Originally Processed With FOIA(s): FOIA Number:
1998-0004-F[ 1] S

FOIA

MARKER

This is not a textual record. This is used as an
administrative marker by the George Bush Presidential
Library Staff.

Record Group/Collection: George H.W. Bush Presidential Records
Collection/Office of Origin:  Chief of Staff, White House Office of
Series: Sununu, John, Files

Subseries: Issues Files

OA/ID Number: 29161
Folder ID Number: 29161-002

Folder Title:
IPCC Address (1989) [1]

Row: Section: Shelf: Position:

15 pac 2 6




(Lange/Cawley)
February 4, 1989
11:15 A.M.

[ IPCC.DOC]

PRESIDENTIAL ADDRESS: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
GEORGETOWN UNIVERSITY
MONDAY, FEBRUARY 5, 1990
10:15 A.M.

Thank you, Dr. Bolin [Bo-leen]. Professor Obasi. Dr.
Tolba. Delegates of the World Meteorological Organization, and
the United Nations Environment Program. Let me commend all of
you, for coming together to examine an issue of such great
importance. The recommendations this distinguished organization
makes wiZk have a profound effect on the world’s environmental
and economic policy.

By being here today, I hope to underscore concern -- my
country’s, and my own -- about environmental stewardship; and to
reaffirm our commitment to finding responsible solutions. It is
both an honor and a pleasure to be the first American President

| ﬁybto speak to this organization, as its work takes shape.
/4y;t&?ﬂ’ You are called upon to develop recommendations which strike

= gr international bargain: a convergence between global
P2

environmental policy, and global economic policy, where both

perspectives benefit -- and neither is compromised.

Ao
AYou understand that economic growth and environmental

integrity are not contradictory priorities. One reinforces and

o foloens .

complements the other. Each S

A sound environment is the bjzis f0£ the continuity and
i i

quality of human life and enterprise. ‘ﬂﬂa trong economies allow
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nations to fulfill the obligations of environmental stewardship.
Where there is economic strength, such gtewatdsiip is possible.
%W‘ww

g 7:;64343 '

But where there is poverty, it~ ails-to coalesce—
%Ongbnéjz- e,

For Wk reason,, I sincerely believe we must do everything
in our power to promote global cooperatioﬁi ﬁ%r environmental
protection and economic growth; For intelligent management of
our natural resources and efficient use of our industrial
capacity; And above all, for sustainable and environmentally
sensitive development -- around the world.

The United States is strongly committed to the I.P.C.C.
process of international cooperation on global climate change.
We consider it vital, that the community of nations be d aw?yzowL‘mﬂuﬁ~JL

i i,

together -- in an,pzﬁékad ratlonal way -- to,assess the

potential forAclimate change, andAdevelop ﬂég%&@&i§§¢zgﬁ%ygw,%%QZuv

The state. of the science; the social and economic impacts;

w2

and the r;gg; response strategiesgyg All are crucial components to
a global resolution. The stakes here are very high; the
consequences, very significant.

Last week, in my State of the Union address, I spoke of
stewardship: because I believe it’s something we owe ourselves,
our children and their children.

T

Zhis £he United States remains committed to aggressive and

thoughtful action on environmental issues. In our domestic

Do o2
programs. AOur work to forge international agreements. Our
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assistance to developing and East Bloc nations. And here, by
chairing the Response Strategies Working Group.
I have just submitted a budget to our Congress for fiscal

1991. It includes over $2 billion in new spending to protect the
rirn B X T e oo

environment. And) i
liere, I am pleased to note that funding for the U.S. Global
Change Research Program will increase by nearly 60 percent, to
over $1 billioniadgk~4ﬂ

That commitment, by far the largest by any nation ever, will
allow NASAAto move forward with &£ "Mission to Planet Earth,"

e ey
, & will initiate the

U.S. Earth Observing System, in cooperation with Europe and

Japan, to advance the state of knowledge about, the planet we B ﬁéwd?

X “Uher npotnsl
share. . . Mtv‘j;a(wc&,wf{,w &vfl»
W AR’ we b .
The United Stateszhzn’already taken many steps in our

country that bring major benefits in their own right. Steps that
make sense on their own merits in terms oszgzzgggz%gnd
eFc's

efficiency, which help reduce emissions ongarbon dioxide and

potlit—cts

other g;zﬁ;jpow byilding mpzixn the atmosphere. Let me outline
them very briefly:

4ﬂ€ié§%§§ko’increase thg??fficiency of our energy use, and

thus reduce tot 'ssions.l }So \&é% pursuing new technology
development?ﬁéliih;lab

We’'re crafting a revised Clean Air Act with incentives for
industry to find creative, market-driven solutions to enhance air

quality.
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We’ve launched a major reforestation initiative to plant a
billion trees a year on private land across America.
And we'’re working out a comprehensive review and revision of
our National Energy Strategy, with initiatives to increase energy
efficiency and the use of renewable sources. A These ;nétiatives,

4dpfcazzﬁz;zzpéauzufe.#334falL;_pbra Pogro— aih
already underway, wi;l_cost—eur—Bepartment—Uf“Ener§§;%§§€:ﬁiilIon

over -the -next-six-years; bwt are expected to produce energy
savings through the year 2000 of over $3@ billion -- while

achieving significant pollution reduction. Quite a return on
investment.

We’'re also working through diplomatic channels with our
colleagues in other countries, and through innovative measures
like debt-for-nature swaps, to do more than simply reduce global
deforestation. We hope to reverse it -- not unilaterally, but by
working with our international neighbors.

The economics of our response strategies to climate change
are getting intensive study in America. We are developing real
data on the costs of various ppdh®Age strategies, assessing new
measures, and encouraging other nations to follow suit. And we
look forward to sharing this knowledge and technical support with

our international colleagues. ! -

As we work to create policy 29/g§e1s4LQQﬁ/aﬁd/bthék;,:%ku‘ﬂﬁn,,

gﬁ€g§§§h§4 we want to encourage the most innovativéﬁtzzgg;ﬁaéz

Wherever possible, we believe that market mechanisms should be
N o0
applied -- and that polic’:must be consistent with economic

growth and free market principles in all countries. Our
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development efforts and our dialogue can help us reach effective
and acceptable solutions.

Last December at Malta, in my meeting with President
Gorbachev, I proposed that the United States offer a venue for
the first negotiating session for a framework convention, once
the I.P.C.C. completes its work. I reiterate that invitation
here and look forward to your cooperation in that agenda.

;éﬂt ch remains to be done. Many questions remain to be
answered. awe have a responsibility to ourselves and the

generations to come to do it right. We gll know that human

~-

= y N
activities are chaﬁéing the atmosphere unexpected d

u recedehted ways But we must develop/s’Tutlons/thgt can

ful 111 our\ é\:yardshlp éggsonS}ﬁ tles and mSU:taln qu/’

o) thog% wh ave

cap clty to extend a be eflckqé qualit ‘of 1if

ngt J

yet seen the benefits of(fhelr emerging economies.

We acknowledge a broad spectrum of views on these issues,
but our respect for a diversity of perspectivéidoes not diminish
our recognition of our obligation -- or soften our will to
produce policies that work. 55

So the United States continues tz;zzz; to improve our
understanding of climate change -- to seek hard data and new ways
to improve the science, and determine how best to meft these

challenges. Where politics and opinion have mpved fasimer than

the science, we are accelerating our support of the #ci®mge to

bridge that gap.
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Therefore, this spring, the United States will host a White
House conference on science and economic research on the
environment -- convening top officials from a representative
group of nations, to bring together the three essential
disciplines: science, economics, and ecology. They will share
their knowledge, assumptions, and state-of-the-art research
models, to outline our understanding and help focus our efforts.
I look forward to participating in this seminar, and to learning
from its deliberations.

Our goal continues to be matching policyAto emerging
scientific knowledge -- and a reconciling of environmental
protection to the continued benefits of economic development.
And as Secretary Baker observed a year ago, whatever global
solutions to climate change are considered, they should be as
specific and as cost-effective as they can possibly be.

If we hope to promote environmental protection and economic .

ol & ok e enflect £ o~ th
growth around the world, it will bigimportant ko Work with;—not-

S
our industrial sectoa. Thatkmeanl moving beyond the
i of command, control, and compliance -- toward a new
kind of environmental cooperation -- and toward an emphasis on

pollution prevention, rather than mere mitigation and litigation.

Many of our industries, in fact, are already providing

crucial research and solutions. /}ﬂé\@/fg;\gge/gzéngz/aﬁ;;é\gf/\,

called Pollution Prevention Pays, that has saved the company well

One corporation, for example, started an in-house program
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over half a billion dollars since 1975 -- and prevented 112,000
tons of air pollutants, 15,000 tons of water pollutants, and

almost 400,000 tons of sludge and solid waste from being released
/
into the environment. %&@ Lhey've done it by rewarding employees

— - «
for coming up with the ideas. ‘AKTT ce X¥u1 2

Where developing nations are conc:;ned, some‘Z;E;;tt we’ll
e
» inci “that _allowee
have to abandonﬁfree market principles e funv“‘“*

I ia r (¢} . In fact, we think it’s all the more
| Antatits
| crucial, in the developing countries, to harness theAfree

enterprise system in the service of the environment.

g

I believe we should make use of what we know. We know that
the future of the earth cannot be compromised. We bear a sacred
trust in our tenancy here -- and a covenant with those most
precious to us: our children, and theirs. We also know of the
efficiency of economic incentive -- and that free markets yield
the most creative solutions. We must now apply the wisdom of Mg
market, in defense of the environment we ghare.

Working together, with good faith and earnest dialogue, I
believe we can reconcile economic with environmental
protection. Let me commend you on your outstanding work -- and
wish you all deliberate speed in your efforts to address a very

| difficult, but very important, human concern.

Thank you -- and God bless you.

# # #
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8¢ the United States remains committed to aggressive and
thoughtful action on environmental issues. In our domestic
programs. Our work to forge international agreements. Our

assistance to developing and East Bloc nations. And here, by

¢« @

the Response Strategies Working Group.
Gt ol w,\/%t A = -
I just proposed a budget to our Congress for fiscal 1991, LT cncleie

o a.

aéﬁh $2 billion 1n¢£ew spendlng to protect the environment. b Lt
&sz;w ’{le‘ %L&MW 4 Ier r/;<ﬂe,‘,4 Al el A

/ZT#Hndlng for the U.S. Global Change Research Program will increase
by nearly 60 percen to over §1 bllllon.
W.N».,?‘ ) ‘Z”,I Fon {//' u.u ot A '*v B e s TN
That will allow NASA to move forward with its "Mission to

G B
Planet Earth," together with our international partners) And=ye
will initiate the U.S. Earth Observing System, in cooperation
with Europe and Japan, to advance the state of knowledge about
the planet we share
4 (/(/r‘/’/&'/l /ﬁ‘/“ .

We;za-already taken many steps in our country that bring

major benefits in their own right. Steps that make sense on

Tisg “Holomiwd T 5 heﬁ»/ffﬂm.ﬂ-wf..‘&
their own merlti -aau;a;gpsa;a also help reduce emissions of
carbon dioxide and other gases now building up in the atmosphere.
Let me outline them very briefly:

We want to increase the efficiency of our energy use, and
thus reduce total emissions. So we’re pursuing new technology
developmentjﬂ>We're ing a revised Clean Air Act with
incentiyes for 1ndustry to find creative, market-driven

& & /”W% 54 L’
solutions. " We’ve launched a ma jor reforestation initiative to
plant a billion trees a year on private land across America.ﬂahnd

we’'re working out a comprehensive review and revision of our
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Quite a return on investment. . R AR

N We're also working through diplomatic channels with ‘our '+ =~

' iaeew. .. colleagues in-other-countries,: and:.through innovative ‘fieasures

1
i
]
i
o

like debt-for-nature ‘swaps, to.-do. more than simpiyﬁréduCe global’

.ﬂtbﬂ,,xu_.ﬂdeforestation. ‘We hope to.reverse :it. -- not unilaterally" but by

shabkle clalmdvsgf -ty

' fole il
LR worklng w1th~ourulnternatlonalnnelghbors. - UNCOmL

| IR
Ere’ Slidngs . - - The : reconomics.- ofmour\response strategles t&iETimatLe "“?ﬁaﬁgé&@~ﬁQWx?@

¢ \

(-, =i are getting intensive :study.imAmerica. We are‘developlng real R

data on the costs. of various response strategies, asséssing new

. 1 +., Measures,..and: encouraging other::nations to folldw-Suit."And we - @.ué ¢

e look‘forwardntorshﬁringﬁiechnicalrgupport with Siir-iftérnational’ - .
colleagues. - -uuc- s oue e bl TR T e Y e S
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Bey o
. So the United. States continues. to work to improve.our

;iwi .. . ., understanding of climate change .--.to seek rd data. and new ays .-

iiicis Ao Tons :eg

. the United States will host a White House -Seménar-r?ont%cience and” © N7
f’cdnomic ﬁesearch on the fﬁviromnent -- convening top:officials - -
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i - n-art research models, to,outline -themgaps=in our:runderstanding.and. .. i:3xs
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Where developing nations are:concerned, .some suggest.we’ll

have to abqnqon/ﬁhé?@hﬂ;&ééé@éZﬁé?éfneermarket principles. that. ... -

allowed the industrial world to prosper. ‘In fact, we think it’s

‘all the more crucial, in the developing countries, to harness the

free enterprise system in the service of the environment.

amatlcally‘ I D oy

/

So we look forward to worklng jﬁth the/dev loping nations:

Applying the pow%;fﬁf the/parketplace;/conSLi/Finthech;
(\w

/
transter, andfgncouragl ndus;fy to work wi E/fgem / Tha//j'

/

a¥low develoglng natiens to grow more qulc ly/énd eg§1ly v'a

may help them av01d/ﬁ;klng thg/ég;lronmental mistakes we older/

natlzzﬁ/ﬁ;ve maé;.

"~ I believe we should make use of ﬁhat.wé'khow.» We know that
the future of the earth cannot be cdmproﬁised. We bear a sacred
trust in our tenancy here -- and a covenant.with those most
precious to us: our children, and theirs. We,also know‘of the
., efficiency of economic incentive -- and that freelmérkets yield

27 . .-the most creative solutions. We must now apply the wisdom of the

market, in defense of the environment we share. -
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[ You know:.I recently heard from a national champion bass
fisherman in America, that jusF downstream on/the Potoméc river
here in Washingéon -- right aq&oss from Mounf Vernon --Jthe bass
fishing is as good as it is anywhere in the country. /I take that
as reason for optimism. Not too long ago, that river was
cons;déred a sgrious envirogggﬁtal prob%sﬁ. Now the story it
tells, is that we are capabie, not mereiy of halting damage done,
bu¢Jreversing 1. }

| Working together, with good faith and earnest dialogue, I
believe we can reconcile economic growth with environmental
protection. Let me commend you on your outstanding work -- and
wish you all deliberate speed in your efforts to address a very

difficult, but very important, human concern.

Thank you -- and God bless you.






*

Ml -
(Lange/Cawley)
February 4, 1989
1:45 P.M.
[ IPCC.DOC]

PRESIDENTIAL ADDRESS: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
GEORGETOWN UNIVERSITY
MONDAY, FEBRUARY 5, 1990
10:15 A.M.

Thank you, Dr. Bolin [Bo-leen]. Professor Obasi. Dr.
Tolba. Delegates of the World Meteorological Organization, and
the United Nations Environment Program. Let me commend all of
you, for coming together to examine an issue of such great
importance. The recommendations this distinguished organization
makes can have a profound effect on the world’s environmental and
economic policy.

By being here today, I hope to underscore concern -- my
country’s, and my own -- about environmental stewardship; and to
reaffirm our commitment to finding responsible solutions. It is
both an honor and a pleasure to be the first American President
to speak to this organization, as its work takes shape.

You are called upon to develop recommendations which strike
a difficult yet critical international bargain: a convergence

between global environmental policy, and global economic policy.

A bargain where both perspectives benefit -- and neither is
| compromised.
As experts, you understand that economic growth and
environmental integrity are not contradictory priorities. One
reinforces and complements the other. Each, a partner. Both are

crucial.
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A sound environment is the basis for the continuity and
quality of human life and enterprise. Clearly, strong economies
allow nations to fulfill the obligations of environmental

i Whoaegéggéiiftxs i i
stewardship. jﬁ”ﬁﬂﬂ”ﬂ’ strength, such protection
is possible. But where there is poverty, the competition for
resources gets tougher. Stewardship suffers.

For all of these reasons, I sincerely believe we must do
everything in our power to promote global cooperation: For
environmental protection and economic growth. For intelligent
management of our natural resources and efficient use of our
industrial capacity. And above all, for sustainable and
environmentally sensitive development -- around the world.

The United States is strongly committed to the I.P.C.C.
process of international cooperation on global climate change.
We consider it vital, that the community of nations be drawn
together -- in an orderly, disciplined, rational way -- to review
the history of our global environment, to assess the potential
for future climate change, and to develop effective programs.

The state of the science; the social aﬁ@hg”ﬂ@whﬂb impacts;
and the appropriate strategies -- all are crucial components to a
global resolution. The stakes here are very high; the
consequences, very significant.

The United States remains committed to aggressive and
thoughtful action on environmental issues. Last week, in my
State of the Union address, I spoke of stewardship: because I

believe it’s something we owe ourselves, our children and their



children.

So we are renewing the ethic of stewardship in our
domestic programs. In our work to forge international
agreements. In our assistance to developing and East Bloc
nations. And here, by chairing the Response Strategies Working
Group.

I have just submitted a budget to our Congress for fiscal

1991. It includes over $2 billion in new spending to protect the
environment. And, underscoring our commitment to your efforts, I
am pleased to note that funding for the U.S. Global Change
Research Program will increase by nearly 60 percent, to over one \<§§a

billion dollars.

That commitment, by far the largest ever made by any nation,
will allow NASA, her sister agencies, and our international
partners to move forward with the "Mission to Planet Earth." That
program will initiate the U.S. Earth Observing System, in
cooperation with Europe and Japan, to advance the state of
knowledge about the planet we share. »//U)

Furthermore, even as we wait for the benefits of this
research, the United States has already taken many steps in our
country that bring both economic and environmental benefits.
Steps that make sense on their own merits in terms of
responsibility and efficiency, which help reduce emissions of
CFC’s, carbon dioxide, and other pollutants now entering the
atmosphere. Let me outline them very briefly:

We are pursuing new technology development that will
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increase the efficiency of our energy use, and thus reduce total
emissions.

. We’'re crafting a revised Clean Air Act with incentives for
| iﬁaatéz;?i; find creative, market-driven solutions to enhance air
quality.

We'’ve launched a major reforestation initiative to plant a
billion trees a year on private land across America.

And we'’re working out a comprehensive review and revision of
our National Energy Strategy, with initiatives to increase energy
efficiency and the use of renewable sources. These ;zégéiiives,
already underway, are the heart of a $336 million Department of
Energy program, and are expected to produce energy savings
through the year 2000 of over $30 billion -- while achieving
significant pollution reduction. Quite a return on investment.

We’'re also working through diplomatic channels with our
colleagues in other countries, and through innovative measures
like debt-for-nature swaps, to do more than simply reduce global
deforestation. We hope to reverse it -- not unilaterally, but by
working with our international neighbors.

The economics of @i response strategies to climate change
are getting intffj}ve study in America. We are developing real
data on theAcosts of various strategies, assessing new measures,
and encouraging other nations to follow suit. And we look
forward to sharing this knowledge and technical support with our

international colleagues.

As we work to create policy and agreements on action, we
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want to encourage the most creative, effective approaches.
Wherever possible, we believe that market mechanisms should be
applied -- and that our policies must be consistent with déﬂﬂlﬂﬁhv
growth and free market principles in all countries. Our
development efforts and our dialogue can help us reach effective
and acceptable solutions.

Last December at Malta, in my meeting with President
Gorbachev, I proposed that the United States offer a venue for
the first negotiating session for a framework convention, once
the I.P.C.C. completes its work. I reiterate that invitation
here, and look forward to your cooperation in that agenda.

We all know that human activities are changing the
atmosphere in unexpected and unprecedented ways. Much remains to
be done. Many questions remain to be answered. Together, we
have a responsibility to ourselves and the generations to come,
to fulfill our stewardship obligations. But that responsibility
demands that we do it right.

We acknowledge a broad spectrum of views on these issues,
but our respect for a diversity of perspective does not diminish
our recognition of our obligation -- or soften our will to

produce policies that work.

So the United States continues its efforts to improve our
dMMM/
understanding of climate change -- to seek hard data, and new ways

?
to improve the science, and determine how best to meet these

challenges. Where politics and opinion have outpaced the v//

science, we are accelerating our support of the technology to



bridge that gap.

Therefore, this spring, the United States will host a White
House conference on science and economic research on the
environment -- convening top officials from a representative
group of nations, to bring together the three essential
disciplines: science, economics, and ecology. They will share
their knowledge, assumptions, and state-of-the-art research
models, to outline our understanding and help focus our efforts.
I look forward to participating in this seminar, and to learning
from its deliberations.

Our goal continues to be matching policy commitments to
emerging scientific knowledge -- and a reconciling of
environmental protection to the continued benefits of &@omogit
development. And as Secretary Baker observed a year ago,
whatever global solutions to climate change are considered, they
should be as specific and as cost-effective as they can possibly
be.

If we hope to promote environmental protection and ¢uthom¥e
growth around the world, it will be important not to work in
conflict, but with our industrial sectors. That will mean moving
beyond the practice of command, control, and compliance --toward
a new kind of environmental cooperation -- and toward an emphasis
on pollution prevention, rather than mere mitigation and
litigation. Many of our industries, in fact, are already
providing crucial research and solutions.

One corporation, for example, started an in-house program
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called Pollution Prevention Pays, that has saved the company well
over half a billion dollars since 1975 -- and prevented 112,000
tons of air pollutants, 15,000 tons of water pollutants, and
almost 400,000 tons of sludge and solid waste from being released
into the environment. They’ve done it by rewarding employees for
coming up with the ideas. And they have clearly demonstrated the
benefits of doing it right.

Where developing nations are concerned, some argue we'’ll
have to abandon the free-market principles of prosperous
economies. In fact, we think it’s all the more crucial, in the
developing countries, to harness incentives of the free
enterprise system, in the service of the environment. \\

I believe we should make use of what we know. We know that

A meo©
the future of the earth gamiwot be compromised. We bear a sacred
trust in our tenancy here -- and a covenant with those most
precious to us: our children, and theirs. We also know of the
efficiency of pdmmeméfy incentive -- and thagkfree markets yield
the most creative solutions. We must now apply the wisdom of
that merket, the power of those forces, in defense of the
environment we cherish.

Working together, with gooq faith and earnest dialogue, I
believe we can reconcile ¢epnswig vitality with environmental
protection. Let me commend you on your outstanding work -- and
wish you all deliberate speed in your efforts to address a very

difficult, but very important, human concern.

Thank you -- and God bless you.
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Thank you, Dr. Bolin [Bo-leen]. Professor Obasi. Dr.
Tolba. Delegates of the World Meteorological Organization, and
the United Nations Environment Program. Let me commend all of
you, for coming together to examine an issue of such great
importance. The recommendations this distinguished organization
makes can have a profound effect on the world’s environmental and
economic policy.

By being here today, I hope to underscore concern -- my
country’s, and my own -- about environmental stewardship; and to
reaffirm our commitment to finding responsible solutions. It is
both an honor and a pleasure to be the first American President
to speak to this organization, as its work takes shape.

You are called upon to develop recommendations which strike
a difficult vet critical international bargain: a convergence
between global environmental policy, and global economic policy.
A bargain where both perspectives benefit -- and neither is
compromised.

As experts, you understand that economic growth and
environmental integrith%éé/hotp\dntradictory priorities. One v

reinforces and complements the other. Each, a partner. Both are

crucial.
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A sound environment is the basis for the continuity and
quality of human life and enterprise. Clearly, strong economies
allow nations to fulfill the obligations of environmental
stewardship. Where there is economic strength, such protection
is possible. But where there is poverty, the competition for
resources gets tougher. Stewardship suffers.

For all of these reasons, I sincerely believe we must do
everything in our power to promote global cooperation: For
environmental protection and economic growth. For intelligent
management of our natural resources and efficient use of our
industrial capacity. [%nd abeveea&iiigg; sustainable and v
environmentally sensitive development—;— around the world.

The United States is strongly committed to the I.P.C.C.
process of international cooperation on global climate change.

We consider it vital, that the community of nations be drawn
together -- in an orderly, disciplined, rational way -- to review
the history of our global environment, to assess the potential
for future climate change, and to develop effective programs.

The state of the science; the social and economic impacts;
and the appropriate strategies -- all are crucial components to a
global resolution. The stakes here are very high; the
consequences, very significant.

The United States remains committed to aggressive and
thoughtful action on environmental issues. Last week, in my

State of the Union address, I spoke of stewardship: because I
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‘agreements. In our assistance to developing and East Bloc
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believe it’s something we owe ourselves, our children and their
children.
So we are renewing the ethic of stewardship in our

domestic programs. In our work to forge international

nations. And here, by chairing the Response Strategies Working

_Group.

[ S [

I have juétksubmit£ed a Sudée£ t6-6ﬁ£NCon§feés for fiééél*
1991. It includes over $2 billion'in‘new spending to protect the
environment. And, undérscoring our commitment to your efforts, I
am pleased to note that funding for the U.S. Global Change
Research Program will increase by nearly 60 percent, to over one
billion dollars.

That commitment, by far the iargest ever made by any nation,
reflects our determination to improve our understanding of the
science of climate change.

We are working with our neighbors around the world to
enhance global monitoring and data management, improve analysis,
reduce the uncertainty of predictive models, and conduct regular
reassessments of the state of the scienée.

Our program'allows NASA, her sister agencies, and all our
international partners, to mové forward with the "Mission to
Planet Earth." That will initiate the U.S. Earth Observing
System, in cooperation with Europe and Japan, to advance the

state of knowledge about the planet we share.
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Furthermore, even as we wait for the benefits of this
research, the United States has already taken many steps in our
country that bring both economic and environmental benefits. .
Steps that make sense on their own merits in terms of
responsibility and efficiency, which help reduce emissions of'

CFC’s, carbon dioxide, and other pollutants now entering the

atmosphere. Let me outline them very briefly:

We are pursuing new technology dev;isbment that wiil-
increase the efficiency of our energy use, and thus reduce total
emissions.

We’'re crafting a revised Clean Air Act with incentives for
our private sector to find creative, mafket-driven solutions to
enhance air quality.

We’ve launched a major reforestation iniﬁiative to plant a
billion trees a year on private land across America.

'And we’re working out a éomprehensive review and revision of
our National Energy Strategy, with initiatives to increase energy
efficiency and the use of renewable sources. These efforts,
Energy program,,and are expected to produce energy éavings
through the year 2000 of over $30 billion -- while achieving
significant pollution reduction. Quite a return on investment.

We’re also working through diplomatic channels with our
colleagues in other countries, and through innovative measures

like debt-for-nature swaps, to do more than simply reduce global

s
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deforestation. We hope to reverse it -- not unilaterally, but by
working with our international neighbors.

The economics of our response strategies to climate change
are getting intensive study in America. We are developing real
data on the costs of various strategies, assessing new measures,
and encouraging other nations to follow suit. And we look
forward to sharing this knowledge and technical support with our
international colleagues.

As we work to create policy and agreements on action, we
want to encourage the most creative, effective approaches.
Wherever possible, we believe that market mechanisms should be
applied -- and that our policies must be consistent with economic
growth and free market principles in all countries. Our
development efforts and our dialogue can help us reach effective
and acceptable solutions.

Last December at Malta, in my meeting with President
Gorbachev, I proposed that the United States offer a venue for
the first negotiating session for a framework convention, once
the I.P.C.C. completes its work. I reiterate that invitation
here, and look forward to your cooperation in that agenda.

We all know that human activities are changing the
atmosphere in unexpected and unprecedented ways. Much remains to
be done. Many questions remain to be answered. Together, we
have a responsibility to ourselves and the generations to come,
to fulfill our stewardship obligations. But that responsibility

demands that we do it right.
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We acknowledge a broad spectrum of views on these issues,

B D

but our respect for a diversity of perspective does not diminish

R

our recognition of our obligation -- or soften our will to
produce policies that work. Some may be tempted to exploit
legitimate concerns for political positioning. OQur
responsibility is to maintain the quality of our approach, our
commitment tq-sound science, and an open mind to policy options.
Sé the United States will continue its éffortg iéuimbrdve
our understanding of climate change -- to seek hard data,
accurate models, and new ways to improve the science -- and
: determine how best to meet these challenges. Where politics and

opinion have outpaced the science, we are accelerating our

support of the technology to bridge that gap. And we are

AR E

committed to coming together periodically, for international
assessments of where we stand. ,

Therefore,.this spring, the United Stafes will host a White
House-cohference on science and economic research on the
environment -- convening top officials from a representative
group of nations, to bring together the three essential
. discipiines: sciénce,:ééondhiés, and ecoiogf.‘ They will sﬂéﬁe‘
their knowledge, assumptions, and state-of-the-art research
. models, to outline our understanding and help focus our efforts.
I look forward to participating in this seminar, and to learning
from its deliberations.

v Our goal continues to be matching policy commitments to

emerging scientific knowledge -- and a reconciling of
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environmental profection to the continued benefits of economic
development. And as Secretary Baker observed a year ago,
whatever global solutions to climate change are considered, they

should be as specific and as cost-effective as they can possibly

be.

If we hope to promote environmental protection and gconomic

‘growth around the world, it will be important not ﬁo work in

coﬁflict, but with our'ihaﬁsﬁriéi“sectbfé. That will mean moving
beyond the préctice of command, control; and compliance -~ toward.
a new kind of environmental cooperation -- and toward an emphasis
on pollution prevention, rather than mere mitigation and i
litigation. Many of our industries, in facf, are already
providing crucial research and solutions.

One corporation, for example) started an in-house program
called Pollution Prevention Pays, that has saved the company well
over half a billion dollars since 1975 -- and prevented 112,000
tons of air pollutants, 15,000 tons of water pollutants, and
almost 400,000 tons of sludge and solid waste from being released
into the environment. They’ve done it by rewarding employees for i
comingnap with the ideas. And they have cléarly déﬁShstréteautﬁé" v
benefits of doing it right.

Where developing nations are concerned, some argue we’ll
have to abandon'the free-market principles of prosperous
economies. In fact, we think it’s all the more crucial in the
developing countries, to harneés incentives of the free

enterprise system, in the service of the énviromment.  \\ ?
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I believe we should make use of what we know.

We know that

the future of the earth must not be compromised. We bear a

sacred trust in our tenancy here -- and a covenant with those

most precious to us: our children, and theirs. We also

understand the efficiency of incentives -- and that well-informed

free markets yield the most creative solutions. We must now

apply the wisdom of that system, the power of those forces, in

defense of the environment”we cheriéh;

Working together, with good faith and earnest

dialogue, I

believe we can reconcile vitality with environmental protection.

Let me commend you on your outstanding work -- and wish you all

deliberate speed in your efforts to address a very
very important, human concern.

Thank you -- and God bless you.

# # #
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Climate sensitivity due to increased CO,: experiments with a
coupled atmosphere and ocean general circulation model*

Warren M Washington and Gerald A Meehl

National Center for Atmospheric Research** Boulder, CO 80307-3000, USA

Abstract. A version of the National Center for At-
mospheric Research community climate model —
a global, spectral (R15) general circulation model
— is coupled to a coarse-grid (5° latitude-longitu-
de, four-layer) ocean general circulation model to
study the response of the climate system to in-
creases of atmospheric carbon dioxide (CO,).
Three simulations are run: one with an instanta-
neous doubling of atmospheric CO, (from 330 to
660 ppm), another with the CO, concentration
starting at 330 ppm and increasing linearly at a
rate of 1% per year, and a third with CO, held
constant at 330 pm. Results at the end of 30 years
of simulation indicate a globally averaged surface
air temperature increase of 1.6°C for the instanta-
neous doubling case and 0.7° C for the transient
forcing case. Inherent characteristics of the
coarse-grid ocean model [low sea-surface temper-
atures (SSTs) in the tropics and higher-than-ob-
served SSTs and reduced sea-ice extent at higher
latitudes] produce lower sensitivity in this model
after 30 years than in earlier simulations with the
same atmosphere coupled to a 50-m, slab-ocean
mixed layer. Within the limitations of the simu-
lated meridional overturning, the thermohaline
circulation weakens in the coupled model with
doubled CO, as the high-latitude ocean-surface
layer warms and freshens and westerly wind stress
is decreased. In the transient forcing case with
slowly increasing CO, (30% increase after 30
years), the zonal mean warming of the ocean is
most evident in the surface layer near 30°-50° S.
Geographical plots of surface air temperature

* A portion of this study is supported by the US Department
of Energy as part of its Carbon Dioxide Research Program
** The National Center for Atmospheric Research is spon-
sored by the National Science Foundation

Offprint requests to: WM Washington

change in the transient case show patterns of re-
gional climate anomalies that differ from those in
the instantaneous CO, doubling case, particularly
in the North Atlantic and northern European re-
gions. This suggests that differences in CO, forec-
ing in the climate system are important in CO, re-
sponse in regard to time-dependent climate ano-
maly regimes. This confirms earlier studies with
simple climate models that instantaneous CO,
doubling simulations may not be analogous in all
respects to simulations with slowly increasing

i COz'.

Introduction

Because of potential significant changes, com-
puter simulation of the effects on the earth’s cli-
mate of increased carbon-dioxide (CO,) concen-
trations has been an active area of research. Since
the mid-1970s, more realistic and complex general
circulation models (GCMs) of the climate system
have been dedicated to this type of research. The
Department of Energy (DOE)/Carbon-Dioxide
Research Division, Office of Basic Energy
Sciences, has issued State-of-the-Art (SOA) vol-
umes on the status of this research in the climate
community (see MacCracken and Luther 1985, in
particular). These SOA volumes complement the
earlier, less-detailed reviews (National Research
Council 1982) of scientific knowledge of climate
change resulting from CO,. The present paper
discusses experiments with a fully coupled atmo-
sphere and ocean dynamical model developed at
the National Center for Atmospheric Research
(NCAR). This is the latest in a series of ocean
models coupled, essentially, to the same atmos-
pheric model.
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Most early simulations of coupﬁd_ .a§mo-
sphere-ocean models included a simple ocean
component, such as a basic energy-balance ocean

(sometimes referred to as a swamp model), which

had no seasonal heat storage and no vertical or
horizontal heat transport (e.g., Manabe and We-

therald 1975; Washington and Meehl 1983, 1986). .

Although this type of model allowed for the fact

that the ocean is a saturated surface interacting °

with the atmosphere, it is still far from the real

ocean. A second type of simple coupled atmo- :

sphere-ocean model has a shallow, constant,
mixed-layer thickness of =50 m and takes into
account seasonal heat storage, but not horizontal
or vertical heat transport (e.g., Manabe and

Stouffer 1980; Washington and Meehl 1984). -

Hansen et al. (1984, 1988) and Wilson and Mit-

chell (1987) have used models that, in addition to .
the mixed-layer ocean, prescribe seasonal hori-
zontal ocean heat transport obtained from a

model simulation with observed ocean tempera-
ture. This specified horizontal transport does not
allow for feedbacks with changes in ocean tem-

perature or sea ice. In their SOA review paper dis-

cussing model intercomparisons of several differ-
ent ocean formulations with increased concentra-

tion of CO,, Schlesinger and Mitchell (1985, 1987)
found that the general pattern of zonally averaged

changes was similar, but the geographical patterns
were quite different.

The NCAR model coupled to the simple °
mixed-layer ocean formulation has been studied -
in the context of (1) effect of limitations of the -

simple mixed layer on the computed sea-surface
temperatures (SSTs) and surface-energy balance

(Meehl and Washington 1985), (2) changes of -
blocking events and persistent height anomalies |

(Bates and Meehl 1986), (3) changes of tropical

circulation in the model (Meehl and Washington .

1986), (4) ice-albedo feedback sensitivity (Dickin-

son et al. 1987), (5) tropical-midlatitude interac- '

tions (Meehl 1988), and (6) soil-moisture sensitiv-
ity (Meehl and Washington 1988).
Interactive atmosphere and ocean models with

a dynamical component are limited because of °

the requirement for lengthy computer runs, even
with coarse resolution. CQO, experiments with
ocean general circulation models (OGCMs) of

this type have been conducted by Bryan et al.
(1982), Bryan and Spelman (1985), and Bryan et '

al. (1988), using a Geophysical Fluid Dynamics |

Laboratory (GFDL) model with idealized geogra-
phical domain (a sector of the globe), and by

Schlesinger et al. (1985) and Schlesinger and -

Jiang (1988), using an Oregon State University

model with a realistic geographical domain. In
both studies, a step-function incréase.of.CO, was
used to investigate the transient response of the
system. The GFDL coupled models built upon
the previous work of Manabe (1969) and Bryan
(1969).

This paper describes CO, experiments with
model versions having current concentration
(1 xCO,), double the concentration (2x CO,),
and a gradually increasing concentration of CO,
(transient). These experiments use the same atmo-
spheric (Washington and Meehl 1983, 1984) and
dynamical ocean models described by Semtner
(1974, 1987) and Meehl et al. (1982). Brief de-
scriptions of the atmospheric and oceanic models
are given in Sections 2 and 3; sea ice is included
in the ocean description. Section 4 explains cou-
pling of the atmospheric and oceanic models and
describes the experiments. Examples of the com-
parison of the simulations with the observed at-
mosphere, ocean, and sea-ice distributions are
given in Section 5. Section 6 discusses the differ-
ences between a control simulation with current
and instantaneous doubling of CO, concentra-
tions; zonal and geographical distributions are
also shown. Section 7 describes a separate experi-
ment with a gradually increasing (1% per year)
concentration of CO,. This experiment allows an
estimate of the so-called transient response of the
climate system to a gradual increase in CO, con-
centration. [Note the discussion by Schneider and
Thompson (1981) showing differences between
sudden and gradual increases of CO,.] The con-
clusions in Section 8 are in terms of the simula-
tion compared to the observed and the differences
caused by a doubling of CO,. Plans for improve-
ments of the various aspects of the coupled model
are also discussed. The Appendix describes a cou-
pled climate-sensitivity experiment with de-
creased wind stress, another experiment with de-
creased horizontal diffusion, and a third with a
shallowed second layer. All experiments show a
sensitivity that causes large changes in the simu-
lated tropical ocean-surface temperature.

Description of atmospheric model

In a schematic diagram of the components of the
coupled ocean-atmosphere-sea-ice model (Fig.1),
atmospheric and oceanic levels are shown at the
left with the physical processes at the middle and
right. The atmospheric component of the interac-
tive climate model is a version of the NCAR
Community Climate Model (CCM) (Bourke et al.
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Fig. 1. Schematic of vertical-layer structure of coupled atmosphere/ocean model. Various physical processes and their interactions

are depicted

1977; McAvaney et al. 1978; Pitcher et al. 1983).
The physical parameterizations in the model, ex-
cept for radiation, are from GFDL models (Ma-
nabe et al. 1965). The atmospheric part of the
model uses a sigma vertical coordinate system
with nine levels and the spectral transform
method for computing horizontal nonlinear trans-
port terms with a truncation wave number of
rhomboidal 15, which yields a resolution between
poles of approximately 4.5° in latitude. The longi-
tudinal grid has 48 points and thus a 7.5° resolu-
tion, the time step is 40 min, and the radiation-
cloudiness scheme is as described by Ramanathan
et al. (1983). The cirrus formulation assumes that
upper-layer clouds have emissivity of unity and
are perfect blackbodies independent of liquid-wa-
ter or ice-equivalent content. The blackbody as-
sumption of the simulation of temperature and as-
sociated wind structure has been explored by Ra-
manathan et al. (1983, see section entitled “Varia-
ble Black Cirrus”). The blackbody assumption is
applied because of the uncertain effect of cloud-
emissivity feedback on the CO, question, espe-
cially for thin clouds. This precludes the possibil-
ity of cloud-emissivity climate feedbacks. The sur-

face-hydrblogy cycle uses model-derived rates of

precipitation, evaporation, and sublimation to si-
mulate the changes of soil moisture and snow

cover following Washington and Williamson

(1977), whose treatment is similar to that de-

scribed by Manabe (1969). The methods of pa-

rameterization for surface albedos are described
by Washington and Meehl (1984).

Description of ocean and sea-ice models

The OGCM uses primitive equations for a hy-

drostatic, Boussinesq ocean with a rigid lid and

follows a numerical method developed by Bryan

(1969). Coriolis terms in the horizontal equation
of motion are treated semi-implicitly. The hori-

zontal finite-difference scheme is second-order,

energy-conserving, and has a second-order, leap-
frog, time-differencing approximation (Semtner
1974, 1987). In the Arctic Ocean only, forecast

variables' are smoothed longitudinally to avoid a

computational restriction on the time step be-
cause of the small geographical distances in the
longitudinal direction. The large-scale bottom to-
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Table 1. World ocean model characteristics

1) Vertical coordinate Depth

2) Horizontal domain Global (latitude and longitude)

3) Horizontal resolu- 5°
tion

4) Horizontal approx-
imation of deriva-
tives

5) Vertical resolution

Second-order

AZ]=50 m, AZz=450 m,
Az3;=1500 m, Az,=2000 m

6) Time step Ar=1800 s
7) Topography Included
8) Convective adjust- Included
ment
9) Salinity flux at sur-  Included
face
10) Computed sea ice Included

pography has been included (Bryan 1969; Wash-
ington et al. 1980). If adjacent vertical layers be-
come statically unstable, then convective adjust-
ment is invoked, thus returning the respective
layers to a stable state by uniformly mixing tem-
perature and salinity in the two layers. Table 1
summarizes the major characteristics of the
OGCM.

Small-scale features, such as mid-ocean ed-
dies, and concentrated aspects of the western
boundary currents, such as the Gulf Stream, are
not resolved by the 5° latitude-longitude horizon-
tal grid. Details of how they contribute to hori-
zontal and vertical transports of heat and momen-
tum in nature are not well known because of lim-
ited observations; they can be crudely parameter-
ized with large eddy diffusivities (e.g., Semtner
and Mintz 1977; Cox 1985). The vertical eddy dif-
fusivity for heat is generally 10~* m? s —'. Howev-
er, like Philander and Seigel’s (1985) method, the
vertical eddy diffusivity at the base of the top
layer for momentum is 10 =3 m?s~!, except at the
equator where it is 2 x 1072 m?s~!; elsewhere in
the model it is 10~* m? s ~1. The horizontal mom-
entum diffusivity is 1x 10° m?>s~! and the hori-
zontal sensible-heat diffusivity ‘is 4x10*
m? s~ x cos(¢)* The cos(¢)* factor is an ad hoc
attempt to decrease diffusion near the polar re-
gions. These values were chosen to give smooth
predicted fields with the coarse 5°-grid spacing,
even though they may seem to overestimate sub-
stantially the effects of subgrid-scale processes.
One of the shortcomings of ocean models with
coarse resolution is that the advective processes,
especially horizontal, are too weak and features
such as the Gulf Stream are therefore poorly rep-
resented. The Appendix shows model sensitivity

to a decrease in the horizontal diffusivity for heat.
In such a coarse-grid model, the earth’s conti-
nents and ocean are crudely represented due to
the 5° x 5° resolution. For example, the Mediter-
ranean and Hudson Bay are “lakes” not con-
nected to the Atlantic Ocean, precluding direct in-
teraction. Sensitivities of this ocean model to pa-
rameter variations have been documented by
Meehl et al. (1982).

The initial formation of sea ice depends upon
ocean surface temperature such that if the ocean
temperature becomes equal to the approximate
freezing point for sea water (271.2° K), sea ice
forms. The amount of growth and melting of sea
ice depends upon the energy balance at the top of
sea ice and the heat conduction through sea ice,
following the parameterization of the zero-layer
model described by Semtner (1976). The heat flux
from ocean to sea ice is computed by assuming
upward heat diffusion where the temperature at
the base of the sea ice is at the freezing point of
sea ice and the temperature of sea water under sea
ice is the top layer of the ocean model. Such a
simple sea-ice model does not allow for heat stor-
age within the ice or detailed processes invelving
brine formation.

The heat flux to the bottom of sea ice is ap-
proximated by simple heat diffusion assuming a
temperature gradient between the middle of the
first ocean layer and the freezing temperature at
the base of the sea ice. The ocean vertical thermal
eddy diffusivity directly beneath sea ice is
0.01x10~* m*s~! because vertical mixing is
thought to be substantially less there. The effects
of salinity changes from sea-ice freezing or thaw-
ing are not included, and there is no contribution
to salinity change by river runoff.

Method of coupling atmosphere-ocean-sea-ice
models and description of experiments

Our strategy in coupling the atmospheric GCM to
the OGCM is entirely different from that used in
an earlier study (Washington et al. 1980). In the
study described here, atmospheric and oceanic
models are coupled synchronously rather than
asynchronously. Asynchronous coupling does not
accurately allow for the time evolution of interac-
tion between oceans and atmosphere, especially
seasonal changes. For the present synchronous
scheme, the atmospheric model provides wind
stress (at the bottom layer of the model, i.e.,
0=0.991), precipitation minus evaporation, and
the sum of the surface-energy balance to the
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SYNCHRONOUS COUPLING METHOD

ATMOSPHERIC
GCM -

WIND STRESS, PRECIPITATION
MINUS EVAPORATION
EA ICE HELD
ngDSFOR SRe'oa®  HEAT FLUX INTO OCEAN HELD
‘ FIXED FOR ONE DAY

OCEAN SURFACE TEMPERATURE

OCEAN GCM
AND

SEA ICE

PREDICTION

Fig. 2. Schematic of synchronous coupling method for atmos-
pheric and oceanic sea-ice models

ocean. In turn, the ocean model provides surface-
temperature and sea-ice data to the atmospheric
model (interactions are shown schematically in
Fig. 2). The atmospheric and oceanic models are
each run for 1 day. The atmospheric model uses
40-min time steps (36 iterations per day), and the
oceanic model uses 30-min time steps (48 itera-
tions per day). Typically, ocean models use much
longer time steps, usually with steady or smoothly
varying wind stress. The computed wind stress
from the lowest atmospheric model layer occa-
sionally gave large local values for relatively short
time periods which, when applied to a 50-m top
ocean layer, caused large local and episodic accel-
eration in the top layer of the ocean model. This
led to local instabilities in the current systems of
the top layer of the ocean. Observations of large
transient wind-stress forcing indicate that the sur-
face layers of the ocean undergo increased verti-
cal mixing and generation of surface waves rather
than having all the momentum applied as a
boundary force to move the upper ocean laterally.
The precise amount of momentum going into
each of these mechanisms is dependent upon a
wide range of conditions. An improved parame-
terization of vertical diffusivity in the ocean is
needed to describe this process properly. In the
meantime, the Appendix describes a sensitivity
experiment with the effects of decreased wind
stress. )

The method of carrying out coupled simula-
tions for 1x CO,, 2x CO,, and a slowly increas-
ing CO, (or transient forcing) experiment is
shown schematically in Fig. 3. The ocean model
started from the end of the uncoupled model ex-
periment with observed atmospheric forcing (=~ 50
years), where the first year was forced by a New-
tonian-type observed, zonally averaged tempera-
ture and salinity distribution (Meehl et al. 1982).
This artificial forcing decreased the time (=1

COUPLED MODEL EXPERIMENTS

OCEAN WITH OBSERVED
\TMOSPHERIC FORCING (50YRS)
INITIALIZED FIRST YEAR

ITH OEGERVED CROSS SECTION INSTANTANEOUS 2xCO,
OF T ANDS) .
’_——-

' CREASIG 1% PERYEER
COUPLED (16 YRS [°0 CONTROL
I 30 YRS !
_—

ATMOSPHERE WITH 50M
MIXED LAYER FOR IS YRS
(PRECEDED BY SPIN-UP)

Fig. 3. Description of running of the coupled experiments. At
the left, the atmospheric and oceanic models were run sepa-
rately and then coupled for 16 years. At the right, the control
(1xCO,) was extended for 30 years, and an instantaneous
2 x CO, experiment and a transient CO, experiment (with CO,
increasing 1% per year) were run for 30 years

year) required to bring the overall zonal tempera-
ture and salinity patterns to roughly that of the
observed. The atmospheric part of the coupled
model began from the 15th year of the climate si-
mulation by Washington and Meehl (1984), in
which a 50-m, simple, mixed-layer ocean was
used. The coupled model system was then run for
16 years with several changes in ocean diffusion
parameters. The model was run for an additional
30 years for the 1x CO,, 2x CO,, and transient
experiments. Obviously, the overall system cannot
be in complete equilibrium, but the top parts of
the ocean model appear to change little from year
to year. Figure 4 shows time-evolution graphs of
globally averaged ocean-surface temperature- and
ocean surface temperature differences from the
coupled model with 1x CO,, 2x CO,, and tran-
sient forcing (slowly increasing) CO, experiments.
The globally averaged ocean temperature in the
top model layer with 1 x CO, exhibits a very slow
cooling trend or drift (~0.02° C per year), while
the 2 x CQ, experiment shows little trend. This
trend, as will be shown later, is substantially
smaller than the increased CO, warming signal.
The transient experiment shows less cooling than
the 1x CO, experiment and a small warming by
year 30. In the 2 x CO, experiment, the upper part
of the ocean warms quickly and then shows a
smaller secular change at the 15- to 30-year range.
The globally averaged SST difference between the
2xCO, and 1x CO, experiments is about 1.2°C
and 1.6°C for globally averaged surface air tem-
perature at 30 years, which is larger than the value
found at 20-25 years by Bryan et al. (1982) and
Schlesinger et al. (1985). The transient experiment
shows a much smaller difference of about 0.7°C
after 30 years for surface air temperature increase
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Fig. 4. a Time evolution of globally averaged ocean surface
temperature (° C) for 1x CO,, 2x CO,, and transient CO, ex-
periments; b time evolution of ocean surface temperature dif-
ferences from part (a) (°C)

and about 0.3°-0.4° C for globally averaged SST
differences.

The pattern of climate drift in the ocean for
the three cases is similar, with small-amplitude

changes occurring in the surface layer, cooling in -

the second layer (less than 0.05°C per year), a
warming of the third layer (less than 0.03°C per
year), and a slight warming of the bottom layer
(less than 0.005° C per year). Most of the climate
drift is removed by subtracting cases averaged
over the same time period. Although the pattern
of climate drift is similar in the three cases, small-
amplitude changes in the drift of the surface layer
affect the globally averaged SST numbers in Fig.

4. Slight flux differences due to increased CO, re-

sult in a near-zero globally averaged drift of the

surface layer in the 2 x CO, case compared to the
transient and control cases. However, the magni-
tude of the drift is smaller than the size of the CO,
signals. A number of these questions dealing with
equilibrium and transient forcing of the coupled
atmosphere-ocean system have been explored
with simpler models (e. g., Schneider and Thomp-
son 1981; Thompson and Schneider 1982).

Simulation of observed climate
Atmosphere

Confidence in a model as a useful indicator of cli-
mate sensitivity is measured in part by how well it
simulates present climate. By simulating the
change of seasons, which involves a larger signal
than most climate sensitivity experiments, one can
assess the effect of external forcing on the simu-
lated climate system. In atmospheric simulations
with specified observed ocean-surface tempera-
tures, the climate simulated by such a model has a
strong surface-boundary constraint on the atmo-
sphere. Coupled models involving mutual interac-
tions between atmosphere and ocean have no
specified lower boundary constraint and thus are
more prone to drift to a climate different from the
observed than are constrained climate models.
Most coupled model simulations yield ocean-
surface temperatures with substantial errors. Con-
tributions to some of these errors are known be-
cause of the inherent limitations of some of the
formulations in the atmosphere and ocean mod-
els, but some of the causes are not evident be-
cause of the complexities and uncertainties in
modeling the climate system (e.g., cloudiness-ra-
diation, surface transfers of sensible heat, mom-
entum, salinity, and moisture). In spite of these
uncertainties, it is still possible to simulate many
basic aspects of the climate system. Figure 5
shows the latitude vs. pressure distribution of
zonally averaged temperature from the coupled
model compared to the observed data of Newell
et al. (1972) for December-January-February
(DJF) and June-July-August (JJA). These figures
can be compared with the atmospheric simulation
with the simple mixed-layer ocean model (50 m)
reported by Washington and Meehl (1984, Fig. 3,
p. 9479). A comparison of the results from the
mixed-layer ocean model provides more insight
into the role of ocean dynamics in determining
model climate since the atmospheric model is the
same. The temperatures in the present OGCM ex-
periment near the surface in the tropics are cooler
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Fig. 5a-d. Zonal mean tempera-
tures as a function of latitude and
height (K). Computed values are
3-month seasonal averages taken
over the last 5 years of control
case. Observed values are long-
term, 3-month seasonal means
from Newell et al. (1972); a com-
puted, DJF; b observed, DJF; ¢
computed, JJA; d observed, JJA

Fig. 6a-d. Mean zonal (east-west)
wind component # as a function
of latitude and height (ms~").
Computed values are compiled

as in Fig. 5. Observed SH tropos-
pheric values are geostrophic -
winds for January (b) and July
(d), from van Loon et al. (1971).
All other observed values are 3-
month seasonal means from sta-
tion data (Newell et al. 1972); a
computed, DJF; b observed, DJF
(SH, January); ¢ computed, JJA;
d observed, JJA (SH, July)
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by up to 5°K in the zonal average than the ob-
served in the tropics; but in the higher-latitude
Southern Hemisphere (SH), ocean temperatures
are substantially warmer than the observed in
both seasons. The OGCM yields cooler tropical
and subtropical ocean temperatures than the
mixed-layer ocean version because of equatorial
upwelling and poleward heat transport which are
absent in the mixed-layer model. Other aspects of
tropospheric and stratospheric simulations are
similar with both types of ocean models, with one
important exception — there is less overall tro-
pospheric latitudinal temperature gradient in the
present model. Because the temperature gradient
can be related to the vertical wind shear through
the thermal wind relationship, the zonal wind
field is significantly affected.

Figure 6 shows the zonally averaged zonal
wind component as a function of latitude and
pressure for DJF and JJA. During DJF, some fea-
tures in the simulation with the OGCM are closer
to the observed of Newell et al. (1972) and van
Loon et al. (1971) than to the model with the
mixed-layer ocean (Washington and Meehl 1984,
Fig. 4, p. 9480). In the DJF simulation, there is a
continuous distribution of easterlies throughout
the midtroposphere with the OGCM. As sug-

MOISTURE , DJF, COUPLED GCM

gested from the previous figure of zonally aver-
aged temperatures, the midlatitude westerly jet
streams are weaker, which is corisistent with the
warmer-than-observed high-latitude temperature
distribution. The simulation with the OGCM
yields 25ms~! and 20 ms~! DJF maxima, re-
spectively, for the Northern and Southern Hemi-
spheres versus 40 ms~' and 30 ms~! with the
mixed-layer ocean version. The present JJA simu-
lation shows, respectively, 5 and 25ms~! jet
maxima versus the 15 and 40ms~! maxima
found with the mixed-layer ocean model. This is
indicative of the weaker zonal temperature gra-
dient with the OGCM. As discussed in more de-
+ tail later, the OGCM has less sea ice than ob-
served and much less than the simulation with the
mixed layer. The latter had an overabundance of
. sea ice in both hemispheres, partially as a result
of the lack of poleward ocean heat transport.
The latitude-height distribution of moisture is
shown in Fig. 7. This figure can be compared with
the distribution in the mixed-layer ocean version
(Fig. 10 on p. 9487 of Washington and Meehl
1984). The observed is from Oort (1983). A strik-
ing difference is the much smaller amount of
moisture in the tropics where the maximum in
DJF is 13 gkg~! versus 17 gkg™! for the ob-
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SURFACE AIR TEMPERATURE, DJF, CONTROL (YR 26-30)

0T L lgos

[+] 90E 180 oW

208
a

Fig. 8a, b. Geographical distribution of
surface air temperature (c=0.991) and
sea ice. Computed values are compiled

as in Fig. 5. Observed values of surface
air temperature are shown by Washing-

ton and Meeh! (1984); a computed,
DJF; b computed, JJA

served. Presumably, this is largely a result of the
colder-than-observed ocean temperatures. A simi-
lar difference is found in JJA. Also, the computed
distributions are more uniform with latitude, indi-
cating a smaller zonal temperature gradient and
warmer polar regions. This water-vapor feedback
has been extensively discussed by Ramanathan
(1981) and others in simple radiative-convective
models.

The geographical distribution of the surface
air temperature (6=0.991) for DJF and JJA is
shown in Fig. 8 and can be compared to observed
values in Washington and Meehl (1984). The
Northern Hemisphere (NH) winter shows more
northward-shifted zonal temperature gradients
with the OGCM than the experiment with the
mixed-layer ocean (Washington and Meehl 1984,
Fig. 5, pp. 9481-9482) in the Atlantic and Pacific
Ocean regions. Temperatures are substantially
warmer over the North Atlantic and near the edge
of Antarctica. Over the tropical ocean, surface
temperatures in the present model are more than
5° K too cold in places. The continental tempera-
tures over North America, Asia, and Africa are

quite similar in the two simulations. The simula-
tion of less-than-observed sea-ice distribution
(shaded on Fig. 10) in the OGCM results in sub-
stantially warmer-than-observed surface air tem-
peratures in the SH. '

The distribution of precipitation is shown in
Fig. 9. Again, we compare these with mixed-layer
results (Washington and Meehl 1984, Fig. 6, pp.
9483-9484), and the observed values from Jaeger
(1976). The midlatitude DJF distributions be-
tween the two model versions are quite similar;
for example, in the northern Pacific and Atlantic
Oceans, the pattern of 2-6 mm day ~! agrees well
with the observed. However, in the tropical Pa-
cific, the OGCM gives much smaller amounts of
precipitation and a weak Intertropical Conver-
gence Zone (ITCZ). This is associated with cold-
er-than-observed ocean temperature, as shown
later, compared to the higher-than-observed tropi-
cal Pacific SSTs and precipitation in the mixed-
layer model. The other tropical precipitation max-
ima in the coupled model occur over the relatively
warmer land surfaces of South America and
Africa and are higher than observed. The JJA val-
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ues show a pattern similar to the observed with
maxima somewhat greater than observed, particu-
larly in the African monsoon region. Again, be-
cause of colder-than-observed ocean tempera-
tures in the vicinity of Indonesia, the precipitation
in this region is too low. The tropical Indian-
Asian monsoon precipitation maxima occur
mainly over land areas, avoiding the cool ocean
surface.

Ocean and sea ice

The geographical distributions of ocean-surface
temperature and sea ice are shown in Fig. 10 for
DJF and JJA. The observed are from Alexander
and Mobley (1976). The overall tropical tempera-
tures are too low (1°-3° K), and the western Pa-
cific warm pool is not simulated by the coupled
model. Some factors contributing to the exces-
sively low temperatures in this region will be ad-
dressed in the Appendix, where additional experi-
ments are described, with reduced wind stress ap-
plied to the ocean, decreased subgrid-scale lateral

COMPUTED SURFACE SALINITY (%o}, DJF
E 180 oow
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diffusion, and a shallower second layer in the
ocean. All of these additional experiments yield
warmer ocean-surface temperatures in the trop-
ics.

The tongue of cooler water in Fig. 10 off the
west coast of South America and the warm water
off the east coast of South America are crudely
simulated in the OGCM. These features are not
simulated in the experiment with the mixed-layer
model because of lack of ocean dynamics. The
SH midlatitude ocean temperatures are much too
high in both seasons, resulting in very little sea ice
around Antarctica, even in winter. An error of the
ocean model is that the dynamical mechanisms
and horizontal heat diffusion are transporting too
much heat into the higher southern latitudes,
whereas SSTs and sea ice in the NH are closer to
the observed distributions, presumably because
the Arctic Ocean is somewhat isolated from the
northern Pacific and Atlantic Oceans. Washing-
ton and Meehl (1984) noted that the simple,
mixed-layer ocean model simulated excessive sea
ice partially due to the lack of ocean dynamics.

The temperatures in the vicinity of the Antarc-
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tic circumpolar current are much too warm and
there is little concentration of the gradient. The
same can be said for the Gulf Stream and Kuro-
shio Current systems. This pattern of weaker-
than-observed currents occurs often in coarse-grid
calculations that have horizontal resolutions of
the order of 5° latitude and longitude [see exam-
ples of simulations with observed atmospheric
forcing, e.g., Meehl et al. (1982) and Han (1984)].
The underestimation of sea ice and the lack of
seasonal variability were also noted in a similar
coupled simulation by Gates et al. (1985). The
role of poleward ocean heat transport will be dis-
cussed later. .

The geographical surface-salinity distribution
for DJF from the model can be compared qualita-
tively with annual mean observations from Levi-
tus (1982) in Fig. 11. Northern winter is shown
from the model for later reference in discussions
of the thermohaline circulation in that season.
The observed distributions of salinity are deter-
mined from the precipitation, evaporation, and
river runoff into oceans, as well as the internal dy-
namics of the ocean circulation. In the coupled
model, river runoff is not taken into account.
Thus, there is no fresh-water input into the oceans
from the land areas. In spite of the simplifications
and limitations of the model, some of the major
features are simulated. This can be explained
partly by the fact that salinity fluxes at the top of
the ocean contribute little to the total salt content
of the oceans. Over the time scale of these experi-
ments, the salinity distribution is still heavily in-
fluenced by the initial distribution. The subtropi-
cal maxima of salinity in the North Pacific and
North Atlantic are simulated, including the max-
ima of 37%o in the North Atlantic. The Antarctic
circumpolar and Arctic Ocean minima are also re-
produced. The NH and SH Pacific salinity max-
ima associated with the semipermanent, high-
pressure cells in the coupled model are too close
to the west coasts of the continents, partially due
to the weaker-than-observed upwelling of low-sal-
inity sub-surface water there. Also, coarse-resolu-
tion OGCM:s such as this one have difficulty up-
welling lower-salinity water near the midlatitude
eastern continental boundaries.

Figure 12 shows the latitude-depth distribu-
tion of the zonally averaged temperature for DJF
from the model. Small seasonal changes are seen
in JJA (not shown), but similar features can be
compared to the observed annual mean values
from Levitus (1982). The general pattern of the
isotherms is simulated, but the permanent ther-
mocline in the model is not as intense as the ob-
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Fig. 12a, b. Zonally averaged (a) computed temperature
(DJF, °C) and (b) observed annual mean temperature (Levitus
1982, °C). Contours every 2°C. Computed JJA patterns are
qualitatively similar

served. As discussed earlier, the coarse vertical re-
solution in the model contributes to this discre-
pancy. Tropical surface temperatures are too low,
and the model temperatures near Antarctica at the
surface are about 4°C too high. The latitude-
depth distribution of salinity (Fig. 13) shows the
distinctive subtropical surface maxima mentioned
earlier and the higher-latitude minima of less
dense water. The model fails to show the deep
penetration of saline water near 30°-40° N or the
tongue of less saline water near 50° S. It is unclear
how much of this error is from the initial distribu-
tion of salinity or model physics. More informa-
tion on penetration of surface waters is given in
Section 6 where the meridional streamfunction of
both the global and North Atlantic sections is
shown.
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Fig. 13a, b. Zonally averaged (a) computed salinity (%o) for
DJF and (b) observed annual mean salinity (%o) (Levitus
1982). Computed JJA patterns are qualitatively similar

The ocean-heat transport can be divided into
three components (Bryan and Lewis 1979; Meehl
et al. 1982; Spelman and Manabe 1984): (1) the
meridional component, which is overturning in
the latitude-depth plane V7, where the overbar
indicates zonal average; (2) the gyre component
V'T’, where the prime represents deviation from
the zonal average such that warmer water 7°>0
and north poleward flow V'>0 yield V'T' >0
(thus, flow along the latitude-longitude horizon-
tal plane, such as in the midlatitude gyres in
which the Gulf and Kuroshio Currents are imbed-
ded) and results in poleward heat transport; and
(3) subgrid-scale lateral diffusion that transports
heat in the model to account for subgrid-scale
processes. :

Figure 14 .compares the total and component
parts of ocean-heat transport with observed latitu-
dinal estimates by Oort and Vonder Haar (1976),

Trenberth (1979), Hastenrath (1980), and Caris-
simo et al. (1985). The computed estimates with
the OGCM are larger than those found in GFDL
studies by Spelman and Manabe (1984) with a
coupled model and by Bryan and Lewis with an
ocean model with observed atmospheric forcing.
Meehl et al. (1982) found that this same OGCM
with specfied atmospheric forcing produced heat
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transports dependent upon the strength of the
wind stress. A more recent observational study by
Hsiung (1985) with the surface-energy flux
method yielded smaller values of heat transport
than the earlier estimates. Another method some-
times used to estimate this flux is to calculate the
ocean transport as a residual (Hartmann et al.
1986) from the atmosphere with a knowledge of
the atmospheric heat transport. With all of the un-
certainties and because direct global measure-
ments are not yet feasible, it is difficult to esti-
mate the true poleward ocean heat fluxes to
within factors of at least two. In any case, the
model transports in Fig. 14 show that most of the
flux is accomplished by meridional overturning in
the midlatitudes and tropics. The diffusion trans-
port is very large in the middle and high latitudes,
particularly in the Southern Hemisphere in the re-
gion of strong zonal temperature gradients. A
smaller horizontal diffusivity for heat would have
resulted in more heat transport by the meridional
and gyre transports (Meehl et al. 1982) such that
the total transport remains approximately the
same [see Cox (1985) for discussion of such com-
pensations when the resolution is changed]. Typi-
cally, with increased ocean resolution, the lateral
diffusion heat transport decreases and the gyre
component becomes larger. Remarkably, ocean
heat transport in the coupled experiment shows
the same characteristics as the specified atmos-
pheric forcing case from Meehl et al. (1982), but
the meridional transport is smaller. The diffusion
component is also smaller, partly a result of less
horizontal temperature gradient in the coupled
experiment compared to the decoupled experi-
ment.

The annual cycle of heat transport is shown in
Fig. 15. To better understand this quantity, we
also show an observed estimate for the NH (Oort
and Vonder Haar 1976) (a), along with that com-
puted from a decoupled ocean model with speci-
fied atmospheric forcing (including the full an-
nual cycle of wind-stress forcing) (b), and another
with one annual harmonic of wind-stress forcing
(c) and the coupled experiment (d). The role of
the second harmonic of wind stress in the tropics
is discussed by Meehl et al. (1982). The coupled
model yields a pattern qualitatively similar to that
of the decoupled model forced with one annual
harmonic of wind stress. These deficiencies are
mostly found in the decoupled model. Since the
semiannual variation of ocean heat transport is
not well simulated in the coupled model, atmos-
pheric forcing from the coupled system must be
partially responsible.
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Another important ocean quantity to examine

is the annual cycle of ocean heat storage. The

computation of the observed heat storage is dis-
cussed by Oort and Vonder Haar (1976), Meehl

(1984) and, more recently for the NH and SH, by
Levitus (1987). This quantity is somewhat difficult
to compute since it requires knowledge of the sur-
face energy balance as well as changes in the local
ocean heat content. The observed summer and
winter midlatitude maxima and minima are about
100 W m~2 (Fig. 16). The decoupled and coupled
experiments show qualitatively the same pattern
with heat loss in winter and heat gain in summer,
and slightly smaller amplitude of the annual cycle
in the NH with somewhat larger amplitude in the
SH. There is also a phase shift such that the sea-
sonal extremes occur about 1 month later in the
annual cycle in the ocean model compared to the
observed estimates. It is not clear if the differ-
ences are significant, but for a reasonable climate
simulation it is important that the model pattern
resemble the observed.

Simulation of climate change due to instantaneous
doubling of CO,

Zonal distribution

To assess the changes in the climate system as a
result of an instantaneous doubling of CO,, 5-
year averages from years 26 to 30 are computed
for the 2xCQO, and control cases. Figure 17
shows latitude-depth of zonal mean differences,
2 x CO, minus control, for temperature (a) and
salinity (b) for DJF. Similar patterns are evident
in JJA (not shown). In Fig. 17a, the warming has
penetrated into the third model layer (midpoint of
1250 m). The greatest warming is concentrated
near the surface with maxima of about +1.7°C
near 60°N and +1.3°C around 50°S. Similar
maxima at these latitudes were noted in the cou-
pled model simulation of Schlesinger and Jiang
(1988). Minima of warming in the ocean are pres-
ent in the tropics and high latitudes of each hem-
isphere, which contrast with the earlier ocean
mixed-layer model results (Washington and
Meehl 1984). Reasons for the differences will be
explored later.

The zonal mean salinity differences (Fig. 17b)
also show biggest changes in the surface layer of
the ocean. Relative decreases of salinity occur.in
the midlatitudes of each hemisphere with greatest
freshening (about 0.4%0) near 60° N. Salinity in-
creases occur in the subtropics of each hemis-
phere with a slight decrease of zonal mean salin-
ity near the equator. These changes in salinity are
indicative of alterations of precipitation minus
evaporation as well as changes of vertical mixing
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Fig. 17a, b. Zonally averaged (a) ocean temperature (° C) and
(b) salinity differences (%o) between 2xCO, and 1xCO,
(DJF) experiments for years 26-30

(discussed later). Warmer SSTs (Fig. 17a) that oc-
cur as a result of CO, doubling produce increased
evaporation at most latitudes. Therefore, salinity
changes roughly to correspond to differential al-
terations of precipitation. Increases of precipita-
tion correspond to areas of decreases of salinity,
and vice versa for relative decreases of precipita-
tion. The fact that we neglect river runoff repre-
sents about a 10% error in the fresh-water addi-
tion to the oceans; the remaining 90% comes from
local precipitation (Knauss 1978).

The associated zonal mean temperature
changes in the atmosphere for years 26-30 are
shown in Fig. 18. In the NH, reduction of sea ice
(discussed in more detail in Fig. 32) is associated
with a maximum warming during DJF of +5.0°C
at the surface near 75° N. Such large surface
warming at this time of year occurs as a conse-

quence of the ice-albedo feedback noted in pre-
vious studies. The signature of this feedback proc-
ess is most readily apparent during winter. In-
creased absorption of solar radiation at the sur-
face during summer (due to the reduction of sea
ice) limits the equatorward expansion of sea ice
during winter and is manifested by large relative
surface temperature differences (e. g., Washington
and Meehl 1984). Similar ice-albedo effects are
not evident in the SH in Fig. 18 because of the
near absence of sea ice around Antarctica (Fig.
10). The pattern of atmospheric temperature
change in the vertical is similar to previous GCM
results in that the increased CO, causes a warm-
ing throughout most of the troposphere and a
cooling in the stratosphere.
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Geographical distribution

To examine the geographical patterns of surface
air temperature change, difference maps, 2 x CO,
minus control from the lowest model level
(0=0.991), are shown in Fig. 19 for DJF and JJA.
Hatching indicates areas where the differences
are significant at the 5% level, as computed from
the first-moment test variate described by Chervin
(1981) and used by Washington and Meehl (1984).
The large warming in areas of sea-ice reduction
alluded to in Fig. 18a for the zonal mean plots is
statistically significant during DJF in Fig. 19a. Ar-
eas of significant warming are not as uniform over

the NH during JJA in Fig. 19b. In the northern

midlatitudes, warming at the surface greater than
2°C occurs near Hudson Bay and in east-central
Asia and Europe. Warming in the SH is smaller in
magnitude but geographically more uniform with
most areas experiencing significant surface air
temperature increases of about 1°-2°C. Areas of
cooling are present but are not statistically signifi-
cant.

SST differences corresponding to the surface
air temperature differences in Fig. 19 are shown

in Fig. 20. SSTs in most regions have warmed by
about 1.0°-1.5° C. Warming of 2.5°-3.0° C in both
seasons is evident in the north Atlantic, and there
are positive differences of 2.0°C in the eastern
equatorial Pacific during DJF and JJA.

It was mentioned that this model at 30 years
produces less warming from increased CO, than
the previous version coupled to the simple mixed-
layer ocean. The lower tropical SSTs (Fig. 10) are
associated with reduced atmospheric moisture
(Fig. 7). The warmer high-latitude SSTs result in
less-extensive sea ice (Fig. 10). Both factors con-
tribute to a reduction of feedbacks that have been
identified in previous studies as important in
magnifying model sensitivity. For example, Wash-
ington and Meehl (1983) used the same atmos-
pheric model coupled to a simple energy balance
or swamp model which produced cooler SSTs in
the tropics (see their Fig. 3). This contributed to
reduced atmospheric moisture amounts (Wash-
ington and Meehl 1984, their Fig. 23a) and a re-
duced sensitivity compared to their subsequent
mixed-layer ocean formulation (Washington and
Meehl 1984). The latter formulation simulated
SSTs warmer than observed (Meehl and Washing-
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ton 1985) with greater amounts of tropical atmos-
pheric moisture throughout the troposphere (their
Fig. 10). This is partially due to the nonlinear
Clausius-Clapyron relationship that links temper-
ature and saturation vapor pressure which, in
turn, is related to evaporation such that higher
SSTs are associated with much greater evapora-
tion. As a consequence, there is an increase in
convection as well as a large fractional increase in
atmospheric moisture in the upper troposphere
associated with the enhancement of warming with
height. For cooler tropical SSTs, a given increase
in SST will result in smaller increases of evapora-
tion and proportionately less CO, warming. For
the swamp model, a doubling of CO, produced
increases of low-level atmospheric moisture in the
tropics of about 0.75 gkg~' (Washington and
Meehl 1984, their Fig. 23b) and a global warming
of 1.3°C. The mixed-layer model warmed 3.5°C
for the same CO, increase and raised the amounts
of low-level atmospheric moisture in the tropics
by about 2.0 g kg ~! (Washington and Meehl 1984,
their Fig. 11).

The ice-albedo feedback is also important in

that the more extensive the sea ice, the greater the
sensitivity (Washmgton and Meehl 1986). Esti-
mates show that the ice-albedo feedback alone (in
the mixed-layer model with overextensive sea ice)
contributed more than 1°C of the 3.5°C global
warming in that model (Dickinson et al. 1987).
From these studies and others, a model with
high tropical SSTs and overextensive sea ice
could be more sensitive than a model with low
tropical SSTs and reduced sea-ice extent. Such is
the case with the present model after 30 years of
simulation. The large areas of surface warming
noted in the previous mixed-layer model asso-
ciated with sea-ice changes are present with much
smaller amplitudes in northern winter (where sea
ice is less extensive than in the mixed-layer mod-
el) and absent in the SH (Figs. 18 and 19). The
anomalously cool tropical SSTs in the present
model (Fig. 10) are associated with reduced
amounts of atmospheric moisture in the control
case compared to observations (Fig. 7) and small-
er-amplitude increases in atmospheric moisture in
the tropics when CO, is doubled (Fig. 21). The
maximum values of low-level moisture increase in
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Fig. 21a, b. Computed specific humidity differences (g kg =",
2 x CO, minus control (1 x CO,); DJF (a), JJA (b)

the present model are near 1.0 g kg~' compared
to twice that number for the mixed-layer ocean
model.

Geographical patterns of soil-moisture change
are shown in Fig. 22 for the two extreme seasons.
Areas of soil-moisture decrease are stippled, and
significance at the 5% level is hatched. Similar to
previous experiments with the mixed-layer model
(Washington and Meehl 1984; Meehl and Wash-
ington 1988), the continents are relatively dry in
the present control case. For the doubled CO,
case, many NH midlatitude continental areas ex-
perience soil-moisture increases during winter,
but the pattern in summer is not as uniform. Soil

moisture decreases in JJA over Europe and parts.

of Asia and North America, but increases.are also
evident. In particular, the increase over Alaska
and northern Canada during JJA, in the mixed-

layer model associated with a soil-moisture-
cloud-precipitation feedback (Meehl and Wash-
ington 1988), is also simulated by the present
model in Fig. 22b. Thus, the soil-moisture change
in these experiments is quite similar to that found
in earlier versions of this atmospheric model.

To identify circulation changes in the ocean, it
is useful first to examine the changes in wind-
stress forcing. Figure 23 shows zonally averaged
wind stress over the ocean for the control and
2x CO, cases during DJF. Also plotted are the
observed estimates for DJF from Hellerman and
Rosenstein (1983). For reference, Meehl (1989)
compares surface winds from several of the
NCAR coupled model versions with observations.
Model wind stresses for the present coupled
model are still too weak, particularly in the midla-
titude westerlies. This is a reflection of the general
reduction of the equator-to-pole temperature gra-
dient due to the limitations of the simulated ocean
model SSTs. The pattern of easterlies in the trop-
ics and westerlies at midlatitudes is reproduced in
both model cases, however. When CO, is dou-
bled, there is a noticeable reduction of westerly
wind stress of about 0.03 N m~?2 in the northern
midlatitudes. This amounts to a decrease of about
20%-50% of the westerly wind-stress maximum in
the northern winter. The SH westerly maximum at
40° S is also reduced at this time of year in the
2xCO, case. The tropics show very small
changes of zonal mean wind stress, even though
there are interesting regional changes. For exam-
ple, the warming of SSTs in the eastern tropical
Pacific (Fig. 20) is associated with a local weaken-
ing of the easterlies there (not shown).

To understand how the zonal mean mass cir-
culation in the ocean is affected by a doubling of
CO,, the meridional mass transport streamfunc-
tion is computed to represent the meridional over-
turning in the ocean. It follows the formulation of
Bryan (1986) and can be written

0 Ag
D= [ [ vacospdl,

z Ay

where @ is the meridional mass transport stream-
function, z is the depth, Az and Ay are limits on
the ocean basin’s east and west boundaries, a is
the radius of the earth, ¢ is latitude, and v is the
meridional component of the ocean current. The
global meridional overturning from the control
run during DJF is shown in Fig. 24a. Negative
values indicate counterclockwise circulation.
Near the surface are shallow wind-driven cells,
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with deeper overturning indicating sinking near
40°-50° latitude below the wind-driven surface
cells in both hemispheres. Bryan and Lewis (1979)
show an ocean simulation of the meridional over-
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Fig. 23. Zonally averaged zonal wind stress over ocean (DJF,
0.1 N m—?) for control, 2 x CO,, and observed (Hellerman and
Rosenstein 1983). Solid line control (year 26-30); broken line
2 x CO, (year 26-30); dotted line observed (Hellerman and Ro-
senstein 1983)

turning with a coarse-grid ocean model that is
forced with observed atmospheric data. They
found shallow, wind-driven cells near the surface
with surface convergence and sinking near 30° N
and 30° S. They also show sinking in the deeper
ocean in the midlatitudes of both hemispheres,
with strong sinking at high latitudes of the South-
ern Hemisphere. The deeper-layer circulations are
partly driven by temperature and salinity differ-
ences. A weak upward circulation from great
depths is indicated near 60° S. In a sector ocean-
atmosphere model described by Bryan et al
(1988), this type of deep meridional overturning is
much stronger and appears to minimize warming
at high southern latitudes.

Pairs of tropical cells occur in opposition
throughout the depth of the ocean and appear to
be driven by continuity considerations between
the four model layers and to vary seasonally with
the wind forcing. Similar cells in the tropics have
been noted in other model studies and may also
be due to the inertial instability of cross-equato-
rial flow (Bryan 1986).

Since there are no strictly observed measures
of meridional streamfunction and various ocean
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Fig. 24a, b. Zonally averaged meridional overturning stream-
function (DJF) for years 26-30; a control, b 2 x CO, minus
control. Positive values indicate clockwise circulation. Units
are Sverdrups (10° m® s ")

models at different resolutions give different re-
sults, it is difficult to quantify the errors in the
present model. Based on high-resolution ocean
model calculations (e.g., Cox 1975; Semtner and
Chervin 1988), the present model does not ade-
quately represent the high-latitude sinking in the
Northern Hemisphere. Representation of the
Southern Hemisphere is even more ambiguous.
For the present coarse-grid coupled model, the
following discussion is only a qualitative indica-
tion of what may occur in the real ocean.

The difference of meridional streamfunction,
2 x CO, minus control for DJF, is shown in Fig.
24b. Positive values indicate anomalous clockwise
circulation for the 2 x CO, case. Consistent with
the reduction of the westerly wind stress in Fig.
23, the shallow, wind-driven midlatitude cells
weaken in both hemisphéres. The deep-ocean

midlatitude cells also weaken in both hemis-
pheres. In particular, sinking weakens markedly
near 50° N in the deep ocean with a doubling of
CO,. This is associated with the warming and fre-
shening of the surface layer noted in Fig. 17.

A similar plot of meridional streamfunction is
shown in Fig. 25 for the Atlantic Ocean. Values
are omitted south of about 30° S, where the Atlan-
tic is not bounded by a finite basin. In the control
case (Fig. 25a), the shallow, wind-driven cells are
present near the surface as in Fig. 24. The thermo-
haline circulation is qualitatively represented with
sinking in the deep ocean in the north and flow at
depth crossing the equator into the SH. As men-
tioned earlier, however, this can only be a qualita-
tive representation of the real circulation since the
sinking in the North Atlantic is located south of
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Fig. 25a, b. Zonal averages for Atlantic for.meridional over-
turning streamfunction (DJF) for years 26-30; a control, b
2 x CO, minus control. Units are Sverdrups (10° m? s~'). Posi-
tive values indicate clockwise circulation (not shown south of
30° S because basin not defined)
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its likely observed location. A contributing factor
appears to be the lack of northward penetration
of warm saline waters from the North Atlantic
Current in the model. This plays an important
role in meridional overturning in the Atlantic
(Manabe and Stouffer 1988). When CO, is doub-
led (Fig. 25b), the sinking in the north is wea-
kened in association with the  warming and fre-
shening (and stabilization) of the upper ocean
noted earlier and a weakening of the wind-driven
circulation with the reduction of wind stress (Fig.
23).

Such a rapid response of the ocean (order of
tens of years) with effects to great depths has been
noted in previous modeling studies that repro-
duced altered buoyancy in the ocean. Bryan and
Spelman (1985) documented a partial collapse of
the ocean thermohaline circulation with a quadru-
pling of CO, after 25 years of simulation in a cou-
pled ocean-atmosphere sector model. This was
associated with warming and freshening of the
upper ocean due to the increase of CO,. Bryan
(1986) documented changes of the thermohaline
circulation in a basin ocean model associated
with alterations of the salinity forcing at the sur-
face. With a small surface salinity perturbation (a
decrease of 1%o), a collapse of the thermohaline
circulation was fairly rapid (order of 50 years).
The response was much slower for an increased
salinity anomaly. The present results from a cou-
pled global ocean-atmosphere model with realis-
tic geography and bottom topography support
these earlier results obtained with simpler models.
The models indicate that warming and freshening
of the high-latitude surface layer cause stabiliza-
tion of the ocean and weakening of the thermo-
haline circulation with effects to great depths on
relatively short time scales (tens of years). In this
coupled process, a change in the atmosphere (a
doubling of CO,) causes alterations of precipita-
tion and evaporation which, in turn, stabilize the
ocean by warming and freshening the surface
layer and thus weakening the thermohaline circu-
lation. In addition, the weakening of the wester-
lies in the model with increased CO, (Fig.23) is
associated with decreased overturning between
the first and second layers of the model (not
shown). Because of the halocline at high latitudes,
less high-salinity water from the second layer is
brought to the surface, thus also contributing to a
stabilization of the ocean. A more realistic simula-
tion of deep overturning at the high northern lati-
tudes of the Atlantic would likely be even more
sensitive to this process than the present model
with sinking simulated farther south.
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Fig. 26a, b. Annual mean ocean heat transport for (a) 2 x CO,
case and (b) total annual mean ocean heat transport for con-
trol (from Fig. 14c) and 2 x CO, (from Fig. 26a)

Figure 26 depicts the annual mean compo-
nents of horizontal ocean heat transport for the
2 x CO, case, and total heat transport for the con-
trol case and the case with an instantaneous dou-
bling of CO,. Transport decreases at midlatitudes,
mainly due to a decrease in diffusion (Fig. 26a)
associated with the slackening of the oceanic tem-
perature gradient (Fig. 17a). A small increase of
poleward transport near 10° S is associated with
somewhat stronger meridional circulation in the
second model layer (Fig. 24b).

The annual cycle of zonal mean heat transport
and storage for the 2 x CO, case is shown in Fig.
27. The pattern of heat transport is similar to the
control case (comparing Fig. 27a with Fig. 15d),
with changes in amplitude reflected in the annual
mean plot in Fig. 26. Heat-gain maxima are
roughly the same in the two cases comparing Fig.
27b with Fig. 16¢, but the seasonal heat-loss min-
ima are reduced by about 10% (NH) to 30% (SH).
This results in a net heat gain by the ocean in the
2 x CO, case.
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Fig. 27. 2 Annual cycle of zonal mean ocean heat transport
(watts x 10') and b ocean heat storage rate (W m~?) for the
2x CO; case

An exception to this pattern is found in the
equatorial tropics. The heat-gain maxima are re-
duced and the heat-loss minima, particularly in
June and July, are greater in the 2x CO, case
(comparing Fig. 16c with Fig. 27b). This goes
along with the increase in poleward heat transport
in the annual mean at 10°.N (Fig. 26) for 2 x CO,.
In the annual cycle of heat transport (Fig. 27a), an
increase of poleward heat transport near 10°S in
July and August is evident, along with an increase
near 10° N. A similar pattern of change in heat
transport and storage has been noted by Philan-
der and Hurlin (1988) in a simulation of the 1982-
1983 El Nifno event. As tropical SSTs increase,
they observed that net downward heat flux de-
creases as latent heat flux increases from the
warmer water. When the excess heat from the
equatorial tropics is transported poleward (in-
creasing ocean heat transport), the net heat stor-
age decreases since there is a deficit of net heat
flux across the ocean surface to replenish the loss
from the stronger poleward ocean heat transport.

A similar set of interactions occurs in the present
coupled model.

Transient forcing response and time evolution
Zonal distribution

Even though an instantaneous doubling of CO,
provides the climate system with a large uniform
forcing in time, it is of interest to compare the
more realistic effects of a gradual increase of CO,
with the instantaneous CO, doubling case to de-
termine if the latter can be used as an analogue of
the former. Figure 28 shows zonal mean ocean
temperature differences for 5-year periods in two
experiments. Figure 28a is an average of years 6-
10 (2 x CO, minus control), and Fig. 28b is an av-
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Fig. 28a, b. Zonally averaged ocean temperature differences
(°C); a 2x CO, minus control years 6-10 (DJF), b transient
minus control years 26-30 (DJF)
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erage of years 26-30 (transient minus control).
The CO, amount in part (a) was doubled instanta-
neously at the beginning of year 1 to 660 ppm. In
part (b), the CO, was increased gradually 30%
over the 30-year period to 429 ppm. The averages
for years 6-10 of the instantaneous doubling case
are taken after the initial large increase of globally
averaged temperature noted in Fig. 4. The results
in Fig. 28a can be compared to the averages 20
years later in that same experiment (i. e., Fig. 17a).
DJF is shown because it is the season that exhi-
bited the largest signal of surface air temperature
change in the instantaneous CO, doubling experi-
ment (Fig. 19). The results for this earlier period
in Fig. 28a show most of the warming confined to
the top two layers of the ocean, with greatest tem-
perature increases at the surface near 30° N and
40° S and minima of surface warming at high lati-
tudes of each hemisphere. This pattern is similar
in a number of respects to that of Fig. 17a for the
later period averaged over years 26-30. A relative
minimum of warming occurs in the tropics and at
high latitudes in both periods, but the magnitude
of the warming is larger in the later period and
the temperature changes penetrate into the third
layer. Also, the latitude of maximum warming in
the ocean surface layer shifts from approximately
30°-40° latitude in both hemispheres in the early
period to approximately 60° N and 50°S in the
later period. Changes in salinity in the early pe-
riod (not shown) are nearly identical to those in
the later period (Fig. 17b). This indicates that the
alterations of the climate occur rapidly, that preci-
pitation, evaporation, and vertical overturning
due to wind-stress changes affect the salinity, and
that the pattern remains fairly constant in time.
Temperatures, on the other hand, appear to warm
in the subtropics first and then, as feedbacks with
sea ice and stabilization (discussed above) occur,
the warming at the surface increases in the midla-
titudes.

The temperature changes for years 26-30 in
the transient experiment are understandably
smaller compared to the CO, doubling case be-
cause the CO, amount has increased by only 30%.
Most of the changes are confined to the surface
layer with maxima of warming near 45°S and
20° N. For this time period, however, there is no
uniform warming at all latitudes in the surface
layer. North of about 30° N there is cooling in the
zonal mean with a maximum of negative tempera-
ture difference near 65° N. In both periods of the
instantaneous CO, doubling case, warming was at
a minimum at high latitudes of both hemispheres
with even slight zonal mean cooling at high north-
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Fig. 29a, b. Zonally averaged atmospheric temperature of
transient minus control for years 26-30 (°C); DJF (a), JJA

(b)

ern latitudes. The cooling in the transient case is
more extensive than in the earlier instantaneous
doubling case, as discussed later.

Figure 29 shows the zonal mean temperature
differences, transient (years 26-30) minus control,
for the atmosphere in DJF and JJA. The pattern
for the instantaneous doubling case (Fig. 18) is
similar, with warming at most latitudes in the tro-
posphere and cooling in the stratosphere. But the
cooling in the zonal mean temperatures of the
ocean surface layer poleward of 30° N is reflected
as a cooling in the zonal mean through the depth
of the troposphere at high northern latitudes in
both seasons. Near 60°-80° N, where the largest
warming in the lower atmosphere was seen in Fig.
18a during DJF, a net zonal mean cooling is evi-
dent in Fig.:29a for the transient case. Reasons for
these differences are discussed below.
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Fig. 30a, b. Geographical distribution
of surface air temperature differences
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Geographical distribution

Geographical plots of surface air temperature dif-
ference (from the lowest model level at c=0.991),
transient (years 26-30) minus control, for DJF
and JJA are shown in Fig. 30. These plots can be
compared to similar maps from the instantaneous
doubling case in Fig. 19. Statistical significance at
the 5% level is indicated by cross-hatching as be-
fore. In the NH, significant warming is present
over North America, Europe, central Asia, and
northwest Africa. A large area of significant cool-
ing appears over the North Atlantic and extends
north of Europe into the Arctic. During northern
summer (Fig. 30b), the magnitude of the tempera-
ture differences in the NH decreases with signifi-
cant areas of warming over eastern Asia and
northern North America. In the SH year-round,
large areas of small-amplitude (near 1° C) statisti-
cally significant warming occur, particularly over
the southern oceans. This was noted in the zonal
mean ocean temperatures in Fig. 28.

In a comparison of the results from the tran-
sient experiment in Fig. 30 with those from the in-

stantaneous doubling case in Fig. 19, there is
clearly more noise in the differences of the tran-
sient case (much less area of statistical signifi-
cance). Agreement is mainly in the SH, where sig-
nificant warming of the order of 1° C covers much
of the southern oceans in both cases. Over the
NH mid- and high latitudes, however, interesting
differences exist between the two cases. The area
of cooling from about 65°W to 80° E between
about 60° and 80° N in the transient forcing case
is much larger than the corresponding small area
of negative temperature difference just east of
Greenland in Fig. 19a for the instantaneous doub-
ling case.

The patterns of change for SSTs in the tran-
sient case (not shown) reflect the surface air tem-
perature differences in Fig. 30 with cooling of up
to 1°C in the North Atlantic near 60° N and
cooler SSTs (about 1°C) off the northeast Asian
coast. In the SH, SSTs are higher by about 0.5°-
1.0° C. Surface salinity changes for this same case
(not shown) indicate a pattern similar to that
shown for the instantaneous doubling case, ex-
cept that the magnitude of the changes is reduced
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Fig. 31a, b. SLP (mbar) for (a) the con-
trol case averaged over years 26-30, and
(b) observed values from Crutcher and
Meserve (1970, Northern Hemisphere)
and Taljaard et al. (1969, Southern
Hemisphere)

by about one-half or less. In the North Atlantic,
the salinity in the transient case is reduced by
about 0.1%o.

To determine the differences in climate
change between the instantaneous doubling and
transient cases, it is necessary to examine the ef-
fects of changes in atmospheric circulation be-
tween the two cases for this period. Figure 31
shows the mean sea-level pressure (SLP) for the
control case DJF, averaged over years 26-30, and
the long-term mean observed SLP for DJF. In the
NH, the intensity and position of the Aleutian
and Icelandic lows and high pressure over Asia
and North America are well simulated. The Aleu-
tian low in the model is shifted somewhat north
and east over the ice-free Bering Sea which is ice-
covered in the observations (Fig. 10). The Icelan-
dic low in the model is located south and west of
its position in the observations. In the model,
warmer SSTs are located here. In the observa-
tions, the Gulf Stream and North Atlantic Current
advect warm water farther north and east, and the
Icelandic low is positioned accordingly.

The distribution of sea ice in the NH during
winter is shown in Fig. 32. The extent of sea ice

observed during January averaged over the period
1973-1976 is shown in Fig. 32¢ from Parkinson et
al. (1987). The limits of sea ice in the model for
DJF (defined as the extent of average ice thick-
ness more than 0.01 m deep) are shown for the
2x CO, case compared to the control (Fig. 32a)
and for the transient case compared to the control
(Fig. 32b). The position of the 0.50-m ice-depth
line is also shown. In a comparison of the control-
case distributions with the observed, the lack of
penetration of warm water into the North Atlantic
in the ‘model (associated with a weaker-than-ob-
served Gulf Stream and North Atlantic current)
results in sea ice covering the ocean from Green-
land to Norway in the model. The warmer-than-
observed SSTs in the North Pacific (Fig. 10) are
associated with a sea-ice limit in the model lo-
cated in the Bering Strait instead of farther south,
as in the observations. The implications of these
sea-ice distributions on the SLP field were pre-
viously mentioned in relation to Fig. 31.

When CO, is doubled, reductions of sea ice
occur almost everywhere (Fig. 32a), as indicated
by a retreat of both the 0.01-m and 0.50-m con-
tours. Near the ice margin, a mean reduction of



28 Washington and Meehl: Climate sensitivity due to increased CO, in an atmosphere-ocean GCM

2xC0, SEA ICE

ICE 00I~050M

ICE > 050M
THICK THICK

90E

AREAS OF
RETREAT OF
ICE EDGEQ

ICE_OQI-0.50M
THICK:

—~—RETREAT OF
- M CONTOUR

050l

RETREAT OF f-r))
cE EDGE (.

ICE> 050M
THICK

|SOE

&

ice thickness is represented by periods of open
water alternating with periods of ice-covered wa-
ter. Therefore, the frequency of ice-free ocean ar-
eas increases and is evidenced by a decrease of
seasonal mean ice thickness. In the transient case,
the largest areas of sea-ice decrease from the
warmer climate occur mainly in Hudson Bay and
are associated with the warmer continent (Fig.
30a). In the North Atlantic, the sea-ice limit ad-
vances in association with the colder temperatures
there (Fig. 30a).

SLP differences (Fig. 33) indicate how the at-
mospheric circulation is affected in the model ex-
periments. For the 2 x CO, case (Fig. 33a), the
warmer continents in the NH are associated with
lower SLP (negative differences). Large centers of
positive differences are located near northeastern
Greenland and over the North Atlantic. These are
associated with a weakening and northwestward

AREAS
OF ADVANCE
OF Q50M
CONTOLR

Fig. 32a-~c. Sea-ice distribution for (a)
2 x CO, case compared to control case
(DJF), (b) transient case compared to
control case (DJF), and ¢ observed sea-
ice limits for January from Parkinson et
al. (1987) averaged over 1973-1976. In
a and b solid contours indicate control
case; dashed contours indicate increased
CO, cases

shift of the Icelandic low. The low weakens in the
mean (implying fewer and less intense storms)
due to the general warming of the North Ameri-
can continent and reduction of baroclinity in this
region. The center of the low shifts northwestward
over the more frequent ice-free ocean areas (ice-
covered in the control case) of Hudson Bay and
the Labrador Sea southeast of Baffin Island. In
the North Pacific, the Aleutian low shifts north-
westward as the sea ice is reduced north of the
Bering Strait. This is manifested by positive
SLP in the Gulf of Alaska and negative differ-
ences over the northwest Pacific. A similar de-
crease of SLP with an imposed ice-line retreat in
these regions was noted by Herman and Johnson
(1978). Lower SLP is located north of most of
Russia associated with the reduction of mean sea-
ice thickness (and associated increase in episodes
of open water) in those regions. Depending on the
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model and associated circulation regimes, de-
creases in sea ice often are associated with lower
SLP [shown for the Southern Hemisphere, for ex-
ample, by Mitchell and Hills (1986)].

In the SH, the warming of the oceans in-
creases baroclinity at the surface (Fig. 17a), and
the circumpolar trough intensifies slightly and
moves south as evidenced by positive SLP differ-
ences near 45°S and negative differences near
65° S. Although the effect of an increase in baro-
clinity has been documented in the atmospheric
model by Meehl and Albrecht (1988), the effect in
the present model involves fairly shallow changes
near the surface. Since the amount of sea ice is
negligible around Antarctica (Fig.10), there is no
ice-albedo feedback at those latitudes. If sea ice
existed there in the present coupled model, it
could have the same effect as noted in the mixed-
layer model of Washington and Meehl (1984) in
that a decrease of baroclinity would occur. That
would have the opposite effect on the circumpo-
lar trough.

As the centers of action, denoted by the SLP
field, are affected by the change of CO,, advec-
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tion of air at the surface in the model is altered
accordingly. This contributes to the surface air
temperature differences (Fig. 19). In this figure,
surface air temperature values increase almost ev-
erywhere except northeast of Greenland and
north of Japan during DJF. The anomalous geos-
trophic flow implied by the SLP differences in
Fig. 33a (and substantiated by changes in the sur-
face wind field, not shown) indicates an increase
of northerly component flow from polar latitudes
northeast of Greenland and greater northwesterly
flow off the Asian continent north of Japan.
Colder air advected from these regions results in
the decrease in surface air temperature (and SSTs)
in the 2 x CO, case.

For the transient case (Fig. 33b), the pattern of
SLP differences is similar to the 2 x CO, case (Fig.
33a). A notable difference is in the North Atlan-
tic. The weakening of the Icelandic low with the
warming of the continent and decrease in baro-
clinity is reflected by positive SLP differences
near Greenland as in the 2 x CO, case. A center of
negative SLP difference is located near England.
In the 2 x CO, case, this area was dominated by
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higher SLP. This subtle difference has implica-
tions for the coupled climate system in this region
and critically affects the climate-change signal
over a wide region during this period of the tran-
sient forcing case.

In the instantaneous doubling case, the large
constant CO, warming signal causes rapid
changes to the climate system (time scale of less
than 5 years; see Figs. 4, 17, and 28). Sea-ice re-
duction and associated atmospheric circulation
changes happen quickly and most of the surface
layer of the ocean in the model responds to these
large-amplitude changes in forcing. During the
first year after the instantaneous doubling of CO,,
the pattern of changes in years 26-30 is already
established (not shown). This includes a rapid
warming of the ocean surface layer and model
troposphere and a uniform reduction of sea ice at
all longitudes.

In the transient case, the changes in forcing
are much slower and the climate system has a
chance to evolve gradually. The pattern of
changes is similar (comparing Fig. 33a with 33b),
but the time evolution allows more adjustment by
the ocean to the gradual changes in atmospheric
circulation. This is the case with the North Atlan-
tic in the model. As the Icelandic low weakens,
sea ice does not retreat as fast as in the 2 x CO,
case (Fig. 32 and noted above). Therefore, the
center of the Icelandic low does not shift as
quickly northwestward, and substantial northerly
wind-stress anomalies set up in the North Atlantic
(Fig. 34). This flow brings colder air southward.

In the 2xCO, case, the ocean is in closér
equilibrium with the air above it in the North At-

. lantic. The difference in surface heat flux for the

DJF season, years 26-30, averaged over an area

., from 45° N to 65° N and 45°E to 65° E between

the 2 x CO, case and the control shows a net loss
from the ocean of only 1.9 Wm~2 In the tran-
sient case compared to the control for the same
season and averaging period, the ocean is losing
21.2 W m~2 to the colder air above it in this same

- area of the North Atlantic. Consequently, in the
' transient case the ocean surface cools along with

the surface air temperature (Fig. 30a) and sea ice
expands southward accordingly (Fig. 32). This
process actually increases baroclinity between the
North Atlantic and the European continent, more
storms form there, and the result is anomalously
low SLP near England (Fig. 33b). As these storms
move across northern Europe, cold air is advected
from the north, resulting in cooler surface air tem-
peratures across most of Scandinavia and north-
ern Russia in the transient case (Fig. 30a). This
pattern of surface air temperature change for this
period in the transient forcing case is noticeably

. different from that described for the instanta-

neous CO, doubling case (Fig. 19). These differ-

' ences in the patterns of climate change appear to

be the result of feedbacks among the atmosphere,
ocean, and sea ice that are affected by the rate of
change of the external forcing (i.e., instantaneous
doubling versus a gradual increase of CO,) as
well as the CO, amount. These different patterns
are indicative of time-dependent climate anomaly

SURFACE WIND STRESS VECTOR DIFFERENCES
TRANSIENT MINUS CONTROL (YR'26-30)

Fig. 34. Wind-stress vector differ-
ences, transient minus control,
years 26-30
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ATLANTIC, TRANSIENT MINUS CONTROL,DJF, (YR 26-30)
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_ Fig. 35. Zonally averaged Atlantic meridional overturning

streamfunction, transient minus control (DJF) for years 26-30.
Units are Sverdrups (10° m® s~')

regimes in the transient forcing case. This sug-
gests that there may not be one single CO,-forced
atmospheric circulation pattern at high latitudes
that would remain constant with time and merely
grow in amplitude.

A somewhat analogous situation has been ob-
served in the real atmosphere in association with
the North Atlantic Oscillation. Rogers and van
Loon (1979) show that a deeper Icelandic low is
often associated with colder temperatures in
southeastern Iceland and more extensive ice cover
in the North Atlantic. However, in the model the
southward-shifted storm track brings cold temper-
atures to Scandinavia and northern Russia as
well. Rogers (1989) notes a similar regime in the
Arctic observed in recent years similar to that in
the transient forcing case, suggesting that ana-
logue regimes may exist in the real coupled cli-
mate system.

Near Japan, similar processes are taking place
in the 2x CO, and transient cases to produce
cooler temperatures. The weakening and west-
ward shift of the Aleutian low result in anomalous
northerly component flow at the surface (Fig. 34)
and lower surface air temperatures and SSTs in
this region.

The salinity changes in the transient case re-
semble the 2 x CO, case in the North Atlantic in
that both are manifested by a decrease in salinity.
This is associated with a weakening of the mean

SOIL MOISTURE DIFFERENCES, DJF, TRANSIENT (YRS 26-30) MINUS CONTROL
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Fig. 36a, b. Soil moisture differences
(cm), transient minus control, for 5-year
averages for coupled model (years 26—
30). Stippling shows decrease of soil
moisture in 2 x CO, experiment. Hatch-
ing indicates differences significant at
5% level or greater. a DJF; b JJA
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southwesterly wind stress in this region in the
model, Ekman divergence at the surface de-
creases, and upward vertical motion in the ocean is
reduced (not shown). As discussed previously,
since a strong halocline exists in the ocean model
at these latitudes (Fig. 13a), the mixing between
the first and second layers is also reduced, thus
contributing to a decrease in surface salinity in
both cases at those latitudes. This effect, along
with the anomalous northerly flow at the surface
(associated with the northerly wind-stress vector
differences shown in Fig. 34), results in a weaken-
ing of the meridional overturning in the Atlantic
in the transient case (Fig. 35) in spite of the lower
SSTs there. However, as discussed in the instanta-
neous CO, doubling case, aspects of the merid-
ional ocean circulation not well simulated by the
model may be important in the transient forcing
case. Determination of the importance of these
factors awaits a better coupled model.

The changes in atmospheric circulation in the
transient case are reflected in the differences in
soil moisture (Fig. 36). During DJF (Fig. 36a), the
relatively colder air temperatures over Scandi-
navia and northern Russia are associated with in-
creased snow cover that does not melt during that
season (and therefore does not add to the soil-
moisture reserve). This is reflected in the negative
soil-moisture differences in that region during
winter. When this snow melts later in the year, it

adds to the soil-moisture reserve and soil moisture

increases during JJA in that area (Fig. 36b). Simi-
lar to the 2 x CO, case (Fig. 22), much of North
America experiences an increase in soil moisture
during winter and decreases during summer in the
transient case. Both cases are similar in that many
areas of Africa show net decreases in soil mois-
ture for most of the year.

Conclusions

As part of a continuing series of experiments with
a hierarchy of ocean formulations coupled to the
same atmospheric model, a coarse-grid (5° lati-
tude-longitude grid, four layers in the vertical)
OGCM is coupled to a global, spectral (R15)
GCM of the atmosphere. Three experiments are

performed with this model. The first is a control

run with the present amount of CO, (330 ppm),
the second instantaneously doubles the CO, (to
660 ppm), and a third gradually increases CO, at
a linear rate of 1% per year. All three are run for
30 years, and 5-year averages at the end of this
period (years 26-30) are computed. In addition,

other periods in the evolution of the experiments
are studied to assess the time evolution of the cli-
mate-change signals.

Globally averaged surface temperatures for
the instantaneous CO, doubling case show a
fairly rapid rise in the first 5 years followed by
very slight increases after that. The control case
shows a gradual global cooling over the 30-year
period (about 0.02° C per year). The globally aver-
aged surface temperatures for the transient case
(with slowly increasing CO,) separate from the
control-case temperatures over the 30-year period.
At the end of 30 years, the globally averaged sur-
face air temperature increase for the instanta-
neous CO, doubling case is 1.6° C, while the same
quantity for the transient forcing case (with CO,
increasing to 30% over the 30-year period to 429
ppm) is 0.7°C. A

The climate drift in the ocean in all three cases
is similar, with small-amplitude changes in the
surface layer, a cooling of the second layer (less
than 0.05°C per year), a warming of the third
layer (less than 0.03° C per year), and slight warm-
ing of the bottom layer (less than 0.005°C per
year). Much of this climate drift is caused by the
large thermal inertia of the ocean layers which are
coupled by diffusion and advective processes. By
subtracting perturbed cases and the control case,
a part of the climate drift is essentially removed.
The magnitude of the climate drift is much less
than the CO, climate-change signals. Therefore,
the effects of nonlinearities in the system that
could alter the climate change due to climate drift
in the model are reduced. In addition, the time
scale of the climate drift in the model is much
longer than the time scales of the response of the
system to changes of CO,. If much longer time
scales were considered (greater than 100 years, for
example) or if it was desirable to run the coupled
model to some type of equilibrium over hundreds
of years, the climate drift in the ocean would be-
come a major factor. The climate change studied
here over a 30-year period is analogous to the
time scale of climate change in the real climate
system due to rapid increases of CO, (on the or-
der of 50-100 years). The CO, signal in the real
world is superimposed over various “climate
drifts” in the system as a result of many factors
other than CO, changes, most of which are not
understood. Some of these secular trends may be
due to the natural oscillation of the climate sys-
tem unrelated to changes in the external forcing.
The goals here are to identify basic feedbacks and
mechanisms in the coupled system and to study
the nature of the CO, signal superimposed over
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some very long time-scale climate drift in the
model.

In spite of the inherent limitations of the
ocean model and errors in the simulated SSTs, the
coupled system simulates many features of the
present climate system. The zonal mean patterns
of temperatures and winds in the atmosphere are
reproduced, as are zonal mean temperatures, sal-
inities, and heat transport and storage in the
ocean. Important errors involve the tendency of
the ocean model to produce tropical SSTs that are
too cold and high-latitude temperatures that are
too warm. The latter characteristic results in re-
duced sea-ice extent in the Bering Sea and an al-
most total absence of sea ice around Antarctica.
Various sensitivity experiments are performed
(Appendix) to determine first-order effects on si-
mulated SSTs of the magnitude of wind-stress
forcing (reduced wind stress results in less equa-
torial upwelling and warmer tropical SSTs); the
depth of the second layer (a shallower second
layer remains warmer so that when equatorial up-
welling occurs, warmer water is brought to the
surface and SSTs are higher; the shallower sec-
ond layer at extratropical latitudes is cooler,
which results in cooler SSTs at those latitudes fol-
lowing similar reasoning); and the effects of a de-
crease of horizontal heat diffusion (less heat is
diffused out of the low and midlatitudes which re-
sults in warmer tropical SSTs and cooler high-lati-
tude SSTs).

Such inherent limitations of the coupled
model produce lower sensitivity to increased CO,
after 30 years of integration compared to an ear-
lier experiment with the same atmospheric model
coupled to a 50-m slab-ocean mixed layer (Wash-
ington and Meehl 1984). In that model, tropical
SSTs were too warm, high-latitude SSTs were too
cold and, as a consequence, overextensive sea ice
formed. The combination of warm tropical SSTs
and greater-than-observed sea-ice extent caused
that model to be very sensitive to a CO,-induced
warming (3.5°C globally averaged surface air
temperature change for a doubling of CO,). Con-
versely, the present model has lower-than-ob-
served tropical SSTs, reduced sea-ice extent, and
a sensitivity of 1.6° C after 30 years of integration.
This number is closer to a previous experiment
with this atmospheric model coupled to a simple
energy balance or swamp model which also had
colder-than-observed tropical SSTs. This suggests
that the sensitivity of the real climate system to a
doubling of CO, is probably somewhere between
the two sets of experiments.

For the instantaneous CO, doubling case, pat-

terns of temperature change in the atmosphere are
similar (with reduced magnitude) to those of the
earlier experiment with the 50-m slab ocean. Tem-
peratures in the troposphere warm, the stratos-
phere cools, and regions of greatest surface air
temperature change occur where sea ice has re-
treated. Changes in soil moisture are also similar
on a continental scale with mostly increases over
the northern continents during winter and areas of
significant increase and decrease during summer.

In the ocean, most of the warming is confined
to the upper 1250 m with greatest warming in the
surface layer near 60° N and. 50°S. Salinity
amounts decrease at high latitudes of each hemis-
phere (corresponding to increases in precipita-
tion, and weakened westerly wind stress and re-
duced overturning) and increase in the subtropics.
The warming and freshening of the high-latitude
ocean surface layer stabilize the ocean and
weaken the thermohaline circulation, thus affect-
ing circulation to great depths in the ocean.

Some changes of climate in the transient ex-
periment are similar to those in the instantaneous
CO, doubling experiment. The greatest changes
to ocean temperatures take place in the ocean sur-
face layer, most of the troposphere warms while
the stratosphere cools, and large areas of signifi-
cant warming at the surface occur over the south-
ern oceans. However, there are a number of inter-
esting differences as well. Areas of significant
cooling in the NH appear to be related to time-
dependent regimes of climate anomalies involving
the atmosphere-ocean-sea-ice system as a func-
tion of the gradually increasing CO, forcing.
Some elements of these same patterns appear in
the -instantaneous CO, doubling experiment, but
are different in that experiment because of the
large uniform CO, forcing. This confirms earlier
studies with simple models showing that patterns
of climate change from an instantaneous CO,
doubling experiment may not be accurate ana-
logues to signals during the gradual evolution of a
slowly increasing CO, amount (Schneider and
Thompson 1981; Thompson and Schneider 1982).
Patterns of climate change early in an instanta-
neous CO, doubling case also may not be appro-
priate analogues because of the rapid response of
the climate system to a large constant forcing such
as a doubling of CO,. Thus, time-dependent cli-
mate regimes may be important in the evolution
of a slowly increasing CO, climate, and a search
for CO, climate change in the real climate system
should not rely totally on patterns of climate
change obtained from instantaneous CO, doub-
ling experiments.

A
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Table 2. Description of ocean model parameter experiments

Experi- Parameter Difference calculated

ment

1 Wind stress reduced to Year 8 (minus control)
0.25 original values

2 Wind stress reduced to Year 8 (minus control)
0.10 original values

3 Second layer changed Year 5 (minus year 5 of

from 450 m to 150 m
(run with wind stress
reduced to 0.25)

4 Horizontal heat diffu-
sion reduced from
4x10% to 2x 10* m? s !
(run with wind stress
reduced to 0.10)

experiment 1)

Year 3 (minus year 3 of
experiment 2)

Because of the model’s shortcomings and the
uncertainties of simulated regional changes
caused by CO, increase, we will substantially im-
prove the next generation of atmospheric-oceanic
models to go along with improved computational
techniques and increased computing capabilities.
The processes and feedbacks identified in this
study will be scrutinized in hopes of further quan-
tifying the effects of increased CO, on climate.

Appendix

A number of parameter studies are described here to explain
the factors contributing to the SST distribution computed by
the coupled model. Since many inherent limitations of the
present coarse-grid ocean model were documented previously
(Washington et al. 1980; Meehl et al. 1982; Meehl 1984), it was
anticipated that the coupled mode! described in the present
paper would reflect those model characteristics. Tropical SSTs
are consistently too cold in the coupled model and high-lati-
tude SSTs are too warm (Fig. 10). It was thought that this was
partially a result of the coarse-grid computational requirement
that horizontal heat diffusion be kept at a large value. Conse-
quently, heat from low latitudes is diffused to high latitudes
with the net effect of colder-than-observed tropical SSTs and
higher-than-observed high-latitude SSTs and resultant less-
than-observed sea-ice distribution in the polar regions.

Another important characteristic of the SST simulation in
previous studies with this ocean model is the equatorial up-
welling of cold water which is very sensitive to wind-stress
forcing. The magnitude of wind-stress forcing from the atmos-
pheric model determines the strength of the equatorial upwell-
ing in the ocean model. When upwelling occurs in the ocean,
water is brought to the surface from the second layer and the
cold water from this deep second layer results in low SSTs that
reflect the temperature of that layer. This second layer is
450 m in the present model (the surface layer is 50 m).

To determine the sensitivity of the SST simulation to ele-
ments of the ocean formulation, several brief experiments
were performed in which these parameters, thought to be im-
portant to the SST simulation, were varied. Table 2 lists the
four experiments, the parameters that were changed, and the

years over which the differences were performed. Experiment
1 simply multiplied the wind stresses produced by the atmos-
pheric model by 0.25 before they were communicated to the
ocean model. These changes in wind stress were not included
in the atmospheric model calculation. Experiment 2 was simi-
lar to experiment 1, except that the model wind stresses were
multiplied by 0.10. Experiment 3 took the model set-up of ex-
periment 1 and shallowed the second layer from 450 to 150 m.
Experiment 4 took the model configuration of experiment 2
and reduced the horizontal heat diffusion. It was hypothesized
that, by reducing wind forcing to weaken the upwelling, or by
reducing the depth of the second layer such that the tempera-
ture of that shallower layer would be higher than the original
450-m-deep layer, or by reducing the horizontal heat diffusion
to more effectively keep heat from lower latitudes from diffus-
ing to higher latitudes, the tropical SSTs would increase and
be closer to the observed values.

The wind-stress reduction experiments addressed the

problem of the representativeness of wind stresses computed
from winds at the lowest atmospheric model layer at 6=0.991
(actually about 100-200 m above the surface). It could be
imagined that wind stresses at the ocean surface would be
somewhat weaker if the 0=0.991 winds were reduced to the
surface in some way to account for Ekman spiral effects. To
assess the SST sensitivity in the coupled model to this impor-
tant parameter, two different wind-stress reductions were
tested. .
Ocean mixed layers are seldom 500 m thick, especially in
the tropics (e.g., Meehl 1984). Yet that is the effective repre-
sentation of upper-ocean mixing with two layers of thicknesses
of 50 and 450 m. The second layer was made shallower in the
model to represent an effective upper-ocean mixed layer of
200 m (surface layer of 50 m and second layer of 150 m). In
this configuration, the third layer was 1800 m (changed from
1500 to take into account the 300 m pared from the second
layer), and the fourth layer remained at 2000 m. It was hypo-
thesized that the shallower second layer would be warmer than
the 450-m second layer. Consequently, when upwelling oc-
curred in the tropics, relatively warmer water would come to
the surface and the tropical SSTs would warm accordingly.

Horizontal heat diffusion is important in the coarse-grid
model simulation (Meehl et al. 1982). To maintain computa-
tional stability with time-varying forcing (which includes a
great deal of high-frequency variability), the horizontal heat
diffusion was increased in the coupled model over the pre-
vious value when the ocean model was run with a smooth an-
nual cycle of monthly mean observed forcing. An experiment
was run with the horizontal heat diffusion set back to its origi-
nal value. This run became numerically unstable after 4 years
because of the above-mentioned computational difficulties
and a buildup of small-scale features, but the pattern of SST
differences in the third year was informative as to the role of
horizontal heat diffusion in the coupled model.

Figure 37 shows the differences in SST for DFJ (JJA dif-
ferences are similar) for the four parameter experiments. Re-
ducing the wind stress forcing to 0.25 (experiment 1, Fig. 37a)
results in increases of tropical SSTs on the order of 3°-5°C
due to the decrease of upwelling. Further reduction of the
wind stress to 0.10 of its computed value from the atmospheric
model weakens tropical upwelling even more and SSTs in-
crease by up to 6° C (experiment 2, Fig. 37b). Shallowing the
second layer to 150 m has the expected effect in the tropics —
SSTs become higher there as a result of the warmer, shallower
second layer (experiment 3, Fig. 37¢c). The shallower second
layer also has the added benefit of reducing high-latitude
SSTs. The second layer is better able to cool at higher latitudes
and vertical mixing results in lower SSTs there. Reducing the
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horizontal heat diffusion (experiment 4, Fig. 37d) has the ex-
pected result of warmer tropical SSTs and cooler high-latitude
SSTs.

These parameter experiments demonstrate that inherent
limitations of wind-stress forcing and the configuration of the
coarse-grid ocean model cause many of the problems with the
simulated SSTs in the coupled model. A finer-resolution (hori-
zontal and vertical) ocean model and a better prescription of
wind-stress forcing would alleviate some of the difficulties
with the simulation of SSTs in the coupled model.
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ABSTRACT

The commﬁnity climate model at the National Centelj for Atmospheric Re-
search_ has beéh coﬁpléd to a simple mixed-layer ocean model and to a cdarsé—grid :
ocean general circulation model (OGCM). This paper compares .th'e respoﬁses of
simqlatéd climate to ipcreases of atmos?heric carbon dj.oxide (COg) in these two
couplé&: ﬁodels. Three tyﬁes of. $imulations were run: (1) control runs with both
ocean ﬁodels, with CO. held-constant ‘a,t present-day concentrations, (2) iﬁsta.n-
Ata,neous doubling of a,tmosp:h.eric CO, (ffofn 330 to 660 ppm) with both oéean

models, and (3) a gradually increasing (transient) CO, concentration starting at

' 33'0_ ppm and increasing linearly at one ﬁercent per year with the OGCM. The

mixed-iayer and OGCM cases exhibit increases of 3.5°C and 1.6°C, respectively, -
in globally averaged surface-air tempéra.ture for the instantaneous doubling cases.
The transient forcing case warms 0.7°C by the end of 30 years.. The nlixed;layer
ocean yields waerer-ﬁhan-c_)bsérved trt-)pical temperatﬁ:_reé and colder-than-qbserved

temperatures in the higher latitudes. The coafse}grid OGCM simulates lower-than-

. observed sea-surface temperatures (SSTs) in the tropics and higher-than observed

SSTs and reduced sea-ice extent at higher latitudes. Sensitivity in the OGCM after
30 years is much lower than in simulations with the same atmosphere coupled to a
50-m slab-ocean mixed layer. The OGCM simulates a weaker thermohaline circula-

tion with doubled CO; as the high-latitude ocean-surface layer warms and freshens

“and the westerly wind stress decreases. Convective overturning in the OGCM de-



creases substantié,lly with CO» Warnliﬁg.t Geographical distrib_ufi_ons of surface-air

temperature change in ‘the.-tra.nsient case show regibn‘a.l climate anomalies differ-
_ent from those in the instantaneous QOz- doubling OGCM case, particularly in the

‘North Atlantic and northern Europe. These two sets of experiments demonstrate

t

that different ocean models and types of ::CO'g forcing in the climate system result

in different CO, Clima.te responses. Earlier _studiés with energy-balance climate

models confirm that instantaneous CO; doubling simulations respond differently to |

transient simulations.

it
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1. Introduction

This paper discusses cdupled afmosphere—dce'an experiments with a simple
mixed_;layer océan model and a dynamical ocean model developed at -the Na.tiona;l
Center for Atn:_lospheric‘ Research (NCAR). The focus is on demonstrating the effects

on the climate system of sea-ice albedo feedback, horiiqntal ocean heat transport,

thermohaline circulation, and convective overturning. -

The ea,rli;est» simulations of coupled atmosphere-ocean models included a simple
ocean component and assumed a saturated .surface based upon a surface energy

‘balance. This type of ocean can be thought of as a shallow sWa;mp, having no

seasonal heat storage and no vertical or horiz‘ontal'hea,-t-‘tr.a.ns‘p;)‘rt (e.g., Manabe
and Wet_herald, 1975; Washington an;i.Mgehl, 1983, 1986). Because the ocean is
a wet surface with ndiseasonal ocean heat storage, such a model requires annually

averaged solar forcing.

" The next generation of Sihlple coupled.atmospheré-'ocean models made use of
a shallow clqnstant' ﬁ:ixéd Ia.yer with a thickness of ~50 m. This C\Oui;ﬁng allowed
for an annual c&cle and a crude approximation of seasonal heat storage but no hor-
iz'ont;':ll ér vertical heat transport (e.g., Washingil:,on' and Meehl‘, 1984-; Manabe a.nd
Sfouﬁ'ér, 1988), and thus .could'bettér be compared wit_h (l)_bservat‘iox'ls. Hansen et al.
(1984, 1988) and Wilson and Mitcheﬂ (1987).1iave used models that, in adciition to

the 'miied-laye‘l.' ocean, prescribed seasonal horizontal ocean heat transport. This



_type of .forml.llatior_l necessaﬁly produces sea-surface temperatures (SSTs) that are

close to observed value'sl (_:ompared.'to mixed-layer formulations without speciﬁéd
4'ocetan hf'e.é;t ’tra.nsport. However, siﬁce _th.éispeciﬁed.heat transport cannot _change as
.ocean temperature aﬁd sea ice_resp(;nd in clima.te—éh_anéé sensitivity experiments,

an important, and perhaps crucial, feedback mechanism is eliminated.

A numbér'of CO; climate sensitivity studies Wifh a simplé mixed-layer ocean l
formﬁlation ha&e been conducted a;t NCEAR: (1).intérc9m§arison of the observe(i,
‘computed, and simple'mjxéd-l;a&er, SST!s, as well as -- the surfa.ce-eliergy' balance
(Meeill and Wasiﬁngto’n, 1985); (2) c.hé,:nges‘ of tropical circulation in the model
'(Meehl and Wa.shington', 1986); (3) changes in atniosﬁheric circulation a;,s indicated
by persistent hei'ght anomalies or “blocking” (Bates and Meehl, 1986); (4) assess- .
‘ment of ice-albedo feedback in-thé modiel (Dickinson et al., 1987); (5) tropical-
midlatitude interactions (Met_ahl, 1988), alllci (6) soil-moisture sensitivity (Meehi and

Washington, 1988). "

A xﬁore recent type of model‘ used _ia.t NCAR for studyipg the sensitivitylof
climate to increased CO; is an a,tmospileric modél coﬁpled ‘;o ‘an ocean general
circulation quel. This type of coupled ﬁlpdel needs extremely lbng computer rﬁns,
évén with coa’rse-resolution oceans, due jto the long adjustment time of the global
océan model. Exainples of CO. experirﬁénts with ocean generé.l circulatioq models
(OGCMS) c,oubled to atmospheric modeis i#clude Br_’lya.n- gt al. (1982), Bryan and’
Spelman (1985), and Brya.'n. et a.l _(1988), using a Geophysical Fluid‘.'Dyna,mics_

Laboratory (GFDL) model with idealized geographical domain (a sector of the

2
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globe); and Schlesinger et al. (19_85) and Schlesinger and Jiang (1988), using an

Oregon State University model with a realistic geographical domain. In several

. of these studies, CO, was increased instantaneously to'investigate the transient

response of the system The GFDL coupled models followed the coupling method
of Manabe (1969) and Bryan (1969) Which includes the seasonal cycle. Some recent
results of NCAR COz studies with an OGCM coupled to an a.tmosphenc model
(Washmgton and Meehl, 1989) are shown here w1th a system ‘that 1nc1udes the

seasonal cycle. An assessment of errors 1ntroduced from the respectlve components

" of the NCAR coupled models ~(mixed layler‘ and OGCM) has been performed for the

Indian and Pacific sector tropics (Meehl, 1989).

The COz experiments in this 'paper use the. atmospheric model deSCribed in-.

_ Washington and Meehl (1983 '1984). Section 2 describes the atmospheric, oceamc,

and sea-ice models, along with the method of coupling the atmospherlc and oceanic

models a;nd how the experiments were conduct’ed. Section 3 compares simulations

with the observed atmosphere, ocean, and sea-ice distributions. Section 4 discusses -

the ‘dif_ferenceis between a control sirnulation vrith 330 pprri and instanta.neous dou-
bling of CO, concentrations; zonal and some geographical distributions are also
shown. Section 4 also describes a transient experiment With a gradually increasing
(one» percent per year) concentration of‘ COz. Section 5 summarizes the differences
in climate sensi'tivity between the simple mixed-layeir'ocean model and an OGCM
in terms of a CO, increase. Also included are suggestions for improvements in the

various aspects of the coupled model system.



2. Description of atmospheric, oceanic, and sea-ice components

Figure 1, a schematic of the componejnts of the coupled oceap—atmosfhere sea-
ice model, shows atmospheric and oceanic levels at the left and'physiéal pi'ocesses
at the middle a.nd right. (Seé Washiﬁgf;n and Meehl, 1984, for .mixed-la,yer de-

- tails, and Wéshiﬁgtén and Meehl, "1989, -.for OGCM details.)” The atmospheric
compéncnt of't_he interacf;ive-climé,te model, a vefsion of the NCAR community

. 'Ciilﬁ&fé_ model (CCM),_has nine lévels and uses the spectral transform method for
comput'ing-hori_z'_o‘n‘ta,l n'onli-nea.r tr'a.n.sportl’ terms with a trunéa,tion wavenumber of
-rhomboidal“1'5‘. The horizontal resolution is ;pproximately 4.5° in la;citl;de\é;nd 7.5°

a in loﬁgitude. The radiationfclogdiness sdieme is as described in Ra.man;a,than'et' al.
(1983), where the cirrus forﬁlulation assumes an eﬁiésiﬁty of :‘unity. The bla.c_kBody

_ assgmption precludes 1;he possibility 6{ "'cléud-em_issixrri"cy climate feedbacks. The
- surfa'ce-hydrolo'gy cycle uses modéIQderived rates ofl precipitation, ex-}aporatioh', and
sublimation to simulate the cha;nges“of. s_oill' rﬁoisture and snow cover, aé’descriliéd iﬂ
Washington and Méeh_l (1984) and Meehl?and_Washjngton (1988), whose treatment

is similar to that of Manabe (1969).

The simple mixed-layer ocean has a thickness of 50 m with no transports or
diffusion into the sides or bottom of the l:ajrer. The heat fluxes into and out of the
top of the ocean’s mixed layer are the sum of radiative, latent, and sensible heat

i-
t

fluxes. As noted in the introduction, sev§ra1 modeling groups (e.g., Hansen et al.,
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1:984;» Wilson and Mitchell, 1987) have used a horizontal ocean heat flux which also

compensates for atmoépheric; model deficiencies so as to keep the model climate
close to the observed. It is unclear how this affects the model sensitivity to climate

change, however, since such flux correction limits the ocean feedback mechanisms.

_ The OGCM uses primitive equ&tions for a hydroétdtic Bduissinesqbcean w1th

-a rigid lid and follows a numerical method developed by Bryan (1969) and Semtner
(1974, 1987). Large-scale bottom topography has been included. This OG_CM
~ was used in an earlier 'asyﬂchronously’ coupled prototype model (Washinétoﬁ et.al.,

1980). Various sensitivities of the OGCM have been é.na.lyzed by Meehl et al. (1982).

N

If adjacent vertical layers become statically unstable, then convective adjustment

~or overtﬁrning is invoked, thus returning the respective layers to a stable state by

uniformly mixing temperatur.e_‘ and salinity in the two layers. Table 1 summarizes

the major characteristics of the AOG_CM‘.

o - Table 1.. World ocean model characteristics

‘1) Verticalvcoo,rdina.te— - . depth

2) Horizontal domain - global (latitude and longltude)

'3) Horizontal resolution 5°

4) Horizontal approxlma.tlon ‘

of denvatlves . second-order -
5) Vertical resolution " Az = 50m, Az = 450 m,
| | - : Az = 1500 m,Azy = 2000 m

- 6) Time step . At = 1800 s '

7) Topography . included

- 8) Convective:a.djustmerit _ included

9) Salinity flux at surface _ included

10) Computed sea ice ~ included




Sma.il-scéle features—mid-ocean eddies and concentrated aspects of the .western
boundary currents—are not resolvable by the 5° la.titude-longitude horizonfa.l grid.
The parameterization of subgrid-scale pr:dcesses is discussed in WashiAngton and
_Meehl (1989). Sea ic;e forms.when ocean temperature becomes equal to the approx-
imate freezing point for sea water. The amount of growth and melting of sea ice
depeﬁds upon the eneréy balance at the top of sea ice, as desc;ribed in the zero-layer

- model of Semtner (1976).

Atmospheric and oceanic models esslentially are coupled syﬁchronously and
communicate with each othér once every model day. For i:he mixed-layer ocean
model, the éum of surface-energy fluxes is used at the tbp of the layer, and for the
OGCM the atmospheric model i)rovides wind stréss, precipitation minus evapéra—
. tion, and the sufn of the sui‘face-energy fluxes lto the top of the ocean. The ocean
models furnish surface-temperature and sea-m-iée data to the a.thospheric‘ model (in-

teractions shown schema,ti'ca,lly in Fig. 2.for the OGCM).

The eiperiments with a mixed-layer ocean were started from the end of the an-
nual mean §olar forcing experimenf,, as described in Washington and Meehl (1984).
Thg doubled CO, (2xCdz) and control (1xCO;) experiments were run through il
vyears, with the last three years of the exéeriment used in the- time average of the

i

results. that folldw.

Figure 3 describes how the 0GCM ekperimepts were conducted with GCOZ,

2xCOg2, and slowly increasing CO, (or transient forcing). The ocean model started




from the end bf the uncoupled model experiment with observed atmospheric forcing
( ~50 years), Where the first year was forced by a Nevirt’onian-type bbservedzonally'
averaged temperature and sahmty distributlon (Meehl et al., 1982). ThlS forcmg :
decreased the time reqmred to bring the overall zonal temperature and sallmty '
patterns to roughly that of the obServed. The atmospheric part of the coupled model
began from the last year of Washmgton and Meehl’s (1984) climate 51mulat10n, ‘
which used a simple mixed-layer ocean. The coupled model system was run for 16
.years with several changes in ocean dlﬁ'usmn parameters The medel was then run

" for an additional 30 years for the 1xCO0;, 2xCO0,, and transient experiments

Although the overall system is far from complete"equilibrium, the top parts.
of th_e ocean m‘odel appear to change little from year-to year. Figure 4 shevirs the
time eirblution of globally averaged'ecean-surface temperature and ocean‘» surface _
temperaturevdi_fferences from the coupled model with 1x COz, 2xCO0., and transient
i’orcing (slowly in’creasing), CO; OGCM experimentsvz._ The globally averaged ocean . A
temperature in the top model layer with GCOé exhibits a very slew ceoling trend
or climate drift (~0.02°C per_year), whereas. the 22002 experimentishows little
glebally averaged drift.- The climate drift of the coupled medel is substantially
smaller than the increased COg Warming signal. The transient experiment-depicts
a'small warrmng by year 30 In the 2x COz experlment the upper part of the ocean

" 'warms qmckly and shows a smaller secular change in the 15- to 30—year range. :
The globally averaged SST dlﬁ'erence (Fig. 4) between ‘the 2><COz and 1xCO,

experlments is about 1.2°C and 1.6°C for globally averaged surfacé-air temperature



at 30 years, which is larger than the value found at 20;25 years 1't)y Bryan et al. (1982)
and Schlesinger et al. (1985). The transient experiment shows a much smaller
,'difference_‘of about 0.7°C after 30 .years for surface-air temperature increase and
a,bput 0.3° to 0.4°C for globally averaged SST differences. See studies with simpler
energy-balance climate médels (e.g., Schneider and Thompson, 1981; Thompson

and Schneider, 1982) where equilibrium and transient behavior are explored.

- The depth-versus-latitude pattern of climate drift in the ocean for the three
cases is simiiar, with small-amplitude changes occurring in the surface layer, cooling
of the second layer (less than 0.05°C per year), a warming of the third layer (less
“than 0.03°C per year), and a slight warming of the bottom layer (less than 0.005°C
per };ear).v Most of the climate drift is removed by subtracting the control case

averaged over the same time period.

&)



3. Sirnulatior_l of observed c‘l_imate‘ o

Giye_n the.p_resent ,sta.t‘e' of coupled model simule.tions,"meny of the errors in
“ocean-surface _tempera.turee can be a.ttrih,rlted to a limited krtc'niv_ledge of cloudiness,
~ radiation, énd»surface‘ transfers of sensible hea.t, momentum, salinity, and moisture.
Nerertheless, the basit: a'spe.cts. of the 'c‘l,inlla;te system can bg‘siﬁlulated. Figure 5
compares the 7Iatitude-versﬁs,-pressure di.stribution of zonally ’atreraged temperature
- from the two coupled models with the obs‘erved;': data .of Newell et ol. (1972) for
December-J anuary-February (DJ F) and J une-J uly—August (J JA). The mixed- layer
ocean model shows v1v1dly the effects of lack of ocean dynarmcs on model climate
since the enrfaoe vte‘mpera.tur.es are t00 vrarm in _th;‘ trop1c§ a.nd too cold in the po-
lar regions. Cohversely, in the OGCM experiment. temperetores' near the shi‘fa,ce ~
in the troplcs are cooler by hp to 5°C in the zonalva.verag;e than the observed in
the troplcs, and in the hlgher latltude Southern Hem1sphere (SH), ocean temper-
atures are substantia,lly wa.rmer than'the ohse_rvec_l in both seasons. The OGCM
yields eooler tropical and s,hbtropical_ ocean .temperatures than the mixed-lajrer
ocean version, prihcipeﬂy hrecé,"use equatorial upwelling and substantial polewartl
_ heat transport are not preeent iIr the rrrixed-l'aye'r rho;iel. Otrerall‘, the troposphertc '
and stratospheric sirhulatioﬁs e,re eimila;r in both o.céa.n modelé, w1th one im‘porta,n-t‘
‘excei)tion—the overe,ll tropospheric lotitﬁdinél telrlperature'gredient in th_e 0OGCM
is less, i)artly ctue to.the e_ffeots of the .o(':ean‘polewmz;rd heat transport (heat from
l‘ow- latitud-es. is exported to high l_a.,titu‘des); . | |

-9



Through the hor1zonta.l temperature gradlent Wlllch can be related to the

* vertical Wmd shear via the thermal wmd relatlonshlp, the. zonal wmd ‘maxima are

smaller in mid- and high latitudes in the 51mulat10n with the OGCM Flgure 6 shows o

the zonally averaged zonal wind component asa function of latitude and pressure for

the two seasons. During DJF, some features with the OGCM simulation are closer

to the observed of Newell et al. ( 1972) and van Loon et al. (1971) than to the model’
with the mixed layer ocean (Washmgton and Meehl, 1984). In the DJF 51mulat10n,
_ there is a contmuous distribution of easterhes throughout the rmdtroposphere in

'\the OGCM and the m1dlat1tude westerly jet streams are Weaker, a result of the

warmer-than-observed hlgh-latitude temperature distribution.
The surface-air temperature geographiea.l distributions for both coupled models
are shown in Fig. 7. In the Atlantic and Pacific Oceans, the Northern Hemisphere

(NH) wiriter shows more northward-shifted zgonal temperature gradients with the

VOGCM' than the experiment with the mixed-layer ocean. Temperatures are sub-

stantially warmer over the North Atlanti¢ and near the edge of Antarctica. Over

the tropical ocean, surface temperatures in the present model are more than 5°K

too lovdv'_ in places. Continental temperatures over North America, Asia, and Africa
" are similar in the two simulations; The ‘simulation of less-than-observed sea—ice

Adistrlbutlon, noted by Washlngton and Meehl (1989) for the OGCM, is caused by

substantlally Warmer-than-observed surface air temperatures in the SH a result of

large horizontal ocean heat transport.. At high southern l_atitudes, this poleward

heat transport is mainly attributed to horizontal diffusion which must be kept at

10

€.



a large value to maintain computational stability in the coarse-grid ocean model

(Washington and Meehl, 1989).

'.I‘h-‘e,geogi'aphica.l stiifface-sali'nity distribution from t_th O.GCM'.is compared '
with a;nnual mean observa'.t.ions from Levitus (1982) in Wa.shinéton and Meehl
(1989)'. In tﬁe- coupled model, because river runoﬁ' 1s not coﬁsideréd, there is no
fregh-wa.ter iﬁput t‘o tiit; oceans from the land areas. In spife of tﬁe simpliﬁca;tions
and ii'm.itation_s of the model, most of its ma.jor. features are simulated. ThlS can
be ekplaigéd partly By the fact that salinity ﬁuxes'a.tv'-the top of the ocean con-
i:ributé little to the total salt conteﬁt of the oceans over the time scale of these
| éicperimenfs (50-60 years). The sﬂinity distribution is still heavily influenced by
.‘the.i'nitiali djsfril:;ution. The subtropical maxima of salinity in the North Pacific and
North Atia.ntic are sirmulated, in_cluding thtveA maxima in the North Atlantic, Wilile

the Antarctic circumpolar and Arctic Ocean minima are also simulated.

- The latitude-dépth distribution of the zonally averaged teﬁperature for DJF
from the model is shown in Fig. 8 and compared with the obsérved of Levitus
(1982). JJA is not shown bet;ause it is éim.ilar, excep% ‘near the poles. Evéﬂ though
the general pattern is simulated, the permanent thermocline is not as sharp as
the obsérved, which can be partly explained by the coaise vertical resolution. In
the>equat6ria.l region, surface -temperatui'es are too cold and the simulated §urfa.ce
' . temperatures near 60°S are i;oo warm. The latitﬁde-dépth distribution on sa.lirﬁty
(Fig.. 9) shows that the zpnal mean surface f;aatﬁres are reprociuced with relatively
Higher salinity in the sﬁbtropics and loxlver salinities at highér latitudes and in the
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| “equatorial tropics. Beneath the surface layer are discrepancies mainly involving the
penetration of high-salinity water near 35°N and the relatively lower salinity values

in the SH mid- and high latitudes.
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4. Differences in 2xCO,, transient CO,, and 1xCO, experiments

Most climate simulations of greenhouse warming have been with an instanta-
neous doubling of CO,. This section describes such experiments with the NCAR
coupled models as well as an additional experiment of increasing the CO; concen-

tration by one percent per year.

The associated zonal mean temperature changes in the atmosphere for a dou-
| bling of CO, are shown in Fig. 10 for both types of ocean models. In the NH of the
OGCM, the reduction of sea ice during DJF is associated with a maximum warming
of +5.0°C at the surface near 75°N, largely a result of the ice-albedo feedback. This
feedback process, which shows largest change in winter, is caused by increased solar
absorption during the summer months (Washington and Meehl, 1984). Similar ice-
albedo effects are not evident in the SH (Fig. 10d) because of the near absence of
sea ice around Antarctica in the OGCM. Both winter and summer temperature dif-
ferences with the mixed-layer ocean show throughout the troposphere a warming of
about 2°-4°C, with strong upper tropospheric warming in the tropics (Fig. 10a,c).
At most latitudes, stratospheric cooling increases above about 18 km to at least 5°—
6°C at the top of the model. Warming at the surface is roughly 2°-3°C, except at
high latitudes in the winter hemispheres. During DJF, warming increases to more
than 7°C near 65°N, and a warming of about 13°C occurs near 60°S during JJA

(Fig. 10a,c). Both temperature maxima are near the sea-ice margin. The vertical
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pattern of atmospheric température chén‘ge in Fig. 10 in the mixed-layer version is

' “similar to that of the OGCM.

Figures 115 a:nd b depict latitud? depth of zonal mean diﬁ;er:encés, 2xCO, |
n:;inus control, for (a) tempe‘ra,ture and (b) sa.lini.ty{foi‘ DJF. The ocean Warming ’
has plerietra,ted'-inlto the third model layéIE‘ with largest cc;gcentr-a,tion near the sur-
face (+‘1.7°C_near 60°N and +1.3°C around 50°S). Schlesinger a.ﬁd Jiang (1988')-

found similar maxima in their coupled model simulation. In addition, the minima

~of warming in the ocean in the tropics and high latitudes are quite different from

those in the ocean mixed-layer model results. The zonal mean salinity differences
(Fig. 11b) also show'large changes in the surface layer of the ocean where salinity

debrcases- in’ the rhi'd_la,_titudes and high latitudeé. The OGGM shows salinity in-

 creases in the subtropics and a decrease near the equator. These changes in salinity

indicate alterations of precipitation minus evaporation as well as-changes of vertical

_mixing. Warmer S5Ts caused by CO2 doubling produce- increased evaporation at

most latitudes. Precipitation increases correspond to areas of salinity decreases,
and vice versa for precipitation decreases. Waishington and Meehl (1989) discuss

the effects on salinity distributions of lack of river runoff.

Geographical difference fattern's of surface-air temperature change 2x CO2 mi-
nus control for the tw§ ocean types are,shown in Fig. 12.' for DJF and JJA. The
temperature differences are much la.rgerlin the mixed-layer ocean model with the
larges%c val_lie_s 6ver the edges of thé sea icé, whereas the diffe;'enées with t.he OGCiVI
are sma.llér a,n‘d'vn‘iot obviduély a;ssociate(%l_ with éeé-ice position. As noted éa_rlief,
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because the control simulation with the OGCM has much less sea ice, especially

in the SH, there should be less sea-ice albedo feedback on tempefaturg. Although
the difference satisfies a significance test (Clllervix.l,‘ 1981; Washington and Meehl,
1984, 1989), the results are sexis.itive to the control climate. The transient simula-
tion exhibits a different geographical pattern fqr reason other than dissimilar ocean

models, as will be discussed later.

In Fig. 12, the large w;u'ming in areas of sea-ice reduction is statistically signif-
icant during DJ F Dﬁrihg JJ A,-significaht warming is not as uniform over the NH.
The COz—caused warming in the Sﬁ is smaller—about 1-2°C. The small areas of
cooling are not statistically significant. With the earlier set of experiments, Wash-
ington and Meehi ('1983) demonstrated that cooler-SSTs in the tropics f:ontributéd
to reduced atm.osbherif: moisture amounts and less sensitivity. Othex; gro;ps’-hqve

found similar dependence of sensitivity on the control temperature distributions.

It is noteworthy that, after 30 yé,a,rs, this Iﬁodel produces less CO, warming
than the simple mixed-iayer oceaﬁ version.” Lower tropical OGCM SSTs are as-
sociated _with reduced atmospheric moisture, and the warmer ilig11-1atitude SSTs
result in less-extensive sea ice. Both factors contrit;ute to less feedback and lbwer

sensitivity.

Ice albedo as a feedback is important in that more extensive sea ice leads to
greater model sénsitivity (Washington and Meehl, 1986). Estimates for the simple

mixed-layer ocean version show that ice-albedo feedback contributes more than a
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degree to the 3.5°C global warming (Dickinson et al., 1987).

‘Changes in soil moisture for the two ocean types are qualitatively similar
(Fig. 13). During winter over the NH m;'dlatitﬁde continénts, there are mostly
incre#ses of soil moisture, and during the summer season in these regions there are
areas of both increase and decrease. The OGCM allows for circulation changes
in the ocean, a distinct advantage ovér the mixed-layer ocean. Frqm a compari-
son of theAzonally dveraged wind stress 0\'76'1‘ the ocean for the control, the 2x CO,
casés, and th;: observed of Heilerman and Rosenstein (1983), Washington and Meehl
| (1989) found that the model agreed well with the observed. Washington and Meehl
(1989) also show that changes in wind stress have a profound effect on the tropical

ocean temperatureé such that a reduction in wind stress can result in a warming
of the equatorial waters by several degrees. This'is due to the close association in
the model of 'winld stress, upwel]iné, and SST. That is, reduced wind stress results
in weakeﬁ;ed upwelling a;nd higher SSTs. In the midlatitudes, the doubled COz
- . experiment exhibits a noticéably reduced westerly wind stress of 0.03 N m~2 and a

warming of the ocean surface layer at those latitudes.

1

The changés in the zonal mean mass circulation in the ocean caused by dou-
bling CO; are larée (Washjngton and Méehl, 1989). Figure 14a shows the global
méfidiona;l overturning from the control experiment during DJF (Washington and
Meehl, 1989)l, a;nd Fig. 14b shows the diﬂ'tlerence\in circulation between the 2xCO,
and 1xCO, experiments. -Unfortunately, Ithere are no reliable observations of this

quantity with which to compare the model results. Negative values indicate coun-
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terclockwise circulation and. positive values are clockwise. In the control near the
surface are shallow wind-driven cells, with deeper overturning near 40-50° latitude
belo_w the wind-driven surface cells in both hemispheres. A weak upward mass

circulation is seen near 60°S.

The difference of meridional streamfunction (Fig. 14b) has positive values with
anomalous clockwise circulation in the NH and the converse in the SH vsith anoma-

lous counterclockwise cifculatioh. Because of the _reductioxi of the westerly wind

T

_stress in the 2xCO, 'ekperifnent, the shallow, Windadi'iven midlatitude cells weaken

in both hemispheres. The deep-ocean midlatitude cells also weaken. Thé warming

and freshening of the surface layer are especially evident near 50°N where sinking

s wea,ke;' in the deep ocean.” Washington and Meehl (1989) examine this process

more closely for the North Atlantic.

Bryan and Spelmsn (1985) showeti, in a couplsd ocean-atmosphere .sector.
r‘nodel, a siL;nila.r partial colla.'ps!e' of the ocean thsrmohaline sirculation with a qua-
drupling of COZ after 25 years of simulation dus to .a. warming and freshening of
the upper ocean from the eﬂ'ects of increased COz — Bryan (1986) further demon-
strated w1th'speciﬁed atmospheric forcing that changes of the thermohaline circu- -
lation in a basin-oceanh model are associated v'vitl_i'cha.nges iﬁ _fhe surface ,saliﬂity
forcing. MOreovsr, these salinity perturbatio‘ns can’ cause rapid mass cirsulation
cha.nges The Washmgton and Meehl (1989) results w1th a coupled global oceas-
atmosphere model with rea,hstlc geography and bottom topogra.phy lend support

to other model results. These experiments mdlca.tc that warming and freshening of
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occurs half the time, the value is 0.5.

the high-latitude surface layer make .t'he'cr)ceans more stable and Weaken the ther- o
mohahne circulation on relatlvely short time scales (tens of years). The weakemng

of the westerhes in the 2xCO, experlment is associated w1th decreased overturning

~between the upper layers of the'model.

Unique te the 0GCM is; the possibi»llty-ef convective overturning. When this
occurs ln the ‘OGVCM, there .are rapid vertical fluxes of heat and isalinity; The
convective Inechanism of the ocean model? devised.hy‘ Bryan (1969) and used in the
OGCM sIleciﬁes that, if the densities in two adjacent- layers arestatica.lly unstable,
then the temperature and _salinities in the two layers are uniformly mixed, yieldinga
stable stratiﬁcation. The process is repeated tor the next pair of layers. Depending

upon the preex1st1ng condition, th1s can mean an upward flux of heat or downward

flux of salt or, under certain cond1t1ons, both. Killworth (1982) has shown the

' geographlcal locatlons of deep convectlon in the observed ocean and Reid (1965) ‘

- for locatiens of intermediate waters. Because the model does not simulat'e all of the

observed temperature and salmlty dJstr1but1ons, part1cularly at the higher lat1tudes

in the North Atlantlc, errors exist in some of the locat1ons The control (1xCOz)

and the difference (2x CO, —1 X 002) experiments of convective overturning between

levels 1 and 2 are shown in F1g 15 for the late winter season in each hemisphere—

Feb- Mar-Apr for NH, and Aug-Sept Oct for the SH. Convective overturmng, less

frequent between layers 2 and 3, rarely occurs between layers 3 and 4. If convectlve

,overturning occurs ‘every time during the year, the value is unity in Fig. 15; if it

N
1

B
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i Convection occurs mainly in the fall and Win-fer of l;pth hemispheres, suggest-
_ ing that in the model it is prédominaﬁtly temperature-driven ;:athei' than salinity-
- driven.. Imporf'a;rnlt'exceptions' o)cc1-1r._i1.1.t'he‘ Meditéx;raqéan, Red, and Cas’piéli Seas
.whel-'_e convection takes place year-rouni:i. In these _reéions, the large evé.poration

causes a salinity-driven O\gert;urning_' of the first two layers.

The 2xC0,;—1xCO; difference (Fig. 15) shows a substantial decrease in con-
" vection, parficula.ﬂy in the higher latitudes, indicating an increased stratification of

the model, as ex'pécted_ with a,"COZ warming.

‘ Anothér- major dj.ﬁ'erencevi-)etwe'en t’h.e mixed-la.yer océa;n ﬁlddgl Iand the:dGCM
s the presence of 0qean-h¢at transport in thé latter. This quantity 'coﬁsists 01; (1) the _
nieridiéna.l overturning component; (2) the g&re component, sut;il-as the rAn‘._idlaf;i-
~ tude gyres in the -No1;th Pacific and NOI‘til Atlantic; and (3) subgrid-sca-,le léteral
diffusion. Ji I‘i‘igure“lﬁa shows. the comp'onents flrom {.hé cOnfrol‘ca;se, and the total
* values can be compared with observed latitudinal eéti'1.11ates from Oort and Vonde.f
Haar'(1976), Trenberth (1979), Hastenrath (1980), and Qa.rissirﬁo et al. (1985) iﬁ
'-Fig. 16b. In low and subtropical latitudes, the largest horizontal heat traﬁspbrt is.
meridio_ﬁal overturning, and in the middle and high 'la',titude,s the largest' contrii)- :
utor isvdjﬁ'usion transport, especially 1n 1.'.he SH. Employing a smaller hofizdnta,l
diﬁu_sivitj for hggt- yields more heat transport by mef_idiox}al a.nd"_gyr'e éomponents
(Meehl et al., 1982),‘ but the total tranéport remains the same. Cox (1985) has
showrn similar compensations With,higheréresoluiion models in which ocean eddies
are resolved. Inprea_siné océaﬁ resolutiqn, therefore, decrease‘s laterai diffusion heat
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transr)ort end increases fche gyre component. Figure 16¢ depicts the total annual
mean horizontal ocean lreat transport for 2xCO, and 1xCO,. Transport decreases
‘at the midlatitudes, in large part a 'resu-J“t of a decrease in diffusion caused by a
| slackening ef the north-south oce'c;,nic temperature gradient. The small increase of
poleward transport near 10°S is associated with a sorr1ewha,t stronger meridional

circulation in the model’s second layer.

The annual cycles of ocean heat storage among the observed, the mixed-layer
ocean model, and the OGCM are remarkably similar, thus establishing that a simple

mixed layer can account for heat storage in the upper ocean at least to the first

order (Meehl and Washington, 1985; Washington and Meehl, 1989).

-~

A greet deal of interest has been generated in the differences between experi-
ments Wrth_instantaneous increase of CO; and the effects of a gradual increase of
CO; with time. Washington and Meehl (1989) extensively discuss such experiments.
The present paper concentrates on how the ocean type may affect the result. At the
end of the transient experiment (years 26-30), the temperature ehange in the ocean
a.ppears similar in some respects to the temperature change in the early part (years
6-10) of the 2><COZ experiment Where most of the warming is at the top of the
ocean (Fig. 17). Small changes, evident in the transient experiment compared to
the CO; doubling case, are mostly near the surface with maxima of warming near
45°S and 20°N. PeleWard of 30°N, cooling takes place in the zonal mean rvith a
maximum at 65°N and is reflected in the atmospheric zonal ﬁemperature difference

(Fig. 18). Apparently, the cooling in the zonal mean ocean temperatures at the high

20



la."ci»tudes in the NH résults in. a 'cobling, of the atmosphere zonal mean through the

. troposphere. As discussed 1n Washington and Meehl (1989), thcacirc'ula,t'ion changes
-in the NH of the transient case are associated with the southward a.dva,mie .of the
sea-ice limit in -'conjunction W1th southward adve_ctidn of cold air and the cooling of

“SST's into the North Atlantic reéion;

The '?esponég of fhe transient césé is different_ because the changes in forcing

are much sl‘;)wer and the’i cii%{f;ai?e s&steﬁl has a chance to evolyé mofe gradﬁ;a.]ly than
_the 2>'<I‘CO.-2 case. Althoﬁg'h_‘_éome patterns of changes are siﬁﬁlaf, thé tra.i;siént time
-evoluit‘idn a.llpws tile ocean fp ;cl:.:(.i.just »torcha.ng_es‘ in atmospheric circulation. Thisj»
strongly_suggests that fhe 2>.< C02 instvall,ntalileous‘eJ“cp‘;e"rinllen‘ts may not be llea‘sona.l;le

A a;nalogugs to a él%a;dual increase of CO;. The tra_nsii_:nt éiperiﬁleﬁt' will be discussed

further in the neﬁ;t section.
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5. -l;)isféussiott' and cdnéluéidns :[-

Despite» the shqrthmings -and error§ in sjm@atectocean temPerature of thej»
. éoupled atmosphefefOGCM, it simulates t_xtany featttrés of the pt*esent climate sys- -
‘ tem AThe »z,otllal mean patterns of temﬁeg"atul;es and.v'vinds-in tlie atmosphere are -
: ln-eproducevd, zts are the ocean z"c;na;l mea.h; temper.atureAg, salinitié's,_ héat tra.n-sport‘,
and heat fst(-)'ra.g'e. Tile most imﬁortant errt:)rs are c'older-t-ha.n-.(tbs.ertred tropi}ca.l S‘STs‘ .
ttﬂd ‘vﬁarmer-thé,th)t)served high-_latitude témperatureg. There is very limited extent :
of sea ice in the Benng Sea and around Ant%trctma, From the addltlona.l parame-
ter studles dlSCllSSCd in Wasthgton a.nd Meehl (1989), the followmg are 1mportant
factors that contnbute to’ the SST dlstrlbutlon computed by the coupled model
() decrgased Wmd—stress forcing results i 1n less equatona.l up_welhng’ and warmer
'tro.pica.l SSTs, (2) a dec,réasc;, in the dept‘h of the second layer results. in warmer
water brought‘ to the surface and hiéher SSTS in the tropics; (3) a shallower second
la).re"r;a,t _extratropigal latitltdes ‘results-i.nicoo_ler SSTs at those latitudés following
similar reaéoning; and-(4) a déc;'ease in the hprizontal heat diffision results in less
heat dttfuée& out of the low dﬁd mjdlatiitudes, véarmé;'tropi'cal SSTs and cooler | :

high-latitude SSTs. -

~ The coupled model has lower sensitivity to increased CO, after 30 years of
intégré,tion compared to the coupled model with a 50-m slab-ocean mixed layer

'(Wa,shiﬁgton and 'Meehi, 1984). The mikeid-ldyer model has Warmer-than-observed



troplcal SSTs and cooler‘-than-'observed high latitude, causing overextensive sea
ice. As a result of warm tropica.l SSTs and overextensive sea 'ice,the nﬁ:éed—lajer
model is trery sens1t1ve to COz-mduced Warmmg (3.5°C gloha.lly averaged surface
air temperature change for a doubhng of COz) Conversely, the OGCM ha.s cool
troplcal SSTs, reduced- sea—1ce extent, and a sens1t1v1ty of 1. 6°C after 30 .years of v'
'mtegratmn, suggestmg that the sensxt1v1ty of the real chmate system to a doubhng'

of C.02 is somewhere betwee_n the two sets of expenments.

Patterns of temperature change in . the -atmosphere 'arevsimilar for the two types-
of.ocean with CO, instantaneously doubled. Warrning':occurs in the trop'osphere
W1th the largest surface air temperature change takmg place where sea ice has Te- -
treated poleward Soil m01sture. changes are also similar in both sets of expenments

CO; warming in the ocean is confined mostl;v_ to the upper portion, especially 1n
the surface layer near. 60°N and 5t)°S. Through increases in precipitation, weakened
we'sterl'y wind -str'ess, and reduced overturning,ksalinity _amounts decrease at high
. 1atitudes of each hemispheref. Salinity also increases in the subtropics. The resultant
warnﬂng,and freshening of the high-latitude ocean surface laYer stabilize the ocean

and cause a weaker thermohaline circulation.

. The transient experiment shows the greate'st changes to oceantemper_atures in
the ‘ocean surface layer, and most of the troposphere warms while the stratosphere
cools Important d1ﬁ'erences from the 2><COz instantaneous experlment such as

coohng in the North Atlantlc and to a lesser extent ‘the- northwest Pac1ﬁc, suggest '
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that patterns of climate change from an instantaneous CO, doubling experirﬁént -
" may not be acgurdte analogues to climate-fchange from a transient or slowly increas- N

ing COz amount.

“Analysis of observafipns (e.g., Ka.roljif, 1989) indicates a se'cula;' cooling trerid
in the lower trbposphere. 6ver lfegioﬂs of> the North Atlantic and North Pacific with
warming over the rest of the NH similar to/that noted in the transient case (Fig. 19).

: Olve_r the North Atlantic, the mc‘)re‘ r,ec_ent.ivcold years in that region (1960s through

1980s) have be'en charact'erize‘d by a sea-level pressure a;noma.ly pattern similar to -

that noted in the transient case for the icoupled model (Fig. 20). In pafticular,
-the centers of positive SLP anomalies ov%af the North Atlantic and negative SLP -
: a.ndrha,lics over the subtropical Atlantic. afnd northern‘Europe. are similar betwécn

'thé, transient case and the more recent obkervations (Fig. 20).

The gorrespoxiden’pe of fgcent bbse;‘vejd tempefa.ture and circulation anomalies
with those ’simula..ted'd-uring the_ latter pe51'i§d of the céuple_d model transient case
" raises two intriguing possibilities: (1) bo'éh the aétual and the simulated coupléd
system display climate é,noma,ly regimes ion ‘decadal time §§aies that function in

shn_ilh.r ways and the correspondence is cbincidental; or (2) the coupled model is

actually simulating £he real transient respénse to the observed slow increa.,seA of CO; .
 presently fakingpla.ce. Clea;ly, further_ inispection of the 6bserved clim.éte regim:es
i1-1- these regions, as Well-asA addjtior.la.l, an%lysis 6f climatic regimes in the coupled
‘model, is Wa_rrz;nted. In addition, becauise‘of 'modgl sho_ttcomiqgs and failure to
- reproduce all 6f the regional aspects of c'liri;nate,'»one shoulci be cautious in using the
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climate changes exhibited by these experiments. Increased resolution and improved

physical processes are necessary in the n‘eit generat_idh of coupled atmosphere-ocean

gen’era.l‘circula;tio_n models.
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Fig. 1 Schematic of vertical-layer structure of coupled atmosphere-ocean model -

Fig. 2

Fig. 3

Fig. 4

FIGURE LEGENDS

depicts various physical processes and interactions.

Schematic of synchronous coupling method for atmospheric and oceanic

sea-1ce models.

Description of running of coupled experiments. At the left, the at-
mosp'l-leric and oceanic models were run separately and then coupled
for 16 years. At the right, the control (1xCO;) was extended for 30
years, and an iﬁstantaneousi 2xCO; experiment and a transient CO;
experiment were run for 30 years, with CO, increasing one percent

per year.

(a) Time evolution of globally averaged ocean surface temperature
(°C) for 1xCO,, 2xCO;, and transient CO, experiments; (b) time

evolution of ocean surface temperature differences from part (a) (°C).

Zonal mean temperatures as a function of latitude and height (K).
Computed values are three-month-seasonal averages taken over the
last three (mixed layer) and five (OGCM) years of the respective

control cases. Observed values are long-term, three-month seasonal

* means from Newell et al. (1972): (a) mixed layer for DJF; (b) OGCM
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for DJF; (c) 6bserved~for DJF; (d) mixed layer for JJA; (e) OGCM

for JJA; (f) observed for JJA.

" Fig. 6

Mean zonal (east-west) wind component v as a function of latitude
and hefght (ms™?). Compﬁted values are compiled as in Fig..5. Ob--

served SH tropospheric values are geostrophic winds for (c) January

and (f) July, from van Loon et al. (1971). All other observed val-

ues are three-month seasonal means from station data (Newell et al.,

- 1972): (a) mixed layer for DJF; (b) OGCM for A.DJF;. (c) observed

for DJF (SH, January); (d)-mixed layer for JJA; (e) OGCM for JJA;

" (f) observed for JJA (SH, July).

| Fig. T

Geogi‘aphical distribution.of surface air temperature (0=0.991 K).
Coinpuf,ed values are compiled as in Fig. 5. Sea—ice values are stippled |

for mixed layer and obser\vred; (a) mixed layer for DJF; (b) OGCM

- for DJF; (c) .obsgrved for DJF; (d) mixed layer for JJA; (¢) OGCM

‘Fig. 8

for, J JA; (f) observed for JJA.

Zonally averaged (a) compﬁted temperature (DJ F,'°C) and (b) ob-

-served annual mean temperature (Levitus, 1982, °C). Contours every

Fig. 9

2°C. ComAputeidr JJA patterns are qualitatively similar.

Zonally avéraged (a) computed salinity (0/00) for DIF and (b) ob-
éerved annual mean sa.lirﬁty (Levitus, 1982). Computed JJ A patterns
are qualitatively similar.
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Fig. 10

Fig. 11

Fig. 12

Fig. 13

Fig. 14

- Fig. 15

Zonal mean atmospheric temperature differences (°C) 2xCO; mi-

nus control (1xCO,): (a) mixed layer for DJF, (b) OGCM for DJF;

(c) mixed layer for JJA; (d) OGCM for JIA.

Zonally averaged (a) ocean temperature (°C) and (b) salinity differ-
ences (0/00) between 2x CO; and 1xCO; (DJF) experiments for years

26-30.

Geographical distributions of surface air temperature differences (°C,
0=0.991), 2xCO, minus control (1xCO;): (a) mixed layer for DFJ,
(b) mixed layer fqr JJA; (c) OGCM fér DJF; (d) OGCM for JJA.
Cross-hatchjng indicates differences éigniﬁcant at the five-percent level

or greater.

Soil moisture differences (cm), 2xCO2 minus control, for five-year av-
erages from coupled model. Stippling shows decrease of soil moisture
in 2xCO0, experiment. Hatching indicates difference significant at

five-percent level or greater; (a).DJ F; (b) JAA.

Zonally averaged meridional overturning streamfunction (DJF) for
years 26-30: (a) control, (b) 2xCO, minus control. Positive values

indicate clockwise circulation. Units are Sverdrups (10® m? s71).

(a) convective adjustment between top two layers on the ocean model

for the winter seasons in both hemispheres; a value of 1.0 means con-
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vective adjustment occurs every time step; (b) s'a,'nie"as-'_pa.rt (a) except

Fig. 16

Fig. 17

for the diﬁ'e'ren_ée 2xCOz minus control case.

Annual mean ocean heat transport for (a) 6bserved estimates; (b) com-

ponents for the control case; (c) total values for control and 2xCO,.

Zonally averaged 6ce‘dﬁ temperatqré differences '('b.C): (a) 2xCO2 mi- .

| nus control years 6-10 (DJE), (b) tranéiehf minus control years 26-30

(DIF).

" Fig. 18

Fig. 19

Zonally averaged atmosphei‘ic'tempei'ature of transient minus control

for years 26-30 (_'°C): (a) DJF,(b) JIA.

(a) trend in °C/ century of the leéét-sqﬁayes fit -t@ the time series of an-
nua.-lvten»_lperatufe anomialies in the lower tropbéphérg' (700 mb) derived
from radiosonde data. Stippled areas indicate cooling trend (negativé

values); positive va.lues,indica.tev Warmivngl:ti'end‘. (after Karoly, 1989); “

~(b) temperature ciiﬁ'eljence for DJF, -ﬁfansient (years 26-30) minus

Fig. 20

cont'rolnfor‘thé lower troposphere of the coupled model (sigma level
= 811) Stippled areas indicate cdoling at ﬁﬁc_l—*an_d -higli latitudes

gfeater than 0.5°.

(a) northern winter seasonal difference in sea-level pressure, mean

' pressﬁre of the 1920s and 1930s mmus mean pressure during more

recent years (after Roger‘s‘,'31989'); (b) sea-level pressure difference for
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DJF, transient (years 26-30) minus control. Solid contours indicate

positive sea-level pressure anomalies in transient case.
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ACTION OLS-09

INFO LOG-0P  AD3-08  AID-00
HCO-00  CIAE-B8 EB-00
10-19 NST-D2

INR-85 EUR-80 §S-00 01C-02
DINT-05 DODE-00 H-01 KUD-02
NSAE-D0 COME-00 1L-83 TRSE-00 PH-00

EPA-04  PA-02 CEA-D1  MAS-B1  DOTE-B0 FEMA-02 OHB-0!
STR-18  HHS-BbL  INRE-CO AGRL-00 ACDA-13 JUSE-00 SP-00
DOLE-B0 M-01 CEQ-01  PRS-81 E-81 T-D1 1230 )

------------------ 071366 27184311 /47
P 2217787 JAN 99
FH ANEHBASSY MOSCOV
10 SECSTATE WASKDC PRIORITY 3875
1HFO AMCONSUL LENINGKAD
WHITEROUSE WASHDC
HOSCOW POLITICAL COLLECTIVE
USIA WASHDC 4508
USHISSION USUN NEV YORK

UNCLAS SECTIOM B) GF 0% MOSCOW 2489

DEPT FOR EUR/SOV, OFS, ER, M; PLEASE PASS EPA
(WAXHMONSKLIY), NHSF (SHER), ANC NES/Nal

WHITE HOUSE FOK CSTi/O'MEILL, CEG, AND ulleHe

- USIA FOR GUROIF - - . - - - . .

£.0. 12356: H/A

TAGS: SEMV, TSPL, ECOH, PARM, KSCA, &7, UR, U3
SUBJECT:  GORBATHE® i THE SORRY STATT OF 1HE PLANET,
AKD WHAT WE ALL EEED-Du ABOUT IT: 41084 FORUM ON
ENVIRONHENT 2D DEVCLOPEENT FOR SURNIVAL, MOSCON,
JANUARY 13-13
REF: A} 88 MOSCOY 36521, B) 89 HOSCOY 24363 C) 89
HOSCOM 22965

1. SUHHARY: THE GLOGAL "FORUM GH INViRONMENT AND
DEVELOPHEKT :OR SUSVIVeL ("GLGRAL FCRUN"Y CERTRINLY
SUCCEEDED AS A WURLL MAGNET FOR CNYIRCHAINTAL
NOTABLES. GURBACKEV'S CLOSING SPELCE, £3SiNG THE
THREAT TO TED BIOSPHERE, SERVID A% THE &) [t
CLOSING) POINT OF THE CONFEREMCE, LuRRLCHEY
DESCRIBED S!X CONCRETE PROPOSALS F2R FUTIFE
INTERNATIONAL ENVIROUMENTAL WCTIGN, iRCLUDING
PROTECTING ANTARGIICA IFLACING TiE CONTININT WITHIN
AR “INTERMATICUAL ENVIRONFENTAL PRESERVL™ -- SHADES
OF GREEMPEACE"S “WOARLD FARK"i. LD & REMEWED €4ii FOR
AR COMPREMENSIVZ TEST-BAN TREATY. N ADDITION TO
GRAND GATHERINGS, THE FORUM ALSC HELL A NUMBER OF
SCIENTIFIC MEETINGS WHeCE, ACCORDING 70 SCIENTISTS
PRESENT, PROVIDED A KARC CHAHCE FOUR THE WORLD'S
ENVIROKHENTAL EAPERTS 70 HEET FACE TO FACE. THE
HEETING REPCRTEDLY ZNDED ALMOSY DEVOID OF CONCRETE
TECHNICAL PLANS OR SUGGCSTIOHS, BUT HANY 1NDIVIDUAL
“HALLWAY DISCUSSION3" WiLl LEAD TO SEPARATE

I TEATEVES 10 BILATERAL OR HULTILATERAL GOVERNHERTAL
FORA OR THROUGH THL EFFORTS OF THE HANY

. ECOLOGICALLY-CONCERNED FOUNDATIONS (EARTHWATCH,

GREEHPEACE, ETCI. EHD SUKMARY

GLOBAL FORUH - GENERAL

2. "PRRTICIPANTS AT THE FORUM COMMENTED TO US THAT
THE ATTENDANCE LIST PROVIDES A TRUE WORLD'S WHO'S WHO
1N EMVIRONHENTAL 1SSUES. A FEW OF THE HORE NOTABLE
PARTICIPANTS OH THE INTERNATIONAL SIDE (NCLUDED
UNITED RATIONS SECRETARY GEMERAL JAVIER PEREL DE
CUELLAR, FORMER NORWEGIAN PRIME HINISTER GRO

UNCLASSIFIED

UNCLASSIFIED
Dep(,l.rlm(_enl of State

INCOMING
TELEGRA

HOSCOM  B2438 @) OF 85 2217577
BRUNDTLAND, JACGUES COUSTLAY, UNITED WATIONS
POPULATIOR FUND EXECUTIVE DIRECTOR DR. MAF1S SRDIK,
UNDP ADHINISIRATOR WILLIAK DRAFER 111, NOGLL PEACE
LAUREATE ELIE WIESEL, UNEZCO DIRECTOR GENERAl
TEDERICO PAYOR, UNICEF EXECUTIVE DIRECTOR GRART, THE
GRAUD HUFTI SHEIKH DR. AKIAD KUFTARD, AHD INDIAN
AMEASSADOR 10 THE U.S. DR, KARAN SINGH. OVER ONE
HUNDRED SIXTY AHERICANS ATTENDED, iKCLUDING SEMAIORS
GORE, MIRTH, BND PELL. K5 WELL A5 HORLOWAICH
INSTITUTE FOUNDER LESTCR BROVN, CSRL SacAM,
AHEASSADOR ANGIER BIDDLE DUKE, AUD A NUMBLR OF
NOYABLE NATYVC-AMERICAN LEADERS AND CLERGY. SOVIET
PERTICIPANTS MERE ALL OF THE FIRST FANX, STARTING
WITH GORBACHEV, WHO GAVE THE CLOSING ADDRIS3
ACEDLKICIARS VELIKHOV, YABLOKOV, SHEYNOLIN, RUDENKO
AL DEPUTY FORE 1GH MINISTER PLTROVIRIY ALL SPORE AT
THU FORUM.  VELTEMOV AND YABLOKOV, Cf COURSE, WERE
PRIMARY ORGANIZERS.

3. SEVERAL VISITS TO THE FORUH KND COYVERSATIONS
WIH VARIOUS U.S. ATTENODEES REVEALED & CONSENSUS: THE
“HAIN EVENTS® OF THE CONFERENCE, WHERL BiU-HEME
SPEAKERS HELD FORTH, PRODUCED FEW CURPRISES; THE CORE
SUCCESS OF THE FORUM WAS INSTEAD 1IN 113 GATHLRING
TOGETHER A HUMBER OF ENVIROMHENTAL KND ENFRGY EXPERTS
-FCR KANY PRODUCTIVE EXCHANGES IN THE SMALLER SEHINARS
AND ON THE MARGINS OR “"HALLWAYS.™ U.S. FUSION AND
ENERGY EFFICIENCY EXPERT JOHN HOLOREM, OF U.C.
BERKELEY, STATED THAT ALHMOST EVERY GHE OF THL WORLDS
FORENUST EXPERTS [N THE FIELD OF ENERGY EFFICIENCY
AND CONSERVATION WAS PRESENT (N THE SEMIMAR ON THAT
TOPIC.  (WE HAVE URGED HOLDREN, WHO WORKS ALEO WITH
THE U.S.-SOVIET FUSION EXCHANGE, TO COHTACT
DEPARTHENT’S OES TO PROVIDE FULL BEBRIEF). EMBASSY
IS POUCHIKG SCHEDULE OF EVENTS AND SPEAKERS, PLUS

e
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BCTION OFS-09

MO 106-00 ADS-B0 AIG-B0  [WR-05 EUR-08 SS-80  0IC-02
HCO-06  CIAL-UD FB-0D  DINI-05 DODE-B3 H-01  KUD-02
1049 WSE-B7  NSAL-00 COMEi-00 L-83  TRLE-B0 FPH-00
€F4-04 PA-D2  CLA-B1  WAS-01  DOTE-80 FLHA-B2 OHB-Ol
SIR-18  HHS-0b  INRL-00 ACRE-GB ACDA-13 JUSE-BO  SP-00
DOFE-00 M-81  CLO-0)  PRS-O:  E-01 1.0, /1N

------------------ 071424 2219812 747

P 2217287 JAN 80

P AKEHBRSSY HOSCOW

10 SECSIATE WASHDC PRIORITY 3970
1FO AMCONSUL LNINGRED
WHITEHOUGE WASEDC

HMISCOW POL ITHCAL COLLECTIVE

USTA WASHDC 4819

USHISSION USUN NEW YORK

UNCLAS SECTIOY O (F D5 HOSCOW B2438S

DEPT FOR EUR/SOV,
(HAXMONSRIY) , N3F

OE5, £B, H; PLEASE PLSS LPA
(HORY, AND KAS/HAE

WHITE HOUSE FOR CSTH/OTLEILL, CEG, AHD LELANC

- USIA FOR GURGIF . - .- - -

£.0. 12356: N/A
18GS: SENV, TSHL, £COJ, PARH, hSCA, AV, uk, U3
SUBJECT: GOREAZHLV 2u TRL SOSRY SIATE OF Th{ PLANET,

HATERIAL GATHERED AT THE FGRUH, TO EUR/GOY, SHITH,
POUCK REGISTRY I'G. 8543862; THIS CAFLE THUS REFRAINS
FROM PASSING ON SUCH [YSORHATION {K GREAT DETA!L.

GORBACHEV SPCECH:
ENVIRONHENTALLY

........................ Temcemrmc e e me

THE CHAIRMAN STEFS FORTY,

4. CHAIRHAN GOREACKEY'S KREML 1M SPITCH (“PRAVDA,"
JANUARY 20) CLOZEG THE FORUHM O FRIDAY, JENUARY 18.

WE PROVIDE 1TS DECCRIFTION ARTAD &F CHRUOUMNGY
BECAUSE IT SERVEID AS A HIGH ANS FOCUSSENG PGIAT FOR
THE ENTIRE VEEF.. GORBACHLV, PARAPHRASING K&KT,
DISCUSSED THE KEED FOR AN “ECCGLOGICKL IMPCRATIVE.™
NATURE ~- THE BIGSPHERE -- 1S WNDER INMMEGIATE THREAT,
PLACIKG US, Hi STATzD, ULDER £H IBL:GATION 10 TAKE
ACTION. GIVEN THE FRAGILITY .OF THE WHOLE ECOSYSTEM,
GORBACHEV BELIEVES THAT TO REFRAIN FROM ACTION NOW IS
TANTAMOUNT TO SulGiDe. THERL IS A KtED, HE SAID, TO -
CHANGE OUR DEVELOPMEEY FCLICIES 1N ORDSI TG GUARANTEE
THAT HOST FUNDAMENTAL HUMAN RiGHY: THE PIGHT TO LIFE.

S. GORBACHEV ACKNOWLEDGEZD SOVIET ECOLOSICAL
SHORT-S{GHTEDNESS; HE PRAISED THOSE SOVIET SCIENTISTS
WHO HAD CALLED ATTENT{ON TO IT 11 ERCLIER,
PRE-PERESTROYKA TIMES. HE STATED THAT PURESTROYKA
HAD CHARGED THE SOVIET ECOLOGICAL VIEW, CITING THE

_ NEV ERNUAL ENVIRCIWIENTAL REPORT PUBLISHED BY

GOSKONPRIRODA AT DETAILING PROBLEMS OF AIR &KD WATER
POLLUTION, SOIL DEGRADATION, AND OTHER THREATS T0
HEALTH AND LIFE. (ME ARE POUCHING COPIES OF THIS
REPORT (N THE GLOBAL FORUM PACKAGE, AS -MELL AS TO EPA
AND NAS.V

6. GORBACHEY BRIEFLY OUTLINED THE NEW SOYIET
APPROACH TO ECOLOGY, AS TYPIFIED AT THE FIRST SESSION
OF THE COMGRESS OF PEOPLE’S DEPUTIES: THE SESSION
CALLED FOR A HEW LOOK A1 DEVELOPMENT IN ALL 1TS
ASPECTS, INCLUDING OUR RELATIOMSHIP WITH NATURE.

UNCLASSIFIED

8478

INCOMING
State TELEGRAM

HOSCOW @248 87 OF 06 2217562
COHCRETELY, THESE NEW "ECOLOGICAL POLITICS™ MEANT:

8478

-~CHANGES [N INDUSTRIAL ACTIVITY (WITh AN EYE 70
ECOLOGICAL CONSEQUENCES AuD RATIONAL 17AT101 OF
INDUSTRY 1IN TLRMZ OF ERERGY, RESOURCE, AND LOCAL
CIRCUNITANCES) ;

--HORF CONCERN WITH IHPROVEMENY OF THi PLOPLE’S
HEALTH AND LIFE-LTYLE;

--PROVIDING MAXIHUM SUPPORT FOR SCILNTIFIC RESEARCH;
==GIVING PRIORITY YO ECOLOGICAL EDUCATION IR GENERAL;
7. GOREACREV THEM BRIEFLY DISCUZSED:

-=THE LATESY SUFREND SOVIET DECREE ON IHE ERVIPONMENT
(REF A}, WHICH CALLS FOR ESTHBLISHING NORMS AND
CONSERVATION OF BIOLOGICAL RESOURCES »HONG OTHLR
TRINGS;

--THE COMPLEX TAZK OF HARUONIIING HAN END NATURE,
WHICH HUST {HVOLVE LEGITLAYIVE alD EXICUTIVE CRGANS,
SCIENTISTS AND EUUCATORSZ, SOCIAL ORGANITAFIONS AND
HOVEMENTS, AND (HDIVIDUAL IHITIATIVE; AND,

~-COMPL INENTED THL COMCERNS OF THE "GFEENS, " BUT

CAUTIONED THAT 1T 1S 70O ZIHMPLE KERELY TO JAY “CLOSE °
THIS CR THAT FACTCRY OR !IDUSTRY"; SUCH AN APPROACH

IS THE WRONG ANSWER., HE STRESIED THAY APPROPRIATE
ACTION KUST TAKE INTO ACCOUNT NOT JUSY HATURE’S

HEEDS, BUT PEOPLE’S AS WELL.

SIX COHCRETE SOVIET EBVIRONMENTAL PROFOSALS -
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ACTIGH OLS-09 i CREATE AN INTERHATIONAL "GRLEK CROSS,™ WHICH WOULD
REIP GOVERNNENTS 1N DEALING WITH LCOLOGICH
IRFO 10G-00  ADS-(D  AID-00 INR-05 [EUR-00  S$5-00 0ic-02 DISASTERS, OR A CENTER FOR "ECOLOGICAL fIRST AID"
HCO-08  CHAC-B0 [B-00 DINT-0S DODE-0B K-B1 HUb-02 UHDER U. M. AUSPICLS.  THE USSR IS PREPARING FOR THE
10-13 N3f-07  NSAt-00 COM[-08 L-03 TRSE-00  PN-00 U.N. SECRETARY GENERAL A LIST OF SOVIET EXPERTS WHO
fPA-D8  PA-B2 CEA-B1  MmZ-01  DOTE-OD  FOMA-02 ONE-Di WOULD BE AVAILAELE TO KELP IN SUCH DISASTERS, UPON
STR-18  HHS-B6  (NRE:DD AGRE-0D ACDA-13 JUSE-D0 SP-00 THE REOUEST OF THE SECRETARY GENLRAL
DOFE-80 N-B1 Cto-01  PR3-pt E-01 T-01 /114 W
------------------ 071853 7919427 /47 . =-THi BOSR RENEVS 173 OFFER TO CEASE NUCLEAR TESTING
P tMITEL Jan 90 WHIN THE U.S. IS READY 10 DO SO
FH AN NELSSY HOSCOY
10 SECSTATE WASHDC PRIORITY 3877 OBSEKVERS’ RLACTION. SOMCTHING OLD, SOMETHING NEV,
IRFO AFCORZUL LEHINGRAD SONEIHING DORROLWEN, ZOMETHENG ... GREER 1)

Wl | TEHCUZE WESHEC T T e
HOSCOY POLITICAL COLLECTIVE . .
USIA Wx5HOC 4210 9. KLTHOUGH FECH OF THE VARIOUS PARTICIPENIS 10 WHOM

USHISS100 USUR NEW YORK . ¥l SPORE L TRED & FRRTICULAR PART OF THE GORBACHEV
SPEECYH (INVARIAELY » FART WHICH TOUCKED CLOZE 10 HIS
UNCLAS SECTION 03 OF 06 HOSCOW 02489 Ol NTERESTS (M ECOLOSYI, THE GERCRAL THEME WAS
. PRAISE THAT GOREACHLY, LESET BY HUGE OTHCR PROBLEHS
DEPT FOR EUR/SOV, OES, EG, H; PLEASE PASS EPA IO £ HOME-GRON £COLOGICAL DISASTER, VAS WILLING T0
(HAXHOMZRIY), NSF (SHER), AND HAS/NAE . COKE FURMERY TC "S4%¥ 1T ALL." WE MADE HO CFFORT 10
SMEEF UNDER & RYL THE SOVIETS' OWK ENVIFOUMENTAL
WItITE HOUSE TOR O5TP/ONEILL, CEQ, AID DELAND WIGHTHERE D15CLLSED, FOR EXBMPLE, N RLF €), OR TO
] : CLATH THAT THE SCVILTS KNOW THE SCLUTIONS. TAKING
USIA FOR GUROFF ) THE HIGEER RSAD, HE &ONITS FRANRLY THEY HAVE NO
) SOLUTIONS, STRESS!NG THE NEED FOR HIGHER-LEVEL
£.0. 12356: N/A . IHTERRATIOMAL VHias GG O THESE 13SUES.  ONE CHGLISH
TRGS: SEWV, TSPL, ECOM, P4RM, KSCA, AY, UR, US PERTICIPANT AT T5i CGufCRENCE CONMENTED THAT HL FINDS
SUBJECT: GORBACHEV ON THE SORRY STATE OF THE PLANET, T (HTERESTING, AND TRCNIC, THAT SUCH A SPEECH HAS
: COME FIRST FROM 30YIET LEADERSHIP, EXPRESING HOPE
8. GOREACHEV FINISHED HIS SPEECH BY UNDERLINING THE THAT THE RURINCIRATIONS OF HMG AND OTHER WESTERH

NEED FOR IHTERNATLONAL COOPERATION AND THE HEED TO SOUNTRIES WILL BCT SIHILARLY
FOCUS 0! INTERMATIONAL ENVIRONMEKTAL POLICIES. ) )
STRESSING THAT THE SOVIET UNION FAVGRS SUCH ACTIOMS,
GORBACKEY ANNOUNCED A “BEGINNING® WITH THE FOLLOWING

CSIX POINTS: . -

=-THE USSR EHPHATICALLY SUPPORTS THE ENVIRONMENTAL

PLANS AND AGENCIES OF THE U.N. AT THE 1992 UNEP

COMFERENCE [N BRASILIA, THE SOVIETS BELIEVE IT

POSSIBLY UCEFUL TO ADOPT All INTERMATIONAL CODE OF

ECOLOGICAL ETHICS AND A GLOBAL PLAH OF ACTION WHICH

WOULD, ANONG OTHER THINGS, SYMBOLIZE A KEW KPPROACH ) .
TO THE EKVIROMHENT AS WE ENTER THE 2137 CENTURY.

=-THE U3SR BELIEVES IT HECESSARY TO DEVELOP AN
INTERHATIONAL REGIHE TO PRESERVE UNIOUE ECOLOGICAL
IOHES WHICH HAVE PLANETARY SIGNIFICANCE; THEIR FIRST
CANDIDATE IS ANTARCTICA. BOTH THE-UNIOUE ECOSYSTEMS
AND RESEARCH OPPORTUNITIES OF AN UNSPOILED ARTARCTICA
HUST BE PRESERVED. THE SOVIET UNION STAMD3-READY TO .
PERTICIPATE IN SUCH AN INTERHATIOMAL PLAN, OTHER
AREAS RIPE FOR INTERNATIONAL EFFORTS ARE THE ELACK
SEA/HEDITERRANEAN BASIN, THE TROPICAL RAIN FOREST,

AND CORAL REEF SYSTEHS

--THE USSR BELIEVES T WOULD BE UZEFUL TO CREATE AN
INTERMATIONAL COOPERATIVE SYSTEM FOR ECOLOGICALLY
CLEAMN TECHNOLOGIES. FOR THIS REASON, GOREACHEV
EXPRESSED 1S KEEN DIS&PPOINTHENT AT THE LACK OF
INDUSTRIAL PARTICIPATION N THE “GLOBAL FORUM.*

~-THE USSR BELIEVES AN INTERMATIONAL HECHANISM TO
HON1TOR THE EMTIRE B1OSPHERE SHOULD BE ESTAELISHED.

" --THE SOVIET UNION SUPPORTS THE ESTABLISHHENT OF A
EUROPEAN ENVIRONMENTAL PROTECTION AGENCY, AND STANDS
READY TO PARTICIPATE IM JOINT EFFORTS WITH THIS
AGENCY, THE SOVIET UNION ALSO SEES THE NEED TO

UNCLASSIFIED
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ACTION OES-89

INFO LOG-88 ADS-B8  AID-89 INR-85 EUR-88 SS-88 0ic-82
KC0-86 CIAE-86 EB-00 DINT-0S DODE-BE H-81 HUD-82
10-19 NSF-B2  NSAE-80 COME-DE L-83 TRSE-B0 PH-D0
EPA-B4  PA-82 CEA-81  NAS-B1  DOTE-86 FEMA-B2 OHB-E]
STR-18  HHS-06  INRE-D0 AGRE-00 ACDA-13 JUSE-B0 SP-00
DOEE-88 M-B1 CEo-p1  PRS-P1  E-B1 7-81 /114 M

------------------ 071584 2219437 /47
P 2217281 JAN 98

FH AHEMBASSY HOSCOW )
"' TG SECSTATE WASHOC PRIORITY 3978

;. UNCLAS SECTION B4 OF 06 MOSCOW 02488

USHISSION USUN MEW YORK. . S el T PR

INFO AMCOMSUL LENINGRAD N
WHITEROUSE WASHDC . . i

HOSCOW POLITICAL COLLECTIVE L

USTA WASHOC 4311

" DEPT FOR EUR/SOV, OES, EB, H; PLEASE PASS EPA

WHITE HOUSE FOR OSTP/O'NEILL,

E.0. 12356: N/A

AMAXHONSK1Y), NSF (SHER), AND KAS/MNAE - .

CEQ, AND DELAND

USIA FOR GUROFF ST - e -

TAGS: SENV, TSPL, ECON, PARH, KSCA, AY, UR, US
SUBJECT: GORBACHEV ON THE SORRY STATE OF THE PLANET,

18. NE FOUND INTERESTING ALSO WHAT GORBACHEV
DECLINED TO SAY. HE CHOSE NOT TO USE THE FORUM TO
TRY TO ADVANCE ANY NEW HARGINALLY-ECOLOGICAL 1SSUES
(SOME WESTERN PARTICIPANTS EXPECTED HIS ANNOUNCEHMENTS
ON MILITARY- OR TROOP- OR ARMS-REDUCTION MEASURES);
THE ONLY “OLD SAW" IN THiS SIXSOME FROM THE HILITARY
ARENA WAS THAT ON A TEST-BAN, HARDLY A NOVEL (OR
MOVING) APPEAL. WE WERE STRUCK THAT HE DECIDED TO
PUSH THE ANTARCTIC TO THE FORE, FIRST BY OUR BELIEF
THAT THIS MAY BE THE FIRST SUCH PROPOSAL BY A WORLD
LEADER (AND ANTARCTIC TREATY PARTY) IN SUCH A MAJOR
FORUM, AND SECOND BECAUSE THE ANTARCTIC, WHILE

"DEFINTELY A PROBLEM, CAN HARDLY BE AMONG HIS MAJOR

DOHESTIC COMCERNS. THE SOVIETS HAVE BEEN FLOGGING

THE 1DEA OF CATASTROPHY BILATERALS IN SEVERAL

MARKETS, INCLUDING AN AGREEMENT IN PLACE WITH ITALY.

THE EUROPEAN ENVIRONHENTAL AGENCY RINGS

SYMPATHETICALLY WITH GORBACHEV'S “COHMON EUROPEAN

HOME™ APPROACH (NOTE THAT THIS LEADER OF A NATION .
WHOSE ASIAN PART 1S AT LEAST AS LARGE AS ANY NATION

WHOLLY IN ASIA PROPOSED NO “ASIAN ENVIRONMENTAL

PROTECTION AGENCY"). THE (DEA OF USING SPACE --

SOVIET TECHNOLOGY FOR SPACE REMAINING ONE OF THE

RELATIVELY FEW AREAS WHER! -THIS KATION CAN HAKE TRULY -
WORLD-CLASS, UNIQUE CONTRIBUTIONS -- FOR

ENVIRONMENTAL MONITORING HAS BEEN A CONSTANT SOVIET

THEHE, INCLUDING IN THE U.N. AND WITH THE U.S.

FINALLY, IN "GREEN CROSS" AND SOME OTHER {TEHS IN
GORBACHEV'S LJST, WE SEE THE CONTRIBUT.JNS OF SPEECH
DRAFTERS LIKE ALEKSEY YABLOKOV, #HO cARLIER PROPOSLJ

A U.S.-SOVIET DIRECT “GREEN LINE" FOR ECOLOGICAL AND
OTHER EMERGENCHES. -, . re

- . - -

HEDIA COVERAGE T @ -

t1. SOVIET MEDIA COVERED THE -FORUM FAIRLY STEADILY,

BRIEFLY REPORTING HIGHLIGHTS OF VARIOUS SPE[’“ES -

L RVIEWS WITH COMFERENCE "NAMES™ “"”EARED DAILY —- 0v--————
= -

- h———.—*— --—--—"‘-- -
B

- —-u.
*
H

-~

' DESERTIFICATION
" GORBACHEV'S CLOSING ADDRESS,

R conrgnzucz THEMES .

ENVIROMENT, WITH KEYNOTE ADDRESSES BY YABLOKOV, .

NbLAbS[FIED r_-“

LA INCOMING

TELEGRAM

~ MOSCOW 92483 B4 OF 06 2217591 8488
FOR EXAMPLE, ON JAKUARY 22, CARL SAGAN AND SOVIET

CLIMATE CHANGE EXPERT ACADEMICIAN GEORGIY GOLITSYN

REVIEWED THE DANGERS OF THE GREENKOUSE EFFECT AND 1TS

THREAT TO THE FUTURE. ON ANOTHER OCCASION, RADID

MOSCOM QUOTED LIBERALLY FROM WESTERN PRESS

ENGL ISH-LANGUAGE INTERVIEWS OF THE SOVIETS® OWN

ALEKSEY YABLOKOV. IN KEEPING WITH THE CULTURAL/

SPIRITUAL SIDE OF THINGS, THE PAPERS ALSO CARRIED AN

INTERVIEW WITH A SOVIET ROCK STAR AND SEVERAL

_RELIGIOUS FIGURES, SIDE BY SIDE WITH A DISCUSSION BY

A DELEGATE FROM ZIMBABWE ON THE PREVENTION OF

THE BIG PRESS EVENT, HOWEVER, WAS

IN THE KREHUIR ON .
FRIDAY, JANUARY 19. WORLD-WIDE SPECIAL SATELLITE AND ’ .
MEDIA ARRANGEMENTS CARRIED THE SPEECH LIVE. (ME

PRESUHE ADDRESSEES HAVE FBIS OR OTHER FULL~ TEXT

'CAPABILINES)

.12. THE FORUH OPEN[b FOR BUSINESS bVER THE WEEKEND
_OF JANUARY 13-14, WITH A NEWS MEDIA SEHINAR

?"COHHUNIC“TING GLOBAL ISSUES IN THE 1830°S") OPENED
BY ACADEHICIAN AND THAIRMAN VELIKHOV AND CHAIRED BY

- MFA PRESS SPOKESHMAN GENNADIY GERASIMOV AND TARIIE .

VITTACH!, THE FORUM'S MEDIA ADVISOR. THE TOPICS
CENTERED ON DISCUSS1OMS OF NATURAL RESOURCES. ON
SUNDAY, THE SAHE FORMAT CONTINUED, BUT SHIFTED
EMPHAS{S TO EDUCATIONAL AND CULTURAL DIMENSIONS

<13.. UM SECRETARY GENERAL PEREZ DE CUELLAR'S

JANUARY 15 ADDRESS FORMALLY OPEHED THE FORUH; THAT
DAY’'S THEHE CENTERED AROUMD THE STATE OF THE GLOBAL
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DEPT FOR EUR/SOV, OES, EB, H; PLEASE PASS
(WAXHONSKIYY, MSF (SHER), AND HAS/HAE

EPA

WHITE KOULE FOR OS1P/O°HMEILL, CEOQ, AND DELAND

USI4 FOR GUROFF

£.0. 1235%: W/A&
TAGS: SENV, TSPL, ECON, PARM, K3Ch, AY, UR, US
SUBJLCT:  GORBACHEV ON THE SORRY STATE OF THE FLANET

14, JANUERY 16 FEATUREC "THE EARTH AND MATURE"
“THE [ARI# AND HHUMGN SOCIETY"; JRNUAKY i7,
“TCCHNOLGGY, INDUSTRY AND URBANIZATION: THE URBAN
CHVIRONHENT"; JANUGRY 15, “GLOEAL EDUCATION. "
SIMULTENEGUSLY WITH THESE LARGFR MEETINGS, SMALLER
SCIENTIFIC HINI-CENINGRS (E.G., A SERIES OF
EMERGY-EFFICIENCY MORKSHOPS COVERING EVERVTHING FRON
SOLAR COURERS TO ENERGY EFFICIENCY Il COLSTRUCTION,
CONMISSIONS, AND OTHER SIMILAR GATHERINGS TOOK
PLACL. ThE FiNAL PLEMARY ON FRIDAY, JAMULRY 19,
PLACE AT TRE KREMLIN. . .

TOOK

15. [HEAS3Y COHMHENT: WE PROVIDE HO DEPTH ON CONTENT
OF THESE HEETINGS AND EVEH THE HORE-1HMPORTANT
“HALLWAY SESSIONS” FOR THREE REASONS:

~-THL LARGER ONES THAT WE WERE ABLE TO ATTEND WERE
ADORNED MITH THE USUAL AHD PREDICTABLE CALLS, N Hany
LANGUAGES, ACCENTS, AND EVEN 1N OHE LOYG FELIGIQUS
CHANT, ‘FOR MORE ATTENTION YO ECOLOGICAL FROBLEMS.
THAT ATTENTION IS UNGUESTIONABLY NECESSER(, BUT HO3T
SPEArERS WEKE LONG ON COMPLAINTS WHILE CHORT ON
SOLUTtONS. THE PRESENCE OF CHURCH AND SPIRITUAL
LEADERS Il THE LARGER MEETINGS EMSURED A CERTAIN
KHOUNT OF- DESCUSSION OF THE MORAL, A3 OPFOZED 10 THE
SCIENTIFIC AND ENGINGEERING, ASPECTS OF EHYIRQUMENTAL
CONSERVATION, ’

-=ON THE OPPOSITE EMD OF THE SPECIRUN, THE SCIENTIFIC

. HEETIRGS WERE SO TECHNICAL. AND SPECIFIC THAT
REPORTING ON THEM WOULD ONLY DUPLICATE INFORHATION
U.S. EAPERTS LIKELY ALREADY POSSESS; AHND

=-EHBASSY'S OWN NARROW RESOURCES, WHEN COVERING ALSO
THE WORTHY ECOLOGICAL AND SZT-RELATED CONCERHS OF THE
THREE SEMATORS (SEPTELS REPORT THEIR INTERACTIONS
HERE) AHD OTHERS [N TOWN FOR THIS OR RELATED EVENTS,

2/

-UNCLASSIFIED

BEA L bs da b8 b b e e b B T T T

UNCLASSIFIED
" | l)op(u lment of

INCORING
TELEGRAM

HOSCOW DZ483 @ OF 06 2212004
£HD COHNINT,

Stete

8492
WERE SVANPED.

EXTRACURRICUL &R HATELRIAL

17.  THE CONFEREMCE TABLES OFFERCD A WEALTH OF
PLHPHLETS AND INFORNATION ZHUETS FANGING TROM UNDP
HATERIAL, INFORMATION ON THE V.S SENATL-SFOICORED
CHETERPERL [ aHERT ke CORPERLALTE O THE GLOFEL
ENVIEONAENT™ (6PRIL 79-1AY 2}, INEGRMATIGH ON THE
SOUTH CCAST AIR OUal [TY HANASENTNT DIZIRICT

ACTIVITIES (105 ANGELES ARCARI, TO IHIORMATION ONM “THL
CENTER FOR QUR COMMON FUTULE™ In CIMEVA. MHE

SENSTORS END THEAR STAFFS ALLD WOEAED TFPECTIVELY THD
HALLWaYS AND BREAFFAST TABLES DISCHISING V.S,

COUCEFNL Ol FNYTRONHENTAL (135ULS, ELVSNCING Thi
LUBJICT Of THD SPRING LHYERPAKL [aMENTARY

ENVIRONMENTAL CONFERENCE 1N WASHILGTCH (LZPTELS)

AHONG THE MATERIALS AVAILAELL WERL ZEVEPPL PRIVAIE
SOVIET OFFERINGS, SUCH AS LN INFOPHATICH LEAFLET FROI
THE "INNOVATION UNION, INTCRLAB INNOVATICH TEMTER™ ‘N,
HOZCOW, OIFERING COLLABORATIGH 1N SEVELOFILNT OF \
CLEAN TECHNOLOGISS.  SCME OF THECE ZOVitT PECPOTALS \
APPEAFED BACKED BY PATENTS AND PRESTIGIDUS
ORGANIZHTIONS (THE RCEDEMY OF SCIEMCES) ANC MICGHT BL
OF FURTHER IMTEREST.  imfL OF THIS INF GRESTICH WILL

BE POUCHED TO THE DEPARTHENT WITH THE TORUM LCREDULE.

COMNENTS

16, THIS CONFEREMCE ROLLED TOGETHER SUCLK 3 ERJAD AND
DEEP COLLECTION OF ENVIRONMENTAL TALENT AND
LEADERSKIP FOR TWO DIFFERENT REASCHI: EBOTE
AND “THE SOVIET UNION" RRE “IN" [TENS, ANHC

“L0L0GY ™
188
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A-WHITE HOUSE FOR OSTP/O’NEILL CEQ,, AND . DEL AND

~USIA FOR GUROFF

E.O.,JZSSB N/A ) ’ ’ ’ : .
TAGS: SENV, TSPL, ECON PARM, - KSCA AY UR us
SUBJECT GORBACHEV ON THE SORRY STATE OF THE PLANET

'HIGHE 5T - INTEREST ITEMS ON TODAY’S GLOBAL STAGE. THE
- SOVIETS CERTAINLY EXPRESSED NO REGRETS OVER THE

ATTENTION, NOR LOST ANY OPPORTUNITIES TO PRESS FOR

 "FURTHER AND DEEPER CONTACTS AND COOPERATION IN
" . ENVIRONMENT. THE PARTICIPANTS IN THE FORUM HAD
"OPPORTUNITIES EACH EVENING FOR CHOICES AMONG AT LEAST

FOUR DIFFERENT ACADEMIC/INTELLECTUAL/ECOLOGICAL
PROGRAMS AT WELL- RESPECTED SOVIET INSTITUTIONS SUCH -
AS THE "HOUSE OF SCHOLARS.

'19.] NQO. ONE PUTS ON A GOOD PROPAGANDA SHCOW LIKE THE

SOVIETS; THIS OLD-TIME SKILL HAS PERSERVERED THROUGH
EVEN THE TOPSY~TURVY EVENTS 'OF CHANGES HERE.
OBVIOUSLY, MANY OF THE PRINCIPAL- SOVIET PLAYERS,
STARTING WITH GORBACHEV, WILL BENEFIT FRCM THE
INTERNATIONAL EXPOSURE AND FROM THEIR ALIGNMENT
BEHIND ENVIRONMENTAL CONCERNS. NONETHELESS,” THE
GATHERING APPARENTLY WAS A USEFUL AND INFREQUENT
OPPORTUNITY FOR MANY PLAYERS IN THE ENVIRONMENTAL
AREA, AND MANY POWERFUL POLITICAL FIGURES (INCLUDING
SEVERAL U.S. SENATORS) TO MEET, TO BEND A FEW EARS
AND EVEN TO HAVE THEIR OWN EENT A BIT. IN THAT
RESPECT, THE FORUM HAS TO RATE A SUCCESS. END
COMMENT.

‘20. LENINGRAD MINIMIZE CONSIDERED. MATL OCK
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THE WHITE HOUSE

(e DE

WASHINGTON

February 1, 1990

MEMORANDUM FOR CHRISS WINSTON

FROM: DAVID Q. BATES

SUBJECT: President's February 5 Speech to IPCC

In addition to specific comments and suggested modifications to
the language of the draft of the President's speech on Monday to
the IPCC that may be forthcoming from members of my staff, three
principal points should be made:

(1) The speech varies significantly from the outline prepared by
the Department of Energy and EPA, which was reviewed and approved
(with some minor modifications) by the DPC Global Change Working
Group at its meeting on Tuesday. A copy of that outline is
attached.

(2) The speech does not contain any reference to the White House
conference/seminar on scientific and economic research scheduled
to be held this spring. This meeting was announced in Malta and
will be co-chaired by Drs. Bromley and Boskin and Chairman
Deland. There was consensus among the Working Group that the
dates for the meeting should be announced as part of the speech.
The invitees need not be named, with only a general reference to
a representative group of nations in attendance. It could be
built into those portions of the text that note the current gaps
in scientific and economic knowledge and presented as the
President's method of facilitating the development of the needed
knowledge and becoming more personally informed on these issues.

(3) The speech also does not reaffirm the President's offer,
also made at Malta, to host the first negotiating session for a
framework convention on global change following the completion of
the work of the IPCC. The inclusion of this point, which need
not be elaborate, was also a consensus recommendation of the
Working Group.
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Proposal for Presidential Speech
before the

Intergovernmental Panel on Climate Control (IPCC)

1. General statement of commitment to and concern for the
global environment and economic development.

- Reiterate determination that the President will take
active role in addressing concern about global climate
change.

-- Reiterate Secretary Baker’s approach (spelled out in
January 1989). —

== Reiterate Noordwijk commitment to greenhouse gas
s stabilization as soon as possible, consistent with the
requirement for global economic growth that can enhance
the quality of life for people everywhere.

- Stress strong U.S. commitment to environment; e.g.,
domestic programs, leadership in forging international
agreements on environment, assistance to and
cooperative efforts with developing countries and
current or former centrally planned economies.

2. U.S. Supports the IPCC Process
-- Stress need for international cooperation.

-—- Congratulations to IPCC sponsors, the United Nations
Environment Program (UNEP), the Woxrld Meteorological
Organization (WMO) -and to Dr. Bolin of Sweden, IPCC
Chairman.

=~ Establishment of the IPCC has filled the need for an
orderly, intergovernmental process to assess scientific
understanding, evaluate potential impacts and develop
appropriate response options. '

- Welcome IPCC reports due in August.

--  U.S. is committed to playing a leadership role through
our chairmanship of the Response Strategies Working
Group (RWSG) and supporting IPCC as best forum for
global climate change policy development.

- Support for UK proposal at UN to continue IPCC.




PP Past and Ongoing U.S. Contributions and Views on Key Issues
of Convention and Emissions Limiting Agreements

- Science

(o}

U.S. budget is the largest in the world and is
rising, nearly $500 million in FY 1990 and to
increase to almost $1 billion in FY 1991.

Importance of all countries, no matter what their
level of development or economic system,
contributing to understanding of the science.
This cooperation needs to take several forms:

- cooperation in assessment of state of the
science; and

- cooperation i
- ) B e —

Periodic international reassessment of the science
at fixed intervals to aid in our decision making.

-- Technology Development

(o)

U.S. has active technology development programs to
improve the efficiency of both supply and demand
side technologies, and reduce greenhouse gas-
emissions.

- More efficient fossil fuel generation
technologies. -

- Renewable and energy efficiency technology
initiative.

= Conse:vation technology: end-use efficiency.

- ‘Nuclear: new generation with enhanced safety
features under development.

Any framework convention should provide for
regular assessments of the state of technology
development to determine the availability and cost
of technologies.



U.S. is sensitive to the need for technology transfer
to other countries.

o Clean coal, renewable, conservation, end-use
services for technology transfer, and nuclear.

o] A.I.D. appropriation bill.

o] EPA/Peace Corps agreement.

o] Change in World Bank policy.

o] EPA’s IETTAB and DOE’s CORECT program to examine
technology transfer.

o] Policy aid package.

Economics

o Follow-up on Administration commitment to develop
real data on costs of various response strategies
and assess new response measures.

o) Challenge others to do the same.

o) Offer technical Support to those who need it.

Policy

o) President should éncourage consideration of truly
innovative reésponses including:

= s s = ™ - \‘
- Ccomprehensive approach: ) all major greenhouse
gases are included;

- trading of emission permits.

o President should define general criteria for

future agreements to limit greenhouse gas
emissions:

- market mechanisms such as "integrated
resource” planning and consistency with
economic growth in all countries; and



¢
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== Demonstrate U.S. willingness to facilitate the process.

-- To further the debate, U.S. will host international
environmental meeting composed of senior science,
‘economics  and envirqnmental officials from all nations.
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copy to my office.

Thank you.

Please forward any comments directly to Chriss Winston, Rm
x2930, no later than 5:00 PM TODAY

» Tuesday, February 1, with a

" RESPONSE:

James W. Cicconi
Assistant to the President

and Deputy to the Chief of Staff

Ext. 2702




(Lange/Cawley)
February 1, 1989
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PRESIDENTIAL ADDRESS: INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
GEORGETOWN UNIVERSITY
MONDAY, FEBRUARY 5, 1990
10:15 A.M.

Thank you, Dr. Bolin [Bo-leen]. Professor Obasi. Dr.
Tolba. Delegates of the World Meteorolog1c=l Congress, and the —
United Nations Environment Program. Let me thank and
congratulate all of you, for taking on an issue of such great
importance. The decisions this organization makesiwill have a
profound effect on the world’s environmental and economic policy.

In the post-war era, we’ve produced the most tecﬁnologically'
advanced creations of man. We'’ve also gained new understanding -
-- though still incomplete -- of the most ecologically fragile
creations of nature.

But unfortunately, somewhere along the way, we picked up a
bias, that hes harmed both man and nature: a mistaken belief
that there is a divergence of interests ~- a logical division --
between the natural world and we who inhabit it.

Nothing could be further from the truth -- or more central
to the work of this Panel. You are called upon to strike an
unprecedented international bargain-u a convergence between

global environmental policy, and global economic policy, where

both sides benefit -- and neither is compromised.

You are called upon to end the environmenral cold war.
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This will be,possible only if we understand that economic
growth and environmental integrity are not contradictory
priorities. One reinforces and complements the other.

A sound env1ronment is the basis for the continuity and
quallty of human life and enterprise. Aand strong economies allow
nations to fulfill the obligations of environmental stewardship.
Where there is economic strength, such stewardshié is considered
a necessity. But where there is poverty, it is too often. a
luxury.

For that reason, I believe we must ‘usher 'in a new era of
global cooperation: for environmental protection and economic
growth. For intelligent management of industrial and natural
resources. Above all, for snstainable development -- around- the
world. |

The United States believes the I.P.C.C. is the best forum to
develop policy on global .climate change. We’'re committed to
international coeperation on this issue. And we consider it
vital, that the community of nations is drawn together -- in an
'ordered, rationai way -- to essess the potential for elimate |
change.

The state of the science; the social and economic 1mpacts-
and the right response strategies: all are crucial components to
a global resolution. The stakes here are very high.

There is no question that human activities are changing the

atmosphere in unexpected and unprecedented ways. Since the mid-
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1800s, the level of carbon dioxide in the atmosphere hés gone‘up
by 25 percent.

What we don’t yet understand islthe extent1of the
alterations we’ve brought about -- and hbw they’re linked to a
significant, imminent climate change.

Last fall, many clear thinkers ;- amongvthem, world leaders
-- were citing a significant thinning of sea icé at the poles as
evidence that global warming had arrived. Recent observations
show that the polar ice sheets are not melting, they’re growing
in size. |

i’m not prepared -- academically, or otherwise -- to draw
conclusions. But I have noticed something ébout the scientisté
drawing the conclusions.

Those who see climate change as a clear and present danger
represent one distinct minority. Those who discount it
completely, represent anotherlminority, But many scientists --
-1if not moét -- are not ready to claim that the extent of global
climate change can now be reliably detected -- or prédicted;
That may be to their credit. |

When he was observing the fervor of thé French-Revolution,
the English poet William Blake wrote, "The best lack all
conviction, while the worst are filled with -passionate
' intensity.‘ Here, too,-we are called upon for action based on
observation -- not media-driven emotion, or thé politiés of
apocalypse. The decisions being made are too importanﬁ*to be
compromised intellectually -- or polarized politically.
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Questions remain: about the reflective effects of cloud
cover, the cooling effects and CO2 absorption of oceans, and
other sinks and feedback mechanisms we don’t yet understand.
Those questions, among others, suggest that we should attend to
what is known about climate change -- and work to know more.

Current computer hodels are marvels of mathematics. Still,
they cannot yet be said to represent reality -- and cannot be
expected to predict the future. Abové all, responsible policy
cannot rest on the shifting sands of hypothesis and a chaos of
conjecture.

In the search for answers,»the United States continues to
lead the world. We’'re seeking hard data and'new'ways to improve -
the science. Because what sCience.now knows with cohfidence,
policy-makers can’t use. And what policy-makers need to make
decisions, science doesn’t yet know.

In spite of this uncertainty, some suggest we should act
now, on the chance that significant climate change becomes
certain. Others point to the opposite edge of that sword: any
meaningful preemptive policies would bring only the certainty of
prohibitive expense; conflict with Third World development; and
declining standards of living, worldwide.

I believe we can do better. There is a reasoned middle
ground, that matches policy to emerging scientific knowledge --
andjreconciles environmentai protection to economic development.

With every word, with every decision made here, we’'re also

making a committment that is profoundiy personal. I think all of
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us understand, deep inside, how the actions we take now speak to
the future.

Last week, in my State of the Union address, I spoke of
stewardship. I believe it’s something we owe.our‘children and
grandchildren -- because the earth we stand uéon is only
borrowed, never owned.

So the United States remains committed to a leadership role
on environmental issues. In our domestic programs. Our work to
forge international agreements. Our assistance to developing and
East Bloc nations. _And here, by leading the Response Strategies
Working Group. |

Overall, we’re already doing more than any other country to -
understand and_address global warming -- in terms of financial
and human resources, by more than a factor of ten.

I just proposed a budget to our Congress for fiscal 1991
that devotes a total of over [$70] billion to enyironment-related
work. Funding for the U.S. Global Change Research Program will.
increase by nearly 60 percent, to o?er $1 billion.

That will allow NASA to move forward with its "Mission to
Planet Earth" -- and will fund the launch of the first U.S. Earth
Observing System, to advance the state‘of knowledge about the
planet we share. -

‘We've already taken many steps that bring major benefits in
their own right. Steps that make sense on their own merits, and

that will also help reduce emissions of carbon dioxide and other
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gases now building up in the atmosphere. Let me outline them
very briefly:

We want to stabilize -- and reduce wherever we can -- both
our energy consumption and our total emissions. So we’re
pursuing new technology development. Creating a revised Clean
Alr Act with incentives for industry to find creative, market-
driven solutions. Working ont a comprehensive review and
revision of our National Energy Strategy. And launching a major
reforestation initiative to plant a billion trees a year on
prlvate land across America.

We're also working through diplomatic channels, and through
innovative measures like debt-for-nature swaps, to do more than
simply reduce global deforestation. We hope to reverse it.

The economics of our response strategies to climate'change
are getting intensive,study. We intend to develop real data on
the costs of various response strategiee, assess new measures,
and challenge other nations to follow suit. And we will offer
technical support to those who need it.

As we work to create policy to manage CO2 and other
emissions, we want to encourage the most innovative responses.
Wherever pOSSlble, we believe that market mechanisms should be
applied -- and that pollcy must be consistent w1th economic
growth and free market principles in all countries. But we will
break the hold of the environmental cold war only through

dialogue -~ through a shared commitment to consensus. -
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If we hope to promoté environmental protection and economic
growth around the world, it will be important to work with, nbt
against industry. That will mean moving beyond the tradition of
command, control, and compliance -- foward a new kind of
environmental cooperation. Many industries, in fact, are already
providing crucial research and solutions. And a few are alfeady
ahead of us. .

One power-plant management firm, just across the river iﬁ
Vifginia, donated $2 million in 1988 for tree planting in
Guatemala -- to compensate for a coal-fired plant it waé building
in Connecticut. And the company expects to couple tree-planting
programs with aii of the new power plants now on its dréwing
boards.

Where developing nations are concerned, some suggest we’ll
have to abandon the laissez-faire, free-market principles that
al;owed the industrial world to prosper. In fact, we think it’s
all the more crucial, in the developing countries, to apply the
principles of the free market in the service of the environmént.

To the extent we can accelerate the advancement of thesé
nations, it will take less energy for them té produce wealth: in
modern industrial countries, energy use per unit of G.N.P. has
declined over time -- steadily, and dramatically.

So we need to work'gigg the developihg naﬁions: Applying
the power of the markétplace, consideriné teehnology'transfer,
and encouraging industry to assist developing nations in making

quantum leaps in technologies. That will allow developing



naéions to grow more quickly and easily -- and may help them
avoid making the environmehtal mistakes we older nations have
made. |
| As I said a moment ago, I believe'we should make use 6f what
we know. We kno& that the future of the earth cannot be
compromised. We bear a sacred trust in our tenancy heré -- and a
_covenant with those most precious to us: our children,'and
theirs. | |
We also know of the efficiency of economic incentive -- and
thét free markets yield the most creative solutions.  We must now
apply the wisdom of the markét, in defense of the environment we
share. It is time to heal this false schism. It is time to put -
an-ggg to the environmental cold war. | |
- Working together, with good faith.and,earnest dialogue, I
believé it can be done. But more important: We know it must be
done. |

Thank you -- and God bless you.

# 4 #
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By Warren T. Brookes

' N Nov. 7 THE U.S. and Japan
shocked  environmentalists

. around the world by refusing to
sign a draft resolution at a Nether-

- lands" international conference on
global climate change calling for the

" “stabilization” of emissions of carbon
dioxide {co,) and other “greenhouse
gases” by the year 2000. Instead, they
made the conference drop all ‘refer-
ence to a specific year, and to a specif-
_ic co, reduction target. The Bush Ad-
ministration view was set forth by D.
Allan Bromley, the presidential sci-
ence adviser, in testimony to Senator
Albert Gore's subcommittee on Sci-

ence, Technology & Space: “My belief

is that we should not move forward
on major programs until we have a
reasonable understandmg of the sci-
entific and economic consequences of
those programs.” .

" President Bush was 1mmed1ate1y

i January-November recordings.
s . don’t deny that carbon -

o ds much fainter and harder to-

" -want to believe.:-

ee. agamst the background of
tatistical “noise”—random :
annual variation. So,:too, for:
rainfall, which has averaged ..
9. mches ayear across the;
U.S:since 1895: Here we
- have: ‘reproduced the data,
.from the academic article,
“:with the original long-term -
verage lines..We have,also _+
extended the h1story to cover
1988 and an estimate for .
-1989; extrapolated from -

. Scientists who are skeptical :
- - -of the greenhouse theory .

;.. dioxide can trap heat; they
- argue, rather, that the. effect:

. predict than the alarmists. s
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savaged by environmentalists, and by.
politicians like Senmator Gore

(D-Tenn.). The Bush viewpoint does-

not sit too well with most of the me-
dia, either. Last January Time pub-
lished a cover story on environmental

catastrophes, declaring . that™ green-

house gases could create a climatic

calamity. The New York Times weighed,
in a month ago with a story about.

how melting polar ice would flood the
nations that can least afford to defend
themselves, Third World countries
like Bangladesh and India. Or perhaps

you have seen the ads for Stephen:
Schneider’s Global Warming, accompa--

nied by a blurb from Senator Tim
Wirth (D-Colo.]. In his book this

well-known climatologist paints a fu-.-

ture of seas surging across the land,
famine on an epidemic scale and eco-
system collapse. ‘

Is the earth really on the verge of
environmental collapse?  Should
wrenching changes be made in the
world’s industry to contain co, build-
up? Or could we be witnessing the
1990s version of earlier scares: nucle-
ar winter, cancer-causing cranberries

and $100 oil? The calamitarians al-

ways have something to worry us

about. Consider this: In his. 1976

book, The Genesis Strategy, Schneider
lent suppOrt to the then popular view
that we could be in for another ice
age, “perhaps one akin to the Little
Ice Age of 1500-1850. Climatic vari-
ability, which is the bane of reliable
food production, can be expected to
increase along with the cooling.”

At the very moment Bromley was
testifying to Gore’s subcommittee,
MIT’s prestigious Technology Review
was reporting on the publication of an
exhaustive new study of worldwide
ocean temperatures since 1850 by M1t
climatologists Reginald Newell, Jane
Hsiung and Wu Zhongxiang. Its most
striking conclusion: ““There appears
to have been little or no global warm-
ing over the past century.” In fact, the
average ocean temperature in the tor-
rid 1980s was only an eighth of a
centigrade degree (a quarter of a Fahr-
enheit degree) higher than the average
of the 1860s. Ocean temperature. is
now virtually the same as it was in
the 1940s. Since two-thirds of the
buildup of co, has taken place since
1940, the mIT data blow all of the
global warming forecasts into a
cocked hat. President Bush wisely
told reporters: “You can’t take a poli-
cy and drive it to the extreme and say
to every country around the world,
“You aren’t going to grow at all.’ ”/

That is the central issue of the glob-

al warming debate, and it explams
why the U.S. and Iapanese position
was supported by some 30 other de:

-veloping nations which see that just

as Marxism is giving way to markets,
the political: “greens” . seem deter-
mined to put the world economy back -

_into the red, using the greenhouse ef-

fect to stop unfettered matket-based '
€conomic expansion.-. .

- In simplest terms, the earth’ s. atmo-
sphere does operate as a greenhouse.
In addition to oxygen, nitrogen and

.water vapor, the atmosphere contains

several gases that trap radiated heat, -
mcludmg methane and co,. Carbon
dioxide is essential not only to
warmth but to vegetation. It is also
essential to life in another way: With-
out 'its heat-containing effect the
planet would freeze, like the atmo-

- spherically naked moon. °

Throughout most of human history
that atmospheric blanket has held
global temperatures at an average of
about 60 degrees F., plus or minus 5
degrees F. During most of human his-
tory, the co, concentration in that
blanket has, until this century, hov-
ered around. 270 parts per million, al-
though in earlier geologic epochs it
reached as high as 20,000.

Over the last 100,years the co, con-
centration has risen from 270 to to-
day’s level of 350. The culprit: man.
Most of the greenhouse gas increase is
the result of fossil fuel consumption.
Add to that the rise in other man-
generated trace gases—methane, ni-
trogen oxides and chlorofluorocar-
bons—and total greenhouse gases are
now at 410 ppm. In other words, be-
cause of the combined effect of these
gases, we have already gone over half-
way to a doubling of co,. Even so,

- there has been less than half a degree
" of warming in the last 100 years.

What do the environmental pessi-
mists make of all this? The earliest
versions of their computer “general
circulation models” predicted that
the earth would warm up by any-
where from 3 to 5 degrees centigrade,
or 5 to 9 degrees Fahrenheit, by the
year 2050. The most extreme scenari-
os wam of coastal ﬂoodmg {from
melting ice caps) and rising inland
droughts. However, as the level of so-
phistication of the models has risen,
these forecast effects have been
steadily reduced to a new range of 1.5
to 2.5 degrees centigrade.

One major exception to this declin-
ing rate of doom is the model run by
James Hansen of the National Aero-

_nautics & Space Administration, who

shocked a congressxonal hearing in
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June 1988 during the middle of a
scorching near-nationwide drought,
by saying he was “99% confident” the
greenhouse effect is now here.

Even though the vist majority of
the climatological community was
outraged by Hansen’s unproven asser-

tions, environmental advocate Ste--

phen Schneider notes in Global Warm-
ing, “Journalists loved it. Environ-
mentalists were ecstatic. Jim
appeared on a dozen or more national
television news programs. . .. "

By the end of 1988, with Hansen

and Schneider’s enthusiastic support,
global warming was deeply embedded
in the public consciousness. Now
over 60% of the public is convinced it
will worsen, even as the evidence of
that alleged trend is under increasing-
ly sharp and solid scientific attack.

On the contrary, ‘that attack has’

been used as a premise for even more
immediate action. As one TV anchor-
man argued, “Even if we aren’t sure

98

it's true, shouldn’t we take precau-
tions and act now as if it were?”
Unfortunately, “taking such pre-
cautions” could well spell the end of
the American dream for us and the
world. Once co; is in the atmosphere,
we can'’t easily remove it. Since most
of the. forecast rise in the gas is a
function of simple economic and pop-
ulation growth in the Third World,
there is no realistic economic way to

Pprevent a co, doubling without slash-

ing growth and risking a revolt of the
have-not nations against the haves.
The Washington, D.C.-based Center
for Strategic & International Studies
points out that, even though the U.S.
isnow the largest carbon fuel user, it's
the developing countries that will
quadruple their energy consumption
by 2025. “By the middle of the next
century, they will account for the
bulk of the greenhouse gases emitted
into the atmosphere, even if they suc-
ceed in doubling energy efficiency.”

The Environmentsdl " Protection -

-Agency finds that just to stabilize U.S. -
_-CO, emissions at present levels would -
_force 30% taxes on oil and coal, while
‘to meet environmentalists’ démands ©

for 220% reduction in U.S..co, emis- :

~sions would require a tax of $25 per
. barrel on oil, and $200 a ton on coal,
- .effectively doubling U.S. energy costs. -
" Unfortunately, the popular media

‘don’t seem to caré. In May the nation-

al press erupted in a two-day firestorm

.'when Hansen - told “Senator Gore's
- subcommittee that the Office of Man- -
. ?lgenéen_lt I?alBudget had censored l;)is :

."lond global warming testimony by :
. ‘adding the modest caveat, “These
changes should be viewed as esti-
| ‘mates from evolving computer mod-
N els and not as reliable predictions.”

Yet, at the moment of that testimo-. .
ny, 61 of the world’s top climatolo-

‘gists, gathered for a five-day work- -

shop in Amherst, Mass., were largely

- agreeing with oMB. Science magazine

reported that most of the attendees

' were pleasantly surprised by oms’s

efforts to control Hansen: “I can’t say

-1 agree with censorship, but it seems

oM has better people than 1 thought.-

T'd have to agree with their angle,”

said Rick Katz of the National Center
for Atmospheric Research, one of the
leading modelers. ’
.. Conference leader Michael Schle-
singer, another top modeler (Universi-
ty of Illinois), "agreed: “[Hansen’s)
statements have given people the feel-
ing the greenhouse effect has been
detected with certitude. Our current
understanding does not support that.
Confidence in its detection is now
down near zero.”

That conclusion was buttressed by
one of the deans of U.S. climatology, .
Reid Bryson, a founder of the Institute
for Environmental Studies at the Uni-
versity of Wisconsin, who said in July:
“The very clear statements that have
been made [by Hansen)] that the green-
house warming is here already and
that the globe will be 4 degrees [centi-
grade] warmer in 50 years cannot be
accepted.”

On Dec. 24, 1988, Hansen received
an unwelcome Christmas present in
the form of a new research paper by
one of the world’s most universally
respected climatologists, Thomas
Karl, and two of his colleagues at the
National Oceanographic & Atmo-
spheric Administration, Kirby Han-
son and George Maul. Their review of
the best climate record in the world—
that of the 48 contiguous United
States—concluded: “There is no sta-
tistically significant evidence of an

FORBES, DECEMBER 25, 1989



B x
" Tom li:’m;lmgcr

overall increase in annual tempera- -
ture or change in annual precipitation
for the contiguous U.S. 1895-1987.".
" Look at, the chart on pages 96-97. As
Karl says in an interview, “If thereisa™
greenhouse warming effect you can'’t’
find it in the U.S. records.” -

“That news aloné should have .
,cooled off the global warming move-

_ment. But-the environmentalists ac-’
cepted Hansen'’s dismissal of the pa-
per as “not significant”” because ' the.
data covered only 1.5% of the earth’s -
surface, not nearly enough to identify
“major | trends.

But miIT- meteorologrst Rlchard -
Lindzen says that Hansen'’s rebuttal is
out of line. He points out that because
of the law of large numbers—the fact-
that a large enough sample is likely to-.
give an accurate picture of a larger

- populatlon———"the .absence of : any..
“trend in the record of the contiguous ;-
U.S. leads to the suspicion that all the -
trends m the global record may be
spurious.”

The major reason for thrs is that-
when you fully subject global tem-
perature records {as Karl did the U.S. -
records) to adjustment for the effects.
of urbanization (cities are heat islands- -
that artificially. inflate temperature - 'Reid Bryson of the Unit e)\ln of Wisconsin ’
records), the global warming trend “Models are marvels of mathematics but crude im;tators of real;ty "

.- since 1880 has been only a third of a
degree centigrade,  and over the
Northemn Hemlsphere land masses,
no trend at all.

Here’s another fact, noted by Hugh
Ellsaesser of Lawrence Livermore
Laboratories, that should trouble the
calamrty theonsts Most of the past
century’s warming trend took place
by 1938, well before the rise in cos .
concentration.” From 1938 to 1970~
temperatures plunged so sharply. a
new ice age was widely forecast. Fur-’
thermore, -the ‘warming trénd since
1976 has been j just the opposite of that_
forecast by the greenhouse model, .
with cooling in both the northern Pa-
cific and North Atlantic. )

In fact, the Northern Hemisphere
shows no net change over the last 55
years, during which co, concentra-
tion: rose from approximately 300 to
350 ppm and other thermally active
trace gases were . in their steepest
growth phases.- -

In spite of this.clearlack of correlat- -
ed warming evidence, one of the lead-
ing climate models now predicts that
a 1% annual rise in co, should, over. -
30 years, produce a 0.7-degree centi-
grade warming. But when Patrick Mi-
chaels of the University of Virginia
applied that formula to the period
from 1950 to 1988, when greenhouse

Richard Lindzen. pr ofei\or of meteorology at MIT
' His prediction for the next century: a few tenths of a degree of warming.
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gases rose 1.2% per- year, he found a:

tiny 0.2-degree warmhing in land tem-
peratures, where the model would
have predicted 1.3 degrees. When a
model cannot come within 500% of

explaining the past, it is useless as a ..

predictor of anything.

‘As Reid Bryson concludes in a 1988 '

paper, “A: statement of what the cli-
mate is going to be in the year A.D.
2050 is a 63-year forecast. Do the
models have a demonstrated capabili-
ty of making a 63-year forecast? No. A
. 6.3-year forecast? No. Have they suc-
cessfully simulated the climatic vari-
ation of the past century and a half?
No. They are marvels of mathematics
and computer science, but rather
crude imitators of reality.”

The major weakness of the models
is their assumpuon that the co,

buildup is the. significant climate -

variable, and should ceteris paribus (all
other things being equal] generate
warming. But, as it turns out, the cete-
ris are dec1dedly not paribus.

- One of those variables is cloud cov-

er, which is at least 100 times more -

- powerful in’ affecting temperatures

100

than greenhouse gases and is infinite-

ly variable. Yet, because cloud cover

has been documented only for a de-
cade or so (by weather satellites), the
models have little to go on. Until re-
cently, the modelers assumed that -
warmth gave rise to the kind of clouds"
that trap heat, contributing still fur-
ther to warming, in a vicious cycle.
But in June 1988, V. Ramanathan of
the University of Ch1cago and a team-
of scientists at Nasa concluded from
preliminary  satellite data that
“clouds appear to cool earth’s ¢li-
mate,” possibly offsetting the atmo-
spheric greenhouse effect.

The supreme irony is that this
“cooling effect,” most pronounced in
the Northem Hemisphere, coincides
with the paths of coal-burning emis-
sion plumes with their-high concen-
tration of sulfur dioxide. That con-
firms a long-held thesis that sulfur
dioxide creates “cool clouds.” Of
course, it is very upsetting to an envi-

‘ronmentalist to discover that a pollut-

ant has a beneficial side effect.
Sulfur dioxide emissions not only
ac1d1fy rain, they combine with water

vl ‘s

vapor to form what ate known as “aer-
osols,” which have the effect .of
bnghtenmg clouds and making them

- reflect more heat away from the earth.

*Wisconsini’s Reid Bryson: *described
" this effect as _early"as 20 years ago. .
Bryson’s thesis was ‘scomed at;the -
time. But last June,-Thomas Wigley,'

" one of England’s top climatologists

S anda global warmmg enthusiast, con--
..ceded in a paper in Nafure magazine
. that sulfur dioxide cooling “is suffi-

) ' ciently large that the effects may have

‘significantly - offset the temperature
- changes that resulted from the green-‘
house effect.”

:.Michaels says th1$ could also €x-.
plam in part why U.S. daytime highs
(when brighter clouds have the most
" cooling effect] have actually declined

" .substantially in the last 50 years, even

.-as the nighttime lows have risen.

‘“This should make you wonder,” says
- Michaels, “why Hansen [and othets];
-have only .perturbed their models
with co,, and not with so, as well. If

{ you only perturb the model with co,,
. it will predict the greenhouse warm-

! ing effect. If you only perturb it with
- /809, you get an ice age.” .

- Hugh Ellsaesser says the main rea-.
‘son the models have been so com-
‘pletely wrongin “predicting” the past
is that they completely ignore the
countervailing, thermostatic effects
of the hydrological cycle of evapora- -
tion and condensation. Two-thirds of
the predicted global warming is due

. not directly to co,’s radiative power

but to an indirect effect: Carbon diox-

‘ide warming supposedly causes a

threefold amplification of water vapor
surface evaporation mto the atmo-
~ spheric blanket.

But Ellsaesser says in the warmer,
tropical latitudes, where the tempera-
ture change from sea-level upward is
most rapid, evaporation has the oppo-
site effect. There, water vapor rises by
deep convection in fast-rising towers.
This in turn leads to more rapid con-
densation and precipitation, which
then causes a drying and thinning of
the upper atmospheére in a process
called subsidence. “In the lower lati-
tudes, a rise in co, emissions will
produce a_3-to-1 rise in greenhouse
blanket rhinning due to condensation.
That’s exactly the opposite of what
the models predict,” he says.

An eminent British scientist, Sir
James Lovelock, says this hydrologi-
cal process “is comparable in magni-
tude with that of the carbon dioxide
greenhouse, but in opposition to it.”
National Oceanographic scientist
Thomas Karl agrees: “We will eventu-
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Parrick Mtcbaels professor of environmental science at the University of Vir; gzma
His prediction for 1991: a heat wave, accompanied by a global warming panic

ally discover how naive we have been
in 'not considering co,’s effects on
cloud cover and convection. As cO;
speeds up the hydrological cycle,
more convection creates more clouds
and more cooling. So, the greenhouse
cffect could turn out to be minimal, or
even bemgn )

MIT’s Richard Lindzen -thinks that
correcting for deep convection alone
could lower the global warming esti-
mates by a factor of six. As a result, he
says, “It is-very unlikely that we will
see more than a few tenths of a degree
centigrade from this cause [co,] over
the next century.”

In.the face of such mountmg evi-
dence, U.S. businesses may stop wor-
rying about devastating legislative en-

actments. That could be a mistake. As

. Nobel economist James Buchanan ar-
gues, what drives Washington policy-

making is not economic or scientific °

realities but “public choice,” the pur-
. suit of power and funding.

The pubhc choice potential of glob-
al warming is immense. Under a glob-
al warming scenario, the Epa would
become the most powerful govern-
ment agency on earth, involved in

102

massive levels of economic, social,
scientific and political spending and

‘interferénce, on a par with the old
Energy Department. Don't forget the

energy crisis: During the 1970s, a
great -many less-than-honest scien-
tists confidently predicted the world

was about to run out of fossil fuels,

and that by 1985, we’d be paying $100

a barrel for oil, or more. We wasted .

billions on encrgy subsidies.
Senator Albert Gore is evidence of
this public choice phenomienon. He

scems determined to run his next

presidential campaign at least in part

.on climate change, saving Mother

Earth. Every year, at least one-sixth of
the U.S. is classified by the govern-
ment’s Palmer Index as being in
drought. Even though that index over-
states the case, Gore could be looking
at some very big political states—

maybe California or Texas or lowa—.
" where his message will resonate with-
. farmers and business. All he has to'do

is wait for a warm spell, and capitalize
on what mathematicians call noise in
the statistics.

Patrick Michaels explains: “We
know that the Pacific Ocean current

.known as El Nifo tends to warm and

cool in two-year cycles. Just as its
warming cycle produced the 1987-88
droughts, in 1989 it cooled sharply,

- making the U.S. much cooler and

wetter than Hansen had forecast, and
that is likely to happen in 1990, again.
But that means that 1991 and 1992
should be warmer and drier than usu-
al as the El Nino current warms. It
won'‘t matter that this has nothing to
do with global warming, the media
will perceive it that way, and people
will tend to believe it.”

Bermnard Cohen, a physicist at the
University of Pittsburgh, warns, in a
1984 book: “Our government’s sci-
ence and technology policy is now

‘guided by uninformed and emotion-

driven public opinion rather than by
sound scientific advice. Unless solu-
tions can be found to this problem,
the U.S. will enter the 21st century

-declining in wealth, power and in-

fluence. ... The coming debacle is
not due to the problems the environ-
mentalists describe, but to the poli-
cies they advocate.”

“Global warming’’ may well prove
Cohen right. &
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P-4 Release would disclose trade secrets or confidential commercial or
financial information {(a)(4) of the PRA]

P-5 Release would disclose confidential advice between the President
and his advisors, or between such advisors [a)(5) of the PRA]

P-6 Release would constitute a clearly unwarranted invasion of
personal privacy [(a)(6) of the PRA]

C. Closed in accordance with restrictions contained in donor's deed of
gift.

LPRM. Removed_ as a personal record misfile.

RESTRICTION CODES

Freedom of Information Act - [5 U.S.C. 552(b)] -

(b)(1) National security classified information [(b)(1) of the FOIA]
(b)(2) Release would disclose internal personnel rules and practices of an
agency [(b)(2) of the FOIA} .

(b)(3) Release would violate a Federal statute [(b)(3) of the FOIA]

(b)(4) Release would disclose trade secrets or confidential or financial
information [(b)(4) of the FOIA] .
(b)(6) Release would constitute a clearly unwarranted invasion of
personal privacy [(b)(6) of the FOIA]

(b)(7) Release would disclose information compiled for law enforcement
purposes [(b)(7) of the FOIA]

(b)(8) Release would disclose information concerning the regulation of
financial institutions [(b)(8) of the FOIA]

(b)(9) Release would disclose geological or geophysical information
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Alliance for Acid Rain Control

Governor Rudy Perpich, 444 North Capitol Streat

Chairman ' Suite 520
Ned Heime, ! Washington, D.C. 20001
Executive Diractor (202) §24-3475

‘ . Pebruary 1, 1990

Tos Governor Sununu

From: Ned Holme

; _
RE: Problems in House Ener & Power on the Emissione Tax

With Governor Sullivan &nd Tony Earl, I‘ve been meeting with
mambers of the House Energy § Power Subcommittee in the last few days
to counter the Dingell/Sharp onslaught supporting an emissions tax to
help the Midwest. We have cdme away very concerned about pectential
defectione of Republican memijers as well as oil-state Democrats on the
Subcommittee and urge you to jget invoived personally.

As you probably know, tHe Republican Subcommittee members met to
discuss acid rain and alterngtive fuels yesterday afterncen.
Reportedly, members came away with the feeling that they may have to
give in to Mr. Dingell and M. Sharp on the emissions tax in order to
get what they want on alternftive fuels, class of '85 and other issues
in the Energy & Powsr Subcomfittee. Mr. Lent reportedly has told other
membere that you had called Him recently and urged him not to cave in
on the emissions tax. While jhe reportedly said he could not votae for a
tex, he atill encoursged memPers to work closely with Mr. Sharp,
baecause Sharp’s support would be needed on alternate fuels and other
issuss. In particular, Repsd Barton, Plelds, Callahan Bilirakis and
Dannemeyer need shoring up. Puring our past visits, they each have
Indicated opposition to cost<sharing. Sharp is expected to offer a
substitute with the acid raim title debated first during markup, as a
means t0 increase the pressuzme for the emissions tax.

On the Democratic side, e met individually yesterday with Reps.
Synar, Walgren, Hall, Bates, Boucher and Cooper (not on subcommittes).
Mr. Walgren indicated he was Jleaning toward voting for an emissions
tax. Rep., Hall said he oppoded taxes, but felt that he had to do
something for Phil Sharp and "wanted to stay close to Mr. Dingell-.
Mike Synar told us he had toXd Phil Sharp that he would oppose any fees
or taxes, but could perhaps @upport scme cost=gharing through the
allowance system. Bates, Coguer and Boucher are totally opposed to
cost-sharing, with Jim Coopeq planning to work in tandem with Rep.
Carloa Moorhead to fight the Emissions tax and other cost-gharing
schemes. From earlier visitdl, we also count Markey and Richardson as
8olidly in our camp, giving 8ix solid votes counting Moorhead.
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If we can hold six othe® Republicans (Dannemeyer, Fields, Nielson,
Bilirakis, Barton, & Callahaf), we will have 12 solid votes against an
emissions tax, enough to strike it from a Sharp substitute. Dingell

has six solid votes (S8harp, ce, Walgren, Oxley, & Swift) at this
peint, with Tauzin, Bryant, 1l and Lent unpredictable. You can see
why we are concerned and why need your direct help.

Senate Visits. On the $enate side, we met with 7 Senators late
last week: Simpson, Wallop, Baucus, Bryan, Reid, Conrad, and
Bingaman. All seven assured us they would never agree to any cost-
sharing, including the appargntly-dead "2 for 1" Byrd proposal.
Western Democrats indicated that they would resist partisan appeals by
Sen. Mitchell on this, as th view cost-sharing as a vitally important
regional issue.

Thanks again for hanging so tough on this issue. 1I’ll keep you
posted as we make more visitg with members in the coming weeks.

PP Y
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