the ocean floor in a process we call “"convection".
This sinking process is exceedingly important: it is the sinking
which sucks the warm water up from the south to replace the water
which has gone to great depths. One of the important reasons that
western Europe and the US west coast are so warm is that the ocean
gets so cold to the north of them, in a process leading to
convection, which brings warm water flowing in from the south.
Anything which changes the rate at which convection occurs will

change the global cliimate,

Furthermore, water which is in contact with the atmosphere, i.e.
the warm water being sucked .up from the south, becomes saturated in
CO-2. Once it is saturated, it can take no more out of the
atmosphere. But when the saturated water water sinks, it injects
CO-2 into the deep ocean, thus removing it from the atmosphere and
bringing unsaturated water to the surface and speeding up the C0O-2
removal from the atmosphere. Any process which changes the spged
with which the ocean convects, will affect the rate of CO-2 buildup

in the atmosphere.

In addition, the water which moves poleward along and near the
surface is in the region of the active biological productivity.
Plant and animal production in these near-surface waters depletes it
of the nutrients essential for biological activity. The cycle is
maintained when water which has sunk at high latitudes in the

convective process is eventually, and many years later, returned to
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near-surface, enriched in nutrients. Anything which reduces the
convection rate, ultimately reduces the depth to which the water
descends, the rate at which water returns to the surface, and hence,

ultimately, the supply of nutrients to near-surface tife.
Consider now what could happen in a warming.

we suppose that the near-surface layers of the ocean become somewhat
warmer, at least intially and that the temperature increase in both
the atmosphere and ocean are somewhat greater near the poles. We
expect that the wind-driving on the ocean surface will be reduced,
because the extensive wind systems (trades and westerlies) are
largely due to the great temperature contrast between high and low
jatitudes. With the wind driving reduced, the rates at which the
ocean water moves will in turn be reduced. The combination of
decreased wind driving, and somewhat warmer near surface waters and
air temperatures, implies that water now sinking at high latitudes
would not get as heavy as today, and therefore would not sink as
fast, or as deep, thus further reducing the rate of ocean
circulation. The ocean would be able to take up less heat than it
now does (unable then to push it down&ard ) and less CO-2 (also
unable to push it downward). The CO-2 content of the atmosphere
would rise more rapidly than now envisioned. The story is made
complicated with feedbacks I choose not to speculate about now, but
involving greater sealevel rises, melting of ice, further

interaction with atmospheric temperature, precipitation, ciloud

cover....

wWhat I have outlined is of course speculative; but it is possible.



137

The further complications are nearly endless. Suppose what I
described should happen in large part. Would Europe and the western
US get warmer, as one might think, or colder? As I have already
noted these places are largely warmed tOQay. somewhat paradoxically,
because they 1lie south of much colder regions, which force the
ocean to convect, thus bringing warm water flowing by. But suppose
the convective process is slowed down? The local water temperature
is a complex result of both local air-sea exchanges and the global
flow of water. It is quite possible in the local adjustments taking
place, that surface tempearatures would locally decline. One
hesitates to be definite in such a problem where our working

knowledge of the system is so primitive.

I would note that the historical record, particularly the
measurements of CO-2 in ice cores (see figure 2) suggest that in the
past rapid fluctuations of atmospheric CO-2 have occurred; these
fluctuations implicate the ocean as a major component. The figure
shows that during the last glaciation, there was apparently much
less CO-2 in the atmosphere (air is trapped in the freezing ice and
provides a record. of atmospheric concentrations at that time).
Whether the CO-2 change was cause or effect, or somewhat of both as
seems most likely, is unclear. But the apparent change is so rapid,

only changes in the ocean seem likely to be able to explain it.

Why Can't We Predict Better?

The models used by meteorlogists to study the impact of C0-2, as
described above, generally make no provision for changes in the
ocean itself. Given our current state of knowledge about the ocean,

these models are the most sensible ones to use, as there would be
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jittle or no credibility to anything more complex.

The chief problem faced by oceanographers in attempting to make
believable modeis of ocean behavior has been the great difficulty of
observing the system. Few scientists, much less laymen, have any
understanding that at present the ocean is essentially
unobserved at all. The ocean is a fluid covering two thirds of
the earth’s surface and having a complexity rivalling that of the
atmosphere. Because we live only at the edges of this fluid, rather
than right in it as we do the atmosphere, few people understand that
the ocean has both a weather, and a climate, and is changing in
complicated ways from day to day, that go unseen, unmeasured, and

"4 -

unremarked.

W
Besides the fact that we live on the upper edge of the ocean, rather
than within it, there are some fundamental difficulties. No
government agency has ever undertaken to observe the ocean as a
whole, and in the detail with which it would be necessary. (The
global atmospheric observation system is a byproduct of the needs
perceived by governments to forcast the weather ). Oceanic
observations lie in the hands of academics like myself who cannot
sustain large scale operational systems. Furthermore, one cannot
send radio waves through the ocean, a physical condition which

greatly complicates the entire observational! strategy.

At the present time then, trying to understand what the ocean will
do under the CO-2 transient is akin to forcasting next week'’s

weather having no idea at all about today’s.



139

On the other hand, we have finally reached a scientific and
technical level of capability in which obtaining the necessary
observations is not only feasible, but is economically practical.
Under the auspices of the World Climate Research Program, the global
community of oceanographers is putting together a program, called
the World Ocean Circulation Experiment (or WOCE) whose purpose is to
create an observational and modelling program capable of addressing
the concerns about the ocean and the CO-2 problem as well as the

more general questions about the ocean in climate.

This program, which should have begun already, is intended to
observe the ocean sufficiently densely for a S5+ year period so that
at the end of that time, we would have a working model of the ocean
as it exists today, with sufficient confidence to use such a model
for determining how the system is likely to change. The elements of
WOCE involve a minimum of two US satellites (others will come from
Europe and Japan), and modernization of our more conventional
observing systems based upon ships and in-the-water instrumentation.
Only one of the two US satellites has been funded (the second, a
NASA mission called TOPEX is now before the Congress as part of the
Administration’s FY1987 budget proposal). A third mission, to
measure the earth’s gravity with high accuracy would be very
desireable. The funding necessary for the NSF to re-build our sea-
going capability from its past 15 years of decline has also not been

funded (a proposal to do so, in part, is also before the Congress).

Without such a program, we will never be in a position to predict
what is going to happen, whether benign or dire, nor the rates at

which the changes will occur. The scientific facts of life are that
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too little is Known about the ocean to make any reliable estimate ~¢
the changes that will occur there during the CO-2 rise. That serious
environmental changes owing to the CO-2 wi'l happen is not in doubt;
the pace at which they will happen is very uncertain. The
consequences are that policy can only be made in a vacuum, but a

remedy is at hand.

10
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TESTIMONY
to
Senator John H. Chafee, Chairman
Committee on Environment and Pubtic Works
United States Senate
Washington, D.C.
on
June 10, 1986
by
Dr. Stephen P. Leatherman
Director, Laboratory for Coastal Research &
Associate Professor of Geomorphology
Department of Geography
University of Maryland

1113 Lefrak Hall
College Park, MD 20742

Background
I have a Ph.D. in Environmental Sciences (Earth Science Processes) from

the University of Virginia. 1 have authored/edited 6 books on coastal

processes and geomorphology (including the Barrier Island Handbook) and have

written over 100 scientific articles and reports. Recently, I have conducted
research on the quantification of historical shoreline changes and projection
of future rates of beach erosion. I am a member of the National Academy of

Sciences Committee on the Engineering Effects of Accelerated Sea-Level Rise.

Introduction

Throughout geologic history sea Tevel has fluctuated greatly. During the
last ice age (approximately 15,000 years ago), sea level was as much as 100
meters below present levels. The earth at this time was about five degrees
celsius colder than today. During warm interglacial periods, sea level has

been at times several meters higher than present. Because of the historic
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relationship between climate and sea level position, it is expected that
anthropogenic (human-induced) -global warming could cause a significant rise in
sea level. Warmer temperatures could expand ocean waters, melt glaciers, and
eventually cause the disintegration of the West Antarctic ice sheet.

Climate can effect sea level position by heating and thereby expanding
(or conversely cooling and contracting) surface sea water. This pfocess can
occur over relatively short periods of time. At present the mid-latitude
mountain glaciers are still retreating. Although most of the glaciers have
melted since the Tlast ice age, there is still enough water in polar glaciers
to raise sea level by more than 70 meters. Over longer periods of time,
significant rises in sea level could be caused by disintegration of the West
Antarctic ice sheet, which is marine based and subject to temperature
increases.

In the Tlast century, surface temperathres have shown a gradual increase
based on National Weather Service data, and tide gauges have recorded about a
30 centimeter {one foot) rise along the U.S. Atlantic Coast. Some of ‘this
relative rise in sea level (relative to the land surface) can be explained by
‘the natural compaction and subsidence of unconsolidated coastal sediments.
However, part of this rise (at least 12 cm) can be attributed to thermal .
expansion of surface ocean waters and glacier recession, resulting from the
observed warming of 0.4° C during the last century. Figure 1 shows the strong

correlation between global temperature and sea-level rise.

Future Sea-Level Rise

Concern about a possible acceleration in the rate of sea-level rise stems
- from measurements showing that concentrations of carbon dioxide and other

“"greenhouse” gases produced by human activities qre.increasing in the
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atmosphere. Because these gases absorb (trap) long-wave radiation (heat) in
the atmosphere, it is generally expected that the earth will warm substan-
tially in the future. The National Academy of Sciences has convened two
panels to review all the evidence and concluded that warming will take place.

There is no doubt that the concentration of greenhouse gases is increas-
ing and will do so in the foreseeable future. However, considerable uncer-
tainty exists regarding the amount of warming; it is generally agreed that a
doubling of the greenhouse gases will raise the earth's average surface
temperature by about 1° C if nothing else changed. It appears that most of
the climatic factors will amplify the direct effects, but some negative feed-
backs (such as increased cloud cover to offset part of the warming) cannot be
ruled out. Nevertheless, two panels of the National Academy of Sciences (NAS)
have concluded that a doubling of greenhouse gases will eventually induce a
warming between 1.5° and 4.5° ¢ (3°-8° F),

Based on current trends, Revelle (1983) estimated that sea level could
rise by 70 cm (30 cm due to thermal expansion; the balance attributed to
glacial melting) by the next century. There have been a range of estimates
made by NAS, EPA, and various scientific investigators. The recent NAS Polar
Research Board Report (1985) placed the total rise at between 50 and 200 cm by
the year 2100. This range 1ies within the same values derived independently
by the EPA. The estimated magnitude and timing of increased sea-level rise

are illustrated by Figure 2.

Effects of Sea-Level Rise

The principal effects of sea-level rise are increased tidal flooding and
wave-induced erosion. Salt-water intrusion can also be a problem in some

areas, particularly affecting surface waters.
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1. Tidal Flooding

A rise in sea level represents a raising of the water base level. There-
fore, storm waves and surges can reach higher and further inland. This can
result in accelerated beach erosion as explained later, and major flooding
will occur more often. For example, "100-year" storms can occur on a 10 year
averaged basis by virtue of higher base levels.when considering frequency-
magnitude relationships of coastal flooding.

The most significant impact of higher sea-levels will be. the submergence
of coastal wetlands. Intertidal salt marshes can adapt only to relatively
moderate rates of sea level rise; rapid increases in sea level can literally
drown these wetlands, converting them to shallow bodies of open water. It is
worth noting that the present U.S: tidal marshes postdate the previous maximum
rate of sea level rise during the Holocene (since the last ice age), when sea
level rose approximately 1 meter per century (1 cm per year).

Much of the Louisiana coastal zone is experiencing a rapid relative rise

.in sea level (up to 1 cm per year) largely due to human-1induced subsidence.
Without adequate supplies of sediment to raise the elevation of the marsh
surface, these wetland plants.hecome water-logged and eventually die.
Presently, Louisiana is losing four acres of marsh per day, and entire
parishes (counties) will be under water within the next 100 years. During
periods of only gradual sea-level rise, plant-generated (organic) sediment and
inorganic materials from rivers, uplands, and the sea could maintain the marsh
surface plain relative to sea Jevel positions. However, the Louisiana marshes
dramatically illustrate the problem of rapid water level changes, and can
serve as useful analogs of what will happen elsewhere along the U.S. coastline

with accelerated sea-level rise.
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A one-meter rise in sea level could drown most of the wetlands without
necessarily creating new marshes inland. Even in natural areas the marshes
will contract because of the sloping nature of the land above the marsh plain
(Figure 3). Where marshes are backed by urbanized areas, such as along much
of the Long Island, N.Y. coast for example, these habitats will be squeezed

out with future sea-level rise.

2. Coastal Erosion

Sea level is one of the principal determinants of shoreline position.
There are several reasons why sea-level rise would induce beach erosion or
accelerate on-going shore retreat: {1) waves can get closer to shore before
dissipating their energy by breaking, (2) deeper water decreases wave refrac-
tion and thus increases the capacity for longshore transport, and (3) with a
higher water level, the wave and current erosion processes are acting further
up the beach profile, causing a readjustment of that profile.

Most sandy shorelines are presently eroding on a worldwide basis. His-
torical records indicate the prevalence of shore retreat during at least the
past century. The National Shoreline Study by the U.S. Army Corps of Engi-
neers (1971) was the first overall national appraisal of shore erosion
problems. This study showed that 43 percent of the shoreline is undergoing
significant erosion, excluding Alaska. In féct, this report indicates that
most all of the U.S. ocean shoreline is undergoing erosion (excluding hard-
rock coasts). Accretion is restricted to coastal areas where locally excess
sediment is supplied by river sources-or where the land is being elevated by
tectonic (earthquake or glacial rebound) activity.

There are several different approaches that can be used to project shore

retreat with sea-level rise. The simplest approach is to apply the "drowned
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valley" concept, whereby pre-existing topography is used to project new shore-
Yines. Slope is the controlling variable, such that gently-sloping shores
will undergo a much broader area of inundation for a given sea-level rise
compared to steep-sloped areas. This is the preferred methodology to apply to
immobile (rocky or armofed) coasts or for sheltered coasts, such as small bays
and estuaries.

The other approaches that have been employed to date are largely based on
the erosional potential of sea-level rise: (1) extrapolation of historical
trend, (2) Bruun Rule, (3) sediment budget analysis, and (4) the dynamic
equilibrium model. These methodologies, including applications and limita-
tions, will be discussed in a forthcoming National Academy of Sciences report
{in preparation). A severe limitation to our forecasting future erosion rates
is lack of good quantitative data on historical rates of shore retreat for
. much of .the U.S. coastline. Basically, a comparable range of rates of shore

retreat are predicted by these different approaches.

For open ocean sandy beaches, at least a doubling and perhaps a five-fold
increase in erosion rates can be forecast, depending upon the realized rates
of accelerated sea-level rise. Our urbanized beaches are already critically
narrow and continuing to erode, and accelerated sea-level rise will exacerbate
an already serious probiem. Presently many recreational beaches are being
nourished (e.g., Miami Beach, FL, 1980s, $65 million) or will be nourished in
the near future (e.g., Ocean City, MD, 1987, $30 million, first cost). More

_beaches will have to be replenished in the future, more often, in order to
maintain their recreational quality and provide storm protection for the

landward-flanking coastal development.
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Summary

There appears to be a strong co-relationship between earth warming and
sea-level rise. In geologic time, the last time the temperature increased
1-2° C, the ocean levels rose several meters. During the past century,
sea level has risen about one foot (30 cm) of which about one-half can be
attributed to global causes, concurrent with warming of the earth's sur-
face by 0.4% C. The chief uncertainty lies in how rapidly the polar

glaciers may melt.

Several grgups have projected sea-level rise, notably the National Academy
of Sciences (NAS) and the Environmental Protection Agency (EPA). Two
panels of NAS have been convened and concluded that sea level will
increase by 70 cm by 2100 (1983 Revelle report) with the most recent
estimates by the NAS-Polar Research Board (1985) ranging from 50 to 200
cm. These ranges are comparable to the most recent (1986) EPA projections

of 57-368 cm.

It is clear that sea levels will rise due to thermal expansion of heated
water and melting of mid-latitude glaciers. The present estimates of
accelerated sea-level rise are based on these factors. Contributions from
the polar ice caps, particularly dissolution of the West Anarctica ice

sheet, are less certain in terms of timing and magnitude.

Wetlands will be much affected by accelerated sea-level rise, resulting in
significant losses (at least 50% and perhaps as much as 80% by the year

2100 according to some nationwide estimates). Wetlands can shift inland,
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but their area will drastically shrink due to the sloping nature of the
mainland flanking the marsh levels. Where urbanized, the wetlands will be
essentially squeezed out of’existence. Clearly, some areas will lose more
marsh than others, depending upon topographic conditions and anthropogenic
controls. It is doubtful if people will be willing to abandon urbanized

areas to allow for wetlands invasion concurrent with sea-level rise.

Sea-level rise will promote increased coastal erosion. Already approxi-
mately 80% of our sandy coastlines are eroding, and accelerated sea-level
rise will only exacerbate this critical problem. Rates of shore erosion
will probably at least double and may increase five-fold based on the
realized rate of water level changes. As a rule of thumb, a one foot (30
cm) rise in sea level will result in 100 feet (30 meters) of erosion along
the U.S. Atlantic and Gulf Coasts applying the Bruun Rule. This means
that most of our recreational beaches would be lost since so many are
already critically narrow. Artificial nourishment is being used to
restore beaches, but the costs are high. Accelerated sea-level rise will

increase the quantity and frequency of beach restoration projects.

It is certain that these potential problems will only worsen in the near
future. Within the next 40-50 years, sea level will probably have risen
by a foot, resulting in major impacts to coastal environments. Rather
than triggering dramatic change, sea-level rise will promote gradual
erosion and invariably increase the vulnerability of human development as
well as culminate in significant losses of wetlands. These impacts are
perhaps more insidious than the short-1ived, dramatic storm-induced

damages to coastal areas.
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Recommendations

Shoreline data from historical maps, charts, and aerial photographs needs
to be compared by state-of-the-art mapping techniques to yield quantita-
tive rates of beach recession. This information on a national basis is
needed to provide a reference for and calibration of projected erosion
based on accelerated sea-level rise. At present accurate historical

shoreline data exist for only parts of the U.S. coast.

Salt marshes are already being lost at alarming rates in some coastal
areas (notably in Louisiana and the Blackwater Wildlife Refuge in
Maryland). More research is needed to understand the mechanisms of marsh
Toss, which probably vary on a geographic basis (eg., development of
interior ponding at Blackwater vs. the "wetted tissue" model for the

Louisiana marshes).

An assessment of coastal urbanization along eroding shorelines needs to be
made. What are the temporal and spatial (national) trends in terms of
continued development and increased vulnerability? How should coastal

planning be modified to take into account accelerated sea-level rise?

Shore erosion and wetlands loss in association with coastal urbanization
are critical research priorities. Academic scientists, who have been
largely responsible for our present understanding of these processes, need

to receive extended and expanded research monies to provide independent
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and objective data. In practical terms, this university research initia-

tive should be supplemented by the relevant federal agencies, including
the Corps of Engineers, Fish & Wildlife Service, EPA, and HUD.
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FIGURE 1

GLOBAL TEMPERATURES AND SEA LEVEL
RISE IN THE LAST CENTURY
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FUTURE GLOBAL SEA LEVEL RISE
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FIGURE 2. GLOBAL SEA LEVEL RISE SCENARIOS
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FIGURE 3

EVOLUTION OF MARSH AS SEA LEVEL RISES
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OZONE DEPLETION, THE GREENHOUSE EFFECT,
AND CLIMATE CHANGE

WEDNESDAY, JUNE 11, 1986

U.S. SENATE,
CoMMITTEE ON ENVIRONMENT AND PusLic WORKsS,
SUBCOMMITTEE ON ENVIRONMENTAL POLLUTION,
Washington, DC.

The subcommittee met, pursuant to notice, at 9:35 a.m., in room
SD-406, Dirksen Senate Office Building, Hon. John H. Chafee
(chairman of the subcommittee) presiding.

Present: Senators Chafee, Stafford, and Mitchell.

OPENING STATEMENT OF HON. JOHN H. CHAFEE, U.S. SENATOR
FROM THE STATE OF RHODE ISLAND

Senator CHAFEE. Good morning.

This morning we are continuing the important hearings on two
related problems that deal with the pollution of the Earth’s fragile
atmosphere. There is the problem of ozone depletion, and there is
the problem of the greenhouse effect, and the climate change.

Yesterday, we had some powerful, graphic, and clearly disturbing
testimony from several distinguished scientists about the nature of
the problems, including the likely timing and magnitude of predict-
ed changes and the risks posed by such changes.

I think any of you who were here certainly found it a sobering
experience.

Today’s hearing will focus on what is being done by the Federal
Government, domestically and internationally, to improve our un-
derstanding of these problems and to respond to them.

Yesterday, I explained why we are taking the time to address
these matters. We are doing so because there is a very real possibil-
ity that man, either through ignorance or indifference, or both, is
irreversibly altering the ability of our atmosphere to perform basic
life support functions for our planet.

As stated yesterday, this hearing must depart from previous ex-
aminations of these problems. Ozone depletion and the greenhouse
effect can no longer be treated solely as important scientific ques-
tions. They must be seen as critical problems facing the nations of
the world, and they are problems that demand solutions.

To set us on a path leading to solutions in the near future, I an-
nounced six initiatives that my colleagues and I will be pursuing.
Some of these call upon today’s witnesses to begin specific tasks,
and I would be interested if they have any immediate reactions.

(155)
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For example, Mr. Thomas will be testifying, and yesterday I
asked the EPA to launch immediate studies setting forth policy op-
tions that, if implemented, would stabilize the levels of atmospheric
gases. These studies are expected to address significant changes in
energy policy, in terms of both improvement of energy efficiency
and development of alternatives to fossil fuels; reductions in the
use of CFC’s, and ways to reduce other greenhouse gases such as
methane and nitrous oxides,. as well as rates of deforestation and
reforestation efforts.

The thought is not to embark on a 5- or 10-year study, but to con-
clude these studies in fairly short order; say, 1 or 2 years.

The EPA will be also asked to coordinate a study on the environ-
mental effects of climate change which were set forth so graphical-
ly yesterday by the scientists.

The Department of State, which is represented here today, will
be asked to bring these issues to the attention of other nations by,
at a minimum, scheduling discussions of these matters at the next
summit meeting with the Soviet Union, and the next international
summit.

The reaction of our witnesses to the suggestion that all Federal
agencies be directed to recognize ozone depletion, the greenhouse
effect, and climate change as environmental impacts, and must be
considered in the NEPA process, would also be of interest to mem-
bers of this committee.

Yesterday, I stated that it does seem as though what man is
doing to this planet of ours just continues on and on. The effects of
our actions, what we produce, the burning of the fuel, the chemi-
cals we produce, always seem to wreak havoc on this planet. But to
many of these, and hopefully, I think, to most of these problems
there are solutions. We have found solutions. For example, the dis-
posal of hazardous waste, we are working on that. The disposal of
the nuclear waste, we haven’t yet found a solution for that, but at
least people are directing their attention to it.

It seems to me that what is required for all of us is to do a better
job of anticipating and responding to the warnings that are so
- clearly out there before us, rather than wait until the environmen-

tal tragedy is upon us. That is the task that we face today, and
that we are trying to shed some light upon as a result of these
hearings.

We welcome the first panel, which consists of the Honorable Lee
Thomas, the Administrator of the Environmental Protection
Agency; the Honorable Clarence J. (Bud) Brown, the Deputy Secre-

_tary of the Department of Commerce; Dr. William Graham, Deputy
Administrator of NASA, who has been designated by the President
as the Director of the White House Office of Science and Technolo-
gy Policy; Dr. Graham, we welcome you here; the Honorable Rich-
ard Benedick, Deputy Assistant Secretary for Environment, Health
.and Natural Resources in the Department of State; and Dr. Alvin
Trivelpiece who is the Director of the Office of Energy Research at
the Department of Energy.

I know that Dr. Graham has a commitment in about an hour, so
we will see that you will be out of here on time. Will it be satisfac-
tory if you leave here at 10:45?

Dr. GranaM. Yes; thank you.



157

Senator CHAFEE. Why don’t we start with Lee Thomas, and go in
the order that you were called, bearing in mind Dr. Graham’s com-
mitment.

Mr. Thomas, why don’t you proceed.

STATEMENT OF HON. LEE THOMAS, ADMINISTRATOR,
ENVIRONMENTAL PROTECTION AGENCY

Mr. Taomas. Thank you, Mr. Chairman. I appreciate the oppor-
tunity to be with you today.

You have a copy of my testimony, I believe.

Senator CHAFEE. I will just tell all the witnesses, we will put all
of the prepared testimony in the record, so don’t worry about that.
Also, we are going to make an attempt to restrict everybody to 5
minutes. If you go a little bit over, that is fine, but try to gear
yourself for 5 minutes.

Mr. Tromas. Thank you, Mr. Chairman. Therefore, I will just
highlight my testimony for you.

I commend you for holding these hearings. Clearly, the issue is
an important issue, and one that the Environmental Protection
Agency is actively involved in reviewing, and has been for a
number of years. I am prepared to discuss with you the issues of
‘the changes in the chemical and physical makeup of the Earth’s
atmosphere, of possible public health and environmental implica-
tions of these changes, and EPA’s efforts to understand and ad-
dress the concerns associated with those changes.

Based on our current understanding, we believe a small change
in the amount of UVB radiation striking the Earth and/or a
change in the Earth’s mean temperature could have significant en-
vironmental and health consequences. Clearly, you heard that dis-
cussed in detail by eminent scientists yesterday.

The fundamental scientific and policy uncertainty is no longer,
are the phenomena real, but rather the question is: At what rate
are they likely to occur? What is the full nature of the impact of
thekschanges, and what are our policy options for managing those
risks?

EPA is active in participating in the review of climate change,
and dealing with the issue of stratospheric ozone depletion. I would
like to outline briefly what we are doing in this regard.

As you know, both issues are extremely complex, scientifically
and technically. They are global in their effects, as they will be in
their solutions. For these reasons, the demand for an international
as well as a domestic coordination process, on the science as wcll as
the policy, is as great as any issue we deal with.

First, turning to ozone depletion, as you know, we have a specific
mandate, under the Clean Air Act, section 157, to deal with this
issue. It was given to us in 1977 when the Clean Air Act was
amended. There have been actions in the past, of which I am sure
you are aware, since that act was amended both in 1978 and 1980
as far as U.S. domestic activity is concerned, as well as participa-
tion in the international forum.

In January of this year, we published a Federal Register notice
which laid out our current process and understanding as far as the
ozone depletion issue is concerned. This notice stated how we

61-732 O—86——6
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intend to deal with this issue. It was responsive to our review of
the issue, and it was also responsive to litigation, and a settlement
of that litigation, concerning actions of the agency.

Elements of that plan include a determination of whether addi-
tional regulations are needed domestically by November of 1987
and, if so, what they would be; the reestablishment of the Inter-
agency Coordinating Committee on Stratospheric Ozone Depletion,
which we have done; a series of assessment workshops assessing
the effects and all of the implications of stratospheric ozone deple-
tion, which also have begun; and active support for the Vienna
Convention, which as you know dealt with the international as-
pects of ozone depletion, and resulted in a convention that is cur-
rently under review by the Senate, and which is supported by this
administration. Additionally, the plan calls for active EPA partici-
pation and sponsorship of international workshops on ozone deple-
tion. This all leads up to both international and domestic decision-
making in the November 1987 timeframe.

On climate change, the agency also has been active in its partici-
pation. With a different mandate than the specific one under the
Clean Air Act for ozone depletion, we have actively participated,
particularly with other agencies, with the National Climate Pro-
gram Office which has lead responsibility for scientific evaluation,
and with overall coordination across agencies.

We have participated in evaluating future emission trends, non-
CO gases, effects work on climate change specifically related to
sea-level rise, and several other issues. I have also established an
Interagency Climate Change Work Group that is focusing across
our agency on policy and research needs related to climate change,
and both interagency and international cooperation.

This Climate Change Work Group is a work group within EPA,
and it cuts across Policy, Air, and a variety of other offices, includ-
ing our Research and Development Office.

In conclusion, Mr. Chairman, I would make a number of points.

First, the issues are complex. Scientific and technical uncertain-
ties have prompted debate for a number of years. Our scientific un-
derstanding, however, seems to be improving. The trends seem to
be toward confirmation of the problems. Clearly, decisions can’t
wait on certainty in the science; the global implications are too
great, and I believe some intervention will have to be our course of
action.

Controls present major technical, social, and economic problems,
and I don’t believe that they can be viewed as all or nothing op-
tions.

Effects work and policy analysis must increase as we look at the
reduced scientific uncertainty, and particularly what the implica-
tions are for control options, as well as the effects of those controls
or no controls.

The international and domestic level of understanding and
debate, I believe, must be elevated now. EPA is committed to an
active role, both domestically and internationally, in pursuing this
issue.

Finally, in review of the recommendations or suggestions that
you made in your opening statement, I generally agree with the
recommendations for additional action, seeing those as complemen-
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tary to the actions that we currently have underway. I feel that
our review of the specific suggestions you have made for EPA will
allow us to determine how well to carry those out, what the impli-
cations of carrying them out are, and how they can be integrated
into our overall action plan, particularly as it relates to ozone de-
pletion.

I appreciate the opportunity again to be with you, and I look for-
ward to answering your questions.

Senator CHAFEE. Thank you very much, Mr. Thomas.

Mr. Brown, Deputy Secretary of Commerce.

STATEMENT OF HON. CLARENCE J. BROWN, DEPUTY SECRETARY
OF COMMERCE

Mr. BRowN. Thank you, Mr. Chairman.

The Department of Commerce, that is NOAA and NBS, like the
rest of the Federal Government, has had to make difficult choices
over the past few years because we have tried to keep the Federal
spending down. However, recognizing the importance of a coordi-
nated effort to understand and predict climate variability and its
possible impact on society, we have made every effort to provide
the necessary resources for scientific research in this area.

NOAA is responsible for, first, monitoring the state of the atmos-
phere, including temperatures and the presence of key gases, which
are known to affect the air quality and climate; second, conducting
research to understand the processes that determine climate; and,
third, establishing the baseline for variability from average natural
climate in order to improve our ability to predict the degree and
effect of climate change. NOAA’s research is directed toward deter-
mining the sensitivity of climate to natural disturbances and the
possible impact on global society of manmade environmental
changes.

The Earth’s climate; that is, the average state of the weather, re-
sponds to three factors: First, external forces, such as changes in
solar activity, both short term and long term; second, internal
interactions between the ocean and the atmosphere; and, third, en-
vironmental changes caused by man’s activities, particularly since
the industrial revolution, such as the addition of chemically and ra-
diatively active gases in the atmosphere. We do not know which of
these factors is most influential in causing observed recent changes
in our global climate.

We know that biosphere reacts to the external forces, both to ex-
acerbate and moderate them. It would now appear that the bio-
sphere may also be reacting to manmade impacts, to moderate and
exacerbate them as well.

There is a generally accepted view, based on over 25 years of
data on atmospheric carbon dioxide concentrations from observa-
tions by NOAA laboratories and from our knowledge of the physics
of the atmosphere, that the net effect of human activities will be to
produce, over the next half century, a global warming of the lower
atmosphere by about 2 to 4 degrees, with a much greater cooling of
the stratosphere.

A climate change of this magnitude could have far-reaching
global effects on society. For example, the global warming of the
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early 1900’s that resulted in the Midwest Dust Bowl amounted to
only about a half degree centigrade. The Dust Bowl was one exam-
ple of localized and short-term changes. Other examples of local
impacts include the increase in the level of the Great Salt Lake,
the changes in the levels of some of the Great Lakes. While of sig-
nificant local importance, they are not of global scale. However,
they could be the result of some basic global change.

Projections of future climate, therefore, should be made cautious-
ly, and should take into account two important caveats. First,
while experiments project an average global warming due to in-
creased carbon dioxide, no direct climate change due to increased
carbon dioxide has been confirmed.

Other unknown external and internal factors can affect climate
variability, which can be cyclical with differing frequencies of oc-
currence and time duration. One of the most significant events
that we have had in recent years was the extreme 1982-83 El Nino,
and that resulted in the United States taking a lead in initiating a
major international research program known as the Tropical
Ocean Global Atmosphere, TOGA, in the Pacific Ocean, which
began in January 1895. NOAA continues to lead U.S. participation
in this program.

Further, this century showed global warming until about 1940,
and then cooling until the 1970’s. Within the last 8 years, there
again has been a warming of the global climate, but we do not
know if that trend will continue. I am attaching a graph to the
back of my testimony which indicates what has been going on since
about 1850.

We have very limited understanding of the possible feedback ef-
fects in the biosphere global climate system; that is, factors that
can reinforce or counteract certain influences from outside the
Earth, particularly the Sun. For example, during October of every
year since the late 1970’s, scientists have observed an astonishing
reduction, reaching last year to 40 percent, in the ozone over Ant-
arctica.

The result of this phenomenon is that the National Oceanic and
Atmospheric Administration has been playing an active role in the
study of these and other questions. One of our activities will be to
go with the National Science Foundation and the National Aero-
nautic and Space Administration, on an expedition to Antarctica to
investigate the chemical hypotheses for the causes of the ozone
anomalies in Antarctica.

The National Oceanic and Atmospheric Administration is play-
ing an active role, as I said, in the studies of these and other ques-
tions relating to climate. One of NOAA’s missions is to predict cli-
mate, and to predict, we must observe and understand the effect of
carbon dioxide and ozone as well as other greenhouse gases on the
global climate.

In carrying out this mission, NOAA provides long-term monitor-
ing of atmospheric chemical constituents. NOAA continuously
monitors greenhouse gases at four observatories located roughly
from pole to pole.

In addition, in order to understand the dynamic of global cli-
mate, NOAA’s scientists simulate its behavior with mathematical
models. For example, at the NOAA Geophysical Fluid Dynamics
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Laboratory in Princeton, NJ, a model is used to conduct various
types of experiments based on past and present global climate data
as well as future projections in an effort to improve our ability to
predict the possible impact of increased carbon dioxide or trace
gases on the climate.

The level of the sea also may be an indicator of global warning.
Sea level has risen about 100 meters since the end of the last ice
age, about 15,000 years ago. Until recently, interannual and longer
term sea level fluctuations could not be easily distinguished from
vertical land motion, subsidence or uplift, which made it difficult to
estimate actual changes in mean sea level.

Recent advances in geodetic techniques now make it possible to
measure exactly and discriminate between real changes of absolute
sea level and apparent changes due to vertical land motion. NOAA
is monitoring the sea level in addition to atmospheric gases in
order to establish a baseline of natural variability.

NOAA also gathers and analyzes data on global cloudiness.
Under the International Satellite Cloud Climatology Program,
measurements are collected from the five geostationary meteoro-
logical satellites and the polar orbiting satellites to obtain a data
set of global cloudiness in a format that is easily accessible' for
study. The United States, the European Space Agency, Japan,
France, and Canada are involved in this program.

NOAA is also monitoring and studying the sources and causes of
ozone formation and depletion and the effect of ozone change on
our climate. NOAA also monitors ozone and temperature on a
global scale from its operational weather satellites. Ozone is a
greenhouse gas which is increasing in the lower atmosphere. It is
beneficial in filtering out ultraviolet rays, and its depletion in the
atmosphere could result in an increase in skin cancer and other en-
vironmental consequences. Ozone changes in the stratosphere also
will vary the temperature in the stratosphere. At this point, we are
not fully certain what overall impact changes in atmospheric ozone
would have on global climate, but we are in the process of trying to
make the determination.

The National Bureau of Standards, in addition to NOAA’s pro-
grams, has developed standard reference materials for calibrating
instruments that measure the concentration of important gases
such as carbon dioxide, ozone, methane, and some freons in the air.

Within the Federal Government there is considerable excitement
about pushing forward with research to monitor, understand, and
predict climate changes due to various greenhouse gases and the
possible changes in stratospheric ozone. The National Climate Pro-
gram Act of 1978 established a mechanism for interagency coordi-
nation within the Federal Government. The National Climate Pro-
gram Office within NOAA acts as the secretariat for the coordina-
tion of agency activities with the guidance of the National Climate
Program Policy Board. The NCPO coordinates the interagency
planning activities of 17 Federal agencies, including the Depart-
ment of Energy, the Environmental Protection Agency, and NASA,
to name a few, in order to avoid duplication of effort and ensure
that key problems are addressed.

We are continuing to realize that our planetary life support
system is dynamic, and that it depends on a wide variety of natural
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balances which can be significantly affected by man’s activities. As
the global population and technological changes increase and
become more complex and interdependent, it is critical that we un-
derstand how natural climate variability and the impact of man’s
activities on the climatic system affect our health and environ-
ment.

Senator CHAFEE. Thank you very much, Mr. Brown.

Now we will hear from Dr. Graham.

STATEMENT OF WILLIAM GRAHAM, DEPUTY ADMINISTRATOR,
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Dr. Grauam. Thank you, Mr. Chairman.

I am pleased to be here today to discuss the current research ac-
tivities and the role of the National Aeronautics and Space Admin-
istration with respect to the issues of ozone modification and cli-
mate changes.

I have prepared a written statement which, with your permis-
sion, I will summarize.

NASA has major elements of its program which address the
ozone and climate issues. We recognize that these issues are strong-
ly coupled because the trace species that cause changes in ozone
are the same gases that are predicted to produce climate warming.

NASA’s satellite remote sensing systems’ computational and
modeling capabilities make it uniquely suited to study these two
global concerns.

At the direction of Congress, NASA implemented the Upper At-
mosphere Research Program to provide for research, technology de-
velopment, and monitoring of the Earth’s upper atmosphere, with
particular emphasis on the stratosphere.

A summary of NASA’s research activities was provided to Con-
gress in January, and were summarized by Dr. Watson from NASA
yesterday. Our knowledge of the processes controlling the strato-
sphere have advanced greatly in the last few years, but uncertainties
still remain and need to be resolved by a vigorous program of con-
tinued research.

NASA is committed to continuing its leadership role in studying
atmospheric chemistry and in working closely with the scientific
community, and U.S. and international agencies to that end.

Key components of the Upper Atmosphere Research Program, in
the near term, include continuation of theoretical modeling and
laboratory research; a vigorous effort to understand the processes
responsible for the recent decrease in the ozone column above Ant-
arctica determined recently by satellite measurements, as I am
sure you are aware, Mr. Chairman; design and implementation of a
ground-based system for early detection of ozone changes, and the
continued effort to measure stratospheric composition on balloon,
rocket, and aircraft platforms; and the upper atmosphere research
satellite, which will provide the first simultaneous global measure-
ment of trace species, winds, and solar inputs.

In the longer term, NASA plans to incorporate a set of strato-
spheric measurements as a part of the proposed space station polar
platform, the Earth observing system. The most important recent
development in our knowledge of stratospheric chemistry has been
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the analysis of data of the Nimbus satellites and the ATMOS in-
strument flown on Space Lab III.

The NASA Climate Research Program was reoriented in re-
sponse to the National Climate Program Act to improve our under-
standing of the radiation and dynamical processes which govern
the Earth’s climate system, and to observe the physical properties
which influence its change.

A fundamental goal of the NASA program is to understand the
basic nature of solar and emitted Earth radiations. The broad
nature of this research has required close coordination with other
Federal agencies, and with the international scientific community
through the World Climate Research Program.

Recent data have been obtained from the NASA-built Nimbus VI
and VII satellites, the Solar Maximum Mission, and the Earth radi-
ation budget experiment satellites.

The study of the role of clouds and climate has been given a par-
ticular emphasis in the NASA program, including the development
of a climatology of important cloud parameters over diurnal, sea-
sonal, and interannual periods, and the development of models for
the basic physical processes involved.

Crucial measurements for understanding the role of oceans in-
clude ocean circulation, sea surface winds and temperatures, bio-
logical productivity, and polar ice cover. A scatterometer, to meas-
ure winds on the ocean surface, is under development for the Navy
remote ocean sensing satellite, and the ocean/space topography ex-
periment, TOPEX, which will be used to determine the detailed
topographical structure of the ocean surface has been submitted as
a new start for our 1987 budget.

NASA plans to continue these measurements, along with an
ocean color measurement and the NOAA operational instruments
on the space station polar platform.

NASA is supporting the development of the international land
surface climatology project to provide quantitative information
from satellites. Such monitoring will identify man’s direct influ-
ence through agricultural practices and deforestation, and observe
changes on land surface as a result of changes in the climate itself.

The ozone and greenhouse warming issues, which have been dis-
cussed during these hearings, are just two of the environmental
issues we face today. To gain an understanding of how human ac-
tivities will affect the Earth’s environment requires a new ap-
proach to the Earth sciences. We need to obtain a scientific under-
standing of the entire Earth system on a global scale, by describing
how its component parts and their interactions have evolved, how
they function today, and how they may be expected to continue to
change on all time scales.

The immediate challenge is to develop the capability to predict
these changes that will occur over the next decade to the next cen-
tury, those changes being caused by both the natural effects and in
response to human activity. This will require a nationally and
internationally coordinated program of interdisciplinary research
to investigate the long term, that is, the 10 to 100 years, physical,
chemical, and biological changes in the Earth’s environment, recog-
nizing that many land atmospheric, oceanic, and biospheric proc-
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essclas are strongly coupled on a variety of temporal and spacial
scales.

Such a research program is necessary for informed policy deci-
sions. The National Academy of Sciences, the National Research
Council, and the International Council of Scientific Unions are cur-
rently formulating such a research program, known as the Global
Change Program, which will build upon many of the ongoing na-
tional and international research programs in the Earth sciences.

NASA has initiated an interdisciplinary research program, and
NASA is ready to cooperate with the proposed national and inter-
national program, in conjunction with the scientific community,
and with NOAA, the Department of Commerce, the National Sci-
ence Foundation, the Department of Energy, the State Department,
the Environmental Protection Agency, and other governmental
agencies.

The Earth System Sciences Committee was established in 1983
by the NASA Advisory Council to develop a near-term program
and to recommend a specific NASA role in the Earth system sci-
ences. The report of that committee will be released in the near
future, and will be forwarded to you.

Senator CHAFEE. Thank you very much, Dr. Graham.

Mr. Benedick. :

STATEMENT OF HON. RICHARD BENEDICK, DEPUTY ASSISTANT
SECRETARY FOR ENVIRONMENT, HEALTH AND NATURAL RE-
SOURCES, DEPARTMENT OF STATE

Mr. BEnepick. Thank you, Mr. Chairman.

I am delighted, on behalf of the Department of State, to partici-
pate in this important hearing.

Mr. Chairman, it is increasingly clear that protecting the envi-
ronment is an issue that transcends national boundaries. Indeed,
such problems as global climate change and ozone modification, be-
cause of their very nature, require coordinated international ap-
proaches both in research and in policies.

Environmental matters have, Mr. Chairman, become in recent
years important additions to the U.S. foreign policy agenda. The
State Department represents the United States at governing bodies
of the United Nations Environment Program, the Organization for
Economic Cooperation and Development, the Economic Commission
for Europe, and other multilateral fora dealing with the environ-
ment.

The State Department also leads U.S. delegations at internation-
al negotiations, including those dealing with protecting the ozone
layer, with transboundary air pollution, and with protection of
oceans and regional seas.

Mr. Chairman, in March 1985, I represented the United States at
a plenipotentiary in Vienna, where 21 nations signed the Conven-
tion for the Protection of the Ozone Layer. This was a plenipoten-
tiary where 21 nations signed a convention for the protection of the
ozone layer. This was a landmark event.

This was the first time that the international community acted
in concert on an environmental issue before there was substantial
damage to the environment and health. In effect, countries acted
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together in anticipation of potential problems. This convention,
which creates the frame work for international cooperation on re-
search, monitoring, and exchanging information, is currently
before the Senate for ratification.

Significantly, it has the support of both industry and environ-
mental groups, who share an interest in development of better data
on what is happening to the ozone layer.

Senator CHAFEE. Any time that there is an agreement that
nobody objects to, I get very nervous. Is it such Pablum that it
doesn’t choke anybody? Tell me a little bit about it?

Mr. Benepick. Mr. Chairman, I believe that the explanation for
this is that both the environmental groups and the industry want
to see the decisions made on the basis of accurate scientific data,
the best data possible, rather than perhaps overreactions based on
emotion or exaggeration. That, I think, is why they are supporting
this particular convention.

Such issues as global climate change, and the ozone layer, are
certainly complex and sensitive. They are often at the frontier of
several interrelated scientific disciplines, and they are based on
projections that extend many decades into the future. Human
health, jobs, agriculture, international trade, and investinent are
all involved. Policymakers may be called on to act even while there
is still scientific uncertainty over the causes or the extent of poten-
tial threats to environment and health.

For these reasons, Mr. Chairman, we believe that scientific and
economic research is an essential prerequisite and accompaniment
to international negotiation. Research to assess the risk, to narrow
the range of uncertainties, and to estimate the costs of different
policy options.

I am personally convinced that in dealing with such issues,
where so much is at stake, it is ultimately more efficient to avoid
exaggeration or overreaction. Instead we must work to prudently
develop a scientifically based rationale for the broad, domestic, and
ini:{ernational consensus that is needed before policy actions can be
taken.

Considering the tempo of international activity on global warm-
ing, and on ozone layer modification, the multifaceted internation-
al meetings and research efforts detailed in my prepared testimo-
ny, and that of the others on this panel, I believe that this process
is well advanced. '

I want to emphasize that we take these issues seriously. The U.S.
Government is engaged and is, indeed, at the forefront of these
international activities.

Thank you, Mr. Chairman.

Senator CHAFEE. Thaok you, Mr. Benedick.

Dr. Trivelpiece.

STATEMENT OF ALVIN TRIVELPIECE, DIRECTOR, OFFICE OF
ENERGY RESEARCH, DEPARTMENT OF ENERGY

Dr. TriveLrieck. Thank you, Mr. Chairman, for the opportunity
to be here this morning and talk about some of the activities that
DOE is involved in.
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Previous individuals here on the panel with me have mentioned
the National Climate Program Act. That act contains several
thrusts. One of those thrusts involves CO., and since one of the
principal sources of CO: in the atmosphere is fossil fuels, the De-
partment of Energy was given the lead responsibility for coordinat-
ing this activity.

Of the approximate $23 million the United States spends on this
activity each year, the DOE’s research activities account for over
one-half of that. Other agencies account for the rest.

Also, as Mr. Thomas mentioned, this is a very complex problem,
and it is a problem of sources, and a problem of sinks. It is a prob-
lem of causes and effects, and it is also a problem of knowledge and
ignorance.

So the question is: What about the knowledge aspects of this?
The Department of Energy has, over the last 3 years, coordinated
the preparation of studies, which are called state-of-the-art reports,
and these reports deal with various things. One of them is detect-
ing the climate changes that may be due to CO;, and the other is
projecting what these effects might be. The other is the atmospher-
ic aspects of the carbon cycle and the global aspects of it. Finally,
the direct effects of increasing carbon dioxide on vegetation and
what can be done.

These four reports tell us a great deal, and they serve as some
guide for the future activities that we may be required to carry
out. I think that one of the findings of them is, it is clear that
there is, based on the information available, a likely increase in
the temperature over the next 100 years. People here have quoted
various numbers. There is still some uncertainty in this, but I don’t
think the trend is at issue.

You have cited the aspect of international character of this, and
I think that it is important to keep this in mind. For instance, in
1950, the concentration was about 310 parts per million, and in
1980, 330 parts per million. North America, in 1950, contributed 43
percent of that, and today it is about 27 percent. For the Europe-
ans, it has gone from something around 30 percent down to 24 per-
cent. On the other hand, in that same period, what has happened is
that there has been an increase in Eastern Europe from 18 to 24
percent, and in the underdeveloped countries, it has gone from 6 to
12 percent.

Senator CHAFEE. Those declining percentages don’t mean that
the tonnage emitted was less. They just have a smaller piece of a
bigger pie.

Dr. TrRIVELPIECE. My point is that they are becoming an increas-
ingly important phenomenon.

Senator CHAFEE. You mean the Third World nations.

Dr. TriveLpiece. Yes; and we could do a great deal here in the
United States to control things within the United States, and it
would have very little effect on the global amount of carbon diox-
ide delivered in the atmosphere.

Senator CHAFEE. I wouldn’t say, “a little effect.” Even under the
increased amounts coming from Third World countries, the United
States is still what percent; did you say 24?

Dr. TRIVELPIECE. Yes.
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The point is also that from 1950 to 1980, the amount of metric
tons per person per year has grown, from U.S. carbon, from about
4 to 4.4, which is 10 percent, whereas some of the other undevel-
oped countries, it has grown by factors of 300 percent which, even
though the amount is not very much, the trend is what it is that is
of concern at the moment.

These trends clearly identify the fact that this is an internation-
al problem, and I think that some of your emphasis in your re-
marks that this is something that has to be done on an internation-
al basis is clearly right on the mark. We must try to identify where
the sources and sinks are, and what we can do about them.

The state-of-the-art reports that we prepare, I think, serve as a
guideline to indicate what we know, what we don’t know, as well
as things that are uncertain and things that can be done.

One of the final things that I would like to mention is that there
are causes and effects, most of which are clearly detrimental. On
the other hand, it is clear that vegetation does grow better with in-
creased CO,, and there are certain crops whose yield increases
from 30 to 80 percent, or would increase by that amount based on
doubling of the CO: in the atmosphere, but I don’t think that this
is something that we should plan on, but rather to try to take ad-
vantage of what we know about it to perform appropriate mitiga-
tions.

Mr. Chairman, I think this covers what I wanted to say. Thank
you.

Senator CHAFEE. Thank you, Dr. Trivelpiece.

We are delighted that the chairman of the full committee is
here.

Senator Stafford, if you have a statement, it would be appropri-
ate at this time.

Senator Starrorp. Thank you very much, Mr. Chairman. I don’t
have a statement. I may have one or two questions when the time
comes. I find this a very interesting subject, and I am glad that we
are pursuing it. I am also glad that you are spearheading our pur-
suit.

Senator CHAFEE. I know how busy you are, so we appreciate your
coming by.

Senator Mitchell, the ranking member of the subcommittee, we
welcome you. If you have a statement, this would be the appropri-
ate time.

Senator MrircHELL. No, Senator; thank you. I made a statement
yesterday, and I will repeat only that portion of it in which I com-
mended you for holding these hearings to call attention to what is
clearly a grave problem confronting the Nation. I look forward to
working with you in developing a policy to deal with the problem.

I do have a series of questions for the witnesses at the appropri-
ate time.

Senator CHAFEE. Thank you very much.

Since Dr. Graham has a deadline, I thought that I would ask
some questions of him and then perhaps, Senator Stafford, if you
have any, and Senator Mitchell. Then we could excuse Dr.
Graham, and proceed with the other witnesses.
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Dr. Graham, I know that you are taking on other responsibilities
very shortly as the Science Adviser to the President. When do you
assume those duties?

Dr. GrRaHAM. Mr. Chairman, that is at the will of the Senate.
That position requires confirmation, and I anticipate that it will go
before the Senate within the next 2 months.

Senator CHAFEE. I certainly hope so. I suspect that you are going
to be confirmed.

Dr. GraraMm. Thank you, Senator.

Senator CHAFEE. What I am interested in is what are you going
to say to the President about the problems of ozone depletion,
greenhouse effect, and climate change?

Suppose he calls you in and says: Dr. Graham, I am interested in
this, and should we do something now, or do we need more scientif-
ic evidence?

Senator STaFFOrD. Mr. Chairman, after Dr. Graham has spoken
to the President, I would be even more interested to know what the
President might say in reply.

Senator CHAFEE. Let’s get what he is going to say first; let’s do it
one step at a time. What are you going to say, Dr. Graham?

Dr. GranaM. Senator, I wouldn’t presume to get ahead of the
confirmation process and try to speak as the Science Adviser to the
President at this point. However, as the Deputy Administrator of
NASA, I can certainly give you my views on that position.

Senator CHAFEE. Either way.

Dr. Grauam. The issue of both trace gas and changes in the at-
mosphere, and their effect on the ultraviolet incidence on the sur-
face of the Earth, and their effect on the climate, and climatic
structure of the Earth, are both potentially very significant. The
time scale of these activities, of these changes seems to be such
that it doesn’t drive one off a cliff from one day to the next, and in
that way it makes the problem in some sense more insidious, be-
cause it comes along a step at a time.

In the first instance, we are very fortunate to be in an era when
we can monitor these effects, these changes, these concentrations
on a global scale because I believe that it is now clear that we have
a problem of coupled global systems which interact in some in-
stances very strongly and, therefore, have to be monitored both
from a diversity of manifestation, but also across a global scale,
and across time domains that are measured in years, and potential-
ly decades. That monitoring can be conducted through a number of
instruments and a number of sensors, some of which are fixed
Earth instruments, and at the other end of the spectrum go to sat-
ellite bases, the space station, and the platforms associated with
that.

The President, of course, has been a very strong supporter of the
National Space Program, and has mandated that we proceed with
the space station, which will include man-tended platforms in a
polar orbit within the next decade. We are working to that sched-
ule.

Senator CHAFEE. That is fine, and I am all for that, but should
we do anything now?

My question to you, Dr. Graham, is what do we do now; more
studies, or do we try to tackle the CFC matter, for example?
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Dr. Granam. We certainly must continue a program of monitor-
ing, both the elements that we think are causing the change and
the change itself. We also have to continue a very vigorous pro-
gram of research to make sure that we identify what is significant,
both in terms of the contaminants in the atmosphere, the trace ele-
ments, and their change.

Beyond that, it comes to a regulatory question, Mr. Chairman.
While in possible future lives, I may have an involvement in the
regulatory policy, I can also state that NASA itself does not act as
a regulatory agency, and would turn to my colleagues at the table
for specific regulatory advice at this point.

Senator CHAFEE. Yesterday, we had a very distinguished panel
consisting of Dr. Watson, Dr. Rowland, and Dr. Hansen; Dr.
Watson being a colleague of yours at NASA, and they sounded an
alarm. They said that, indeed, the Earth is heating up, and that
there is a cause and effect, the carbon dioxide, CFC, a series of
matters, and we had better do something about that.

They went much further. They were all for more studies, but
they said that we ought {0 do something. What do you say to that?

Dr. GraHAM. I have been quite concerned with that problem for
years, and, in fact, the company that I helped found did research in
that area, among others, Mr. Chairman. It is a matter of consider-
able concern to me, and it is clear that, should specific action
beyond that which the United States has already taken in the con-
trol of fluorocarbon emissions be warranted, that that should be
given the most serious consideration.

Senator CHAFEE. You are kind of hedging your statement, Dr.
Graham. If some action should be taken, we should take some
action, seems to be what you are saying. Do you think that we
should take some action? That is my question.

Dr. GrRaraM. Mr. Chairman, I would be more comfortable with
taking additional specific action when I found the basis of our un-
derstanding for what is going on now to be more sound. That is
why I suggested, in the first instance, that we must continue a vig-
orous research program, but we must also continue a vigorous
monitoring program.

As you may know, right now, our analytical models of the ozone
concentration, for example, misestimate the ozone concentration on
the order of 50 percent. The study of the feedback in the climate
through such things as cloud cover, and cloud generation, can have
a very strong effect on that climate, and yet we can’t model that
accurately at this point.

There is no question that we are moving toward a warming
trend. I think that has been well established, and that is a matter
of considerable concern, and we have to know the full implications
of that to the climate. I am not prepared today to state what specif-
ic action should be taken to accommodate that, but there is no
question that if the present research is borne out by continued ob-
servation, and continued scientific exploration, that we should con-
sider taking further action.

Senator CHAFEE. Your colleague showed a film yesterday of the
ozone hole appearing in the month of October over the Antarctic,
and I am sure you have seen that. I don’t know what it means, but
something is happening that is pretty significant.
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Dr. GrauaM. That is certainly the case, Mr. Chairman. Further-
more, the scientific community today does not understand or at
least does not have a consensus in understanding what is creating
that factor of two reduction in the ozone concentration in certain
seasons over the Antarctic. That is one of the issues that we must
pursue in the short term to understand, and that is exactly the
kind of observation and monitoring that we need to pursue vigor-
ously to make sure we know what is going on in the climate and in
the environment of the Earth.

Senator CHAFEE. Senator Stafford, do you have any questions of
Dr. Graham?

Senator StarrForp. I do have a few, Mr. Chairman, thank you.

First, Dr. Graham, yesterday, we got the understanding that
ozone in the lower atmosphere is bad, where we are generating
quite a lot of it, but in the upper atmosphere, it is good because it
shields us from ultraviolet light.

My first question is: Has there been any scientific research to de-
termine whether or not there has been a serious depletion of ozone
in the upper atmosphere in areas other than that over Antarctica?

Dr. GrRaHAM. Senator Stafford, I believe that that has been moni-
tored in other regions, the North Polar region, and to some extent,
the midlatitude zone. I believe that the strongest changes that have
been observed to date are those which have been described over the
Antarctic region.

Senator STAFFORD. Let me understand you fully. There have
been, however, some incidents of depletion elsewhere, as I under-
stand you to say?

Dr. GraHaM. There is always a question in these experiments in
monitoring efforts to determine how much of what you are seeing
is seasonal variation, or variation on longer scale, but not system-
atic long-term Vvariation, and how much is, in fact, long-term sys-
tematic variation.

I would be pleased to provide you with more information, Sena-
tor.

Senator StarrorD. Thank you.

Has the loss of any of our satellites due to errors, or unfortunate
events in launching them, hampered our upper atmosphere re-
search at all?

Dr. GrauaM. The present situation of the United States, in fact,
the entire Western Alliance is today one of being substantially
unable to place scientific and other satellites into orbit. That situa-
tion will continue for the United States for at least the next year
as it relates to the space transportation system, the space shuttle,
and I hope a shorter period of time as it relates to the expendable
launch vehicles, the normal rockets, which we already have in the
inventory.

Nevertheless, in my view, it is inevitable that there will be some
decrease in our capability to monitor the Earth and the Earth’s en-
vironment over the next few years compared to where we would
have liked to have taken that capability because of both the Chal-
lenger accident, and because of the expendable launch vehicle fail-
ures that the Air Force and NASA have experienced over the short
term.

Senator STAFFORD. Mr. Brown.
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Mr. BrowN. What we have in the air, however, in weather satel-
lite currently is still continuing to produce information on that
subject, Mr. Senator.

Dr. GRaHAM. I might add to that, Senator Stafford, that we have
some 21 scientific satellites still operational in space, and will con-
tinue to receive data from those. So while we are not going to make
progress as fast as we had hoped with our plans before this series
of unprecedented accidents, nevertheless there will be very sub-
stantial data return from space over the next several years.

Senator Starrorp. Thank you.

Now, let me be the devil’s advocate here for just a minute be-
cause one of the witnesses this morning testified that between 1940
and 1970 the globe was in a cooling trend, and that had to have
been during a period of very high use of both coal and other fossil
fuels, and that from 1970 to the present there is undoubtedly a
warming trend, which may also be the result of greenhouse effect.

My question is: Could some other factor have influenced the cool-
ing trend from 1940 to 1970, and could it have been the Sun, for
example, or would you have any comment on that?

Dr. GraHAM. Yes; Senator Stafford. I think this illustrates the
fact that we don’t fully understand the mechanisms that drive the
climate of the Earth or the interaction of a number of the phenom-
ena that we observe today on the climate and on other parts of the
environment.

We now have a satellite flying which monitors the Earth’s radi-
ation budget, and it is to determine the answer to your question
today, whether in fact variations in solar output or in other phe-
nomena external to the Earth itself may have a major role in the
heating and cooling of the Earth.

I think you illustrate very well the need for a continued research
and monitoring program so that, in fact, we do understand what is
going on. While we think that we know the trends today, we do not
understand all the mechanisms, and I believe that there is not a
consensus on the cause of the cooling trend that you described.

Senator Starrorp. This final question is hardly a fair one, but I
am going to ask it anyway. Could you give us your guess as to how
many years of research we need to have a much more thorough un-
derstanding of the impact of human activities on global heating
and cooling than we have at the present time?

Dr. GrRazaM. Senator Stafford, I think that we are making very,
very strong progress now, and making it on a literally year-by-year
basis. I think that progress will continue for at least the next
decade, and perhaps beyond that. It is a business where, when you
understand the answer to one question, you also identify two more
questions that you need to understand the answers to.

While our understanding today is much better than it was a
decade ago, and we know significant effects that we didn’t fully an-
ticipate a decade ago, we have to continue that research prcgram.

Senator STAFFORD. I gather that it will be several years before
scientists will feel they really understand what is going on and can
pinpoint what ought to be done about it. Is that a fair statement?

Dr. GranaMm. I believe that it will be several years before we
have a comprehensive understanding of the global climate, and
that could even be measured in the decades. I think that our un-
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derstanding of ozone may come more quickly, although it has
defied a complete modeling to this point.

Nevertheless, even without a final model, and understanding of
all the effects that drive the climate, there are, in fact, observa-
tions, experiments, and analyses that can be done that will give us
strong guidance as to how to proceed in the near term.

Senator Starrorp. Thank you very much.

Senator CHAFEE. Senator Mitchell, I know that you have a subse-
quent engagement. Why don’t you proceed to ask Dr. Graham your
questions. He has about 12 minutes left here. Then, if you want to
continue and ask the full panel questions, you go right ahead.

Senator MrrcHeLL. Thank you very much, Mr. Chairman, for
your courtesy, and Senator Stafford as well.

Let me precede my questioning by saying that we are again con-
fronted with the dismaying prospect of an administration policy in
the area of the environment based upon the principle that every-
thing must be known before anything can be done. It is a familiar
pattern, one which the members of this committee have repeatedly
been exposed to in many areas dealing with environmental policy.

I would like to ask a series of questions which actually are appli-
cable to each of the members of the panel, and perhaps, Dr.
Graham, you could respond to them first, and then the other mem-
bers could follow. _

First, Dr. Graham, do you dispute the fact that there are serious
adverse environmental effects of ozone depletions and emissions of
greenhouse gases?

Dr. GraHAM. Senator Mitchell, I would certainly agree that
there are potential adverse environmental effects of both of those
phenomena. The effects to date are still under study, however, and
I would think that it would be premature to make a statement con-
cerning the state today of those.

However, the projection for the future is in fact quite serious in
both of those regards.

Senator MrrcHELL. Do you have any reason to believe that the
projections for the future, based upon occurrences to date, are inac-
curate or unjustified?

Dr. GRauAM. I have reason to believe that projections into the
future have a large uncertainty associated with them, and that un-
certainty needs to be reduced as we go forward to look to specific
actions in the future.

Senator MiTcHELL. In view of the magnitude of the potential ad-
verse effects as described before this committee yesterday, it would
not be an exaggeration, for example, to say that we risk virtual de-
struction of life on this planet. Do you not believe that prudent
policy would dictate resolving uncertainties in favor of taking pre-
ventive steps now rather than waiting a decade or more, as you
suggested, at which time the current projections may be confirmed,
but also at which time the damage, or potential damage, would be
far greater?

Dr. GrRaHAM. Senator Mitchell, I believe policy should be consid-
ered at this time with a view toward taking action in a timely way
on each of these issues. These issues tend to have a series of time
scales, depending on the specific trace gas, or effect that you are
describing, and the specific effect of it. The policy should be kept in
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accord with those time scales, some of which, like the reduction in
fluorocarbon emissions in the United States, have already been
done, others of which will be a much longer time scale and would
allow us the opportunity to better understand them before specific
policies must be implemented.

Senator MiTcHELL. Do you dispute the fact that, at least in part,
the changes to which I referred—ozone depletion and emissions of
greenhouse gases—are due to human activities and, therefore, are
subject to human control?

Dr. GrRanaM. Every indication of research to date, Senator Mitch-
ell, indicate that human activity can have an effect on those, and
to some extent may have had an effect already, although the total
effect is not yet understood.

Senator MITCHELL. Are you familiar with the six points proposed
by Senator Chafee yesterday in his opening remarks, a prudent,
reasonable, modest approach based on current understanding of
the problem and, if so, do you support immediate implementation
of those steps?

Dr. GRaHAM. I saw those for the first time this morning, Senator
Mitchell, and I have not had a chance to study those carefully and
give them the consideration that they deserve. I will certainly be
more than pleased to do that from the perspective of the National
Aeronautics and Space Administration, and provide you with a re-
sponse.

Senator MiTcHELL. Has your agency, or to your knowledge, any
other Federal agency made any estimate of the cost of controlling
air pollutants implicated in ozone depletion, or greenhouse gases?

Dr. Granam. I don’t believe that the National Aeronautics and
Space Administration has made that estimate, Senator Mitchell,
and I am not aware of it from other agencies, but they may have
made such estimates.

Senator MrTcHELL. Has your agency made any estimate of the
cost of not controlling these air pollutants?

Dr. Granawm. 1 believe not, Senator Mitchell.

Senator MrrcHELL. Has your agency held any discussions on the
need to do anything more than to further study the problem of cli-
mate changes, and the subjects under discussion?

Dr. GraHAM. Senator Mitchell, as you know, both in the man-
date of the Congress, and in strong accord with NASA’s own views,
NASA is not a regulatory agency, nor does it wish to become one.
So we defer to our colleagues in other parts of the Government for
regulatory action.

However, in the scientific, the technical, and the monitoring
fields, which include projections of the effects of human activities
as well as natural activities on the environment of the Earth,
NASA has been and will remain quite active in working with other
parts of the Government, and with international organizations as
well.

Senator MrrcHELL. Dr. Graham, I know that you have to go, and
I thank you for your responses. If we could have the other mem-
bers of the panel respond, perhaps, in a single narrative response
to the series of questions which I have asked, if you can remember
them all, if not, I will be glad to repeat them. I think that you get
the gist of my point, though. Mr. Thomas has gone through this
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many times before, and perhaps he could begin, since I think it is
his agency that is the most implicated in this area.

Senator CHAFEE. First, we want to thank you for coming, Dr.
Graham, and wish you well in your new undertakings.

Dr. Graram. Thank you very much, Mr. Chairman.

Senator MrrcHELL. Good luck, Dr. Graham.

Dr. GraHAM. Senator Mitchell, I thank you very much.

Senator MITCHELL. We hope that you are going to be a vigorous
advocate for doing something about this problem, and others.

Dr. GrRasaMm. Thank you.

Mr. TaOMAS. Senator, first I will say, I certainly don’t agree with
your characterization of the administration’s policy. You and I
have discussed that before. Your characterization that we think ev-
erything must be known before anything can be done is just not
accurate.

I am the guy who has to make the regulatory decisions and
frankly, I make most of them, if not all of them, where everything
is not known.

On this one, I addressed the issue directly in my opening com-
ments and said directly that I think that we have to take action in
this case with a good bit of scientific uncertainty remaining.

I am in the midst of a regulatory process, both domestically and
internationally. Over the next 18 months I have to make decisions
as to whether additional regulations are necessary over and above
those we have in place domestically and, if so, what those may be. 1
~ also will participate actively in the international process we have
underway that Mr. Benedick noted.

I think that we need considerable amounts of additional informa-
tion, particularly on the broad range of control options that may be
available, and we are gathering it. I gave some focus to the ozone
depletion issue because of the specific responsibility we have there,
but I also think that the same applies when we look at greenhouse
effect, climate change, and warming trends; we are trying to take
and develop a broader range of what the alternatives may be as far
as controls are concerned; regulatory controls, as well as other
changes that may be possible. :

We have to put those in the context of international action, as
well as domestic action. I don’t necessarily think that domestic and
international action are connected in the decisions I have to make,
but clearly, practically, they are connected if we are going to come
to grips with these issues.

I am dealing directly with the questions you asked, and I am
dealing with them in the context of the responsibility I have as the
Administrator of EPA. Over the next 18 months, I have got to
make those decisions, and I know well that I am going to make
them with a considerable amount of uncertainty in the areas of sci-
ence as well as policy, as well as technical, impact and effects.

Senator MrtcHELL. Mr. Thomas, may I interrupt you.

It is always rude when a Senator has to leave during a hearing,
but it is especially rude when he has to leave before witnesses get a
chance to answer his questions, but that is the uncomfortable posi-
tion I find myself in. I am involved in a discussion on the floor, and
I have to go to participate in that.
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I apologize in advance to the other witnesses, but I will very
carefully review the record.

I thank you, Mr. Chairman, for your courtesy.

Senator CHAFEE. I thank you, Senator Mitchell, and I appreciate
your interest in this whole area.

Gentlemen, I will ask the same question of each of you, and I
will start with Mr. Thomas.

Mr. Thomas, and all of you, we all agree there is a tremendous
problem out there. We all agree that the Earth is warming up. We
all agree that the ultimate consequences of this continuing at the
present rate are nothing short of disastrous for the human race,
and every other living species on the globe—changes in climate,
changes in rainfall, changes in ocean current—just extraordinary
and disastrous.

It seems to me that we know something. We know that CFC’s
contribute to the destruction of the ozone layer, and we have done
something about that; a modest amount, but something.

My question to you is: Why don’t we take the next step and ban
the use of CFC'’s for refrigerators and for automobile air-condition-
ers. Yesterday, we had testimony that to change the CFC that is
actually used in an automobile air-conditioner to another type that
is not destructive might cost $5 out of the very substantial cost of
an air-conditioner for an automobile.

My question to you is: Why don’t we go ahead and at least take
that little step for all kinds of refrigeration in the United States,
and all imports, so that the imports are not going to get any advan-
tage over us, giving them a time schedule in advance, by the year
1988 or 1989, or whatever we choose, recognizing that the market
forces will bring that price right down, whatever the price differen-
tial is.

There is a little teeny step, and it may not be a major factor, not
like banning the burning of all coal in the world, but it is some-
thing. Why don’'t we do that? What do you say to that, Mr.
Thomas?

Mr. THoMAs. Senator, that is exactly one of the issues that I am
looking at. I think your point about teeny steps, or small steps, or
large steps, is a good one whether we’re looking at just CFC’s, or at
all trace gases. We are currently trying to break out what are the
various control options available both domestically and internation-
ally. In a number of those cases, they are absolutely not easy steps
to take. As a matter of fact, there are not alternatives in some
cases. Decisions have major implications socially and economically
in some cases, and they do have major international implications if
we only do it domestically in many of the cases.

That is exactly the process, and looking at that as an example, it
is exactly what I have underway now.

Senator CHAFEE. What do you say to that, Secretary Brown?

Mr. BRowN. Mr. Chairman, we generally support the thrust of
the Vienna Convention, and I would remind you that that also
calls for the research in this area. We are supporting that effort.

In the NOAA part of the Department of Commerce, we suspect
that CFC’s may be more significant than carbon dioxide. They have
" een around less time, and there are certainly less of them in the
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atmosphere. We think that they may have more significance for
future environments than carbon dioxide.

However, I have to point out that the Vienna Convention has
called for a cap on production of CFC’s based on the fact that the
United States has already reduced its production of CFC’s by 30 to
35 percent back in the 1970’s, ignoring that, so in effect, it looks
like, perhaps, there is a trade implication in the European ap-
proach to this that says, let’s have the United States reduce more
than anybody else, so that we won’t have to.

It seems to me that the better approach would be to limit the
usage of CFC’s altogether, but to do it as an international agree-
ment, not as a unitary determination by the United States.

Senator CHAFEE. That is fine; we won’t argue with that, but how
do you get them to do it?

If everybody stands around and waits for the millenium to come,
we won’t get to first base. I don’t understand the competitive prob-
lem. What is the competitive problem? You are in international
trade, you are involved, you and your Department, what are the
international trade aspects of this if we require every Japanese car
that comes in with an air-conditioner on it has to observe this, they
can’t use the type of CFC that is most destructive, and obviously
our automobiles would be likewise. Where do we lose our trade?

“Mr. BRowN. What I am suggesting is that the proposal the EC
has made is based on the fact that we have already made a sub-
stantial reduction in the United States, and we would like to see
that reduction taken into account in the consideration of whatever
the international proposal is, because it puts us at a considerable
disadvantage in the United States since we are the major producer.
But the utilization of them; that is, the emission of them into the
atmosphere is broad scale now around the world.

What they are proposing is that we reduce our production, we
have already reduced our production, and that they be allowed to
reduce their production from a higher base. We think that it is a
little unfair. We support the position of trying to get a reduction in
usage.

hSeglator CHAFEE. Mr. Benedick, what have you got to say about
that?

Mr. Benepick. Yes; Mr. Chairman, in 1985, the United States did
support an international protocol to control CFC’s, a protocol that
would reflect our own internal regulations; namely, a complete ban
~ on the use of CFC’s as a propellant for aerosols. We represented

that position in international negotiations.

For their part, the European Community countries also favored
international accord, a protocol, but on their terms, to reflect their
own internal regulations, which consisted of the production capac-
ity cap just referred to, and a smaller limit on aerosol use.

We tried to negotiate this out. Other countries that were present,
including the Soviet Union and Japan, saw no need for any proto-
col to control production or use at all. The Third World countries,
which are also important because they have presently very low per
capita use or production of CF(’s, and potentially much greater,
Third World countries showed no interest in the issue.

We learned from this experience, Mr. Chairman, that even with
a sense of urgency, that reaching international agreements on a
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complex scientific issue is easier said than done, and it requires a
substantial degree of international consensus on the facts.

After the Vienna Convention in March of last year, the countries
that were negotiating decided to sit back, not inaction, but to take
a very careful look, to try to establish a common data base to
really understand what was happening, the extent and effects of
ozone layer modification—these are the scientific studies that have
been referred to—and also to undertake a series of workshops on
projections of international supply and demand of CFC’s, on the ef-
fectiveness of existing controls, and on the possible effectiveness
and costs of potential new control options.

This factfinding process, as Mr. Thomas indicated, is still under-
way, both domestically and internationally. There is a lot of activi-
ty going on, and we trust that it will lead us to a reasonable and
defensible position that is consistent with political and economic re-
alities, and that also reflects U.S. public opinion as developed and
reflected in this Congress.

Senator CHAFEE. Dr. Trivelpiece, what have you got to say?

Dr. Triverpiece. I would support what my colleagues have said
here. I would add that whenever you seek to persuade someone to
your point of view, having available to you a set of unassailable
facts quite frequently improves your position in doing so.

~ In this particular case, the facts still seem to be somewhat in dis-

pute in the international arena, and to that extent the improve-
ment of the knowledge base regarding the cause and effects here
would make our position such that we would be in a better position
to persuade those in the Third World, and the other developing
countries, as well as our more developed country colleagues.

I think that it is important that the information be absolutely
mutually agreed to, and then seek to get the appropriate type of
international agreement. To do so for purely symbolic reasons here
in the United States, and not have that make a major cause-and-
effect change in the amount of ozone being modified, I think would
be premature.

Senator CHAFEE. I have a little trouble following that rationale.
It seems to me that here in the United States, we, traditionally,
have tried to take the lead in world environmental matters. We are
a great big country, a rich country, and a country that can take
leadership. It seems to me that if we sit around and say, well, we
ought to do it, but we don’t want to move until everybody else is
ready to move, and those Chinese and Russians, they won’t do any-
thing, on that basis, we won’t get to first base.

You can get all the scientific knowledge, but I don’t think there
is any dispute here. Is there any dispute that emissions of certain
CFC’s into the atmosphere is bad; is depleting the ozone layer?
Does anybody dispute that?

What about you, Mr. Brown?

Mr. Brown. I said, Mr. Chairman, that we think that it may be
more serious than carbon dioxide, and we are still studying the
issue. We are not sure of the precise connection, but we think it
may be more serious than the carbon dioxide question which was
raised earlier.

Senator CHAFEE. Therefore, you say, don’t do anything, because
we can’t get an international agreement. You said, Dr. Trivelpiece,
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that it would be symbolic, and I am not so sure that it would be
symbolic.

Dr. TriveLPIECE. The United States should take a position based
on solid facts that are not disputable or debatable by those in the
international arena.

Senator CHAFEE. Isn’t this a solid fact?

Dr. TRIVELPIECE. I think that there seems to be some uncertainty,
as nearly as I can tell.

Senator CHAFEE. There was no dispute among Dr. Watson, Dr.
Rowland, and Dr. Hansen yesterday. Maybe DuPont would dispute
it.

Mr. Chairman, do you have any other questions?

Senator STAFFORD. Mr. Chairman, I might have one or two.

Mr. Benedick, you mentioned the conference at Villach, I think
it was. I wondered if the Soviet Union and the Communist bloc na-
tions were present or represented at that conference?

Mr. BENEDICK. Senator Stafford, I don’t have the list in front of
me. I am not sure that they had scientists represented or not, but
that is something that we can research.

Senator STAFFORD. Have there been, do you know, discussions
with ghem with respect to both ozone depletion and the greenhouse
gases?

Mr. Benepick. Yes; there have been. On second thought, I be-
lieve they were at Villach but, as I said, we can confirm that.

We do have, in fact, detailed ongoing discussions with the Soviet
Union under our bilateral environmental agreement dealing with
global climate, carbon dioxide, and similar environmental issues.
These involved NOAA, the EPA, and other Government agencies,
and it is part of an ongoing process; yes, sir.

Mr. THOMAS. Senator, if 1 could just add to what Mr. Benedick
said on that. My understanding from my people who participated,
is that those countries were represented at the Villach Conference.
But, more specifically to your point, under the international coop-
erative agreement that Mr. Benedick noted, we do have joint re-
search on climate change with the Soviet Union. As late as Novem-
ber, when I led a delegation to Moscow, we discussed those at
length witk Soviet counterparts. The Director of the National Cli-
mate Program Office at NOAA was with me, and we had lengthy
discussions concerning that joint research. He and I also spent a
considerable amount of time with my counterpart, Dr. Israel, talk-
ing not only about what we were doing jointly on climate change,
but also about our concerns concerning ozone depletion, and specifi-
cally the need for production information on fluorocarbon from the
Soviet Union, which we have not received since 1980. I specifically
asked him to try and persist in providing that information to us.
We had quite a discussion on it.

Senator STaFFoRD. Thank you very much.

Following up on what Chairman Chafee has been saying, what
crossed my mind, since CFC’s are escaping from automobile air-
conditioning systems, and apparently are a principal source of
CFC’s in the afmosphere, and suspecting that maybe half of all the
automobiles in the world are in the United States, or some very
large percentage anyway, I think what Chairman Chafee was sug-
gesting in terms of using a different form of CFC could have a con-
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siderable effect on the escape of that chemical into the upper at-
mosphere.

So, I think, John, you hit on an idea that is worth further consid-
eration,

Finally, there was testimony yesterday, and I address this to any-
body on the panel, that the metabolism of trees and plants are de-
pendent on CO, just as animals are on oxygen. Therefore, I have
wondered if in international discussions on greenhouse effect, if
consideration has been given to reforestations in those parts of the
world where the forests are being decimated at a rapid rate?

I don’t know if anybody in this group would comment or not, but
I would invite you to.

Mr. Benedick?

Mr. Benepick. Yes, Senator Stafford; we are actively engaged in
a number of international fora, including the U.N. Food and Agri-
culture Organization, and the U.N. Environment Program, and
also with the World Bank in developing reforestation projects
throughout the world.

Senator STaAFFoRD. Thank you.

Thank you, Mr. Chairman.

Senator CHAFEE. One quick question of Mr. Thomas, and that is,
the testimony from Mr. Brown and others has been that at these
international conferences, the other nations drag their feet, don't
sef;ec %18’ problem, and aren’t willing to participate in greater control
0 s.

You would think that a meeting of the Environmental Ministers
from around the world might be a way to break this impass. In
other words, these people are far more sensitive to these issues
than would be those who would be attending, the leaders of govern-
ments or their deputies attending some meeting. Would that be a
way of raising the profile of this issue, do you think?

Mr. THomas. Senator, the United Nations Environment Pro-
gram’s review of these issues is currently underway. It is one that I
think has the attention of the various countries participating.

As T indicated in my opening statement, I have some concern
about the need to elevate the level of discussion in that forum as
we proceed in the timeframe we laid out at Vienna, which is over
the next year, to discuss where we are, and what may need to be
done, particularly as it relates to ozone depletion.

As to whether that would require a conference, or as to whether
that would require a subgroup discussion at an Environmental
Minister level, I don’t know at this point. For instance, we have a
workshop next week, as a matter of fact, jointly sponsored with the
United Nations Environmental Program, and we are working
through this international issue on ozone depletion.

I think that this is an issue that we need to address forthrightly;
and that is, how do we elevate the discussion, which we will have
to do, as we come to the same point a year from now that we were
in Vienna—which is looking specifically at whether there is a need
for a more directive protocol than we ended up with in the Vienna
Convention.

Just one point of clarification on your preceding line of question-
ing. I have tried to make clear that I believe that the domestic
issue and the international issue, as far as ozone depletion, need to
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proceed on parallel tracks, and that is the way we are proceeding
with them as far as EPA is concerned, on parallel tracks, not nec-
essarily sequentially. They are clearly interrelated. Clearly the
issues that we deal with are interrelated, but you don’t have to
deal with them internationally before you deal with them domesti-
cally, or vice versa.

Senator CHAFEE. I certainly believe in that.

Mr. Benedick, where does the Vienna Treaty stand, and has that
come out of committee?

Mr. BEnEDICK. Yes, Senator Chafee; the committee did favorably
report out the Vienna Convention, and it is now before the Senate.
It is on your calendar, I believe.

Senator CHAFEE. All right, gentlemen, thank you very much for
coming. We appreciate it.

The next panel will consist of Dr. Rabb, professor of history at
Princeton University; Dr. Orfeo, chairman, Fluorocarbon Program
Panel, CMA; and Dr. Michael Oppenheimer, EDF.

If those leaving would do so quietly so that we can get on with
the testimony.

Dr. Rabb, we welcome you here, and we look forward to your tes-
timony. Why don’t you proceed.

STATEMENT OF DR. THEODORE RABB, PROFESSOR OF HISTORY,
PRINCETON UNIVERSITY

Dr. Raes. Mr. Chairman, a mere historian in the midst of all of
these high-powered scientists has to feel something like Daniel in
the lions’ den, but I would remind you that in the biblical story,
Daniel did have a somewhat different perspective when it came to
grave warnings written by a finger on a wall.

What I would like to offer to you, as briefly as I may, is some
small degree of perspective both upon the way scientists, it seems
to me, interact with policy and with the world, and also on some
historical examples that may shed light upon some of the issues
that we face right now and in the near future.

I think the contrast between the testimony given to you yester-
day, when a number of scientists made some clear and unequivocal
statements, and the veiling of that testimony today, with discus-
sions of complexity, uncertainty, lack of 100-percent knowledge,
and so forth, is a classic example of precisely how scientists have,
indeed, always proceeded since the days of the founding of modern
science during the scientific revolution in the 17th century.

I think that there is an essential problem that you, as political
leaders of this country, have to face in that there is a congenital
hesitancy always in the scientific community in making unequivo-
cal statements. Unless every contingency is under control, conclu-
sions, predictions, can always be dismissed as premature. As one
witness this morning said, we have to be fearful of overreaction, of
hysteria, and so forth.

Where I think that comes from is very clearly from the origins of
science as a discipline as we know it. At the time of the scientific
revolution, Europe, which created modern science, was racked by
vicious, religious, and ideological conflicts that really threatened to
tear apart the very fabric of European civilization.
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With the religious wars, and dreadful ideological divisions, about
them, the scientists at that time made it a cardinal principle of
their endeavor that they were going to be an oasis in a wilderness
of hate and emotion. The very language of science had to be neu-
tral; it had to be unadorned and objective.

Scientists were rightly proud that their great achievements in
the scientific revolution thereafter crossed every imaginable hostile
line. Protestants could talk to Catholics. Aristocrats mingled with
plebeians, and so forth.

Even though many of those divisions have now largely vanished,
the scientists continue to behave as though charged advocacy were
a mortal sin. The few who do become involved in greater, larger
causes are scorned and consigned to the fringes of their calling.

It is true that one has to be wary. Science has been brought to
the service of some rather sinister masters. Geologists have seemed
to justify racial superiority, biologists have condoned genocide, and
so forth. But I don’t think that this is the reason for the distrust of
passion. Even the many groups of so-called concerned scientists
have not really dented the careful distancing of the orthodox ma-
Jjority.

If neutrality is the watchword on limited issues, when you have
portentous doomsday predictions, you have something that is
almost by definition unacceptable. Unfortunately, a form of dooms-
day is exactly what climate might have in store for us.

If the scientific community has a fairly dismal record of rousing
public understanding of the full implications of nuclear arsenals,
then on climate it has virtually no record at all. If the average citi-
zen were to be asked, on some kind of multiple choice, how to
define the buildup of carbon dioxide, I suspect that the majority
would probably think of it as some type of tooth decay.

This is where the objectivity and the commitment to research for
its own sake have brought us. The studies multiply; the fascinating
problems are uncovered and dissected; techniques of dazzling inge-
nuity are invented, and yet, even though I think there is, as you
have said this morning, a very widespread consensus on certain
predictions, there is no effort to raise alarm bells about the unmis-
takable and dangerous direction in which we are headed.

Why is that? Why is it that the few who have lit some beacons,
and one example is Stephen Schneider’s book, called “Genesis
Strategy,” why is it that people like that have been dismissed as
insufficiently scientific, and tend to be regarded as untrustworthy?

If nobody can be 100 percent certain, and I think the notion that
if we just keep going at research, if we go along a few more dec-
ades, or however long it will take, we will eventually be 100 per-
cent certain, I think that is a chimera. Scientists are never 100 per-
cent certain. Even Newton has been proven to be wrong. That
notion of total certainty is something too elusive ever to be sought.

I think in the meantime we do have a pretty good idea. We know
that if the carbon dioxide increase and the warming continue,
America’s Corn Belt will no longer grow corn. It may grow in Sas-
katchewan, but there isn’t much soil up there. Trees that are now
at home in the temperate zone, will not flourish where they now
flourish, but who is going to plant them all further north, in their
new home, and who is going to be ready to plant them all over
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again a few years hence when they migrate further north? That
prospect is not a comfortable few centuries away, as we once
thought, but it may be only 50 years and closing fast.

Why should people feel that they must delay when the prospect
is not pleasant? The belief that we can sit back and do further re-
search is, in my view, if anything, shattering. The evasions are
quite extraordinary. In a world of fond hopes, perhaps the trend
will not turn out as badly as the indicators now suggest. Maybe the
model will prove to have been too pessimistic. Maybe the effects.
will be cushioned by adaptations similar to those that mankind has
already undertaken when there have been huge dislocations, al-
though, I should add, always with enormous individual and social
suffering that have gone with them.

Could it be that we will somehow all muddle through, that it
really is someone else’s problem, perhaps the politicians’, or per-
haps that opposing trends will somehow nicely and meekly cancel
each other out?

This caution, this insistence that we have to know more, even
when we already know so much, the reluctance to predict profound
dislocations, the trust in the saving discontinuity that somehow the
trends might stop and turn in a different direction, is as damaging
in my view as the obtuseness of those who cite a similar kind of
discontinuity for different reasons, those who say that carbon
dating is not accurate because there was a huge change in climate
a few thousand years ago, and the evidence is that there were no
rainbows before Noah’s Ark. '

If the scientists have, in a certain sense, a kind of professional
problem, a historian can tell you that you are not going to get nice,
neat, clear answers from scientists. I do think, nevertheless, that
for the need to prepare, the need to think very directly and imme-
diately about actions that can be taken, you can find another
source.

Naturally, as a historian, I would suggest to you that you look at
the past, which is littered with societies that were devastated by
climatic forces. One example, for instance, is Sri Lanka around
1400. It was a wonderfully stable society. Its agriculture was de-
stroyed by dwindling rainfall and it succumbed to a whole series of
fundamental dislocations and resulting cultural changes which still
to this day bedevil that island.

In Greenland, there was a flourishing European colony, which
around 1700 disintegrated because of declining temperatures. We
can see entire populations wiped out, or forced by immense de-

_structions to move huge distances, totally reconstitute their econo-
mies and policies, and dismantle ways of life that were centuries
old.

There are dozens of such examples, and they don’t diminish in
the 20th century as the mere mention of the Dust Bowl or the
Sahel will remind us.

In my own field of specialization, 17th century Europe, there was
a climatic change that accelerated the shift of power in Europe
away from the Mediterranean, which had been the center of Euro-
pean civilization for 2,000 years, to the new powers of the north, in
England and the Netherlands. It interrupted an enormous popula-
tion and economic boom that might hava stimulated the industrial
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revolution decades before it arrived, and it caused hardship at the
local level throughout Europe.

The results of that was dreadful, dreadful hardship—starvation,
plague, and also a tremendous rise in the powers of government
which was now seen for the first time, really, in modern history, as
the only body that could try to stave off economic and social disas-
ter. It was the beginning of absolutism, and it was the beginning of
the rise of central governments.

We look back at these eruptions, and we see fumbling and often
futile efforts to come to terms with the upheavals. We see debilitat-
ing consequences, and yet none of those examples involves a cli-
matic break of a magnitude, in the short term, that even approach-
es what the studies now tell us is likely to happen in the 21st cen-
tury.

I' wish we could look to scientists to issue unequivocal, unmistak-
able calls to tell us that we must move now. The only time that I
can think of that happening in the 20th century is when Einstein
wrote his famous letter of 1939 to President Roosevelt about
German nuclear research.

I think the crucial thing there is not only the stature of Einstein
who, of course, has not been replaced as a kind of leader of the sci-
entific community, but also the identity of the recipient. I think
that one of the major reasons that the Einstein letter worked was
that it was a politician to whom he wrote, and that is why I think
a beginning now is possible, to a large degree because of hearings
like these.

What is needed above all is political leadership. In a situation
lacking the obvious signs of disaster, but haunted by a distant
menace, how else is the world to be galvanized? The baton must
pass to those who can make the issue salient, can convince the sci-
f&nt(iists to face up to these demands, in other words, to our political
eaders.

The tools you need are certainly at hand. There are dozens of
studies of peoples whose lives have been shattered by natural disas-
ters. We have analyzed strategies that have saved communities,
and reactions that have merely made bad times worse.

It is not too difficult, for instance, to learn why the potato fungus
that caused starvation in Ireland in the 1840’s had a far less malig-
nant effect in those very same years on the Netherlands and on
the Dutch who ate just as many potatoes as the Irish, but had no
starvation, no massive emigration at all.

It is a matter of political reactions. It is a matter of the policies
that are undertaken by the governments at the time. We have one
enormous advantage even over the well-organized and environmen-
tally astute Dutch. We have some foreknowledge which they, in
1840, did not have.

We can, therefore, consider now, while there is still time, how we
must address the issues that confront us. What will we want to do
when Washington gets Miami’s climate? Mr. Chairman, I would
suggest, that just as war is too important to leave to the soldiers, so
the environment is too important to leave to the scientists.

Thank you.

Senator CHAFEE. That is a powerful statement, Dr. Rabb. I will
say this, in fairness, it was the scientists yesterday who sounded
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the alarm, and it was the politicians, or the governmental wit-
nesses, who put the damper on it, as you heard today from the
panel.

Dr. Raee. You mention that they are politicians, but I would
prefer to call them, if you will pardon me, Mr. Chairman, the bu-
reaucrats.

Senator CHAFEE. That may be, but I think the hat must go off to
the witnesses we had yesterday, who didn’t hesitate at all to indi-
cate a deep concern even though all of the evidence wasn’t in. We
heard, as I said, from Dr. Watson, Dr. Rowland, Dr. Hansen, Dr.
Woodwell, Dr. Wunsch, and Dr. Leatherman. All spoke right out
and said, we have a disaster on our hands here, unless we do some-
thing.

So, I wouldn’t be too harsh on the scientists, certainly the ones
dealing with this issue have, indeed, spoken out and vigorously.

Just out of curiosity, just what did the Dutch do about the potato
blight that the Irish didn’t do? How did they handle it, in a half a
minute or less?

Dr. RasB. In even less than a half a minute, they immediately
started planting alternative crops. They imported grain, which was
in fact not affected by the fungus, and they essentially forced their
people to change their eating habits. They essentially said to their
people: You can starve, or you can eat the grain. The British Gov-
ernment, which ruled Ireland, and had, as you may know, a rather
lowly view of the Irish, didn’t even bother.

Senator CHAFEE. Thank you, Doctor, and I will have some ques-
tions for you.

Dr. Orfeo is our next witness. Why don’t you proceed, Dr. Orfeo.

STATEMENT OF DR. S. ROBERT ORFEO, CHAIRMAN, FLUOROCAR-
BON PROGRAM PANEL, CHEMICAL MANUFACTURERS ASSOCIA-
TION

Dr. OrFEo. Thank you, Mr. Chairman. Let me, on behalf of the
panel, express our appreciation for the opportunity to participate
in this hearing.

For the record, I am a member of Allied Signal Corp. technical
staff, and I am also the chairman of the Fluorocarbon Program
Panel of the Chemical Manufacturers Association. The panel is an
international group of scientists which represents 19 free world
chlorofluorocarbon producers from 10 countries and includes the 5
U.S. producers.

This panel was started back in 1972, when we first became aware
that chlorofluorocarbons [CFC’S] were increasing; that is, their con-
centration was increasing in the lower atmosphere. It is fair to
point out that this was 2 years before the Rowland-Molina theory
was published. We have been concerned, and we continue to be
concerned, about the potential impact of the emission of these
products.

Since 1972, this panel has funded over 18 million dollars’ worth
of research, and, in support of this activity, an equal amount of
money has been spent; so, the expenditures have been about $40

million.
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This year, what this panel has focused on, is obviously the Ant-
arctic ozone phenomenon. There is an observation there, and we
don’t know what causes it. We have started research in this direc-
tion.

Early this year, there was a joint workshop cofunded between
NASA, NOAA, and the panel in which various explanations for
this phenomenon were presented. The criteria to test these hypoth-
eses were identified and programs are being put in place to verify
them. We feel that within 2 years that question will be answered.

We have had one monitoring system which takes care of trying
to determine what happens to ozone. There are ground-based moni-
toring stations that go back as far as 1927 that have been looking
at the total column concentration of ozone.

About 10 years ago, we started to do research on trying to ana-
lyze these data and see if we could find trends. That work is still
ongoing, but what we can say today using the most sophisticated
treatment of these data is that analysis does not show any change
in the natural behavior of total column ozone.

At the same time, the same analytical technique was used to
look at the profile data. There is an indication at the 40-kilometer
region, which is an indicator of the possible effect of chlorofluoro-
carbons, that there is a negative change. There is a trend that sug-
gests that there is a decrease up there. It is in qualitative agree-
ment with what the models calculate. There is a problem with the
data. It is not as good or as reliable as the total column measure-
ments that are made. There is still work to be done to sort that
out.

The measurement of ozone identifies an effect, but it does not
give you any idea of what is causing this effect. At the same work-
shop where we looked at the possible explanations for the Antarc-
tic ozone phenomenon, we also considered the feasibility of estab-
lishing an early detection network to identify the key trace species,
the equipment that would be needed to measure these species, and
where the stations should be located, in order to be able to identify
a cause and effect relationship. It was pretty well agreed as a con-
sensus among the scientists there that this network is feasible, and
programs are being put in place. We have started to cooperate with
both NASA and NOAA to see that this network is implemented.

Another aspect of the panel’s program is the heart of this whole
problem—the model. The model has to account for complex inter-
play between dynamics radiation, and chemistry, and describe this
interplay telling us what happens in terms of ozone changes, tem-
perature, whatever.

There is a problem. We are concerned about the ability of models
to reproduce the present day atmosphere. There are serious dis-
crepancies, which have to be resolved if we are going to take a
model and use it to forecast. If it can’t reproduce the present day
atmosphere, we can’t have a high level of confidence in its ability
to forecast the future. We have an ongoing program on model de-
velopment, to try to resolve these differences, so that we can have
greater confidence in those calculations.

If I can summarize, first and foremost we must resolve the cause
of this Antarctic ozone phenomenon. There is no explanation for it
now, and the explanation will have a very direct bearing, certainly,
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on the way that we look at this problem. The program is in place
to test the hypotheses that have been proposed. We are working
closely with NASA and NOAA to implement these programs, and
it will probably take 1% to 2 years to get these data out, and re-
solve the key points.

Physically, it is very difficult to take equipment down to the Ant-
arctic. It is an area in which measurements get to be a little bit
sticky in terms of the rigors of the environment. Some of the equip-
ment that has been proposed has never been tested down there. We
may have a lag time in getting the equipment operational.

As I indicated before, the most sophisticated analysis of total
column ozone data show no change in the natural behavior of
ozone until 1985. There is change in the variability but this is an-
ticipated. I indicated that there is a trend at 40 kilometers which
tends to be negative. It still has to be sorted out because of the
quality and reliability of the data.

We also think that it is vital that we put together an early detec-
tion network, not only because of the fluorocarbon issue, but be-
cause there are other trace gases that contribute to either how
ozone will vary or contribute to the greenhouse effect. How these
trace gases will grow in the future must be monitored, so that we
can understand their impact. We are cooperating with NASA and
NOAA on this problem also, and we urge very strongly that this
effort be supported.

We still feel that there are serious discrepancies between obser-
vations and model calculations. We feel that these have to be re-
solved before we can put a high level of credence in forecasts for
the future. We are committing money to try to resolve some of
these discrepancies in terms of model reliability.

To sum it all up, we believe that there are very important gaps
that remain to be resolved as far as the science is concerned. We
plan to continue our research, and we encourage you to continue to
foster and fund government research, particularly in the areas of
establishing the early detection network and, improving instrumen-
tation to monitor ozone. The techniques that we have available
today all have problems. There is equipment in the research stage
that will improve the capability to measure total column ozone and
profile ozone. Money should be spent to develop and commercialize
equipment so that it can be available. Thank you.

Senator CHAFEE. Thank you, Dr. Orfeo.

Senator Stafford, I know that you have another engagement, so
if you would like to proceed with some questions, it would be fine.

Senator STaFrorp. Thank you, Mr. Chairman, I just have one
question.

Dr. Orfeo, in your prepared statement, you say, “continued re-
leases of CFC’s will not pose a significant threat to the environ-
ment during the time required to gain a better understanding of
the science.”

Did I understand you to say, and correct me if I am wrong, that
2 more years would give us sufficient understanding of this prob-
lem?

Dr. OrrEo. I don’t think that I put a time in there.

Senator STAFFORD. Would you be able to give us some timespan?
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Dr. OrrEo. I think that the timespan that I stated was to look at
the immediate problem that we have as far as what is happening
down in the Antarctic. There have been observations by several
techniques that there has been a very dramatic change in ozone
over a period of years. We don’t have an explanation for this yet. I
think that some people feel that they have an explanation, but
there is no evidence to support any. We know that we have to try
to sort out these different hypotheses that have been proposed. Two
years is the time that it will take to get it done if all goes well.
That is what I meant by the 2-year period.

Senator Starrorp. All right.

Thank you, Mr. Chairman.

Senator CHAFEE. Thank you, Senator Stafford, for attending.

Now we will have Dr. Oppenheimer.

STATEMENT OF DR. MICHAEL OPPENHEIMER, SENIOR
SCIENTIST, ENVIRONMENTAL DEFENSE FUND

Dr. OpPENHEIMER. Thank you, Mr. Chairman.

I am a senior scientist with the Environmental Defense Fund.
My expertise is in the area of atmospheric physics and chemistry. I
was previously employed as a physicist at the Harvard Smithsoni-
an Center for Astrophysics, at which time I was involved in the
early planning for the upper atmosphere research satellite men-
tioned by Dr. Graham previously. I was also involved in NASA At-
mospheric Explorer Satellite Program.

My testimony today, which I will summarize, will focus on cli-
mate change, a problem which if left unchecked will come to domi-
nate all others'in its effect on our environment.

From the perspective of human history, as we have Jjust heard,
these changes will be rapid, costly, and largely undesirable. The vi-
ability of many ecosystems is at stake, as is, perhaps, the viability
of civilization as we know it.

The changes may occur, in fact, appear to be occurring, faster
than our knowledge of them is increasing. Yet, we currently know
well how to limit these changes. Since the consequences of ignoring
climate change will be severe, it is time for the U.S. Government,
along with governments of other nations, to come to grips with the
problem. It is time to act now.

We do not need a comprehensive understanding to undertake
action. It is time to develop policies to limit climate change. Let me
make the following brief points:

Climate change by the early 21st century, as you heard yester-
day, will take us to climate conditions outside of previous human
experience. Although the ecological effects of large-scale climate
change are not well understood, there is no doubt that large
changes will occur, and that some ecosystems, which this commit-
tee has fought so hard to protect, will simply disappear. These
changes present a risk of unacceptable consequences to human civi-
lization.

Synergistic interactions among climate change, stratospheric
ozone reduction, acid deposition, and other pollutant stresses will
amplify and accelerate the threat to the biosphere.
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I would predict that we would see the effects of climate change
relatively near in the future, perhaps in a couple of decades, due to
these synergistic interactions. I would propose that midlatitude for-
ests, which are already under severe pollutant stress, are one place
where early changes will occur, and that we should designate mid-
latitude forests as an early warning ecosystem and watch them
very carefully. We cannot afford their further collapse.

Substantial climate change appears to already be “in the bank,”
so to speak, so the time to consider policy to limit climate change is
now. Actions to limit greenhouse gas emissions will slow climate
change by keeping the so-called infrared window open as much as
possible, allowing our knowledge to expand, hopefully faster than
the climate is changing, which is not the current situation.

The process of international policy development to limit and
adapt to climate change has begun through the followup to the Vil-
lach meeting under WMO, ICSU, and various private organiza-
tions, including my own. The U.S. Government should aggressively
encourage, support and participate in these activities. Governments
can now slow climate change on their own by a variety of actions
which are generally beneficial from several perspectives such as
limiting dependence on fossil fuels, and acting to preserve and in-
crease forests.

Research on climate change in general, and its ecological conse-
quences in particular, must be expanded rapidly. Nothing is of
higher priority than determining how fast we are narrowing the
niche humans occupy in the natural system.

But by the time a clearer picture emerges, we will be brought
into unacceptable levels of climate change, so that at the same
time, we should act to limit climate change.

I want to comment very briefly on some of the earlier testimony.
It was perhaps surprising to sit and watch five Government wit-
nesses speak for less than 40 minutes on this subject. What we got
was massive underreaction. These people, these individuals, these
Departments, are the trustees for us, essentially, on this problem,
and they exhibit what I would call a spectacular lack of ideas on
how to proceed, and a perplexing sense of lethargy on what is ap-
parently the most important long-range problem that we have to
face.

Mr. Thomas from EPA spoke well about the need to intervene in
the problem, yet he did not speak so clearly about the need to de-
velop policies to protect the environment with specific government
actions explored.

The witness from Commerce mentioned no attempts to analyze
the economic implications of climate change, nor did he discuss the
need for a massively increased research program.

Dr. Graham, from NASA, gave no indication of a very needed
shift in this agency’s priorities, given its current problems. My
view is that NASA ‘should go back more in the direction of doing
the one thing that it knows how to do very well, which is scientific
research. Scientific research and monitoring the Earth is absolute-
ly essential if we are to anticipate and act properly on climate
change.
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The witness from State mentioned acting carefully to avoid un-
necessary cost of action; but what about the cost of inaction, the
cost of delay.

The witness from DOE didn’t seem to have very many ideas
about what to do.

This sense of lack of urgency is striking, this sense that there is
no job that can be identified that needs to be done quickly. There
are certainly prudent actions that can be done right now—in-
creases in energy efficiency, making chlorofluorocarbons that are
used in refrigeration recyclable, and other actions.

Let me conclude by just saying that I fully support, Senator
Chafee, the recommendations which you mentioned yesterday. We
need to support international efforts to develop a Greenhouse Gas
Convention. The Government agencies need to develop policy alter-
?atives expeditiously for limiting greenhouse gases and protecting
orests.

‘We need to massively increase support for research on climate
change and in particular on its ecological effects. The Government
support for research in ecology right now is what I would call pa-
thetic. We need to push for a meaningful limitation on fluorocar-
bon production in the context of the 1987 convention.

We need to encourage actions internally in the United States,
;vlhich increase efficiency in use of energy, and in the use of materi-

S.

Finally, with regard to climate change, we cannot afford to just
let it happen. The costs of a nonpolicy will be enormous. Let us set
out now to determine a reasonable course for greenhouse limitation
before we are overtaken by the dire consequences of inaction; oth-
erwise unacceptable levels of climate change may be in the bank
before - we have even understood what we. have wrought. Thank
you.

Senator CHAFEE. Thank you very much, Dr. Oppenheimer. I
share your deep concerns.

Dr. Orfeo, we have certainly had some testimony that would
refute your statement that “continued releases of CFC’s do not
pose a significant threat to the environment during the time re-
‘quired to gain a better understanding of the science.”

-I wasn’t sure, in your answer to Senator Stafford, when he asked
'you how long you thought that would take. What was your answer?

Dr. Orreo. My response to that was to the specific problem in
terms of the Antarctic ozone phenomenon. As best as we can think
right now, we have to get the equipment down there.

~ Senator CHAFEE. Did he limit his question to the Antarctic ozone
" situation? Let me rephrase it, then.

Dr. Orreo. He asked me where I came in with the 2 year time-
span, and I had referred to the Antarctic ozone problem.

Senator CHAFEE. Let me ask you this. We had some testimony
.yesterday from Dr. Rowland, I believe, in connection with the freon
gases used for automobile air-conditioning, and you must know a
lot about that subject. He indicated that a substitute was available,
“that cost something more, but not significantly more. Is that an ac-

- curate appraisal judging from your experience?

Dr. Orreo. I think that the way to answer that one is that—I
have to take off my Fluorocarbon Panel hat, and put on my Allied
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Corp. hat, if you will. I can’t speak for the industry; I must speak
for my own company. ‘

Senator CHAFEE. Sure.

Dr. OrFEo. We undertook programs in 1975-76 to look into the
possibility of developing alternatives. There was a rather intensive
campaign that was carried on for a 5- or 6-year period. The activity
level has dropped off considerably in the last 3 or 4 years, but we
have maintained a modest research effort, primarily in cooperation
with some of our customers. Recognizing that we must put certain
performance standards on the material we are looking at as a re-
placement, we must ask: is it environmentally acceptable; is its
cost performance capability equivalent or superior to the existing
product: is it safe to use; and will it have health effects?

Senator CHAFEE. Did you say, its cost performance?

Dr. OrFeo. Yes. There is a performance that it has to meet, a
performance standard, and then there is a cost, and you have to
look at both. You can’t separate them, if you will.

Senator CHAFEE. All right, go ahead.

Dr. OrrEeo. If you look at all of these, we really didn’t find any-
thing that could meet all of these criteria.

Senator CuAFEge. He acknowledged that the cost would be some-
what more, although as a percentage of the total cost of an air-con-
ditioner, it is relatively modest, that is the incremental cost.

Dr. OrrFEo. I don’t know where he gets his cost figures, but there
were estimates at one time that it would be a minimum of five
times as much, and possibly higher than that. To go back to how
this cost is arrived at, and really the basic problems that we run
into sometimes, is the process of deciding whether you have some-
thing which is commercially viable. You have to consider first of
all, the availability and cost of the raw materials to make this com-
pound. Second, if you have a process in mind, will it lend itself to
an existing facility, or must you commit extensive capital funds to
build a new plant? Third, does it lend itself to the quality of prod-
uct that you need. At the risk of being self-serving, fluorocarbons
are unique because they can be produced in large quanties at
purity levels which are sellable.

One must continue to meet that standard. Byproducts are inevi-
table in the course of making a product. It is very rare indeed that
you find a process where only one product is formed. Normally
there are byproducts that form. How do you handle these other en-
vironmental problems that you have created?. ‘

In the process of developing a method of producing these fluoro-
carbons, do you have a byproduct which may be unsafe and have a
high-toxicity level? You have to concern yourself with safety when
you consider whether a process is viable or not.

Senator CHAFEE. All right, you have all of these problems, but
what do you come up with as an answer?

Dr. OrFEO. We still don’t think that we have a product that can
be a replacement in terms of meeting the performance cost/bene-
fits that have to be assigned here.

Senator CHAFEE. In this area, I work with kind of an innocence
that is based upon the belief that when American industry is chal-
lenged sufficiently, they can produce something that meets the re-
quirements. It may be more costly, and I think that this would, un-
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- doubtedly, be more costly, but as long as everybody has to pay the
price; that is, you can’t have the Japanese bringing in a car that
goesn’t*meet the standard, or the Europeans, or whoever it would

e.

Here is my question to you. If we should say to you, we are going
to ban all of the fluorocarbon. It is a fluorocarbon that you use in
your air-conditioning in automobile; isn’t it?

-Dr. OrFEo. Yes; it is fluorocarbon 12.

Senator CHAFEE. We are going to ban fluorocarbon 12, and you
can’t use it in any automobile air-conditioner starting in 1989.
What would happen? What could you do?

Dr. OrFeo. You are asking me to make a business decision here.

Senator CHAFEE. No; I am not asking you to make a business de-
cision. I am asking you to make a scientific decision; that is, does
that end all automobile air-conditioning, or would you come up
with something?

Dr. Orreo. I suppose that we would have to go back and find
something, and it may not be in terms of a new refrigerant; if you
will, it may be the design of a new type of air-conditioning system
that doesn’t necessarily have to use fluorocarbon.

Senator CHAFEE. Dr. Rowland mentioned a fluorocarbon 22, or
something like that, I am not sure what it was.

Dr. OrrEo. I think I remember him mentioning 22 yesterday. It
is a higher pressure refrigerant, and its utility would depend on a
complete redesign of the air-conditioning system—the mobile air-
conditioning system.

Senator CHAFEE. I know that it is expensive, and all of that, but
after all, you design a new car every year.

Dr. OrFEo. I am not at General Motors, and they are the ones
who would have to answer that question, because it would be a cap-
ital commitment on their part, and not on the part of the fluoro-
carbon producer.

Senator CHAFEE. What is the answer to my question?

Dr. OrFEo. I have to tell you that the use of fluorocarbon 22 will
require a change in the system design, and it would have to be a
very drastic change.

Senator CHAFEE. All right, I will acknowledge that. Would fluoro-
carbon 22 meet the requirements that you previously set forth,
safety, environmentally safe, and and acceptably priced?

Dr. OrFEO. As we understand it, fluorocarbon 22 is certainly en-
vironmentally acceptable from an atmospheric point of view. It is a
commercially available product, albeit a little more expensive than
12, but that is not critical. What is not certain is: Can you design a
system that can handle the higher pressures and temperatures
that are going to evolve from running the thermo-dynamic cycle?
By the very nature of the beast, it has to run at very high pres-
sures, and the molecule is so configured that it will generate high
temperatures. There are two factors to concern yourself with; one
is a safety problem that you will be generating pressures in excess
of 500 pounds per square inch.

Senator CHAFEE. As compared to what pressures now?

Dr. Orreo. Three hundred and some odd pounds with the fluoro-
carbon 12.

- Senator CHAFEE. So, you would be going from 300 to 500.
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Dr. Orreo. Yes; and it is a difference.

Senator CHAFEE. What are the problems with an ordinary, non-
mobile refrigerator; is that easier to solve or more complicated?

Dr. OrFEO. In some respects, the system is somewhat simpler in
terms of the demands on it. You have a very robust refrigerant in
the case of 12, which is normally used in refrigerators, although 22
is used sometimes. Here again, it is the same basic problem be-
cause of the thermodynamic differences in terms of the cycle over
which it has to operate. The heats and pressures that are generat-
ed will require a redesign of the system. I am not a refrigeration
engineer, but if I had to make a guess, I would say that you would
have to redesign to handle the higher pressures and temperatures
and it would be at a cost penalty. Someone would have to pay for
that improvement, and it would be the consumer. It is primarily in
the design of the system.

Senator CHAFEE. I see. ,

Dr. Oppenheimer stated that what we have already let loose is so
destructive that we had better do something now, instead of wait-
ing around for x number of years more, just pushing more and
more of these gases and fluorocarbons, COz, and everything else
out there. We have to do something now.

Dr. Rabb, what do you say about that?

Dr. Rass. I agree absolutely, Senator. I should say, first of all,
that because of the pressures of time I didn’t convey in my spoken
statement, all the nuances about the scientists that are contained
in my written statement. I assure you that I certainly do recognize
that the fact that we all know what the problems are is very much
the result of the warning that a few scientists have issued to all of
uﬁ, and what Dr. Oppenheimer said a few minutes ago exemplifies
that.

The trouble is that because of the nature of scientific discourse,
it is always going to be possible to come back with statements such
as the ones we have heard just now and earlier this morning, that
we are not there 100 percent. There are all kinds of issues that still
need to be studied, and so forth.

The only response that I can bring to that is to adapt a very
famous passage from one of the greatest scientists of the 17th cen-
tury; namely, Blaise Pascal who, as you may know, did not only
write on scientific matters, he was a very great philosopher and re-
ligious thinker as well.

There is the famous wager that Pascal put forward in which he
said: Maybe God doesn’t exist, but let’s at least go ahead and be-
lieve that He exists because what do we have to lose? If we do be-
lieve in him, then maybe we will gain salvation, and if that is a
misplaced belief, we haven’t lost anything, whereas the dangers of
not believing in God are really far greater if we come out the
wrong way on that one. ' ’

I would argue similarly here. We have to believe, like Pascal
urged us to, that there is a danger, as some of these scientists-have
said, not all of them—the scientific community is not united. There
are scientists who are worried about a cooling. I think that there

are all kinds of contrary pieces of evidence, data not in, and so
forth.
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Right now, I think the data are certainly sufficient for us to
assume that very significant disruptions of human society are
likely to happen, and there are two:prongs, I think, to what the
political leadership ought to be looking at. On the one hand, the
-issues that you have been looking at; namely, how do we slow this
down? What kind of regulation should be put forward?

The other is planning and studying for what this is going to do to
society. Assume that the measures you can take are not in time.
Assume that the measures you can take are not going to be suffi-
cient to prevent certain fundamentally ill-effects overtaking the
United States over the next 50 years.

There ought to be also some social planning. I think that if all
human civilization is going to be wiped out, there is not much that
we can do, but there are. many disruptions, fairly catastrophic but
short of that, and the question is, how do we begin to plan the
changes that may ensue, taking various scenarios, at least the
safest scenarios, of what warming is likely to do to us?

Dr. OpPENHEIMER. Senator, could I comment on that also?

Senator CHAFEE. Yes; Dr. Oppenheimer.

Dr. OppENHEIMER. This whole thing, it has been said many times,
is like an experiment, only in this experiment there is a funny lag.
The scientists are at one end of the equipment, and we turn it on
and run to the other end to make the measurement, and we make
-a model for what is going. to happen. Unfortunately, it may be 20,
30, or 50 years before we can make the measurement over here at
the other end of what is going to happen, by which time we have
already, as you said, got “in the bank” a lot of climate change. We
may have a degree or so centigrade in the bank right now. That
degree or so puts us in a situation which will exceed human experi-
.ence as far as the climate is concerned.

We might well be brought into a situation which is already
rather unacceptable. We can’t afford those kinds of risks. This is a
different type-of problem, and we just can’t afford. to sit back and
wait.

Senator CHAFEE. That is the way I feel. I don’t think that there
is anything similar to this that we have ever encountered before.
‘Human beings have .participated in plenty of destruction on this
globe, but it is always of a less consequential, less encompassing
nature.

‘Mercury was dumped in the Bay of Tokyo. Eventually, they were
* able to stop that, and the oceans, hopefully, were able to take care
of it.. Nuclear bombs have gone off, but it seems that the system
somehow ‘has been able to handle it. We are very much aware of
all the dangers that come with it. But this is something far differ-
ent, as Dr. Oppenheimer said. Just the degree change is incredible
in its consequences.

I share the concerns that all have voiced. Does anybody have any
- other contribution to make?

Dr. OrFEo. Just one last one.

-Senator CHAFEE. Surely, Dr. Orfeo.

Dr. OrrEo. T would make the point that this is a trace gas prob-
lem, so you have to treat it in its entirety. It is not just fluorocar-
bons. It is the methane, the nitrous oxide, and they all contribute
to the greenhouse effect in. one shape, form, or other.
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The magnitude may be in question in terms of changes in total
column ozone, and in the redistribution of the profile. Eliminating
one of them will not cure that problem. There will be changes.

Senator CHAFEE. I think that we recognize that. If we were mas-
ters of the world, we would do something about the carbon dioxide,
but we are not. We can’t tell the Soviets what to do, or the Chinese
what to do. But it seems to me that that isn’t an excuse for no
action at all on the part of the United States. That is why I find
fault with the view that if we take action, the Europeans may not,
or the other nations may not, but that is not a call to inaction it
seems to me. We ought to do what we can, and set an example.

I can’t believe that the fact that the United States has banned
CFC’s in the aerosol cans hasn’t inspired others. Indeed, it is my
understanding that they have. The Canadians are with us. The
Scandinavian countries are with us, and some others, and others
will catch on. .

I also can’t believe that the power of the United States as a trad-
ing nation can’t exert some influence and effect on what other na-
tions do. I wish I had brought that up with Mr. Benedick. I think
that we have mammoth influence just because we are such a mas-
sive force in world markets.

We thank you all very much for coming. We appreciate the
views that you have expressed. Thank you very much.

[Whereupon, at 12:05 p.m., the subcommittee adjourned, to recon-
vene at the call of the Chair.]

[Statements submitted for the record follow:]



195

TESTIMONY OF
LEE M. THOMAS
ADMINISTRATOR
" U.S. ENVIRONMENTAL. PROTECTION AGENCY
BEFORE THE
SUBCOMMITTEE ON ENVIRONMENTAL POLLUTION
COMMITTEE. ON ENVIRONMENT AND PUBLIC WORKS
U.S. SENATE

June 11, 1986

Good morning, Mr. Chairman and members of the Subcommittee.

I am pleased to be here to discuss with you our understanding of
the changes in the chemical and physical make-up of the earth's
atmosphere, the possible public health and envirdnmental'implica-
tions of these changes, and EPA's efforts to understand and
address these concerns.

Although we at EPA usually focus on pollution that directly
affects land, water, and the air we breathe, we must not ignore
the environmental significance of changes now occurring in the
composition of the earth's atmosphere from our industrial
activities.

Our atmosphere plays a fundamental role in shaping and
protecting our planet's enviromment. Changes in its delicate
chemical and physical balance could possibly lead to two separate
but ‘related problems. These problems are.the focus of my testimony.

First, the ozone layer of our stratosphere currently protects
us from exposure to most of the sun's damaginag. ultraviolet radiation.
Partial depletion of the ozone layer would increase our exposure
to the potentially damaging part of the solar spectrum, leading

to adverse health and environmental effects.
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second, certain gases in the atmosphere, known as greenhouse
gases, form a "thermal blanket" around the earth by blocking part
of the infrared radiation reflected from the earth's surface.

The presence of these greenhouse gases act to maintain our planet's
current moderate temperature. Increases invthe amount of these
greenhouse gases would result in a rise in the earth's average
temperature. ‘

Based on our current understanding, we believe that a small
change in the amount of UV-Q radiation striking the earth and/or
a changé in the earth's mean temperature could have significant
environmental and health consequences. The funéamental scientific
uncertainty is no longer, are these phenomena real, but rather,
the question is, at what rate‘are they likely to occur? In addition,
we need to better understand the full nature of the impact of
these changegvand the possible options, both in the near and
long term, for managing these risks. We do not yet have complete
answers to these questions, although recent efforts have resulted
in substantial progress.

In considering these issues, we believe that it is essential
to distinguish between the scientific process of risk assessment
and the public policy process of risk management. In these cases,
risk assessment looks speciﬁically‘at the scientific and technical
evidence to determine the health and environmental risks associated
with climate change or depletion of tﬁe ozone layer. Risk assess-
ment will have a particularly important role in evaluating the

uncertainties associated with this issue.



