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MEMORANDUM 

TO: 

FROM: 

SUBJECT: 

THE ISSUE 

Dr. Ralph Bledsoe 
Domestic Policy Council 
The White House 

United States Department of State 

Assi-stant Secretary of State for Oceans and 

lntematwnal Environmental and Scientific Affairs 

Washington, D.C. 20520 

January 15, 1988 

Richard J. Smith, Acti~ 

Global Climate Change 

Global climate change poses policy issues of major 
importance to the United States Government. The topic has 
become a focus of interest in the Congress, in the media, and 
in international organizations. 

As scientific research on global climate change has 
advanced over the past decade, global warming has become an 
issue in national and international fora. Significant 
uncertainties remain about the magnitude, timing and regional 
impacts of climate change. Still, global warming at an 
unprecedented rate in the corning decades appears likely, as a 
result of human activities (e.g., emissions of CO2, NOx, 
CFC's, and deforestation). Global warming within a century 
could be greater than that experienced over the past 10,000 
years. The resulting changes will surely have broad 
implications for U.S. domestic and international policies. 

AN ACTIVE INTERNATIONAL AGENDA 

Various individuals and agencies of the u.s. government 
have participated and will participate in a complex agenda of 
international activities addressing this issue. For example: 

The World Climate Program (WCP), : sponsored by the World 
Meteorological Organization (WMO), the U.N. Environment Program 
(UNEP), and the International Council of Scientific Unions 
(ICSU), recently has begun to focus more on changes in the 
decades-to-centuries time scale (it has traditionally focused 
on weather and seasonal-to-interannual variations). 

A conference sponsored by UNEP, WMO and ICSU on the Role of 
Carbon Dioxide and Other Greenhouse Gases in Climate Variations 
and Associated Impacts was held in Villach, Austria, in 1985. 
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A non-governmental Advisory Group on Greenhouse Gases 
(AGGG) was established to follow up on the 1985 Villach 
recommendations. On the AGGG's recommendation, UNEP, WMO and 
!CSU sponsored workshops on the science and response strategies 
in Villach and in Bellagio, Italy in 1987. 

Planning has already begun for the WCP's Second World 
Climate Conference, to be held in 1990. (The First World 
Climate Conference was in 1979.) 

In response to the recommendations of the World Commission 
on Environment and Development (WCED), the Canadian Government 
has announced a major, policy-oriented conference on "The 
Changing Atmosphere: Implications for Global Security," to be 
held in Toronto in June 1988. Lee Thomas, Bill Nitze and other 
Administration officials have been invited. 

Last summer, the UNEP and WMO governing bodies called for 
establishment of an intergovernmental panel to assess the state 
of scientific knowledge about the magnitude, timing and 
regional impacts of climate change, in order to lay a sound 
basis for consideration by governments of possible responses. 

The UNEP Governing Council also requested its executive 
director to report to the next GC on "the full range of 
possible responses by Governments and international agencies to 
anticipated climate change, including possibilities for 
reducing the rate of climate change .... " 

The OECD will consider at its spring Environment Committee 
meeting a work program in this field. 

Proposals are currently under consideration in the 
Conference on Security and Cooperation in Europe (CSCE) for a 
statement on climate. 

The International Geosphere-Biosphere Program (IGBP), being 
developed under ICSU, is a major multidisciplinary research 
program which will extend through th~ 1990's. U.S. 
participation is coordinated by the National Academy of 
Sciences, with extensive executive branch participation. For 
example, Dr. s.r. Rasool of NASA is coordinating a 
multinational IGBP group on data, which will hold a conference 
in Moscow in August 1988. 

At the u.s.-soviet summit, the President and General 
Secretary Gorbachev approved a bilateral initiative to pursue 
joint studies in global climate and environmental change under 
our bilateral environmental and space agreements. The joint 
statement also said the two sides will continue to promote 
broad multilateral cooperation in this field. 
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DOMESTIC AND INTERNATIONAL POLICIES 

It is imperative that we develop coherent domestic and 
international policies to deal with this issue. The global 
change issue is inherently international; domestic policies and 
activities must take this into account. Conversely, positions 
the United States takes in international fora must be fully 
consistent with domestic policies. U.S. credibility on this 
issue will be enhanced internationally if we have a coherent 
national policy. 

The Global Climate Protection Act of 1987, incorporated in 
the State Department authorization, states: "The Secretary of 
State shall be responsible to coordinate those aspects of 
United States policy requiring action through the channels of 
multilateral diplomacy .... " The Act also states: ''The 
President, through the Environmental Protection Agency, shall 
be responsible for developing and proposing to Congress a 
coordinated national policy on global climate change." 

RECOMMENDATION 

To assist the Department of State in fulfilling its mandate 
under the Global Climate Protection Act, I recommend that the 
Domestic Policy Council, through its Working Group on Energy, 
Natural Resources and the Environment (ENRE), take up the 
global climate issue. The ENRE Working Group, and as 
appropriate the DPC itself, should participate in developing 
U.S. positions on this issue in international fora, by 
providing guidance on relevant domestic policies. 

I suggest the issue be placed on an early ENRE agenda, that 
the appropriate scientific agencies be asked (perhaps through 
the Committee on Earth Sciences) to provide a briefing on the 
state of the science, and that I provide a briefing on the 
international agenda. 

The National Climate Program Policy Board should, I 
believe, be asked to keep the DPC informed (through ENRE), to 
refer issues as appropriate, and to ~evelop options for 
consideration by ENRE on climate policies. Agencies should be 
asked to see that their participation in the Climate Board is 
at an appropriate level. (The Climate Board will also keep the 
Committee on Earth Sciences informed, particularly on science 
and program coordination aspects. As noted by Dr. Graham at 
the CES meeting last month, CES will work with the DPC on the 
science side.) Other relevant bodies (e.g., the Panel for 
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International Programs and International Cooperation in Ocean 
Affairs, the Interagency Group on Space Activities) should 
coordinate with and refer issues to the DPC as appropriate. 

NASA (which has a major earth observation program) and NSF 
(which funds numerous domestic and international environmental 
research programs) should be invited to participate in ENRE 
meetings when global climate issues are on the agenda. 

AN IMMEDIATE ISSUE 

We should bring to the Working Group's attention now the 
U.S. position on the WMO/UNEP intergovernmental panel. We want 
to make the panel a responsible, workable forum for governments 
to consider what we know, what we need to know, and how the 
international community can and should respond. 

The Climate Program Policy Board is preparing a paper on 
the U.S. position on the intergovernmental panel. We plan to 
have the U.S. permanent representative to the WMO (Richard 
Hallgren of NOAA) circulate the paper at a February 8 meeting 
of the WMO Bureau. In this way, we expect to be able to have a 
significant impact on shaping the intergovernmental panel. The 
paper will also guide U.S. representatives in consultations 
with the PRC and the Soviet Union in late January and early 
February, in order to lay the groundwork for the WMO Bureau 
meeting. We expect the paper to be ready later today, 
reflecting the discussion in this morning's Board meeting. 



MEMORANDUM FOR: 

FROM: 

SUBJECT: 

Ralph Bledsoe 

UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
Washington, O.C. 20230 

OFFICE OF THE GENERAL COUNSEL 

JAN 2 2 1988 

Executive Secretary ' 
Domestic Policy Council 1lfo A/2 

J. R. Spradley 1m ';tlt 
Deputy General Counsel, NO~ 

Global Climate 

I recommend that the DPC Working Group on ENRE address global 
climate. 

Attached is a draft u.s. Position for the establishment of 
an Intergovernmental Panel on Climate Change. Attachment A. 
The proposal calls for the Panel to carry out: I. Assessment 
of the Science~ and, II. Assessment of the Social and Economic 
Effect of Climate Change and Societal Responses. 

U.S. scientists are meeting with representatives of China 
(Jan. 28, here) and the u.s.s.R. (Feb. 1, there) and at WMO 
(Feb. 8) to discuss, inter alia, global climate. In addition, 
Canada is hosting a conference on global climate on Jan. 
27-30, 1988, in Toronto. Attachment B. Most importantly, 
the Congress has directed the President to develop a policy 
on global climate. Attachment C. 

Given the status of these activities it is appropriate and 
timely for the DPC to review the subject and establish a policy. 

Attachments (3) 



MEMORANDUM FOR 

FROM: 

SUBJECT: 

THE WHITE HOUSE 

WASHINGTON 

November 3, 1986 

THE WORKING GROUP ON ENERGY, 
ENVIRONMENT 

RALPH C. BLEDSOtf:ttt_,~ 

Agenda for Next Meeting 

NATURAL RESOURCES AND 

The next meeting of the Working Group will be on Wednesday, 
November 5, 1986 at 10:00 A.M. in Room 208 of the Old EOB. The 
major topic of discussion will be global climate change, 
background materials for which are enclosed. 

Enclosure 
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DRAFT 

DISCUSSION MATERIAL: 

o NATURAL VARIABILITY OF THE 

CLIMATE SYSTEM 

o THE POTENTIAL FOR MAN MADE 

CHANGE 

o ECONOMIC AND STRATEGIC 

IMPLICATIONS OF GLOBAL 

CLIMATE CHANGE 

NOVEMBER 1, 1986 



Fig. 1. Earth photo from space. 
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Fig. 2. Schematic of Earth's clilllate system. 
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DRAFT 
NATURAL VARIABILITY OF THE CLIMATE SYSTEM 

To understand. the present implications of global climate change, some 

perspectives on the natural variability of the Earth's climate system are 

needed. 

'Ihe Earth's climate system (Figures 1 and 2) comprises the 

abnosphere, the hydrosphere, the geosphere, and the cryosphere. Each of 

these components embodies numerous processes that determine its role in 

the system, and each interacts strongly with the other. 

large changes in the climate system are thought to result in part 

from changes in external forcing factors such as solar radiation, Earth's 

rotational effects, or (some have argued) meteor iltlpacts. other changes 

occur because of alterations in processes internal to the climate system, 

greenhouse wanning or sea level changes, for example. 

'Ihis complex array of interacting components, each of which contains 

a variety of processes that strongly affect one another, constitutes what 

scientists call a highly interactive nonlinear system. 'Ihe most relevant 

single feature of such a system (for this discussion) is the fact that it 

is inherently non-intuitive: altering one process will generally have 

complex effects throughout the rest of the system, many of which cannot 

readily be foreseen. 

3 
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DRAFT 
One helpful perspective on global climate change is provided. by 

temperature data for the past hurrlred thousarrl years (Figure 3) . 

Examining the longest record in Figure 3D, we see the periods of 

relative cold, the well-knCMn ice ages, the last of which occurred 

approximately 20,000 years ago. The average temperature at the surface of 

the Earth is estimated to vary over a range of approximately 100c in major 

ice age events. 

The effects of such a change can be seen in Figure 4, which 

delineates the areas of North America and Europe covere:I. by polar ice in 

the ice age that occurred arourrl 20,000 years ago (see Figure 3C). 

If we examine the period of the last thousarrl years, the average 

temperature of the Earth is kna'1I1 to have varie:I. by approximately 1.50c 

(Figure 3B). This change produce:i some rerrarkable results. The period 

which began arourrl 900 or 1000 AD was knCMI1 as a m::xiest "climate optimum" 

and was folla.ved. by a cooling arourrl 1300 that led. to the well-knCMn 

"Little Ice Age" in northern Europe. 
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Fig. 5 . Frost fair on the Tharres . 
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DRAFT 
Englan1 enjoyed. a relatively mild climate during the optimum period; 

wine vineyards, for example, were wide-spread. At the same time Greenland 

experience::1 a mild, ice free climate quite tmlike that of today. Figure 5 

depicts the contrasting situation that existed in Englan1 only a few 

centuries later during the Little Ice Age. The figure is a contemporary 

wood cutting of a frost fair (winter festival) on the 'Ihames in lorx:ion, 

where a snall semi-pennanent city arose on the frozen river. 

Neither of these extremes is representative of the climate existing 

in Englan1 or northern Europe today, yet each occurred in relatively 

recent historical time. 

The magnitude of associated temperature changes in England is shown 

in Figure 6, for purposes of later conparison. 'Ihe Clll:Ves reflect the 

average annual temperature cycle for the wannest an1 coldest decades on 

record in central Englan1. They irx:iicate that the climate of central 

Englan1 during the Little Ice Age and the present more temperate climate 

of today differed. by approximately 1 1/2 - 2°c in regional average 

temperatures. 
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DRAFT 
Global temperature averages over the last century (Figure 3A) have 

typically varie::i within the range of o.sOc, but until recently the global 

tren:lS were not particularly well-knc:Mn. 'lhe lOC)S't recent c::cmputation of 

the global temperature over the last century is shown in Figure 7. An 

overall increase of approxilnately 0.50c is iniicate::i over the last 

centul:y. But an unambiguous interpretation of the increase is made 

difficult by the relatively steady value from 1940 to 1980. In other 

words, there is more than one way to view Figure 7, and cautious 

interpretation is required. The implications of the data in this figure 

are still being debate::i by scientists. 

Examination of the average annual temperature in the U.S. over the 

last century (Figure 8) reveals another inportant feature of the climate 

system. This curve is characterized by year to year (interannual) 

variability that is nn.ich lai:ger than any long-tern trerrls over the same 

period. The typical year-to-year difference in the average annual 

temperature for the U.S. is slightly greater than the difference in the 

mean temperatures of northern Europe between the present and the Little 

Ice Age of the 1600 1s. 'Ihis strong regional signal, greatly rectuce::i in 

global averages, is typical of the Earth's climate system. In general, 

local variations in climate can exceed global averages several times 

over. 

Strong interannual variability in climate will later be shown to 

produce highly variable human conditions. This feature of the climate 

system is now ]mown to be a result of year-to-year changes in the 

abnospheric heating patterns in the tropics. 
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DRAFT 
Figure 9 depicts the nonnal pattern of atll\ospheric heating in the 

tropics. Most of the heating which fuels the global atll\ospheric 'heat 

engine' occurs over the continents of South America arrl Africa arrl at the 

maritime continent centered over Irrlonesia. 'Ihe center of maritime 

heating dominates the other two since it provides IrOSt of the moisture to 

the tropical atmosphere. 'Ihis center of heating is also critically 

important because it can m::,ve away fran its nonnal position (unlike the 

other two) as a consequence of major changes in urrlerlying oceanic 

conditions. 

These changes in the position of the atmosphere's principal source of 

heat occur frequently but irregularly arrl are accampanied. by unusually 

wann water in the central arrl eastern tropical Pacific (Figure 10). The 

"anomalies" indicated. in this figure are departures from the tenperatures 

normally obsexved. in the ~ion. This Pacific OCean wanning phenomenon is 

knc,..m as El Nino; the strongest such variation occurred. recently, in 

1982. 
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DRAFT 
'Ihese shifts in atmospheric heating patterns pericxlically alter the 

circulation of much of the Earth's atmosphere. In an El Nino event, the 

Earth's nonnal pattern of high arrl low pressure systems is altered as 

shCM11 in Figure 11. In this figure the cloud depicted at the equator 

represents an area of abnonnal atmospheric heating that, in tum, produces 

a pattern of altered atmospheric n-otions. 

'Ihe change in atm::,si;:heric circulation can produce a variety of 

effects globally. In an El Nino like the one in 1976-77 (Figure llA), a 

relatively mild winter was experienced in the southwestern United States. 

'Ihe atmospheric circulation shifted the winter jet stream over the western 

U. s. northward, deflecting cold arctic air away from that region. 'Ihe 

northeast U.S., on the other hand, experienced unusually cold winter 

conditions. 

For the contrasting case of the 1982-83 El Nino, the changes in 

atm:::>spheric circulation produced a highly intensifie:i pattern of severe 

storms hitting the southwest coast of the United States (Figure llB) . 

This changing pattern of atmospheric heating in the tropics 

constitutes one of the IOC>St important features of climate variability. 

Excepting locally intense features such as regional drought, it is the 

strongest global climate signal to which man is presently subjected. 

Another of the worldwide features associated with interannual changes 

is represente:i in Figure 12. 'Ihroughout much of the world, there is a 

strong year-to-year variation in precipitation that results from changing 

tropical heating patterns. 'Ihis strongly vazying precipitation will later 

be sho.,m to affect human society in fundamental ways. 
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DRAFT 
'IHE rorENTIAL FOR MAN-MADE CHANGE 

We are nCM faced with the fact that human activity is unquestionably 

a factor in the global climate system. Several recent tren:ls have left 

little doubt that man can influence climate in inportant ways. 

Man has little knCMn effect on the year to year variability discussed 

above, but appears to be increasingly able to prcxiuce inadvertent change 

on the decadal time scales shc,.,m in Figure 3A. 

One sign of man's effects on the climate system is seen in the steady 

up,vard trend of atm::>spheric carbon dioxide concentration shCMn in Figure 

13. Since the up.,rcrrd trend began in the 1800' s an:i has accelerated into 

the present, these concentrations are thought to be due in large part to 

the burning of fossil fuels, continually increasing since the Industrial 

Revolution. 

The effect of increasing carbon dioxide in the atm::>sphere is to 

increase the ability of the Earth's climate system to retain solar 

radiation. 'Ihis change in the Earth 1s radiation balance is the well-kna-m 

atmospheric greenhouse effect. 

15 



16 



DRAFT 
Many scientists fear that the~ trend in carbon dioxide will 

continue an:i that it will be acccxrpanied by a global wanning. Recent 

research has irrlicated that other atmospheric trace gases, such as methane 

or nitrous oxides, may produce greenhouse effects comparable to those of 

carbon dioxide. Estinates of the projected magnitude an:i timing of 

greenhouse wanning vacy widely, but a 2oC global wanning is possible in 

the next few decades. As with irost clinate variations, the resulting 

regional changes would be even larger if this were to occur. 

Unfortunately, we cannot state with high confidence that such a wanning 

will or will not occur. 

Another of man's potential influences on clinate is related to the 

ozone layer found in the Earth's stratosphere. One of the principal roles 

of the Earth's ozone layer is to absorb ultraviolet solar radiation that 

would other.vise be extremely hannful to life on Earth. Man made 

chlorofluorocarbons (CFC's) escapin;J to the atm::>sphere are believed to 

alter the amount of ozone in the Earth's stratosphere (upper at:Irosphere) 

through a complex series of chemical reactions. 

CFC's are used in a variety of hUIMn activities, principally as 

refrigerants, synthetic foams, arrl aerosol spray propellants. Concern 

over their possible role in depletion of the Earth's stratospheric ozone 

layer led the U.S. to ban their use in spray cans several years ago. 

17 
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DRAFT 
One recent an:1 potentially alanning ozone trerx:I. is shCMI'l in Figure 

14. Each year, after the long solar winter in the southern hemisphere, a 

large area of lCM stratospheric ozone concentration is found in the 

Earth's a'brosphere over the Antarctic. After a period of several weeks, 

the ozone layer generally recovers to ooncentrations near its nonnal 

(annual average) value. 

For the past several years, the ozone concentration during this 

annual period of lCM values has decreased.. 'lhis ever-deepening "ozone 

hole" has many Earth scientists concerned, because it corresporrls to the 

period over which CFC concentrations in the stratosphere have marke::lly 

increased. (CFC's are very stable compounds, released at the Earth's 

surface, that take many years to firrl their way to the stratosphere). 

There is not yet an unambiguous interpretation to the data in Figure 

14. The ozone hole may be a natural phenomenon, or the CFC hypothesis may 

~ proven correct. Research is un:iei:way to determine the answer. 
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DRAFT 
Trerrls in concentrations of greenhouse gases such as carbon dioxide, 

accarnpanied by unexplained changes in the Earth's ultraviolet radiation 

shield, have place:1 irodem societies in an increasingly uncertain position 

with respect to global climate change. 

A decade ago it was argued that the Earth was cooling am that this 

tren:i would be accelerated by man's increased release of particulates into 

the atmosphere (sm::ig) . 

Na,; we are face:1 with some evidence that the increasing concentration 

of greenhouse gases, again enhance:1 by hmcian activity, may be prcxiucing a 

global wanning beyond that which our society could reasonably tolerate. 

We must , therefore, recognize that we face a heightened "envelope of 

uncertainty" in projecting natural or man made changes in the global 

climate system over the next century (Figure 15). And we must consider 

carefully the associated effects to which man's institutions must 

increasingly be prepared to respond. 
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DRAFT 
EroNa.rrc AND STRA'I'ffiIC 

IMPLICATIONS OF GIDBi\L CLIMATE rnANGE 

'Ihe effects of climate variability on human activities, on the 

stability of societal institutions, am even ai the F.arth's ability to 

sustain life, have always been exceedi.rgly difficult to quantify. Climate 

patterns are deeply ingrained in virtually all human activities, am we 

are often unaware of the extent to which societies are built arourrl knCMn 

climate variability and of their continuing vulnerability to climate 

change that cannot be projected.. 

The effects of climate change on human activities can be viewed. in 

two ways: (1) year-to-year (interannual) variability in climate has 

profound economic and strategic implications as we adjust (or fail to 

adjust) to real or projected. change, and (2) long-tenn (interdecadal or 

longer) changes have imposed. limits on human activities throughout 

history, affecting even the basic stability of social structures. The 

second of these effects goes beyond anything that can be readily 

quantified. The climate of Greenland during the climate optimum of the 

last millenium was unusually mild by tcrlay' s standards. A viable agrarian 

society was sustainable (hence the name Greenlan:i), am the lan:i was 

extensively colonized. by northern European societies. 'Ihe demise of that 

culture in Greenland, due to climate change, is clearly beyond any 

quantifiable significance to the :people who live there. 
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DRAFT 
The shorter tenn effects of climate change can be oore readily studied, 

and some attempts have made to estimate their importance. It must be 

enphasized that climate assessments are presently limited in scope; nruch of 

the available evidence is aneaiotal. A review of some of the quantifiable 

evidence available is helpful in estimating the probable magnitudes of climate 

effects. 

Consider first a climate system in which much of the variability in 

agriculture can be related to a single variable. Australia, for example, has 

a climate system in which nruch of the agricultural productivity depends 

strongly on annual rainfall in different regions of the country. such a view 

is an over si.n-plification, but it is nevertheless illuminating for those 

tropical regions of the world that are subjected to m::>nsoon changes. 

One of Australia's leading climate scientists has identified a corrponent 

of Australian precipitation patterns that he believes can be related to nearby 

sea surface temperature, and is thus predictable. His work is focused on this 

single, potentially predictable corrponent of rainfall in order to examine how 

well it correlates with Australian crop yields. A greatly si.n-plified 

representation of the work is sha.m in Figure 16. 'Iwo features of this 

diagram are relevant: (1) the extreme year-to-year variability of crop yield, 

and (2) the extent to which crop variations can be tied to a precipitation 

in:iex that is believed to be predictable. 

Note that the magnitude of the crop variations is on the order of $2 

billion annually. The ootive for pursuing such work is to predict parameters 

affecting crop yield and, through agricultural adjusbnents, to reduce the 

magnitude of the variation in yield. The extent to which this can be achieved 

is not presently known. 
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DRAFT 
Turning to the climate system in the United states, the picture is 

more complex and single parameter descriptions are much less useful. This 

makes the system more difficult to predict and makes climate ilrpacts 

harder to quantify. 

The variability of U.S. climate as it affects agriculture in the 

central United States is shown in Figure 17. An irxiex of drought (Palmer) 

must be used that incorporates rainfall, temperature, arrl soil roisture 

into a single variable. The year-to-year variability that characterizes 

the temperature record alone (Figure 9) is transformed so that the mid

western U.S. is subject to moderately strong year-to-year variability with 

cycles of major drought that can last several years. 'Ihese drought cycles 

result in part from a soil moisture feed-back mechanism that further 

decreases precipitation after periods of heat or lCMered rainfall. The 

most notable cases of multi-year drought are the dust bc:Ml years of the 

1930 1s (Figure 18) and the severe drought of the mid-1950's. 
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ORA.FT 
It is also !X)Ssible for the U.S. to experience relatively severe 

drought of only one or two years duration. One such case, for which 

attempts have been made to quantify inpacts, oc:curre:i in 1980. 

03.ta in Figure 19 were canpiled durirq the 1980 dralght, and irxlicate 

that the combined effects of drought and heat wave had grown to the range 

of $15 - 20 billion before the errl of the year. When the costs of the 

1980 drought were quantified in retrospect, the total loss figure had 

grown to over $30 billion. 

The extreme variability in U.S. agricultural and other losses is 

shown in Figure 20, which spans a period of three years and includes the 

effects of the 1980 drought. :t-ruch like the climate system itself, 

estbrates of U.S. losses due to climate variation show strong year-to

year variability, with a "signal" on the order of tens of billions of 

dollars. 

The variable U.S. costs for such thirqs as agricultural adjustments, 

fuel distribution and CO!'lSUil'4?tion, or property replacement are in large 

measure tied to climate. More specifically, they are a reflection of the 

fact that our yearly cycle of climate change is not regular, but has a 

strongly varying character that we cannot yet predict. 
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ENERGY VARIABILITY 

• Average U.S. Heating Bill, ' 
October-April 

$46 Billion 

• Weather Variability ±10% 

$9 Billion Range 

Fig. 21. Estimates of variable U.S. heating energy costs. 

'' I referenced the fuel bill impacts of last winter 
(76-77) as in the range of $4 to . $8 billion. That is purely 
on the fuel bill alone. We have done some very rough 
estimating of the overall impact on the economy, and it 
is something in the range of $20 billion. Probably, had 
we known in advance, as little as 6 months in advance, 
there would have been the possibility of reducing that 
cost by half by simply positioning fuel stocks at a time 
when we could, for example, move them to the river 
system before the river system was frozen.'' 

John F. O'Leary, Administrator, 
Federal Energy Administration J 

Fig. 22. Quotation from congressional testbrony. 
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It is particularly inportant to consider what portion of costs can be 

avoided through successful prediction of climate ch.an;Je. Little 

comprehensive infonnation is available, but some outstanding examples 

exist. One estimate of the approximate level of sperrling for winter 

heating bills in the United states is shown in Figure 21. Year-to-year 

variations in fuel costs (largely due to aggregate effects of weather) 

have a range of approximately $9 billion. 

In 1976-77 one of the strong interannual events associated with El 

Nino produced an unusually cold winter in the northeast U.S. 'Ihe value of 

reducing losses associated with this event through prediction arrl 

strategic location of fuels is suggested to have been in the range of $10 

billion (Figure 22) . An opportunity of this magnitude does not happen 

every year, but events of this type have occurred every three years ( on 

average) for the last two decades. 

Scientists nCM believe that strong interannual events like this are 

potentially predictable, although successful predictions have not yet been 

achieved. 
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Fig. 23. Figures corrpiled by National Climate Program Office. 

"Ray Daniel of Chase Econometrics notes 
. that if planners had known that drought 
would reduce corn farmers' production 
by a billion bushels in 1983, they could 
have saved $20 billion on the payment
in-kind program ... " 

Technology Review 

Fig. 24. Quotation from Mrr publication. 
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DRAFT 
Another ki.n:::l of climate information of strategic value to the United 

States is suggested in Figure 23. 'Ihe long-tenn nature of African drought 

is a well-knCMn phencnrenon. 'Ihe situation has been getting progressively 

worse for three decades, yet U.S. aid still exhibits strong year-to-year 

variability. The striking feature of Figure 23 is the extreme interannual 

variation that, again, reflects strong interannual changes in 

precipitation (recall Figure 12). 

Information such as this raises the possibility of anticipating at 

least some critical needs before they arise arrl, through preparation, to 

relieve human suffering arrl reduce associated costs. 

A more striking indicator of ha-1 we unthinkingly incorporate climate 

information (or fail to) in societal planning is indicated by the quote in 

Figure 24. In 1982-83 another of the major interannual clilllate events 

discussed earlier took place. A new program (Payment-in-Kin:i, or PIK) 

for holding U.S. agricultural larrl out of production was introduced at 

the same time the global clilllate system was preparing the United States 

for a significant drought. The quotation suggests that advanced climate 

infonna.tion, arrl the willingness to use it strategically, was 'iNOrth 

billions of dollars that year. Note that the magnitude of the potential 

reduction is comparable to that suggested in Figure 22. F.ach of these 

multi-billion dollar examples treats only a single national decision 

within a complex varying clilllate regime. 
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DRAFT 
It can be argued that our society regularly gambles on climate 

prediction: we assume that the nonnal (average) annual cycle of climate 

change will perpetuate itself iroefinitely. Each year we gear myriad 

economic and social decisions to that single assumption and, in most 

years, the assumption proves to be incorrect (to varying degrees). 

COmprehensive cost figures for climate change cannot presently be 

known, for lack of sufficient study, but these and other examples suffice 

to underscore the extent of our gamble. losses from failure to anticipate 

year-to-year variability alone amount to tens of billions of dollars 

annually, much of which could be saved through successful prediction. 

one study of hcu weather related losses could be reduced through 

successful prediction examined forecast periods out to 90 days, within the 

range of short tenn climate variation (Figure 25). The author's complex 

methooology, using hypothetical decision-making m:x:iels, has been 

simplified for clarity. 'Ihe points to note here are that the estimated 

value of 90 day forecasts was a 15 to 30 percent reduction in loss, and 

that the estimates increases sharply with forecast perioo. 

one of the difficulties we face as a society is the fundamental 

shortage of reliable information on the extent of our risk and the 

potential to reduce it through successful prediction. The problem is not 

purely scientific. 'Ihere is a parallel problem of understanding what we 

pay for lack of better information and hcu we might use response planning 

to mitigate the costs. 

35 



USSR Grain imports fill a 
widening food gap ... 

. . . and push trade with 
the West into deficit . 

Grain 
consumption 

Exports-

' ;.!: 

t · ,jf 
;_. :: 

,, 

... ~: .. 

. ·\\~ ;f. . 

I ;:~ ~ _•·~• 
'·.· !:' ,, 

Fig. 26. Figure excerpted from Business Week article. 

V) 

C 

E 
u 

15 

i 10 
E ... 
Q 

X 

80 

Fig. 27 South American anchovy fishery shown in conjunction 
with eastern tropical Pacific Ocean temperatures. 

36 

85 

;,.·ll 
·• 

i1 

.--,. 

~~:-, ' ti.~-i; 

~ fr 

-2 
u 
0 

-I 
'.'..::i 
<I 

0 ~ 0 z 
<I 

+I w 
Cl: 
=> 
I-

+2 <I 
Cl: 
w 
n... 

+3 ~ w 
I-

+4 w 
u 
<I 
LL. 
Cl: 

+5 => 
(/) 

<I 
+6 w 

(/) 



DRAFT 
A particularly pointed exarrple of the strategic value of climate 

infonna.tion is provided in Figure 26 from Business Week. '!his figure 

shows a decade of estinlated grain production am. consumption in the Soviet 

Union, once again characterized by strong year-to-year variability. A 

reasonable estimate of the difference between production am. conslIITption 

(im};x:>rted grain) in 1975 is approximately $5 billion at present market 

prices. The right hand portion of the figure indicates probable effects 

on Soviet balance of payments. 

There is an even nore striking story behind Figure 26. In 1972 the 

world experienced another major climate perturbation associated with El 

Nino. At that time, the Soviet grain ha!:vest was failing, but that fact 

was known am. acted upon only by Soviet officials. The USSR purchased 

large stores of grain on international markets, anticipating a serious 

shortfall. 

While the Soviets were buying grain, the strong 1972 El Nino event in 

the Pacific tropics caused a major failure of the South American anchovy 

fishery that provides a large portion of the world's total protein (Figure 

27). As fish meal consumers worldwide were driven to grain substitutes by 

the El Nino-in::iuced fishery collapse, the international price of grain 

quadnlpled, but only after the Soviet Union had purchased sufficient 

reserves. Each of these interacting economic factors resulted in large 

part from a single global climate perturbation of a type we are nCM 

beginning to understam.. 
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National Climate Program Budget Totals 
FY 80 - FY 88 

Agric. 
15 

80 81 

Commerce 
32 

($ Million) 

145 144 

82 83 84 85 86 87 88 
FY ~ 

Agency Requests for FY 88 

Defense Energy 
13 15 

NASA 
19 

EPA Interior 
3 1 

NSF 
39 

Cumulative for 9 Years $1.24 B 

Fig. 28. From data corrpile::i by the National Climate Program 
Office. 
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DRAFI 
Shortly after the strategic difficulties associate::i with the grain 

and anchovy problems of 1972, George Shultz, then Secretary of the 

Treasury arrl Chainnan of the D:!rnestic COUncil, addressed a question to the 

U.S. climate comrrnmity arrl to those agencies co:nceme:i with climate 

sciences. The Government wante::i to know if U. s. scientists couldn't 

produce infonnation on climate variability that would allCM the U.S. to 

take better advantage of such a situation. Within a few years the 

National Clirnate Program had been fonm.llate::i, fumed an::i inplemente::i on an 

interagency basis. 

Since the inception of the program, agency experrlitures for climate 

research have exceerled one hurrlred million dollars annually. This strong 

effort is still being sustained (Figure 28). 

More than a decade later man has acquired a wealth of information 

about climate. As a result of this decade of intensive effort, the U.S. 

and other nations are poised on a technological threshold where climate 

information of profound economic arrl strategic value is within our reach. 

As we take note of economic and social impacts of year to year 

climate change arrl anticipate the even more profound implications of 

natural or man induced changes on longer time scales, the value of climate 

infornation to a complex society such as ours becomes increasingly clear. 

Climate research and associated response planning need not be viewed as 

consumers of capital: with thoughtful planning an::i adequate foresight 

they can be producers of capital arrl contributors to basic economic 

strength. 
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DRAFT 
over 4,000 years ago man fo!1'l'\Erl one of his oldest civilizations alon;J 

the banks of the Nile, where the climate system is daninate:i by a single 

factor - the river. 

The Nile is a classical example of a tropical river regime (Figure 

29) . The Egyptians of that pericx:l were able to study the stars and the 

excursions of the sun and to fonnulate an un:ierstanding of how their 

climate system changed throughout the year. They oould predict the coming 

peak river flow and take advantage of its flocx:ling for agricultural 

purposes. The Egyptians built an enduring civilization around the annual 

cycle of the Nile. 

This civilization was predicated. on a climate prediction, the 

assurcption that the annual cycle would perpetuate itself in::lefinitely. 

Basically, it was a good gamble; their civilization errlures to this day. 

on the other hand, the Egyptians found themselves vulnerable to year

to-year variations in the discharge of the Nile, variations that denied 

them the annual replenishment of their agricultural base . Furthermore, 

they had no ability to foresee lon;J tenn changes in Nile River discharge 

and to protect themselves from associated. climate effects. 

Figure 30 shows a typical record for a century of Nile River flow. 

It is most striking in the enonnous year to year variability and in the 

fact that the annual discharge decreased by over 40 percent in one 

century. There is historical evidence that such changes occurred 

periodically during the height of Egyptian civilization and that Egyptian 

society suffered serious consequences. 
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DRAFT 
Not a lot has changed in the state-of-the-art since F.gyptian climate 

prediction 4,000 years ago. Tooay we have a sophisticated and complex 

society that is very finely tuned to the annual cycle and regional 

patterns of climate and yet, perplexingly, we remain largely passive 

victims of climate change on most other time · scales. Some notable 

exceptions to this con:lition do exist, but they are few. (Modem 

agriculture, for exanple, is adaptive to sane ~e of changes that might 

occur on decadal tine scales.) 

'Ihere are several circumstances which we do not have in common with 

the ancient E,gyptians: (1) our present grasp of the basic way in which 

the climate system works, (2) a technolcgical capability which, for the 

first time, makes it possible to examine the climate system globally in 

sufficient detail, and (3) the availability of computers arrl numerical 

models that will ultimately enable us to project climate change on scales 

of a few months to irany decades into the future. 
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