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JOHN KERRY
T MABBACNUSETTS

Wnited States SDenate

WASHINGTON, DC 20610

April 18, 1990

The Honorable John Sununu
Chief of Staff

White House

1600 Pennsylvania Avenue
Washington, DC 20500

Dear Johns

The attached document was delivered to me by an
individual attending the White House conference on global

: warming.

Obviously, some of the document conforms with the
President's comments yesterday. Some of it however, peoints
out a strategy that seems very much at odds with the intent
of the global warming conference, ie: to make real progress
and develop policy options to resolve the issues assoclated
with global warming. Certainly at first blush this paper
presents a disturbing insight into the Administration's
position on addrassing global warming.

It is possible that this document does not in fact
represent the Administration's approach to the issues under
discussion at the conference. Perhaps the document is not
iteself a White House document at all. I have been told that
a number of environmental organizations and several reporters
at the conference will have this document and will soon be
contacting several of us on the hill for comment, I would
greatly appreciate it if you could telephone me on this
matter as soon as it is possible to discuss its content.

Sincefely,

Jo Kerry
Unit States Senator

attachment,
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TALKING POINTS
APRIL 17, 1990

* The- U.,S,. is taking
environmentally responsgible
actions that make sense on
their oug merlits that also help
deal with global change issuesg,

* The U.S5. Conference is working
in complement to the IPCC.

* The world community is making
great strides towards
understanding the science of
global change, but many
fundamental gquestions remain



THE WHITE HOUSE

Office of the Press Secretary

For Immediate Release ' April 18, 1990

FACT SHEET

UNITED STATES INITIATIVES ON GLOBAL CLIMATE CHANGE

During his first year in office, the President has advanced a
large number of initiatives to enhance the quality of the
environment. Several of these initiatives, when fully .
implemented, will result in substantial reductions in future
greenhouse gas emissions in the United States -- at least 15
percent by 2000, and even more in later years. The measures are
outlined below.

Full Phase-Out of»Chloroflourocarbons-(CFCe)

The President has committed the United States to .a worldwide
phaseout of the production and use of CFCs by the year 2000. As
a further step, the President signed into law a unilateral U.S.
fee on production of CFCs. This will reduce U.S. emissions of
CFCs below levels allowed by international protocols.

Clean Air Act

The President's proposed revisions to the Clean Air Act call for
two steps which will substantially reduce carbon dioxide
emissions:

(o] A 10 million ton reduction of sulfur dioxide emissions
from 1980 levels, and

o] A cap on emissions at this sharply reduced level in
" perpetuity.

These measures in combination create a powerful incentive for
energy conservation in the electric utility sector. The
President's proposal on clean air would also increase the use of
alternative fuels and includes measures to reduce carbon ’
monoxide, nitrogen oxides, and volatile organic compounds. Both
of these initiatives will result in substantial reductions of
greenhouse gas emissions. -



Reforestation

The President's fiscal year 1991 budget contains $175 million to
fund the first year of a multi-year program to plant one billion
- trees a year across America. This program has the potential to
sequester up to 5 percent of annual U.S. carbon dioxide emissions
within 20 years.

Increased Funding for Solar and Renewable Energy and for Energy

Conservation

The President's fiscal year 1991 budget contains about $360
million for research and development activities in solar and
renewable energy and energy conservation. This represents a 75
percent increase over the amount requested in the previous year,
and an increase of about 10 percent above fiscal year 1990
enacted levels. This research will be critical to identifying
technologies which will allow us to meet our energy needs in
environmentally efficient ways.

Energy ‘Saving Appliance Standards

The Department of Energy recently issued new appliance standards
which will result in increased energy conservation and reduced
energy demand to service affected products. These standards are
projected to reduce U.S. carbon dioxide emissions by up to one
percent by the year 2000.



The White House Conference

on
Science and Economics Research Related to Global Change

REPORT ON FIRST DAY
April 17, 1990

THE OPENING OF THE CONFERENCE:

The White House Conference on Science and Economics Research Related to Global
Change started with a successful and well received reception at the National
Air and Space Museum on the evening of April 16, 1990. The highlight of the
evening was the showing of several minutes of spectacular IMAX film of the
pPlanet, taken from the space shuttle, and narrated by the shuttle commander
and photographer, Jim Weatherbee. A pre-conference luncheon for developing
countries also added to the beginning of the Conference. The reaction of many
delegates to these beginning events of the Conference seemed to be very
positive, which set a constructive tone for the formal opening on Tuesday,
April 17, 1990. Seventeen nations and the leadership of the E.C. and the OECD
sent ministerial-level delegations to the Conference ( a list of Delegates is
attached along with the Conference Agenda). '

SUMMARY OF THE FIRST DAY'S ACTIVITIES

The Conference was initiated with a welcome by Secretary Brady. President Bush
then formally opened the Conference and welcomed the delegates with an address
that was well received by the visiting delegates. A number of delegations
commented on the commitment of the President and his administration to the
issues of Global Change, and on the importance of the ideas outlined 1in his
opening remarks, which set an important tone for the Conference. The goals and
expectations of the Conference were outlined by D. Allan Bromley, on behalf of
the Conference Co-Chairmen, which was followed by a few remarks by the head of
the Polish delegation, a Deputy Prime Minister (Speech enclosed). The
substantive issues being raised by the Conference were developed in three
Theme addresses by the three Conference Co-Chairmen, Michael J. Boskin, D.
Allan Bromley, and Michael R. Deland.

A luncheon address by William Reilly was very well received, in which he
addressed the Important issues of international cooperation in the science and
economics research of Global Change and outlined a comprehensive action plan
for addressing the policy issues of Global Change

The afternoon sessions of the Conference were devoted to Working Group
discussions, focussing primarily on the first two themes of the Conference,
the research challenges of Global Changes and strategies for and challenges to
integrating economics and science research. The sessions were chaired by
visiting delegates, mostly the heads of country delegations, who each gave
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short introductory remarks. The science and economics of Global Change were
addressed in well received presentations by U.S. scientists and economists.
These opening presentations set a positive tone which lead to constructive
dialogue. The U.S. offered two of its four proposals, both of which were well
received ( the other two proposals are scheduled to for introduction during
the first session on Wednesday, April 18 - all four proposals are enclosed).
The Working Group sessions appeared to be very well received by the delegates
providing an opportunity for discussions by many delegates on the substantive
topics of the Conference.

The expectations of visiting delegations, on arrival, appeared to range from a
complete understanding of the U.S. goals and expectations for the Conference
to suggestions that the agenda be altered to provide more opportunity to
address policy related Global Change issues. The combination of an opening
plenary session, a focussed address during lunch, and Working Group sessions
for the full afternoon seems to have set a very constructive and positive tone
for the whole Conference. The formal Conference meetings for the day appeared
to end with high expectations for continued and constructive discussions
during the Wednesday Working Group sessions. Two of the Conference goals, that
of adding a integrating focus for international thought on Global Change, the
concept of "Global Stewardship”, and the introduction of a new dimension to
the international dialogue on Global Change -- the proposition that economics,
both analysis and research on broad economic policy and on economic
consequences of policy options, is an essential 1link between the science of
Global Change and policy alternatives, are being well received and are
contributing to good discussions,

FILE= WHC_REPT. 417
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NATIONAL CENTER FOR ATMOSPHERIC RESEARCH
- P.O. Box 3000 » Boulder, Colorado 80307-3000

Telephone: (303) 497-1000 « Telex: 989764

12 April 1990

Dr. John H. Sununu
Chief of Staff

White House
Washington, DC 20500

Dear John:

| enjoyed meeting with you, Allan Bromley, and Dan Albritton on
30 March. | hope we are making progress in answering your questions about
climate models. Your comments are well taken on the need for adequate
vertical, as well as horizontal, resolution in climate models.

If 1 recall correctly, you wanted to know what happens, in terms of slow-
ing down greenhouse warming, when we increase the depth of the upper ocean
(where most of the additional heat goes). The atmospheric radiative forcing
part of the model allows for solar and infrared radiation with clouds (Kiehl et
al., 1987). Solar radiation is generally broken down into two regions—one is
between 0-0.9 um and is usually denoted ultraviolet and visible; the other is
0.9-4.0 um and is denoted near-infrared. In the present calculation, we make
this division into 0.0-0.9 ym and 0.9-4.0 um intervals. The model includes
fractional clouds, absorption by gases in the ultraviolet, absorption by ozone
in the visible spectral regions, carbon dioxide, water vapor, oxygen, cloud-level
liquid water, and albedos (that is, reflectance of clouds and the surface).

After averaging out horizontal effects, we set forth the basic physics of
the climatg model (see enclosed reprint by Dickinson, 1981), where steady-
state global temperature change AT, due to a change in external heating AQ
in the climate system, gives A

ar=48, ®
where ) is the feedback describing the change of outgoing thermal and re-
flected solar radiation at the top of the atmosphere. If ) is large, then the
temperature change is small and vice versa. Various National Academy studies
estimate that (approximately) A ~ 2 W m-2 K-,

In time-dependent form, (1) becomes

or
Cﬁ +AT= AQ’ (2)

The National Center for Atmospheric Research is operated by the University Corporation
- Jor Atmaspheric Research under sponsorship of the National Science Foundation.

An Equal OpportunitylAffirmative Action Employer



To Dr. John H. Sunuma 12 April 1990 Page 2

where C is the heat capacity of atmosphere-ocean climate system. Because
the climate system has several sub-systems, such as the atmosphere and the
oceans with different heat capacities, it is better to separate them into two
equations for each medium, that is,

Ca% + Aclm(Ta - Tm) +AT, = AQ’ (3)
0T
Crm g™ + (T~ To) =0, (4)

where T, and T, are atmospheric temperature and ocean mixed-layer temper-
ature; C,; and C, are heat capacities of the atmosphere and ocean mixed layer;
Aam is the feedback parameter between the atmosphere and ocean mixed layer
(estimated =~ 50 W m~—2 K-1). The latter term allows transfer of heat for the
atmosphere and ocean. The following table provides quantitative measures
of the parameters:

Mass Heat Capacity
Medium (x 10° Kg m-2) (W m-2 year K1)
Atmosphere 14 Cs = 0.45
Ocean mixed layer (81 m) 81 Cm = 10

The solution to (3) and (4) can be simplified by combining the two
first-order ordinary differential equations into one second-order ordinary dif-
ferential equation that can be solved by a simple Runge-Kutta numerical
method incorporated into the computer program.

In determining climate change in this simple model, we first estimated
A from a radiative column model by using, say, a vertical profile of tropi-
cal atmospheric temperature. The climate sensit'ivity factor is obtained from
variations of the net radiative flux at the tropopause due to changes in tem-
perature and moisture. Thus,

dFN 9F @Fdgq  08S5d

| A= =57+ ogat t o 2 (6)
The quantities OF/8T, 0F/dq, and 85/dq are obtaihed from the column radiation
model. dq/dT is estimated from the assumption of fixed relative humidity.
Calculations from the column model yield a value of A ~2 W m—2 K-1. Once
A has been determined, it can be used in (4) to obtain a change in the ocean
mixed-layer temperature for a given forcing AQ. For example, a doubling
of carbon dioxide yields AQ ~ 4 W m-2. Thus, from (1) the equilibrium
temperature change would be expected to be AT ~ 2°K.



To Dr. John H. Sununu 13 April 1990 ’ Page 3

The time-dependent evolution of AT can be obtained from the com-
puter model of the mixed-layer temperature change described above. The
column radiation model can also be used to calculate AQ for other carbon-
dioxide concentrations. A note of caution, however—Figures 2.12 and 2.13
(enciosed) show that the upper mixed layer of the ocean is approximately
70 m or so. Our knowledge of the ocean's thermal structure indicates that,
except in the high latitudes, only the upper mixed layer of the ocean is in-
volved in greenhouse warming. The latest 3-D climate models support this.
In fact, in the greenhouse warming scenario, the ocean becomes more stati-
cally stable and contains less coupling between the top and bottom, except
for some regional features in the high latitudes.

Several sample computations with the 1-D model with different ocean
depths are enclosed.

Next week 1| will be attending meetings in Washington, DC, including
the White House Conference on Science and Economics Research Related to
Global Change. | will bring along a floppy disk containing a 1-D model with
interactive oceans, and, at your convenience, | could install the model on your
computer. '

Sincerely

"

Warren M. Washington, Director
Climate & Global Dynamics Division

Telephone: (303) 497-1321
Fax: (303) 497-1137

E-Mail: warren washington@ncar.ucar.edu

Enclosures:

1. Figures 2.12 and 2.13
2. Documentation of the column radiation and cloud model
3. Reprint by Robert Dickinson on simple climate model

cc: D. Allan Bromley
Nancy Maynard
Daniel Albritton
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OVERVIEW AND CONCLUSTONS

Climate Change: a key Global Issue

The consideration of the Final Report by the World
Commission eon Environment and Development by the UN. Geng;__;gh
Assembly in 1987 brought the issue of a possible future (man=t .
inducad climate change to world attention and recognition, 1In
1988, following the decisions of the Tenth World Meteorological
Congress, its Executive Council and the 14th session of the
Governing Council of the United Nations Environment Programme
(UNFP), the Executive Heads of the World Metcorological
Organization and UNEP pursued the issue by inviting all nations
of the UN to take part in a more elaborate study of a possible
man=induced climate change. The first meeting on such a study

‘'was held in Ceneva in Névember 1988, in which 30 countries

participated. The Intergovernmental Panel on Climate Change
(IPCC) thus formed, and open to all countries, agreed on the
following tasks (see reference 1):

e assessment of avallable scientific information on
¢limate change;

2. assessment of environmental and socio-economic impacts
of climate change;

3. formulation of response strategles.

The Panel set up Working Group I on Sclence, Working Group
IT on Impacts and Working Group III on Responsa Strategies to
carry out the three tasks listed above.

At its second meeting held in Nairebi in June 1989, Ipce
responded to the request by the UN General Assembly (see
reference 2) to present its First Assessment Report in September
1390, to be available to the UN General Assembly later that year,
The present report is an outcome of the deliberations by the
Panel and its Working Groups. At its third session held in
Washungton D.C, in February 1990, IPCC responded to the request
of the Noordwijk Ministerial Conference on Atmospheric Pollution
and Climate Change to examlna the feasibllity of various options
to stabllize and/or reduce emissions of carbon dioxide and other
greenhouse gases, This work is now under way.
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It should be emphasized that the issue of a possible man-
induced c¢limate change is8 very different from any other
environmentual 1issue that has cmerged. It i3 a truly global
problem, and will be a concern for all countries. Although the
contributions to the emissions of greenhouse gases 1inkto the
atmosphere are very different and will remain so in the future,
all countries will ba influenced in one way or another. Joint
actions by all countries will be required in order to prevent or
mitigate the consequences of climate change.

The IPCC's objective has been to provide the scientific and
technical basis for action, It 18 clear that the present
overview, supported by the extensive working group reports and
their policymakers summaries, that some very specific general
econclusions can slready be drawn From thig first phase of broad
assessment of the {ssuve, although many uncertainties remain., It
should constitute a useful synthesiz for our present knowledge
that could serve as basis for negotiations about how to deal with
the issue, It is, however, also obvious that we are facing a
very difficult problem, and there will be no simple solutions,

The following overview of the IPCC Assessment presents a
synthesis of the most important conclusions that have been
reached by the Working Groups and are judged to be of particular
importance for the political analyses and the negotiations that
will begin after the fourth IPCC plenary meeting, To address
more specifi¢ questions, in ean analysis of this major
environmental issue, reference is made to the Working Group

reports.

The S¢ientific Issue

Increasing Greenhouse Gas Concentrations

It is first of all important to emphasize that although
uncertainties exist with regard to the likelihood and the
character of human~induced climate change, we do know some things
with congiderable certainty. Working Group I has structured its
Policy-makers' Summary to distinguish clearly between:

what we know with certainty
what we calculate with confidence
what is predicted by current models

what our best judgement is on m |
uncertain g atters that are more

First it is stated that we are certain of the following;

- there is a natural greenhouse effect which i |
Earth warmer than it would otherwis;wﬁ:i already keeps the

- emissions resulting from human activities are substantially

increcasing the atmospheric concentrations of the greenhouse

gases: carbon dio
and NnitEtvaiie mudda Xidrf‘,-?iat!)f.{xe' ¢h101‘9f1uorocarbons (CFCea)
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warming of the Earth's surface.

elow gummarizes the present gnd pre-industrial
ahundzgge;?b?ﬁrgent rates of change and present atmOSthric
lifetimes of greenhouse gases influenced by human activities,
Carbon dioxide, methane, and nitrous oxide all hava significant
natural and human sources, while the chlorofluorocarbons are only

produced industrially.

SUMMARY or-'- KEY GREENHOUSE GASES AFFECTED BY HUMAN ACT:VITIES
Carbon Methane CFC-11 GFC-12 - [ Nitrous
Dioxide " Oxige
mospheric
A cofaoentraﬁon ppmy ppmv pply Pptv ppby
Pre-industnal
;1750-1800) 280 0.8 0 0 288
Presenl day (1990) 353 1,72» 280 484 310
1 rate of change | 1.8 - 10.015 95 17 08 .
%Je'rfggar ° (0.5%) {0.9%) (4%) (4%) (0.25%)
Atmospheric lifetime 50-200 10 3 _ 130 150
{years) .

ppmv = parts per million by volume; ppbv = pants per billion (thousand millon) by volume:
pPtv = pans per Irllion (million mitlion) Dy volyme,

Since the industrial revolution the combustion of fossil fuels
and deforestation have led to apn increase of 26% in carbon
dicxide concentration in the atmosphere, Methane concentrations
have more than doubled because of rice production, cattle
rearing, biomass burning, coal mining and ventilation of natural
gas; also, fossil gfyel combustion may have also contributed
through chemical Teactions in the atmosphere which reduce the
rate of removal of methane, CFCs, which were not present in the
atmosphere before theipr invention in the 19308, are uged as
aerosol propellants, solvents, refrigerants and foam blowing
agents, Al _incre all ~m h

emissgy !
dioxid in i i £ u

The scenario assumes that, although oil ang natural gag
will play an important role 88 energy sources for several decades
into next century, the major energy supply will be from coal
while renewable and nuclear energy sources are judged not to play
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hough Lhe scenario i8 most uncertain beyond the middle of next
2§§€3§3‘ Emissions in 1985 and 202% in the Business-as-Usual
scenario are given in the .table below. _ :

) 1686 2025

~ carbon dioxide (GIC) 5.9 11.9
methane {79) 541 761
nitrous oxide (Tg) 13 16

CFCs and HCFCs (M1) 740 1800

It 1s interesting to note that national plans for the future
(Reference Scenario; Working Group III) show a somewhat greater
increase of carbon dioxide and methane emissions until 2025 than
implied by the Business-as-Usual scenario,

The anthropogenic fluxes of CO2 are much smaller (approx,
6Gt C/year) than the natural exchange fluxes (200Gt C/year) which
occur between the atmosphere and the terrestrial biota and
between the atmosphere and the oceans. Note that the figure
should also include the emissions due to deforestation ang
changing land use, However, the anthropogenic f£luxes have been
large enough to modify significantly the natural balance during
pre-induatrial times as evidenced by the 25% increase of
atmospheric carbon dioxide during the last 200 years,

. Man-induced c¢limate change

It is relatively easy to determine the direct effect of the
increased radiative forcing due to increases in greenhouse gases,
However, as climate begins to warm, various processes act to
amplify (through positive feedbacks) or reduce (through negative
feedbacks) the warming, The main feedbacks which have been
identified are due to changes in atmospheric water vapour,
clouds, sea-ice and the oceans.

The best tools we have which take the above feedbacks into
account are mathematical models of the climats system which
synthesise our knowledge of the physical and dynamical processes
and &llow for the complex interactions between the various
components, However, in their current state of development, the
descriptions of many of the processes involved are comparatively
crude, Because of this, considerable uncertainty is attached to
these predictions of climate change, which is reflected in the
ranges of values given below, . del resu

Eaﬁg_gf_inggcase of temperatur%ﬁigQJm%f§§?§§UL£§§5%-_§§_;;§_LHQ
0.3C per decade (with an uncertainty ranse of 0.7

abou
: X 0 s Q tQ Q L Eog
hi r than any changes seen over the pa )

: ears,
:gifhriil1£fggifu}q£{l@kg}y increase in global mean temperakbiire
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OVEe - strisl) before the iend of the next century thh.an
3233§t§§§t§"3333e'oe about 50§. _The projected t@m?e?aturi‘tlie
out to the year 2100, with hlgh, low and best-estzq§te climate
responses, 18 ghown in the diagram below. Because of other
factors which-influence climate, we would not expect the rise to

be a steady one.

7 N

V]
24 BUSINESS HIGH ESTIMATE
& 8 AS.USUAL
w
g 5
=
2 BEST ESTIMATE
@« 4
W
(X G E
3 £ 3 LOW ESTIMATE
-

e 2
g
)]
~EE
g
w
[+ o % 0 - Y T ¥ T T Y

1850 1900 1950 2000 2050 2100
YEAR

The temperature <rise shown above is the realised
temperature; due to the delaving effect of the oceans at any
given time we would also be commited £o a. further temperature
rise which would become apparent in decades to a gentury, WModelg
predick that the realised temperature rise at any tipe is between
50 and 80% of the committed temperature Lise,

It is finally important to recognizae that a climate change
that has occurred because increase concentrations ¢f greenhouse

major greenhouse gases with which we are concerned, carbon

dioxide, nitrous oxide and the CFC-gases about half a century
to a few centuries, Lrom nt- vi lim an

There are many uncertainties in our predictions,
particularly with regard to the timing magni . tude ang regional

patterns of ¢limate change, These uncertainties arise f
imperfect knowledge of: e from our

~ future rates of human-made emissionsg

~ how these wil) change the atmospheric concentraticns

- the response of climate to these changed Concentrations -
™! . 2 9w

*,.P
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wuiye 4L 38 ODvious that the extent to which climate will

cpends on the rate at w

h

ich greenhouse gases (and other

8.1
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. ich affect their concentrations) are emitted. This in
33?35 3?11- be dependent on various complex economic and

sociological factors.

Sccondly, because we do not fully understand the sources and
sinks of the greenhouse gases, there are uncertainties {n our
calculations of future concentrations arising from a given
emissions scenario, Furthermore, because natural gources and
sinks of greenhouse gases are sensitive tc a change in climate,

they may substantially modify future concentrations. It appears £

hat, ag ¢limate warms, these feedbackg will lead to an overall 3
ihcgzgse, rather than decrease, {in natural greenhouse gas

abundanges, _For this reason, c¢limate change is likely to be &
greéeater than the estimates we havé given, ; |

Thirdly, climate models are only as good as our
understanding of the processes which they describe, and this is
far from perfect, The ranges in the climate predictions given
above reflect thes uncertainties due to model imperfections; the
largest of these is cloud feedback (those factors affecting the
cloud amount and distribution and the interaction of ¢louds.with
solar and terrestrial radiation). Note a factor of two is larger
than the total uncertainty range, Others arise from the transfer
of energy between the atmosphere and ocean, the amosphere and
land surfaces, and between the upper and deep layers of the
ocean, The treatment of sea-ice and convection in the models js
also crude, Nevertheless we have substantial confidence that
models can predict at least the broadscale feature of climate
change, and we are confident that existing reliability of the
predictions can be improved by further research.

Furthermore, we must vrecognise that our imperfect
understanding of climate processes (and corresponding ability to
model them) could make us vulnerabls to surprises; just as the
human-made ozone hole over Antarctica was entirely unpredicted.
In particular, the ocean circulation, changes in which are
thought to have led to periods of comparatively rapid c¢climate

change at the end of the last ice age, 18 not well observed,
understood or modelled,

Testing Model Computations against Observationg

It is of course essential to test model calculation '
reality in order to validate the results, S against

We know from observations that the global mean tem

increased between 0.30¢ and O.GOC,gsince the ﬁi$§§355?61:§§
century and that most of this change has occurred primarily
during two periods, i.e., the first four decades. of this century
and since 1975. Working Group I has carefully considered the
criticism that local warming at observations sites within or in

the vicinity of densely populated re io
of thg_pbserved change: such urbAngh{Ziuﬂif‘gfg}qu_gome part

Y
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When trying to validate the model computations with the aig
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of these observations & further complication arises in that the
global mean temperature has not been increasing steadily; even

& slight decline was observed in the Northern Hemisphere during

the pericd 1949 -1975, Buch irregular variations of the global
mean temperature by several tenths of a degree are to be expected
due to internal interactions (eg between ocean and atmosphere)
in the climate system. These natural variations further obscure
the warming trend that may result from increasing amounts of
greenhouse gases in the atmosphere.

The size of the warming over the last century i1s broadly
consistent with the predictions of climate models, but is also

of the same magnitude as natural climate variability. 1If the
gole cauge of the observed warming were the human-made greenhouse
effect, then the implied climate sensitivity would be near the
lower end of the range inferred from the models. The observed
increase could be largely due Lo natural variability;
alternatively this variability could have offset a still larger
man-made greenhouse warming. The unequivocal detection of the
enhanced greenhouse effect from observations is not likely for
a decade ot..more,.during which time the commitment to future
change would have grown considerably larger than it is.

[

Regional Patterns of Climate Change

Knowledge of the global mean warming is of limited use in
determining the 4impacts of climate change, for instance on
agriculture. For this we need to know changes of temperature and
precipitation regionally and seasonally, Models predict that
regional climate changes will be different from the global mean,
For example, temperature increases in Southern Europe and central
Nerthen America are predicted to be higher than the global mean,
accompanied on average by reduced summer precipitation and soil
moisture, ener nfiden ional im ig low
gspecially for the changes in pr itation and soil moi .
Therefore we cannot yet give reliable regional predictions at the
Bmaller scales demanded for impacts assessments,

A completely different, and potentially useful
predicting patterns of future climate is to sgarch for ;E?;ogg
in the past when the global mean temperatures were similar to
those we expect in future, and then use the past spatial patterns
as analogues of those which will arise in the future, DPaleo-
climatological information can provide useful insights inte
climate Processes, and can assist in the validation of climate
:odeigi iIn addi;ion, paleo-analogue scenarios are useful for
cﬁgige.v Ly studies to eva}uate regzonal‘ impacts of climate

\ - »

Changes {in the variability of weather and ’ ‘
eéxtremes will generally have mora impact than chat:geesfrienqtigcge:f
¢limate at a particular location. With the possible exceptiog
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. 5 of high temperalures
an increasc in mean temperature, episodes of. hig |
will most likely become more frequent in the future, and cold

episodes less frequent,

Environmental Impact of Climate Change and Soclo-Economic
consequences

Impacts and Sensitivity

Because we are not yet able o foresee future likely changes
of the regional distribution of climate with much ag¢curacy we
cannot predlct more specifically the probable impacts of regional
changes and are therefore limited to assessing them in rather
general terms, Quantitative assessments of the socio-economic
implications of a climate change. for specific regions and
countries are not either yet possible. We can, however, analyze
the sensitivity of the environment to a given change of climate
and much-of what is brought out in the report of the Working
Group II should be interpreted in that way.

Our ability to make more precise assessments of the impacts
of global change will only come gradually during the 1990s, as
regional predictions of climate change become more reliable.

The Working Group II Report concludes that:

The uncertainty of the regional predictions of climate
change at present, 1limits Tour possibility ¢o assess
quantitatively the impacts of such a change, For the time being
we rely on sensitivity analyses for the assessement of the likely
impacts, which should, however, yield rather clear qualitative
views about the vulnerability of mations to such changes, This
uncertainty about the spatial characteristics of reglonal and
local changes of climate must not overshadow the earlier
conclusion that a significant change of the global mean

temperature is associated with larqer ch ; ,
local scale. g anges on the regional and

Working Group 1I)., 1It is likely that, to a gr
extent, all countries will bpe affec'ted eit?heegtedrir%itﬁesser
indirectly by climate change, £oor

A rising sea level and {tg impacts

Antarctica is more uncertain
gin
change of snowfall) and melt&ng Jif fﬁ??he:cqumulation oue to

climate. Working Group I concludes that:

tent .3 . . 1z w e
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der the 1PCC Bus 1_n.ggﬂwyal-.wﬁam_mgm-éum
ggge of_global mean sea luvgl rise of abo cm_per dec ov
the nmwm@wg_aiwe_quwm
is M@M-&L&Mgg_tpm_mg.&mmumg
gver the last 100 vears, The predicted rige is about 20cm 4n
global mean gea level by 2030, and 65cm By the end of the next

he diagram below., There will
gentury, more detail is shown in ¢
ignifi ional variations. Furthermore, gven if
be significant regi N L §rpore,  gven

d n

greenhouse forcing stabilised, there woy still be a3 co ent
Miﬂmwﬂl_rm_@mm
centuries, due to delays in climate, ocean and ice  mass
os .

LESpRDSes.,
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1 BUSINESS HIGH EST:MATE
T 10049 as-usuaL 4
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i 60
g 1 BEST ESTIMATE
a4 60+
w J
Y 40
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These values are lesg than those given 1in earlier
agssessments, particularly the upper bounds. The lower values do
not give rise to an immediate concern except in the coastal areas
of some countrieg with extengive coastlines of low-ly{ng land
and for some island states. The Working Group IT recommends a

1f no preventive measureg were taken.

The slowly rising mean sea level is not an immediate threat,
Increased damage will rather be experienced during stornms, when
short term variations of sea level induced by winds and by high
waves would cause more destructive flooding., Dpelta regions of

major rivers are obviously sensitive and often alao heavily
exploited for agricultural production,

. The rise of sea level might threaten some low island ang
coastal zones by the middle of next century, A one meter rise,
which is at the upper limit of what might occur in 100 years
time, would impact 360,000 km of coastline (Working Group 111),

displace tens
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¢ 15 ctic Ice Sheet is of special concern because

1 i §§1t3¥"fflxs grounded far below sea level. However,

;orzfge group I concludes Lhat "within the next century, it is

not 1iﬁe1y that there will be a major outflow'of ice from the
West Antarctica due directly to glebal warming",

Impacts on land, water and ecosystems

i ts of
Turning next to the more difficult question of impac ’
climat: chékge on land, water and ecosyatems, it is fl;gt
important to recognize that a warmer climate is not necessarily
ﬁarmful, i£ precipitation 15 adaguate, The ecosystem composition
might of course change, which in turn would imply the louss of
plant species. .

b ikely, however, that the distributipn of
precipgtaé?;n :ouldthange and that 20il moisture predominantly
might decrease in continental regions, A change of the
distribution of climatiec zones would.probably also occur sng be
assoclated with large regional local changes, Some ecosystems
might well have difficulties to adjust in this process, . Working
Group II Policymakers' Report gives a more detailed aralysis of
the expected impacts in the case of the Business-as-usual,
Scenario A. Some key features of these impacts as described by
Working Group 1 have been extracted for the present overview,

i " T QP QU S S

&N B -

"Changes of climate would have an important effect on
fgriculture, including livestock, Stndies hava not yet
conclusively daterminad whether on average, global
agricultural potential would increase or deCreage, Regative
impacte could be felt at the regional elevel” and "there may
be severe effects in some regions, particularly docline in
production in Tegions of high present-day vulnerability,
that are least able to adjust." These include Bravi], Pery,
Sehel, . §.E. Asi{a, asian USSR and China, “Patterns of
agricultural trade could be altered by decreased cereal
production in some of the currently high-production areas,"
Although not analyzed rnore specifically, the supply of fcoad
would beceme more vulnerahle to disturbanceg caused by
changes of climate in a world with a2 rapidly growing

auwuwwuuwww
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41 population.

42

43 "The rotation perisd of for i3 long ang current forestgs

24 will mature ang decline in g climato, to whieh they are
5

increasingly more poorly adapted, "Major forest—type zonhes
anges in the Northern Hemisphera could Bhift
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47 significantly as a result of climate ¢hange." "rhe magt
48 Sensitive areag will be where gpecies are ciose to Lheir
49 biological limits in terms of temperature ang molgture”, ag
50 "for example in semi-arid arcas, Sgeial stresses can be
51 expected to increas= ang ¢

onsequent damage to forest nay
_ ncreased and non-sugtainable yses will place
53 MOre pressure on foresgt investmenta, forest conservation and
sound forest manayemant, "
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the rates of projected climatic thange are likely
Egcggsgastgr than the ability of some gpecies to fespond.,
Flora and fauna would lag behind these ¢limatic ghifts and
could £ind themselves in a different climat%c regime. NMajor
vegetation zones could face severs disturbances and
disruptions, influencing plant ang associated animal
populations”. "Species could disappear "anﬁ lead to
substantial reduction in biological diversity", Ths socio-
econamic consequences of these impacls will be Significart,
especially for those regions of the globe whare socicties
and related economies are dependent on natural terrestrial
ecosystems for their welfare, Changes in the availability
of food, fuel, medicine, construction materials and income
are possible as these ecosystems are changed. ImporEFnt
£ibre products could also be affected in some regions.

knhanced carbon dioxi concentratios in the atmosphers
would fﬁcrease the waé%i-usa efficiency in the process of
photogynthesis which bt enh: th far certain glangg
in some regions of the globe, which might be beneficial in
agriculture and forestry as well ag for natural ecosystens.
“Consequences of CO; enrichments and climate change ecould be
modified by other environmental factors, both natural and
man-induced (e.g. by air pollution) "

"Relatively small climate changes c¢an Sﬁ%ﬁ? iargeid t £
8source problems. In many areas, especially in arid an
:emi-arid regiony and those humid areas where demand or
pellution has led to water scarcity." while "many areag
will have increased precipitation, gof) moisture will
decrease in other areas, particularly in those that are
"already in marginal situationg such a8 the Sahellan zone
in Afzrica " Increased drought risk represents potentially
the most serioys impact of climate change on agriculture,
“Future design inp water resources éngineering will neeq to
take possible impacts into account when considering
structures with 1ife 8pan to the end of the next century",
but neécessary analyses are uncertain at present tecause of

the lack of adequate regional predictiong.

"globil watf;ng can be exp?fted to affect the availability
of water an iomass, bot major eperqv Sourceg in man
developing countries, These effects are likely to diffei
betweer and within Iegions with gome areas losing ang others
gaining water and biomass. Such changes {n areag which loge

water may Jeopardise energy supply and materials for ‘
habitation ang energy, " Y $ for human

it 1{s obviously difficult to Judge how Sericug a ¢limatic
¢hange might be to ‘an individual hation, or te humankind as a

whole, on the basis of the still largel ualitative £
given in the Working Group 11 reporg. ra *ive Findings ag

Mecans to integrate more quantitatively the 1mplication§ £
these many possible impacts, " both positive and negative, azé
nceded, The impactls as briefly described call for Careful

14
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sonsideration of Lhe consequences of climate change 4in the
developments of plans for resource use and management,

Impacts on People

Direct impacts of climate change on people are modest, A
warmer climate may imply, however, that previously hot places
become even hotter. Even though this may cause problems for
elderly and sensitive people, it usvally cannot be congiderad as

a serious praoblem.

Changing climate could, on the other hand, affcet human
settlement and change the geographical distribution of deceases
in the world and stimulate a spread of epidenic diseases, The
IPCC recognizes the views as expressed by Working Goup II, that

"The moat vulnerable bumap getflements are thoge especially
exposed to natural hazaras, @.9. coastal or river flooding,

severe drought, landslides, scverg wind stormg and tropical
cyclones. Most vulnerable populations 88 in Qeveloping
countries, in the lower income groups, rosidents of coastal
lowlands ard islands in semi-arid and ip grasslands."

"Changes 4n precipitation anq temperature could radically
alter the patterns of tor-born ral diseases by shifting
them to higher latitudes and thereby pulting large populations
at risk," Thigs could dnjtiate migrations of people in tyrp
Jeading to disruptions of selllement pattern ang social
instability in gome arcasg.” '

Reducing anissions of grecnhouse gaseg -- e
peonsing a g the scope of the

Emigxion 8cenarigg

considering what measures te limit ¢ b
Uture emi
Justified, gt ¢ important to recognize the ver?imoszrmtgfggr::

hat are r
change.e equired in order to slow down or to halg

The Scope of the Problem

It is important ¢ clarify £4 {
0f the different greennhouse ga:es f:tbfﬁf ng Ahal, 1o
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thelr atmospheric convenivations, B .
Working Group I and IIT have presented relative contributions
to the additional furcing (heating} of the atmosphere during the
poriod 1765 < 1990, . Lhe last decade and theoir predicted

.contzibutions for the period 2000 - 2025 under the Businexs-as-

Usual, (in percent);

Bal
1765-199Q - 1980-9¢ 2000-25
Carbon dioxide 61 538 63
Mcthane 23 18 17
cre 12 . . 24 7
HCFCs 0 v} . 8
Nitrous Oxide 4 6 5

{Ozone may be an important contrioutor, but its effects are
difficult to quantify and have not been included above)

The recent (1980 -~ 18%0) reduction in the proportien of
forcing change due to carbon dioxide is primarily due to the very
rapid increase in the role of the CFC-gases as forcing agents,
Because of the Montreal agreement on limiting the use of Cre-
gase, the relative contribution of carbon dioxide as a heating
agent will increase throughout the 21st century according to the
Business-as-Usual scenario, Working Group IIT has devaloped
three other scenarios, all having the same assumptions about
Population growth as the Buginess-as-Usual (Scenario A)., The
man-nade emissions of carben dioxide and methane from all four
WGIII scenarios are shown in the diagrams below, :

[ = BUSINERS
s AS-USUAL
§eo- '
g SCENAAIO B
L RDE
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1980 2000 2020 2040 2060 20890 2100
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Scenarlo B, Low Emission, assumes the energy supply mix of
fossil fuels shifts towards natural gas, large efficlency
increases are_ achieved, deforestation is reversed and the
Montreal Prototol on CFCs is fully implemented. This results in
a doubling of equivalent carbon dioxide by about 2040.

Seanario C, Control Policies, assumes a gshift towards
renewable energies and nuclear energy takes place in the latter
part of the next century, CFC-gases are phased out ang
agricultural emissions (methane and dinitrogen oxide) are
limited; an equivalent doubling of carbon dioxide will occur in
about 2050. It should be recalled that there is a 50%
uncertainty range around each one of the curves shown in the
figure, -

Scenario D, Accelerated Policies; assumes a rapid shift to
renewable energies and nuclear energy takes place early in the
next century in the cases of Scenarios B, C and D will be between
70% and 50% of the stringent emission controls in industrial
countries and moderate growth of emissions in developing
countries, This scenario stabilises equivalent dioxide
concentrations at about twice pre-industrial levels towards the
end of the next century.
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Climate change when emissions are controlled

Under the other Working Group III emission scenarios which
assume progressively increasing levels of controls, rates of
increase in global mean temperature are predicted to Pe about
0.20¢ per decade (Scenario B), just above 0.16C per decade
(Scenario C and about 0.10C per decade (Scenario D). Further
details are shown in the diagram below.
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Sea level.rise by the end of the next century will be
between 30% and 70% of the Business-as-Usual scenario,

Reducing emissions of greenhouse gases

To limit future climate change we need to examine the
effectiveness of reductions in the emissions of each of the.
greenhouse gages. Atmospheric concentrations of the long-lived
gases (carbon dioxide, nitrous oxide and the Crcs) adjust only
slowly to changes in emissions. Continued emissions of these
gases at. pregent rates would commit ysg to increased
concentrations for Centuries ahead. The longer emissions
continue to increage al present day rates, the greater reductions
would have to be for concentrations to stabilige at a given level

(see diagram balow), h ong-1liv oul ir
mmedi reductd in emissiong from uman activitie re
than 60% in order to s ige X ¢ :

: ntratio today's
levels: methane WQg;d require a 15-20% reduction,..
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'(c) emissiong reduced by 2% pa from 1999
(d) enmiggions reduced by 2% pa from 1990 to 2010, Then reduced

by 2% pa

There are other technical criteria whieh may help
policymakers to decide, in the event of emissions reduction being
deemed necessary, which gases should be considered. Does the gas
contribute in a major way to currxent, and future, climate
torcing? Does it have a long lifetime, so earlier teductions in
emissions would be more effective than those made latex? And are
its sources and sinks well énough known to decide which could be
controlled in practice? The table below lllustrates thege
factors,

MAJOR LONG ' SOURCES
GAS CONTRIBUTOR? LIFETIME? KNOWN?
Carbon dioxide yes yes yes
Methang yes no semi-quantitatively
" Nitrous oxide not at yes qualitatively
present :
CFCs yes - Yes yes
HCFCs, etc not at mainly no yes
present
Ozone possibly " o qualitatively
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Chlorofluorocarbons

The Working Group I assessment clearly show that the CFrC-
gases are much more effective per kilogramme emitted in heating
the atmosphere than any of the other greenhouse gases in today's
atmosphere. ) :

A reduction of the use of CFC-gases would be a cost-effectiQe

‘measure to c¢ontribute to the slowing down of global warming.

The role of the CGCs is expected to decrease because of the
Montreal Protocol. It should be noted, however, that the CFCs
will probably be partially replaced by HCFCs and HFC8 which are
weaker greenhouse gases because their atmospheric lifetimes are
shorter than those of the CFCs, Still caus £ _th

difficulties being encountered when attempting Lo prevent a
further build wup atmpspheric greenhouge gages, Berious
consideration shoyld be given to other replacements to the CFC-
gageg than HFCs and HCFCs as is pow being proposed,

Methane, nitrous oxide and ozone

Reductions of the emissions of methane and particularly

nitrous oxide are difficult to achieve, since they are Primarily

due to wide gspread activities in society related to agriculture,
forestry and waste management, = Because the Quantitative
importance of each of these sources is not well known at Present

oxide; thus, strategies to reducs their emissions are even more

difficult to develop. Tropospheric ozone ig Predicted to

increase due to enhanced emissions of carbon monoxide,

?gg:ggarbons and nitrogen oxides released mainly by transport ang
ustry.

Carbon @ioxide

It 18 clear from the analysis above that the p
increasing source of greenhouse emissions is due to the igﬁgsigg
of carbon dioxide from £ossil fue) Combustion ang deforestation

Carbon dioxide émissions are due to fossil fuel burning aé
present 5.5 - 6.0 billion tong of carbon per year :(GtC pa) 'and
;ngeihdai%r.{e?gsel:fdthe terfregtrial biosphere due to "deforestétion

n nd use of 0.6 -2.5 gte in (
Probably somewhat larger). rhe total peamisr.;i;igo a(r.;aet tphruessegt
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Carbon amissions Carbon emissiors Carbon omissior:s
bilboritong of - yons of carbon tons of carbon
Year: 1963 . carbon peryear  por Capita and year par GNP
Global Totals : 5.18 1.06
Nerth America 1.34 5.08
Wastern Eurcpe 0.85 . 2.14
QLCO Pasific 0.31 2.14
Centr. Planneg Europe 1.33 3.19
Africa 0.17 0.29
Centr, Planred Asia 0.54 0.47
Lalin America 0.22 0.55
Wastern Asia : D.13 1.20
Seuth and East Asia 0.27 0.19

It 1§ difficult to deducs accurate values for the caxrbon d:ioxids

emissiong due to deforestation and changing land uge, It seams clear,

howevaer, from the reports by Werking Groups II and 117 that the net
emission of carbon dioxide from the tropics due to deforestation
amounted to about 1,7 gt¢ pa (range 0.6-2.5) in 1880. The average
emissions per capita in the tropical countries is apout 1 ton of
carbon per year while seme with more intense exploitation of theip
forests account for & per capita emission that approaches that of
industrial countries due to fozgil fuel emizsiong,

"One the basig of the various emigsion Scenarios and assuming
that the global Population fg about 8 mMillion in 2030, we cempute the
per capita emissions at that time to be (reviged nunmbers from Jenkins)
and that at due to deforestation ang changing lang use about 0.35 tong
©f carbon per year, 1f now, on the basis of the various emissions
Scenarios, we project the Per capita emissions to the year 2070,
assuming that the global Population is 1¢ billion at that time, we

arrive at the figures in the following tahie for the per capita
emissiong.

Scenarig Cco2 Mathane
(EC/capita) (t/capita)
Business-as-Usual 1.8 | 0.1
Scenario B 0.8 0.07
Scenarigo ¢ 0.5 0,06
Scenarin p | 0.3 0.05 )

21
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Noting that, only under scenario D is the carbon digxide
ggag&nhsg&ign_mstegiligcdL__gnd_uhnqn_Juh_A_.;gxgl__ﬁnx;_ébozg__gsg;
industrial, it is clear . that_achicving the figures in this le that
iQﬂL&liDQ.ﬁiﬂhili§é&i§ﬂ;ﬂ£.§£ﬂ9§9hﬁ£i§.£ﬂfkgﬂ_diﬂélﬁe congentxations
would require vervy major. ¢fforts Ly the global Sociely, Even to
zeduce the .Mﬂmg_&umm_u..MmM.._g.._gw uld
clearlv be very difficult, '

It is important {n this context also to compare the possaibly
importance of reducing the rate of deforestation and expanding
reforestation. We note first that, at present, the total .emissions
of carbon dioxide due to man's uge of the terrestrial ecosystems are
about 25% of the total man-induced emissions of carbon dioxide into
the atmosphers, A major decrease of the rate.of deforestation would
contribute significantly to slowing down the rate of carbon dioxide
increasc in the atmosphere, but pot stop it, - :

It has heen proposed that a major programme for reforestation
should be initiated, The Noordwdjk Miniasterial Declaration in
Novembezr 1989 requested tha IPCC to explore the effects of an annpal
reforestation of 12 mi{llion hectares, Working Group I has calculateg
roughly the transfer of carbon from the wtmosphere inte the
terrestrial biosphere that thereby would be achieved, If such a
policy would be maintained for 8 period of 40 years an area as large
as about 50% of the total area of the United States would have been
reforested. By 2030, {.e, 40 years from now, about 23 billion tens
of carbon would have been 39questered into the terrestrial'biosphere,
posaibly somewhat more if also the soil carbon would {ncrease. After
100 years the accumulated uptake might be 50-70 billion tons of
carbon. This 18 5-10% of the emigsions of carbon dioxide into the
atmosphere that is expected during these periods of time due to fossil
fuel burning acgording to the Busines-as-Usual ang the Referance
Scenario. The practical difficulties of implementing such a policy
have not been analysed by Working Group I,

Lgnmmmum.gt:h1JamLgLJmmgauLQLJmnmm_mumxﬁ;uL& ~
a;gggangggT_gz 10-18% gould be achieved if the pregent rate g%
g§§g§g§:gg;gn rould be redu bout half of thae Ergggng';gtg, In
tropical countrieg this woulq also. contribute o ma;ntgiging
logical diversgity. ity. Lmémm_gufiqwgu._miiws ider
?g_&bﬁ;BQQEQ!A%&.%iﬂiﬂiﬁiiél_Son:ergn;g in Novembey 1989 would blay
ome_role in elowing down the rate of jncreag Rf _carbon dioxida
tbs;aim%gaherg. but wgéag at mé;t reduce i;ez!?Q-ﬁQ&, { fd o d'ui?
use _woyld conlinye 0gease {n a 1
u PTG l_stzinc 2 ecordance _with the ecenario

Future Programme of the Working Groupg
a, Solence ang Impacts
advancing;

8 reports,
ation for their

Because of the Pdce with which scienti{fic
¢ res s
Et 1: vital that rpo¢ is provided with timely updagggcgoift
20 that policymakers ATe provided with the best found

22
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cliberations. whereas complete new assassments will probably not he
gzéu?rad until about 1935, revisions in areas of major PLogress and
greatest uncertainty should be made by about 1992, In addition, the
capability should be provided to tespond to ad hoc scientifie
questions which may arise from negotiations toward a climate
convontion,

Close liaison ghould be maintained with elements of WCP to ensure
that latest scientific results contribute to the assessment process,

relevance to IPCO.

b. Response Statagies
(para from WG3)

Narzrowing the Uncertainties

To improve our predictive capabiliity, Workiag Groups I and Il
point out the need: - -

* to understand better the various ¢limate related processes,
particularly those sssociated with clouds, oceans and the
carbon cycle;

* to improve aystematic observation of climate variables on
a qlobal basis, and further investigate changes which took
place in the past;

* to develop improved model of the Zarth's climate System;

* to dincreass suppert  for nmationa) and interpaticna;
activities especially in developing countrieg

L to facilitate international exchange of ¢limate data;

* to understand better the impacts of climate change on
natural terrestrial ard marine ecosystenms, agriculture and
forestry, wator regources and human settlements and health;

In addition to the increaseq upport for national activities, the
reguired programme of research will neged unprecedente

cooperation with the wepp Of WMO and Icsy &nd IGBP of 1 :
vital roles. The tpcc points out that thare 13 no need to establicn
ew international mechanigms, Lut rather urges all ocountries tc
contribute to these programmes through theiy nalional cfforts, and to
increase financial support and assistance in kingd £o thege Progranmes,

n N 3 Y - LI
:ng ;iothe climate relsted componentsy of WHO, Unzp, UNESCO and itg I0C
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RELGDPONSE STRATEGLES

clentific assansment of 8 possible man~induced climate
chang:?eé;:oznvironmantal and spcf;-economic consequences of
such a change, and the Qifficulties we encounter in attempting
to slow down or halt {t calls for the dovelopment of stratagies
on a long term basls. The great diverg;ty_ln tha situatlon'of
dlfferent countries and thelr responsibilities rop combatting
climate change w{ll have to be ‘taken into account in such
develepment. It is ¢lear that this is not golng to be a simple

undertaking.

With time, we will learn more from further research and
monitering activities, and from experlence with implementing
lim{tation/adaptation measures, To taks maximum advantage of such
growing knowledge and experience, & flexible and progressive
approach to addressing climate change is required.

Working Group IIT has addressed the issue of formulating
respense strategies. Wang subsections are extracts of
-

the main findings of the policymakers SUnnAryY of that Working
Qroup,

MAIN FINDINGS

The following findings have been identi®ied as a basis for
action now and in the future:

1) Climate change is a glonal issue; effective responzes would
require a global effdrt which may have a considerable impact
on humankingd and individual societies.

2) Industrialized countries and developing countries have a
comnon responsibility {n dealing with problems arising from
climate change.

3)  Industrialized countries should take ths lead and have
specific responsibilities on tye levels:

a) Major part of emlssions affecting the atmosphera
at present originates in Industrializeq countries where
the scope for change is greatest, Industrializaq

b) Ta co-operats with developing: countrie
international action without atandgnggin the way :; tgg
latter'g development by centrikbuting additiocnal
financial Fesources, by appropriate trangfor of
technology, by engaging in  close Co~operation
concerning scientifie Observation, by analyais ang
Tesearch, apd finally by means of technical qo-

operation geareq Lo  forest .
environmental proplems, . oi1iNg  and managing

4} Enicsfons fyonm developing countries areg grewing and may

@ 24
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to grow {n arder to meot their development requirements
::;dthus?rover time, are likely to repregent an increaqingly
signlficant percenlage of global emiss{ons. Developing
countries should, within the limits feasible, take measures
to cultably adapt thelr economies.

S) Sustainable dovelopment raguires the Proper concern for

: environmental protection, as the necessary basis for
continuing economic growth, Continuing economie davelopment
will incrcasingly have to take inte account the issve of
climate change. It ig imperative that the right balance
between economic and environmental objectives be struck.

§) Limitation and adaptation.strateglies must be consldered asz
an integrated package and ghould complement each other to
ainimize net costs. Strategias that limjit greenhouse gaseg
enissions also make it easier to adapt to c¢limate change,

7) The potentially serious consequences of @limate change on
the global environment give sufficient reasons ta hegin py
adopting response strategies that can ba Justified
immediately even in the face of .significant uncertaintjes.

8) A well~informed population is essential to promote awarsness
of the lsaues and provide guidance on positive practices,
The social, econemic and cultural diversity of nations will
require tallored approaches,

Because large, projected increase in world populatien will
bé a major factor in causing the projected increase in global
greenhouse gases, it is essential that global climate change

- strategies include stratogies ang measures to deal with the rate

of growth of the world pepulation,

working Group IIl has also identified measures at the
national, regional and international levels a& applicable which,
while helping to address the lasue of climate change, ean yjeld
other benefits in tha shorter term,

LIMITATION CF NET EMISSIONS FROM THE ENERGY SECTOR

The energy soctor plays s vitally important rele ih economic
well-being and development for a1l nations, At the same tinme,
because energy production and yse accounts for about one half
of the radiative forcing frem human Activities, Shergy policieg
heod to ensure that continued economic growth occurs in a manner

that, globally, conserves the environment for future
denarations.

However, there {s no gingle, quick-fix technological opt
for limiting greenhouse gas emissions from energy %ourcef.lcg
comprehenaive strategy {a hecessary which doals with 4§ i
efficiency on both the demand and supply sides as a pricrity ang
emphelzcs technologica) research, development, ang deployment.

Achieving even a 20% reduction in Co2 fron current emigsiop
levela wonuld require major Changey in global 8hergy markats
plans, and intrastructure. with interveatisn by gcvernmenta~'
Malntaining thls anisgion reduction goal would require continuéd

25
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' PNT i lobal
technolngical {improvementa structurgl changes in the gqlo
ecanOmy,qand changes in tﬁc Proportion of cartion-baged fucls
utilized over the whole of the next century,

In the encrgy category, Working Group IIT ¢epecially noted
thats - ’

==Improved encrgy efficiency reduces emissions of carbon
dioxlde, the most significant greenhouse gas, while
improving overall economie performance and reducing other
pollutant erissiens and increasing cnergy security:

=~Use of cleaner energy sources and technolegies reduces
carbon dioxide emissions, while reducing other pollutant
enissions that give rise to acid raln and other damaging
effects, .

Working Group III recognizes the particular @ifficulties
which wily be faced by countrles, particylarly developing
countries, whose economy is heavily dependent on preduction
and/or export of fossil fuels, as r gconsequence of actions taken
by other countries to limit or reduce energy related greenhcuca
gas emissions. These difficulties should be taken into account
when elaborating international strategies, :

Various potential optioens have been identified for reducing
greenhouse gas emissions from energy systems. The most relevant
categories of eptiong appear to be!

- efficiency improvements and conservation in epergy
supply, conversion, and end use:

- fuel substitution by energy sourcea which have lower
©r no greenhouse gas emisgions;

- reduction of greenhouse gas erissions by removal,
recirculation or fixation; '

- danagement and behaviorai €hangas (e.q. increased
woTK in homes through information technology) and
atructural changes (0.9, modal ghift ip transport).

The potential for energy afficlency savings in a number of
thege oQtions ranges from 15 to ag much 3;‘ €60% (see the
Policymakers Sumnary of Working Greup Irz).

The feasibility of a particular option depends on mcre t an
its technical Fotential alone, Important additional fagtore :re
its  ecohomic potential  (economic efficiency ana cost
effectiVenesa) and ites market Potential (the likelihood of

consumer aceeptance reflecting at ;
nonatary costs) . ' 9 attitudes to riskx ang non-

The challenge to Policy makers ig to cnhan i
T _ by ‘4nce the continual
diffusion of technologicay options {into the rarket Place u:o
Sncourage behavioral and operational changes, and to address'tne

broadar i{ssuyes Ooutside the enev sec
- e .
more of the potential ghat exint2¥ Frer An erder to Faptura

]
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LTMITATIONS OF NET EMISSIONS FROM THE AGRICULTURAL AND FORESTRY
ACITIVITIES

Agriculture, forastry and other human activities are also
responsible <€or substantial quantities of greenhouse gas
emissions,

About 9 percent of anthropogenlc greenhouse gas emisslons
can be attributed to the agricultural gector, Limitation of
emigsions from this sector presents a challenge because the
processes by which greenhouse gases, in particular methane and
nitrous oxide, are released in agricultural activities are not
well understood. In addition, response options in the
agricultural sector must be designed to ensure maintenance of
food supply. . .

In the short term, reductions can be achleved through
improved livestock waste management, altered use and formulation
of fertilizers, and other changes to agricultural land use,

without affecting food security.

Forestry practices and other human activities associated
with land use, such as biomass burning and landfills, account
for about 18 percent of anthropogenic greenhousa gas emissions.
The forest ¢risis i{s rooted in the agricultural sector and in the

‘human need for employment and income. Deforestation will be

stopped only when the natural forest is economically more
valuable for the people who live in and around the forests than
alternative uses for the game land. Useful steps might include;

=~Improved forest management and, where feasible, expansion
of forest areas as possible reservoirs of carbon.

--Possible Xkey elements of a world forest conservation
protocol could be identified in the context of a climate
convention process, that also addresses energy supply and
use and practical means of implementing it.

--Use of forest products and wood could be strengthened and
improved through measures such as substituting a portion of
fossil energy mources by wood or other sustainable managed
biomassipartial replacement of high energy input materials
by wood; further recycling of forest products; and, improved
efficiancy of use of fuel wood.

LIMITATION BY PHASING OUT CFC's UNDER THE MONTREAL PROTOCOL

CFCs represent a very important source of greenhouse gas
emissions and account for about 25% of the total contributions
to the enhanced radiative forcing for the period of the 19sg0s,
Phasing out of CFCs under the Montreal Protocol would remove
some of the most powerful and long-lived greenhouse gases, while
also protecting the stratespheric ozone laysr,

. But the review of the Montreal Protocol [now underway. mav
mAaAr A A wrnard B o oa o L o B A a
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substitutes. For a given cnission rate, HCFCs and HFCs are less
effective greenhouse gases than the CFCs because of thelr shorter
lifetimes, The growth rates assumed in the IPCC scenarics will
result in the atmospheric concentrations of HPFCs and HCFCs
becoming comparable to the CrCs during the next several decades
assuming that-the CFCs had continued to be used at current rates.

MEASURES FOR ADAPTING TO GLOBAL CLIMATE CHANGE

In addition to the limitation options discussed above,
Working Group III reviewed measures for adapting to potential
¢climate change with respect to coastal zones and resource use
management, These include:

-=Developing emergency and disaster preparedness policies
and programs. . .

--Assessing areas at risk from sea~level rise and developing
comprehensive  management plans to reduce  future
vulnerability ot populationa and coastal developments and
ecosystems as part of coastal zone management plans,

--Improving the efficiency of natural resource use, research
on control measures for desertification and enhancing
~ adaptability of crops to saline regimes.

A programme ¢ould begin now to enable developing countries
to implement coastal zone management plans by the year 2000, The
programme would provide for training of country experts, data
collection and technical assistance and co-operation,

IMPLEMENTATION MEASURES

Working Group III algoc considered several priority areas
which must be addressed in order to adequately Implement
limitation or adaptation responees, These "implementation
mechanlsms" represent the primary vehicles through which
g:téggaléegegional and international responses to climate can

ec .

Public Information and Education

A well informed global population is esse :
addressing and coping with an issue l;s complex as climar‘l??:rianézr
Because climate change would affect, either directly oé
indirectly, aimost every sector of soclety, broad global
understanding of the issue will facilitate the adoption and
implementation of euch response options as deemed necessary and
appropriate. The dissemination of information also represents
& powerful economic instrument for ensuring that markets

accurately take into account potenti con:
opportunitics of climate'change.p snifal consequences and/or

Technology Development and Transfer:

Ml m L s & - . -
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veev unm o wialipiol QI Technologies is vital to

57 any effort to addrese global climate change. The devclopment of
58 new technologies may provide the means by which societies can
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noet thelr ener food, and other nceds in the face of changes
;; global clima%iz whil% at' the same time minimizing emissions

of greenhouse gases.,

Technological development, including improvemegt and
reassessment of existing technologies, is needed to limit or-
reduce anthropogenic greenhouse gas cmissions; absorb.sucp gases
by protecting and increasing sinks; adapt human activities and
resource use and management to the impacts of climate change;
and detect, monitor and predict climate change and i{ts impacts.

There is a need for the rapid transfer of technology to the
developing countries on a preferential -basis, of technologies
for addressing climate change. Developing countries are of the
view that tranafer of technologies on a non-commercial basis is
necessary and that specific bilateral and multilateral agreements
should be established to promote this. Some other countries where
technologies are not owned by the government believe that
transfer of technologles would be a function of commercial
negotiations. The issue of intellectual property rights also
presents a case vhere international opinion is mixed.

Economic Mechanisms

It is important that any potential measures to limit or
adapt to global climate change be as economically efficient and
cost-effactive as possible, while taking into account important
social implications,

In general, environmental objectives can be achieved elther
through regulations requiring the use of a specific technology
or attainnent of specified goals, or through economic instruments
sUch as emissions fees, subsidies, sanctions, tradeable permits,
or a comprehensive gystem that might address all greenhouse gas
sources and sinks, Market based economie instruments encourage
limitatiens in emisslons by those who can achieve them at least
cost. Careful and substantive analysis of the implications of
such instruments is needed.

Economic ;nstruments, through their encouragement of
flexible selection of abatement Weasures, frequently offer the
possibility of achieving environmental improvements at lower
Cost than regulatory mechanisms. Unlike many regulations, they
tend to encourage innovation ang the development of improved
technologies and practices for reducing emissions. Econonmic

markets, It ig unlikely, however that econ
! emic in
will be applicable to all circumstakces instruments

Financial Mechanisms

Industrialised ang developin
. : 9 countries conside
important that assurances of financial Mechanisms are neégg; fés

undertaking a 1 imi : -
change. 9 adequate measures to limit and/or adapt to climate
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._ ial resources channalled to developing countries would
|
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be most effective if focused on those activities which contribute
both to limiting greenhouse gas emiscions and promoting ecenomic
development., Arcas for cooperation and assistance could include:

. - Efficlent use of ehergy resources and the lincreased
use-of fossil fuels with lower greenhouse gas emission
rate or non-~fossil sources;

. Rational forest management practices and agricultural
techniques which reduce greenhouse gas emissions;

5 Facilitating technology transfer and technology
development; .

. Measures which enhance the capaclty of developing
countries to develop programs to address climate
change, including research and development activitics
and public awareness and education;

v Participation by developing countries in international
fora on global climate change, such as the IPCC.

Legal Measures

The measures noted above would require a high degree of
international cooperation, with due respect for national
sovereignty of states. To assist {n that process, international
negetiation on a framework convention on climate change should
start as quickly as possible after the completion of the IPCC
Firgt assessment Report. - This, together with any additional
protocol (s) that might be agreed upon, would provide a firm basis
for effactive cooperation to act on greeshouse gas emissions and
to adapt to any adverse effects of climate change,

The framework oconvention should, at a minimum, contain
general principles and obligations. It should be framed in such
a4 way as to gain the adherence of the largest possible number
and most suitably balanced range of countries while permitting
timely action to be taken.

Working Group III compiled & 1ist of possible eleme
a framework convention. ' us! P articular gts for

this does 1 ns s spec hat
ﬁé%@%?gt 1?15 tb euﬁaa e@@ﬁ?&n%{dmv d Aersf'ey r'i}_;lcalrugg;lnrnmnno- A {meTnAda

o the political imperative of striking the co
balances (a) between the arguments for éifar-regcgfsgt
actiop-oriented convention and the need for urgené
adoption of a convention so az to begin tackling the
problem of climate change; and (b) anong the risks of

inaction, the costs of action and curr
scientific Uncertainty; and current levels of

0 the extent to which specific obli
gations, particuy
on the’control of enissions of greenhcuse';zses, sﬁgﬁig
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be included in the convention itself, possibly as
annexes, or be the subject of a scparate protocol (s):

the timing of negotiétion of protocol(s) in relation
to the ncgotiations on the convention:

the Introduction as appropriate of sound scientific
bases for establishing emission targets (such as total
emission levels, per capita emissions, emissions per
GNP, emissions per energy use, climatic conditions,
past performance, geographic characteristics, fossil
fuel resource base, carbon intensity per unit of
energy, energy intensity per GNP, socio-economic costs
and benefits or other equitakle considerations);

the extent to which specific goals with respect to
global levels of-- emlssions or atmospheric
concentrations of greenhouse gases gshould be addressed;

whether obligations should be equitably differentiated
according to countrles' respective responsibilities
for causing and combatting climate c¢hange and thair
level of development:;

the need for additional resources for developing
countries and the manner in which this should be
addressed, particularly in terms of the nature, size
and conditions of the funding, even 1{f detailed
arrangements form the subject of a separate protocol;

the basis on whieh the promotion of ‘the development
and transfer-of technology and provision of techniecal
assistance and co-operation to developing countrieg
should take place, taking into account considerations
such as terms of transfer (preferential oy non-
preferential, commercial or non-commercial), assured
access,intellectualpropertyrﬁghtSftheenvironmental
soundness of such technology, and the financial
implications:

the nature of any new institutions to be Created by
tthconVSptii? (such as a Conferente of the Parties,
an Executive Organ, as well as other bodies), to ether
with their functions, composition and decis{on-gaking
powers, e.g., whather or not they should exercisze

supervision and control over .
undertaken; the °bllga§ions

the criteria, timing, legal form and incidence of any

o:;igations to controel the net enissions of greenhouse
gases,
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8tratogles for the future

" The major dilemnmas

The conclusions of Working Group I show clearly that the
scientific community essentially agrees about the climate changes
that  could occur if the present bulld-up of greenhouse gas
emissions continues or even accelerates into the next century as
projected by both the Scenario A (Business-as-Usual) and the
Reference Scenario., Working Group II envisages potentially far-
reaching environmental consequences of such changes. This threat

Lo the global environment and i i iong or tries
the peopl the id. m be weighed against the
other soclo-economic implicati for it and/or adaptin

to, any adv effe of climate change, It is, thervefore,

essential to address a few fundamental questions in this context.

h velope untri v tte st o e greenhousa
gaseg _lhto the atmo e t NOW__cause _Us  concern, The
developing countries are rapidly increasing their emissions in
striving for improving their living standards, particularly by
increasing their use of fossil fuels ag the prime source of
energy. Cheap energy has in the past contributed subspantial;y
to the rapld increase of the standards of living in
industrialized countries, They possess the knowledge and the
hunan and financial resources to develop the necessary means to
combat climate change. Recognizing the poverty that prevails
among the populations of developing countries, it is natural
that fight against poverty and achieving economic growth is given
priority by them, Closing the gap between the industrialized and
the developing countries is a pPreraquisite for a full partnership
of all nations of the world {n the development of a strategy to
deal with the climate change issue,

41 crea wor o ion _w e re
den o ourg n__genera ene in rtic .
Hanagement of the world's natural resources is also close]
linked to the climate change issue, It is obvious, that al} these
and other global issues have to be addressed simultaneously,

Climate change issue is a long ternm, evolutionary igsue. We
arg not able to foreses its long term consequences very well yet
and will not be able to do go goon. However, scientific data
indicate that at Present the atmospheric concentrations of carbop

it seems prudent, then, to consider that an unlimited growth in

the concentrations of greenhouss dases in the atmosph re is
aCcCeptable, Al;bougb ﬁtabilizg { - rep e is not

gencentrations in the atmosphere ls ultim cegsi W
gﬁnngt_gs.xgx_igzgzmlng4ag_ﬂhg&.lgxglg_&hgx_éhgglg_ha_&;ahiliggd
Q: the ¢osts Q:.gggh §§abiiig§§i6n¢ ' '

The discussions {p Working Group IYI show that the

difficulties ip assessing the gocial and econonmic costs of

climate change, as well a& the conse
r?quired to Slo'w ANA 1114+ Tt guencos of the merersw. o
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- usw gas issue. Ap obvious reason is that -
goal :rt;-e azhiiccé] ;;—'gg?ct rgliably enough how a change of climate
ggugg influence different countries directly. On the other hanq,
the implications and partlicularly the costs, of the SpeC%flc
actions that are being consldered to slow down or pﬂei?n g
change of climate can be envisaged more easily by economists an

politicians, meeu@mrw

re cost casures would f£ind approval amon a a
mr‘nfj'f,ff gg of _gqule even in countries where they may be reasonably
well informed about enviyonmental problems.

International aqy " ents _necessarv in order to have a
lanc eve ent the rld_econon 9_safequard at

the game time the global environment. This applies particularly

onted with as complex an issue as that of climate
gg::g;T”¥¥.individual countrf;s,Can optimize.the;r benefits by
letting other countries share their costs (i.e. pay for
pollution) without they thenselves taking the necessary
precautions (reducing pollution), the economy of the total system
becomeg unstable and a catastrophic development may occur ("the
law of the commons"), We must.also recognize the vast differences
in economic strength between the players on thg internatiogal
scene, l.e., the natiomg and the large multinational companies .
in the world. The fundamental question becomes: How can a
sustainable ang improving future for the developing countries
l.e., for three quarters of humanity, as well as for the
industrial countries, be achieved faced with the potential threat
of climate change?

It is also clear that the effects of specific preventive
actions being considered on the countries of the world vary much
from one to another, At bresent fossil fuels. account for 80 -
85% of the primary energy supply in the world, but different
countries are very differently dependent on their use, Producers
and users of fogsil fuels will experience restrictions on the
emissions of carbon dioxide into the atmosphere very differently,

Many developing countries have extensive plans of using
fossil fuels for neeting thelr increased energy demands foy
development. The Infrastructure of mogt countries to 3 large
extent has been based on a fossil-fuel driven transport system,

these and many other concerns that will pe faced by the world's
countries, As a matter of fact, it is not surprising that
controversies arise about as complex an isgue as the present one,

in particular when the detailed understanding of i
problens is as yet incomplete, The m 1 g S the likely

Day be required well bafere nany of thes ig{

lons
regolved, Ues_can be
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Flements of a strategy and ap action programme

The complexity of the problem as ocutl ined above based on the
detailed reports of the IPCC Working Groups, means that
agreements on necessary actions will not be sasy to reach.
Working Group.l has concluded that "the longer emissions continue
to increase at present day rates, the greater reductions would .
have to be for concentrations to stabillze at a given level",

The IPCC emphasizes that despite scientifie uncertainties
thenghgddsndel endotining of ¢limate change, but because of the
yery long responge times of the atmosphera, climate and soglety,
ent_to injtiste negotimtions on a framework

¢
convention onh climate change as soon as pQssible,

First we address actions that could be taken now.

It is clear from the Working Group III report that there
are a number of actions that also would be beneficial for other
environmental reasons and that would cost comparatively little,
as a matter of fact in some cases rather imply savings. These
deseyve attention now. An action program to take advantage of
such possibilities has been called a "no regrets policy" defined
as & policy of taking "measures in the shorter term which while
helping to tackle climate ¢hange also can yield other benefits".
Numerous measures of this kind have been considered by the
Working Group III and are summarized in a previous section of
this overview. '

C conf that suc res wouyl if w ed
ific low down _the further ihcrease of greenhouge
cencentrations in the atmosphere, These measures to_be taken at
he natjional, regional and 1n;g;natign§1 levels 1nglgge;

% Crc co g nclude cted f gree e

agtive alternatives, .
* rqy sources with lower emissions of greenhouse

—dases

*_improved energy end ggg.eggjgigncx, .

* improved forest nanagemgnt and where_ feasible expansion

of forest areas, -

* yeview of agricultura actices ing a uced
as ssion

More elaborate descri tionseof these are
sections of this report., d are given in earlier

o e ns in ord
;gsgfduqe fbg Iate of increase in global em sglons and tn§§
assist_in the prevention of ap acceleratie “gree house gas
goncentratio e atmos uch i'nii_;igsiveg‘s may
Acgelerate Progress towardsg ingegnagiongl agreements,

Se a1 . ‘
1o:;2r gén:? address the nasd for a phased strategy for the

. . IiEEL1g:Ehgx;hgligxgé_khaz_Lndizidugq nations, or groups of
nations, should conside actiong to stabjlize emnissio o .
1

Awaiting the outcome of . '
ONn A convention {6 o “““‘!‘!fgqtiatigng fOor general agrooma o
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Because existing information is inadequato to understand
what rate of change of ¢limate, and of grecnhouse qgas emissions,
might be acceptable, there is a nced for a phas=d approach, The

first step would be to set criteria.
Ihe. . IPCC considers that work should begin opn

definingcriteria which would reflect the impacts

on Racts of climate

the one band, and the costs and_

practicalities of reductions in emissions om the other, -
Such _criteria wou hey sho y into
unt w able )evel of climate change and

reflect the changes in ouy scieptific ang economic understanding
and technologjcal capabilities,

In the light of the importance of Understanding better the
economics of the greenhouse gas 1issue,

the IPCC recommends that research on the international
gconomic lmplications of the global climate jesys be
intensified. with particular regard to the Eepecific
c¢lrcumstances of individual couptries as well as the broaq
generic_differences between developed and developing .
countries, Governments mav consider develoging nechani{sms
by which the intexnationa} market can find optimal means to
rec ize ¢ mplic e.cost of human

tainable development, and
in this regard, should fully evaluate eceonomic consequences of
Such mechanigms, .

s

Working Group III also emphasizes in this context the
importance of public information and educatjion,

orts the view & climate

ha
affect, elther gi:gggly or indixgggly, almogt every sector of
goclety, and ajso because important policy responses ®ill have
to be developed against a bagkgrggnd Qf uncertainty, bread globa)
nndexs;anding of the issye will facilitate the ad ption and the
ntation of suc e

o
1mplgmg tat h r sbonse _options as deemed hecessary angd
appropriate, Further efforts to achieve this are_urgently

needed,
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The Bpeclal Circumstances of the Developing Countries

obvious that the impact on and the participation by
the d::a%:ping countries in the further development of a future
strategy is essential. The IPCC has addressed this specific issue
by establishing a 8pecial Committee on the Participation of
Devaeloping Countries, This subsection summarizes the findings on

the {sgsue.

_Although emissions of greenhouse gases ara increasing_in'
develgping %ountries, where about 75% of the world population
lives, they emit only about 25% of the world total. Their per
capita emission is only about a tenth of that in the

industrialized world,

ustrialized countries and developing countries have a
commogni%sponsibility in dealing with the adverse effects of
climate change, taking into account not only the past and present
responsibility of the Industrialized world in the accumulation
of greenhouse gases but algo the present technqlqgical, human and
financlal capacities of the developed countries. An acceptable
standard of living in the developing countries needs to be
achieved before a developing country can be expected to
participate fully in addressing issues related to climate chnage,
In this context, : ‘

‘a) Industrialized countries should take the lead and have
specific responsibilities on two levels:

1) To adopt domestic measures to limit greenhouse gas
emissions by adapting thelr own economies in line with relevant

future international agreements; = —

11) Te cooperate with devaloping countries 1in
international action withcut standing in the way of the latter's
development by contributing additional financial resources, by
appropriate transfer of technology, by engaging in close
cooperation concerning scientific obgervation, by analysis and
research, and finally by means of technical Cooperation geared
to forestalling angd managing environmental problens;

b) Emissions from developing ccuntries arg growing and nesegd
to grow in order to meet their developrent requirements.
Thus, over time, they are likely ¢o Yepresent an
increasingly slgnificant percentage of global emissions,
Developing counfries ghould, within the limits feasible,
take measures to suitably adapt their economies,

Against this background, IPCC requested its special
Committee to ldentity factors inhibiting the fy11 particiggtion
of the developing countries in IPCC ‘and recommend remedial
meéasures where possible, The Committee stressés that full

but also the development of hational Competence to address all
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V " Tha factoras identified Ly the Special Committee are:

*insufficient information;
*{nsufticlent communication;
*limlited human resources;
sinstitutional difficulties;
wlimited financlal reaourcss,

'\n some _of these factors, the IPCC Working Groups have
devﬂgge: policy options which are to be found in their
respective reperts, The Special Committee itself has made a
number of specific recommendations including the development of
specific programmes of action; these are to he found in its
report, The implementation of the recommendation§ and appropriate
policy options will Tequire commitment of financial Yesources ang

nechanisma, )

Financial resources channelled to developing countrijes would
be most effective if focused on these activities which ¢ohtribute
both te limiting greenhouse gas emissions and/or adapting to any
adverse effects of climate change, and promoting ecoromie
development. Areas for cocperatien-and assistance could include;

RD 7 4t Bb et b b gon ot it ge
CVREVIAANLWOINHOUWE IO D UN -

s Efticiant use of énergy resources and the increased
use of fossil fusls with lower greenhouse gas emission
rate or non-fossil §dUrces;

. Rational forest management practicas and agricultural
tachniques which redyce greenhouse gas emissions;

. Facilitating technology transfer and technology
development .

. Measures which enhance the Capacity of developing
countries ¢to develop programs to address climate
change, including resgarch and development
activities and publie awareness and education;
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Participation by developing countries in international
fora on global clinate change, such as the IPCe,

¥as recognized that Cooperation ang assistance for

It
adaptive measures would bhe required, noting that for $ome regiong

and countries, adaptation rather than limitatjon ac ivitj
Potentially most important. dctivities are

The IPCC concludes that tna r onnendat {ons of the
m@img_jw_nwmm ﬁ&.s&n_eﬁfm%

mulsxlnsgxel_gng_pilagszal_zunaiaghgxganxza;igna;EZ_Jxmugiﬁﬁf
&hmc_o_mmuns XL further 2ppeals o the dovernment s j:g:
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ANALYSIS AND PERSPECTIVE

GLOBAL CLIMATE CHANGE: A RETROSPECTIVE VIEW FROM BUSINESS

by Thomas G. Lambrix

Introduction

[ have heard it said that global climate change is the
“super tanker” of environmental issues. It has all the
characteristics of becoming the foremost environmental
crusade of the 1990s and well into the next century. In fact,
some would argue that it already is the principal environ-
mental concern facing all nations of the world today. That
is because the ecological implications from a future that
is significantly or even moderately warmer than today are
potentially substantial. perhaps resulting in incredible
changes to our physical world. These changes, should they
occur, would also manifest themselves in economic as
well as societal impacts that are hard to quantify, but would
undoubtedly be dramatic.

However, understanding and attempting to describe
future global climate change is perhaps one of the most
challenging undertakings that our modemn scientific com-
munity will face because attempting to understand the
world’s climate involves grasping the innumerable inter-
active and complex variables that make up our global
environment.

The political dimensions of global climate change are
also extremely complex. Nations look at this issue differ-
ently—some with more concemn than others, and some
who support responses that are more radical than others.
As for the United States, our citizens have for the past year
and a half been shown an array of stories from the print
and visual media describing a whole range of possible
impacts associated with global climate change. They have
heard from scientists, government representatives, and
leaders in environmental groups. As a result, people have
become aware and many are anxious over what global
warming means for them and their children. While an
informed public is desirable, in my opinion most of this
concern has been focused on the more pessimistic impact
scenarios that have been given visibility by the popular press.

Dr. Patrick Michaels, a climatologist from the Univer-
sity of Virginia recently noted, “...Time Magazine painted
the following picture in its 1988 ‘Man of the Year’ issue,
featuring Planet Earth: If left unchecked, anthropogener-
ated alterations of the atmosphere will bring, by the years
2030-2050, a global temperature rise of 4°C, ecological
chaos including famine, related civil strife, and tidal
waves crashing through a Manhattan landscaped with
palm trees....”

Dr. Michaels continues, “Such scenarios also abound
in the writings of politically active environmental scien-
tists, environmental lobbyists, and newswriters. United
States elected officials have compared the current situ-
ation to that of fascist Germany, where several events,

such as Kristallnacht. presaged the holocaust. Those that
do not recognize this have been labeled modern-day Ne-
ville Chamberlains. Draconian interventionist legislation
has been proposed -and the implementation of “global
warming’ is now a touchstone of U.S. foreign policy.
Clearly, deep emotional commitments now guide this
issue.”

While there has been considerable attention to these
views, little public scrutiny has so far been given to what
it might mean to adjust lifestyles and otherwise pay for
corrective measures here and around the world to address
global climate change. So, while the issue has been “'teed
up,” awaiting action for some months. its full dimensions
still remain unclear, and consensus on solutions is elusive.
As I have said. global climate change is the super tanker
environmental issue; it can potentially affect our values,
our behavior, our social structures. and our institutions.
which, like a super tanker, are slow to form, slow to stop.
and slow to change. All of this, from the science to the
politics, is incredibly complex.

In commenting on this notion recently. Dr. Allan
Bromley. President Bush’s Science Advisor. drew this
humorous anecdote: “In considering the challenge of un-
derstanding global change, it is easy to sympathize with
the remark of the medieval king Alfonso X of Castile. who
said, ‘If the Lord Almighty had consulted me before
embarking on the Creation, I would have recommended
something simpler.” ™

It is within this context that U.S. industry wants to be
an active and constructive participant in offering reasoned
and responsible actions to address this aspect of Alfonso’s
dilemma.

The Global Climate Coalition

Earlier this century, U.S. President Calvin Coolidge
announced, “The chief business of America is business.”
Today, promoting economic growth through private enter-
prise remains a chief business of America, although there
is a maturity to business actions that bear distinction.
Businesses today recognize the need to not only make a
profit and to enhance shareholder value, but to be respon-
sible corporate citizens that are concerned about the
quality of lives in America and around the world.

This has especially been true over the last 20 years as
businesses have invested in environmental quality, cor-
porate philanthropy, education, drug abuse prevention,
and other worthy social programs.

I think today business recognizes that it must be accur-

ately perceived by the public as pursuing an agenda that
is in harmony with society’s goals. Particularly, managers

April 1990 WORLD CLIMATE CHANGE REPORT
. 0957-9370/90/$0+ .50
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of U.S. industries appreciate that citizens will no longer
tolerate poor environmental quality. even in the name of
absolute economic progress.

Businesses today spend many billions annually for
environmental protection measures. and businesses recog-
nize that more investments will be required. And. these
investments have paid off in demonstrable improvement
to U.S. environmental quality.

So in approaching this complex question of potential
changes to our global climate, businesses in this country
have taken an active interest. The Global Climate Coali-
tion is a result of that interest. It it an ad hoc organization
of a broad spectrum of U.S. companies and trade organiz-
ations representing energy consumption, energy produc-
tion. information. and allied industries.

Our involvement is premised upon the seriousness
with which we view this issue and on the potentially
enormous impact certain suggested resolutions of the is-
sues may have on our industrial base and the national
economy. For the past year, the Coalition has embarked
on programs to encourage scientific research, reviewed
voluntary initiatives that can be adopted. participated in
governmental review of the issue both here and abroad.
provided economic analysis, and otherwise promoted in-
formed debate of policy responses.

Need For Science

When it has come to supporting new government laws
and regulations to deal with environmental matters, busi-
ness has often been criticized for its opposition to new
legislative proposals. At a minimum, business has been
seen as a reluctant partner in achieving solutions. Often
business has been seen by others to be hiding behind a
position of “more study.” Critics see this stance as one of
delay, where businesses hope the problem will go away.

I am beginning to hear this comment directed toward
business on global climate change, and I expect we will
hear it again as the debate continues. This is unfortunate,
because I believe it is only natural for businesses to be
interested in obtaining as many facts as possible about a
problem before acting.

This does not equate 10 a lessening of concern, but to
a posture of responsible action. In everyday matters, busi-
ness carefully pursues a study of data and options before
making investments. This is the nature of business. And
in the case of global climate change, despite the criticisms
and the emotional appeal for drastic action, more study is
required.

Most readers are familiar with the outstanding dis-
agreements, questions, and uncertainties regarding the
scientific basis for anthropogenically generated global
climate change. We believe that, while there is no dis-
agreement over the “greenhouse" theory iself and that
atmospheric accumulations of greenhouse gases are in-
creasing, there are differing views over the significance of
future greeshouse gas emissions and whether and what
should be done about # now.

For example, at a recent meeting of climatologists
hosted by the National Academy of Sciences, a group of
nationaily recognized climate experts generally agreed
that emerging evidence has reduced expected global

warming (respondm‘7 to a carbon dioxide doubling) to
about 2° Celsius.” This is at the low end of the scale from
the predictions that were publicized only a year ago.

In addition, The Washington Post recently reported.
“According to Mark Meier of the Institute of Arctic and
Alpine Research at the University of Colorado, the con-
sensus now is that sea level will rise by about a foot in the
next century. rather than the three feet that had been
suggested in previous studies.™

Even Dr. Stephen H. Schneider. the National Center
for Atmospheric Research (NCAR) climatologist who has
publicly stated a personal bias for moving ahead with
policies to slow down the rapid buildup of greenhouse
gases. wrote recently, “The consensus about the likelihood
of future global change weakens over detailed assess-
ments of the precise timing and geographic distribution of
potential etfects and crumbles over the value question of
whether present information is sufficient to generate a
societal response stronger than more scientific research on
the problems....™

It is, therefore. our opinion that enhanced scientific
research should be our first priority. We should be focusing
significant resources to reducing as much of the scientific
uncertainty as possible over the next 10 to 20 years.
Clearly, enhanced effort will be required but we believe
this is a necessary and sound investment.

Again, quoting Dr. Schneider. “... A dedicated effort
to accelerate the rate of progress could conceivably speed
up the establishment of a consensus on regional issues, but
at best 10 years or so will be necessary even with a
dramatic effort. However. such efforts would clearly put
future decision making on a firmer factual basis and help
to make adaptation strategies more effective sooner.”®
(emphasis added)

That is why the Coalition supports the U.S. govern-
ment’s efforts that are being undertaken by the Committee
on Earth Sciences and believes it should move forward
with all speed. The Coalition enthusiastically endorses
President George Bush's call for substantially increasing
federal funding next year for research devoted to all as-
pects of global climate change. In addition, we strongly
believe that government and industry should work
together in accomplishing our research goals.

We should make every effort to remove any barriers to
a greater working relationship between government and
industry and identify specific opportunities for forming
joint industry/government partnerships.

We recommend, specifically, that the U.S. focus its
research on analytic efforts to establish the relative inte-
grity of our general circulation models; on understanding
the dynamics of the carbon cycle; on sorting out the
respective roles of cloud formation, the oceans, and vol:
cenric activity; and developing reliable regional effects
and, importantly, on differentiating between real climat
changes due to the normal variations of natural climati
phenomena and qualified changes attributable to anthro
pogenically-generated gases.

While the Coalition firmly believes that additionz
scientific understanding is necessary, it is important not t
leave the conclusion that we are just hiding behind th
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nore study” solution to this problem. This is not an
>curate representation.

Coalition’s Agenda

The Coalition is also vigorously pursuing the follow-
1g agendas:

« Support for international leadership. The Global Cli-
1ate Coalition strongly supports leadership by the United
tates toward developing a responsible approach interna-
onally to the global climate change question.

Here we believe it is important that the U.S. govern-
nent exercise this leadership through its chairmanship of
he response strategies working group of the Intergovern-
nental Panel on Climate Change (IPCC) and through the
llocation of its financial resources toward cooperative
fforts here and abroad to address scientific, economic.
ind technical questions.

The Coalition has met with various members of the
PCC’s U.S. delegation, from the Environmental Protec-
ion Agency. and the departments of State, Energy, Com-
nerce, and Interior. The Coalition also recognizes and
supports the efforts of the many other countries, their
.ndustries, and non-government organizations involved in
‘he IPCC process.

I believe that there is little disagreement among inter-
zsted parties over the premise that unilateral action by any
one nation will not have a meaningful impact on the
accumulation of greenhouse gases in our atmosphere.

In fact, while North America and the industrialized
nations of the world have been and are today the major
contributors to anthropogenic atmospheric greenhouse
gas buildup. this trend is declining and will reverse itself
in the future when the developing world becomes the
significant contributor.

The cooperation and active input from the developing
countries will be essential for an effective global response
to potential global warming.

In a report that the Global Climate Coalition commis-
sioned last year to evaluate some of the economic impli-
cations of unilateral action on global warming, the
Washington-based Center for Strategic and International
Studies reaffirmed the importance of this conclusion.

It stated, “The world’s population is expected to grow
from 5 billion in 1988 to 6 billion in the year 2000 and 8
billion by 2025. Most of this increase will be in the Third
World and the communist nations where energy demand
has doubled since 1971. Almost all of this increase has
been in fossil fuels.”

Developing countries are expected to quadruple their .

energy consumption between now and the year 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 succeed in doubling their energy efficiency.”7

Therefore, the industrialized countries must obtain the
cooperation and active input from the developing coun-
tries for an effective global response to potential global
warming. The challenge to companies and policymakers
here and abroad is to work with these nations as they strive
to improve the standard of living for their expanding
populations and do so in a way that promotes economic

growth and is sustainable to the environment. including
the global atmosphere. [ am confident that U.S. businesses
will be anxious to help.

* Support for initiatives. At home. the Coalition sup-
ports strong leadership by the president and the U.S.
Congress on global climate change. We particularly sup--
port the president’s endorsement of a free-market ap-
proach toward identifying appropriate responses. We also
agree with the president that intervention action by the
United States unilaterally in the economy is not warranted
at this time.

This does not mean that other activities cannot be
pursued. For example, in addition to supporting the presi-
dent’s announced program for enhanced scientific re-
search, the Coalition enthusiastically supports
investments in cost-effective energy efficiency, orderly
phase-out of chlorofluorocarbons, development of public
education programs. and implementation of reforestation
initiatives.

In addition, we believe there are other opportunities to
demonstrate presidential and congressional leadership. |
will mention just two specific programs. The first is the
announcement of a federal demonstration program for
energy efficiency and renewable energy technologies. The
U.S. govemment should lead by example by investing in
energy efficiency applications in the federal estate. This
should both help educate the public at large about the
application of these technologies and also reduce produc-
tion costs.

- Second, the president should announce a “Nationwide

Recognition Program” designed to identify and reward
citizen efforts and investments in such areas as new energy
efficiency technologies; school education programs, in-
cluding scholarship awards for science and related sub-
jects; and community efforts such as recycling and
reforestation programs. ‘

Towns and villages in the United States could “adopt
a town” in another country and set up information and
assistance exchanges to emphasize local actions by
citizens around the globe. The president could instruct the
chairman of his Council on Environmental Quality, in
cooperation with other appropriate agencies, to develop
and implement this program. A congressional joint resol-
ution to this effect would also be welcome. Companies
could set up parallel programs, and, in fact. many com-
panies are already undertaking specific steps on their own.

In an address to a recent meeting of the National
Governors Association, Secretary of State James Baker
discussed the president’s program to address global cli-
mate change. He described this program as a *‘no regrets
policy.” He explained that the administration was prepared
to take actions that are “...fully justified in their own right
and which have the added advantage of coping with
greenhouse gases.”&I

The Coalition supports this approach to policy making
on global climate change and recognizes that business has
a responsibility for developing constructive responses. In
order to establish itself as a credible, informed, and com-
mitted partner in the search for appropriate responses,
business must increase its efforts to make environmental
conscientiousness a matter of routine practice and con-
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tinue to accelerate its own etforts to invest in cost-effective
energy efficiency technologies.

Coalition member companies have accrued almost 20
vears of research and technological experience in the
pursuit of cost- effective energy efticiencies whichequally
serve sound economic and environmental policy. We be-
lieve we are making progress. and we intend to continue
to look for ways to increase efficiency and reduce pollu-
tion. In the tuture we hope that any improvements we
develop here can be made available around the world.

At this time, the Global Climate Coalition is actively
investigating a menu of industry initiatives that can be
supported now, that make sense in their own right by
providing cost-effective investments. and that also do not
aggravate the buildup of greenhouse gases.

Voluntary industry adoption of specific programs now
could include energy efficiency technologies. productivity
increases. development of new products and technologies.
waste minimization. and identification of innovative pro-
grams to disseminate technology and deal with the real
problems of technology transfer from the developed to the
developing world.

The point to stress here. [ believe. is that it is critically
important that the U.S. government’s policy should en-
courage business to take these steps by creating a favor-
able climate. This means that our policy shouid rely
heavily on free market principles and the application of
incentives rather than the institution of penalties. if the
private sector is to be most effective in responding.

We need to stress flexibility in our energy. agricultural,
foreign assistance. and research policies so that we can
adjust our programs and our investments as our under-
standing of the global climate change phenomenon in-
creases and as our multilateral discussions mature.

We are pleased to see that President Bush supports this
emphasis as well. As he stated in his remarks recently to
the IPCC, "If we hope to promote environmental protec-
tion and economic 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.. et

Conclusion

Global climate change has now achieved high visi-

" bility on the environmental/political agendas of all of the

industrialized nations of the world and many of the de-
veloping nations. This has occurred in essence over a
period of less than two to three years, a very rapid pace.
The result is an incredible upswell of political momentum
that calls for “solutions,” at a rate that has outpaced our
understanding of the scientific causes of the phenomena
and economic impacts of responses.

While scientific attention to the concern is widespread
and will continue, science still lags behind the desires of
politicians for assistance in drafting responses. Even
though more recent scientific forecasts have lowered, not
raised, the range of potential warming and ecological
response, pressures continue for govemments to do some-
thing now.

April 1990

After a year and a half of intense public and political
visibility to the projected ecological disasters caused by
global climate change. we are only now beginning to
address ourselves to the economic consequences of re-
sponses that some have touted as absolutely necessary to
deal with this “crisis.™

The question of who pays and who benefits will
become the principal negotiating point of attention in the
future as the United States and nations around the world
determine economic and societal effects of mitigation and -
adaptation responses.

Here in the United States. [ don't believe that we will
continue to view global climate change in the same context
as other environmental issues, such as enactment of new
clean air legislation. The issue is too complex and the
requirements on our citizens much more drastic if severe
intervention strategies are implemented.

This point was specifically noted in a recent report by
the Department of Energy. which concluded: “Unless ...
there is uncontentious sustained evidence of climate-
change impacts, a real possibility exists that the current
appearance of societal consensus in favor of urgent action
on climate change may fragment as the costs to various
sectors of society become clear. Even if the resulting
economic disruption and societal conflict can be over-
come, such conflict carries its own costs which must be
considered part of the true social cost of a policy pack-

"

age....

To address these important economic issues, the Coali-
tion has retained a contractor team to undertake an econ-
omic assessment of potential near-term policy responses
by the United States.

Specifically, the objectives of the study are to:

+ Analyze the impact of proposed policy actions on the
U.S. economy and on the competitiveness of U.S. industry
in world markets:

» Determine the impact of proposed policy actions on
net global greenhouse gas emissions; and

« Assess the geopolitical context of proposed policy
actions by the United States. !

This project should be completed by late spring. Our
hope is that the results of this study will further advance
our understanding of the economic aspects of this issue.
We intend to make the conclusions available to our pol-
icy-makers.

Many sectors of society, from academic think tanks. to
environmental groups, to climatologists, to business, to
government bureaucrats, to elected officials, to the press
and media, generate information themselves and are being
overwhelmed by others by a mass of materials advocating
a full spectrum of views on this issue. Sorting out the
tidbits of valuable information among the noise will be a
real challenge. All of us need to be alert to other agendas
and political motivations that will struggle and compete
with each other to influence and drive the issue.

However, in spite of all the hype given to this issue,
the notion of potential climate change brought about by
global warming remains a serious issue. I am optimistic
that we will see serious and balanced proposals crafted to
understand and respond. As I have said, these proposals
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must be developed multi-nationally to be effective and
must be based on sound science to be credible.

Companies are moving to adopt environmental princi-
ples of operation and to ensure that their businesses are
compatible with the goals of society. including the goals
for preserving and enhancing the quality of our environ-
ment. This trend will continue.

Business does not oppose action. But we object to
acting in haste when the consequences can be enormous
and the intended result ineffective. Business by necessity
will look at responding to global climate change from the
perspective of economic reality.

We want our actions to be supported by the science,
and we need to understand the tradeoffs between benefits
and costs. Again. as President Bush reminded the dele-
gates to the [PCC, “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."12

There are rapid changes occurring in our global econ-
omic environment. Now more than ever, we live in a
global economy. International competitiveness will be a
preeminent factor in determining not only corporate, but
national success. How our climate response strategies
affect our competitiveness must be a major consideration.

Our view is that a strong economy will be necessary to
provide the capital for investment in needed technology
and for taxpayer-financed assistance to other nations. This
last year alone has seen the demise of the centrally planned
economic systems of Eastern Europe, as citizens of these
nations cried out for freedom and a better life. They are
now endorsing market-based economies. Our policies
should stimulate the private sector’s investments in these
countries and in the developing world to both lift their
economies and improve their environments.

I recently had the opportunity to listen to a speech by
Dr. Carl Sagan, a Cornell University astronomer."> Dr.
Sagan was giving an overview of the Voyager program as
the satellite was nearing its approach to the planet Nep-
tune, I recall Dr. Sagan praising the accomplishments of
this project. indicating that Voyager had traveled to the
outer limits of our solar system, achieved far more than its
objectives, and was completing its mission on budget.
Sagan indicated that it was a wonderful thing what tech-
nology could do when it was freed up to meet this formi-

- dable challenge.

We believe that given the same opportunity to unleash
our creativity within free and strong economies, our nation
and other nations of the world will likewise respond to the
scientific and political challenges from global climate
change.
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The Secretary of Energy
Washington, DC 20585

July 10, 1990

MEMORANDUM FOR: The Honorable John H. Sununu
The Chief of Staff

The White House / /(Z//
FROM: James D. Watkins /, a__ &«/&% \_:

Secretary of E

SUBJECT: Domestic Poli Council
Direction in Global Climate
J oA

In the next few months, there will be a flurry of international
meetings to discuss responses to global warming. These include
the Fourth Plenary Intergovernmental Panel on Climate Change
(IPCC) meeting in late August, the Second World Climate
Conference in late October and early November and the
commencement of framework convention negotiations later this year
or early next year. Preparing for these meetings must be made a
major priority of the Administration.

There is no time to lose. By the end of July, we will need a
fully considered U.S. Government position on the IPCC Final
Report on Global Climate Change. As you know, John, the U.S. has
placed heavy reliance on the IPCC work. This "policymakers'
summary" is crucial. It is all anyone will ever read. It will
be a primary agenda item for the Second World Climate Conference
and will be the foundation for the framework convention
negotiations.

I believe that the U.S. position on global climate change is not
being adequately reflected in the IPCC Summary Report. Nor does
the Summa Report accurately reflect the results of the
scientific research reported in the base document. Currently DOE
and other agency staff are reviewing the document and supplying
line-by~-line comments to the State Department. However, there
appears to me to be no overall U.S. strategy for the IPCC plenary
meeting in August and the follow-on meetings. We still do not
seem to have an agenda. Instead, we are reacting, fighting off
proposals that advocate immediate action on targets and
timeframes for reducing CO2. As you know, the potential
implications to the U.S. economy of adopting premature
commitments such as this are tremendous.



: We need a better game plan for coordination and development of a
U.S. strategy on global climate. Please consider the following:

o A reaffirmation of the Administration's climate change
policy to help assure that we have a strategy that . :
clearly supports this policy. I believe we have a
sound policy which needs to be articulated in a
positive way. i '

o We need more White House guidance and control of the
| decisionmaking process. I would propose that decisions
| regarding global climate change policy should be made
only after deliberations by the Domestic Policy
Council. ‘

Ke) The DPC should focus on a two-year horizon, coinciding
with the 1992 U.N. Conference on Environment and
Development. More specifically, we need a compre-
hensive strategy that anticipates the Fourth IPccC
Plenary meeting, the negotiations on a climate change,
framework convention, and carries us out to the 1992
U.N. Conference, where a framework convention will be
signed.

o Additionally, after the establishment of our policies
and positions, we must begin to articulate our posture
through the preparation of our draft Ministerial
declarations, executive summaries and other
international documents. We need to stop merely
reacting to other countries' documents and start

( : getting our own positions on the table, early.

I believe that you share my view that we stand at a critical

| juncture in the global climate change debate. I am convinced

| that your active personal involvement is essential if we are to

| succeed in managing this issue properly. I recommend that you
chair a special committee of the DPC on developing a long~term
strategy on global climate change. We are prepared to commit
whatever resources are necessary to assist you in this effort.
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THE WHITE HOUSE

WASHINGTON

July 12, 1990

MEMORANDUM FOR JOHN H. SUNUNU

FROM: 'D. ALLAN BROMLEW/

SUBJECT: FORTHCOMING IPCC PLENARY SESSION IN SWEDEN

As you know, the final plenary session in the first round of activities of the IPCC is
scheduled to take place in Sweden in early August. This memorandum is intended as
a heads up concerning aspects of U.S. participation in that meeting.

Fred Bernthal, as Deputy Director of NSF, recognizes that the meeting coincides with
Erich Bloch’s last week on the job as Director of NSF and feels that he should be in
place at NSF. In my discussions with him, however, he has agreed that if it is felt
that his services are required in Sweden, he would be reluctantly willing to go and
perform his swan song as Chairman of Working Group #3. I believe that it is
important that he be present because otherwise we will have very little continuity with
the discussions that have led up to this final meeting and very little effective input
toward affecting the report that emerges from it. In his absence, also, we in the U.S.
will have little chance of holding the chairmanship of this Working Group.

John Knauss, the Director of NOAA, called me to volunteer to head up the U.S.
Delegation to the Swedish meeting but in order to make plans for the latter part of
the summer, he requests that he be told as soon as possible whether he should plan
on attending. Here again I think it is important for John to attend because he
brings an extensive technical background to the discussions and in that role can
complement Bernthal.

Finally, Bill Reilly has urged that Buff Bohlen, who has now been confirmed as
Assistant Secretary of State for Oceans and International Environmental and
Scientific Affairs, be named as Bernthal’s replacement as Chairman of Working
Group #3, if, as seems probable, that Working Group and the entire IPCC structure
continues to function after the forthcoming plenary. Unfortunately, although Bohlen
has extensive experience in other aspects of international environmental matters, he
has had very little contact thus far with the global climate change question and in
particular, has had no contact whatsoever with the detailed IPCC discussions.



My recommendation to you would be that Bernthal, Knauss, and Bohlen should all
attend this IPCC plenary; Bernthal, to wind up his activities and make sure that U.S.
views are properly represented in the closing discussions leading to the final IPCC
report; John Knauss, because of his technical competence and because I believe that
he would be the logical replacement for Bernthal as Chairman of Working Group #3
if it continues and if, indeed, the U.S. is allowed to retain its chairmanship--
something that is far from certain at this point. Finally, Buff Bohlen, to give him an
opportunity to become acquainted with some of the issues, meet some of the people
and become sensitized to some of the very important political undercurrents that are
conditioning activities in the global change area.

I would have some concern about naming Bohlen to the working group chairmanship
if we are given the opportunity to name the chairman at least until he has had
considerably more exposure to this whole international area, but I am quite prepared
to admit that, after some decent interval and with such exposure, he might well be an
appropriate person to replace John Knauss, if such replacement were deemed
desirable. Knauss is not an accomplished chairman although a great scientist and I
am told that Bohlen has demonstated very real abiality in runnmg meetings--both
national and internationally--very effectively.

Finally, I would welcome an opportunity, at your convenience, to discuss with you
what role you see in the future for the DPC Working Group on Global Climate
Change.
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§ The Great Climate Debate

n the waning years of the 10th cen-

tury, millions braced themselves

for the apocalypse, believing that
the approaching year 1000 was the
very millennium—the end of the heav-
ens and the earth prophesied in the
Bible’s Book of Revelation. Not surpris-
ingly, the prospect of the impending
Day of Wrath terrified normally sane
people into rash and (in retrospect)
foolish actions. Some gave away all of
their possessions; others hastened to
do harsh penance for their deeds.

In this final decade of the 20th cen-
tury, a different kind of apocalypse
causes widespread concern. This time
thé hand of God has been replaced by
more visible agents: belching smoke-
stacks, gasoline-powered automobiles,
power-generating stations and the vo-
racious destruction of forests, all of
which may be turning up the heat on
an overburdened environment. Global
climate warming, some claim, threat-
ens the very habitability of the planet.
Others hold that the predictions of en-
vironmental collapse are not well
founded and are goading us into hasty
political action. Is our planet the “En-
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dangered Earth,” as Time magazine
would have it in its 1988 year-end cov-
er story? Or is it as Forbes magazine
put it, “The Global Warming Panic: A
Classic Case of Overreaction”?

Debate in the media reflects uncer-
tainty among climatologists and geo-
physicists. Some of the world’s emi-
nent authorities on the atmosphere re-
cently hurled verbal brickbats at one
another in the pages of the prestigious
journal Science. Their charges of “junk
science” and “science by consensus” re-
flect the acrimonious nature of the de-
bate within the scientific community.
Some members of the National Acade-
my of Sciences, including one of its for-
mer presidents, charge that policymak-
ers are being induced to take unwise
actions on the basis of uncertain scien-
tific evidence. Set against this view is
the recent statement of the Union of
Concerned Scientists urging action by
the government. It was signed by 52
Nobel laureates and more than 700
members of the NAS.

In spite of the scientific uncertain-
ty, government and nongovernment
groups are rushing to outdo one anoth-
er in urging drastic action now to “sta-
bilize” the global climate. From Wash-
ington to Toronto and The Hague,
from Cairo to Moscow, international
conferences of experts and political
leaders have called for action. Soviet
President Mikhail S. Gorbachev, Presi-
dent George Bush, British Prime Minis-
ter Margaret Thatcher and French Pres-
ident Francois Mitterand share similar

views on the climate-warming issue.

Back home, debate within the Bush
administration on how the U.S. govern-

ment should act is intense. Caught be-"

Greenhouse effect and the prospect of global warming is the
subject of scientific and political controversy. Should we take
steps now to avoid consequences we cannot foresee?

tween the urgings for action from the
Environmental Protection Agency and
Congress and cautions from his sci-
ence adviser and chief of staff, Presi-
dent Bush called two major confer-
ences to address the issue of climate
warming. The first, held in April,
brought together the heads of scientif-
ic, economic and environmental agen-
cies of many governments. The second
will be an initial meeting of govern-
ments, scheduled for early 1991, to be-
gin negotiation of an international con-
vention to stabilize global climate.

hile there are still doubts in

the White House, Congress has

been environmentally hyperac-
tive. Many pieces of legislation have
been introduced to address the pre-
dicted climate warming. Leading the bi-
partisan effort have been Senator Tim-
othy E. Wirth of Colorado, Senator Al
Gore of Tennessee and Congresswom-
an Claudine Schneider of Rhode Island.
Some of this legislation is comprehen-
sive and far-reaching. It offers sugges-
tions for action on the energy, agricul-
ture and transportation fronts as well
as for intensified research.

The actions proposed would radical-
ly change the most vital functions of
human economies. They could include
such diverse actions as using energy
more efficiently, shifting the fossil-fuel
mix from oil and coal to natural gas, re-
lying more heavily on renewable energy
sources and using more nuclear and so-
lar energy. Measures could also include
implementing reforestation, phasing
out use of chlorofluorocarbons (CFC's)
and changing agricultural practices.

Policy initiatives of this kind would
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alter the technology and economics of
energy. Our use of land and water
would also need to change. Economic
growth in nations dependent on fossil
fuels might be slowed. And the prob-
lems of arresting the growth of global
population would become even more
pressing. How can national and inter-
national policy formulation be moving
so rapidly to address the specter of cli-
mate warming when agreement about
the science is lacking and the economic
and social costs of action have hardly
been tallied? At the root of this think-
ing is a confluence of diverse scientific,
economic and environmental forces.
The idea that the actions of humani-
ty might change the composition of the
atmosphere and hence the world’s cli-
mate has deep historical roots. As early
as the 1860’s, it was suggested that
slight changes in atmospheric compo-
sition might bring about major varia-
tions in climate. Increases in carbon
dioxide (CO,) and other atmospheric
trace gases can contribute to what has
been called greenhouse warming be-
cause these compounds allow the sun’s
energy to reach the surface of the
earth, thereby warming it, while pre-

venting much of that energy from be-
ing reradiated to-outer space.

At the end of the 19th century the
Swedish scientist Svante A. Arrhenius
calculated how changes in carbon diox-
ide content would affect the tempera-
ture at the earth’s surface. He estimat-
ed that a doubling of carbon dioxide
would produce a global warming of
about seven to 11 degrees Fahrenheit
(four to six degrees Celsius), not too far
off modern calculations. Yet it was only
with the inception of the International
Geophysical Year, a worldwide ex-
periment in 1957 to monitor the global
environment, that scientific data validat-

ing the increase of carbon dioxide in

the atmosphere became available.

Roger Revelle, then director of the
Scripps Institution of Oceanography,
his colleague Hans E. Suess and C. Da-
vid Keeling, his student, undertook
such measurements. Revelle had long
contended that humans were carrying
out an unintended geophysical experi-
ment on the atmosphere by burning
fossil fuels. Determined to monitor the
carbon dioxide content of the atmos-
phere, he persuaded Keeling to develop
the instrumentation.

The medsun‘ng devices were placed
in the Mauna Loa climate observato-
ry in Hawaii at an altitude of about 11,-
000 feet. Beginning in 1957, the data
they collected revealed a systematic in-
crease in-atmospheric carbon dioxide.
Keeling’s observations were verified at
the South Pole and at other locations
around the world. To date, the change
from 290 parts per million in 1880 to
352 parts per million in 1989 repre- -
sents more than a 20 percent increase
over the course of the past century.

ust before the International Geo-
physical Year began, on the oth-
er side of the continent from
Scripps, another development key
to unraveling the climatic consequenc-
es of increasing carbon dioxide emis-
sions was taking place. Under the lead-
ership of the world-famous mathemati-
cian John von Neumann at the Institute
for Advanced Study in Princeton, N.J.,
the first attempts were made to repre-
sent the atmosphere mathematically
on digital computers.
Von Neumann's team of brilliant
young scientists was headed by Jule G.
Charney. Later known as the father of

BARGES STRANDED by all-time low water levels on the Mis- of 1988. That long, hot summer thrust the greenhouse ef-

sissippi River were one effect of the record-breaking drought

fect into the public eye and set off the present policy debate.
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MAUNA LOA CLIMATE OBSERVATORY in Hawaii is located and continuing through the present, were the first to docu-
at about 11,000 feet. Data collected here, beginning in 1957 ment a steady increase in atmospheric carbon dioxide levels.

numerical weather prediction and ar-
guably the most important American
figure in the transformation of weather
prediction from art to science, Charney
demonstrated the feasibility of using
computers to perform the task. Von
Neumann and Charney calculated the
first 24-hour weather forecast in 1950
on a primitive digital computer, the
ENIAC, maintained by the U.S. Army
Signal Corps in New Jersey.

Looking beyond these efforts, von
Neumann called climate forecasting the
“infinite prediction.” One of the young
scientists in the Princeton group, Nor-
man Phillips, made the first attempt
at modeling the global atmosphere in
1956. It was coincidence that later, in
1963, an unusual laboratory of the Na-
tional Oceanic and Atmospheric Ad-
ministration (NOAA) was established
on the campus of Princeton University
under the leadership of Joseph Sma-
gorinsKy, a strong-willed and hard-driv-
ing young scientist who had been one
of von Neumann's group. The laborato-
ry was totally devoted to the mathe-
matical modeling of the atmosphere
using the largest and fastest digital
computers available.

Called the Geophysical Fluid Dynam-
ics Laboratory, the center harbored re-
searchers from many nations interest-
ed in this new approach to the study of
the atmosphere. Among them was a
young Japanese scientist, Syukuro Man-
abe. Modest and retiring but complete-
ly dedicated to the work, he developed
the first climate model in collaboration
with his colleague Richard T. Wetherald
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in the 1960’s. In 1975 they calculated
that a doubling of the carbon dioxide
content of the atmosphere would pro-
duce a global climate warming of about
five degrees F (three degrees C), aver-
aged over the surface of the earth. This
calculation has been verified in many
different laboratories and has not
changed substantially.

Keeling’s observations, together with
the calculation of Manabe and Weth-
erald, triggered the wave of climate-
change research that has marked the
past two decades. Studies have since
been undertaken in many parts of the
world, including Europe and the Soviet

Union. In the U.S. the National Reseaich-

Council conducted studies in 19686,
1977, 1979, 1983 and 1987. These in-
quiries were chaired by such leading
scientists as Gordon J. F. MacDonald,
Revelle, Thomas F. Malone, Charney,
William A. Nierenberg and economist
William D. Nordhaus.

Yet because there were no immedi-
ate consequences for human health
and no evident manifestation of cli-
mate change, the work was slow to
arouse political concern. The most po-
litically influential study was the one
prepared in 1979 at the request of
Frank Press, now president of the NAS,
who was then White House science ad-
viser to President Jimmy Carter. It was
also in 1979 that the World Meteoro-
logical Organization in Geneva, recog-
nizing the potential global significance
of the issue, convened the first World
Climate Conference.

Gradually, scientific awareness that

humanity might actually be causing a
planetary disruption began to register
in the political world. Although there
was much debate over the validity
of projections from computer models,
the observations of greenhouse-gas in-
creases, however, were precise, well
measured and verified in many parts
of the world. These were corroborated
by additional data that documented in-
creases in other greenhouse gases such
as methane, or natural gas, and CFC’s.

eanwhile mathematical-model-

ing groups in this country had

been established not only by
the NOAA but also by the National
Aeronautics and Space Administration,
the Department of Energy and the Na-
tional Science Foundation. The leaders
of these laboratories became the “gu-
rus” of climate warming. Incisive and
original in their work, Stephen H.
Schneider of the NSF's National Center
for Atmospheric Research in Boulder,
Colo., and James E. Hansen, the leader
of NAsA’s Goddard Institute for Space

Studies, were soon to become frequent

witnesses at innumerable congression-
al committee hearings on the subject.

Although the mathematical models :

of all the groups yvielded similar re-
sults, the details of the geographic dis-

tribution of climate changes differed !

from one model to the other. All pro-
jected that an increase in carbon di-

oxide would bring about a gradual -

warming, but the timing of this warm-

ing would depend on the rate of glob-

al energy use. They all agreed that
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if reasonable assumptions were made
about future global energy consump-
tion, it would be around the middle of
the next century that the carbon diox-
ide content of the atmosphere might
double.

Just how much this doubling of car-
bon dioxide would increase tempera-
tures, however, varied greatly from
model to model. Some predicted as lit-
tle as a two-degree F (one-degree C) in-
crease, whereas others predicted in-
creases of as much as nine degrees F
(five degrees C). The differences in pre-
dictions became central elements in
the debate about whether the models
were sufficiently reliable to warrant
policy actions. Further, it made a great
difference whether the actual increase
was at one or the other end of this
range. At the low end, the normal re-
silience of society would probably be
sufficient to accommodate the changed
climate. Changes at the high end por-
tended severe disruptions.

These projected temperature chang-
€s may appear innocuous because var-
iations of this magnitude are experi-
enced in the normal course of daily
and seasonal weather. Their full impli-
cations can be appreciated by noting
that it took only a two-degree F average
decrease in temperatures in Europe to
cause the run of several frigid cen-
turies (from the 1400’s to the 1800’s)

known as the Little Ice Age. Nine de-
grees F is believed to be the difference
in temperature that separates the end
of the last great ice age 12,000 years
ago from the present. Further, the pro-
jections indicate that the Northern
Hemisphere would experience in just a
half century an unprecedented temper-
ature change, 10 to 50 times faster
than the change since the last ice age.
Those who are not familiar with
mathematical models or the way com-
puters are used to make these pro-
Jections can be forgiven for being
confused—or even annoyed—by the
great disparities in the results. Among
investigators it is understood that
mathematical models are only approxi-
mations that attermnpt to simulate the
processes that govern atmospheric be-
havior. The atmosphere is so complex
that it is impossible to represent it in
very great detail in these mathemati-
cal models. It is possible to represent
only certain features and to make as-
sumptions about how the oceans and
the atmosphere interact, how the rate
at which the oceans take up carbon
dioxide varies and how clouds affect
the exchange of energy between the
earth and the atmosphere. Even the
largest computers cannot represent the
atmosphere, oceans and land surface
in fine detail. Indeed, scientists ap-
proximate the conditions in the atmos-

phere by thinking of it as a set of ob-
servations spaced about 500 kilome-
ters apart.

he political calls for action are

being played out against the

backdrop of that uncertainty. On
one side, the view is that if there is a
chance that model predictions could be
correct, the consequences could be so
dire that immediate action to arrest cli-
mate change would be imperative. The
alternative view, equally cogent, is that
commitment to action with vast eco-
nomic and social consequences is un-
warranted in light of both the scientific
uncertainty and the absence of knowl-
edge of the economic costs. John H. Su-
nunu, White House chief of staff, in re-
marks he made at the annual méeting
of the National Academy of Engineer-
ing in the fall of 1989 gave voice to this
position:

Although I agree that [global warming]
is a critical issue, the fact is that the
models with which analysis is being
done and with which policy is being
moved, as good as they may be, still are
based on element sizes measured in
hundreds of kilometers in length and
width, and tens of kilometers in thick-
ness. I suspect that no one who has ever
been involved in engineering simulation
would feel comfortable making major

/\/\'/
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Fluctuations reflect seasonal variation.
Summertime low is caused by uptake of
CO, by plants. Data were collected at
the Mauna Loa observatory in Hawaii.
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decisions in which the elements were or-
ders of magnitude greater than the de-
tails on which they were looking for in-
formation. And yet the fact is that we
are moving toward binding internation-
al policy based on conclusions being
drawn by policymakers who have no
sense at all of the difference between
the levels of confidence they should
have and levels of confidence they want
to have. A system is not valid just be-
cause it gives you the answers you
want. And yet so much policy is being
made in reaction to that principle.

The solution to the dilemma should

be simple: Since the carbon dioxide

content of the atmosphere has in-
creased by more than 20 percent over
the past century, we ought to be able to
detect the climate warming in the glob-
al temperature record during the same
period. Researchers have sought to do
this, but it is a much more difficult task
than it first appears. The problem is
that climate is always in a state of nat-
ural fluctuation. Separating out the
changes that are caused by increasing
carbon dioxide from the natural chang-
es.is tricky scientific business. More-
over, the climatic temperature record
is based on scattered and irregular
observations not taken specifically for
the purposes of determining climatic
conditions.

Even so, careful analysis of these
temperature records by scientists in
the U.S. and in the U.K. sought to de-
tect whether a climate warming has oc-
curred and whether such warming is
consistent with the prediction of the
models. The prevailing view is that the
climatic record over the past century
for the entire globe reveals a net in-
crease in temperature ranging from .5
to 1.0 degree F (from .3 to .8 degree C).
But set against this conclusion is the
disturbing result that similar increases
in temperature cannot be detected over
the past century in the U.S., where ob-
servations are numerous and accurate.

Even if the temperature rise is real, a
puzzle remains that workers have been
unable to unravel: Is the rise in global

temperatures a natural fluctuation or a
result of the increase in greenhouse
gases? All that can be said is that the
observed increase is consistent with
the lower end of the temperature in-
creases predicted by the computer
models. Consequently, the temperature
records, as well as the predictions of
mathematical models, provide sub-
stance both to those who believe the
evidence warrants action now and to
those who believe the evidence is still
too weak.

The rush to policy action was, I
believe, catalyzed by the disastrous
drought of the summer of 1988. Dur-
ing this drought, one of the worst on
record, the water in the Mississippi Riv-
er fell so low that navigation was im-
possible over long stretches, urban wa-
ter supplies were threatened and crops
throughout the grain belt were devas-
tated. Both officials and the public
wondered whether this was the green-
house effect manifest. Indeed, records
show that in the U.S. five of the years
of the 1980’s were among the hottest
on record, and the average tempera-
ture for the decade as a whole was the
warmest since instrumental records
have been kept.

rompted by heat and drought,
congressional hearings addressed
the question of whether the green-

house effect had arrived. These hear-
ings were unremarkable except for a

" statement by Hansen. When he stated

that he was 99 percent certain that the
greenhouse warming had begun, as evi-
denced by the sequence of warm years
in the 1980’'s, the public took notice.
His opinion prompted members of
Congress to consider whether the pru-
dent course was to move rapidly to leg-
islation aimed at protecting the habit-
ability of the planet from catastrophic
consequernces.

Hearings followed hearings. Both the
atmospheric researchers and the more
general environmental community be-
gan to choose sides on whether imme-
diate policy action was justified. The
reaction from environmentalists was

quick and vociferous. Several environ-
mental and scientific groups began to
advocate international agreements re-
stricting the emissions of greenhouse
gases.

At this point, some influential atmos-
pheric researchers, who believed that
policy actions were beginning to out-
run the scientific evidence, weighed in
with their views. Richard S. Lindzen of
the Massachusetts Institute of Technol-
ogy and Jerome Namias of Scripps, the
nation’s most distinguished long-range
weather-forecasting expert, wrote a let-
ter to President Bush urging that no
action be taken. Three other members
of the NAS, including its former pres-
ident Frederick Seitz, joined in a re-
port, published under the auspices
of the Marshall Institute, calling into
question the scientific basis for poli-
cy actions. They recommended a ma-
jor research program in mathematical
modeling. They pointed out that there
might be alternative explanations for
the climate warming that had taken
place. Thus, the great climate debate
had been joined.

Meteorologists did not look with fa-
vor on the prospect of yet another pub-
lic debate involving their field: they had
been proved wrong many times before.
As long ago as 1924, Sir Gilbert Walker,
then head of the British government’s
Indian weather service, discerned un-
usually close connections between rain-
fall, temperature and pressures in the
Pacific Ocean and the Indian subconti-
nent. Claims were made that the prob-
lem of forecasting the Indian monsoon
was solved. Were it true, it would have
been a great boon to Indian agriculture.

"But it was soon recognized that the

correlations had little predictive power.

Later, in the 1940’s and 1950’s,
widespread claims were made, based
on the work of the late Irving Lang-
muir, Nobel laureate from the General
Electric Company, and Vincent J. Schae-
fer of the State University of New York
at Albany, that seeding clouds with dry
ice or crystals of silver iodide could
bring about an increase in rainfall. Sev-
eral decades of research into the possi-

40 SCIENTIFIC AMERICAN July 1990




Photo Copy Preservation

bilities of increasing rainfall, changing
the intensity of hurricanes and modify-
ing hailstorms by cloud-seeding tech-
niques proved abortive.

Then, in the early 1980’s, it was pos-
tulated that dust thrown into the at-
mosphere by a nuclear exchange be-
tween the Soviet Union and the U.S.
would result in a “nuclear winter.” This
idea was deflated by Schneider and his
colleague Stanley L. Thompson, who
showed with the same models used in
the prediction of climate that the “ini-
tial nuclear winter hypothesis can now
be relegated to a vanishingly low level
of probability.”

Given this “cry wolf” history, it is not
surprising that many meteorologists
harbor deep reservations about taking
costly actions on the basis of the pre-
dictions of a climate warming. But the
push for policy has other constituents.
Climate warming also unites those who
are concerned about biodiversity and
species extinction, economic develop-
ment, human population growth, ur-
ban air pollution, acid precipitation
and ozone depletion.

Political leaders stimulated by public

concerns about environmental deterio-
ration see these issues as important
platforms and as springboards to pub-
lic office. Those interested in increasing
the competitiveness of American in-
dustry see greater energy efficiency as
an important step toward that goal. It
also serves the interest of those con-
cerned about U.S. dependence on for-
eign energy sources. The issue of nu-
clear power is also underscored. Be-
cause fossil fuels are the main source
of atmospheric carbon dioxide, strat-
egies for stabilizing climate must en-
vision non-fossil-fuel sources. Here at
last is justification that proponents of
nuclear power can forcefully advance
to support expansion of nuclear power
facilities throughout the world.

The issue of global climate warming
also offers an opportunity for advanc-
ing the “new economic order” long ad-
vocated by Third World nations. Inter-
national action will require technologi-
cal and economic assistance to such
nations if they are to participate in a
global effort to reduce atmospheric
pollution or arrest deforestation. In
fact, the world faces the prospect that
the greatest increases in emissions of
carbon dioxide will occur in developing
countries as their need for economic
growth is followed by increased de-
mand for energy.

In like manner, those interested in
arresting population growth, especially
in the Third World, point out that the
climate-warming problem is probably
not solvable as long as the number of
human beings continues to rise. After
all, it is people who consume natural
resources and energy and who farm
the land. Without population contro,

prospects for stabilizing the climate
and arresting the deterioration of the
habitability of the planet are abysmal.

re the consequences of climate
warming to be feared? People
experience extremes of temper-

ature in the natural course of events.

The fact is that we do not know .-

enough to predict the severity of the
consequences. Because the warming
would not be uniform over the surface
of the earth, it would probably produce
both winners and losers among regions
and nations. Some parts of the earth
would become warmer, some wetter
and some drier. It is not possible on
the basis of the evidence at hand to
predict who would benefit and who
would lose in such a global redistribu-
tion of so-called climatic resources.

Some aspects of global climate warm-
ing would be greatly beneficial in the
view of agricultural researchers. In-
creased carbon dioxide will foster more
active photosynthesis and enhance crop
growth, to say nothing about the low-
ered plant requirements for water in
a COr-enhanced atmosphere. In the
words of Jerry D. Mahlman, director
of the Geophysical Fluid Dynamics Lab-
oratory, “The things we can say with
confidence, the policymakers are not
interested in. And the things [they]
are interested in, we don’t know with
confidence.”

Models do, however, agree that the
polar regions of the world would un-
dergo greater increases in temperature
than would the tropics. Some of the
projections of temperature increases in
polar areas are startling in their magni-
tude, predicting as much as 18 degrees
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F (10 degrees C) on the average in the
Northern Hemisphere and only slight
increases in tropical regions.

What are the general consequences
of such a change in the temperature
difference between equatorial and po-
lar regions? We experience similar dif-
ferences every year as the seasons
change. In summer when arctic tem-
peratures are warm, we do not suffer
the great storms of winter; precipita-
tion belts move farther north. Areas
such as the southwestern part of the
U.S. experience very dry conditions.

If arctic regions were to undergo sig-
nificantly greater warming than equa-
torial regions and if precipitation belts
were to move farther north, countries
in the north temperate and polar zones
would probably stand to benefit great-
ly. Their growing season would length-
en, and their precipitation would in-
crease. With suitable soils, agriculture
might thrive. These are speculations,
however.

in “scenarios” asking the ques-

tion, What if? Unfortunately, an
infinite number of such “what if” ques-
tions may be asked. What if the flow
of rivers in the American Southwest, al-
ready fully utilized, were to be reduced
by 20 percent? What if temperatures
were to increase in the corn belt and
precipitation were to move farther

f ;uch speculations are formulated

north? What, then, would be the conse-
quences in the U.S. for agriculture, for
resource availability, for energy genera-
tion, for national parks and conserva-
tion of nature?

The consequences of changed cli-
mates can be seen in historical records
going back thousands of years, and
we have seen them in recent climatic
events. We know, for example, that the
Danes were able to settle Greenland
and the Vikings to sail the North At-
lantic to North America during a period
of warm climate around the year 1000.
Then a significant change in climate
caused the collapse of the Danish set-
tlements, prevented further explora-
tion of the North American continent
and ushered in the Little Ice Age. In
just the past few years we have wit-
nessed the effects of drought in the
Sahel region of Africa and northeast
Brazil, as well as in parts of North
America.

Such scenarios can suggest apocalyp-
tic possibilities. A recent film in the In-
finite Voyage television series showed
the U.S. Capitol under water as the re-
sult of one possible climate-warming
scenario. Some foresee vast migrations
of people as areas of the world become
uninhabitable. Others see threats to na-
tional sovereignty and national securi-
ty. President Gorbachev has stated that
ecological security, not military secur-
ity, will be the principal concern of

all nations in the next century as en-
vironmental conditions cause disrup-
tions worldwide.

But scenarios should be qualified
with the caveat that although the events
portrayed might in some cases be plau-
sible, they are not real predictions.
What, then, is a wise course in the face
of great uncertainty? Clearly, it would
be one that recognized uncertainty but
would not permit that uncertainty to
forestall action. Steps for which oth-
er economic and environmental rea-
sons make sense would be taken first,
whether or not a climate warming is
taking place [see “The Changing Cli-
mate,” by Stephen H. Schneider; SCIEN-
TIFIC AMERICAN, September, 1989).

Then, as scientific knowledge re-
duced uncertainties, more costly meas-
ures could be taken if warranted, hence
closely tying policy actions to the state
of knowledge. Scientists and others
have called this a “no regrets” policy.
In gambling it would be known as
“spreading your bets.”

A recent report of the Council of Eco-
nomic Advisers lends weight to this ap-
proach. It states that the cost of con-
trolling carbon dioxide emissions and
of taking other actions to address cli-
mate change would run into hundreds
of billions of dollars. Because such real-
locations of resources raise the spec-
ter of grave economic consequences,
we need to be reasonably sure such ac-
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.tions are worth the cost. Any rational
no-regrets policy would foster as one
of its prime objectives adequate invest-
ment by governments in global moni-
toring and mathematical modeling to
reduce the scientific uncertainties.
Where might we start? Energy con-
servation and efficiency along with the
phaseout of CFC production would be
the first priority for national and inter-
national action. Achieving greater ener-
gy efficiency justifies itself handily in
economic terms. Increased energy effi-
ciency would also ameliorate urban air
pollution and acid precipitation. Shifts
in the fossil-fuel mix from coal and
oil to natural gas could significantly
reduce carbon dioxide emissions per
thermal unit. Technology is also avail-
able for more efficient power genera-
tion and for increased gasoline mileage.

isdom would also dictate
major investments in non-
fossil-energy sources. The cir-

cumstances favor significant new in-
vestments in passively safe, publicly
acceptable nuclear power. Further de-
velopment of forms of solar energy—
photovoltaics or biomass, for exam-
ple—makes good sense. Reforestation
and forest preservation constitute a be-
nign policy that yields many ecological
and climatic benefits. Research aimed
at producing stress- and disease-resis-
tant crops would also be wise.

The public, however, must not be
misled. These no-regrets initial policy
steps will not solve the climate-warm-
ing problem. Their effectiveness will
only modestly retard climate warming,
and the future may require more dras-
tic actions. No matter what policy ac-
tions we take, fully arresting the cli-
mate warming just does not seem to be
in the cards.

The difficulties of reaching an inter-
national agreement on procedures for
mitigating climate warming will be dif-
ficult and lengthy. The negotiations for
the Law of the Sea Treaty provide a
good lesson. They consumed 15 years
and produced a treaty that the U.S. has
yet to sign because of demands by de-
veloping nations for significant tech-
nology transfer and economic assis-
tance. These issues will be even more
complicated and more pervasive in any
“Law of the Atmosphere Treaty.”

It is likely that humanity will have to
adapt to some climate changes. Modes
of adaptation by society have not been
well studied. Individuals, corporations
and communities can adapt to climatic
vicissitudes in myriad ways. Farmers
can change crops, water use can be reg-
ulated and management practices can
be altered.
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Other modes of adaptation would
be needed if climate changes were
severe. Sea-level rise, which is one
of the predicted concomitants of a cli-
mate warming, might inundate low-ly-
ing coastal areas and cause salt water
to intrude into freshwater bodies. Were
this to occur, society would have to
decide whether to invest in protective
structures along coasts or adapt by
changing land-use patterns. The North
Sea dikes in the Netherlands are an
outstanding example of adaptation to
relative rise in sea level.

Some adaptations would take consid-
erable time to implement. If the price
of energy were to escalate, energy-effi-
cient habitations would be necessary.
Present cities with their great suburban
sprawl are not energy efficient, and
so we might return to more compact
cities. If we chose to maintain agricul-
ture in dry areas, society would need to
decide whether to invest in the nec-
essary irrigation systems. In fact, the
economic growth of the entire west-
ern part of the U.S. has been based on
major investments in water storage
and transport for irrigation and indus-
trial use.

Fortunately, time may for once be
on our side. Governments generally act
only when threats become real. They
act in the face of military threats or
when areas are endangered and de-
stroyed by natural disasters. If the cli-
mate changes, the expectation is that it
will do so gradually. We should be able
to see the initial evidence of coastal in-
undation in an increasing frequency
of high tides and in the undercutting
of seacoasts. Climate warming itself
should be evident in a rising frequen-
cy of heat waves or in other weather
anomalies. The effects of a global cli-
mate warming are likely to take 30 to
50 years to become serious, and that
is a long enough span in which ac-

tions to adapt to these changes should

.be possible.

What of the debate in the atmospher-
ic, environmental and political com-
munities? Our global environment is

under attack on many fronts. Climate

warming is but one, perhaps the most
complex, of these issues. If the changes
occurring in our atmosphere are likely
to cause consequences, we must under-
stand the problems and promote sen-
sible policies to remedy them. What
would be unwise is to lapse into apoc-
alyptic thinking or ostrichlike denial..-
We like to believe ourselves far more
sophisticated, more enlightened, than
preceding generations. Until we can
calmly and objectively approach our
environmental challenges without pro-
moting public hysteria and exciting
shortsighted, self-interested reaction,
we cannot claim that we are.
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