
payupclimatepolluters.org

Documentary Evidence
of oil and gas companies’ knowledge of 
their products’ role in causing climate 

change and their subsequent 
deception campaign

PREPARED BY THE CENTER FOR CLIMATE INTEGRITY 
SEPTEMBER 2019 



September  2019Prepared by the Center for Climate Integrity

TABLE OF CONTENTS

Introduction

Part One: Prior Knowledge									

Chapter One: Consensus that Fossil Fuels Cause Global Warming, 1963—1974 6

1. 1963 Conservation Foundation, Implications of Rising Carbon Dioxide Content of the Atmosphere
2. 1966 World Book Encyclopedia Yearbook, Special Report on Pollution
3. 1965 speech by API President Frank Ikard, Meeting the Challenges of 1966
4. 1968 SRI report, Sources, Abundance, and Fate of Gaseous Atmospheric Pollutants
5. 1974 Exxon, Chevron, and Texaco patents for arctic equipment

Chapter Two: Predicting a Global Catastrophe, 1977—1981 84

6. 1977 presentation by Exxon scientist James Black, The Greenhouse Effect
7. 1979 Exxon memo, Controlling the CO2 Concentration in the Atmosphere
8. 1980 minutes from API CO2 and Climate Task Force, The CO2 Problem
9. 1981 memo from Exxon scientist Roger Cohen reviewing draft report on emissions consequences
10. 1982 Exxon briefing, The CO2 “Greenhouse Effect”

Chapter Three: Coming to Grips with the Impacts, 1982—1989 214

11. 1982 memo from Cohen summarizing internal climate modeling and the CO2 greenhouse effect
12. 1982 speach by E.E. David, President, Exxon Research and Engineering, Inventing the Future:

Energ y 	and the CO2 Greenhouse Effect
13. 1983 Mobil newsletter, Is Burning of Fossil Fuels Affecting World Climate?
14. 1988 confidential Shell report, The Greenhouse Effect
15. 1989 New York Times article, Greenhouse effect: Shell Anticipates a Sea Change

Part Two: Denial and Deception 

Chapter Four: Pivot to Denial, 1988—1996 296

16. 1988 draft Exxon memo, The Greenhouse Effect
17. 1991 collection of ICE marketing materials and strategy
18. 1994 Shell report, The Enhanced Greenhouse Effect: A review of the scientific aspects
19. 1996 Global Climate Coalition overview backgrounder
20. 1995 draft Global Climate Coalition primer, Predicating Future Climate Change: A Primer
21. 1996 GCC meeting notes, including review of draft primer

2



September  2019Prepared by the Center for Climate Integrity

Chapter Five: Ramping up Deception, 1996—1998 419

22. 1996 excerpt from API book, Reinventing Energ y: Making the Right Choices
23. 1997 collection of weekly Mobil advertorial in the New York Times
24. 1997 speech by Exxon CEO, Lee Raymond, Energ y—key to growth and a better environment for 

Asia-Pacific nations
25. 199 G8 lobal Climate Science Communications Plan (draft), by the API
26. 1998 article by Robert Peterson, Imperial Oil CEO, in the Imperial Oil Review, A Cleaner Canada

Chapter Six: Undermining their own Science, 1997—2002 475

27. 1998 internal Shell report, Group Scenarios, 1998-2020
28. 2002 memo by pollster Frank Luntz, Winning the Global Warming Debate
29. 2006 ExxonMobil report, Tomorrow’s Energ y
30. 2006 letter from the Royal Society to ExxonMobil and Exxon’s reply

Chapter Seven: Deception Never Sleeps, 2007—2017 548

31. 2007 ExxonMobil report, Corporate Citizenship Report
32. 2010 Emails, proposals and payments documenting Exxon’s grants to Dr. Wei-Hock Soon
33. 2017 ExxonMobil’s Giving to Climate Change Denier & Obstructionist Organizations
34. 2012 ConocoPhillips Sustainable Development report
35. 2012 ConocoPhillips 10k filings to the US Securities and Exchange Commission
36. 2016 Shell report, A Better Life with a Healthy Planet: Pathways to Net-Zero Emissions

3



September  2019Prepared by the Center for Climate Integrity

INTRODUCTION

Assembled by the Center for Climate Integrity, this collection of 36 documents provides an overview of the oil 
industry’s 50-year knowledge of climate change, their role in causing it, the enormity of its impacts, and their 
subsequent denial and deception campaign that continues to this day. CCI is grateful for the diligent work of independent 
researchers, scholars, investigators, journalists, and non-profits who uncovered these documents. 

Part One, beginning in 1963, provides documentary evidence, including public reports and internal company and 
trade association documents, showing that the oil industry had a deep understanding of the science of global warming 
and their product’s role in causing it more than five decades ago. This knowledge extended from the effect of CO2 on 
the Earth’s climate and the clear link between fossil fuel combustion and increasing CO2 levels, to the “potentially 
catastrophic” impacts that global warming would have for "at least a substantial fraction of the earth’s population." 
In fact, scientists at Exxon’s New Jersey Research and Engineering Division were among the leading climate change 
experts of the era. As the documents reveal, Exxon’s climate modelers predicted today’s 
global temperatures with an astonishing degree of accuracy. Exxon’s expertise in climate 
science in these early years is remarkable, and quite unsettling when one considers the 
massive denial campaign the company would go on to mastermind in subsequent decades. 

Oil industry experts were not alone in their understanding of the impacts of fossil fuel 
combustion on the global climate system. But there is a critical distinction between the way 
that industry and other scientists responded to this knowledge. While government researchers 
sounded ever-louder alarm bells (although too often clouded in scientific caveats that were 
easily abused by the industry), Exxon and the oil industry did exactly the opposite. They created and spearheaded the 
most successful social inf luence campaign in American history, building a climate denial, deception, and propaganda 
machine so persuasive that the United State remains to this day the only industrialized nation on Earth that fails to fully 
accept climate science.  

Part Two, beginning in 1988 and extending to the present, contains documents that lay bare this deception campaign. 
Built on techniques perfected by tobacco and other industries, climate denial emerged as a highly sophisticated, 
well-funded, decades-long strategy to manufacture doubt and undermine climate science in the minds of the public, 
Congress, and the media. The campaign was manifest in many ways but is perhaps most distinguished by the blatant 
and knowing duplicity of the companies directing it. Exxon and others spent tens of millions funding denier groups to 
promote sham theories they had long since internally evaluated and debunked. Worse, the companies were 
safeguarding drilling rigs and pipelines from climate impacts as they simultaneously worked to stall any action on 
a problem that they characterized as “too uncertain” to justify significant government investments or policy change. 
As early as the 1970’s, Exxon, Shell and others filed patent applications for oil rigs that could withstand rising seas 
and stronger storms, and Arctic drilling equipment that would be most useful in a warming (and melting) world.  

Even now, when oil companies have been forced to accept climate science, they continue to deceive the public and 
undermine action. Exxon touts its support of the Paris Agreement while at the same time boasting to investors that 
it will increase oil and gas production 25 percent by 2030, a scenario that would be game-over for the climate. Shell 
was heralded in the media for its recent report on pathways to net-zero emissions, yet the fine print of the same report 
contains a disclaimer that they currently have “no plans” to pursue these paths. ConocoPhillips has declared 
renewable energy a priority while at the same time reporting to the Securities and Exchange Commission that fossil 
fuels remain their sole and exclusive focus.  

This collection will be updated periodically as new documents come to light.

Exxon touts its support 
of the Paris Agreement 
while at the same time 
boasting to investors 
that it will increase oil 

and gas production 25% 
by 2030.
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CHAPTER ONE

Consensus that Fossil Fuels Cause Global Warming
1963—1974

Scientif ic understanding of the effects of carbon dioxide on the global climate system dates back to 1896 with 
the publication of On the Influence of Carbonic Acid in the Air upon the Temperature of the Ground by Swedish 
physicist and Nobel Laurate Svante Arrhenius. 

By the 1960’s, the scientific community firmly understood that CO2 emitted by burning fossil fuels would intensify 
the greenhouse effect and cause global warming. Exxon and other oil giants recognized the potential impact on their 
industry and invested significant resources into cutting-edge research on the causes and consequences of global 
warming. In the mid-1970’s, Exxon scientists predicted the exact atmospheric CO2 levels that would occur in the year 
2000, and began, along with Shell, Texaco, and Chevron, to prepare and adapt their 
holdings and operations for a warmer world. 

Document 1 is a 1963 report by the Conservation Foundation summarizing the 
conclusions of a scientific conference held on the Implications of Rising Carbon Dioxide 
Content of the Atmosphere. The report, which explicitly links the burning of fossil fuels 
to global warming, warns of melting ice caps, inundated coasts, and the “annihilation” 
of “many life forms…both on land and sea” in equatorial regions. The 1966 edition of
 


                 

      
                 
                
     



  
  
     
 
   
 

    
                  



“This generation has altered 
the composition of the 

atmosphere on a global scale 
through… a steady increase 

in carbon dioxide from the 
burning of fossil fuels.”

President Lyndon B. Johnson, 1965
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Document 1

1963 Conservation Foundation, 

Implications of Rising Carbon Dioxide Content of the Atmosphere

7



SCIENCE
LIBRARY

QC

C755

IMPLICATIONS

of

RISING CARBON DIOXIDE CONTENT OF THE ATMOSPHERE

A statement of trends and implications
of carbon dioxide research reviewed at

a conference of scientists

I

LIBRARY OF NATURAL

RESOURCES AND NATURAL 3CIEBCE

Sponsored

by

THE CONSERVATION FOUNDATION
30 East 40th Street
New York 16, N. Y.

.***
jf

IJMIWCDCiTV nc
8



Gc
'r h )

FOREWORD 10.7

On March 12, 1963, The Conservation Foundation
assembled a conference of scholars to discuss the problem of
rising carbon dioxide content of the atmosphere. The conferees
were ecologists, chemists, physicists and others with particular
experience and interest in the problem. The structure of the
conference was formulated with the help of Professor G. Evelyn
Hutchinson who serves on the Foundation's advisory council.
Unfortunately, illness prevented Professor Hutchinson from
attending the conference and participating in the discussions.

It is known that the carbon dioxide situation, as it has
been observed within the last century, is one which might have
considerable biological, geographical and economic conse
quences within the not too distant future. What is important is
that with the rise of carbon dioxide, by way of exhaust gases from
engines and other sources, there is a rise in the temperature of
the atmosphere and oceans. It is estimated that a doublingof the
r*carbon dioxide content of the atniospKefe" wduld~pr6duce an
} average atmos^h^rfc~tem"perature rise'dt 3. 8'degreei" Fahrenheit,
j This could be enough to bring about an immense Hooding of the
slower portions of the world's land surface, resulting from in-
/ creased melting of glaciers. So far, the increase of carbon
I dioxide has been of the order of 10 percent, and the oceans are
[ already experiencing some rise of temperature.

A principal purpose of the meeting was to discuss the
subject with a view to clarifying the minds of a small inter
disciplinary group and crystallizing some ideas for future
scientific research. It is hoped that the publication of this
summary of conference discussions may contribute to further
examination of the carbon dioxide situation. The subject should
be one of considerable concern and controversy.

This paper is a statement of the consensus of the
conference. It was prepared by Noel Eichhorn of The Founda
tion's research staff. Although the conclusions were those
reached by the conferees as a group, the wording of this paper
cannot be attributed to any conferee, but is the responsibility of
The Conservation Foundation.
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INTRODUCTION and SUMMARY

Carbon dioxide is not a pollutant in the ordinary sense.
It is colorless and odorless. It has no immediate nasty effects.
Even the largest amount likely to accumulate in the atmosphere,
if the entire reserve of fossil fuels were burned, would not be
detrimental to the existence of life; in fact, plant life would be
more luxuriant. It is an inevitable product of combustion and
cannot be filtered out or precipitated out. Ordinary pollutants
are washed out of the atmosphere after a month or so; carbon
dioxide will continue to accumulate as long as fossil fuels
continue to be burned at present rates.

There is a lack of exact knowledge of the carbon cycle
which is part of the general lack of quantitative knowledge of the
biogeochemistry of the earth. The increasing funds available for
general research and the improving coordination of research
effort should help to reduce the uncertainties about the implica
tions of the rise in atmospheric carbon dioxide.

It seems quite certain that a continuing rise in the
amount of atmospheric carbon dioxide is likely to be accompanied
by a significant warming of the surface of the earth which by
melting the polar ice caps would raise sea level and by warming
the oceans would change considerably the distributions of marine
species including commercial fisheries.

The biogeochemical system of the surface of the earth
J

is, in general, very stable and has persisted with little change I
over geologically long periods of time. However, the buffering!
mechanisms which have been adequate in the past seem unlikely!
to be able to compensate fully for changes of the magnitude of ^/
those now being effected by man.

The effects of a rise in atmospheric carbon dioxide are
world-wide. They are significant not to us but to the generations
to follow. The consumption of fossil fuel has increased to such
a pitch within the last half century that the total atmospheric
consequences are matters of concern for the planet as a whole. COj^r
Although there is the possibility of capturing the CO^ formedjjy
the" burning of fossil fuels" atid storing it in the form_oT J^axbonatgs ,
relief is most likely through the development of new source s^of
power.

""

-!•
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THE CARBON DIOXIDE SYSTEM

The carbon dioxide (CO2) in the atmosphere is in
constant exchange with the oceans and the biosphere. The amount
of CO2 in the atmosphere is being increased by the burning of
fossil fuels; in addition a very small amount is added by volcanic
activity. Carbon is removed from the biosphere and indirectly
from the atmosphere and oceans by the accumulation of organic
remains in sedimentary deposits and from the oceans by the
precipitation of carbonate minerals. Carbon is removed from
the biosphere by forest fires and by the cultivation of virgin soils
and is added to the biosphere by such things as the production of
new forest.

Of all the changes in the distribution of CO2 only those
concerning the atmosphere have been studied in any detail. In
addition to the average yearly increase in CO2 in the atmosphere
of 0. 7 ppm there is a clearly defined seasonal variation of 2. 0
ppm in the northern hemisphere between 45°N and 90°N with a
winter maximum and a summer minimum. This seasonal varia
tion decreases with increasing altitude and is related to the
seasonal changes in the transpiration rates of terrestrial plants.
The southern hemisphere with less land and a far smaller terres
trial mass shows almost no seasonal variation. There is also a
poleward flux of CO2 of 5. 0 ppm per year which is presumed to
be balanced by an equatorward flux of CO2 in the oceans.

If all the COg added to the atmosphere by the burning_of
fossil fuels were retained T>y the atmcispherTptlie CO? content
oTTFie~"atm^SpTiel:e~wbuld be increasing*aFa_rate_of 1. 6 ppm_p_e_r
year. SIuaTes~of the distribution of radioactive caFBoh have
shown that in fact an amount of CO2 equal to about half of this
"new" carbon from fossil fuels is retained in the atmosphere
each year. This agrees very closely with the observed rate of
increase of 0.7 ppm. The CO2 content of the atmosphere in 1890
was 290 ppm, or 25 ppm less than the current figure. This again
is about half of the amount known to have been produced by the
burning of fossil fuels since 1890. It is assumed that the "new"
CO2 not retained by the atmosphere has been absorbed by the
oceans, although no measurements have been made which dem
onstrate this. It should be realized that the man-caused changes
when considered on a yearly basis are of smaller magnitude than
naturally occurring variations and are, therefore, very difficult
to distinguish.

The oceans contain 60 times as much COp as does the
atriK)S^here_and would Teem capable of absorbing most of any
"CO2 which might be ~adde3~tb' theTatmo sphere, "however, thousands

•2-
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of years will be necessary for the system to return to equilib
rium it CQ2 continues to be added at present rates! there are,
JajTweirj' physical and cnemicallimitations to the amount of
CO2 which would be absorbed by the oceans and were a new
equilibrium to be reached, the atmosphere would have a greater
percentage of the total CO2 than it does at the present time.
The oceans are considered to be divided into a mixed layer at
the surface (which is about 1/60 of the total volume and which
contains an amount of CO2 very nearly equal to that contained in
the atmosphere) and the deep sea. (For some purposes it is
convenient to consider, as well, an intermediate layer. ) The
deep sea is assumed to be absorbing about the same amount of
the "new" CO2 as is being retained by the atmosphere but the
mechanism by which this CO2 might be transferred to the deep
sea is not known. The deep sea is considered to have an excess
of CO2 (over the value it should have at equilibrium) of around
10 percent which is maintained by the settling of organic remains.
The deep sea, in addition, has a greater potential for storing
CO2 than the mixed layer because of its lower temperature (a
circulation effect due to the presence of polar ice caps). Knowl
edge is limited by the difficulty of measuring the amount of CO2
in the oceans, at least on a scale grand enough to provide a
world-wide balance sheet.

The role and importance of the biosphere is less well
understood than that of the atmosphere or the oceans. It has
been postulated that the marine biota is quite stable in size and
is probably nearly unaffected by the current increase in CO2;
however, there is considerable disagreement about this. The
terrestrial biota, on the other hand, must be of considerable
importance. Productivity of plants is known to be higher inaCC>2
rich atmosphere. Presumably forest productivity is rising with
the increase in atmospheric CO2. This could have the effect of
reducing the amount of CO2 by locking it up in tree trunks. On
the other hand, a decrease in the terrestrial biomass, due to
the cutting of forests and the cultivation of virgin land, would add
CO2 to the atmosphere and at the same time destroy one of the
mechanisms by which CO2 is removed from the atmosphere.

-3-
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II

STABILITY

The CO2 system is no exception to the general rule that
any large natural system which has persisted for a long time is
a very stable one. Even rather large changes in temperature or
large additions of CO2 (from fossil fuels) are compensated for
with little immediately noticeable change. A warming of the
oceans would increase atmospheric CO^ at a rate of abouFir! 8
£ percetifTor a one degree rise in temperature, but ffieTargest
'• cTIange~which rnight be anticipated within 'a 'reasonable'rang^jjf
temperature is about 50 percer^. A reduction in the volume of

2 I the oceans of the order oi that during the maximum extent of
c Pleistocene glaciation might increase atmospheric CO2 by about
10 percent but this would be partly compensated for by the lower
temperature of the sea. Associated with higher temperature and
the accompanying higher absolute humidity would be increased
/ cloudiness which would probably have the effect of reducing the
1 amount of any increase in temperature.

The burning of fossil fuel which adds CO2 to the atmos
phere also adds enough sulphur dioxide so that one third of all
atmospheric sulphur (and one quarter of the total sulphur in
oceans and atmosphere together) is now man-made. Sulphur
dioxide eventually becomes sulphuric acid in the oceans; it is
quite possible that the resulting change in alkalinity is enough to
enable the surface layer to absorb about 0. 5 ppm per year of the
atmospheric CO2, or approximately one third of the yearly
addition of CO2 to the system. This, of course, depends upon
the sulphuric acid being retained in the surface layer. Sulphur
is also an important fertilizer of the biosphere and the increase
in atmospheric sulphur might cause an increase in biologic ac
tivity which would further reduce atmospheric CO2.

Another check is the increase in biologic productivity
which accompanies a rise in atmospheric CO2. An increase in
the amount of carbon in the terrestrial biomass would remove
carbon from the atmosphere. (If the mixed layer of the oceans
is actually taking up 0. 5 ppm of CO2 from the atmosphere each
year, then the increase in atmospheric CO2 could be due to
destruction of part of the biosphere. ) A considerable part of the
addition to the biomass would be wood in trees, and this carbon
would, in effect, be unavailable for quite a long time. However,
the ratio between carbon in the terrestrial biomass and carbon
in the atmosphere is not likely to change much; and, therefore, ~

the biosphere can absorb only a part of any CO2 added to the
atmosphere. If CO2 is fertilizing the terrestrial plants we should
be able to see larger seasonal oscillations in the atmospheric
C02.

C
o

e
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A further possibility of a biologic check is the increased
rate of accumulation of organic remains in oceanic sediments
which might accompany an increase in marine biological produc
tivity and which would remove CO2 from the biosphere.

In general, many of the changes in the CO2 system that
have been investigated are believed to be compensated for, at
least in part, by some other change (often triggered by the initial
change which was being studied). Even though the checks and
balances are numerous there are not enough data available to
evaluate them with certainty. The present liberation of such
large amounts of fossil carbon in such a short time is unique in
the history of the earth and there is no guarantee that past buf
fering mechanisms are really adequate. It is not a cause for
complacency that nature seems to have a lot of checks and that
these checks seem thus far to be controlling any artificial
imbalances. There may be processes presently going on which
are due to man's activities and which will eventually be alarming.

#-
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THE INCREASE OF CARBON DIOXIDE AND ITS EFFECTS

Three of the minor constituents of the atmosphere -
carbon dioxide, water vapor and ozone - are very important in
the heat balance of the earth because they absorb radiation in a
critical part of the spectrum. Any large change in the amounts
of these in the atmosphere (even though the overall composition
of the atmosphere remains nearly the same) will affect the
surface temperature of the earth. An increase in CO2 is partic
ularly effective since the warming it causes increases as well
the amount of water vapor. A doubling of the atmospheric CO^is calculated to increase the average surface temperature by
3. 8°C. under clear sky conditions and about 2°C. under condi
tions of average cloudiness. (These estimates can be question
ed; however, they are unlikely to be wrong by a factor of more 1
than two or three. ) — .

The recent systematic atmospheric analyses for CO2
which began during the International Geophysical Year show
consistent increases each year for all parts of the earth. The
current rate of increase averages 0. 7 ppm per year or about

"•
j

0. 2 percent. The combustion of fossil fuels at current rates
adds the equivalent of 1. 6 ppm of CO2 to the atmosphere each
year and must therefore be considered to be contributing to the
net increase. However, there may be other large sources of
CO2 which are not so easy to distinguish and which are masked

■ by the increase due to the burning of fossil fuels.

If all known reserves of fossil fuel were used within the
next 500 years, a very reasonable assumption, and if the CO2
system reaches CaC03 equilibrium (reducing atmospheric CO2
to a minimum - a condition not likely to be reached for several
thousand years) then the CQ2 content of the atmosphere would be
four times what it is at present and the average surface tempera
ture of the earth would have risen by 7°C. (The possible change
if CaC03 equilibrium is not reached is 12. 2°C. ) A change even
half this great would be more than sufficient to cause vast
changes in the climates of the earth; the polar ice caps would
almost surely melt, inundating many densely settled coastal
areas, including the cities of New York and London. If the
temperature of the equatorial regions were to rise by this amount
many life forms would be annihilated both on land and in the sea.
The average temperature of the oceans, now maintained at 4°C
by the ice caps, would rise by at least 15 or 20 centigrade
degrees, largely wiping out the world's present commercial
fisheries. There has been a well documented warming of oceans
of the northern hemisphere (about 2°C in the North Atlantic)
during the twentieth century, the period of rapidly growing use
of fossil fuels, but the temperature rise is too large to be
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attributed entirely to the concurrent 10 percent rise in atmos
pheric CO2. How much the rise in CO2 may have contributed is
not known (or even whether there has been any temperature rise
in the Tropics or in the southern hemisphere). In any case, the
changes in marine life in the North Atlantic which accompanied
the temperature change have been very noticeable. The abun
dance and distribution of a number of important commercial fish
species have shifted northwards. These include cod, mackerel,
lobster, menhaden, whiting and yellowtail flounder. The green
crab has spread far enough north to cause a serious diminution
of the soft clam which it feeds upon. The moths and butterflies
of England have changed so drastically that descriptions of ranges
and habitats done at the end of the nineteenth century are now
invalid.

17



IV

BIOLOGICAL PRODUCTIVITY

Quantitative knowledge of the biosphere is critical to
an understanding of the implications of the increase in atmos
pheric CO2. Lack of this knowledge forces assumptions to be
made with little besides theory to back them up. Vegetation is
a buffer of very considerable magnitude in the CO?, system. It
aos'drHs~ahd liberates C02 at rates which are comparable to the
exchange between the atmosphere and upper oceans. Organisms
are probably geochemical factors of the same orders of magni
tude as the physical chemical factors involved in the exchange of
CO2 in the water and air.

^- Laboratory experiments have shown that biological
productivity increases with a rise in atmospheric CO2 and also
increases with a rise in temperature. Extrapolation from these
to the earth's biosphere is not presently possible, because of the
lack of world-wide systematic, synoptic measures of productivity.

There is no adequate body of historical data for estima
ting the size of the earth's biomass; and, therefore, no basis for
knowing whether it is increasing or decreasing. Total yearly
photosynthesis may use an amount of CO2 equal to approximately
one quarter of the total atmospheric CO,. At the present time
marine biological productivity has been estimated to be about
equal to terrestrial biological productivity; tentatively, about
6. 7 x 10l0 tons of carbon per year for the sea and 7. 3 x 1010
tons per year for the land. However, estimates of oceanic pro
ductivity are based on very skimpy data. Many researchers have
assumed that the marine biomass is nearly stable in size and
that other nutrients than C02, such as phosphate, may be more
important factors in productivity; however, there is little evi
dence in support of this and the subject is one of considerable
controversy.

The marine biota is almost a closed system with very
rapid turnover. Production is limited by the tendency of all
plankton to sink, carrying with it the nutrient necessary to build
up the biomass. (Phosphate removed from the land by erosion
should be enriching the sea off river mouths, but the effects of .;
this are often reduced by turbidity. )

The terrestrial biomass should be increasing in size i.
because of the increase in fiernpgrature and in atmospheric UO? , ,
However, it is more likely decreasing iae to the activities~o?
man. Forests the world over are being utilized to a greate?
extent than ever before. In some cases, such as the United
States, production of new forest is approximately equal to the
destruction of old, but for the whole world, or even just the North

18



American continent, forests are being cut faster than they grow.
To be effec tiv e in controlling the rise in CO^. plants would hav e
to be accumulating organic carbon at the same rate that we are
Burning fossil carbonT " ~~

The increase in land in agriculture which is accompa
nying the increase in the world's population is almost surely
decreasing the total terrestrial biomass. Terrestrial biological
productivity is most probably concentrated in the tropical forests
which are known to be decreasing markedly. The tropical
forests has developed to such a complexity and stratification that
the degree of efficiency in photosynthesis is far beyond what any
single plant could achieve. The tropical forest is one of the
great reserves for making the earth habitable. Its removal and
the attempt to grow a mono-crop result in impoverishment. We
lose not so much soil, in a tropical forest there is often no soil
at all, but the structure of the community in doing the job of
photosynthesis -- CO2 consumption and oxygen regeneration.

19



PROBLEMS AND NEEDS

The most alarming thing about the increase of CO2 is
how little is actually known about it. Part of this lack is the
general absence of detailed knowledge about the surface of the
earth and the changes taking place there. We should know what
is happening to the physical environment both as a result of
man's activity and of natural causes. There has been very little
consideration of the biological consequences of man's manipula
tion of the environment or of the biological changes which result
from climatic change. For example, the distributions of most
marine organisms, including many species of commercial impor
tance, are not known. There is evidence that the warming in the
northern hemisphere during the twentieth century has drastically
changed the ranges of many fish, but these changes have been
little studied or catalogued.

The Continuation of the CQ2 Monitoring Program

It might be argued that there is little immediate danger
in a rise in CO2, that the world can afford to sit back for a few
decades to see what happens; measurement of CO2 could be aban
doned for a while because sufficient information could be obtained
from a comparison of present values with those 25 or 30 years
from now. However, careful measurements have been made for
a period of less than ten years in only three places in the world.
(CG"2 has been measured in other places for short periods. ) This
is too short a time to be sure that there are not occasional sudden
changes of much greater magnitude than any observed so far.
Our knowledge is not advanced enough to be sure that there is no
immediate cause for alarm. (In addition, many things could be
learned about the relationships among atmosphere, hydrosphere
and biosphere. )

The question was asked: Who is to make the measure
ments and at how many places should measurements be made?
The U. S. Weather Bureau, which has maintained the CO2 station
in Hawaii, and has provided a man to do some of the routine work
at the Scripps Institution, has limited funds for research and
seems to feel its money might be better spent in other areas
(artificial earth satellites). The director of the program at the
Scripps Institution in San Diego has been working on this one
problem for seven years and cannot be expected to continue much
longer, even though adequate funds seem assured. The third
study group at the Institute of Meteorology at the University of
Stockholm may not' have enough money to go on.
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It would probably be sufficient to have one permanent
station. The present station high on Mauna Loa in Hawaii, which
has been in operation since 1958, would be ideal because it is
isolated and therefore well insulated from local effects. There
would be value in occasional testing at other locations which could
then be compared to the record from Hawaii. The new Institute
for Atmospheric Research in Colorado might be persuaded to
include CO2 measurements among its activities. It does not seem
to be worthwhile to have the World Meteorological Organization
add CO2 to its list of things to measure at the present time; how
ever, if it becomes necessary, it should be easy to develop a
procedure which could be followed at a large number of stations.

There is a real need for more comprehensive data on
the composition of the atmosphere, including the medically and
physiologically important components. The Office of Meteor-
ologic Research of the U. S. Weather Bureau should continue its
studies in atmospheric chemistry even if it is no longer able to
afford a continuing program of CO2 measurements.

There are important parts of the CO2 problem which
will continue to be studied. Most oceanographic institutions will
continue to have CO2 determinations in sea water made as a
routine part of their work. There is considerable interest now
in the radiation flux of the earth and in the general circulation of
the atmosphere and active research in these fields should con
tinue for a long time.

There is a need for a watchdog. The effects of the con
tinuing rise in atmospheric CO2 while not now alarming are
likely to become so if the rise continues. A committee of the
National Academy of Sciences, National Research Council, might
be charged with exploring the problem of the changing components
of the atmosphere.

Arousing public interest in the effects of the increase in
atmospheric CO2 is as much a problem as the lack of adequate
data. Without the support of informed public opinion funds for
research will not be available. Even a limited monitoring pro
gram has value as a constant demonstration that the amount of
CO2 in the atmosphere is continuing to rise.

The lack of quantitative knowledge of the biosphere.

An exact knowledge of the role of the biosphere in the
CO2 system is now impossible because of lack of knowledge of
the biosphere itself. The distributions of marine species, even
commercial species , have been very poorly studied and the
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warming of the northern hemisphere during the present century
has altered the distribution of some which had been studied.
Oceanographers have tended to ignore the continental shelf areas
and concentrate their activities in deep water, but there is evi
dence that the shallow waters are the most productive biologi
cally.

One of the problems is that the gathering of biological
data is essentially boring and very few of the people who work
with such data are willing to go to sea to collect it. As a
result, a great deal of marine biological data is supplied by
other sorts of scientist, such as chemists, who occasionally
bring things home to the biologist. There is too much special
ization of interest to expect someone else to gather adequate
data.

There is real lack of knowledge of the distributional
nutrients in the oceans. Even in the North Sea very little work
has been done to link productivity with oceanic circulation.
However, even where detailed data on nutrients are available,
the necessary supporting biological data often are not. (The
Scripps Institution has a considerable amount of data on nutri
ents which has never been analyzed; the data for the North Sea
have not been published. )

There is a lack of knowledge about the terrestrial biota
as well. The quantitative importance of man's activities on its
size is not known. No technique for estimating either total
biomass, land or sea, or total biological productivity has ever
been developed. While local studies are very useful in deter
mining what must be measured, they cannot be added up to give
world totals. It may be that measurements of variations in
atmospheric and oceanic CO2 will prove to be a good tool for
determining changes in biological activity.

Systematic synoptic observations of the physical and
biological attributes of the different environments are essential
to document changes and to make realistic estimates of produc
tivity. We must study, particularly, the distribution in time
and space of marine species. We must collect isotope data,
especially carbon- 14, from the biosphere and the hydrosphere
and the atmosphere to learn more of the role of the biosphere
in the circulation of CO2. (Atomic bomb produced carbon- 14
is actually an aid in this. ) Essential, too, is the study of such
seemingly minor details as the turnover rate of the sea, the
rate of accumulation of organic material in sediments, the
distribution and effects of turbidity in the sea, and the study of
such neglected organisms as seaweeds, cocco-lithophores, and
dinoflagellates, which are extremely important in the metabo
lism of the marine biosphere.

Standardization and coordination of data gathering.

A common scientific problem is the difficulty of corre
lating data which have been gathered by different people for differ
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exit purposes. This is particularly critical in study of subjects
such as the role of CC^, which require the application of many
disciplines. Standardized systems of measurement are essential
if optimum use is to be made of the world's many, and expensive,
research facilities. While some kinds of speculative data gather
ing are not entirely amenable to standardization since results are
often prejudiced to some extent by the means by which they were
obtained, there should, at least, be agreement on aims. Scientists
tend to measure the parameters that they know how to measure.
Often, in the past, the parameter measured was the parameter
which was convenient to measure and the equipment used had been
designed for some other purpose. A part of this problem is the
disinclination of scientists to be told what to do.

International scientific meetings accomplish a good bit
of standardization and coordination. They also help to make
possible the use of military and commercial equipment for scien
tific purposes. However, they are of doubtful use when only a few
people are interested in a problem. The loss of research time
necessary to attend meetings a long way from home discourages
many scientists from participating and many who do participate
are called on to do so much homework that they become, in effect,
professional committee members. Fortunately, in the case of
CO2 the Institute of Meteorology of the University of Stockholm
and the Scripps Institution have cooperated very closely and no
international organization has been necessary. However, an
attempt to broaden the study to include many other countries would
require a more formal organization.

CO2 measurement is not easy to assign because there
must be both interest and competence. This is, in fact, a common
problem in all scientific work. Data gatherers are scarce. There
is little prestige involved in collecting samples. What is needed is
a corps of technically trained men to carry on the unromantic part
of research work who can feel that what they are doing is good and
noble. Even finding money for research is not as difficult as find
ing people competent and willing to gather data and process it for
the use of someone else. It is important that data collecting be
limited to an amount which can be digested. Much of the initial
processing should be done at the site and be done very quickly if
much of the information is not to be lost.

A corollary to this is the need for stability in research
programs. Getting started is often a lengthy and expensive
process which is wasted if a program is discontinued too soon.
The routine collection of the various data required for monitoring
the increase of CO2 content of the atmosphere and hydrosphere
and then measuring its climatic and biological effects would have to
be continued for years before significant patterns could emerge.
While all of this routine work would certainly be carried on by
technicians, scientists would have to design the sampling programs
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and continually keep in close enough touch with their execution to
detect unreasonable errors and to know when and where revisions
in the design were in order and to interpret the data as patterns
began to emerge.

The study of the interrelationships of air, oceans and
life is now at the point where even casual analysis is likely to
trigger a whole new set of ideas. The increasing use of radio
active isotopes as tracers and indicators in the past twenty years
has led to study of distributions of other isotopes and has opened
a way for far more exact determinations of exchange rates be
tween atmosphere and ocean or between atmosphere and biosphere.
As an example, pre-war estimates of the rate at which CO? was
exchanged between air and ocean surface varied by factors of up
to .10,000; there is no longer any real disagreement.

The new technique and the vast increase in research
funds in recent years have provided the beginnings of a large
collection of systematic observations which is still mostly un
processed and unpublished. Many of the questions raised by the
discovery that atmospheric CO2 is increasing in amount will be
answered when the analyses of these existing data and the new
data which should be accumulated in the next few years have been
completed, but new questions are sure to be raised by these
answers.

Science, technology and environment

Air pollution in the ordinary sense does not include the
CO2 rise in the atmosphere (although CO, can be used as an
indicator of pollution). Man-made haze is world-wide in dis
tribution. Cities in the United States have begun to realize that
their problem is their neighbor's problem, and the other way
'round, but they still have not seemed to realize that more cars
make the haze thicker or that monitoring devices should be be
tween cities and not downtown. To a great many people no smoke
still means no work and hard times. Pollution is now a political
and social problem far more than it is a scientific one. (In fact,
visible air pollution is a valuable tool for the meteorologist
interested in studying circulation. )

Fossil fuel residues in the atmosphere in the form of
such things as carcinogenic hydro -carbons are becoming more
and more serious, but these can be removed (or prevented from
reaching the open air. ) CO, might be trapped and stored as
carbonate but the expense would probably be prohibitive. It is
almost inevitable that as long as we continue to rely heavily on
fossil fuels for our increasing power needs, atmospheric CO,
will continue to rise and the earth will be changed, more than
likely for the worse.
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In terms of the health of the planet there are no under
developed countries, only an increasing number of overdeveloped
ones. Environmental damage is being done by modern technology
at an increasing rate with no predictions of environmental con
sequences. Artificial photosynthesis has been proposed as a
solution to the world's food problem. This could lead to a large
reduction in "unnecessary" plant cover and an accelerated rise in
atmospheric CO,.

The fact that there may be a problem is beginning to be
understood. Technical conferences, such as those held this year
by the American Society of Civil Engineers and the New York
Academy of Medicine, are considering environmental effects, but
still only the short range effects.

The potentially dangerous increase of CC*2, due to the
burning of fossil fuels, is only one example of the failure to
consider the consequences of industrialization and economic
development. Mankind is not helped by any technique which leads
to short range benefits but long range dangers. Overdevelopment
and concommitant overpopulation in many areas of the world have
made the problem not one of increasing productivity but one of
preventing further decreases.

Man's ability to change the environment has increased
greatly in the last sixty years and is likely to continue to increase
for some time to come. Even now it is almost impossible to
predict all of the consequences of man's activities. It is possible,
however, to predict that there will be problems without being
specific about it. It is very important to alert more people, more
scientists and more scholars in the social sciences as well as the
pragmatical sciences, to the need for planning and the realization
that there is an obligation to provide for the future as well as the
present.
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12 FIRST CE!'IERAL SESSION VOL. 15 [!) (1965) -

1\IEETI:"\G THE Ct-1 ,\LLE~GES OF 1966 t 

F1nNk. 

\l"elcome to the 4:;1h Annual M..,ting o( the American 
J>('troleum ln~titute. 

As al'"·a)·s, it is good to see so many in ottendance. 

Thr~~ met-tlngK ur ours provi(le tl yearly 01•1JOrtur1ity to 
1-cHect OJ\ ))B!it (l~rforn·1n.nce, asi;ess curl'ent 1•roblcms, 

u11d formulat(• future progru1ns. But th<."y n1ea11 much 

11to re than that. They offt•r concrete e,·idence of th" 

n~I !or induatr)· people to t>Xl•lore tht .. f 1natters not 
M'J•&ratel}·, hut to~ther; to ntl\·ance our ht-st thinking 

l\Ot in privnt<' iHOlation, hut 1n open con\·t·ntion. 

It is con11nonplacc alid ahl\Oi;t trite to ol>i;ierve tl1at 

the challengt>s we face togeth(·1-, i11 noncomp«titive areas, 

Rl'O\\' in numbc·r, "'iU. a nrl ton\11lexit)· )'ear b)· )'ear. But 

r~rhaps it's "orth obsen inK that as the)~ do, the)· tenc.t 

to involve tt,(• 1 •· MC-i.tmc11t11 <,( ou r industr)' and more 

tleople in ou 1- irtdustry mot·(· J(•<' tJly than in the 11ast. 

The }rear l!lG:t has betr\ no Pxcept ion. A l>rt>nd stream 

ol acti,·itit>li ha• called fo1· an unusual c.lt"Krt-e of Jead­

•nihip b)· the Ruard of nire<lon, part•cu\arly by Chair· 
nian J. EJ. \\ arren. Chairmt"n an the past ha\e obsen·ed 

that the fi r!'lt ytar or their tt 1111 tf'ndcd to he the mor,. 

active )·ea1·, '' ith the St>conct affording sorne time for 
l"\.'Hection u1ul for\\·ard plann•ng . I doubt if Ed fo1t11<l 

tame for tltat he had to na.ukf' it~n t"11 of an extra­

ordinaril)" actl' e schedule-. 

The }'tar 19G:; has also been a )'tar tn Y.:h1ch wt-'ve 

hta vil)· de1w1ult <l on t he ht>lt• of the thousanc.I& of ,-olun­

lt.•ers throug hout the induRlr)'. 1 '"ish to thnnk thern 

at this t inle fo 1 their t>Xtl'nai''t' partici1>atio11, and tlte 

~nt1 1-e . .\Pl a;t a lT joins 1ne i11 this ex1,ression of APJlre­

t1at1on. \\"e ho1~ their enthusiasm "·ill 1nspire man)· 

trk1re to takt> ,.,rt in indu~t ) uffair.; in the coming )·ear. 

In ob!"Pr\Ting that this ha• been a mo:.t acll\·e year, 

1•articu.larl) 1n JCo,·emnlf'nt 1t•lations, J h&\e in mind 

the readings of a fairly rc·lial'1L" thermun11·l4er-r~<leral 

On<l state legi1"1nti\·c activity. The reconl tthov,;s that in 

the fil'St 5(';;14io11 o r the 89th Congre.i:.s, ju'4l C<HTIJ>let£'cl, 

n\01·c that\ l 1,CH>O bills werf' int1'0du<~e'I. Thi8 is al1t\oi;t 

a• man\• as "·<'rt" introduCf'il in botlt sess.ionM of the 88tl1 

Con1r~;;- So th~ thermo1n1·ter tells us tllat federal 

It i:1ailat1,·e acti'\·aty is runnani: at doublf' •l~"t·41. Going 

right along "ith the trend, the number ot hills of i1l­

t(•rl'Jo1t to our 111clustry \Va~ nlHo u11. In 19f;:J, ou1· irldustry 

kept a close v.•ulc11 on no feY.:'<'r tha11 200 J1iC'reJ-1 of Jll'O­

IMl~ federal lt•,ialation. 
~tate gQ\t•1 nn•ents ~'ere alt¥> \<!r)~ )egi•lati,·P-1l'linded, 

1\·1th about 104•.fMM') bill:. intn:Mluced. 0( tht"I.", about 

• 1•,......JJ;·n l, ;\1111·rh·au l'f'trol•·u111 l11!<fltutlf", ~""' lork. ~.l. 
t 1•r1•:.t•11 t~··I 111 ll .l(t•D~·ral l'l"""'"u 1h1rh11r lh;• ~:ith ;\1111111ll )l•~·I 

tug ut tli;• ,\1111•rl1 ••n l'1•tr1>11·11111 1111<!, In 11111 4'011r1ul 11111011 

Jlu11·I ( 'tll• .. ll'u Ill ;\'O\' M, l!lll:'i, 11rf',.\(ll111t, J 1:11 \\'nrr•·ll. 
(: . lkirlllll o .. \1'1 It• !lr'1 oC 111,,..,., •r 

4,000 "\\'OUld ha,'e affect~I our indus:tr» i11 some \\'ay 

and requit<.J close study. 
It take~ no cr)tilnl ball to M'e that our in,·ol,·ement in 

government matters \\1ill intC'nsif}• in tht• )'('ar ahead. 

The in<lu~tt')' is 've11-J>OSition.ed t.o tll('t• t tl1e challt-nstt"3 
and oppo1·tunities of l!)lifi. The issue':. that concernfd 

us in 19G.J-air and wal.('r consen·ation, oceanogra1,h)", 

40
taxe-s, v.·aKe and hour lt•gi.1tlation, anct highwa)· "iKn 

legislation to namil:' jusl a ,.er)• fe~·- al(•rted industry 

1>eor>le to th<• need for doing their honlC'\\·01·k. l\Jany 

1nore 1>copJ(' i11 our industry J1ad to l<'arn i11ore about 

some unfnmilinr r;ubjectH. And tnany 111ort:· of us 1earnc·d 
not onl)• fl·l111 it "·as important to mak(' lhe industry'• 

,·oice heanl ond its opinion"' felt, but alillO l1oar to do it. 

As a result o( the experi('nc:ea of 196."i, then, y,:·e can taet 
t he iSSUf'~ Of 1966 \\•ith t1 ft•eling that \\e On? a t lea11t 

better 1>rc•11n 1·<·tl. 
A s"\"\•ift rtvie\\·-of juwt n. fe\\' of tht" UJ>co1ning issuca 
-su~ .. t- the ,-arie-t)• of <'hallenges l!Jr

to us. As ltr. Dunlop Nlid. I think it i
tunity. 

First, con1ider the area or JCOvernn\ent

A )·ear an at this ti~. I con1mt.>ntt'd 

ment inte-ragenc)· group that is stutl)·1
racts and ftgures. Shortl>· n!te~·ard, th
criticized the• )>resent indutttr)r faet-gathl

inadcquatt:, 11articula1·l)• i11 the areas o
ductive ca1•acity, "·ell~ tla 1lled, trans.1io
li,·erahilit)·, ancl expenditu.-.. and tt\"t"ftU

''"e bt-ljt·\t-d a )'ear &JCt-.-&nti \\~~ bt·l

fln)t fact:; llrl<l figu~s th(' industr>· is u
ougllt to I)(.~ ,.._.(evant to nutionul itel·<ls-
J>lay of ft•dt.•1·al rurios1tr. li'ilr{Ures \\'e ar

''ide ousrht to he obtainal•lt• "·ithout pla
Jlhrsical or financial burdt-n on tht> in
the figu1,.11 "·r ti(> pro\'ith.• are to f)(" UN

for fran1111Jr nt.•\\· polic;i~·tt, tht•)' ought to lK
11ot just infot•111ed gueSs('R, as jn the> Cl

or ulti111att• 1·t·l"Cr\'eS. 

lndustr)' itiu•Jf has rf'C<>J:tniltd the nttc
1•lete <lata. Our responM" to this ttrott
to the fl.ndinJ(t ot the j"t0\tr11n1.-nt stud): 

constructivt•. Task gt'OUfl", under tht> c
l'tll". Gunn(lh, "·ill be dt'Vt•loJting in1prov
ing in thl'ft• areas-re~l'Vt·~ and prod
drillin~ 11tat i1"lit"~, and tht t-conotnics of 
drilling. 

The:ie, of course, ar·t· JU"t the initi
l('eneral n\·t·thaul of oua· tact-gnthering 
re1nainK to ht• done i1l 1 Hfifi and heyonc

be sure that our ))ositi\'t" uction in this n
.r. v.·ill hold out 
s n-all)· or1p.-)r• 
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uot just 11 clis­

t• U!lked to pro­

c1n1C an undut 
Justr)._ ~.\nJ if 
t'd a-: the b3!itl 
• fin1i figun:J&-

lSW of indic-lltecl 

i for anons et1m· 
niu-d nffd. and 
R'l'OUP. bas ~n 
huir111anship of 
c•(l fnct-guthC'r· 
uctive cap!l.cit)'• 
t"\Jiloration and 

al te1,s in tht' 
"r1·\·jces. ~lueh 
l. lJuL you citn 
rtn lends ,,·eip;ht 
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to our ot>i11ions in the ,,·hole a1·ea or go'~rnme1\t fact.· 

guthcri11g. 

An()ther isrut- v.orth comment a t thi~ t ime-one that 

t'!O l "lt"C iall ).~ underaror~• the need for '"'•ider participation 
in in<lust1")· affai 1~i& that of perc<•ntage cteplction. 

'l'hc historic 276·Jl<'ree11t <le1>1ction a·ntr has been mnin· 
talned fo r dc-cadt·,., despite many challenges, for severnl 
in11iortant rea~n1. t...,irst, tbe "' isdo1n of the pro,~ii;t ion 

an,t the establishf'd r ate ha,·e be<·n M.•lf -to>\"ident. Tu11e 

and time again, (·ongn:ss has corr\"'Ctl)· t raced the ton· 
tanued disco,·ery of nr"· petroleum and the continued 
4•x11nnsion of i·c:;('rv~ti to the histol'1c and approprintc 

t nx l l'f:'<\tn1ent of the industry. But ~qually irnportnnt is 

the fact that t ht- industr)~ people have SUJ>porU.><L pc1·­

et·nta~ deplet ion v. ith a united ,·oifi'. A11d becau~ '''t• 
.. J-oke in a singlt ' oiet·, our position '\\"A" clear l)· un<J<'r 
'\tood. 

No" · it a ppeaB that t>ercentagt: rlt 1•letion "ill onreo 
RKain go und('l" a 1111croscope--J•t1rt ly, at least, in the 
~tudy of the halnnct• of 1>a)•menls <lU<·stion. 

An)• policy-t•vt•r\ n good poJiC)'--Ought to be suhj~l 

to 1•eriodic ttvit·\\. Rut it is one th ing to re\•ie"· a JlOlicy 

to "~ if it is "orking-; it is quitf> a1iother to suSO;:t"~t 
that it has to be tinkered with or di11ma nt led to &ff if 
it I 'WC. king. 

Another ar«>.A that ,,·ill demand our \Vider interest nnd 
attention in\ol\es the \\'Ork of thf' Public Land J,a"' 
n~,·1ew Comnua1on. Th.is commiuk>n \\·as dra""n UJ• 

b) Congress to ""lf'W all laws d' alirlg with public 
land . Its dutit"a corntr into important focu.! when )"OU 

et>nt1idcr that 011t thircl of the lnnd &ft..'& of the Unilf'd 
States falls "·ithin the put"\;ew of the~(\ IU\\'S. 

Tl1etc arc indic.-ation& that thJ1 \\·jJJ be no routine 
.-xa1nination. lt c."Ould '\\ell de,·e1op into a thorough-ifC)ing 

review of polic1ea rf'1atlng to donlf'ttit' and fol"f'ign dtl­
\dopmeiit of oil and P...."- Chaimi.an \\·a)-ne -~~pina11 
A)"9 that his t0n11111~i:.1on "·ill be rotto"·1ng the courae 
or tariffs, quot.111 11roposed intt>rnational commodity 
ngrccmc1\ts1 an(l the development of petrochemical con\• 

J)l(\Xf'a . Along " ·ith it \viii be fu1·thr1· f!tu<l)' of de1llctlon 

provis ions. 
Tht indu. .. tr}~ it U;i,;1.isting in thf' "'Ork of that ro111-

m1a.aion th.rousrh l'\'pre.i:,entation h>~ 1t,·eral of it~ out 
atanding meml:K-ni.. But many more reo1>le in our in­
dustry \Viti ultintnt<'I)• become involved. The findings 

and announc<'mcnte of the con1mission y.•ill trigger lively 

discussion and dthute. lndust1·y ptor>lfl at all levC'la 
muAt be prepare<) to take pa1-t. :&,fany 1nore of u s will 
ha,·t to become prartitioners of public affairs-articu­
lators of the indu1ttr)•'s point of "Tif\\, 

No"·, the thrtt i1t1ues I've touchfd on-go,·ernmenl 
fact-finding, oil and gas taxation, an<l land law review­
\\'(lte selected pri1narily for illustrative purposes--to 
•how "'hy morf) partlcirJntion it\ industry alTairs \viii h(I 

necP.ssary in 19Gfi. Rut none of thtrn ranks in in11ne­
diacy with the final issoe I want to discuss. It will, 

,,·ithout qur~tion, O\'er~hado"· all others in th1:- 1lrmand.s 

it v•·ill n1nkt on us. 1 l'tfc•·1 of course, to ni1· uud "·atcr 

conservation . 

.\ir and '\\ alrr Cun'4'"nalion 

The ract that our in,luHlt ) ,,·ill conti1tut• to lJ€' con­

fronte<L \\'ith 11roblen1s of oir 011<1 ,,·attr tOllM(.•r\'ation 

for J11uny )'('n1·s to come iA d<•n1011stratcd b)1 the 111n~sl,•e 

re1>0rt nf the E11\•iron1n('nti1l l•ollutio1t Pi1n(•I of tJ1e 

Presidt'nt 'a Scie11ce Ad,· iM>r)' Co1nmitttt, y.·hirl1 y,•as 

ptt~ntt'd to Ptt~ide11t JohnAOn O\·er thf \\'M·kf'nd. 

This n·110rt unqul'1'tionnhl)· ''"·ill !an emotion.tt, rai~ 

fears, nn<l hrin~ demand~ for action. Thr auh,.tunce o! 

the report is that th~r<' is Htill time to Sft\'C' th(.• ,,·orltl's 

Jle<>Jtles front Lhc catastrophic co11seq11enr.'1 of pollution, 

but li1nr i~ ruunin~out. 
One of thf' nlO~t important JJredictions of lh<" rt.·J~rt 

is that carbon dioxide is bt1ng added to thf' f'arth 's 

atmo~phtn· b)· the burning- o ( coal, oil, an'I natural gas 

at such n rate that by tht' )ear 2000 the h ... t balance 
"'ill be so tll<Xlifie<I as pos~il•ly to cause ma rkrtl rhnnges 

in clinlat<' heyond local or t'Vf'n national r 1r,,rts. Tl\e 

report further states, and I ()uotc: ''. .. tht· 11ollutio11 

from inttrnal combustion <·J\jr1nes is so ... eriou", anti is 

gro"·in1e tt0 fa~t, that an altt>rnati,~e nonpOllutinJr me-ans 

of po"·f'rinl{ automobiles, bu~lf. and trut"ki> 11§ likf'l:r to 

become a national necessit)·." 
The rf'r•ort, ho'''ever, d0<•l( ronclu<le that u1 ban air 

pollution, '''hilc having some unfavorable eff(•ct~. has 
Jtot rearhNI the st.age '''l\e1·r th!! damage is nic gre:1t as 

that asM()(iated '"ith c i,.,'1l r('tle i.;tmoking. 1'"'urt11er1nore, 
it d~ not find that Jll"('"<'nt lt'\·ets of pollution in air, 
\\'ater, s.oiJ,.. 01td li,·ing organi-in1~ are suth •• to be a 

demon~trated cause of di!tea~· or d~ath in J>POt•lt; but it 
is !earful or the future. A• ll safeguarcl, it Y.OUl<l at­
tempt to n~Rrrt the r ight ot llU.\Jl to freedotn f1·001 J)()])u­
tion and to <lt>Jt)' the 1·ight of aJ\}tOt\c to •1ollute air, 
land, or y,•nter . 

Thef'\' &rt' 1nore than 100 1t·co1nrnendatio1111 an this 

s"·eeping l"f'f»Orl, and I C'01nnwn<I it to )--Our 1tu'I). Im­
plementation o( e\·en !o!Onlf' o( them v.·ill kt•t•I• Inca), 

state, ancl federal legiJlllnti\·e bodies, as "·.-.IJ u:;; the 
pctraleun1 nn<l other induHtriC'lil, n.t \\'Ork for g{'1terations. 

The scope of our involvC'nteut is suggestc<I, 01\<'l~ again, 

b)· lite tl1crnlo111eter of legislative acti,•it)• t.hiA 1>agt )·ear. 

On lht- ftdt'ral le\•el1 ht'arin"" and committff me .. tin~ 
relating- to air and v.·ater ('()ftl'en·ation v•ett h(•lct almost 
continuoual)". The results, o( course, arf! tht \\.ater 

Qualit)· Act or 1965 and an i n1p0rtant antf'ndmt nt to 
the Clean Air Act of 1~6~. 

1'urninic to the state IC'vtl, 1\tore than 3Gll hillA dC'al­
ing with air and water COl18el'\•at.ion y.•ert" considered 

by 41 ~lat<" lrgis)aturcs.. 0nf' hundt-ed and !IO(•\'C'nt\"-fi\'C 

of lh~ ~lated to air pollution control. and 1!f0 ·,'"ere 

related to ••ater pollution c:onlrol. As for thf' rt"$Ults of 

a11 this. 30 air p0llution bills pagsed in tR »tat('~, and 
35 water bills in 19 states. 

The signs of heavier in<lu111tr)• involvemer1t nt'xt )'car 

are unmistakabJe. The \\1at('r Qualit:;r Act., for <'xample, 

provides that states are to M·t "·ater quality Cl"iteria by 
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June or 19Gi-<riteria that must be accqitable to the 
D•partment of Health, Education, and Welfare( HE\Y). 
If nn individuill state fails to act, the de11ar-tment \\·ill 
S<>t " 'ntcr criteria in its stead. 

As for t ht' Clean Air Act an1eJ1d11lcnt, the ne''' p"l.'1r 
\ 1ision gi\'~K HE\\' the authority to 11.c•t s la11dards for 
exhaust ttnissions (rom new inotor \'C'hicles. And it pro­
vides for increased federal air polluti01l lesearch, in­
clutling a study o! automoti,·e h)•drocarbon emissions 
from tho carburetor and fuel t.ank. ThN .. will also be 
furtht·r studies on "~ays to cut do"-n sulfur oxide emis­
sions 1t ulling from the burning or ttJJidual oil and 
coal. 

Oil\ 10ul41)•, n large and necessary jol> lirs ahead for 
thil't 11otion. Our industry n1ust giv(• itt11 f'ull~st coopera­
tio11 in this national effort to improve our air and 'vater 
1X'~ou1·c~t1. At the S..'\1l1e time, '''(' ttluSt ulso do \Vhat ,,.e 
cu.n to put. n good cause on a t'atio1lu1 track. 

1n<lu11t1·y cooperation is not 1naclC't 1·u~ic·r l>)' the emo­
tio11a1iam \\1ith \\'hich the 1natter it no''' charged-an 
e-1notionoliM1n ,,.e can expect. to .ee int( 11slfied. Some 
\\'ritert. politician~, and e,·en l't".Sirarch JleOJ'le h al'e 
found that 1t rong words on pollution a~ a short way 

and a ttrtain route to attention. 
\\•f' ftt1f1tl 11ot permit the job aht".:ld of u.s In air and 

~·ater con11er ... ·ation~ither its sirl or it.a comJlle:<:it}·­

to tK'comc obscu.red b)'~ rash statt m'nll anti fanciful 
11otions. Cl<'nr \Valer and clear air "'ill onl)' co1ne about 
tltrough clci1r thinking. 

Our 1>o~itio11 was put fo1"\\a1·tl It\ a lt•t.tt, r to the 
Pres;id('nt last J anuar)', in tt$ponsc to his comments 
about air and 'vater conservation in his State of the 
Union tltf'J.Kap. \\"e pointed out that Jin.st (l'xperience 
in thiic field indicates th(l wast• of mont)# and time th.at 
can ho• in"ohed in false starts. And "'e firmlr stated 
our bclil'C lhat well-meaning Pm«"ran11 can founder 
'vht·N they are based on ruppo.~it1on unMup1)()rtOO b)' 
1icientifie kno\\· le<lgc; de,~eto1>ed th rou).!'h inadequate re­
M'Urch. 

\\'e poinlt."tl out to the Presidrnt-ttntl it js '"'~ortl1 

rc1ni1u.ling ourselves here today thnt our judu5tl·y's 
concern fo1· vlnter quality j i; 1-lincc-r<• and lo11g s tnndjng. 
1'hirt)1-scven years ago, at a ti1n<• \Yh(•f'I mBl'll' local 
gO\·ern1nrnt.s scarcely gave thought to \\•&«<'r purity, th<' 
industr)... fonnetl the APT Com1nitl<'<' on Di~1l0sal of 
Re!lnN; \l'ut••· The industry can take a great deal of 
pride, too, in its solid support of this <•ff()rl all during­
thl' 1~30'a--when there wtre J>f•rhapa more J,~~ing 
economic problems. 

Nor i1 industrr concern with clran air a recent mat­
ter, pt·ovoked by headlines of thl' mom<."nt. \Ve have been 
sponsoring research and publishing our findings for 
111ore thun 10 years-starting Ion£' bflforc the natjonal 
sJ)()tJight was thrown on this p1'0blcm. 

l thought you would b<! interesl<'d in the l:'<'sults of 
somt- 1'ff<'nt at.udies that indicate the extent of our 
indu"try'1 rommitment in air and water consen•ation. 

A J>I tpon!IOrship of basic reJK""arch o\·er the )·ears 
hat tn\·olvM aub,;;tantial sums. Thi,i ha.lie J"tlt'ardl has 
hffn rarrttd on in some 20 different uni,·ers:it)~ labora­
t<,ru"I and research institution'!. ll has ranged Crom 

studi•• or the effect of 11ollutnnt1 on Crustacea,,. 14 
•tudi•• on the composition ot dit••I rxhaust. Jn "">· 
tinuation of these efforts, fu~1ht•r t·t·~arch-principalty 
to •stnblish needed factual 111ro1·mnt1on on matters of 
curr(•ut irllCJ"est jn the nrea of nir conservation-is right 

00,v under co11sideration \\1ithi1\ the API Board of 

Jlirc•clor•. 
Th• API research effort is, or courllt', only a "11all 

110rl of rndu•try spending. A ~tud)' of expenditures by 
rompanies for u·ater conser,·ation is not. completed, hut 
"·e flu hav~ figures on air con~r,·ation. They show th.at 
in lhf' r>ast 10 }~ears, rompanie~ h.a'"<' sptnt more tha1t 
$210 million on air consen~ation rt.eurc:h and new and 
impro,·rd control faciliti~. For 1966, these companies 
hn\·t• t•a1·1narked more than $1 l rnillion for these pur~ 
poses ~1 linost double the a,·<'ragc annual rate of the 
rireviouR 10 y<"ars. 

f~x1><'Jl<liturcs by individual co1n1>anies on 'vatA?r con. 
~<'n1nti()n ha,•e lead to achic,1ements \\'Orth talking 
ahout. A typical example is the East Coast refinery 
\\'"ith a ,,·ater treatment syMt<'m RO efficient that an 

oy•t•r lx-d thrives just '"''""' the 110int where trea~ 
vratrrs are released. Or the inland refinery-a.phi 
l>·r,iral-\\·ith a \\"ater reclaim J) •tern so efficient that 
it hnt greatl)· reduced its requittments f rom city "Water 
mains nnd rtcentl)' \von comr>limt·nts from water offi· 
cialA. 01· the California refinery that uses schools of 
smnll Rsh lo check the quality of •nJuent in its refinery 
pond~. 

Suc•h n<"hit've1nents have 11ot bet>n f!J:K!Ctacular in the 
ne"'llJlRJ>er 11eadli11e ~nse. N()n<' have been crash pro­
grnn11 to ~k one-shot ~lutionM. Rather, they· ha't 
Jlt'(>C(.'('cled i1\ a calm, :-t"nsihlt>, 1•nJJ{rnmmed way and 
ha' t.• 1nacJe--and "·ill co11tinue to make--a real and 
lasting contribution to air ancl "'al~r tonsen·atiO!'I.. 

One rtt<'nt industr)· eff'on haa ~·n the de•ell)pment 
of a prucedure to a,·ert 1~tt'ntiall) hom1ful a ir poJlu .. 
lion c11is0<lt"'"'- An)· cit)r coul<I UNt.' ll. \\'hen alerted by 
n 111onitoring s)•stem an(l "'t>ather fOt"<•co.st to o. threat· 
t>nc·<I buildup of )loOllutants, the co11ln1u11ity '''ould take 
cont 1"01 itt<•p)( to J-educe cnlis1"1io11a. Thes~ stc11s J11ight in· 
clucl~ tt.•tt\J)Ora.1·y fuel s"·itchi1lg, changing of plant oir 

<'rntio11lll, and rutting do\\·n on inciJt<'ration and open 
hurnilll(. 

ln •h•lr«, \\'e ha,·e an achi<',ahlf', t<:OnomjcaJ '4,>lution 
to" rt·al JKlllution problenl. 

Our o,·t:rall record in air and \\"&tcr con~nation ii 
good • record of which we can be r>roud. But in 1966 
tt can &en-e a larger purpose than n1ettl)• gi,·jng us • 
chan~ to point \\"ith pricle. These [>DRt and pre.sent 
effort:M, and our record of eonctrn over many years. 
nlt•rit the d~p attention of an}'OllC KCriously i11terested 
in conserving air and water. Tndustr)r 11eop)e ,\•ith 
«XP<'rti111t in these areas--and n1any more of t hem no"' 
exiat than in the past-must nlnke their ex11ertise avail· 
able. 

In eonclu1ion, then, th~ challenges of 1966 1riU b< 
many and varied~ The)· call, flr&t of all, for e, .. en \\'"ider 

ar 
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and more acti'e fl.3rtitipation b).,. all of us. Those among 
us "·ho ha\ .. eo bf.tn reluctant to take part in these mattere 
must be u~ to~ ard a mo~ acti~e role.. 

But, of tt)Un.e, v.:e need more than just added partiti· 
patlon-more '·01ce. atlded to the chorus. Sucttss in 
any program depend.a al.so upon unity. Certain))>~ \\'e 
benefit from diven1ity o( 01>inion and indh' iduo.lity of 
'\"'ie\\ .. p<>int. Rut our industi; .. is best understood, and its 
nee<ls are nlo~ t"<'a<lily a1>preciated, when it can strike 

a single note. Our induslr)t thri,·e.c tocla)' bttau.e il ha.a 
idenlifted those &?Us that could h•lp, or 1m1>ede, it.a 
progress; and "'·hen it bas respondt-<I, it has doM llO in 
a clear 'Toic:e, easily understood. 

So, we look toward 1966 as a yoar of a-re•t <hallenge 
and opportunity. It can also be a )"l'&r of achievement 
il "'·e ha,·e broad participation and 11tronr 1upport, 
\\"hich I kno" .. \1."e will ha, .. e, in theAe artnR of common 
concern. 
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57 ABSTRACT 

A hull shape for an icebreaking cargo vessel, such as a 
tank ship, is provided which provides for lower ice 
breaking resistance, greater displacement in ice, and 
greater rudder and screw protection against ice when 
proceeding astern in ice laden or ice covered waters 
than conventional icebreaking vessels. The hull shape 
is such that a down breaking bow and a maximum ice 
water line beam is provided forward of the midpoint 
of the hull while aft of the midpoint the ice-water line 
beam is smaller than that forward, the hull beam 
below the maximum ice-water line beam being greater 
than the ice-water line beam in the aft part of the hull. 
Vertical sections through the hull forward of the mid 
point slope downwardly and inwardly while aft the 
vertical sections slope downwardly and outwardly. 

7 Claims, 1 Drawing Figure 
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3,727,571 
1 

ICEBREAKING CARGO VESSEL 
CROSS-REFERENCE TO RELATED 

APPLICATIONS 

This application contains subject matter related to 
Ser. No. 46,649 filed June 16, 1970 for Peter M. 
Kimon, Ser. No. 48,326 filed June 22, 1970 for Peter 
M. Kimon and Charles L. Crane, Jr. and Ser, No. 
100,171 filed Dec. 21, 1970 for William O. Gray. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

5 

10 

The present invention is directed to an ice breaking 
cargo vessel. More particularly the invention is con 
cerned with an ice breaking tank ship where the tanks 
are mainly located in the cargo area. In its more 
specific aspects, the invention is concerned with an ice 
breaking tank ship having a hull of particular configu 
ration which provides greater maneuverability, greater 
displacement, and greater rudder and screw protection 
from ice when proceeding astern. 

2. Description of the Prior Art 
It has been heretofore known to provide a tanker 

ship with a hull of particular configuration for use in ice 
such as the S. S. Manhattan which made an experimen 
tal voyage through the Northwest Passage to Prudhoe 
Bay on the north slope of Alaska. The S. S. Manhattan, 
however, was a converted conventional tanker fitted 
with a special bow and other equipment since it was not 
built originally for voyage through the Northwest 
Passage. 

It has also been known to provide ice breaking ships 
of various hull configurations to break ice to form a 
passage for other vessels of a conventional design. 
However, it has not been known heretofore to provide 
a cargo vessel with a specially designed hull for ice 
breaking and built to carry maximum cargo for its dis 
placement. Nor has it been known to construct tank 
ships of this nature. 
The present invention is therefore quite important, 

new, useful and unobvious since it allows building of 
cargo vessels which may be used in arctic waters and 
which serve also as an ice breaker for itself. 
The following listed U.S. patents were considered 

with respect to the present invention: 

15,472 1,445,839 3,016,865 
17,472 1,500,000 3,075,489 
63,577 1591,748 3,125,977 
151,774 1,726,882 3,130,701 
499,296 1,859,139 3,191,572 
593,664 1,875,629 3,286,674 
743,171 2,322,790 3,289,623 
812,656 2,364,845 3,331,347 
857,766 2,374,845 3,335,686 
857,776 2,517,978 3,352,270 
993,440 2,663,276 3,382,678 

1, f21,006 2,669,961 3,410,241 
1,195,857 2,754,791 3,416,216 
1,254,892 2,764,954 3,435,796 
1,398,246 3,009,434 

SUMMARY OF THE INVENTION 
The present invention may be briefly described and 

summarized as involving a marine vessel for use in Arc 
tic operations having a hull of specific configuration in 
which the hull has a down breaking ice bow with the 
maximum ice-water line beam well forward of the mid 
point of the hull. The ice-water line beam aft of the 
maximum beam tapers inward and forms or develops a 
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2 
smaller beam aft of the vessel's midpoint. The hull of 
the vessel below the ice-water line approaches a max 
imum beam aft of the maximum ice-water line beam . . 
and this maximum hull beam is maintained well into the 
after part of the vessel and the hull beam is greater than 
the ice-water line beam. Vertical sections through the 
hull from forward to aft are such that forward, the hull 
slopes downwardly and inwardly and aft, the hull slopes 
downwardly and outwardly. 

DESCRIPTION OF THE DRAWING 
The present invention will be further illustrated by 

the single FIGURE which is a perspective showing of a 
preferred embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT RELATIVE TO THE DRAWING 

Referring now to the drawing numeral 11 designates 
the hull of vessel 12 having a fore peak 13 and a stern 
14, longitudinal bulkheads 15 which may be parallel or 
at an angle to the main deck 16 and the bottom 17 and 
transverse bulkheads 18 which are parallel to each 
other. All bulkheads extend from the main deck 16 ver 
tically to the bottom 17. The bulkheads 15 and 18 form 
wing tanks 19 and center tanks 20. 
A pump room, cofferdam or fuel oil tank 21 formed 

of bulkheads 18a separates the tanks 19 and 20 from an 
engine room in the stern part of the vessel 12. 

It is to be noted that the hull 11 is flaired outwardly 
at the maximum ice-water line beam in the forward 
part of the vessel and the hull slopes downwardly and 
inwardly while in the aft sections the hull flairs 
downwardly and outwardly providing a greater beam 
and consequently adds displacement. 
The vessel may have two or more screws 22 (only 

two are shown) and rudders 23. The screws 22 and rud 
ders 23 are located such that they are well below the 
stern overhang which protects them from ice. The lines 
24 shown on the hull. 11 illustrate vertical sections 
taken through the vessel 12 from stem to stern and il 
lustrates vividly the features of the present invention. 
The engine room may be provided with steam, oil, or 

nuclear powered propulsion means not shown and also 
the main deck may be provided with living quarters, a 
bridge and one or more stacks leading upwardly from 
the propulsion means and engine room to carry off 
gases, vapors, smoke, and the like. 

In the present invention the vessel breaks ice in a 
downward fashion as the vessel moves ahead. Since the 
body of the vessel aft of a maximum beam becomes 
narrower on the ice-water line vicinity but remains at a 
maximum beam below the ice breaking water line 
thereby relieves ice friction and allows room in the 
broken ice path for the stern to swing giving the vessel 
greater maneuverability while still maintaining high dis 
placement for given water line dimensions. Ice is also 
moved away from the rudders and screws when the ves 
sel moves astern. 
Thus the combined effects of the invention are the 

provision of (i) a down breaking bow with a down and 
inward slope at the maximum beam, (ii) a path in the 
ice significantly wider than the stern to reduce ice fric 
tion and provide room for the broken ice to use as the 
maximum beam passes, (iii) a wider ice broken path to 
maneuver the stern for turning the vessel about in 53
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heavy ice. A significant slope on the sides of the hull as 
shown in the drawing assists in breaking the ice and 
also moving it away from the rudders and screws when 
moving ahead as well as astern. 
The nature and objects of the present invention hav 

ing been fully described and illustrated and the best 
mode and embodiments contemplated set forth, 
what I wish to claim as new and useful and secure by 

Letters Patent is: 
1. An ice breaking vessel having a hull, bow and stern 

in which: 
the bow is down breaking and has a maximum ice 
water line beam forward of the midpoint of the 
hull; 

the ice-water line of the hull aft of the maximum 
beam having a smaller beam aft of the hull's mid 
point, 

the maximum beam on the ice-water line slopes 
downwardly and inwardly; 

the hull below the ice-water line having a maximum 
beam, aft of the maximum ice-water line beam, 
which is maintained in the aft part of the vessel, 
where the maximum hull beam is greater than the 
ice-water line beam; 

vertical sections through the hull from forward to aft 
being such that from forward to aft the hull slopes 
downwardly and inwardly and the hull in the aft 

5 

O 

5 

4 
sections including the stern slope downwardly and 
outwardly; 

whereby the vessel has greater maneuverability, 
greater displacement, greater icebreaking facility, 
and is provided with greater rudder and screw pro 
tection against ice when proceeding astern in ice 
laden or covered waters than conventional ice 
breaking vessels. 

2. A vessel in accordance with claim in which the 
stern overhangs propulsion means and steering means. 

3. A vessel in accordance with claim 1 in the propul 
sion means is a plurality of screws. 

4. A vessel in accordance with claim 1 in which the 
hull interior has a cargo area comprising a plurality of 
tanks. 

5. A vessel in accordance with claim 4 in which the 
plurality of tanks are formed by longitudinally and 
transverse spaced apart bulkheads extending vertically 
from a main deck of the vessel to the bottom of the 
hull. 

6. A vessel in accordance with claim 4 in which 
means are provided for separating the tanks from the 
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Stern. 

7. A vessel in accordance with claim 6 in which the 
separation means comprises a pump room, cofferdam 
or fuel oil tank. 

54
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57 ABSTRACT 

A tanker vessel for carrying liquid material is provided 
with a cargo area provided with a plurality of spaced 
apart longitudinal bulkheads and a plurality of parallel 
transverse bulkheads vertically extending from the 
main deck of the vessel to the vessel shell, said bulk 
heads forming a plurality of wing tanks, first central 
tanks, selected of the first central tanks having a double 
bottom, divided by a vertical bulkhead into two tanks. 
The double bottom carries liquid water ballast only, the 
first selected central tanks carry water ballast or other 
liquid products, and the remaining tanks carry liquid 
products. The first selected central tanks are free of 
bulkhead stiffeners which are provided on the longitu 
dinal and transverse bulkheads. 

6 Claims, 3 Drawing Figures 
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TANKER WESSEL 

CROSS-REFERENCE TO RELATED APPLICATION 

This application contains common subject matter to 
an application entitled “TANK VESSEL" filed May 5, 
1971 for Walter B. Devine, Ser. No. 139,430. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention is directed to tanker ships par 

ticularly marine vessels which are suitable for use in the 
arctic. More particularly the invention is concerned 
with a tanker vessel having a particular arrangement of 
bulkheads and tanks. In its more specific aspects the 
invention is directed to an arctic tank ship which has an 
arrangement of tanks wherein there is a minimum of 
metal exposed to corrosive fluids and in which the 
strength of the vessel is unimpaired. 

2. Description of the Prior Art 
It is known to employ longitudinal and transverse 

bulkheads in tank ships. It is also disclosed in the patent 
literature that the corrosivity of certain products such 
as gasoline and the like may be overcome by using a 
combination of layers of steel of diverse electrochemi 
cal potential in tank ships. It is also known to provide 
tunnels under the tanks of a tank ship to carry pipelines 
and the like. The prior art teaches the provision of bal 
last bags in tank ships to avoid contamination with liq 
uefied cargo. Various water ballast configurations have 
been devised and/or proposed to achieve various tank 
configurations other than that obtained with intersect 
ing longitudinal and transverse bulkheads. All of these 
proposals and prior teachings are still open to various 
objections in providing tank ships wherein the tanks 
and the ships are constructed in an expensive manner 
and the problems which are encountered in the arctic 
where special strength is needed are not solved. It is, 
therefore, novel and unobvious to provide tanker ves 
sels or ships for arctic usage in accordance with the 
present invention which are sufficiently strong that 
navigation in ice covered waters may be achieved. 
The following listed U.S. patents were considered in 

connection with this invention: 
U.S. Pat. No. 2,237,321 
U.S. Pat. No. 2,428,050 
U.S. Pat. No. 2,979,009 
U.S. Pat. No. 3,247,822 
U.S. Pat. No. 3,364,893 
U.S. Pat. No. 3,385,251 

SUMMARY OF THE INVENTION 

The present invention may be briefly described and 
summarized as a tanker vessel for arctic and the like 
use wherein versatile center tanks for arctic tankers are 
provided wherein said tanks are so constructed and ar 
ranged as to carry cargo on one leg of a journey and 
ballast water on the return leg of such journey. By vir 
tue of positioning bulkhead stiffeners outside selected 
center tanks and by virtue of fitting said selected tanks 
with double bottoms, the amount of steel exposed to 
the different corrosive effects of salt water and oil is 
significantly reduced. Furthermore, the tanks are easy 
to clean since the stiffeners are exteriorly positioned 
and therefore do not interfere with the flow of liquid 
through the suction ports. The double bottoms serve 
not only as tanks but also reinforcement for the se 
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2 
lected center tanks which are substantially free of inter 
nal stiffeners or trusses. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be described further by 
reference to the drawing in which: 
FIG. 1 is an inboard profile of the tanker ships of the 

present invention; 
FIG. 2 is a sectional view of the main bulkhead ar 

rangement taken along the line 2-2 of FIG. 1; and 
FIG. 3 is a cross-sectional view of the tanker vessel 

taken along the line 3-3 of FIG. 2, showing the inner 
construction of the wing tanks and selected center 
tanks as well as the bottom tanks under the selected 
tanks. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT WITH RESPECT TO THE 

DRAWING 

Referring now to the drawing and particularly to 
FIGS. 1 and 2, number 10 designates a tanker vessel 
such as a marine vessel designed for use in the arctic 
and like environments. The vessel 10 is provided with 
a plurality of transverse vertical bulkheads 11 which 
extend from the main deck 12 to the bottom shell 13. 
Selected of the bulkheads 11 form selected tanks 14 
which are substantially free of internal trusses or stiff 
eners, and the internal structure, excepting the bulk 
heads, is not subject to corrosion. The selected tanks 
14 may alternate between tanks 15 which are provided 
with bulkhead stiffeners 17 and beams 18. The bulk 
heads 37 and 11 with shell 21 form wing tanks 16 along 
the starboard and port sides of vessel 10. 
The selected tanks 14 have double bottoms 19 

formed of members 20 and shell 21 of the vessel 10. 
The double bottoms 19 have internal plates 22 which 
support the inner bottom 20 and forms inner bottom 
tank 23 underneath the tanks 14. Plates 22 are pro 
vided with openings 24 therethrough for fluid commu 
nication in tank 23 and also to allow passage of con 
duits as shown in FIG. 3. A pump room 25 is defined 
by one of the transverse bulkheads 11 and a bulkhead 
26 and is provided with internal stiffening means 27 
which suitably may be trusses. The bulkhead 26 and the 
bulkhead 27 form an engine room for the motive power 
for the ship which may be a diesel engine, a steam en 
gine, or nuclear power means, and the like. 
The outside shell of the first of the tanks 15 which is 

used for ballast defines a fore peak 28, a prow 29 hav 
ing a bulbous bow 30. The stern of the vessel or fantail 
31 is provided with a steering means 32 and a tunnel 33 
in which is located one or more propulsion means such 
as screws 34. On the main deck 13 is arranged the 
bridge and living quarters 35 through which protrudes 
a stack 36 leading from the engine room to carry off 
steam, smoke, other vapors, gases, and the like. 

In FIG. 2 it will be seen that longitudinal bulkheads 
37 intersect the transverse bulkheads 11 and form with 
the shell and the transverse bulk-heads the several 
tanks described with respect to FIG. 1. 

Referring now to FIG. 3 which is a cross section of 
the tank ship of the present invention, it will be noted 
that the tank 14 is strengthened by upper beam 38, 
inner bottom 20, shell 21, and the internal vertical 
plate 22 supporting the inner bottom 20 and by using 
bulkheads 37 referred to in FIG. 2. The wing bulkheads 
37 are preferably angled to provide maximum tank ca 
58



3,745,960 
3 

pacity for the combination oil/ballast tanks i4 for a 
minimum steel weight and the upper part of it may 
form an angle greater than 90° with the main deck 13, 
while the lower portion of the wing bulkhead 37 may 
form an angle of 90° with the bottom shell or an angle 
greater than 90° with the bottom shell as indicated by 
the dotted lines. 
Referring again to FIG. 3, it will be noted that the 

bottom 20 of tank 14 slopes slightly from each bulk 
head 37 toward the center of the vessel where there is 
provided a drain sump. Connected into the sump is a 
line 50 which also connects into longitudinally running 
line 53 and is controlled by a valve 52. A reach rod 43 
operably connects valve 52 to a valve control means 44 
enclosed in a covered access means 45 on the deck 12. 
Extending downwardly into tank 14 from a control 

means 54 in covered access means 45 is a conduit 46 
which is provided with at least one nozzle means 47; 
line 46 is closed on its lower end adjacent floor 20 and 
connects to floor 20 by a support means 48 which also 
acts as an electrical ground. One or more conduits such 
as 46 may be provided in each tank i4 and may also be 
adapted to rotate if desired. During tank washing oper 
ations, liquids are drawn off by way of the sump, line 
50 and line 53, the combination of which also provides 
means for loading or unloading of the tank 4. Tank 
vents 55 lead from oil hatches 56 which are provided 
with viewing ports 57 within the covered access means 
45. 
Tanks 23 and 15 are also provided with means to 

load and unload liquids, such as line 41 which connects 
in a longitudinal line 40 and is controlled by valve 42. 
Valve 42 is also connected by a reach rod to a control 
means 44 in covered access means 45. Although not 
illustrated, wing tanks 16 are also provided with means 
for loading or unloading liquids. Tank vents 55 lead 
from oil hatches 56 which are provided with viewing 
ports 57 in the covered access means 45. 
The top of the covered access means 45 is provided 

with guard rail 58, while the main deck 13 is also pro 
vided with guard rails 59. The wing tanks 16 are also 
provided with Butterworth hatches 60 through which 
well known Butterworth cleaning means may be in 
serted and employed to clean the tanks 16 as required. 
As also shown in FIG. 3, there is an upper vertical 

portion 21a of the sides of shell 21 which slopes out 
wardly above a connecting vertical portion 21b which 
slopes inwardly. 

It will be seen from the foregoing description taken 
with the drawing that unobvious and useful results are 
obtained in that tanks are provided which are substan 
tially free of inner structural means providing minimum 
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exposure of metal to corrosive liquids such as sea water 
used as ballast and crude petroleum fractions thereof 
and other corrosive liquids which may be carried by 
tanker ship. 
The present invention is, therefore, quite desirable, 

unobvious and useful and presents advantages over the 
prior art. 
The nature and objects of the present invention hav 

ing been completely described and illustrated, what I 
wish to claim as new and useful and secure by Letters 
Patent is: 

1. A tanker vessel having a shell, main deck, and 
cargo area for carrying liquid material which com 
prises: 

a. a plurality of spaced apart longitudinal bulkheads 
and a plurality of spaced apart parallel transverse 
bulkheads in said cargo area intersecting said longi 
tudinal bulkheads, said bulkheads extending from 
the main deck to the vessel shell and forming a plu 
rality of wing tanks and central tanks; 
said longitudinal bulkheads forming an angle 

greater than 90 at least with the main deck; 
c. selected of said central tanks having double bot 
toms with internal structural stiffening means 
below the selected central tanks; 

d. bulkhead stiffeners arranged only on the outside of 
said longitudinal and transverse bulkheads forming 
said wing tanks and said selected central tanks; and 

e. an upper vertical portion of the sides of said shell 
sloping outwardly above a connecting vertical por 
tion of the sides which slopes inwardly. 

2. A tanker vessel in accordance with claim 1 in 
which the selected first central tanks are provided with 
fixed vertical washing means depending from the main 
deck. 

3. A tanker vessel in accordance with claim 1 in 
which the selected tanks are provided with rotatable 
vertical washing means depending from the main deck. 

4. A tanker vessel in accordance with claim 3 in 
which the double bottom of each central tank provided 
with washing means is composed of an inner and outer 
bottom, the inner double bottom sloping toward the 
center of the vessel and the outer double bottom being 
formed by the vessel shell. 

5. A tanker vessel in accordance with claim 4 in 
which each of the inner double bottoms is provided 
with a ballast line and an oil line for filling and draining 
the selected central tanks. 

6. A tanker vessel is accordance with claim 1 in 
which the selected first central tanks alternate with 
other first central tanks having bulkhead stiffeners. 

sk 2. c zz s 
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(57) ABSTRACT 

The invention relates to a marine platform adapted to 
be removably positioned at an offshore body of water, 
the surface of which is periodically subjected to sheet 
ice and floating ice masses. The platform includes a 
controllably buoyant foundation-like base at its lower 
end, which normally rests on the ocean floor. A shell 
like body extends upwardly from said base and is de 
fined on its external surface by a progressively de 
creasing cross sectional area from the body lower end, 
to a point adjacent the upper end. A work deck dis 
posed at, and operably carried at the body upper end 
includes equipment necessary to function at said off 
shore site. A caisson extending uprightly through the 
platform is partially embedded into the substratum be 
neath the platform, firmly anchoring the latter and 
protecting wells during and after a drilling operation. 

5 Claims, 4 Drawing Figures 
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MOBILE, ARCTIC DRILLING AND PRODUCTION 
PLATFORM 

BACKGROUND OF THE INVENTION 

A marine platform of the type presently disclosed can 
serve many purposes and be utilized by a number of in 
dustries. In the specific instance of the petroleum in 
dustry, the platform is generally positioned in an off 
shore body of water to drill into and explore the sub 
stratum for the possibility of producing crude oil and 

O 

gas. Normally, in water depths up to several hundred 
feet such marine platforms are fixed to the drilling site 
by piles of similar retaining means. 

In the instance of such marine platforms built for use 
in Arctic tideland waters, the problem of rigid position 
ing of the unit is compounded by the presence of float 
ing ice during certain periods of, and smetimes for the 
entire year. More specifically, it is known that for most 
of the year, the presence of large ice floes as well as 
moving sheet ice, virtually prohibit the use of any sort 
of conventional fixed platform. 
On the other hand in more protected areas such as 

Alaska's Cook Inlet, the problem of sheet ice which 
moves with the tide can be met to a degree by incorpo 
rating into the platform specific features to overcome 
the conditions prompted by the presence of the moving 
CC. 

One method found to be suitable for opposing the lat 
eral thrust of a moving ice mass, whether in the form 
of floes or an entire ice field, is by fabricating a plat 
form with sufficient mass and with an adequate degree 
of stability to physically resist the displacing forces ex 
erted on the structure. Such platforms however as a 
rule are of a relatively permanent nature in that once 
they are installed at a particular site they are not ame 
nable to be subsequently readily removed or to be re 
used in different water depths. Thus, if the site proves 
to be nonproductive, the use of an expensive nonsal 
vageable platform would result in excessive operating 
expense. 

In addition to the stated problems of initially drilling 
wells in ice infested waters, the subsequently drilled 
wells and well head equipment are further jeopardized 
by heavy ice floes. Ice floes are known to reach to the 
ocean floor and be of such a magnitude as to scour and 
dig out the latter. This results in the subjecting to bend 
ing, breaking off or otherwise damaging, any sea floor 
equipment installed in such an environment. Even 
though the said equipment be buried to a desired depth 
beneath the ocean floor, it may still be susceptible to 
physical damage when extraordinary size icebergs or 
the like are in the area. 

It is therefore economical and desirable to utilize a 
fixed type platform for offshore drilling under ice con 
ditions, and yet provide such a platform that is mobile 
and can be reused in different water depths if it is deter 
mined that a particular area is nonproductive. This 
problem is suitably countered and overcome by the 
present marine apparatus. Said structure comprises in 
effect a platform adapted for drilling, producing or ex 
ploratory work in an offshore body of water in which 
moving ice is prevalent. 
The platform is provided with a relatively widespread 

foundation-like base to afford a firm footing. Further, 
it is made salvageable such that the platform can be re 
moved from a particular spot and subsequently reset at 
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2 
an alternate drilling or producing location. The plat 
form embodies a downwardly extending heavy walled 
caisson through which the respective wells are drilled. 
Said caisson is of sufficient strength and rigidity to re 
sist installation forces and to protect the wells during 
the drilling operation. When the platform is removed, 
the caisson may be left in place and thus serves as a well 
protector. The platform is physically contoured along 
its exterior particularly along the level at which ice 
would be concentrated, such as to expose a minimum 
area thereof to contact with moving ice. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical elevation in partial cross section 
of the instant marine structure shown submerged and 
anchored at an underwater site. 
FIG. 2 is similar to FIG. 1 illustrating the platform 

when buoyed to a floating position. 
FIG. 3 is a segmentary view in cross section showing 

a portion of the structure shown in FIG. 1. 
FIG. 4 is an enlarged segmentary view showing a well 

head installation subsequent to removal of the anchor 
ing caisson. 
Referring to FIG. 1, a platform 10 of the type con 

templated is shown installed at the floor of an offshore 
body of water. Base 11 comprises in general a circular, 
octagonal or other multisided barge-like unit disposed 
at the lower end of the platform, which member ordi 
narily assumes a horizontal disposition. Base 11 sup 
ports an upstanding, conically shaped shell or body 12 
having a contoured external surface which connects a 
relatively broad lower section to a relatively con 
stricted narrow portion at the upper end. Body 12 is 
further provided with an upwardly extending column 
13 along which an equipment deck 14 is operably re 
ceived. Thus, when the platform is submerged at a 
working site, deck 14 can be raised or lowered to a de 
sired height beyond the water's surface. Further, when 
the platform is installed at a drilling site, either the 
upper end of said shell 12 or column 13 is disposed ad 
jacent to the water's surface whereby to meet, break up 
and deflect moving ice at the water's surface. 
Base member 11 comprises in effect a barge-like ves 

sel formed of a plurality of closed, individually con 
trolled tanks. By regulation of the buoyancy of the re 
spective tanks, the attitude and disposition of the base 
can be readily regulated between the ocean floor and 
the water's surface. Base 11 is preferably formed with 
welded steel or reinforced concrete sections of suffi 
cient strength and so reinforced, as to resist external 
forces and pressures expected in the depths of water 
where the platform would normally be positioned. The 
respective compartments such as 16 and 17 within base 
11 are individually separated by discretely placed bulk 
heads and panels. Thus, selective adjustment of the 
buoyancy of said compartments results in the platform 
being raised or lowered to a desired depth or positioned 
at a desired attitude. 
While not presently shown, each compartment 16 

and 17 is connected with a buoyancy system regulated 
from the water's surface and adapted to urge a fluid 
medium such as water or drilling mud through the re 
spective compartments as required. Said system of 
course includes means for regulating the flow of said 
fluids to achieve the purpose of raising or adjusting the 
level of the barge. 
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An opening 18 extends transversely and centrally of 
barge 11, communicating the upper and lower surfaces 
thereof in a generally vertical disposition. 

Elongated, conically shaped shell 12 is disposed with 
its center axis normal to base 11, extending into and 
being rigidly connected to the latter. Column 13 also 
connects to and extends axially through conical shell 
12 and base 11. The respective members are thus se 
cured one to the other in a manner to form a rigid, up 
right structure. The relationship between said members 
not only assembles the respective parts into a unitary 
component, but transfers or applies sheer stress and 
overturning loads applied to column shell exterior, to 
the widespread base 11. A suitable fastening means be 
tween base 11 and shell 12 may be provided by fabri 
cating the shell 12 of reinforced concrete whereby to 
achieve a satisfactory bonded engagement between the 
body peripheral lower edge, and the base. 
Base 11 is further provided with means to assure its 

fixed positioning at a desired offshore working site. 
Thus, said base includes not only center transverse 
opening 18, but optionally may include openings 
adapted to receive a plurality of relatively short spud 
piles 27 which can be driven through the base to en 
gage or be embedded into the substratum after the plat 
form comes to rest on the latter. 
The lower edge of conical shell 12 is secured to base 

11 and maintains the shell in a substantially upright dis 
position. One embodiment of said shell comprises a 
hollow, heavy walled unit formed of reinforced con 
crete, steel, or a combination of said materials. Prefera 
bly, the shell is made in the form of a geometrically 
conical member characterized by an outer wall surface 
having a horizontal cross section which decreases as 
the distance from base 11 increases. 
The primary function of conical shell or body 12 is 

to provide a relatively widespread footing for the plat 
form in conjunction with base 11. Further, said body is 
provided with a sloping outer contour or surface to best 
encounter moving sheet ice whereby to deflect the lat 
ter upwardly, causing it to break into smaller pieces 
due to induced bending stresses. While not presently 
shown in detail, compartments built into the interior of 
shell 12 are vented to the atmosphere to better control 
the internal and external pressures while the platform 
is being submerged. 

Elongated, cylindrical column 13 extends coaxially 
of shell 12 from the point adjacent to base 11 to which 
it is fastened, to a point beyond the shell 12 upper end. 
Thus column 13 projects upwardly for a substantial dis 
tance beyond the shell upper end when platform 10 is 
resting on the floor of an offshore drilling site. The pri 
mary function of said column is to operably support 
work deck 14 during the transportation of the platform 
as well as to provide a means of elevating the work 
deck 14 a desired distance beyond the water's surface 
during actual drilling operations. 
Column 13 thus comprises an elongated cylindical 

member formed of relatively heavy walled steel or rein 
forced concrete. The column lower end is received in 
receptacle means forming opening 18 in base 11 and is 
fastened to the latter by cementing, welding, or other 
appropriate means. The upper end of shell 12 is further 
fastened to the outer wall of column 13 to fixedly join 
the entire assembly into a unitary structure. Intermedi 
ate support means such as struts, braces 22 and 23 or 
bulkheads are further disposed within body 12 and ra 
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4. 
diate outwardly from the column wall to reinforce both 
the shell and the column, and to permit ballasting of the 
conical shell 12 as needed. 
Toward facilitating movement of deck 14 longitudi 

nally along the column 13 exterior, either to the upper 
or lower position, the column can be provided with the 
necessary slots, indentations, protrusions or the like. 
Said means facilitate gripping of the column wall by a 
plurality of climbing jacks and claps carried within 
deck 14. Such jacks are clamps known in the art and 
are frequently utilized on mobile offshore structures for 
regulating the disposition of retractable legs carried on 
the marine platform or structure. 
Subsequent to platform 10 being submerged at a de 

sired offshore location, a caisson 26, which has previ 
ously been secured inside column 13 and extends longi 
tudinally thereof, is released and jetted into the sea bot 
tom. Base 11 is thus firmly embedded in the substratum 
beneath the platform quickly and easily without the use 
of either piles or anchor. A sufficient embedment of 
said caisson 26 will assist platform 10 in absorbing and 
transmitting to the ocean bottom, lateral forces im 
posed on the structure, thus further insuring against the 
possibility of lateral displacement of the platform. 
As shown in FIG. 3, caisson 26 extends preferably in 

a downward direction through the center of the plat 
form to achieve the desired anchoring function. Fur 
ther, in connection with a drilling or producing opera 
tion, and as shown in FIG. 4, when it is deemed feasible 
to move the platform, column 13 is free to slide along 
the embedded portion of caisson 26 as the platform is 
raised by ballasting. 

In such position, the lower remaining end of the cais 
son serves as a protector or enclosure for both wells 
and well head equipment at the floor of the drilling site. 

In the event that icebergs of other relatively deep ice 
masses tend to scour the floor of the ocean in the vicin 
ity of submerged wells 28, the protruding portion of 
caisson 26 will form a barrier about said wells. Should 
caisson 26 nonetheless be contacted by a floating ice 
berg in a manner to bend or deform the caisson walls, 
the internal wells 28 would still be protected due to 
their position within the caisson which will tend to bend 
rather than fracture as they are displaced by the ice 
2SS 

Caisson 26 is initially assembled with platform 10 
during fabrication of the latter. Thus, it can be floated 
to the drill site by the buoyant platform. It is appreci 
ated that since caisson 26 will be lowered or driven into 
the substratum, it will be necessary to add additional 
caisson sections if the platform is moved to other loca 
tions. A number of caisson sections would thus be car 
ried, ancillary to the platform placing operation. 
As shown in FIG. 3, when in the installed position, 

the lower end of caisson 26 is disposed contiguous with 
walls of the column 13 extending through the shell 
lower surface. If it is desired to permanently place a 
platform at a desired location, means may also be pro 
vided for cementing or otherwise rigidly fastening the 
shell 12 upper and lower ends to the casing to rigidize 
the disposition thereof and to avoid movement in re 
sponse to pressure exerted against the platform. 
As shown in FIG. 1, subsequent to the platform being 

anchored into position, deck 14 is elevated along col 
umn 13 outer surface, beyond the water's surface a pre 
determined height to facilitate drilling operation and to 63
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maintain deck carried equipment beyond the reach of 
the anticipated waves and ice. 
As shown in FIG. 4, wells 28 may be completed with 

subsea well heads 31 or extended to the deck elevation 
for conventional surface cntrols, or may be capped for 5 
future use. In the latter event, such equipment may be 
embedded below the surface of the substratum as a 
form of protection. In such instance, the remaining, 
protruding portion of caisson 26 will serve to enclose 
said well head and equipment until such time as the 
wells are connected to the surface for producing petro 

10 

leum fluids. 
Subsequent to said drilling operation as noted, plat 

form 10 is separated from caisson 26 by ballasting the 
latter to raise it a predetermined distance beyond the 
ocean floor. The platform will then slide upwardly 
along caisson 26 in an orderly, controlled manner. 
Thereafter, by controlled flotation of the base 11 and 
venting of body 12, the platform can be entirely raised 
from its position and refloated to an alternate working 20 

15 

site. 
I claim: 
1. A marine platform adapted to be removably posi 

tioned at an offshore body of water, the latter being in 
an environment subject to floating ice, which platform 
includes; 
a submergible base including buoyancy means incor 
porated therein for controllably regulating the dis 
position of said base between the floating position 
at the water's surface, and a resting position at the 
floor of said body of water, said base having means 
forming a vertical transverse opening there 
through, a guide column having upper and lower 
ends, the latter being fixed to and extending up 
wardly from said base in alignment with said verti- 35 
cal transverse opening, the column upper end 
being of sufficient length to extend beyond the wa 
ter's surface when said base is positioned at said 
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6 
floor, 

a caisson disposed internally of and contiguous with 
said guide column, extending longitudinally thereof 
and having the lower end embedded into the sub 
strate beneath said platform whereby to anchor the 
latter during a drilling operation, and to subse 
quently permit upward guided movement of said 
platform along the caisson when the platform is 
raised from a submerged position, 

an elongated shell characterized by a generally coni 
cal external surface, having the broad end con 
nected to said base and having the upper con 
stricted end in engagement with said guide column 
adjacent the upper end thereof, and 

a deck operably carried on said guide column upper 
end being longitudinally movable therealong for 
positioning a desired distance beyond the water's 
surface. 

2. A marine platform as defined in claim 1, including 
a caisson operably received in said guide column and 
longitudinally movable through the latter whereby to 
permit lowering of said caisson downwardly through 
said base to permit embedment thereof into the floor 
of said body of water. 

3. In an apparatus as defined in claim 2, wherein said 
guide column is of substantially uniform diameter and 
slidable along said caisson outer surface to guide the 
latter during lowering thereof into the substrate. 
4. In an apparatus as defined in claim 1, wherein said 

conical shell is of sufficient height to position at least 
a portion thereof beyond the water's surface when said 
base is resting at said floor. 

5. In a marine platform as defined in claim 1, wherein 
said caisson extends upwardly along said guide column 
to position with the upper end thereof adjacent to and 
beneath the water's surface. 

ck ck sk ck k 
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57 ABSTRACT 

A method and apparatus for reducing ice forces on a 
marine structure erected in a body of water which be 
comes frozen through natural weather conditions. The 
structure has a wall of heat transmitting material form 
ing its perimetrical surface in the zone where natural 
ice will freeze onto or impinge against the structure. 
Enclosed chambers are built within the structure and 
in heat transmitting relationship with the outer wall 
and heat is applied to the chambers to heat and main 
tain the outer wall at a temperature above the melting 
point of the natural ice occurring in the water around 
it. In a preferred embodiment the marine structure is 
formed with a heated wall which slopes upwardly and 
inwardly in the area of ice contact to provide a ramp 
like surface upon which a sheet of ice will be forced 
with reduced friction as it moves against the structure. 
Thus an edge of the sheet of ice will be prevented 
from adhering to the structure and will be lifted above 
its normal position on the water surface as the ice 
moves against the structure, causing the sheet to be 
bent and fractured, reducing the force imposed by it 
on the structure. 

15 Claims, 4 Drawing Figures 
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ARCTIC OFFSHORE PLATFORM 

BACKGROUND OF THE INVENTION 
This invention relates to a marine structure for instal 

lation in waters upon which thick sheets of ice are 
formed during the winter season. In arctic and antarctic 
waters the winter ice normally may reach thicknesses 
of 6 to 10 feet or more and rafting, pressure ridges, and 
other accumulations may cause the thickness of the ice 
in places to be several times the thickness of the origi 
nal sheet. The ice sheets are of vast area and although 
normally they may move relatively slowly with wind 
and water currents, the mass of ice in movement can 
cause very high forces on a stationary structure in its 
path. Such ice may have a compressive strength in the 
range of about 650 to 1,000 pounds per square inch 
and a structure strong enough to withstand the crushing 
force of the ice would necessarily be very massive and 
correspondingly expensive to construct. 

It has been proposed heretofore that rather than 
build a structure strong enough to withstand the total 
crushing force of the ice, i.e., strong enough to permit 
the ice to be crushed against the structure and thus en 
able the sheet of ice to flow around it, the structure be 
built with ramp-like surfaces which would cause an 
edge of the moving ice sheet to be forced upwardly 
above its normal position on the surface of the water as 
it came into contact with the structure, thus bending 
the ice sheet and placing a tensile stress in the ice. 
Since the ice has a flexural strength of about 85 pounds 
per square inch, a correspondingly relatively smaller 
force is placed on the structure as the ice impinging on 
it fails in tension. 
Several forms of structures having a sloping perimet 

rical wall for installation in waters where they would be 
exposed to the forces of moving ice are illustrated in a 
paper by J. V. Danys entitled "Effect of Cone-Shaped 
Structures on Impact Forces of Ice Floes," presented to 
the First International Conference on Port and Ocean 
Engineering under Arctic Conditions held at the Tech 
nical University of Norway, Trondheim, Norway, dur 
ing Aug. 13 to 30, 1971. 
Another publication of interest in this respect is a 

paper by Ben C. Gerwick, Jr. and Ronald R. Lloyd enti 
tled “Design and Construction Procedures for Pro 
posed Arctic Offshore Structures," presented at the 
Offshore Technology Conference meeting at Houston, 
Texas during Apr. 1970. 

In testing in a laboratory cold room scale models of 
offshore structures incorporating the above design 
principle to investigate the action upon them of sheet 
ice it was found that the ramp-type of surface, when 
moving relative to the ice sheet and in contact with it, 
caused appreciably less force to be imposed on the 
platform structure than would be the case if the plat 
form wall presented to the ice sheet was disposed verti 
cally to it as would be the situation if, for example, a 
proportionately larger diameter pile or caisson was 
contacted by the moving ice sheet. It was discovered, 
however, that this condition was true only while the ice 
sheet could move relative to the platform and that as 
explained hereinafter ordinarily much larger forces 
would be imposed on the marine structure before the 
bond between it and the ice was broken to permit such 
relative movement. 

O 

15 

25 

35 

40 

2 
In the actual installation of a marine structure in arc 

tic waters it is proposed to construct and assemble the 
structure in a shipyard and tow the assembled structure 
to the offshore site where it will be established during 
the time the waters are open and relatively ice-free. At 
this time the structure will be lowered into contact with 
the submerged earth and piles may be driven into the 
earth to hold the structure in place against the horizon 
tal forces imposed upon it. Piles may also be used to as 
sist supporting the vertical loads on he structure. 

In the farther northern arctic waters such as the wa 
ters off of the north slope of Alaska, the open water 
season is relatively short, approximately six weeks, 
after which ice begins to form on the open waters. The 
ice will freeze around and onto the marine structure 
which has been fixed at the offshore site. This condition 
has been duplicated in the laboratory to determine 
what effect the newly frozen sheet ice would have on 
a scale model of a ramp-sided offshore structure as de 
scribed heretofore and particularly to determine what 
forces would be imposed on it. 
As the ice sheet built up in thickness on the surface 

of the water surrounding the model structure, it also 
froze onto the surface of the structure in contact with 
the water. When the ice sheet reached the required 
thickness for the test, it was found that a much greater 
force was required to start relative motion between the 
model and the adhering ice sheet than was required to 
maintain the relative motion after the adhesive bond 
was broken. For the conditions of the test, approxi 
mately 5 to 10 times as much force, depending on spe 
cific conditions, was imposed on the model structure by 
the ice sheet before the bond was broken than was im 
posed after this relative motion was established. 
The amount of force imposed initially on the struc 

ture by the ice sheet will, of course, be dependent on 
the form, dimensions and characteristics of the struc 
ture and the dimensions and characteristics of the ice. 
But in all cases, as the problem is understood now, a 
much greater force will be imposed initially on the 
structure before the adhesive bond between it and the 
ice is broken than will be imposed after the bond is dis 
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rupted. Ordinarily it would be necessary under these 
conditions to build the structure strong enough to with 
stand the initial forces imposed on it by the ice sheet 
even though the forces imposed on it during the major 
portion of its useful life would not require a structure 
of such rugged construction. A structure built strong 
enough to withstand the initial ice forces would be cor 
respondingly more expensive to build and more diffi 
cult to install than one designed to take only the load 
of a relatively moving ice sheet. The present invention 
is designed to alleviate this condition of initial high 
loading imposed on the offshore structure by a method 
and apparatus to be described hereinafter. 

SUMMARY OF THE INVENTION 

The invention will be described hereinafter as ap 
plied particularly to an offshore structure used primar 
ily for drilling oil wells or as an adjunct to producing oil 
from subaqueous oilfields in regions of the earth where 
the open waters become frozen on the surface with an 
appreciable thickness of ice. For simplicity of descrip 
tion, such a structure may be designated hereinafter as 
an offshore drilling platform although it will be appreci 
ated that the principles of this invention may be applied 
to other types of marine structures such as offshore 68
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production platforms, offshore loading and unloading 
stations for petroleum tankers, lighthouses, piers or 
other structures established in a fixed location and ex 
posed to the forces of ice sheets which move on the sur 
face of the water. 5 

Pursuant to the invention a method is provided for 
preventing the natural ice from freezing on and adher 
ing to the surfaces of the offshore structure exposed to 
the water in the zone of natural ice formation and ap 
propriate apparatus is exemplified to accomplish this 10 
method. This method comprises a system for applying 
heat to the inner surface of the outer wall or shell of the 
structure, particularly adjacent the water line where 
the natural ice will tend to freeze onto or impinge 
against the outer surface of the shell to cause the tem- 15 
perature of the outer surface of the shell in the area of 
ice contact to be maintained above the melting point of 
the ice. The heating system is such that heat can be ap 
plied continuously to the shell of the platform while ice 
is present in the water around it, both to prevent adhe- 20 
sion of ice to the shell and to provide a film of water be 
tween the ice and the outer surface of the shell to assist 
the ice in slipping over and upon this surface when the 
ice contacts it, both of which features function to re 
duce the force imposed on the structure by the moving 25 
ice sheets. 

In a preferred embodiment of the invention, an off 
shore drilling platform is constructed with a portion of 
its perimetrical outer wall or shell in the form of a frus 
tum of a cone sloping upwardly and inwardly of the 30 
platform at an angle of approximately 45 to the hori 
Zontal. The conical surface extends from a location 
below the region of ice formation on the surface of the 
water to some distance above the level of the water sur 
face and will function somewhat in the manner of a 
ramp upon which an edge of a sheet of ice will be raised 
above its natural level on the surface of the water as the 
ice moves toward the platform. Thus, the ice sheet will 
be flexed in the region of the platform causing the ice 
to fracture and break from the tensile forces resulting 
from the flexural stress. 
Water-tight compartments, which in the preferred 

embodiment function as water tanks, are constructed 
within the platform adjacent the outer conical shell and 
the latter acts as a common exterior wall for both the 
platform structure and the water tanks. The tanks are 
connected to pumps for circulating water through them 
and through heat exchangers, which latter are in com 
munication with the exhaust gases from the engines 
which generate the power for operating the machinery 
and other apparatus on the platform. The tanks are 
filled with water which is heated an amount to maintain 
the outer surface of the shell of the platform above the 
melting point of the natural ice which forms around or 
impinges upon it, thus preventing the ice from freezing 
onto and adhering to the outer surface of the platform. 
Preferably the water tanks are of sufficient capacity to 
contain enough heated water to maintain the critical 
area of the shell of the platform at a temperature above 60 
the melting point of the natural ice throughout a period 
of at least 24 hours if no additional heat is added to the 
water during that time. This will provide a safe period 
for making repairs if the source of heat for the water 
should fail during the critical period when the ice sheet 65 
may otherwise be in a condition to freeze onto the plat 
form and start moving. It will be noted that if the source 
of heat for the water fails during the time when the ice 
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4 
sheet is in motion so that the intact ice sheet does not 
adhere to the shell, any additional load imposed on the 
platform by the ice will be considerably less than the 
force imposed on the platform by the thrust of an ice 
sheet which is frozen onto and adhering to the shell. 

It is not intended that the invention be limited to 
heated water tanks placed within the shell of the plat 
form, and other means for performing the method of 
this invention also will be described hereinafter or will 
become apparent as the description of the invention 
proceeds in conjunction with the accompanying draw 
ings which form part of this specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation, partly in section 
and with some elements rearranged in position for clar 
ity of disclosure, of an offshore drilling platform incor 
porating the features of this invention and illustrates 
the embodiment which employs heated water tanks to 
maintain the critical areas of the shell of the structure 
above the freezing temperature of the natural ice 
around it. 
FIG. 2 is a schematic illustration in sectional plan 

view taken on the line 2-2 of FIG. 1. 
FIG. 3 is a schematic representation in elevation and 

partly in section of another arrangement of apparatus 
incorporating the features of this invention and illus 
trates the use of heat transfer panels to heat the critical 
area of the perimetrical shell of an offshore structure 
above the melting point of the natural ice surrounding 
it. 

FIG. 4 is a schematic illustration in plan view and 
partly in section taken along the line 4-4 of FIG. 3, 
with portions broken away to expose details of the as 
sembly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 represents an offshore drilling platform 10 in 
stalled in a body of water 12 in engagement with the 
underwater bottom 14 to which it is secured temporar 
ily by piles 16. The platform is designed particularly for 
installation in arctic waters upon which thick sheets of 
ice 18 will seasonably be formed. The platform has a 
lower support portion 20 which extends into the water 
and forms a base which supports a deck portion 22 
above the surface of the water. The lower portion of 
the platform is exposed to the water and ice forces inci 
dent to its environment and is the portion of the plat 
form of principal interest to the present invention. The 
upper portion of the platform may contain several lev 
els of decks and may be enclosed and heated to provide 
a reasonably comfortable working environment and 
protection for men and equipment from the winter 
weather during which the temperature may drop to the 
range of -60 F. Without adequate heating facilities in 
the working areas the operation of the arctic drilling 
platform would become virtually impossible during a 
major portion of the year. 
Since it is both expensive and difficult to construct 

and install a drilling platform in arctic waters, it is desir 
able to provide a platform which is capable of drilling 
a number of wells from the same location. For example, 
the drilling platform illustrated in FIG. 1 may be de 
signed to drill 10 or more wells from the same platform 
site to a depth of approximately 16,000 feet and ac 
cordingly is made large enough to accommodate the 69
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machinery and equipment necessary for this purpose. 
By way of illustration only, a platform of this capacity 
for installation in 40 feet of water may have a bottom 
diameter of approximately 180 feet and a diameter at 
the water line of approximately 120 feet. The base por 
tion may have a height of 85 feet and support above it 
decks and other appurtenant equipment including a 
drilling derrick reaching to an elevation of approxi 
mately 160 feet above the floor of the sea. 
A drilling platform of the above-noted dimensions 

will weigh several thousand tons before it receives any 
of the machinery and equipment necessary for the dril 
ling operation. The weight of the platform will increase 
proportionately as it is designed to withstand greater 
natural forces and since the weight of the structure re 
flects its cost, the cost will increase proportionately as 
the weight increases. The present invention is directed 
toward a procedure for reducing the forces imposed on 
the base portion by natural ice formations, thus permit 
ting less structural material to be incorporated in it and 
correspondingly reducing its mass as well as reducing 
its cost. 
For a drilling platform of the size and drilling capac 

ity referred to, power generators adequate to produce 
approximately 3,300 horsepower will be supplied to 
operate the rotary table, drawworks, mud pumps and 
the other equipment and appurtenances necessary for 
the drilling operation. In accordance with one exem 
plary embodiment of this invention the waste heat from 
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25 

the power generating source is used to heat the shell of 30 
the platform above the melting point of the natural ice 
surrounding it in the manner and for the purpose to be 
described in more detail hereinafter. If, for example, 
the power source selected is a turbine engine and three 
1,100 hp gas turbines are used for the power necessary 
to operate the drilling platform, more than 32,000,000 
BTU/hr. waste heat from the turbines will be available 
for heating the shell of the support structure. This 
amount of heat is amply adequate to maintain a shell 
of the dimensions noted above continuously at a tem 
perature above the melting point of the natural ice 
formed in the water in contact with it. 
The structure illustrated in FIG. 1 represents a dril 

ling platform which is towed to the drilling site in a 
completely assembled and equipped condition and 
which requires no additional construction at the site ex 
cept for lowering it into engagement with the sea bot 
tom and, when necessary, securing it with piles. Ballast 
tanks 24 (FIGS. 1 and 2) are built into the base portion 
20 as an integral part of it to ballast the platform when 
being towed and to enable it to be lowered through the 
water into contact with the sea bottom. The ballast 
tanks are each provided with appropriate sea cocks 26 
which can be manipulated remotely from aboard the 
platform by means not shown but which can be pro 
vided for within the skill of the art and each ballast tank 
has connected to it a respective blowdown pipe 28 
which receives air under pressure from a compressor 
30. The sea cocks can be opened to admit water into 
the ballast tanks or, alternatively, pressurized air can be 
introduced into the tanks to expel water from the tanks 
through the sea cocks. 
When the platform is under tow, enough water is ad 

mitted to the ballast tanks to give it a draft of about 8 
to 10 feet and the ballast tanks have sufficient volume 
to provide adequate buoyant space above the ballast 
water to give the platform stability in its towing condi 
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6 
tion. The ballast tanks may of course be trimmed as 
necessary to compensate for any uneven distribution of 
weight in the platform. 
The drilling platform represented by FIG. 1 is con 

structed to be readily established withfull operating ca 
pability at a selected drilling site and with the ability to 
be removed from one site and established at another in 
operating condition without delay. To assist this mobil 
ity it is desirable that the platform be constructed to be 
stabilized at an offshore location with a minimum of 
secondary construction operations, such as the driving 
of piles, being required to secure it in position against 
the forces it will be exposed to. 
The platform is constructed with a plurality of leg 

members31 which are mounted to be moved vertically 
relative to the body of the platform by corresponding 
jacking arrangements 33. The legs have expanded foot 
portions 35 and contain internal guides 32 (FIG. 2) for 
the piles 16. When the platform assembly reaches a 
drilling site, and while it still is floating, the leg mem 
bers are lowered into engagement with the sea bottom. 
While the jacks are engaged with their respective legs 
the sea cocks 26 are opened to admit additional water 
to the ballast tanks 24 increasing the weight of the plat 
form enough to give it negative buoyancy. The footings 
35 are designed to control the penetration of the legs 
into the sea bottom as the weight of the platform in 
CTCSS. 
The jacks 33 are now operated to lower the platform 

along the legs in a leveled controlled condition until the 
bottom 37 of the platform is seated on the sea floor. 
The ballast tanks may now be flooded an additional 
amount, adding sufficient weight to the platform for it 
to resist being displaced by natural forces. 

in locations where the platform will be exposed to ad 
verse conditions such as the thrust of sheet ice, the piles 
16 may be driven into the submerged earth to hold the 
platform securely in position against horizontal loads 
imposed on it. It is an object of this invention to provide 
means for reducing considerably the force which other 
wise would be imposed on a stationary platform by an 
ice sheet moving against it, thus enabling a structure to 
be assembled which is more adaptable to the conditions 
of use described heretofore. 
When the platform is to be moved to another loca 

tion the piles 16, if such piles have been used, are cut 
below the footings 35 or otherwise detached from the 
platform. The compressors 30 are operated to expel 
water from the ballast tanks until a condition of buoy 
ancy of the assembly is reached which will permit it to 
be elevated off bottom along the legs 31 under con 
trolled conditions. Preferable during this operation, 
sufficient water will be kept in the ballast tanks to give 
the platform some negative buoyancy and it will be 
lifted along the legs by the operation of and under con 
trol of the jacks 33. The platform is raised to its floating 
position, the ballast is adjusted, and the assembly is 
towed to its new location where it is again set on bot 
tom as described heretofore. 
FIG. 1 represents the drilling platform installed at the 

drilling site and equipped for the drilling operation. 
The derrick, indicated at 39, is enclosed for protection 
from the weather and extends into the body of the 
structure to a deck 41 which contains a support 43 for 
the rotary table. The derrick has a crown block 45 
which can be shifted to be aligned vertically with each 
of the several positions 47, FIG. 2, on bottom plate 49 
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through which separate wells may be drilled. The ro 
tary table, not shown, likewise is constructed to be 
moved into alignment selectively with each of the posi 
tions 47. When a well is being drilled a casing 51 is set 
in the well bore and sealed with a watertight connec 
tion 53 to the plate 49. If the platform is to be moved 
to another location, the casing will be detached from 
the platform and a watertight cover will be secured 
over the corresponding opening. 
As previously indicated, gas turbines may be used as 

the primary source of power for the platform. Two of 
the power generating gas turbines 34 and 36 are illus 
trated schematically inform and position in FIG. 1. The 
exhaust from each turbine is led through a respective 
conduit 38 and 40 to heat exchangers as represented by 
the coils 42 and 44. It is within the concept of this in 
vention to provide a bank of heat exchangers which will 
be in communication with the exhaust ducts of all the 
power turbines or to provide separate heat exchangers 
associated with each respective power turbine. How 
ever, it is important that there be some redundancy in 
this portion of the apparatus to provide adequate oper 
ating heat exchanger capacity if some portion of the 
power generating or heat exchanger apparatus must be 
closed down for maintenance or repair. 

In this illustrative embodiment of the invention, after 
the drilling platform is established in operating condi 
tion the ballast tanks 24 are substantially filled with a 
heat transfer liquid. Atmospheric space 48 is left at the 
top of the tanks to function as a surge chamber and to 
provide for expansion of the liquid. Otherwise the bal 
last tanks may be connected to auxiliary surge tanks, 
not shown, for this purpose. 
The heat transfer fluid may be sea water to which an 

appropriate corrosion inhibitor has been added to pro 
tect the steel surfaces in contact with it. Desirably an 
antifreeze component is added to the water to prevent 
it from freezing solid within the ballast tanks and to 
cause it to remain pumpable if the water is not heated 
during a period when the shell of the support structure 
is reduced below the freezing point. Where fresh water 
is available in sufficient quantity, the ballast tanks may 
be purged of any salt water they contain and filled with 
fresh water to which is added a corrosion inhibitor, an 
antifreeze component and an algicide to make up a 
compounded heat transfer fluid. 
Antifreeze components available for this purpose 

would be, for example, soluble salts, such as sodium 
chloride and calcium chloride, an alcohol such as 
methanol, or a glycol such as ethylene glycol, or a glyc 
erol, or any of several other antifreeze substances 
which are well known, any of which may be added to 
the water in the ballast tanks in a sufficient amount to 
prevent the water from freezing to a nonpumpable con 
dition throughout a predetermined temperature range 
at a time when heat is not being applied to the water. 
A corrosion inhibitor is selected to be compatible and 
effective with the chosen antifreeze component. 
The heat exchangers 42 and 44 are connected by ap 

propriate pumps, as 50 and 52, respectively, to a com 
mon manifold 54 from which respective conduits, as 56 
and 58, communicate with the top portion of each indi 
vidual tank 24 below the level 59 of the water con 
tained in it. The lower portion of each tank is in com 
munication with a common manifold 60 through re 
spective lower conduits, as 61 and 62. The heat ex 
changers 42 and 44 are connected to manifold 60, as 

8 
by respective conduits 63 and 64 and the pumps oper 
ate to draw cooler water from the top portion of the 
tanks and pump it through the heat exchangers and 
thence into the bottom manifold 60 from which it is di 
rected into the bottom portion of the tanks 24. Al 
though a single pump may be used for circulating the 
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heat transfer fluid through the tanks 24, it is advisable 
to have at least a second pump connected in the sys 
tem, either as an operating component or as standby, 
to insure the continued operation of the system if one 
of the units should fail to function. Appropriate valves 
placed in the upper and lower conduits such as, respec 
tively, valve 65 in conduit 56 and valve 66 in conduit 
61 provide a means for controlling the flow of heat 
transfer fluid through an individual tank independently 
of the flow through adjoining tanks and also provide a 
means for isolating an individual tank from the heat 
transfer fluid circulating system as may be necessary 
for repair or maintenance. 
The ballast tanks for a platform of the dimensions de 

scribed heretofore are designed to hold in excess of a 
total of 20,000 barrels of water. The heat transfer fluid 
circulating system is designed to circulate fluid through 
these tanks at the rate of approximately 800 gallons per 
minute when the platform is in normal operation and 
32,000,000 BTU/hr. will be available from the power 
generating turbines to heat this fluid. When the fluid in 
the ballast tanks is heated sufficiently to maintain the 
outer surface of the support structure shell at approxi 
mately 33 F, there will be enough heat stored in the 
water in the ballast tanks to keep the shell above the 
freezing point of the ambient water for a period of 24 
hours, thus providing a safe period for repairs, or for 
securing the wells and abandoning the platform if the 
power generating system on it should fail under condi 
tions which imperil the safety of the platform. 
The platform shown in FIGS. 1 and 2 indicates, by 

way of example, six ballast tanks 24. However this is 
not a critical number and more or fewer tanks may be 
appropriate for particular platforms. The tanks illus 
trated are separated by radially disposed watertight 
walls or bulkheads 67 and are closed on their radially 
inwardly sides by a cylindrical wall or bulkhead 68. The 
radially outer wall of the tanks is the perimetrical wall 
or shell 70 of the lower portion 20 of the platform. 
FIG. 1 also indicates the ballast tanks as extending 

from the watertight bottom 37 of the platform up to the 
bottom deck 74 of the upper portion 22 with the heat 
transfer fluid in the ballast tanks in direct heat transfer 
contact with the inner surface 76 of outer wall 70 
throughout substantially all of this region. However, for 
some platforms, it will be sufficient to provide tanks for 
the heat exchange fluid which, although of adequate 
capacity, are of less volume than those indicated in the 
drawings. Such smaller tanks will be distributed around 
the inner surface 76 of the wall 70 and be constructed 
to expose the inner surface to contact with the heat ex 
change fluid throughout the area where natural ice 
could freeze to the shell, extending for a distance above 
and below the surface level of the ambient water, to 
maintain this zone of the shell above the melting tem 
perature of the natural ice in contact with it. By this 
construction a weighted dry ballast may be used which 
requires less space than water ballast and thus provides 
additional dry working area within the platform. 

In the illustrated embodiment the cylindrical bulk 
head 68 defines working space at the core of the plat 71
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form and appropriate decks, as 41, 78 and 80 are pro 
vided to support men and machinery. Although this 
space will be heated to a comfortable working tempera 
ture which normally may be above the temperature of 
the fluid in the tanks 24, there is nevertheless provided 
a layer of insulation 84 placed against the radially inner 
surface 86 of bulkhead 68 to reduce heat loss from 
these tanks if the temperature of the core area 88 
should be below that of the tanks. 

Preferably a wear plate 90 is secured to the outer sur 
face of the shell in the zone on the platform of ice 
contact to strengthen this area and to receive the im 
pact and abrasive action of the ice sheet bearing against 
the support structure. 
FIGS. 3 and 4 represent an alternative arrangement 

of apparatus embodying the present invention and indi 
cate also a modified form of platform to which it is ap 
plied. The same numerals as used previously will be 
used again where applicable in relation to FIGS. 3 and 
4 to designate corresponding elements. 

In this modification the lower support portion 20 and 
the upper deckportion 22 may be constructed as sepa 
rate units which will be assembled together at the off 
shore site. The support portion has pile guides 32 built 
into it around its periphery as well as through its central 
section to receive a corresponding number of piles 16. 

The support portion of the platform is towed to a 
chosen offshore location and sunk into contact with the 
sea bottom by increasing the ballast weight. Piles 16 are 
then inserted through the pile guides 32 and driven into 
the submerged earth. The support section is leveled 
and the piles are grouted to the pile guides to hold the 
platform securely in position against the horizontal and 
vertical loads imposed on it. Subsequently, the upper 
deck portion 22 is lightered to the location and assem 
bled on the stabilized lower portion. 

In this modification, as in the platform illustrated in 
FIG. 1, a watertight bulkhead 68 surrounds the central 
area 88 of the platform and defines the inner wall of 
compartments 100 and 102 which may be used as bal 
last tanks for trimming the platform under tow and for 
sinking it at the well site in the manner described here 
tofore. However, rather than filling the compartments 
with the heat transfer fluid to keep the shell of the sup 
port section above the freezing point of the ambient 
water, panels of coils of tubing are fitted to the inner 
surface of the shell in heat transfer relationship and the 
panels are manifolded together to receive the heat 
transfer fluid from heat exchangers which are exposed 
to the exhaust gases of the power generating turbines 
for the platform in a manner similar to that described 
heretofore. In this modification of the invention after 
the drilling platform has been secured to the underwa 
ter bottom, the water may be displaced from the indi 
vidual compartments which are then loaded with suffi 
cient dry weighting material to compensate for what 
ever residual buoyancy the assembled platform may 
have. This procedure reduces the corrosion problem of 
the interior surfaces of the compartments caused by 
water contained in the tankage and also provides addi 
tional dry working or storage space within the confines 
of the platform. 

Referring still to FIG. 3, the heating panels 104 are 
placed against the interior surface 76 of the shell 70 in 
heat transferring relationship throughout the area 
which will be in contact with the ice sheet 18 formed 
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10 
on the surface of the ambient water and preferably will 
extend for some distance above and below the thick 
ness of the sheet to assure that this area of the shell will 
be elevated in temperature above the melting point of 
the surrounding ice. A wear plate 90 is secured to the 
outer surface of the shell in this area for the purpose 
described heretofore. The panels of heating coils are 
covered on their inward surfaces with a layer of insulat 
ing material 106, such, for example, as a foamed ure 
thane to confine the heat from the panels to the shell 
of the platform in this area. Preferably the insulating 
material is in turn covered by a cover 107 secured in 
a watertight manner to the surface 76 to prevent water 
in the ballast tanks from contacting the heating panels 
and the insulation. 

In operation a heat transfer fluid of the type de 
scribed heretofore flows from surge tanks, as 108 and 
110 into a manifold 54 from which it is taken by pumps 
50 and 52. The pumps deliver the fluid to heat ex 
changers 42 and 44 which receive heat from the ex 
haust gases of the platform power generating engines 
34 and 36 through ducts 38 and 40. The fluid flows 
from the heat exchangers to a manifold 112 and from 
the manifold respective conduits 114 conduct the fluid 
to the heat transfer panels 104. The fluid is pumped 
through the tubing 116 of the panels and thence flows 
through respective conduits 118 into a manifold 120 
from which it is conducted by piping 122 to the respec 
tive surge tanks as 108 and 110. 
Appropriate valving is placed in the system to pro 

vide for the control of the fluid circulation to any one 
of the panel sections or to any surge tank and to enable 
these portions of the apparatus to be taken out of the 
operating system for maintenance or repair. Thus, re 
spective valves 124 are placed in the conduits 114 from 
the manifold 112 to the corresponding sections of the 
heat transfer panels 104 and respective valves 126 are 
placed in the conduits 118 carrying the return fluid 
from the heat transfer panels to the manifold 120. In 
like manner, each section of the surge tankage can be 
isolated independently of the others by a respective 
valve 128 placed in the piping 122 which leads from the 
manifold 120 to the surge chamber and by a corre 
sponding respective valve 65 in the conduits, as 56 and 
58, from the individual surge chamber, as 108 and 110, 
to the manifold 54. 
Since in the modification illustrated in FIG. 3 the 

heat for the shell 70 of the support section of the plat 
form is concentrated in the zone of ice formation in the 
surrounding water, less total heat will be required to 
maintain this portion of the shell above the melting 
point of the natural ice than was used for the modifica 
tion of the invention described in relation to FIG. 1 and 
less heat generating capacity will be required for this 
purpose. 

It is within the concept of this invention that, unde 
some conditions of ambient weather and the platform 
configuration, the shell of the platform in the zone 
thereon of ice formation can be heated above the melt 
ing point of the ice by diverting the exhaust gaseous flu 
ids from the power generating engines through appro 
priate ducting into heat transferring contact with the 
inner surface of the shell to function as the heat trans 
fer fluid. Also, it is within the concept of this invention 
to provide sufficient power generating means aboard 
the platform to generate power for panels of electrical 
heating elements arranged in a manner similar to that 
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described with reference to the heat transfer panels il 
lustrated in FIGS. 3 and 4. 

If it is desired to keep the platform on location after 
the drilling operations are completed, when it no longer 
is necessary to generate the amount of power required 
for drilling, auxiliary sources of power may be used di 
rectly to supply the heat necessary to prevent ice from 
adhering to it. Thus, a steam boiler may be used which 
is designed primarily to supply the heat transfer fluid 
for the ballast tanks 24 or for the heating panels 104, 
or the heat may be supplied by a power Source external 
to the platform, as by connecting panels 104 of electri 
cal heating elements to a source of electrical power 
generated apart from the platform. 
The inventive concept is directed to the method and 

appropriate apparatus for reducing the forces imposed 
by natural ice on an offshore platform. For platforms 
of the dimensions recited in the specification by way of 
example, the force imposed on such a platform by the 
movement of a sheet of ice 8 feet thick frozen on and 
adhering to its steel shell will be approximately 
10,000,000 to 20,000,000 pounds total. When the shell 
is heated above the melting point of the ice and the ad 
hesion is broken, the force of the ice sheet upon the 
platform will be reduced in the order of five to ten 
times for a total force of approximately 2,000,000 
pounds. 
A preferred embodiment of this invention and a mod 

ification of it have been described herein. However, it 
is apparent that other modifications may be made to 
the exemplary arrangement of apparatus disclosed 
herein without departing from the inventive concept 
and it is intended that the invention include all of the 
modifications and equivalents within the scope of the 
appended claims. 
What is claimed is: 
1. A method for reducing ice forces on a marine 

structure established in a fixed condition in a body of 
water which becomes frozen through ambient natural 
conditions, comprising: 
forming an enclosed chamber in said marine struc 

ture at a position on said structure at which an ex 
terior surface of a wall portion of said chamber will 
be in contact with said water and in an area on said 
structure of potential contact with ice caused by 
natural freezing of said water, 

disposing said exterior surface of said wall portion at 
an angle inclined to the surface of Said water to 
form a sloping ramp-like surface to receive and ele 
vate above its natural level an edge portion of a 
sheet of ice as said sheet of ice moves into contact 
with said surface, 

placing a controllable source of heat in communica 
tion with the interior of said chamber, 

heating the interior of said chamber an amount at 
least sufficient to cause the temperature of Said ex 
terior surface to be above the melting point of nat 
ural ice formed in said water adjacent said struc 
ture, 

and controlling the heat of said interior to maintain 
said temperature of said exterior surface above said 
melting point as said ambient conditions at the lo 
cation of said structure changes, 

thereby preventing said ice from freezing onto and 
adhering to said exterior surface thus reducing the 
force exerted on said fixed structure by a relative 
movement of said ice which is in contact with said 
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12 
exterior surface and assisting the ice in slipping 
over and upon said surface as said movement of 
said sheet of ice is continued. 

2. The method in accordance with claim 1 wherein 
said interior of said chamber is heated by a heat trans 
fer fluid at a temperature above the melting point of 
said ice, 
and wherein said heat transfer fluid is heated and cir 
culated through the said interior of said chamber at 
a controlled rate sufficient to cause said tempera 
ture of said exterior wall to be maintained above 
the melting point of said ice. 

3. The method in accordance with claim 2 wherein 
said heat transfer fluid is a liquid which is heated by 
heat generated from a source on said marine structure 
and is circulated through a heating means therefor and 
through said chamber by a circulating pump mounted 
on said marine structure. 

4. The method in accordance with claim 2 wherein 
said heat transfer fluid is heated by the waste heat ex 
hausted from an engine employed to generate power to 
operate the machinery and equipment associated with 
said marine structure. 

5. The method in accordance with claim 2 wherein 
said heat transfer fluid is a mixture comprising water, 
an antifreeze component and a component to inhibit 
corrosion of the walls of said interior of said chamber. 

6. A method for preventing ice from adhering to a se 
lected surface of a marine structure established in a 
fixed condition at a location in a body of water which 
becomes frozen through ambient natural conditions, 
comprising 
forming an outer wall for said structure at a position 
which will be in contact with said water in a zone 
of natural freezing of said water, 

disposing said outer wall at an angle to the surface of 
said water to form a sloping wall at least through 
out the region of Said Zone, 

constructing said sloping wall to receive an edge por 
tion of a sheet of ice which moves against said wall, 

said wall being formed of a material which transmits 
heat and having an interior surface exposed within 
said structure and an exterior surface in contact 
with said water, 

heating said interior surface of said wall by means of 
a source of heat generated on said structure, 

and controlling said heat to maintain said exterior 
surface of said wall above the melting point of ice 
formed naturally in said water adjacent said struc 
ture as the weather conditions at the location of 
said structure changes to provide a film of water 
between said wall and said ice in contact with said 
wall portion, 

said film of water providing a means for reducing the 
force imposed on said structure by said ice as said 
ice moves upon said structure in engagement with 
said wall. 

7. A method for reducing the force imposed on a ma 
rine structure established in a relatively fixed location 
by the movement against it of a sheet of ice present in 
the water adjacent the said structure, comprising 
constructing said structure with an outer surface 
which is sloped inwardly and upwardly of said 
structure in the area of potential contact with an 
ice sheet present in said water, 73
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heating said surface to a temperature above the melt 
ing point of said ice to prevent said ice from freez 
ing on and adhering to said surface, 

maintaining said surface at a temperature above the 
melting point of said ice continuously during the 
time a sheet of ice exceeding a predetermined min 
imum thickness is present in the water adjacent 
said structure to maintain a film of water between 
said surface and said ice, 

constructing said heated surface to function as a 
ramp to cause a portion of a sheet of ice which 
moves against said structure to be lifted and bent 
from its normal position on said water, 

said film of water providing a means for reducing the 
force imposed on said structure by said ice as said 
ice moves relative to and against said structure and 
in engagement with said surface, 

selecting an angle of slope of said surface of an 
amount to cause said portion of said sheet to be 
bent sufficiently to fail in bending and to fracture 
said ice as it moves against said structure, 

thereby reducing the force imposed on said structure 
by a sheet of ice moving relative to and in contact 
with said surface to an amount less than that im 
posed by the movement of an unfractured sheet of 
ice which is frozen onto said surface. 

8. A marine structure constructed to be maintained 
in a fixed position in a body of water which becomes 
frozen through natural conditions, comprising 
a support portion of said structure, 
said support portion extending into a body of water 
and supporting a work platform above the surface 
of said water, 

a perimetrical wall of said support portion in contact 
with said water and extending from below the sur 
face of said water to above said surface, 

said wall constructed to be disposed at an angle in 
clined to said surface of said water to provide a 
ramp-like surface to receive a sheet of ice moving 
relative to and in contact with said structure, 

at least one circumferentially disposed chamber 
within said support structure with said perimetrical 
wall forming the outer wall of said chamber, 

means for circulating a heat transfer fluid through 
said chamber, 

and means on said structure for heating the circulat 
ing said heat transfer fluid an amount sufficient to 
maintain the temperature of said perimetrical wall 
above the melting temperature of natural ice oc 
curring in said body of water adjacent said wall. 

9. A marine structure in accordance with claim 8, in 
cluding 
engines on said structure for providing motive power 

for the operation of equipment on said structure, 
exhaust gases produced by the operation of said en 

gines, 
heat exchanger means on said structure, 
means for directing said exhaust gases to said heat ex 
changer means, and 

means for circulating said heat transfer fluid through 
said heat exchanger means to provide said heating 
of said heat transfer fluid. 

10. A marine structure in accordance with claim 9 
wherein said heat transfer fluid is a mixture comprising 
water and an antifreeze component. 

11. Means for reducing the effect of ice forces on a 
structure established and maintained in a fixed position 
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14 
in an open sea environment, which sea becomes frozen 
at the surface through natural conditions, comprising 
a marine structure positioned in an open sea environ 
ment in fixed relationship to the bottom of the sea, 

a perimetrical wall on said structure, 
a selected area of said wall being formed of amaterial 
which readily transmits heat, 

an outer surface of said selected area of wall posi 
tioned to be in contact with the ice of said sea, and 
disposed at an inclined angle to the surface of said 
water in a position to receive and support an edge 
portion of a sheet of ice which continuously moves 
into contact with said selected area and to elevate 
said edge portion above its natural level an amount 
to cause said sheet of ice to fracture continuously 
adjacent said structure, 

an inner surface of said selected area of wall, 
means for excluding said sea from contact with said 
inner surface, 

said selected area of wall extending upwardly from 
below the surface of said sea to above said surface 
at least throughout a Zone of natural freezing of 
said water, 

a source of heat on said structure, and 
means for applying heat from said source to said 

inner surface of said selected area of wall in an 
amount to maintain the temperature of the said 
outer surface in the region of said zone above the 
melting point of said ice in contact with said struc 
ture to provide a film of water between said ice and 
said area of said wall thereby to reduce the force 
transmitted from the continuously moving said ice 
to said structure. 

12. Means for reducing the effect of ice forces in ac 
cordance with claim 11 in which the said selected area 
of said perimetrical wall is sloped upwardly and in 
wardly of said structure at an angle of approximately 
45 to the horizontal to provide a ramp-like surface to 
receive and elevate above its natural level on said sea 
a portion of a sheet of ice which moves against said 
structure, thereby to cause said sheet of ice to bend and 
break adjacent said wall. 

13. An offshore drilling platform for use in a body of 
water which becomes frozen through natural condi 
tions, comprising 
a supporting base portion constructed to be installed 

in a relatively fixed position in a body of water, 
platform decks supported by said portion above the 
surface of said water, 

a circumferential wall on said base portion with at 
least a portion of said wall being made watertight 
and with a frustoconical form converging upwardly 
of said drilling platform and extending from a loca 
tion below the surface of said water to a location 
above said surface, 

ballast compartments within said base portion and 
adjoining said portion of said wall in heat transmit 
ting relationship, 

said base portion constructed with sufficient buoyant 
capacity to maintain said drilling platform in a 
floating condition to permit said platform to be 
towed through said water, 

means for admitting ballast into said ballast compart 
ments to decrease said buoyant capacity an amount 
to cause said drilling platform to be lowered into 
contact with the underwater bottom, 74
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means for displacing ballast from said ballast com 
partments, 

means for circulating a heat transfer fluid through 
said ballast compartments, 

means for heating said fluid an amount sufficient to 5 
increase the temperature of said portion of said 
body of water adjacent said drilling platform and in 
contact with said portion of said wall. 

14. An offshore drilling platform in accordance with 
claim 13 including O 
a power generating engine on said platform, 
waste heat produced by said engine, 
and means for heating said heat transfer fluid with 

said waste heat. 
15. An offshore work platform for use in a body of 15 

water upon which ice is formed through natural condi 
tions, comprising, 
a base portion positioned in a body of water, 
means securing said base portion to the underwater 
bottom, 20 

a deck portion supported by said base portion above 
the surface of said water, 

a wall section on said base portion and extending 
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16 
from below said surface of said water to above said 
surface, 

said wall section formed converging upwardly and 
inwardly of said platform at least in the region of 
contact of said surface of said water with said wall 
section and constructed to receive and elevate 
above its natural level a portion of a sheet of ice 
which moves on said body of water into contact 
with said wall section, 

a watertight compartment enclosed within said wall 
section approximately in horizontal alignment with 
said region, 

heating means within said compartment and in heat 
transfer relationship with said wall section, 

and means on said platform for operating said heat 
ing means to heat said wall section in said region 
above the melting point of ice formed in said water 
and in contact with said wall section thereby to 
form a lubricating film of water in the area of 
contact between said sheet of ice and said wall sec 
tion. 

k :: k k k 
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ARCTIC OFFSHORE PLATFORM 

BACKGROUND OF THE INVENTION 

The present invention relates to offshore structures 
and particularly structures for conducting drilling and 
producing operations in the Arctic regions. More par 
ticularly, the structure is particularly adapted for con 
ducting operations in the shallow waters of the Beaufort 
Sea. As is well known, the Beaufort Sea at particular 
times of the year contains large movements of relatively 
thick sea ice and offshore drilling structures must with 
stand this movement. In the past, it has been suggested 
that any offshore structures based in the shallow waters 
of the Beaufort Sea have a conical base section to force 
the moving ice upward, causing it to break due to the 
tension forces imposed upon the ice. This will cause the 
large ice features to break into smaller pieces which 
then can pass safely around the offshore structure. 
While the use of conical-shaped bottom sections obvi 

ously solves the problem of breaking the large moving 
ice sheets into smaller sections, the problem still remains 
of how to provide an outer skin for the conical section 
that can withstand the loads imposed by the moving ice 
sheets. One solution suggested by the prior art is de 
scribed in U.S. Pat No. 4,215,952 where a resilient mate 
rial is disposed between the wear surface of the conical 
base section and the support portion thereof. The use of 
the resilient section is intended to reduce loads imposed 
upon the structure by the large ice floes. While this is a 
possible solution, it requires the use of relatively flexible 
outer surfaces on the conical base in order that the load 
can be transmitted to the resilient material positioned 
between the support structure and the outer surface. 
The key design problem is to avoid excessive concen 
tration of load on the supporting bulkheads. 
BRIEF DESCRIPTION OF THE INVENTION 

The present invention solves the above problems by 
spreading the load over a larger area before it is trans 
ferred to the bulkheads. This is achieved by using a stiff 
conical outer shell which is supported by a system of 
beams spanning between radial bulkheads. When the ice 
load is applied to the stiff outer shell it, in turn, transfers 
the load to the supporting beams. Since these beams are 
more compliant than the outer shell they will deflect, 
permitting the shell to move inward and transfer the 
load to adjacent sets of beams. 
The upper end of the conical outer shell is attached to 

a cylindrical upper shell which houses three decks 
which contains the drilling and production equipment. 
The entire structure may be constructed in a less 

hostile environment, towed to location under its own 
buoyancy, and installed on location by water ballasting. 
It will resist ice and wave loads by a gravity foundation 
using a system of steel skirts to transfer the loads into 
the foundation soil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is more easily understood from 
the following description when taken in conjunction 
with the attached drawings in which: 
FIG. 1 is a schematic elevation view of the base sec 

tion of the invention attached to a circular production 
platform. 
FIG. 2 is a vertical section of the conical base section. 
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2 
FIG. 3 is a horizontal section taken along line 3-3 of 

FIG. 2. 
FIG. 4 is a portion of FIG. 3 drawn to an enlarged 

scale. 
FIG. 5 is a horizontal section of the flexible beam 

structure. 
FIG. 6 is a section taken along line 6-6 of FIG. 5. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The structure of the present invention is designed to 
resist loads due to first year and multiyear ice sheets and 
ridges, rubble piles and dynamic impacts from storms 
accompanied by ice invasions. The overall form of the 
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structure comprises a frustum of a cone for the lower 
portion with a base diameter, for example, of 350 feet. 
The base portion has a cone angle of typically 45 de 
grees and is joined to a cylindrical upper section. The 
upper section contains the drilling and production 
equipment and facilities. 
The conical portion of the structure consist of a sys 

tem of radial and circumferential bulkheads supported 
by a continuous base plate. The ice and wave loads are 
borne by a stiff outer shell comprising an orthotropic 
structural system consisting of radial and meridional 
webs and top and bottom flanges. The outer shell trans 
fers the loads to a bulkhead system through an indirect 
load path created by supporting the outer shell on a 
system of flexible beams which span the space between 
the radial bulkheads. The stiffness properties of the 
outer shell and flexible beams are selected to distribute 
the load over a number of bulkheads instead of a single 
bulkhead. This avoids the imposition of high local loads 
on individual bulkheads as is the case with previous 
designs. 

Referring now to FIG. 1, there is shown an elevation 
view of the conical base section 10 coupled to a cylin 
drical upper section 11 that may be either a drilling or 
production facility. The upper section is provided with 
three levels; 12, 13 and 14. which can contain drilling 
supplies, the drilling equipment, production equipment 
and living quarters for the drilling or production per 
sonnel. The base section is provided with sufficient 
height so that the upper portion of the truncated conical 
section extends above the normal water line 15. The 
extension should be sufficient so that moving ice will 
ride up the conical section and break due to tension 
stress before it impacts on the upper section i. 

Referring to FIG. 2, there is shown a partial vertical 
section of the conical base member shown in FIG. I. 
The conical base member includes a base plate 20 which 
is attached to a skirt 21 which extends down into the 
ocean bottom to assist in anchoring the conical base in 
position. Normally, the conical base will be ballasted or 
flooded so that the weight of the conical base, plus the 
sea water, will cause it to sink and rest on the ocean 
floor with the skirt 21 penetrating the ocean floor. The 
base 20 may be constructed of a stiffened plate system. 
The outer skin 22 of the conical base is actually con 
posed of two spaced-apart plate members having a se 
ries of circumferential stiffening webs 24 and meridional 
webs 32. The actual construction of the outer surface 
will be described in detail with relation to FIGS. 3 and 
4. The space between the outer and inner plates at the 
lower end of the outer surface is closed by two continu 
ous plate members 25 and 26. The composite outer shell 
is spaced from the outer ends of the radial bulkheads 27 
so that it is free to move within this restricted distance 
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as the supporting beams flex. The flexible beam systems 
23 are positioned between the radial bulkheads 27 as 
particularly shown in FIGS. 5 and 6. As shown, the 
flexible beam system adjacent the water line is provided 
with a double set of beams since this is the area which is 
subject to the greatest load by the moving ice. 

Referring now to FIGS. 3 and 4, there is shown the 
detailed construction of the outer shell and the flexible 
supporting beams of the conical member. In particular, 
the outer surface 22 of the base member consists of an 
outer skin 31 and an inner skin 34 which are spaced 
apart. The inner and outer skins are held apart by the 
horizontal or circumferential webs 24 shown in FIG. 2 
and a series of meridional webs 32. The combination of 
the meridional and the circular webs form a cellular or 
egg crate type structure for the outer shell. 

It should be noted that the outer shell is spaced a 
distance 30 from the ends of the radial bulkheads 27 and 
supported at the mid-span of the flexible beam system 23 
by parallelogram shaped load transfer boxes 33. As 
shown in FIG. 4, the load transfer box 33 terminates in 
a flat flange section 35 which contacts the individual 
beam members. In addition to the meriodional webs 32, 
a series of secondary stiffening webs 36 are positioned 
between each of the meridional webs. 

Referring now to FIGS. 5 and 6 there is shown the 
details of the flexible beam system used for supporting 
the outer shell of the conical base. In particular, each 
flexible beam member of the system adjacent the water 
line comprises two I-beams 40 and 41 which are spaced 
apart a short distance 42 by spacing members 43 and 44 
positioned at the center and the ends of the beams re 
spectively. The spacing members allow the beams to 
transmit the load from the outer shell to the radial bulk 
heads while maintaining their ability to flex with respect 
to each other without shear transfer. To increase their 
flexibility the ends of the I-beams have a slight clear 
ance 45 at each end adjacent the radial bulkheads. The 
end of the innermost beam is supported by a T-section 
having an end 48 attached to the beams and a web 47 
attached to the radial bulkheads. The flanges of the 
I-beams are reinforced by web members 46 adjacent the 
center and the ends respectively, to ensure that the 
load-bearing portions of the beam and the flanges do not 
buckle or collapse. As best seen in FIG. 5, the flat sec 
tion 35 of the parallelogram shaped box of the outer 
shell bears against the outermost flange of the I-beam 
40. Thus, the load from the outer shell is transmitted 
over a narrow area of the beam which permits the beam 
to slightly flex to absorb the load imposed on the outer 
shell. Since the beams are not connected at their ends to 
the radial bulkheads but only supported by the T-sec 
tions, the beams can readily flex, absorbing the load 
from the outer shell. The flexibility of the conical base 
and limited contact points between the outer shell and 
supporting structure also prevents excessive loads as a 
result of temperature fluctuation. Also, an insulating 
layer can be placed on the inside surface of the outer 
shell of the conical base and upper cylindrical section to 
provide thermal insulation. 

In a typical base structure designed for a load of 
25,000 kips and a maximum contact pressure of 1600 psi, 
the base structure would have a diameter of approxi 
mately 350 feet with a height of roughly 70 feet for 
operating in water depths of 30 to 60 feet. The upper 
cylindrical drilling platform is 210 feet in diameter with 
a height of 90 feet. The outer shell of the conical section 
includes two-inch outer and two-inch inner plate walls 
with two-inch meridional webs with one-inch plate 
radial bulkheads. The radial bulkheads were placed on 
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4. 
9-degree centers while the flexible beam system com 
posed of I-beans having a flange width of approxi 
mately 1.5 feet and a thickness of 2.75 inches with a 
12-inch high web. The total weight of steel in the struc 
ture is approximately 40,000 tons which would provide 
the reserve buoyancy of approximately 50,000 tons 
while towing the base structure in an upright position. 
The above described conical base structure provides 

a flexure of approximately two-inches when the outer 
surface of the conical base is subjected to its maximum 
load of 26,000 kips. In order to withstand greater loads, 
it may be necessary to increase the diameter of the 
conical base and increase the thickness or strength of 
some of the members. While increasing the diameter 
and the thickness of the members, it should be borne in 
mind that one should still maintain the flexible beam 
system. 
What is claimed is: 
1. An offshore structure for use in arctic water con 

taining moving ice masses comprising: 
a frustum base section and a circular upper section, 

said base section having sufficient height to extend 
above the surface of the water; 

the skin of said frustum section having a controlled 
stiffness cellular structure formed by an outer plate 
member and an inner plate member, said outer and 
inner plate members being separated by a series of 
radial and meridional webs fastened to said plates 
to form a cellular structure; and 

a flexible beam structure, said beam structure being 
formed by a series of circumferential beams sup 
ported by a series of radial bulkheads projecting 
upward from the bottom of said frustum, said skin 
being attached to said flexible beam structure inter 
mediate said radial bulkheads. 

2. A frusto-conical base member for use in an offshore 
structure for conducting operations in arctic waters 
having moving ice, said base member comprising: 
a solid circular bottom; 
an outer skin for said base, said outer skin being 
formed by a solid outer plate and a solid inner 
plate, said inner and outer plates having a general 
conical shape and radially spaced, a plurality of 
meridional web members positioned between said 
inner and outer plates and fasten thereto to main 
tain the spacing between said plates; 

a plurality of radial bulkheads attached to said bottom 
and terminating short of said outer skin; and 

a plurality of horizontal flexible beams, said beams 
being secured between said radial bulkheads to 
form a series of vertically spaced substantially cir 
cular beams, said beams supporting said outer skin 
at points intermediate said bulkheads. 

3. The base member of claim 2 wherein in addition to 
said meridional members a series of circumferential 
webs are positioned between said inner and outer plates 
and fastened thereto. 

4. The base member of claim 3 and in addition sec 
ondary stiffening webs, said webs being attached to the 
outer shell and positioned between said meridional 
members. 

5. The base of claim 4 wherein said inner plate is 
provided with a series of load transfer boxes that 
project inwardly from said inner plate, said load trans 
fer boxes having a flat surface that contacts said beams 
at approximately the center thereof. 

6. The base member of claim 5 wherein said box has 
a parallelogram cross section. 

is as 
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CHAPTER TWO

Predicting a Global Catastrophe
1977—1982

As the oil industry continued to study the processes and potential effects of global warming, their predictions grew 
increasingly accurate and their concerns increasingly dire. On at least three separate occasions, oil industry scientists 
and executives were warned of the potentially “catastrophic” impacts of global warming resulting from the use of their 
products. These stark warnings would ultimately go unheeded by the industry.

In 1977, Exxon scientist James Black gave a presentation, Document 6, to the Exxon Corporation Management 
Committee. Black predicts a 1-3° C global temperature increase by 2050 based on reasonable CO2 emissions 
expectations and warns of a 5-10 year window to gather the necessary information and act. 

Document 7, an internal Exxon memorandum from 1979, shows how the industry’s 
understanding of climate change and modeling continued to advance: the severity of 
climate change could now be directly linked to the amount of CO2 released. This report 
also included an appendix listing some very worrisome ecological impacts of increased 
CO2 levels in the atmosphere. But perhaps most significantly, the memo introduced  
the idea that climate change might limit the company’s ability to sell its product. 

In 1979, API and industry scientists from Exxon, Texaco, SOHIO, and others began the “CO2 and Climate Task Force” 
to monitor and share climate research. Document 8 features minutes from a 1980 meeting where representatives 
were briefed on “The CO2 Problem.” The meeting’s presentation described the “scientific consensus on the potential 
for large future climatic response to increased CO2 levels” and predicted global temperature increases of 2.5°C by 2038, 
and then 5°C by 2067, leading to “major economic consequences” and “globally catastrophic events.” The presentation 
concludes, “At a 3% per annum growth rate of CO2, a 2.5°C rise brings world economic growth to a halt in about 2025.”

By the early 1980’s, researchers and executives were grappling with a growing understanding of the severity of the risk. 
In a brief memo from 1981, Document 9, Exxon research manager Rodger Cohen warns that calling climate change 
impacts “of a magnitude well short of catastrophic” in 2030 would be “too reassuring” and that it was “distinctly possible 
that the CPD [corporate planning department] scenario will likely produce effects which will indeed be catastrophic (at 
least for a substantial fraction of the earth’s population).”

In 1982, Exxon’s Environmental Affairs program manager M. B. Glaser circulated an internal briefing on  
The CO2 “Greenhouse” Effect, Document 10, which he warned was not to be distributed externally.  
The briefing reviews the scientific understanding of climate change and warns, “In addition to the effects of climate on 
global agriculture, there are some potentially catastrophic events that must be considered. For example, if the Antarctic 
ice sheet which is anchored on land should melt, then this could cause a rise in sea level on the order of 5 meters. Such 
a rise would cause f looding on much of the U.S. East Coast, including the State of Florida and Washington, D.C.”

“At a 3% per annum growth 
rate of CO2, a 2.5°C rise brings 

world economic growth to a 
halt in about 2025”

American Petroleum Institute, 1979
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Document 6

1977 presentation by Exxon scientist James Black, 

The Greenhouse Effect
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EKsN RESEARCH AND ENGINEERING COMPANY
P.O. BOX 5r. LTNDEN N.J. 07036

PROOUCTS RESEAfi CH DI VISION

J.F. ELACK
Scientific Advisot Juue 6, 1978

The Greenhouse Effect

Ref. No: 78pR 461

Mr. F. G. Turpin, Vlce President
E:ocon Research and Engineerlng Co.
Petroleun Staff
P. O. Box L01
Florhan Park, NJ 07932

Dear Frank:

The review of the Greenhouse Effect which r presented. to
the E:oron Corporatlon Management congrittee last July used only rnr-
graphs, wLthout a prepared text. Last month, r had the opportunlty
to present an updated verslon of this talk to pERCC. The attached
text was dlctated shortly afterward to satlsfy requests for a written
version of the talk from people who had not heard the presentation
last July. Also attached is a sunmary.

Slncerely,

//'-'"'-
{4. s. BLAcKJFB/nrbh

Attachments: Sumrnary
Text
Vugraphs

CC: Messrs. N. Alpert
W. !f. Cooper, Jr.
E. E. David
E. J. Gornowski
R. L. Hlrsch
F. A. L. Holloway
P. J. Lucchesi
t. E. Swabb, Jr.

86

mm
Highlight



THE GREENHOUSE EFFECT

J. F. Black, Products Research Dlvisidn
E:r:con Research and Engineerlag Co.

SI'MMARY

The earthts atmosphere presently contains about 330 pprn of CO2.
This gas does not absorb an appreciable amount of the incoming solar
energy but lt can absorb and return part of the lnfrared radiatlon whlch
the earth radiates toward space. COZ, therefore, contrlbutes to warming
the lower atmosphere by what has been ca1led the rrGreenhouse Effect.r'

The C02 content of the atmosphere has been monltored slnce
L957 at two Locations, the Mauna Loa Observatory, Hawaii and the South
PoIe. These and other shorter studies show that CO2 Ls increasing. If
the Lncrease is attributed to the combustion of fossil fuels, it can be
calcuLated that the CO2 content of the atmosphere has already been
ral.sed by about 10 to L5% and that slightLy trore than half of the C02
released by fossil fueL combustion is remalning in the atmosphere.
Assuni.ng that the percentage of the CO2 renaining in the atmosphere
rr111 stay at 532 as fossil fuel consumptlon Lncreases, one recent
study predicts that ln 2075 A.D., COZ concentratlon will peak at a
Level about twLce what could be considered normal. This predictlon
assrrmes that fosstl fueL consumptlon will grorr at a rate of 27" per year
until 2025 A.D. after which lt wl1L follow a syuretrlcal decrease. This
growth curve is close to that predicted by Exxonrs Corporate Planning
Departnent.

Matheuatical uodels for predicting the clinatic effect of a
C02 lncrease have not progressed to the poi.nt at whieh all the feedback
interactlons which ean be lmportant to the outcome can be included. I,lhat
is considered the best presently available climate model for treatlng
the Greenhouse Effect predlcts that a doubling of the C02 concentratlon
ln the atmosphere would produce a mean temperature increase of about
2"C to 3oC over most of the earth. The model also predicts that the
temperature lncrease near the poJ-es may be t!f,o to three times this
value.

The CO2 increase rneasured to date is not capable of producing
an effect large enough to be distlnguished from norual clinate variations.
As an example of normal varl.ations, studies of meteorological and his-
torlcal records in England indlcate that the mean temperature has varied
over a range of about t0.7oC ln the past 1000 years. A study of past
climates suggests that if the earth does become warmerrmore rainfall
should result. But an increase as large as 2"C would probably also
affect the dlstrlbutlon of the rainfall. A possibl-e result night be a
shlft of both the desert and the fertile areas of the g1-obe toward higher
l-atitudes. Some countries would benefit but others could have their
agricuJ-tural output reduced or destroyed. The picture is too unclear
to predict which countrles might be affected favorabJ-y or unfavorably.87
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It seems 1lke1y that any general. tempetature increase wouldbe acceutuated ln the polar reglons, possibly as much as trro- or three-foLd as Eentl'oned above. Any large temperature increase at hlgh lati-tudes would be assoclated wlth a reductj.on in sno\r cover and a meltingof the floatlng lce-pack. Present thlnking suggests that there wouldbe llttle or no neltlng of the polar ice-caps it re"porrse to rf,armer
temperatures on a tlme scale over which the Greenhouse Effect is pre-dicted to apply.

A nurnber of assrmrptions and uncertairlties are iuvolved, iathe predictlons of the Greenhouse Effect. The fLrst is the assunptionthat the observed Co2 lncrease can be attributed eati.rel-y to fossil. fuelcoubustLon. At Presentr meteorol.ogists have no direct evldence thatthe incremental C02 tn the atmosphere comes from fossil carbon. Theincrease could be at least partly due to changes in the natural balance.There is eonsiderable uncertainty regarding what controls the exchangeof atuospheric Co2 wlth the oceans and with carbonaceous uaterlals onthe contlnents.

Models whlch predict the climatic effects of a CO2 lncreaseare in a prfurltlve stage of development. The atmosphere i.s a very com-p]-icated system, particuLarry on a global- scaLe. rn existlng models,lmportant lnteractions are neglected, ei.ther because they ar! not com-pletely understood or because thelr proper roathematical treatment is toocuobersome. Substantlal efforts are being expended to improve exlstingmodels. But there is no guarantee that better knowleage wfU lessenrather than auguent the severity of the predictions.

The Greenhouse Effect has been the subject of a number oflnternatlonal sclentlflc conferences during the past two years. Theseneetlngs have identified the infonoation needed to definitely establishthe source and ultlmate signiflcance of the C02 increase fn lne atmo-sphere. Present thlnklng holds that man has a tlne window of five toten years before the need for hard decisions regarding changes in energystrategles might become critical. The DOE is presentiy 
""ekirrg Congrei-sional supPort for a research program whieh will produce the necessary

inforrnatLon ln the required ti.ne. This proglam is deseribed.
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The Greenhouse Effect refers to a warning of the earth's
atEosphete due to an lncreage ln the concentlatlon of carbon dloxlde.
As a background for the discusslon today, the first vugraph outlines
the basis for the Greenhouse Effect.

The earth recelves energy ln the fora of both v1s1b1e and
ultraviolet radlatlon fron the sun. soae of this radiatlon 1s reflected
back into space, soDe 1s absorbed by the atEosphere but nost ls ab-
sorbed at the earthrs surface. Tte earth ln turns reeolts energy in
the form of lnfrared radlatlon toward space. Cerbon dloxlde and other
atEospherlc coostl.tuents absorb part of the Lnfrared radiatlon. Thls
abgorbed energy lrarus the atnosphere. Therefore, higher carbon dloxlde
concentratlons result ln a nore lapld absotptlon of the outgolng lnfra-
red radl-atlon and waraer teDperatures near the earthrs surface. In Eytalk today I am plannlng to dlscuss:

I. The Source aDd Projected Magnltude of the CO2
Increase ln the Atmosphere

II. The Global Teupelsture Increase Which Can Be Expected
Frou Hl.gher C02 Concentlatlons

III. The Potentlal Problems Arlslng Froo a Global Tempera-
tule Increase

IV. Research Needed to Establlsh rhe Validlty and Si.gnlfi-
cance of Projected Increases of CO2 in the AtEosphere.

My lnforrnatloa ls derlved fron followlng recent llterature iD thls area
and froo talks lrlth some of the leadlng research people 1o the fleld.

L The Solr"ce and Projected Magnltude of the CO? Increase in the
Atnosphere

Slnee 1958, C02 has been uonitored at a nr:ober of reDote eltes
nhleh are ftee froo locsl Lnputs (Vugraph 2), These are polnt Ba!ror,,
Alaska; so'e Snedlsh alrcraft fllghts; Mauna Loa, Eawali; Aoerican Samoa
end the South Po1e. Ttre calbon dloxlde concentratlon has been for:nd to
be increaslng rather uulforroly at all loca!1ons wlth the South pole
measureDents rathe! lagglng those lD the Notthern l{eulsphere.

AtDospherlc dcientists generally attrlbute thls grovth in C02
to the coDbustlon of fossll fue1. A prlnclpal reaeon for this Ls that
fossll fuel coEbustlon ls the only readlly ldentlflable gource whlch ls
(1) growlng at the 6ase tat.e, (2) large enough !o account for the ob-
eerved lncreases, and (3) capable of affectlng the Northera tseolsphele
flrst. If thls assulaptlon regardlng the orlgln of carbon dloxlde 1s

90



-t -

t!ue, it ean be calculated that a lIttle over 502 of the CO2 enterlng
the ataosphere 1s reoalning thele and the rest ls belng absorbed ln
aurface slnks on the contineDts or ln the oceao. ExtrapoletLag back-
nerds ln tlne to fo1low the history of fossl1 fuel corobuetlon, lt can
be estlDated that slnce 1850 the coacentratloo of this gas ln the
atEosphere has lncreased by about 132. Thls iacrease sDounts to
about 75 bl111on netrlc tona of carbon dloxlde.

It ls also posslble to extlapolate lnto the future. One of
the Dost cormonly guoted exttapolatlons is that-of the oak Rldge
Natlonal Laboratory whlch was publlshed in 1976r. Thls study pro-
duced two scenarlos for the grorrth of fossil fuel coasrnptlorr (Vu-
graph 3). Prior Eo 1973, fossl1 fuel use had beea growf.ng exponentlally
at about 4.37. pet yeat. The scenarlo for nost rapld growth as€rned that
this gronth rate nould coutlaue, Eodlfled by a depletlon factor whlch re-
duced the exponent ln proportlon to the aoount of foesll fuel whlch
temalned unburned. Thel! second end uore cooselvative assuaption pre-
suaed ihat fosel1 fuel utllLzatlon would grow wlth a 2Z grolrth late out
to 2025 A.D. follolred by a srtetrlcal decrease. Ttrls latter Ecenario is
cloae to that developed indepeadently by the CoordlDatlon and Plaanlng
DepartEent of the E:o(on Corporatlon.

Vugraph 4 plesents the predicted atuospherlc carbon dioxlde
1eve1s whlch would result from each of these scenarlos. The vertical
axls in thls vuglaph preseuts the atuospherLc carbon dloxlde concentla-
tlon lelat1ve to that shlch was calculated to have exlsted ln 1850, prlor
to the corobu8tlon of appreclable anounts of fossll fuel. It can be seen
that the acenarlo baeed upon very rapid gronth pledictE thst by 2075 the
atDosphellc carbon dloxlde concentretlon w111 be about 4 to 5 tlDes that
whLch exlEted prlor to the lndustrlal revolution. Moreover, at that
tLne, the carbon dloxlde concentratloa ry'111 sti11 be Lncreasing. The
Dore conservatlve assunptlon, showtr ilr the lol'e! curve, predicts that
carbon dloxlde concentratlons \ri1l level out about a century frm now
at a value shlch 1s about tlrice that ln exlstence ln 1850 and then nould
declLne at a very s1o!r !ste.

Although carbon dloxlde Lnclease is predomlnantly attrlbuted
to foss11 fuel conbustlon, lo8t sclentlEts agree that more research ls
needed !o deflnltely establlsh thls relatlonshlp. The posslbillty rhat
Ehe lncleasfng carbon dloxlde ln the atnosphere Ls due to a change lfl
the natural balance ha6 aot yet beeD ellelnated. In fact, a look at
the Eagnltude of the aatural lnterchanges, as shovn 1n Vugtaph 5, shows
that thls posslbillty should be taken Berlously.

The data 1n Vugraph 5 are taken floD a Scientlflc Workshop on
Atmospherlc C02 spouaored by the World Meteorologlcal Organizatlon Ln
Deceober 1976. The vugraph sho\rs the fluxeg of CO2 lnto and out of the
atnosphe"e 1n un1t6 of blll1ons of netlic tons of -arbon per year. It
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can be aeen that fossll fuels are estlnated to contrlbute flve b1l11oatons of catbon per yea! to the atnosphere aDd that about half of thls1s reabsorbed by the oceans or by the biosphere. The concluslon thatfossll fuel coabustlon represents the sole source of lncreaental carbondloxlde involves assr:olng not only that the contrlbutions fron the b1o_sphere and flou che oceans are not changlng but also that these tlrosoulces are coDtlnulng to absorb exactly the aame aEount as they areenlttlnS. The World Meteorologlcal Organizatlon recognlzed the Deedto valldate these assulrptlons, paltlcuiarly 1n vlew of the fact thatthe rate of earbon dloxlde Lncrlase 
".pr.".rrt" less than ZZ ot tii- 

-
rale at lrh1ch the atnosphere 1s exchanglng carbon dloxlde lrlth thebiosphere and the oceans.

- The blologlsts have been clalnlng that deforestatlon andassoclated blogenlc effects on the contln.it" ,.p.es"ot an lEportantlnput of carbou dloxlde to the atmosphere. Vuglaph 6 s,,"'r,"112Es glEresults f!o!_ recent papers by a nr.rnblr of biologlsts on the conEribu_rlon of rhe bio.phere to rhe grorrrh of Co2 1n rie atuospher" 
-;i;;i;.

to the contrlburlon of fossll fuel coubusilon, thetr esttoat;;l;;--thls rarlo are presented ln the flrst columr. rn Apr1l ot igii,-ai"r"2estlnated that the ratlo of the lrelght of carbon fron net ,nooa trrrl.J-to the erelght of carboo frou fosEil fuel burned ln thls """t"ry-i""--*:l_1.-1:,"::,0:-1 :"!. nay have approaehed 1.0. rrre fouonrng io;ii,oor:.nJ cralued that the increase 1n carbon dioxlde due to th! expanision of folestly and agricuJ.ture nas at least half that due to il""
f111- lonUust fo1r. In Augusr of 1977, rhe Natlonal Acadeey of Scfeic.slssued a report+ whlch attrlbuted the Greenhouse Effect to foss11 fuelcoEbustlon and whlch recelved a considerable aoount of sensetlonalpubllclty. Thls has produced a rash of papers by rhe blol;;i;;;losupport thelr posltlon. In January of this year, IloodweliS-""J-.--
lr:mber of other authors froo acadealc and oceanographic ccnters !ub_llshed a paper claiulng that the terrestrlal blomass appears to be anet source of carbon dloxlde for the atnosphere whlch is po""itfy- -greater then that due to fossil fuel con-bustlon. the foliowln!1eek,Stulver6 publlshed resulrs r.".a-"po"-if57ii2-i"aro" whlch reportedthet the net release of carbon dloxlde froa the blosphere 1n iheceutury prl0r to 1950 was tvice as great as that f!o; foss1l fuel coo_bustlon. Even Lf 1t ls assumed thai the blospherLc release 

"aopp.J-L1950, the contllbutlon of the blosphere up to the present tfr" ,o,riastlll be 1.2 thar fron fossll fue1. t"tre iast four' arrlcles'ii"i-i-
1,fl.-:9.:.3.yere.atl published 1n Sclence. ra the present DoDrh,w1J-son, pubushed an artlcle 1n Nature whlch sugportE the elaln ihatdefolestatlon ha6 produced at least half as uuch carbon dloxlde inthe atDosphere as can be attllbuted to foss1l fuel.

Non, you ldlI reDeEbe! that eerller 1n this talk lt rras polntedout that 1f the lncrease ln catbon dl0xlde in the at'osphere ls arr" to-fossil fuel conbustlon, about 502 of the CO2 belng released remalns lnthe atoosphere and the rest 1s absorbed 1n llther the oceans or the co'-tlnents. If thete have been substaDtlal releases of carbon dloxlde lnaddltion to that whlch can be attllbuted to foss11 fuels, the natural
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slnks for carbon dloxlde Dust be larger and aore efflclent than pre_
viously esthated. Thlg would reduce the levels to whlch carbon dl_
oxlde has been proJected- to r.nctease. ?hls posslblllty 1s veheoe'tly
denled by the oceanographers, who cla!.D thet the oceans cannot posslbiy
absorb nuch nore carbon dloxlde. Hovever, lt 16 Ey lmpreeslon that
the scleDce of oceaooglaphy has Dot a6 yet reached a slate of develop_
Eent lrhlch can Justl.fy such a posltlve claln.

The culaetrt atatus of gclentlflc opLnion regardlng the carbon
cycle ls sur@allzed ln Vugraph 7. First, curreut sctinttttc oplnlon
overwhelnlngly favore attrlbutlng at'ospheric carbon dloxlde lncreaseto fo6s11 fuel coobustlou. Holrever, Dost scientlats feel that r0ore
research 1e needed to Bupport an unquallfled concluelon. Flna11y, soueaclentlats, partlculerly the blologlEts, clalm that part or all ti tne
co2 lncrease arlses fron the destructloo of folests and othe! land b1ota.

II.

Pledlctlons on the slgaiflcances of lncreases ln atmospheric
C02 rust be based upon clLEete oodellng. Modellng cliDatlc effeits ls
currently haadlcapped by an 1nab1llty to hsndle all the coDpllcated lEter-
actlons whlch are lmportant to pledlctlng ghe cllEate. Soo! of these
are sholrn in Vugraph 8.

One iDteracrlon whlch ha6 not has yet been lncluded wlth any
degree of sophlstlcatloo ln cll'ate nodels le the effect of eloudlness.
clouds can reflect lneoalng vlslble aad ultravlolet radlatlon back into
space lrlth greater efflclency than would occur at the glound. On the
other hand' at thelr bottom surface they absorb outgolng radiatl0u aod
the cloud tops also ealt lnftared radlatlor\ dependlng uton the teEpela-ture (that 1s altltude) at lrhlch the top 1s'located. fhe effect oi a
cloud n111 thelefore depeod upon its slze, 1ts shepe, and the altltude
at lrhlch lt ls loceted

Another uncertalnty whlch has not, as yet, been handled ln anygleat deta1I ls the atDosphere - oceau clrculatlon - aea Burface teDpela-
ture lnteractlon. Eow should the heat capaclty of the oceans be handled
1n vlev of the turbulence at the surface aod to whet depths are the oceans
lnvolved ln lnteractlDg nlth the etooBphere? TheEe are laportant que6-
tlons because the etrtlre heat content of the atDosphere t"s equal to the
heet content of Just lhe fl:ist thlee Deters of the oceans. A third un-
certalnty ln rnodellog ls the iotelactlon betweeE the seasons and long-
terE cllmate treods. Ia present oodele, the ehaages vhlch are pre-
dlcted for lncreaslng carbon dloxLde concentratlons are calculaled wlth
legpect to a constant clLDate, that is a perpetual epring or sumer
seaaotr. It ls quite posslble thet thls assl@ptlon 1s luadequate. lor
example, the best accepted explanatlon for the on-set of the Lce agesls that orbltal and other changes resulE in the earth euteling a plrlod
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ln whlch 6u@ers are coore! and vlnters are lrar'er than no'-al. Thus ,thls produces uore preclpltation and faster glacier grolrth durr'g thewlnter and less Eelliog duling the srr@e!,

Flnally, a serlous questlon has been ralsed as to lrhether
c1fuate 1s really predlctable. Thls posslblllty nas ralsed by LorenzS
1n 1970. He drew an aaalogy to eathenatlcal oodellng. Many BatheDatl_
cal oodels of coropllcated phenonena are based upon a large nruber of
noa-llaear equatlons .olth a varlety of cmplex feedback interactlons,If the l[ath$atlcLan ls fortunate, when a model of thls type ls run onthe couputet, {t rr111 converge and glve hfu a deflalt,e .rri".r. Such a
Dodel ls called transltlve. On the other hand, when a couplicated
nodel 1s tested, 1t ls not at aIl unusual to flnd that the solutlon
v111 trot converge but w111 oscillate back and forth vlthout produclng
a stable aasner. Such a nodel is ca11ed 1ntlansltlve. There 1s alio
an lDterredlate co[dltlon. occasloually, a nodel Ls found to convergelnltla11y upon a deflnlte a!.s!rer but after a sholt perlod to 1,,,t ofithls solutlon aad settle down upon anocher one. Aflet a E.coid io_definite perLod, lt will J rnp up and couverge agaln upon a thlrd solu_tlon and eo on produclng a nr:mber of appalent solutlons 1n a randouDaDner. Such a mdel 1s ca11ed alnost transitlve (or alDost lntran_sltlve). Lorenz polnted out that the cll.sate ls a systeE whLch is theresult of a 1a!ge number of non-lLnear energy lnputs betlreea whlch there
are l0any corDpllcated feedback lnteractlons. He therefole Euggested that
the cllnate nay be a natula1 exauple of an alEoat tlansltlve ;ysten
whlch does not heve a stable solut1on. It !1111 settle dorrn lnto an
apparently stable condltion but then after a randou perlod w111 J uEp overto a[other apparent stabillty, etc.

It ls not certain, hovever, that such a pesslmlgtlc outlook
16 Justlfied and lt has not stopped the development of uany roodels of
the Creenhouse Effect and other cllnate phenoEena. The sluplest of
these are the one-diDenslonal oodels in whlch the Ltrput at the earthrsgurface ls averaged over the globe and detalled caleulatloas are earrled
out to predlct veltlcal verlatlons. such nodels.do not requile uuch con-puter t lae and can lnclude detailed treatDent of vertlcal jheumena such
as radlatlve transfer. They suffer, however, flou the fact that the
lnfluence of latltudlnal varlatlons 1s corpletely lgnored.

The next roore coupllcated oodele are so-called zonally
avereged uodele Ln shlch varlous latltude reglon€ are treated separately
ln e trro-dlDensional oanirer. These take nore co!0puter tlae but are stil1
Bhort enough to per:E1t conslderable sophlstlcatLon ln the calculatLoos.
They Eti1l suffer, however, from an lacomplete treatl0ent of letltudlnallntelactlons. In 6plte of thls, oany nodelers feel that they are the
nost valuable type of aodel upon which to work,

The nost c@plicated models are the so-called general circu-
latlon nodels rhlch are three-dlaenslonal 1n character. These take
very long tlnes to c@pute snd the ratlo of real to mschlne tlme can
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be as low as 10 to 1. A great deal of the coEputer tlne ls spent ln
uovlng large masses of alr around the globe and recalculatlng the
enyoptlc proflles every 10 to 15 Dlnutes. Thelr Edvantage ls that latl-
tudl.nal effects ele coupletely lncluded but the sophlstlcstlon rlth
vhlch vertlcal effects ean be treated ls ll.mlted due to the tlme and
e:<penge aEsoclated lrlth runDfug the Eodel.

One of the best geDela1 clrculation uodels of the Greenhouse
Effect, and the one whlch ls Dost frequently quoted" ls that developed by
Manabe end Wetherald9. Thelr predlctlons for the eliEatlc effect of a
doubllng of C02 are ptesented in Vugraph 9. Thls vugraph predicts rhar
a doubllng of the aEnospherlc C02 conceDtratlon would produce a tenpera-
tule rise at lolrer eltltudes and a temperatule decrease above twenly
kiloDeters. At the surfsce the teuperature !1se would be ebout 2 to 3oC
from the equator up to about 600 latltude, with a Euch greater increase
predlcted for the poles, The larger lnerease at the poles results froa
two effects. Fllst, vertlcal nlxlng at the poles 1s reduced due to a
natursl decreese ln the helght of the lnversion layer ln these reglons,
Second, the Eodel contalns a teuperature - lce and snow cover - reflec-
tlvity lnteractlon by which lncreages in etDospherLc teDperature uelt
the snolr and lee cover and reduce the aoount of heat reflecled back
lnto sPace.

SlDpllflcatlons lDcolporated ln this nodel include fixed
cloudlnese, a ttswa&p t' ocean which has zero heat capaclly, and ldealLzed
treatDent of the topography. The oodel also contalns a siupllfled
treatDent of the lnfraled ladiatlon tranEfer ln the atmosphere. In a
separate calculatlon, l,taoabel0 calculated that the use of a nore sophls-
ticated trealuent, developed by Rodgers ead Walshawfl, would reduce the
indlcated teDpelature lncreases at the 6urface by about 0.5"C. Ia the
11ght of this and other Dodels, 1t Ls genela11y accepted by cllDatologlsts
that a doubllng of the carbon dloxlde concenttatl.on ln the at8osphere
would produce fron 1.5oC-3.0"C wanolng at the eerth's sulface ln the
lower and Eld-latltudes nith about 2 to 3 tl8es greater effect at the
poles.

The next nalural questlon ls the slgniflcance of such a tem-
perature tlse copared to the oagnltude of lhe Batural teEperatule changes
whlch have been obsenred to occur ln the pagt. A conparlson lrlth respect
to hl.sto!1cal teoperatule changes sloce 185O accordlng to Kelloggl2, is
presenEed 1a Vugraph 10. In thls fLgurq the observed oeen Northern
Heolsphere teEperature ls plotted as the soIld l1ne. It can be seen
that thls has varled less than iloc over the last century. The extrapo-
latlons past 1977 reeult from the appllcetlon of llanabe and Wetherald I s
nodelv wlth the aesroptloo that the earbon dloxlde leve1s w111 double
by 2050 A.D. The 1olrer dashed 11ne ln the flgure represents an estlDate
of nhat the recent teEperatule tleDds nould have been lf the CO2 lncrease
had not occurred.
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The slgolflcance of a teDperature 1nclease of the aagnitude
pledlcted by l.lanabe and Wetherald wlth respect to the long tero record
of clLaate 1s presented ln Vugraph 11 whlch was prepared by M1tche1113.
lhls flgure sholrs lhat the expected temperaiure lncrease would be large
even cmpared to lhe teEperatules at the tlne of the last intelg1aclal.
As thls tenperature Lncrease decayed, however, lt would replesent an
aoelloration of an expected natural coollng trend.

III. The Potentlal Probleus Arlslng froa a Globa1 Teoperature Increase

fhe lEpllcatlons arlslng froa l'lanabe and ldetherald's predic-
tlous fo! the teoperature effects resultlng fron a doubllng of carbon
dloxlde concentrallons ln tbe atuosphere are outllned ln Vugraph 12.
It appears falrly certain that 1f the hlgh lncreaseg they predl.ct in
Ehe pola! reglons do occur, the perEanent 6no!r cove! and floatlug sea
lce wtl1 be reduced or posslbly ellDlnated. Thls w1ll have a negliglble
effect on sea 1eveJ., horrever, slnce the gnon cove! does not represent an
appreclable aaou8t of water and the floatlDg lce ls already 1n equili-
brlum r'1th lhe sea.

Thele lr11l probably be no effect on the polar lce sheets. These
are thlee Ln nu&ber. The Greenland lce sheet ln the Northero Uenlsphele
represents an anount of nater equlvalent to a flve eeter rlse 1n sea
1eve1. If the floatlng sea ice Ls reuoved, the creenland ice cap would
be surrounded by water. Ttris nlght produce lncreased precipl.tation and
actually result ln the gronth of thls lce Eheet.

The worldrs largest 1ce sheet ls the East Antalctic Eheet lrhlch
contalns vater equlvalent to a rlse of 70 Deters ln the worldrs oceaDg.
It is eetlnated that the teEperature effecls produced by doublltrg the
atmosphellc C02 concentratlon nould not sffect thls vely large glacler
and that lt too rdght lncreage 1n slze.

The erea on vhleh oost uncertalnty exlsts ls nith lespect to
the West Antarctlc lce sheet. The nate! Ln thls glacler ls equivalent
to about e seven Deter rlse ln the worldt6 oceans. The West Anlalctlc
1ce sheet extends out ove! the ocean f1oor. I{arnet ocears Dlght result
1n aD lntru61on of the ocean waters underaeaih thls Lce sheet and a
decrease ln 1ts slze nlght occur. If thls happens, an oceaaic rlse
of sone ftactlon of the Eaxleua aaount (7 Detels) Dighr take place.

Wllh a lraaer cllnate around the world, it seens falrly certaln
that preclpltatlon rould lncrease. 0n a g1obal basls, thls should re-
sult ln e lengthenLng of the grovLng season. Glolrlug seasona are eati-
lrated to increase about ten days for each loC rlse 1o teoperature.

The ehauglng preclpltatlon patterns, however, lrould beneflt
soue arees end nould harm others. It ls not poss1b1e, on the basls of
present lnforratlor., to predlct Just where these effects would occur.
As a fllst e6tLuete, one nlght say that the cllDatlc zones 1n the lrorld
would nove nolthwafd, The effect of thls on the agriculture of the U,S.
and RuseLa 16 ludlcated ln Vugraph 13.
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The broadenlng of the equatorlal reSlons Dlght result ln a
northnald Elgratlon of the deBert areas ln the Uolted States. Qur
present con and sheat belts would also nove uolthwerd and Elgrate
lnto canada. It csn be eeen that Russla, lft1ch ls lndlcated by the
cloesed hatched aree, lies conelderably farthe! oorth than does the
unlted Stetes. The very dark areas lodlcate the agllcultura1 reglons
of Russla. If cllsatic zones Elgrate aorthrtsrd, the Russlatrs have
plenty of roolr to adopt to the change. Even those nations shlch are
favored, howeve!, would be dauaged for a whl1e slnce thei! agrlcultural
end induEtrlal patterns have been establlshed on the bals of the present
c1lmate.

rv.

The Creenhouee Effect haE been attracthg a large asouat of
sclentlflc ettentloa. Sone of the Eore Loportent recent Deetlngs on
thls eubject are ptesented ln Vugraph 14. The llorld lleteorologlcal
Organlzatloa held I sclentlflc workshop oo atnosPherlc CO2 ln WaEhlngtou '
DC, ln Deceob et !976. ERDA held a workshop ou the Envllonnental Effect
of C02 from Foesll !ue1 Corbustlon at Mlaal la March of L977, Thls Deet-
lDg rras organlzed by thelr Advl.sory co@lttee for research on the Green-
trouse Effect, the Chalnoan of which 1s Dr. Alvln Welnberg. DOErs present
research effort on the G:eenhouse Effect is a dlrect result of thls
workshop end I !1111 be saylng Eore about thelr ProglaD late!. SCOPE

(Standlng Cofiolttee on the Planetary EnvlronmeDt), a l{est European organl-
zation, held a workshop on the world carbon budget in l'larch of 1977 ln
Haoburg, Gernany. The most recent DaJor Beetlng !ta6 that organlzed Ln

luxenburg, Austrla, thls Past february by IIASA (Interoatlonal Instltute
for Applled SysteEs Analysls) for the lJor1d Meteorologlcal organlzatlon,
the U.N. Co@1ttee on the EnvllonDeut and SCoPE.

Ttre concluslons frql thls last oeetlng srnnarLze the present
vorld selentlflc oplulon lrtth lesPect to the Greenhouse Effect. The
IIASA ueetlng ras organLzed lnlo three worklng grouPs. Sone of the lore
slgnlfleant recmendatlons of these wotklng groups are Presented ln
Vugraph 15.

The worklng group on the cetbon cycle concluded that sclentlflc
confidence Ln oodels of that cycle 1s conslderably less than lt nas ten
yeals ago. Ilhat 1s necessery to ln8tl11 greater coufl'dence is to Pro-
vlde a better underetaoding of the flux floD the biosphere as rePorted
by the bj.ologlets. The worklng group also recomended that Dore lnforma-
tlon be obtalned on the jtterchange of CO2 lnto the ocean and holt lt
18 transported to greate! depthE.

lhe Eecond worklng grouP' on the clLuatlc lupact of a doubling
of COL, reached concluElons cloee to those whlch have been sr:noarlzed
1n the present ra1k. They felt thae a doubllng of ataospherlc carbon
dloxlde vould produce a 2-3 degree centlgrade lncrease 1n tenperature
depending upon the lnfluence of clouds.
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The thlrd lrorking group lyes concerned rrlth the lapact of Ehe
Gteenhouse Effect on eoergy slrategles. They reco@ended that -Ean can
afford a 5-10 yr. tLoe !'lndow to establlsh the val.ldlty and algnlficance
of rhe Greenhouse Effect. They sald that lt is preaature to tlllt the
use of fos811 fuele at plesent but that thelr u6e should not be en-
couraged . ihls group went on to rec@end nore research and greater
effort on the developDent of enelgy aoulces lrh1ch vould not resul! ln
C02 release.

The DOE bas lnltlated a EaJo! research plogt:lD on the Creeo-
house Effect unde! lhe leadershlp of Davld Slade. Detalled recomenda-
tlons for this effort have been prepared by an Advlsory Corollttee. The6e
reco@endatlons nould have the DOE reseelch progran concentrate prlncl-
pa11y upor obtalalng better lnfotuallon. legErdlng the carbon eycle
nhile research on cllllatic effects, lncludlng clitate roodeling, rould
be left up NOAA. Slx prograns for research on the calbou cycle are being
recomended f or lmedLate fundlng . These are presented ln order of
prlorlty 1n Vugraph 15.

Thls l@edlete prograe nould cost $1.56 I6i 1n the flrst year
attd lrould soon grolr to about $10 MM per year. lhe prograo to recelve
highest priorlty, le obtalnlng 4 better estlBate of fossl1 fuel C02 out-
put. fhls nould lnvolve a worldwlde study of how fosel1 fuel coabus-
tlon Blght be expected to increaae and what would I1alt this Lncrease
ln both the under-developed aad developed countrles. The second ploject
lelates to the use of carbon i.sotopes to obtala a better estfuate of
the lrlput of carbon dloxlde fron the blosphere. It ls hoped that
CL3 /cI2 ratlos as well as cL4 /cLz ratios ;atr be used for thls purpose.

Ttle thlrd project 16 to obtah a direct essesa&ent of the
blosphere lnput by observlng the grolrth or depletlon of vegetated areae
around the world fron the Landstat satellltes. ltigh resolutlon radar
and aer1al photography w111 probably be requlred in s@e lnstances to
ldentlfy vegetetlon types. The global vegetatlon oap provlded by these
Dethod6 would be u6ed to ldeotlfy sample areas for 1) further analysls
uslng photographs of hlgher resolutlon and 2) ground velldatlon of
vegetatlon aad eoll type to deflne the relatlonehlp betweea lnage
cheracterlstlcs and deslred grouud lufonnatlon. TIJo hundled to a
thousaud such areas would be ldentlfled and would be resurveyed at
2 to 5 year lntervals 1n a proglan whlch vould be expected to be able
to detect e 2Z chenge 1n the vegecatlon. Thls 1€ an expeoelve prog!:ro
and would requlle about 93 !1M per year lthen 1t is runnlng 1u ful1 fotce.

The fourth project ls to expand and lmprove the carbon dloxlde
aonltorlng Decvork. Thls would lnvolve addlug 10 to 15 addltlonel
noaltorlag statlons at suitably leloote areas and expandlng the lnstru-
lentatlon at all statlons so that Lt could detemlne carbon tsotope
ratlos .
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The flfth proJect ls !o obtaln better lnforuatlon on Bhe traas-
fer of carbon dloxlde froo surface lraters Lnto the deeper ocean. Thls
would lnvolve uot ooly studies of C02 but also of tracers 6uch as trltium,
he1fi:o-3 and radlocarboa. Thls would tequlre teEearch wlth oceanographlc
shlps and, when conpletely under way, would cost about $5 W/year. The
last of the hlgh prlorlty programs fo! 1@edlate fuudlng is to obtaln
better lnforEetlon on the buffering of C02 absorptlon Ln the ocean.

After the 1nlt1al ptoglaDs are uoder !ray, the Advlsory Coe-
Elttee 1s recmendlng that an addltlonal effort Lovolvlug seven Dore
proglao6 be establlshed. These are l1sted, tn order of prlorlty, ln
Vugraph 17. The ent1re proglao nouLd cost 91.26 loi l.tr th€ plaonl.ng
phase and would rlse to $5 MM/year when under !ray.

The flrst ltem 1n thls prograD, and the aeventh ln the overall
prlorlty list, 1s to deternlne lrhether shallos lrate! calbonates are dls-
solvlug because of C02 1evels. The secoad lteE rrould be to obtaln a
better estlDate of the lesponse of the blota as a slok for addltlonel
carbon dloxlde. The thlrd ln thls program is to develop better models
fo! the carbon cycle. Although nodellng is en extreDely tmportant
undertaklng, 1t 1s pleced n1trth on the overall 1lst because lnforDatlon
flon the earller pro8lans ls needed for bette! nodel developuent.

Iteo nuober teD reco@ends a study and a better deflnltlon of
the late of cErbon dloxlde exchange actoss the lnterface befireen the air
and the ocean. The next project would be to study the flux of organlc
carbon lnto and rrlthln the eea. IteD number twelve 1s to develop lo-
proved carbon dloxlde Deaauleuent technlques, rhl1e the floal lteu on
thls 1lst iB to study the dlssolutloa of deep sea calciuo carbonate aE
a final slak for etDospherlc carbon dloxl.de.

V. Suppary

A euuoary of rny talk 1s presented ln Vugraph 18. In the filst
place' there 1s geoeral eclentlflc agreement that the Eost 1lkely nanner
ln whlch oaukiad ia lnfluetrclng the global cllsate ls through earbon
dloxlde release floa the buralag of fossll fuels. A doubllng of earbon
dloxlde 16 egtlaated to be eapable of lacreaslng the average global ten-
perature by fron 10 to 3oC, wlth a 10"C rlse predlcted at the poles. More
research i.B needed, howeve!, to estab116h the va11d1ty and signiflcance
of predlctlons wlth respect to the Greeahouse Effect. It ls eurrently
estlDated that Danklad hes a 5-10 yt. tfue wlndov to obtaln the neces-
sery lnf omatlon. A nal or research effort ln lhls area is belng con-
sldered by the U.S. Departnent of Eoergy.
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VI,GRAPII 1

BASIS FOR THE GREENHOUSE EFFECT

I. EARTH RECEIVES VISIBLE & UV RADIATION FROTI SUN
A. Some Reflected lnto Space
B. Some Absorbed By Atmosphere
C. Most Absorbed At Earth's Surface

II. EARTH EM|TS INFRARED RADIATION TOWAFD SPACE
A. Carbon Dioxide And Other Atmospheric Constituents Absorb Part Ol The

Infrared Radiation
B. Absorbed Energy Warms The Atmosphere

lll. THEBEFORE HIGHER COr CONCENTRATIONS wARtl THE tOwER
ATMOSPHEFE
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VI,GRAPI{ 2

CO2 MEASURED AT REMOTE SITES
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WGRAPH 3

POSSIELE LIMITING SCENARIOS
FOR THE USE OF FOSSIL FUELS
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WGRAPH 4

PROJECTED ATiIOSPHERIC GOz
CONCENTRATIONS RELATIVE TO 1860
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WGRAPH 5

COr EXCHANGE
(Bllllon$ Of Tons Ol Carbon Per Year)

BIOSPHERE
ON

CONTINENTS
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WGRAPII 6

RATIo 0F C02 DERIVED FR0t'l BIOSPHERE VS FOSSIL FUEL

DATERATIO
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WGRAPH 7

CURRENT STATUS OF SCIENTIFIC OPINION

l. Current Opinion Overwhelmingly Favors

Atlributing Atmospheric COz lncrease To Fossil Fuel Combuslion

ll. Most Scientists Feel More Research ls

Needed To Support An Unquaftlied Conclusion

lll. Some Scientists Claim That Part Or All Of The COz Increase

Arises From The Destruction Of Forests And Other Land Biota.
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WGRAPH 8

UNCERTAINTIES WHICH LIMIT CLIiIATE MODELING

I. CLOUDINESS

A. Effect Ol A Cloud Depends On Size, Shape and Position.

II. ATTIOSPHERE - OCEAN INTERACTIONS

A. How Should Heat Capacity Be Handled
B. To What Depth ls The Ocean lnvolved

III. THE INTERACTION BETWEEN SEASONS AND LOI{G TERM TRENDS

IV. IS CLIIIATE REALLY PREDICTABLE

A. Could Be An "Almost Transitive " System Which Fluctuates Between
Stable States.
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WGRAPH 9

TEIIPERATURE EFFECT OF DOUBLING COz

60" 50' /,o" 30"

I.AIIIUDE

o

110



o
o

F
z,
LrJa
l'r,(r
o.

5
lr,(r
fF
E.
td(L

trJF
trj(J
L
E,:)a
o
lrJ(9z
I(J

WGRAPH 10

HOW PREDICTEDAT

COilPARES WITH RECENT TEIIPERATURES
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\n'GRAPTI 11

EFFECT OF COz ON AN INTERGLACIAL SCALE
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WGRAPH 12

IiIPLICATION OF PREDICTED GREENHOUSE EFFECT

t. PERMANENT SIIIOW COVER A]IID FLOATING SEA ICE W|LL BE
REDUCED

A. Negligible Effect On Sea Level

II. PROBABLY NO EFFECT ON POLAR ICE SHEETS

A. West Antarctic lce Sheet Most Critical

III. LENGTH OF GROWING SEASOI{ WOULD INCREASE

A. l"C Temperature Rise Adds 1O Days

IV. CHANGES IN PRECIPITATION PATTERNS WILL BENEFIT SOIIE
AREAS AND HARM OTHERS.

A. Models Can Not Predict These Effects
B. Can Study Evidence From Climatic Optimum 4000-8000 Years Ago.
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MOST OF THE USSR'S VAST
AGRICULTURAL LAND BASE
LIES LATITUDINALLY NORTH
OF THE UNITED STATES

I sovrET AcRrcuLTuRAL LArrrtrg
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WGRAPH 14

RECENT MEETINGS ON GREENHOUSE EFFECT

I . }{ORLD ]VIETEOROLOGICAL ORCANIZATION

scIENTIFIcW0RKSHOP0NATIYIOSPHERIcc02

NOV. 28 - DEC. 3, !976, I'IASHINGTON, D, C.

II, ERDA - }'IORKSHOP

ENVIRoNI{ENTAL EFFECT 0F c02 FR0t'/i FOsslL FUEL C0MBUSTI0N

T'IIARCH 7-LL, L977, I'IIAI'II BEACFI, FLA'

I I I. SCOPE

I^IORKSHOP ON hIORLD CARBON BUDGET

I'4ARCH 2L-26, !977, HAIVIBURG, GERtvlANY

IV, I IASA

CARBON DIOXIDE, CLIlqATE AND SOCIETY

FEB. ?L-24, Lg7B, LAXENBURG, AUSTRIA
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VUGRAPIT 15

}{ORKING GROUP REPORTS - IIASA }{ORKSHOP

I. THE CARBON CYCLE

A. CONFIDENCE IN I'IODELS CONSIDERABLY LESS THAN 10 YEARS AGO

B, BIOSPHERE FLUX l'lUST BE ESTABLISHED

II. WHAT l.lILL BE CLII,IATE II'IPACT OF 2 X COz

A. 2-3'C INCREASE DEPENDING ON IIOII CLOUDS ACT

rrr, c02 oUESTI0N vs. ENqBGY {l4IEqlEs

A. I4AN CAN AFFORD 5-10 YR. TII'IE l,lINDO}l TO ESTABLISH },IHAT I4UST BE DONE.

B. IT IS PREMATURE TO LII'IIT USE OF FOSSIL FUELS BUT THEY SHOULN NOT

BE ENCOURAGED.
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WGRAPH 16

ERDA PROPOSALS FOR IIVII'IEDIATE FUNDING

($1,50 fiM ro sTART s00N uP T0 $9,8 fiM/YR,)

1, BETTER ESTIflIATE 0F F0SSIL FUEL C02 0UTPUT

2. USE CARBON ISOTOPES TO GET INPUT FROtYl BIOSPHERE

3, DIRECT ASSESSIVIENT OF BIOSPHERE INPUT tS; fiM-I

4. EXPAND AND II{PROVE [.,IONITORING NET}'IORK

5, TRANSFER 0F ClZ INTo DEEPER oCEAN ($5 mM)

6, BUFFERING 0F C02 ABSORPTI0N IN 0CEAN
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WGRAPH 17

PROJECTS STARTING AFTER INITIAL PROGRAI'IS ARE UNDER }{AY

($1.26 fifi TO START - RISES TO S5.O Mft/YR)

7, ARE SHALLOI'| WATER CARBONATES DISSOLVING

8, RESPONSE 0F BI0TA T0 C02 INCREASE

9. BETTER I'IODELS OF CARBON CYCLE

10, c02 EXCHANGE ACROSS AIR-SEA INTERFACT

11. FLUX OF ORCANIC CARBON INTO & WITHIN SEA

12, II'IPR0VE C02 MEASUREMENT TECHNI0UES

T3, DISSOLUTION OF DEEP SEA CNCO3 AS FINAL SINK
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\nIGRAPH 18

SUI*II'IARY

I, COz RELEASE m0ST LIKELY souRcE 0F INADVERTENT CLII',IATE I{0DIFICATI0N,

II, pREVAILING oPINI0N ATTRIBUTES C}Z INCREASE T0 FOSSIL FUEL C0IIBUSTI0N'

I I I , DoUBLINC C02 c0uLD INCREASE AVERAGE GL0BAL TEI'IPERATURE l'C T0 3'c BY

2O5O A.D. (10"C PREDICTED AT POLES).

IV. l.,lORE RESEARCH IS NEEDED ON t'lOST ASPECTS OF GREENHOUSE EFFECT

rl, 5-10 yR, TItvlE }ltNDOl'l T0 GET NECESSARY INFORwIATION

VI.tvlAJORRESEARCHEFF0RTBEINGCONSIDEREDBYDOE
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September  2019Prepared by the Center for Climate Integrity

Document 7

1979 Exxon memo, 

Controlling the CO2 Concentration in the Atmosphere
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RESEARCH AND EIUGINEERING COMPANY

P.O. BOX 1O1, FLORHAM PARK, NEW JERSEY 07932
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Senior Eng. Assoc. October L6, L979

Controlling Aturospheric CO,

79PE 554

Dr. R. L. Ilirsch:
The attached memorandum presents the results of a study on the

potential impact of fossil fuel combustion on the CO, concentration in the
atmosphere. this study was made by St".t" Kt$, a's.rmer employee i-n
Plaruring Engineering Division.

The study considers the changes in future energy sources which
would be necessary to control the atrnospheric CO, concentration at differ-
enr leve1s. The principle assumption for the COi balance is that 50% of
the CO. generated by fossil fuels remains in the-atmosphere. This corresponds
to thezrecent daLa on the increasing COI concentration in the atoosphere com-
pared to the quantity of fossil fuel cofibusted.

Present cllmatic models predict that the present Erend of fossil
fuel use will lead to dramatic clfunatic changes wl-thln the next 75 years.
However, it is not obvi-ous whether these changes would be all bad or all good.
The major conclusion from thls report ls that, should it be deemed necessary
to maintaln atmospheric CO,, levels to prevent significant clinnatic changes,
dramatic changes in patterfis of energy use would be required. llorld fossil
fuel resources other than oil and gas could never be used to an appreciable
extent

No practical neans of recovering and disposing of CO, emissions has
yet been developed and the above conclusion assumes thaE recov6ry will not
be feasible.

It must be realized that there is great uncertainty in the exist-
ing climatic models because of a poor understanding of Ehe atmospheric/
teirestriaUoceanic CO. balance. Ifuch more study and research in this area
is required before roaj6r changes in energy type usage could be reconm.ended.

IILF: ceg
Attachment
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Exxon For Authorized ComPanY Ulc OnV , Petroleum
Engineering

7 gPE 554

PR0PRIiTi,l'r :: ; :'iRi",lATl0N
Department -

ocrober L6, L979
EXXON RESEABCH ENGINEERING COMPANYAND

CONTR0LLING TI{E COZ CONCENTMTION IN TIIE ATMOSPITERE

The C02 concentration in the atnosphere has increased since the
beginning of the world induetrialization. It is now l5Z greater than it lras
in 1850 and the rate of C02 release fron anthropogenic sourcee appears to
be doubling every 15 years. The most widely held theory is thac:

r The increase is due to fogeil fuel conbustion
o Increasing coz concentration will cause a warming of the earthts

surface
o The present trend of foseil fuel consuoption vill cause dramatic

envirorunental effects before the year 2050.

However, the quantitative effect is very speculative because the data
base support ing it ia weak. The CO2 balance betueen the atEosphere, the
biosphere and the oceans is very ill-defined. Also, the overall effect of
increasing atmospheric CO2 concentration on the world environmen! is not
well understood, Finally, the relative effec! of other inpacts on the
earthrs climate, such as solar activity, volcanic action, etc. Bay be as
great as that of CO2.

Nevertheless, recognizing the uncertainty, there is a possibility
that an atmospheric CO2 buildup will cause adveree environnent al effects
in enough areas of the sorld to coneider limiting the future use of fossil
fuels as major energy sourcea. This report illustrates the possible future
lirnits on fossil fuel use by exanining different energy scenarios nith
varying rates of CO2 emissions. Comparison of the different energy
scenarios shoh' the uragnitude of the switch fron fossil fuels to non-foseil
fuels that night be necesaary in the future. Non-fossil fuels include
fission/fusion, geothernal, biomass, hydroelectric and solar power. Itre
possible environmental changes associated with each scenario are al.eo
d iscus sed .

CONCLUSIONS

As 6tated previously, predictions of the precise consequencea
of uncontrolled fossil fuel use cannot be made due to all of the uncer-tainties associated with the future energy denand and the global CO2
balance. On the basis that C02 emissione must be controlled, this study
examined the possible future fuel consunptions to achieve various degrees ofcontrol. Following are some observations and the principle conclusions froq
the s tudy:

o The present trends of fossil fuel combustion with a coal euphas iswill lead to dranatic world clinate changes within the next 75 years,
according to Eany present clinatic nodels.
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Ttre CO2 buildup in the atmosPhere is a worldwide problen. U-S.
efforts to restrict CO2 enrission would delay for a short tirne but not
solve the problem.

Warming trends rihich would move Ehe temperate climate northward may be
beneficial for aome netions (i.e., the USSR' see Figure 1) and deUri-
mental for others. Ttrerefore, global cooperation may be difficult to
achieve.

Removal of CO2 from flue gases does not apPear practicat due to
economics and lack of reasonable disposal meLhode-

If it becomes necessary to linit future CO2 eniseions without practical
removal/dispoeal roethode, coal and possibly other foesil fuel resources
could not be utilized to an appreciable extent.

Even with dramatic changee in current energy resource uaer it appears
unlikely that an increase of 502 over the Pre-industrial CO2 level
can be avoided in the next century. Ttris ttould be likely to cause a
slight increase in global ternperatures but not, a significant change in
cl.imate, oceen neter leveL or other serious environmental efforts.

Ttre potential problem is great and urgent. Too little is knonn at
or worldwide change in energy type usage
research is necesgary to better modeL

thie tine to rffia najor U.S.
but it is very clear that ionediate
the atmoephere/terrestrial/oceanic CO2 balance. Only with a beEter
understanding of the balance will we know if a problem truly exists.

Existing Data and Present Models

industrialization, the atmospheric carbon
dioxide concentration has increased from approxinately 290 ppm in 1860 to
336 pp'n today. Atmospheric CO2 concentrations have been recorded on a
monthly basis by C. D. Keeling since 1958 at Mauna Loa Observatory in Hawaii
(see Figure 2). Seasonal variatione are cl-early shorm with the CO2
concentrations lowest during the North American and Euraeian sunmers, due to
increased photosynthetic activities. Over the laet ten years, the atmoa-
pheric concenEration has been increasing at an average rate of about 1.2
pp'n/year.

Ttre present consumption of fossil fuels releases more than 5
billion tons of carbon as CO2 into the atmosphere each year. Data to date
indicate that of the aount released approximately one-half ie absorbed by
the oceans. the other half remaine in the atmosphere. There is some
question as to whether the terrestrial biosphere is a sink, absorbing
atmospheric CO2r or a source of CO2 enissions, due to manrs land clear-
ing activities. Current opinion att,ributes the atmospheric CO2 increase
to fossil fuels and considers the biosphere input to be negligible.

.id..'

f t
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Figure 3 shows the carbon cycle with the ocean and the biosphere as sinks
for approximately 502 of the fogsil fuel emissions. Most models show the
ocean !o be a major eink while the biosPhere aPPears to be a much smaller
sink if it absorbe any CO2 at all. It is clear frorn Figure 3 that the net
atmospheric increase in Co2 is quite srual l comPared to the quantities of
COZ exchanged betlreen the atmosphere and the earth. This nakes it very
difficult to analyze the fossil fuel inpact on the overall carbon cyc1e.

The fossil fuel resource is very large conpared to the quantity of
carbon in the atmosphere. Therefore, if one half of the C02 released by
cornbust ion of fossil fuels remains in the atnosphere, only about 202 of the
recovetable fossil fuel could be used before doubling the atnosPheric CO2
conEent.

The concern over the increasing CO2 levels arises because of the
radiative properties of the gas in the atnosPhere. CO2 does not affect
the inconing short-lrave (solar) radiation to the earth but it does absorb
long-wave energy reradiated from the earth. The absorption of long-wave
energy by CO2 leads to a warming of the atmosPhere. This warrning phe-
norBenom is known as the "greer*rouse effect.r'

A vast amount of speculation has been made on how increased Co2
levels will affect atmospheric temperatures. Many rnodels today Predict that
doubling the 1850 atmospheric CO2 concentration will cause a lo to 5oC
global iemperature increase (see Figure 4). ExtraPolation of Present fossil
fuel trends would predict this doubling of the CO2 concentration to occur
about 2050. A tenperature difference of 5oC is equal- to the difference
betrreen a glacial and an interglacial period. The temPerature increases
will also tend to vary with location being rnuch higher in the polar region
(see Figure 5). These ternperature predictions may turn out too high or 1ow
by several fold as a result of many feedback nechanisms that nay arise due
to increased temperatures and have not been properly accounted for in
present rnodels.

These nechanisrns include:

and ice

albedo (reflecE ivity) rft ich
would
would

This is a pos it ive
decrease of the earth I s

added warming effect.
Cloud Cover. This is considered Ehe most important feedback mechanism
io=E-?i.oir, t ea for in present Bodels. A change of a few percent in
cloud cover could cause larger temperature changes than Ehose caused by
COZ. Increased atmoepheric temperafure could cause increased evapora-
tion from the oceans and increased cloud cover.

Ocean and Biosphere Responses. As the CO2 level is increased
and the ambient temperature rises, the ocean may lose some of its
capacity to absorb CO2 resulting in a positive feedback. However,
increased C02 leveLs could increase photosynthetic activities r.tr ich
would then be a negative feedback mechanism.

coverage.
result in a
produce an
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As evidenced by the balance shown in Figure 3, the atmospheric
carbon exchange with the terrestrial biosphere and the oceans is so large
that srnall changes due Eo these feedback mechanisrns could drastically offset,
or add to the impacE of fossil fuel combustion on Ehe earthrs temperature.

Appendix A gives one, but not unanimous' viewpoint. of how the
environment night change if the feedback mechanisms are ignored. Ttre
contribution that will ultimately be made by these feedback mechanisms is
unknorrn aE Present.

Energy Scenarios for Various COc LimiEs

Using the CO2 atnospheric concentration data recorded to date,
the correlation of these data with fossiL fuel consumption and the proposed
Itgreenhouse effecttt models, thie study reviews various world energy consumption
scenarios to liuit CO2 atmospheric buildup. Ttre concentration of CO2 in
the atmosphere is controlled in these studies by regulaEing the quantity of
each type of fossil fuel used and by using non-fossil energy sources when
required. Ttre quantity of CO2 enitted by various fuels is shown in Table
1. Ttrese factors were cal.culat,ed based on the combustion energy/carbon
contenr ratio of the fuel and the thernal efficiency of the overall conversion
process nrhere applicable. They show the high Co./energy raEio for coal and
shale and the very higlr ratios for synthetic fuefs from these base fossil
fuels r*rich are proposed as fuels of the future.

The total world energy demand used in these scenarios is based
upon the predictions in the Exxon Fal.l 1977 Wotld Et".gy Ottlook for the
high oil trice case for the years 1976 to lgffiat no
changes in the sources of supply of energy could be made during this period
of time. Case A, which has no restrictions on CO2 emissions, follows the
high oi1 price predictiona until 2000.

Petroleum production and consumption is the same in each scenario.
The high oil price case predictions are followed until 2000. After 2000
petroleum production continues to increase until a reserve to production
ratio (R/P) equals ten to one. Production peaks at this point and then
continues at a ten to one R/P ratio until supplies run out.

The consumption of coat, natural gas and non-fossil fuels (fission/
fusion, geothermal, biomass, hydroelectric and solar power) vary with each
scenario. Shale oiL makes small contributions past the year 2000. It is
not predicted to be a major future energy source due to environmentat damage
associated with the mining of shale oil, and also due to rather large
amounts of CO2 enitted per unit energy generaEed (see Table 1). If more
shale oil were used, it would have the same effect on CO2 emissions as the
use of more coal. Ttre fossil fuel resources assumed to be recoverable are
tabulated in Appendix B.
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No Lini! on Co2 Emissions

In this ecenario no limitations are placed upon future fossil fuel
uae. The uee of coal is ernphasized for the rest of this century
and continues on into the next century, The developrnent and u8e of
non-fossil fuels continue to grote but without added enphasis.
Natural gas production continues at a slowly increasing rate until
an R/P ratio of 7/l is reached around 2030. Production after 2030
continuec at a 7lL ratio until leserves run ouE. Figure 6 shows
the future energy deBand for this scenario.

Figure 7 shows that the CO2 buildup frosr this energy strategy
is quite rapid. Ttr e yearly atrnospheric CO2 increase rises from
1.3 ppo in 1975 to 4.5 ppn in 2040. Noticeable EeoPerarure changes
soutd- occur around 2010 aa the concentration reaches 400 ppn'
Significant clinatic changes occur around 2035 when the concentra-
tion approaches 500 ppur. A doubling of the pre-industrial concen-
tration occurs around 2050. The doubling would bring abouE dra-
Batic changes in the world's environment (see Appendix A). Con-
tinued use of coal as a roajor energy source Past lhe year 2050
would furEher increase the atnospheric C02 level resulting in
increased global temperatures and environmental uPsets.

coz Increase Linited to 510 pplq

This energy scenario is linited to a 752 increase over the pre-
industrial concentration of 290 ppm. No liuitations are placed on
petroleum production. Natural gas producEion is encouraged beginn-
ing in 1990 to ruinimize coal combustion until non-fossil fuels are
developed. Production of natural gas would increase unlil 2010
when an R/P ratio of 7/l would be reached. Production would then
continue at a R/P of 7/l until supplies ran out. Ttre developdent
and use of nonfossil fuels are erophas ized beginning the 1990rs.
Non-fossil fuels start to be substituted for coal in I990's.
Figure 8 shows the future energy deroand by fuel for this scenario.

Figure 9 sholrs the atnospheric CO2 concentration trends for this
scenario. The lower graph shows che maximum yearly atmospheric
CO2 increase allowable for the 510 ppm limit. The yearly CO2
increase peaks in 2005 when it amounts to 2.3 ppro and then steadily
decreases reaching 0.2 ppu in 2100. A 0.2 ppn increnent is equiva-
lent to the direct conbustion of 5.1billion B.O.E. of coal . This
would be approxiarately 2 to 3% of the total world energy denandedin 2100. (For uore detail on the construction of Figure 9, see
Appendix C. )

A conparison of the Exxon year 2000 predictions and this scenario'syear 2000 requirenents 6hows the nagnitude of possible future
energy source changes, The Exxon predictions call for nonfoseilfuels to account for 18 billion B.O,E. in 2000. This scenario
requires that 20 billion 8.0.E. be supplied by non-fossil fuels by

B.
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2000. Ttris dif ference of 2 billion B.O.E. is equivalenE to Ehe
power supplied by 214-1000 MI{ nuclear Poner plants oPerating at
607. of capacity. If it were supplied by methane produced from
biomass, it would be equivalent to 801000 square miles of biomass
at a yield of 50 ton/acre, heat value of 6500 Btu/dry pound and a
352 ctnversion efficiency to methane. Therefore even a 2O7 it-
crease in non-fossil fuel use is a gigantic undertaking.

Ttre magnitude of the change to non-fossil fuels as major energy
sources is more aPParent lthen scenarios A and B are comPared in the
year zoz5. scenario B requires an 85 billion B.o.E. input from
non-fossil fuels in ?025. This ie almost double the 45 billion
B.O.E. inpur predicted in scenario A. Ttris 35 billion B.o.E.
differenc" i" "pp.oximately equal to the t'otal energy consumption
for the entire world in 1970-

Ttre environmental changes associated with Ehis scenario wouldn't be
as severe as if the CO2 concentration were allowed to double as
in scenario A. Noticeable temPerature changes would occur around
20I0 wtren the CO2 concentration reaches 400 pprn. Significant
climate changes would occur as the atmospheric concentration nears
500 ppn around 2080. Even though changes in the environment due
to increased atmospheric CO concentrations are uncertain, an
increase to 500 ppm would probably bring about undesirable clinatic
changes to many parts of the earth although other areas may be
beneiitted by the changes. (See Appendix A, Part l)-

COr Increase Limited to 440 pPm

Ttris scenario lisrits future atmospheric CO2 increases to a 502
increase over the pre-industrial concentration of 290 pprn. As in
the previous case, no timitations are placed on petroleum produc-
tion and increased natural gas production is encouraged. Much
emphasis is placed on Ehe developrrent and use of non-fossil fue1s.
Non-fossil fuels are substituted for coal beginning in the 1990rs.
By 2010 they will have to account for 5O7" of the energy supplied
worldwide. Thie would be an extremely difficult and costly effort
if possible. In this scenario coal or shale will never become a
major energy source. Figure I0 shows the future world energy
demand by fuel for Ehis scenario.

The atmospheric CO2 concentration trends for this scenario are
shown in Figure ll. To satisfy the lirnits of this scenario
the yearly COZ emissions would have to peak in 1995 aE 2.0 pprn,
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and Ehen rapidly decrease reaching a value of 0.04 ppm in 2100. A
0.04 ppm naximum allowable increase means that unless removal/dis-
posal methods for CO2 emissions are available only one billion
B.O.E. of coal may be directly combusted in 2100 (or 1.4 billion
Barrels of Oil). Ttris would be less than lZ of the lotal energy
demanded by the world in 2100

To adhere to the 440 ppur linit, non-fossil fuels will have to
account for 28 billion B.O.E. in 2000 as compared to 20 billion
B.O.E. in scenario B and 18 billion B.O.E. in scenario A. Ttris
difference between scenarios A and C of l0 billion B.O.E. is
equivalent to over 1000, 1000 MW nuclear power plants oPerating at
60ll ot capicity. Ten billion B.O.E. is also approximately equiva-
lent to 4001000 square miles of biomass at 357" conversion effi-
ciency lo methane. Ttris is equivalent to almost one-half the total
U.S. forest land.

By 2O25 the 110 billion B.o.E. input from non-fossil fuels called
for in this scenario is more than twice as much as the 45 billion
B.O.E. input predicted in scenario A. This difference of 65
billion is approxinately equal to the amount of energy the entire
world will consume in 1980. In tetms of power plants, 65 billion
B.O.E. is equivalenE to almost 7000, lO00 MW nuclear power plants
operating at 6O7. ot capacity.

An atmospheric CO2 concentration of 440 ppm is assumed to
be a relatively safe level for the environment. A slight global
warming trend should be noticeable but not so extreme a8 to cauee
rnajor changes. Slight changes in precipitation night also be
noticeable as the atmospheric CO2 concentration nears 400 ppn.

S. KNISELY
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Fuel

SNG froo Coal

Coal Liquids

Methenol frm Goal

II2 frm Coal Gasif icat ion

Shale Oil
Bituminous Coal

Petroleum

Natural Gas

triesion/Fusion

Biomass

SoIar

Table I

@e EMISSIONS

0.35

a32
0.38

0.38

o.23

.2L

.15

.11

Z of Present
CO. Out,puE

0

0

0

0

0

382

492

r3z

0

0

0

0

0

0

* Includes converaion losses t*rere applicabLe.

131



c1798

APPENDIX A

ECOLOGTCAL CONSEQUENCES OF
INCREASED CO. LEVELS

From:

Peterson, E.K., ttCarbon Dioxide Af fects Global Ecology,r' Environmental
Science and Technology 3 (1f), 1162-1169 (Nov '69).

1. Environmental effects of increasing Ehe CO2 levels to 500 pprn, (f.Z
times 1860 level)

o A global temperature increase of 3oF which is the equivalent of
a 1o-4o southerly shift in latitude. A 40 shift is equal to
the north to south height of the staBe of Oregon.

. The souEhlrest states would be hotter, probably by nore than 3oF,
and drier.

o Ttre flow of the Colorado River would dirninish and the southwest
nater shortage would become much more acut.e.

. l'lost of Ehe glaciers in the North Cascades and Glacier National
Park would be melted. There would be less of a winter snow pack
in the Cascades, Sierras, and Rockies, necessitating a major
increase in storage reservoirs.

. llarine life would be markedly changed. Maintaining runs of
sal-mon and steelhead and other subarctic species in the Colurnbia
River sysEem would becosre increasingly difficult.

. The rate of plant growth in the Pacific NorthwesE would increase
102 due to the added CO2, and another l0Z due to increased
temperatures.

2. Effects of a doubling of the 1850 CO2 concenrrarion. (580 ppn)

. Global temperatures would be 9oF above 1950 levels.
o Most areas would get more rainfall, and snow would be rare in

the contiguous states, excepE on higher mountains.

. Ocean levels would rise four feet.

. The melE ing of the polar ice caps could cause tremendous redietri-
bution of weight and pressure exerEed on the earEhrs crust. Ttris
could trigger major increases in earthquakeg and volcanic ac-tivity resulting in even more atmospheric co2 and violent storrs.

o The Arctic ocean would be ice free for at leasE six months eachyear, causing major shifts in weather patterns in the northern
hemisphere.
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. The present troplcs rtould be hotter, more hurnld, and less hablt-
able, but the preaent teaperature latltude would be warmer and
rcre habltable.
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APPENDIX B

FOSSIL FUEL RESOURCES

Oil Assume t.6 trillion barrels of oil potentially recoverable
as of 1975 (agsuming the future recovery rate to be 402r.
ltre ninimun allowable Reserve to Production (R/P) ratio is
ten one

Shale Oil Potential of 3.0 trillion B.O.E. but aesuming 1977 tech-
nology only 20O billion B.O.E. actuaLly recoverable-

Natural Gas Approximately 1.6 trillion B.O.E. potentially recoverable.
Minimun allowable R/P = 7.1.

coal :::iil::":;:;:"::::Jil":"::":::::.i::'ffi'::::L::"1ity.
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APPENDIX C

CONSTRUCTION OF SCENARIOS B AND C
(scena ncrol )

l. Scenario B

the CO2 concenEration vs. year curve in Figure 9 was generated
by the folLowing equation

afEer 1970 (t = 0), then

xC = 292 ppm + 2L9 ppr^/[l + 5.37 exp. Gt/Z4 years)l

where C = concenEration in PPm

The curve on the lower section of Figure 9, atmospheric co2
increase vs. years, is generated by finding the difference in the concentra-
tions of successive years. This curve gives the maximum yearly increases
allowable to stay within the lirnits placed on this scenario. The amount of
fossil fuel that may be consumed in any given year can then be. calculated by
the lower curve. For examPle:

In 2100 the maximum allorrable CO2 increase equals 0.2 ppm'

This is equivalent to:

2PPrn x $$!:lJ x +ftl!- x $ffi =3.rxrol2 lbco2

3.1 x tOl2 tU CO2 nay be released by the combustion of:

forcoar_, @ x 1990=Pt9- '1B'o'E'+ ;zTTffio2 '- 5--8-T-ro6 rtu
= 2.5 billion B.O.E. of coal

This scenario is based on Ehe assumption that 507', of CO2 re-
leased each year will always be absorbed by the ocean and the rest will
renain in the atmosphere.

FDerived Trom an equation presented by U. Siegenthaler and ll. Oeschger
(1978) (see references).
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2. Seenario C

Ttre equatlon for the generatton of F!.gure 11 ls derlved
to be,

after 1970 (t - 0) r then

*C - 292 ppD + 146 ppn/tl + 3.37 exp. (-tlz0 years)I

Thle scenarlo ls the saoe ae Scenarlo B ooly with dlfferent llnlts'
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Figure 1

MOST OF THE USSR'S VAST
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Figure 6

WORLD ENERGY DENNAND BY FUEL
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Figure 8
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Figure 9
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Minutes from 1980 meeting of the API CO2 and 

Climate Task Force, The CO2 Problem
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t
' American Pelroleum lnstilule
t 2101 L Street, Northwest

fSlT;:'4

March 18, 1980

To: AO-9 Task Force

Attached please find a copy of the minutes of the February 9,' L980 AQ-9 Task Force meeting. Please inforrn ne of any errors
or omissions.

Cordially,

Attachnent--minutes

/mL

An egual opportunity employar
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co2 AND CLTMATE TASK FORCE (AO-9)

Minutes of Meeting

9:15 a.m.
Friday, February 29, 1980

MEMBERS PRESENT

K" Blower, Chairman
B. Bailey
H. Shaw

OTHERS PRESENT

,J" Laurman
J. Nelson
C. Showers

OPENTNG REMARKS

Manhatten Room
LaGuardia Airport
New York Cityr New York

SOHIO
Texaco
Exxon R&E

Consultant
APIIEAD
SOHIO

K. Blower, Chairman, opened the meeting by listing the following
goals of this meeting:

1. Increase industry's understanding of the CO, and
climate problem

2. Determine if there are feasibile and valuable research
projects that could be accomplished by API.

3" Establish a mechanism to prepare any needed issue papers.

B, Bailey added the following items for consideration:

L. This Task Force should be the focal point and establish
a basis for providing API comments on CO, and. climate
matters

2. An overall goal of the Task Force should be to heJ-p
develop ground rules for energy release of fuels and
the cleanup of fuels as they relate to CO, creation.

CONSULTANT REPORT

Dr. J. A. Laurman, a consultant and a recognized expert in the
field of Co2 and climatermade a presentation to the Task Force' entitled, "fhe CO2 Probl6mi ,Addrlssing Research Agenda Oevelofment.n,
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An outline is included as Attachment A'

In addition, a complete technical discussion, led by Dr" Laurman
identified. the problem, discussed the scientific basis and tech- i

nical evidence of CO2 buildup, impact on society, methods of
modeling and their c5nsequences, uncertainties, poiicy implicationsrand
conclusions that can be drawn from present knowledge. A series
of summary charts are attached as Attachment B.

API RESEARCH NEEDS

One area of possible APf research was identified: Preparatory
research to be able to answer questions dealing with the CO2
problem and synthetic fuels"

COMIVTENTS ON DOE TECHNICAL PAPER

K. Blower and Bruce Bailey will modify the diaft API letter back
to DOE concerning an article submitted. to the Task Force for
cornment. When the Task Force has approved the letter, it will
be coord.inated within API staff .

.OTHER BUSINESS

The Task Force should set up a rationale and system for review
of technical articles and responses to inquiries

One potential area for R&D was discussed by the Task_ Force:
"Invlstigate the Market Penetration Requirements of Introducing
A New Energry Source into World Wide Use." This would include the
technical Lirplications of energy source changeover, research
timing and reguirements.

The meeting was adjourned at 4225 p.m.

Prepared by:

=.-?{_?L*)Jimmie J. Nelson
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Attt c r{hgJi

A

THE CO PROBLE}T; ADDRESSING RESEARCH AGENM DEW

The difficulties of dealing with the pragrnatic questions related

to the co2/fossil fuel problem all relate to certain general- features,

these having A) high irnpact cost' B) large uncertainty, and betng c)

far distant and D) global. The problern is interdiscipLinary in Lts scientific

aspects and it has ramifications in nany economic sectors and in most nations'

Therefore, not only is addressing it difficult Ln anLytic terms' but the

rnulif{olicity of possible interest grouPs that can be affected means that

choice of what constitute the criticaL research issues depends on the user'

In the most general terms l.Ie can subdivlde the notl'vational aspect lnto those

who see the need as to

or to
the future imPacb, as vJ-ewedB) assess the present day importance of

i) from a world viewPoj-nt

ii) by national enti-ties

iii) by specific industrial sec'tors

Highestpriorityinvestigationsdependonwhichofthesegroupsis
lnvolved. In particular, a highly relevant asPect for a1-1- of these groups

is the infl-uence of present and future information on pubLic Perception and

governmental attitudes regarding the problem and the resultant effecL on energy

poLicy.

Instead of attempting to research all aspects of the C0, problem

that bear on the concern of any particular group, we may seLect a feature
that appears to be particularl-y important to that sector - for exampLe,

nucl-ear energy proponents might wish to address the probl-em of narket
penetration time lags as the most critical for uraking their case.

A) S.educing uncertainty in projecti.ons

CO2 input
a) deforestation, past present and future.
b) effect of various energy use poricies - coal, oiL shale, nuclear,

biomass, solar, synthetlcs,

A) better understand the Co2/climate

ability to Predict a) short range

system, resulting in an

and b) long range effects.

or interest grouPs
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\ c) turn-around scenarios for non-carbon based fuel use, Lmpact

calculatLons.
d) rernedial measures: biomass, scrubbing, bacterial enzymesr fertilLzing

oceans.

Carbon cycle
a) CO2 growth and photosynthesl.s

b) urissing COZ since - detritus, humus, regrowth of deforested-'argas,

oceans, non-stationary biosphere.
c) validity of box-model projections in short (50 yr)'range.
d) organic material in oceans (detritus, dissolutionn nutriant

limitations)
e) estuarian regions

f) ground water
g) carbonate distributi,on
h) use of tracers
i) cataloguing on the biosphere
j) clirnatic change feedback effects - ocean temperature, pl-ant growth.

Cl-imate modeling

a) ocean dynamics

b) simpl-ifying models

c) feedback effects : cloudsl s€tr ice, vegitatLon ehange(albedo).

d) reglonal cl-lmatic change

B) Impact of climatLc change

Socio-economie

I) General probl-ems:

a) how to make estimates of costs of Large perEurbatf,ons, even

assuming climatic changes are known?

b) how do we discount the future?

c) gmpolitical problems, either from climatl.c ehange or from

remediation measures
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'F' d)buildinginresilience.Canseveritybeversedintermsofcrl'tical
ratesofchangeofforcingofthesocietalsystelB?Isageneric
non-specif ic formulation possible?

II)Imnediatepolicyquestions.Thephyslcalfactsagreeonthe
probability of large effects 50 years away' but wl'th large

probableerror.Sourceoftheuncertaintyarisesfromdeforestatlon'
poor climate mode].s and uncertainty in co, inpuc (energy

proJectLons). the first may be settled in a yeag or two; the

second wll]- not. llence we have to treat an unsure situation' uhich

maybepossibleviadecisionanalysisl'ferrordistributioncan
bequantified.Thishasnotbeendoneforimpactcosts,sofirst
a)canitbe?Ifyes,therestillremaintwomaJordifficulties:
b)whataremarketpenetrationtl.mesforne\ilenergysources?and
c)whatfuture(socia].)discountingrateshouldbeused?

Iffossilfueluseratesarereducedto2T"p.a.orunder,it
looks as if the lmmediate problem is conslderabLy easecl (but

needs checking) ' So another question is

d) what ls the 50 year future of fossil fueJ' use?

Of more Parochial interest is
e) what roles do the different catagories of fossil or syntheti'c

fuel PlaY in future Projections?

The Natural BiosPhere

The Managed BiosPhere
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REASONS FOR INCREASBD CONCBRN lrrrs TBB cO z PRoBLEI{

GROI{TE RATE UEASURBUENTS

coz EurssroNs, tlosTLY FROU rossrl

\'
. DEVBLOPTIENT OF RBLIABLE ATI'TOSPBERIC COZ

. ITS CORRELATION WITN GLOBAL INDUSTRIAL

FUEL COI.IBUSTION

. SCIBNTIFIC CONSBNSUS ON TBE POTENTIAL FOR LARGE FUTURE CLI}TATIC RESPONSE.TO

TNCREASED CO2 LEVELS

. BEALIZATION TEAT BEI{EDXAL ACTIONS I{OULD IAKE A LONG IIUE TO BECOUE

EFTECTIVE
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OBSERVATX,ONAL' 
EVIDENCE - CONCLUSlONS
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ENERGY USE PROJECTIONS - CONCLUSIONS

fNSSIL FUEL SLIGITTLY LESS

AVERAGE GROWTI{ RATE 3-47'P'8' FOR NEXT fIfTY YEARS' I.OSSIL fUEL !

IH LONG TEBM PAST TREND

IEL OUTPUT)

,.ilrr:;;;-s*,pRo?oRr11*o" 
ro rNrE'-i;:l ;:':ll# r'

ct,osE io 37n e'a'u*"" ;tt-2lst cENTuRY; suBJ

ABOUT t L7' P'4'

EFFECT OF FOSSIL SUEL DEPLETION UINOR IN NEXT FIFTY YEARS
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CARBON CYCLE

.

. POSSTBLE c0r RELEASE coNtRrBuTroN

rOSSI; EUEL SOURCE

coNcLusx0NS

FRoM DEFORESTATToN' 
PERIIAPS RTVALLTNG

ILY UP

. ALL GARBON CYCLE' uoDELS ttlluu LINEA!

ATUOSPBERTC co2 LEVELS

.. TIENCE GIVE THE SA}18 PROJECTED ATMOSPIIERIC

. FOSSIL TUEL DEPLBTI'ON EFFECTS S}MLL

. DEFoREstATToN 
gfrnct oN PRoJEqTToNS oNLY

INGil DATE IS 203'8 AT A 37' P'4'

. ERROR IN TBI,S BSTIMATE IS S}TALL COMPARED

TO 3-4 TIMES PRE-INDUSTRIAL

co2 LEvELs FOR TBE rN?uT

SIGNI,FICANT .1I IT BECOMES .DEPLETED

GROWT}I 03 AT}TOSPHERIC RELEASE RATE

WITH OTIIER SOURCES OF EBROR
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br.rulrs uoDELrNc coNcr.usrons

. CLOBAL AVBRACBD 2,5o C RISE EXPECTBD 8Y 2038 AT A 37 p'8r GRo$ITE

RATE OE AtuosPEERrc coz coNcENTRAlroN '

-..^rtad A'tl J

.LARGEFBRoRII{TltlsESTIuATElINloctlANcE.oFTHISCFANGBBl2005

.N0REGIoNALCLIuAIEcttANGEBsTIuATEsYBTPoSSIBLE.

' LIKBLY IIIPACTS 3

.loc RrsE (2005)r EARELY NoTTcEABLE

2,5oc RIsB (2038)t-!l{98' EcoNo}tlc coNsEqUENcEs' slBoNG
z t r :-:::;^"-;;;iNniilics'ngCfONnL DBPENDENCB . r

5oc BlsE (2067) r GLoBALLY cATAsrBoPBrc EFFBcrs I
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UNCERTAINTY IN ESTIMATES

1) CARBON CYCLE MODELING - MINOR

2.) DEFORESTATToN MAJOR EFFECT ONLY rF RATE rs LARGE @ DEPLETToN SETS :t

3) NATURAL CLIMATE VARIABILITY SMALL' ABOUT o'5o C IN 50 YEARS

4) OTITER ANTITROPOGENIC souRCES LESS TITAN CO2t BUT POTENTIALLY MAJoR IF

CONSIDERED IN TOTO

EFFECToFAtLT.VARIATIoNINFossILTUELGRoI{TIIRATERELATIVELYMINoR

CLIMATE MODELING ERROR VERY LARGE; ALLOWANCE IN POLICY ANALYSIS ESSENTIAL
5)

6)
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POLICY II{PLICATIONS

GtoBAL PROBLEM' BOTII IN SOURCE AND FOR REMEDTES

TIMEscALEFoRSIGNIFICANTIuPAcT'VERYRoUGHLY50YRs

ttIGI{RIsK'IIIGIIuNCERTAINTYsITUATIoN,RELATIVELYTARAWAY

TIMEFoRAcTIoN?MARKETPENETRATIoNTIuETIIEoRYSAYS
TI{ERE IS NO LEEI{AY
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CONCLUSIONS

AT A 3Z pER ANNUtt cRoI{Tlt RATE oF Co2t A 2.5oc RIsE BRINcs

WORLD ECONOITIC GROI{TI{ TO A HALT IN ABOUT . 2025.

Evgn 1f thts estl.nate is grosely ltrong tt ts etlll probable that

WTTETHER TIIERE ARE GROUNDS FOR IilMEDIATE RESPONSE TO TNE THREAI

DEPENDS ON THE VALIDITY OT THE LONC IfARKET PENETRATION TIUE

CONCEPT.

EVEN IF tHE LATTER IS APPLICABLE, PRESENT DAY SIGNIFTCANCE OF

IHE II{PACT DEPENDS STRONGLY ON CITOICE OF A FUTURE

DISCOUNTING FACTOR

. NEED FOR I!.!IIEDIATE POLICY

FEATURES.

ACTION HINGES ON THESE LAST TWO
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Document 9

1981 memo from Exxon scientist Roger Cohen reviewing 

draft report on emissions consequences
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, *TER.OFTICE CORRESPONDENCE

D^rE 8/L4'/BL
REFERENCE

See Below SUBJECT

W. Glass

J. F. Black
R. W. CohenS. A. Diamond
H. Shaw

Mcrey O'Loughlin has asked Ed David for EREETS
views on the realism of CPDrs projections for fossil fuel'
combustion out to 2030 (attached) in view of potential
,,greenhouse,' and ,,acid rain" problems. I have been asked
to draft a short rePlY.

A prelirninary draft for EED's reply is attached-
It is based not on any calculations but on my "under-
standing" of what I think I've heard you say and write in
the pasl. I would appreciate your reviewing this pre-
liminary draft very critically and letting rne know ProqPtlyof any changes you would like to see. EED vrants to get an
answer back to }IEJO'L by August 2l..-

Thank you for Your cooPeration.

WG: bl
Attachments
c: T. K. Kett
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DRAFT
EED TO !{EJO I L

you asked about our viehrs on possible emission con-

sequences of the CPD-projected fossil fuel consumPtion levels
out to 2030. t"luch is still unknown about the sources and

sinks for atmospheric CO2, as weLl irs about the clinatic
effect of increasing co2 levels in the air, so that Prop

gnostications remain highly sPeculative. The models that
appear most credible (to us) do predict measurable changes

in temperature, rainfall Patternr 6Dd sea-level by the year

2030 for the postulated fossil. fuel combustion rates' but

changes of a magnitude well short of catastrophic and pro-

bably below the magnitude that need trigger otherwise non-

economic resPonses to the problem of energy supply.

The fossil fuel contribution to the localized
problem of acid rain aPPears handlable by liniting the re-
Jease'of SO;r NOyr and chlorides to the atmosPhere--tfhich

would decrease but by no means eliminate the economic ad-

vantage of fossil fueIs.

We would be happy to discuss ttiis with you in
greater detail.
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INITIAL PROJECTION
WORLD ENERGY SUPPLY

(EXCr-UDES CPE)

AVERAGE GROWTH %IYEAR
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Document 10

1982 Exxon briefing, 

The CO2 ““Greenhouse Effect’’
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I e.o. Box 1o1, FLoRHAM PARK, NEwJERSEY 07932

)
M. 8. GLASER
Manager
Envi ronmenta I Affai rs Programs

IIIBG: rva

Attachments

- co^

Cable: ENGREXXON, N.Y.

November L2, L982

"Greenhouse" Effect

I{. F,l. WEINBERG

NOV 1 5 i98Z

82EAP 256

TO: See Distribution List Attached

Attached for your information and guidance is briefing
material on the CO2 "Greenhouse" Effect which is receiving increased
attention in both the scientific and popular press as an emerging
environmental issue. A brief surTnnary is provided along with a more
detailed technical review prepared by CPPD.

The material has been given wide circulation to Exxon
managernent and is intended to familiarize Exxon personnel with the
subject. ft may be used as a basis for discussing the issue with
outsiders as may be appropriate. However, it should be restricted
'to-Exxon personnel and not distributed externally.

Very truly yours,

7ls //*
M. B. GLASER
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Distribution List:

R. w. cohen
M. J. Connor, ilr.
E. E. David, Jr.
c. u. Eidt, Jr.
W. R. Epperly
R. L. Hirsch
T. G. Kaufmann
D. G. Levine
G. It. I"ong
J. R. Riley
H. R. Savage
A. Schriesbeim
iI. F . Taylor
D. T. Wade
H. N. Weinberg
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- NGREENHOUSE EFFECTNz
c0 PRC:::-:A.RY

SUilUARI

Atuospherlc toonltorlng prograEs shon thc leve1 of carbon dlorlde 1n the
attrospbere has lncreased about 8l ovcr thc last tHenty-flve years and not,
stands at ebout 3q0 ppn. lttls observed lncreasc ls bclleved to bc tirc con-
tluuatlo! of a trcnd rblcb began ln thc olddlc of thr last century sl th thc
start of thc Industrfal Revolutlon. Fossll fue1 coobustlon and the clcaring
of vlrgln forests ( deforcstatlon) arc belleved to b! thc prlnary anthropogcnlc
contrl.butors althougb the rclatlvc contributlon of cach 1! uoc.rtaln.

Thc carbon dloxlde conteDt of tbc atDosphere ls of concern !1Dce t! caD
affect gl,obal cllnate. Carbon dtoxldc and otbcr trace gases- eontalned ln
the atDosphere such as sater vepor, ozoncr r0ethaDe, carbon Eonoxldc, oxldcs -of nltrogen, etc. absorb part of the lnfrared rays.reradlated by the earlh.
Tbls lncrease tn absorbed energy uaros the atnosphere inductng HarBlng at the
earthrs surfacc. lbls phenooenon 1s referred to ss the ngreenhousc effcctn.

Predlctlons of the cltratologlcal ltopec! of a carbon dloxlde lnduced
- ngreenhouse effectn draH upon varlous DEtheDetl,cal Dodels to gauge lhe !eo-
perature lncrease. The sclentlflc cooDunlty geocrall.y dtscusscs the bpact
ln terDs of doubllng of the current carbon dlortde content lD order to get
beyond the nolse leve1 of thc det8. lle cstlnate doubllng could occur arormd
the year 2090 based upoa .fossll .fuel requlrencnts projected 1r Erronrs long
range energy outlook. thc questlon of rbl.ch predlcttons and nhlch oodcls best
sLEu:.atc a carboa dloride lnduced elLroate cbaage ts stlU bclng debated by
thc sclentlflc co@unl.ty. Orr best estlnate ls tbat doublhg of the^currcnt
congeDtrarion could lncrrasr average global tcBperatur! by about l.Je to
3.1oC. lbc lDcreasb so-uld not Ua nn t.ior.n over tbe earthts surfacq nlth tbe
polar caps llkcly to sce terp€rature lncreases oa thc order of lO'C and thc
eguator llttle, lf any, lncrcase.

Consldcr'able uniertalnty elso surrounds the posslble lnpact on soc!,ety of such
a rirnlng trend, should lt occur. A! the Lor cnd of. tbe prcdlcted teoperature
rangc there eould be sooe. Lupact on agrl.crrltural groyth and ralnfall patterus
rrhlch could be beneflcl.al in soEa reglons and delrl^nental ln othcrs. At tbe
hlgh end, sone sctentlsts suggest there could be conslderable adverse lnpact
lncludlng lhe floodtng of soe coaslal laDd Easses as a result of a rlse ln
sea level due to DeItlDg of the AntarctlQ lce sheet. Such an cffect nould
not lakc placc untll centurlc! afler a 3lC gtoUat averege t€Dperaturc
Lncreas€ actually occurred.

there ls currently no unanblguous sclcntlflc cvldence that the earth ls
warolng. If the earth ls on a warrlng trend, uerre not 11kely to detect 1t
before 1995- llrls is about thc earllest proJectlon of utten the teoperaturc

EC-11-5/ A3
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i.

trlght rlse the O.5o needed
fluctuatlons. On the other
exaggerated the tenperature
trgreenhouse effectn oay not

-2-

to get beyond the range of noraal tenperature
hand, lf clfunate oodellng uncertalntles have'
rlse, lt ls posslble ttrat.a carbon dloxlde lnduced
be detected untll ?O?O at'the earllest.

Tbe ngreenhouse effectn ls not 1lkely to cause substaqtlal cllnatlc cbangesuntll the average global tenperature rlses at least log above todayrs levels.
Thls eould occur ln the second to thlrd guarter of tbe nert century. goreyer,
there ts concern atrong sone sclentlfle groups thab once ttre effecti are
neasurable, they nlght not be reverslble and llttle could be done to correct
the sltuatlon tn tUe short tero. Therefore, a nrnber of envlronnental groups
are calllng for actton now to prevent an undeslrable future sltuatloo fioo
developlng.

Hitlgatlon of the ngreenhouse effectn nould regulre naJor re?uitlons 1o fosstJfuel conbustlon. Shlfting between fossll fuels 1s.not a feaslble alternatlve
because of ltnlted long-teno supply avallablllty for cArtaln fuels although.
o11 does produee about 18i less carbon dloxlde per Btu of heat released thaucoal, and gas about 321 less than o11. The energy outlook suggests synthetlc
fuels will have.a negllglble Lnpact at least through the old 21st eenturylcontrlbutlng less than fil of the total carbon dloxlde released frm fossllfuel conbustlon by the year 2050. Thls low 1evel lneludes the expecled
eontrlbutlon froo carbonaLe deconposltlon rhlcb occurs durlng shale o11
recovery and assuues essenttally no efftelency lmprovenents in synthettc. fuels
processes above tbose currently'achlevable.

Overall, the current outlook suggests potentlally serlous cllnate problens
are not llkeIy to occur untlI the late 21st cenlury or perhaps beyond at
proJected energy denand'rates. Tlrls sbould provlde tlne to resolve uncertaln-tles regardlng'the'overall earboo cycle and the contrlbutlon of fossll fuel
conbustton as rell as the role of tbe oceans as a reservolr for both heat and
carbon d1oxlde. It should also allon tlne to better deflne the effect of
carbon dloxlde and other lnfrared absorblng gases on surface cltoate. ldaklng
slgnlflcant changes 1n energy consr.uptlon patterDs nor to deal rlth thls
potenttal probleo anld a1I the sclentlflc uncerlalntles would be prenature 1a
vlew.of tbe severe lnpact such noves could have on the norldrs econonles and
soctetles.
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PROPnIETANT I}IFOR}IATION

FON AUTHONIZED COI{PANI USE OTILT

CO^ GNEENHOUSE EFFECT
I

. A TECHNICAL REVIETI

PREPANED BT THE

:

COORDIIIATIOil A}TD PI.ANNING DIVISIOI{

EiCIOII RESEANCH AIID ENGII{EEBIIIG CO{PAI{I

APnrL 1, 1982
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CO^ GREENHOUSE EFFECT
z

A TECHNICAL REVIEW
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c02 cREEllnousE EFFECT

Background

the butldup of co. ln the atoosphere has been Eonltored contlnuously' af
the Natlona1 Oceaflc and Atuospherlc AdDtnlstratloo I s (llOM) Observatory 8t
Hauna Loe, Hanall, and perlodtcally 1n other places since 1957. In addltlon
to observlng a trend between 1957 -1979 that strowed atEospherlc co2 lncreaslng
fron 315 to 33? ppn, Keellng and others a13o observed a seasonal ?arlablllty
ranglng froo 6 lo 10 pp betreen a lox at the end of ttre suDDer growing season
(aui to phoeosynthesls) and a h!.gh at the end of ntnter (due to fossll f\rel.
burnlng for heat, aDd bloDass decay). rhere ls 11!t1e doubt that these obser-
vatlons tndleate a SroFlh of stEosPherle CO" (see F!'gure 1). It ls also
belleved that the Srowth of atEospherlc Cor-has beeD occurrtng since the
niddle of the past cenbury, 1.e., coincldefit r{'ltb the start of the Industrlal.
Bevolutlon. I?rere ls, however, Sreat uncertainty as to wbether the at[os-
Dherlc co^ concentration prlor to the Industrlal Revol.utlon (ca. ' 1850) ras
)go-goo pfin uhlch one would arrlve at by assuulng atoospherlc C0" Srowth ls

: due to fossl1 fuel burnlng and ceoent Danufacturlng, ot 260-270 lpu based on
- c'arbon Lsotope EeasureEents ln tree rlngs. The lnfortatlol- 9n. c9z concentra-

tlon prlor to 1850 i3 lnportant because lt rroul d helP establish the valld1ty
of cliroatlc predlctlons nlth respeet to the tnceptlon of a CO2 I'nduced
tgreenhouse effectn.

?he ngreenhouse effecti refers !o the absorbtlon by CO2 and otber trace
gases-conlained in the al66sphere (such as rater vapori ozone, carbo6 Donottdel
6rldes of nltrogen, freons, and netlrane) of part of tbe lnfrared radlation
$hlih ls riradlated by the earth. An lncrease ln absorbed energy vla thls
route nould iarn the earthts surface csuslng cbaages 1n cllEate affectlng .

atDospherlc and ocean teEperatures, ralnfall Patteins, solI uolsture' and over
cenbuiles potentially ueltlng the polar tce caps.

Tbe relatlve contrlbutlons of bioloass oxldation (nalnly due to deforestatlon)
and fossll fuel cornbustton go the observed atsospherlc COr increase are
not loom. Ttrere are falrly good lndlcatlons that tbe anfiual gronth of
ataospherlc CO; ls oo lhe order ot 2.5 Lo 3.0 Gtlar of carbon and the net
quantlty of caFbon absorbed by the ocean.ls siu11ar1y 2.5 lo 3 Gtla. 1bu3,
these tuo slnks (atDosphere and ocean) can account for the total fosslI carbon
burned (lncludlng 0.3 GIC/art frm ceuent nanufaeturlng) which ls on the order
of 5-6 Gl/a and does not alJow nuch rooo for a net contrlbutlon of bloness

r Gt/a = glgatons per annun = 10' Detrl8 tons per year.
tt GtC/a = glgatons carbon per annun = 10' netrlc toDs of carbon Per year.
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carbon. Yet, highly resp€cted sclentlsts such as Hcodwe11, Bolln and others
have postulaled a net blonass contrlbutlon to atDospherlc C0. that ranges
froo 1 to perhaps 8 GL/a ot earbon. Drrlng 1980, a nrnber of dlfferent groups
Produced ner estloates of the contrlbutlon of organlo. terrestlal fl|[es to
atoosphertc C0r. A consensus has not been reached, but esttsates of the
net annual terFestlal blosphere eolsslons to the at&osphere noH range betueen
a 4 GtC/a source and a 2 GtCla slnk. Flgure 2 al@Earizes the Cluxes and
reservoLrs for the carbon cycle. rt should be noted that the net blosphere
contrlbutlon nas assuued to be 0-2 Cte/a.

The rate of forest clearlng has been estfuoatqd 4f 0.5/ Eo 1.51 per yeaE of the
exlstlng area. Forests occupy about 50 x 10-h' out of about 150 x lOekn< of
contlnental land, and store about 650 Gt of carbon. Gre can easily see that
lf 0.5t of tbe rprldrs forests are cleared per year, ttrls could contrlbute
about 3.0 Gt/a of carbon to the ateosphere. Even lf reforeqtaH.o! $ere
contrlbutlng slgnlf1cantly to balanclng the C0, froE deforestatlon, tbe
total. carbon stored 1n nelt trees tends to be ofily a s6a11 fractlon of the net
cerbon eoltted. It sbould ie noted, however, that the'rate of forest cl.earing
and reforestatlon are not loonn accurately at thl. s tiue. If deforestatlon is
indeed contributlng to atoosphertc cOr, then another slnk for carbon uust be

. - found, and the Jmpaet of fossil fuel 6ust be considered in the conbext of sueh
a . slnk.

the Eagnltude of the carbon flIuxes shom ln Figure 2 betlreen,tbe atuosphere and
the terrestlal biosphere'. and the atoosphere and the oceans are not precisely
knom. lhe flor of csrbon between these reservolr palrs ls generally asslud
to h€ve been ln equlllbrltn prlor to the rndustrlal Revolutlon. lbwever, the
errors in ihe estlnated Eagnitude of these BaJor filuxes are probably larger
than the oagnltude of the estlnated Een-Ead e carbon fluxesi 1.e., fossll fuels
and deforestatlon. Ihe.nan-nade f,Luxes ere assEed to be the onl.y ooes that
have dlsturbed tbe equlllbrluu tbit ls belleved to have dlsted before the
rndustrial Revolutlon, and they can be estloated lndependenU.y of tbe naJor
fluxes. tlre nan-oad e carbon f,lures are balanced ln Flgure 2 betneen the krom
gror./th rate of ateospherlc cerbon and the oceans. fhe carbon f,tux to ttre
atnosptrere ts 6Gt/a froo fosstl fuels and ce&ent nanufacturlng (cenent nanu-
faeturlng contrlbutes about 4t of non-blospbere anthropogenle carbon) and
2Gtla llon deforestatlon, rrhlle 4ct/a return to the ocean, resultlng Ln a 50!' carbon retentlon rate 1n the atuosphere. Ore cannot rule out, ln vlen of the
lnherent lnrcertalnty of the uaJor flrxes, that tbe blosphere nay be a Det slnk
and the oceans Eay absorb nuch less of ttre nan-nade COr.

ProJectlons of scl.entlsgs actlve tn the .area lndlcate that the contrlbutlon
of deforestatlon ' whlch Day have been subStantlal 1n the past, rr111 dtnlnlsh
ln cooparlson to lhe erpected rate of fossil fuel coDbustlon ln the future.
A few years ago a nrober of scienttsts hypothesl zed that a doubltng of the
anount of carbon dlorlde ln the atoosphere could occur as ear).y as 2035. !?rls
hypothesls ts generally not acceptable anlmore because of the g1oba1 curtall-
nent of fossll fuel usage. Glculatlons recently co@pleted at Exxon Research
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Combusllon

TICURE 2

';
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Fluxes (alrows) = Exchange ol Carbon Belween Reservolrs ln
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and Englneering CoEPany uslnS the energy ProJecttoBs froE the'Corporate
plannlng Deparinent r s 21s! Century Studyr, lndlcate that a doubllng of the
1g7g atoospherlc CO. concenlratton could occur at about 2090. If synthetla
fuels are not Oevel5ped and fossll f-ue1 needs are net.-by new 8as and petrofeuD
dlscoveries. tben the atDosPherlc Cor doubllng tloe nould be- delayed by
about 5 years to tbe late 2o9ot3. Ftgure J sunoerlzes the proJected groFth
of atnosDherle co^ concentratloa based oa the Erxoa 21st ceotury study{lgh
Growth sienarlo, 5s well. as an estlnate of the average globa1 teoperature
lncreaae Hhlcb Elght then oceur above the current tenperature. It ls nor
clear that the doubtfng tlDe r'i1l occur nuch later ln the future than Pre-
viousJ.y postulated beeause of the dccreaslng rate of fossll fuel usage due

to lorrer denand.

rhe nost ridely accepted calculallons carrled on tbus far on the PoteDt!.af
lBpacg on clluate of doubllng the carbon dloxLde contedt of the atDosPhere
use general. circulatlon Eodels (GCI). ltr;se Eodels lndlcate that an lncrease
1n giobal everage tetsperature of 3- I 1.5-c ts oost likely. $rch changes

.ln tenperature are expected !o occur rith uneven Seographlc dlglributlon rith
- greatei iramlng occurrlng at tbe hlgher latltudes, 1.e.' the polar reglons.
ittts ls due to lncreased absorptlon of solar radlatlon energy on tbe darker
polar gurfaces that Hould becme eXposed Hhen lce and SnoU cover nelt due to
increaslng legpereture (see FlEure 4). :here bave been othei calculatlons
uslng radlatlve convectlve nodels and energy bslaDge uodels wttlch ProJec!
average te&perature lncreases on the order of 0.75-C for a doubllng of

' CO^. these calculations are c@Pared ln Flgure 5- Flgure 6 suonarlzes
pogslbte beDperagure lncreases due to varlous cheD8es ln atnosPberic C0,
concentratlon.

If the atnospherlc CO, content had beeD 295 PW prlor bo the IndustrlaL
Revolutlon, ,and an av€rage g1oba1 teoperature Lncrease above clloate nolse
ls detectable at the present tine, thls r+ould add eredlblltty to the general

_clrculatlon nodels. Honever, lf the c0. concentratton and been 265 ppn prlor
to the Industrlal Revolutlon, then dete6tlng a tegPerature effect of g.F-C

now xould iuply that the tenPerature for a doubllng of C02 ltould b: 1.9-CA

fhe proJected tenperatures for botb afternatlves faII wlthln the l- 3 1.5-C
rang-. Tenperature proJecttons for alternate scenarlos wl11 be dlscussed
later .

Cllnate nodeling Has studled by a coDBlttee of the Natlonal Research Councif '
chalred by Jules G. Charney of HIT, aod the concluslons are suErnarl.zed 1n

ffi't-sfcentury Studyr referred to here and ln other places ln lbls report
has been superseded by a ner enerSy study ca1led the 12030 study!. rhe neH

study projects energy deoands that are lower than the earll.er flSures ' but
not suificlently dlfferent to change eny of the conclusions of thls report.

and Land Avallab1l
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Figure .3

GROWTH OF ATMOSPHERIC CO2 AND AVERAGE. GLOBAL
TEMPERATURE ]NCBEASE AS A FUNCTION OF TIME
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Fl.gure 5
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Figure 5

Estimates of the Chaage in Global Average Surface Tenperature
Due to Various Changes I-n CO2 Concentratioa.' Shading Shows

Present Range of Natural Fluctuatioas

o 300 600 900 1200 1500

- COz @ncentntion - pprflY

f4
G'
CN-c
aE

C'g
1ql
-3

3CL
€,
CLE2
o,

c)(,
G'

b

=u, 1

0

-1

v
0

TT

-[

6J
v0

I

*

184



Flgure ?

I

t',
I

Irrmplc ol r rtcwlo ol porrlblc roll moltlurc prllcrot on r rrrtncr ttrlh. ttlt btrcd on prhocllinrllc rc<onrlrucllonr of lhc
Allhhcrnrl tcrlod (al00 lo lo0 ycrt ttol, tornprdroor ol ra.col rrrrn lnd (old ycrnin lhc Northcrn Hcm6phcrc, rnd I
dlnrlc rnodcl crptdncnl ltor r-dlrcurdoo ol lhsc rourccl ol lnlornttlon rc AiFrdtr C., Whcr. tr" oi 111'ot. oi rhcrc..oltt(cr lttcc on aha dl.acllorr ol lhc tiln'o rrc htrc lodlolcd lhc rrte ol rlriircrrt slrh r derhcd lnc rnd r bbcL

WETTER

El wrttor thon nor

185



- 11 -

tfrefr report tilIed, nCarbon Dloxlde aod C118ate: A Selentlfle Assessoent.t
Ttris Natlonal Research Councll study coocluded that there are DaJor unceftaln-
ttes in tbese node1s ln terrns of the tlEing for a doubllng of COr and the
resultlng teEperature lncrease. lhese uncertalntles -.center aroufid the therDal
capaclty of tbe oceans. The oceans have been assuoed to e,onslst of a'rela-
tiiely thlo, re11 nlxed surface layer averaglng about ?0 Eeters ln depth ln
oos! of the general clrculatton uodels. and tbe transfer of heat lnto the deeP
ocean ls essenllaIly tnflnltely slow. lbe Charney panel fe1t, honever, that
the aount of heat carried by the deep ocean llaa been tmder estiroated and tbe
oceans ri1l. slou thd tenperature lncrease due to doubllng of atBosPheric
CO^. Itre Ctrarney group estlnated that tbe delay ln heatlng resultlng fron
th6 effect of the oceans could delay lhe expected tegperature lncrease due to
a doubllng of CO. by a fen decades. Accordlngly ' the tlEe Hhen the teloPera-
ture lncreases dfscussed above are reached Eust be assuned !o have occurred at
an lnstantaneous equl1lbrluu.

Along with a tenperature increase. ottter c11aato1o31ca1 chanSes are expected
to occur lncludlng an uneven globaL di.strlbutloD of increased ralnfa11 and.
inereased evaporatlon. These dlsturbances ln lhe exlstlnS global Hater dis-
tributlon balance Hou1d have dranatlc isPaci on soll uolsture, and ln turn,
on agrtculture. Becently, M,anabe et a1 ., uslng CcHrs calculated that lhe

. zonal Dean value of sol1 Eolsture Ln surdoer decllnes s18nlf1cantly 1n tr.o
' separate zones of Elddle and h18h Latltudes ln resPoase to an lncrease in the

C0^ concentratlon of air. Tlris CO, lnduced suuuer dryaess results not
onfy fro6 the earller ending of th€ snounelt season, but also frotr ttle earller

,. occurrence of the sPrlng to sunner reductlo! ln ralnfall rate. the forDer
effec! is partlcularty loportant ln hlgh latltudes, whereas the latter effect
becoEes lEportant lD Elddle latltudes. other slatlstically slgnlflcant
changes lnclude large lncreases 1n bottt solI rclsture and runoff rates at blgtt
latltudes durlng nost of the annual cycle rrl tb ttre erceptloo of the stDler
season. Ibe penetrallon of noisture rlch' lram air lnto blgb latltudes l'3
responslble for these lncreases.

The state-of-the-art ln cllnate uodellng al'1ons only gross 81oba1 zonlng
whlle soEe of lhe erpected results froro tenperature lncreases of the Eagnltude
lndleated are quite dranatlc. For exanple, areas that were deserts 4,000 to
8,000 yearg ago ln the Altltherrnal perlod (Htten tbe global average tenperature
was soDe 2'c hlgher than present), nay in due tLEe return to deserts.
Conversely, sore areas strleh are deserts nor Here forDerly agrlcultural
regLons. It ls postulated that part of the sahara Desert ln afrlca sas qulte

- wet 2,OOO to 8,000 years ago. The ADerlcan Hldlrest, on the other band. rns
Duch drier, and it ls proJected that the Hidwest xould agaln becoe drler
should there be a tenPerature lncrease of the Eagnltude Postulated for a

doubllng of afioosphertc C0, (see Flgure ?).

In addltlon to the effects of clfu[ate on gIoba1 agrlculture, there are soEe
potentlally catastrophle events that tnust be consl'dered. For exaople' 1f
lhe Antaretlc lce sheet rtrlch 1s anchored on land should nelt' then thls
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could cause e rlse 1n sea level on the order of 5 Deters. Such a rlse would
ceuse floodlng on Duch of the U.s. East coas!, lncludlng the state of Florlda
and i{ashlngton, D.c. _Ihe Deltlng rate of polar 1ee is belng studled by anuEber of graclaloglsts. Estloates for the oeltlng of the iest anarctlca 1cesheet range frotr hundreds of years to a ttrousand years. EtE[ns and EpstelDobserved a 45 no ralse in Eean sea leve1. rhey account for the rlse by
assu!01n9 that the top T0 n of tbe oceans has rlarred by o.3oc fron 1g90 to
1940 (as has the atoosphere) causlng a 24 un rlse ln sea ievel due to thetu8lexpanslon. lbey attrlbut"_ghg 

- lf't of the sea level rlse to neMng of polarlce. However, neIllrig 51 Tt (10'' Eetrlc tonnes) of 1ce nould reduce ocean
teEperature by 0.2-c, and erplaln nhy the global nean surface teEperature
has not lncreased as predicted by COA greeohouse theorles.

In an Aoerl'can Associatlon for the Advancedent of Sclence (AMS) ancl Departoentof Energy (DOE) sponsored lrorkshop on the envlronoental and societal conse-quences of a possib]e c0, induced cl!0ate change, other factors such as tbeenvironnental effects of-c0, concentration on weeds and pests were consldercd.
The general consensus ms that these unBanaged specles rnuld tend-to thrlverith lnereaslng average global tenperature. rbe uanaged blosphere, such asagrlculture, nould also tend to beneflt frco alDosphertc co^ irorttr. thls is

.a, consequenc" ?f 992 benefltlng agrlcurture, provlded ttre oftrir key nutrlents,'phosphorous and nltFogen, are present ln the rlght proportlons. airlcultural- rater needs can be uet by ner irrlgatlon techallues'tbat 
""qui"" iess rnter.rn addltlonr wttb hlgher co, and hlgher teuperature condlglono, the aoountof erater needed by agrlcultfral plants Eay te reduced. rt 1s expicted ttratblosclence coltrlbutlons cofrld polDt tbe u8y for dealing rt tlr cl-toatoroglcaldlsruptlons of the Bagnltud€ lndicated above. As a result of the rorkshop,

research 1n ll areas rras recooDended 3

t. co, fertlllzatlon courd have broad bcneflclal effects oD agrlcur,-
tuFe. . These effeets need to be studled in deeall and for i varlety.-.-of plant, soll and clloatic condltlons.

2. &ere 1s a need for a fuller understandlng of the dynaDlcs of cur-rents and raber nasses ln the Arctlc Ocean.

3. It 1s necessary to deter-olne rhetber there hras deglaclatl,on of thel{est Ancarctrc 1ce sheet about 120,0o0 years ego ind whetber thlscaused a rlse rn global sea Ievels at that trni. rr ftrs occurred,then ihe rnfor'atlon could serve as an analog "r ruirr" Jegracratl,on.

4. rt is necessary to develop and use scenarlos Htllch lntegrate (a)lnfor'etlon about popuratlon, resourcesr energy consunpilon and fuelnlxes; (b) bulldup of at.osptterlc cori (c) reiponse of'the crinatesyste.: (d) effects on varloug bioloflcal systens, especiarry agrr-cu1!ura1, econoolc and social consequences, internatitnal andlnterreglonal confllcts; and (e) poislble ieedback _on!-tn"""forces.
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CO^ lnduced Harmlng ls predlcted to be nueh greater at the pol.ar
refions. lbere could also be posltlve feedback oechanlsas as de-
poslts of peat, contaLnJ.ng large reservolrs of organlc carbon, are
exposed to o:ldatlon. Siullarly, ttradng El.ght also release large
quantitles of carbon curreutly sequestered as Eethene hydrates.
Qrantltatlve esthates of tbese possible effects are needed.

Although all blologlcal systens are llkefy to be affected, 'the 
Eost

severe econoulc effects coulh be on agriculture. Ttrere ls a need to
exaEine nel]hods for allevlatlng envlronEental stress on renerable
resource productlon - food, flber, aniBal, agrtcul,ture, tree crops,
etc .

?. Inforoatlon exists on the relatlonshlp of cultlvated and non-
eultLvated blones to clfuoatic fluctuattons. SiEllarly, there ls
conslderable infornatlon on the response of varlous nations and
econoElc aectors to clleatlc variatlons over the past fen hundred. years. Thls lnfornatlon, wlrlch ls eurrently scattered and not
r.urlfornly presented or callbrated, Ls thus of llnlted usefuLness.

8. Studles of clloate effects are recoEDended for the se8l-arld tropt6s
. because of the relatlvely large populatlons ln these countrtes and

b€cause of speclal sensltlvlty to c11nate.

9. Ttrere are sltuations .(so11 eroslon, sallnization, or the collapse of
irrlgatlon systens) wltlch are recoooended for study'as lndlcators of
hor socleties respond, and holt they Elght learn to cope and adapt
Eore effectlvely to a shift lD global c1lnate.

10. Research ls recomended on itte flIoH of lnforaatlon on risk percep-
tlon and declslou nakln! to and froo botb layoen and experts, the
physiologlcal aspects of understandlng and percegtlon, and tbe
factors that influence declslon naklng.

11'. fhere ls a need to be sure that rllfetiDer erposure to elevated C0,
poses no rlsks to the healttr of huaans or enlBals. Health effects-
associated rith changes 1n tbe clhate sensltlve paraneters r or
stress associated wlth clfunate related faElne or Elgration could be
slgDlflcant, and deserve study.

In teros of the socletal and lnstltutlonal, resPonses to an lncrease Ln COr,
the AAAS-DOE workshop partLclpants felt that soclety can adaPt to ihe lncFesse
ln C0^ and tttat thls probleu ls not as slSnlficant to lBanklnd as a nuclear
holocazust. or norld faElne. Flnauy, ln an analysts of the lssues assoclated
trlth econoolc and geopolltic?I consequences' Lt tras felt that society can
adapt to a C0. increase wtthln econonlc constralnts that will be exl'stlng ag
the tlue. 'So6e adaptlve Eeagures lhat were tesged nould not consuue uore tban
a few percent of the gross national Product estluated in the Eiddle of the
next century.
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Hajor Research PrograBs Under$ay

the DepartEent of Energy (DOE) whlch ls actlng as a focal polnt for the u.s.
governEeDt tn thls area ls plannlng to lssue tHo reports to the sclentlfle
iooounity and lo pollcy Eakers. I?re ftrst one, sle6arlzlng- five years of
study is due ln 1984, and th. secoBd oDe tn 1989. the current plan 18 to
lnvest approrlnately 1O years of research and assessBent prlor to recoEoendlng
polley declslon3 1n lhls area *h1ch lDpac! Sreatly on tbe energy Deeds and

ic"naitos for the U.S. and the rprld.' I?te strateglc eleuents of thc Unlted
Ststes netional tota). COz PrograE are suonarl zed ln Flgure 8.

uucb of the goverruoeBt sponsored effort to date bas focused oa dellneatlng
tlre research needed to enhance our understandlng of bhe PoteltXal problens.
AccordlDgly, a nuEber of rDrkshoPs and s)'lPosla uere held to th13 end' Itre
consensui of the key research needs ls suonarized ln Flgure_ 8 under the
headlng nResearch PrograD Rerul.ts. n To date, Eost of the research effort hat
been concentraged on the f!rs! t$o research categortes. It shoul.d be noted'
hoHever, that lbls research started ln 19?9 and tbere'are few results to
report. the Eost aabltlous proJect belng conducted at thls tlae ts calIed
iSianslent Tracer ln the Ocean (TTO).tt Thls researcb' Jolntly funded by the
DOE and the Nalional Sclence Foundatlon (ISF) ' ls a 4H$ ProJect to lnvestlgate
ocean nixlng processes in order to enhance the ulderstandlng of hott surfacc
nater CO- ls olred 1n0o lhe dFFp ocean"^ Tracers noroally found ln the
ocean. s6ch as t*c, 5H, 5He, o'Kr and J'Ar, are oonltored 14 the North
Atlantic Ocean froB oceanographl'c veasels.

In addltlon to tbe E1:lng of surface uaters lnto the botton layers, carbon can

be added to deep uaters by lbe olldatloD of organlc Batter and tbe dissolutlon
of cal.clun carbonatr. In order to seParate these three processes and deter-
ulne thetr.relatlve slgnlflcance, prectse total, carbon dtoxlde' al.k3llBlty.
and calclun concentratloa data aie needed to construct and gest natheoatlcal
oodels. Prellninary analysls of the 1lD1!ed dala lndlcates that (l) lateral
processes dor0lnale the dlstrl.butlon of calcltu and lnor8anic carbon ln thc
i""p o"""o" array fron the polar reglons, (2) the anount of caleltu carbonate
dissoclated ln lhe deep oceans ls only a fractlon of tbe prevlously esttDated
value, and (3) the excess COr Day havc penetrated farther lnto tbe deep

oceans tban the currently avElfable Dodels predlct.

u1tlEate1y. CO^ ln the a1r should flnd lls nay lnto tbe deep ocean sedl-
uents. As'curFently underslood, lhe deeper sedl.ents have thus far been

l1ttIe affected by tbe fossil fuel era because of the slor B1xln8 of the
ocean. A group of sclentlsts exaolned.the contentlon that sotoe shalloH $ater
sedloents eoulb no11 be dissolvlng and thUs provldl.ng a sink for atoosphertc
CO^, and concluded tha! the extent of dl'ssolutton ls not great enough to
hafe a large effect on the 81oba1 carbon cycle.

It nould bd helpful lf rellable estinates of the CO, concentratlon ln the alr
could be obtatned for the yesrs Prlor Eo 1957, wtren-the Dodern Deasurerents
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began. Ofd Selthsonlan AstroPhyslcal Observatory plates of the solar spectrun
iaien in the early tsentleth century Elght provlde such an opPortunlty tf they
coufd be proPerly lnterpreted. A uetbod for reduclng the data has been
developed and estluates of ttte C0, concentration should be aval1ab1e 4elt year.
As Eentloned prevlously, deterElnetlon of bhe CO, concentraLlons prlor to
the Industrlal Bevolutlon would help ascertain the v811d1ty of cllEate Eodelsr
and thus the U.kely teEperabure due to a doubling of atDospherlc CO2.

'Groups ln Europe bave used Antarctlc and Greenland lce cores to lndependently
estlBate the CO^ condentra.ions in the nore dlstant Pest. Hhile lt ls
dlfflcult bo ne6sure lbe CO. content of the dated ice cores, the results
suggest that the atoospherlE C0, concentratlon durtng the hel8ht of the last
1cf-age (about 18.000 years agoJ nay haye been about half lts present value.
Thls is consl.stent H'1!h recently publlshed speculations derlved froo erarolna- -

tlon of tbe eonposltlon of ocean sedlnent cores.

There are currently aPProxlt0stely ll0 earboa cycle and cllnaLe research pro-
jecls in about 25 dlfferen! lnstltutlons. Hany of thebe proJccls are elther
supported jointl.y by the DOE and other agencies or etcluslvely by other
aglnctes. Tire 1982 Federal budget request for C0, research was 23.9H$. The

D6E, as the lead agency, wourd be atlocaied 1ll.oMt, ilsF 6.4H$, NgAlt 2.5H6. and
: the Departnent of AgrLculture 1.0M$.

A nuEber of future energy scenarlos have been studled ln relatlon to the c0,
probleu. these tDclude such un1lkely scenarlos as stoPPlng elI fossil fuel-
coobustton at ttre 1980 ,ratc, looklng at the delay ln doubllng tlne' and
nalnlalnlng the pre-19?3 fuel Srofth r8te. other studles bavc lnvcatlgated
lhe narkei penetratton of non-foss11 fuel technologlesr such as nuclear, and

lts bDact on CO^. It shoul'd b€ noted, hotrever, that fuel technology rnuld
need alout 50 yeSrs to penetrate and achleve roughly half of the tolal narket.
Thus, even 1f solsr or nuclear technologles itere to be consldered vlable
alternatlves, they r{ould not really disPlace fossll fuel energy for the ne:t
40 Lo 50 years, and c0, growth Hould have to be estlDated based on reallstlc
narket dlspfaceEent ofthe fossll fuel technologles.

A draft report fron Hassachusetts Instltute of Technology (MfT) and Oak Rldge
(ORIL) aulhored by D. Rose and others consldered the societal and techno-
1ogleaI lnertla vls a vis declslon loaking on the CO, 1ssue. lhe C02 probleo
was consldered as the oaJor potential cbnstralnt on'fossil fuel usel It nzs
estbated ln the study that the C0, proble! Eay curtall fossll fuel use
before physlcal degletlon occurs. 'Considerable effort was devoted 1n the
study to noptlon space,n 1.e., Httat are the potential energy alternatlves,
hor long would lt take to lntroduee theo, and Hhat type of oaterlal resources
rrould be needed for effectlve Earket Penetratlon. 0n reviewing the rePort ne
addressed only the technlcal questlons relatlng to COr' and dld not evaluate
the plauslbl1lty of the scenarlos relallng to energy Ese 1n the future.
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Ttle study consldered the lopllcatlons of llElting atEospherlc CO2 at tno
different levels:

1. Rate of C0^ addltlon
5o years. z

to the atEosphere be 1i!01ted to 450-500'ppo tn

2. the concentration celllng for atuosptlerlc COt be tn the range of
500-1000 PPo.

The rationale for choosing lbese llEits ls econonic. If tbe rate of CO2

Lncrease ls too rapld, then society nay not be able to econonlcally adapt to
the resultlng clinale change. Ihe second llnlt 1s based on a leveI rftere tbe
ham due to CO^ would greatly exceed the soclelal beneflts that Produced the
co^. the seeofd lfunlt can be ltlustrated as an assuEed ttrreshold for lnduclng
gr6at irreversible harn to our planet, sueh as causing a large ocean level
rlse due to oelting polar ice. In additlon to lEProvlng the use of energy
sources as a Eeans of gainlng tl6e to understand the Proble4, lt Has concluded
that'vlgoro-us developo6nt of non-fossll energy sourcel be lnl'tiated as soon as
posslble.

The study appeais !o be based on reasonable asstuptions but has an inherent
b.1as torrards the accelerated developnent of non-fossiJ. energy sources xhlch'
based on tbe present state-of-the-art | lnPlles nucl'ear eDergy.

In hls analysls. Rose lntroduced the concept of AIl (actlon tnj.tiatlon tloe) 'deflned as the tlue when pollcies to nodlfy or restraln fossil fuel use
actually slart !o be effeclive. Based on thls concePt' Rose proJects non-
fossll grorlh rates of 6 lo 97/a over 40 bo 50 years in order to 11nlt atno-
spherj.c CO^ to 5OO to ?00 PpB. these rates can be put ln PersPectlve by
noting thaf sucb growth rates Here achteved for aatural 8as lntroductlon.
Houever r nuclear or solar sourcei rDuld have aevere restrlctl,ons because
such technologles are not as econoBlcally and polltical1y attractlve, tecbno-
logtca1ly gtralghtforward, and are encounterlng soclal and envlronoental
oppositlon. In addldion, Rose polnts out that the rate of growth of nanufac-
turlng 

-faciltties 
requlred !o achleve a 6'97/a groYth rate 1n non-fossll fuel

power generatlon is so large that lt rould be equlvalent to inereaslng eaeh
year the u.S. power equlpBent DanufacturlnS caPabillty by an aooult equlvalent
to the current capaclty.

The study also indlcated -that otber energy-use-related greenbouse gases (vlz.
carbon nonoxlde, Eethane, and oxldes of nltrogen) oay signlfleantly contrtbute
to a global warntng. !{e belleve the contrlbutlon of these Sases to e global
warnlng ls hlghly speculatlve. Furtheroore, l{r0 ' tbe only oxlde of nltrogen
that could eonlrlbute to a global warulng ls pFodueed pr1oarlly by the nicro-
blal oxldatlon of annonia fron fertillzer use' and to a lesser extent froa tbe
coobustlon of fossil fuels. Addltlonal1y, Noo is nore reactlve than C0,
and ls expected to have a relatlvely shorter'atnosPherlc resldence tiroei In
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aslnllarveintdethanelsprluarllyeDl.ttedtotheetDospherevlathe
anaeroUfc ferointatlon of oiganlc Daterlal. The contrlbutlon of anthropogenlc
actlvltles (rnlnlng, tnduElrlal processes, and coubustton) are lt to 101 of tbe
iot"f "t o"pherlc Eethane sourcls. lbe atoospberlc destructlon of nethane ls
iore rapla tnan that of co' and tends to yle1d CO, water vagor and fornalde-
tia.. i1so. Dethane ls Uefleved to contrlbute to tropospherlc ozone foreatton
ly-oifaf"fni to COr. Ihe CO tn the atnosphere can be traced to anthopogenlc

;";;;;-ito-a 6vll and to the atnospherl- oxidatlon of nethane (30f). ltre
iailr co sfnk 1s orldation (?o to 90t) to Cor' -One-can lher:.fore conslder
CO-anO nettrane as prdcursors to COr. Aecordingly, CO and nethane ultlnately
contriUute Co eJ,lnagologlcal effec€s as part of atEospherlc CO2. fre-Nrg' 

-
ontheotherhand,EaynotbedtrectlyrelatedtofossllfuelEolbustloE.()nc
siiouia cuestron rhetnir the other ngreenhouser Sases should be consldered part
ii tir. iO^ orobleo ln vtex of the uncertalnttes regardlng tbelr conncctlon

l" "i."gvtu'"". 
rt ls not clear, at tlris tlDe, irhether thetr- effect crould be

addltlve ra C0 Z.

Forecast Based Fuel Exxonrs Long R ook

as part of the Exxon 2l3t centurv studv, ttte-rat".3f l:::.1I-1!:] 99a.""i*
"ioi" 

,"" esttualed ln late 1981. sPeclfl'ca1ly, the 'HtEh Casen volunetric
a"i"-p"""la"O by the Corporate Plannlng DePartr1ent htas used to estlr.ate tbe
pot"nif"f growtfi of atuospherlp CO^. The volleetrlc data.Has con-verted to
;;-;;;;;t iasts (Quaas/a = 1o') st6lvear) using 5'55 HBtu/B for q's" 5'64
frit"Te lor canaaa and 5.85 llBtujfB for alf otber countrles. In addltlon' a

shale proc"sslng loss r,as added .uslng a consgant rate of 27.51 ot the prbary

"n""gv-oon"urptron 
froo sha1e. tbl.s t|as based on the assueptton thst above

;;ili ;;;;;aing of relatlvelv hlslr qualitv oif share ()30 gallons/lon) rourd

iL- i"oo"et"a dih a thernal elftclency of 801, and 1n-sl!u recovery of rela-
;i";it-;;; oti sbale (>15 sallons/ron) rould be aecouplished vtbh a rhet'nar

"irioi"iroy 
ot 651. These efflctencles were averaged over the U.S. resource

;;;;tb arrr"e at ?e.5t. Table 1 suogarizes the Prl&ary energy consuDPtlon of
fossll fuels.

The lotal carbon dlorlde that can be eBltted frou prioary fossll fuels rns
estlnated uslng the followlng factors:

Ot1 = 1?0 lb COrlHBtu = 21-0 l'ltCr/Qtrad.

cas = 115 lb CO^/llBtu = 14.2 HtC/Quad.
z.

Coal = 20? lb COrlMBtu = 25.6 l{lClQuad.

In addltion, ttte quantlty of carbon dloxide that could be eoltted froe the
deconposltlon of carbonate Blnerals ln processlng U.S. o11 shale was estlnated
Uy avlraglng thls potentlally large CO, source over the GreeD Rlver foroa-
tion resource base. It should be nobei that Poorer shale resources tend to

mtffiI-ru on netrlc tons of carbon.
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PRIMARY ENERGY CONSUMPTION OT' FOSSIL FUELS
, 2lst CENTURY STUDY--HIGH cAsE

Quads,/a

1979 1990 . 2000 201s 2030 2050Year

oil :.-lT.s. 32.09 33.32 ,. 32.01 35.35 36.35 36.80Canada 4 . 06 4 .30 4 .7L 5.62 6.09 5.g7others 96.62 111.93 12S.16 139.63 t4B.5Z L3Z.7S
i

Totar L37 -77 14 9 . 55 164 . ag rB0. 60 r9t.0t Lls.sz
Gas--T.s. 20.95 17.93 17.24 .15.98 t6.g7 L7.42Canada 1.83 2.5L" 2.88 3.49 4 .38 4.73others 30.88 55.54 74 .95: 96.24 99.65 log .68

Total 53.66 75.88 95.07 lo5.7o 120.90 130.83 ,!oCoal ,-- u.s. 14.69 2O.L4 29.66 32.19 43,12 55.10Canada 0.80 I.37 1.90 2.72 3.62 5.3Sothers 60.17 81.44 103.90 125;55 1?5.55 261.14

Total 75.66 102.95 134.54 ', 165.41 222.54 321 .59
I

Fossil Fuels

Iworld Total 267.09 328.38 3g4.4.g ' 45r.?1 534.45 62i.g4

Rate t/a 1.90 1.85 9.91 1.I3' 0.81
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eEit tluch more CO^ fro! cerbonate loinerals than tbe loore deslrable hlgh
quality resources for the saDe quantlty of shale o11 produced. It lfas further
assuned that 65t of tbe carbonate ldneral's decoDPose durlng processlng. ftls
very conseryatlve assuEptlon ls based on the average.of 1001 decooPositlon
that Eay occur ln thot spotsn during ln-situ recovery and 3Qt decoBPosltlon
tbat ls generally observed ln above ground retortlnE. lable 2 stnoarlzes the
total CO- produced Ln GEC/a, Please note that CO, eDlsslons resultlng
fron Co^'nlxed wlth natural 8as ln producing we113 can be substantlal' but
due Lo €he unavallablltty of quantltative data thts factor l{as assuled to
contrlbute about 5t addltlonal CO^ currently rislng to 151 ln the year 2050.
Thls trend of C0, eontaninatlon of natural 8as ls cooslstent with recent Euon
exper1'ence.

The contributions of sbale o11 to prluary fossiL fl)el energy and prlBary
fossll fuel carbon are sunDarlzed ln Teble 3. lttls !ab1e shot s that the
fractlon of shale o11 C0, euisslons to total C0, ls greater.'than the
corresponding contrlbutlSn of shale o11 energy €o total energy. Table 3 also
indlcales the breakdoHn between co, generated in Produblng and consuning
shale o11, and that due to carbonaEe olneral decouposltlon.

Table 4 presents the. estiEated total quantities of Cor eEltted to the
environnent as G!C, the grorbh of C0. 14 the atnospheFe ln ppn (v) ' and
average g1obal tenperaLure lncreare !n "C over 19?9 as the base year. In
order to estlEate the bulldup of atBosPherlc Coo, tt r.ra 3 essuned ttlat tbeuI ugl 99 4.e we--esl, v. i'rYYt..Y. -Y vY,Jt

average atoospherlc COo eonc-atratlon ras 33? pFE ln 19?9. f?re fractton of
io^' "I.*uf "teo 

tn ttrezatoosphet':e vag asstned !o be 0.535 of the total fossll'
fu6t CO-. Thts nuDber 1s derlved fron tbe observed hlstorlc ratlo of total'

2

"ii"""i3ir"-io^ ;;;i"i rossu fuel. Co.. rnheren! ln thls nrnber ls the

"""rrbtion tha€ bioaass and ceuen! prod6ctlon did not contrlbute to st4ospberlc
cO^. It should be noted. hoHever, that thls Dethod of calculatlon Hould
te6a to predic! total dnlhroPogenlc CO, as ]ong 8s the ratto of blonass and
cenent roanufecture to fossll fuel cons8nption reoalns constant. ltre average
teEperalure lncrease since 1979 nas estlEated, assullng Chat a doubltnS of
CO. nould cause an average g1oba1 tenperature lncrease of 3.0- 3 1.5-C. It nas
a16o assuned that fosEll fuel carbon Hould SroH at a rate of 0.87/a betneen
2050 ana 2080. r.trich ls a reasonable decrease froo tbe 0.977/a rate Projecled
betxeen 2030 and 2050. fhe fo oi lng section analyzes the lnpllcatlons of tfie
lenierature rise due to COA doubllng wlth resPect to lnltiaL detectlon of a
greenhouse effect.

one variatlon of the Hlgh-Case scenarlo nas considered. It lras assuEed that
adequate quantttles of o11 and gas $ould be dlseovered to exactly natch those
estioated to be produced froa synthetlc fuels ln the Hlgh Case scenarlo. and
thus balance the prlnary energy needs of the 21st Century Study. Ibe net
quantlty of carbon that woul.d be saved ls s"nrrrarlzed ln Table 5. Itre lnpllea-
tlons of the syofuel losses are conpared Hitb the Hl.gh Case ln Figure 3. I?re
overall lnp.act Ls rel.attvely nlnor.
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Year

Total O11

Gas

oil
.aInorganrc

Carbon

. TABLE2, !

t.

PRIMARY CARB9N DIOXIDE'(AS CARBON} FORMATION FROM FOSSIL TUELS

. .21SC CENTURY STUDY_-HIGH CASE

Gtcr/a

L979 1990 2000 2015 2030 2050

2.90 3.15 3.47 . 3.79 4.0I ' ' 3.69

0.01 0.05 0.19 0.2'l 0.40

2.9O 3. L6 3 .5? 3 .98 4 .28 4. 09

0.76 l.0g 1.35 1.50 L;72 1.86
I

N
N
ICO- in Gas 0.04 0.l1 0.L5 O.18 O.22 0.28z

Tota1 Gas 0,80 l. Ig I .50 r .68 I .94 2.L4

Total CoaI 1.93 2.64 3.45 4.24 5.70 8.24
?l

World Tota1 5.63 7.00 8.47 9.90 11.92 L4.47

Rate l/a 2.00 L.92 1. 05 L.25 0.97 0.80
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U.S. Shaler Quads/a

Other Shale

Total

TABLE 3

OIL SHAIJE I'IQUID FUELS
PRIMARY ENERGY CONSUMPtTON EUO

CARBON DIOXIDE (ES CARBON} PRODUCTION
21st CENTURY STUDY--HIGH CASE

Year L979 1990 2000 2015 2030 20s0

-- l.0I 3.65 L4 .38 , 20.66 30.79

0.2I L.49 2.56 5.55 1I.10

,.,-- 1.21 5.14 16.94 26.2L 41. g9

t Prlnary Shale EnergylPrlmary. 0.35 t.3O 3.?5 {.90 5.6tFoaall Fuels Energy 
,s

shale Carbon, ctc,/A . O.O3 O.I1 0.36 0.55 0.88 ?
Carbonate carbon 0.01 0.05 0.19 O.27 0.10

.Toral o.o4 0.15 0.55 0.82 1.28

t Prlnary Shale Carbon/Prfunary 0.55 I.89_ 5.55 S.gZ , 8.05FoBsll Fuel Carbon

I
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TADLE 4

ESTIMATED ATMOSPIIERIC CO2 CONCENTRATION AND
AVERAGE IrEMPERATURE INCREASE
2lst CENTURY STUDY--}IIGH CASE

Year
Emitted, GtC Stored in Atmosphere,.GtC

Incremental Cummulative

Atmospheric
Concentration, ppm j.

L979

1990

2000

20L5

2030

2050

2080

2090

69.3

77 .2

137.5

153.3

263 .5

490.6

191.3

6g.3

146.5

284.0

447 .3

710. B

120r.4

L392.7

37.1

41.3

73.6

87 .4

14L.0

262 .5

102.3

7L5

7s2

793

857

954

109s

t35B

'ire o

17.5

19.5

34.7

4L.2

65.5

L23.7

48.2

337

355

374

409

450

s16

640

588

Average
'fempem ture

Increase, oC

0

0 .22

0.{5

0. 8r'

L.25

1. B4

2.78

3.09

IN
F,
I
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Year

Shale Loss
Carbonate DecomPositlon

Total Stale

r Coal Loge

Total Synfuele !,,oaa

Rate t,/a

Incremental CO.r' GtCz

CummulatLve CO,', GtCz

' o;00{ 0.025 0.069 0.114 0.18r
0 . 0I3 0. 04 7 0. r8 6 9.2Q7 0.39I

"ry *ry 0;235 offi 6m
OIS 0.067 0.135 0.276 0.s35

0.03s 0.139 0.391 0.657 1.114'

' l{.8 7.1 3.5 2.7 2-O

- 0.80 3.73 7.73 .1?-38 45.79 r
Nl,l

- o.8o 4.53 L2.26 29.64 75.43 |

TABLE 5

' ESTIMATED INCREMENTAL CO2 CONTRIBUTION FROM

SvNTHETTC FUELS TO ATMOSPHERTC coi coNcENTRATToN
AND AVERAGE GLOBAL TEMPERATURE INIEETgE

Gtc/a

1990 2ooo ?!!! 2o3o 20s0 2080

Incremental Atmospher!.c Corr PPm 0.2 0.9 I'9 4'4 II'5

Cummulative AtmospherLc Co2, PFm - 0.2 i'L 3'1 7'5 , 19

Net Atmospheric COzr PPm 3ss 37 4 407 .446 506 616

Average Temperature Increase, oC 0.22 0.45 0.82 1.21 1.75 2.6L

199



-26-

Detection of a C02 Greenhouse Effect

It ls antlcipated by uost. seientlstt that a general cgnsenaus reSardlng the
llkelihood e;d teplicatlons of a CO' lnduced greenhouse effeCt 11.llL not be

reaehed untl1 sucl tlne as a slgnlflcant leBperature lncrease can be detected.
above tbe natural randoD teEperature flucluatlons ln average global cllBate.
These flucluatlons are assured to be !0.5"C. the earllest that such dls-
creet slgnals w111 be able to be nea l-red ls oae of the DaJor uncertalnties of
the C0, lssue.

a nuEber of clfuoatologlsls c1aln that they are currently Beasurlng a teopera-
ture sl.gnal (above cllnate noise) due to a c02 induced gtreenhouse effect.
rh1le the EaJorlty do not expect such a slgnai to be detectable before the
year 2OOO. In order to quantlfy the lnpllcatlons of detectlng a greenhouse

iffecl nor, as opposed to the year 2000, estlEales nere uade on te&perature
projections as a functlon of tbe co" concentration .that exlsted Prlor to the
inaugtr:.al Revolutlon. Avallable d5ta on CO, concentratlon Prlor to ttle
Induslrla1 Revolution tend to faI1 lnto bwo -goups: 260 Lo 270 pP@ or 290 to

. 
3OO ppB. In Table 6, Posslble teloperature lncreases Here estlBated as a

i,rnoiion of lnltial co^ concentratlons of 265 and 295 PPe. Teoperatules
- were proJected for th;3"-;;;;,'"i".1-crj a-teoperaluri-lncreasl of 3oc. obcur! ii current CO^ concentratlon doubles. (2) the greenhouse effect ts

debectable non (19?9f, and (3) the greenhouse affect 1s deteqted ln the year

2000.

One can see in Table 6 that lf a doubllng of at6ospheric CO2 ttll1 cause a 3oC

r13e ln tenperature, then ne should ltave seen a teEPerature-increase above

cllnate noi;e lf lnltlal CO^ coneentratlon nas 265 ppu' or be on the lhreshold
of delecllng such an effect<non. tf the inltial coDcentratlon r,as 295 ppo. If
He assuDe lhat we are on the threshold of detectlng a greenhPuse effect' tben
the average ieoperaLure due !o a^doubllng of C02 1111 be 1.9-C for an lnltlal
CO^ concentration of 265, ot 3.1'c for an 1nlt151 concentratlon of 295 Ppo.
F16aI1y, lf ttre greenhouse effect ls detected 1n the year 2000, tben tbe
doubltnr teupeiaiure for lnitlal C0^ concentratlons of 265 and 295 Ppo 11111 be
,t.3o anJ 1.?oC, respectively. Base6 on these estl6ates, one concludes that a

aouultng of current concentratlons of co2 n*u Probably not cause- an average
global ienperabure rlse Euch ln excess of 3'C, or the effect should be

Jeteeiable a! tbe present tlae. Alternatlvely, 1f the Sreenhouse effect ls
not detected untll ?000, then the tenperature due !o a c0' doubllng wlll
probably be under 2aC. Uslng the Exxon 21st Century Stud! as a basls for
fossll fuel growth patterns, the everaSe global te8perature increases due to
co- rrould ranre between 0.8 and 1.6'C by 2030. A doubllng of at'Eospherlc C02

rofrfa U" extr;polated froo the fosslI fuel consuroPtlon rates of the 21st CenEury

studv to occur at abgut the year 2O9O ulth the t€Eperature lncrease ranglng
u.t"u"n 1.3o and 3.1oC. The proJected range Presented6above ls eonsiderably
lower than. the generally accepted range of 1.5" to 4.5-C. Flgure 9 lllustrates

EC-1'-t-5/417
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TABLE 6

EFFECT OF PRE'INDUSTRIAL
GLOBAT, AVERAGE

ATMOSPHERIC CO2 CONCENTRATION
TEMPERATURE INCREASE

ON

llemperature, oC

Atmospherlc Co2
Concentration, PPm

1,000

800

674 (Doubling)

451

375

33? (Current)

295

265

'rtme
(InBtantaneous
Equll lbr lum)

65
DE EEC-aef 295

,v2L4O

p2LlO

-2090
2030

2000

1979

^rl8 5 0

-I850

4.3

3.6

3.0

1.7

1.1

0.8

0.3

0

4.4

3.6

3.0

1.5

0.9

0.5

0

2.8

2.3

1.9

1.1

o.7

0.5 ,

0.2

0

4.6

3.7

3.1

1.6

0.9

0.5

0

1.9

1.4

1.3

0.8

0.5

0.3

0.2

0

2;5

2.L

r.7

0.9

0.5

0.3

0
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. Fiqure 9

Range of Gloial Mean Temperature From 1850 to the Present
with the Projeeted Instantaneous Climatic Pesponse to

- Increasing CO2 Concentratioas-.
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the behavtor of the nean global tenperature froo 1850 to the present, contalned
rdthln an envelop scaled to lnclude the randgn tenpe5ature fluctuatlons, and
proJected lnto the t\rture to lnclude the 1.3- to 3.1'C range of uncertalnty
noted above for the CO, effect.

Dependtng on the actual global energy denand and supplY, 1t1-" po""fble tbat
sone of the eoncerns about CO, Erowtb due to fossll fuel conbustlon nay be
reduced lf foss1l fuel use lstdecreaseS due to hlgh prlee, scarclty,'and
unavallabll1ty.

The above dlscusslon assunes that an lnstantaneous cllnatlc resPonse results
froa an lncrease ln atrnosptrerlc GOo concentratlon. In actuallty' the
tenperabure effect nould llke1y Ia! the C0, change by about 20 years beeause

the oceans would tend to danp out tenperat[re changes"

Gtven the long tern nafure of the potentlal problen and the ulcertalntles
lnvo1ved, tt rould appear that there ls tlne for firther study and nonl'tortng
before speclflc acllons need be taken. At the present tl.ne, that actlon would
Itkely be curtallnent of fossll fuel consunptlon uhlch rculd undoubtedly
serlously inpact tlre worldts economles and socleties. Key Polnts needlng

.better deflnition lnclude the lnpact of fossll fuel conbuslon and the role of
-ttre oceans ln the carbon cycle and the lnteractlve effect of carbon dl'oxlde
and other trace atnospherlc gases on clluate-
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CHAPTER THREE

Coming to Grips with the Impacts
1982—1989 

Throughout the 1980’s, the oil industry refined their predictions for the effects of climate change into specific, and 
alarming, impacts. As the impacts came into sharper focus, the companies began to seriously weigh their options for 
how to move forward.  

Document 11, a 1982 memo from Exxon scientist Roger Cohen, reviews the company’s research and affirms that 
their results “are in accord with scientific consensus on the effect of increased atmospheric CO2 on climate.” Cohen 
then notes the “unanimous agreement in the scientific community” that a temperature increase of 1.5°C-4.5°C “would 
bring about significant changes in the earth’s climate.” The memo also includes a plea for Exxon to publish its own 
results, as “to do otherwise would be a breach of Exxon’s public position and ethical 
credo on honesty and integrity.” 

In 1982, Exxon Research and Engineering Company President E.E. David Jr. spoke 
to the Fourth Annual Ewing Symposium. In his remarks, Document 12, David 
discussed the scientif ic consensus on global warming and recommends market solutions 
to the issues. Notably, he states that “Few people doubt that the world has entered an 
energy transition away from dependence upon fossil fuels and towards some mix of 
renewable resources that will not pose problems of CO2 accumulation.” He goes on, 
“It is ironic that the biggest uncertainties about the CO2 buildup are not in predicting 
what the climate will do, but in predicting what people will do. [It] appears we still 
have time to generate the wealth and knowledge we will need to invent the transition to a stable energy system.” 

The industry was growing increasingly aware that their role in producing and marketing a product leading to global 
calamity could be problematic. A 1983 internal Mobil newsletter, Document 13, illustrates this growing concern. 
The newsletter begins with a brief summary of the science underlying climate change but moves on to articulate clearly 
the worry that “if the greenhouse effect should become an urgent national concern, restrictions on fossil fuel and land 
use might be established.” It also notes that some scientists believe action should be taken very soon, given the long lead 
times that would be required for any sort of corrective action.

Other companies were concerned as well. In 1988, Shell produced a confidential internal report called simply: 
The Greenhouse Effect, Document 14. Summarizing the company’s work over the previous years, the report 
is unnerving in its assessment of climate risks. The report notes that “…changes could be larger than any other 
that have occurred over the last 12,000 years. Such relatively fast and dramatic changes would impact on the 
human environment, future living standards and food supplies, and could have major social, economic and political 
consequences.” The report also warns, “by the time the global warming becomes detectable it could be too late to take 
effective countermeasures to reduce the effects or even to stabilize the situation.”

Armed with a greater understanding of the impacts of climate change, oil companies took further actions to protect their 
own holdings. In 1989, a New York Times article, Document 15, covered Shell’s decision to increase the height of an oil 
rig, at increased expense, and linked the decision to predictions of risings seas due to climate change. 

The mid-1980’s saw the oil industry grappling with looming climate impacts and evaluating potential paths forward.  
Internally, they built protections for their own assets and considered pivots to renewables, but by the end of the decade 
that they would decide instead to create the world’s most effective climate denial and disinformation machine.

“…the biggest 
uncertainties about the 

CO2 buildup  
are not in predicting what 

the climate will do,  
but in predicting what 

people will do.”

E.E. David, President,  
Exxon Research and Engineering, 1982
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Document 11

1982 memo from Cohen summarizing internal climate modeling 

and the CO2 greenhouse effect

215



0 7 57-L-RWC

Ex)N RESEARCH AND ENGINEERING COMPANY
CORPORATE RESEARCH
SCIENCE LABORATORIES

OUANE G. LEV lN E, Dir.ctot
BOGE B W,COHEN, Dlr.ctor
Th.or.ticrl .nd M.thtn.tlc.l Scl.nc.. Llborltory

September 2,

Mr. A. M. Natkin
Office of Science and TechnologY
Exxon corporation
1251 Avenue of the Americas
Nevr York, New York 10020

Dear AI:
I would like to sunnarize the findings

in climate modeling and place our results in the
existing body of knowledge of the CO2 greenhouse

+NationaI Research Council Panel Reportt
Climate: A second Assessment, National

P, O. Ao,( 45, Llnd.n. N. J. 07036

1982

H- N. WEINBERG

siP 2 198?

of our resea rch
context of theeffect.

Although the lncrease of atmosPheric CO2 is well docu-
nented. it has not yet resulted in a measurable change in the
earthis clirnate. The concerns surrounding the possible effects
of increased CO, have been based on the predictions of models
which simulate Ehe earthrs climate. These nodels vary widely in
the level of detail in which clirnate processes are treated and in
the approxinations used to describe the complexities of these
processes. Consequently the quantitative predictions derived
f rorn the various nodels show considerable variation. However,
over the past several years a clear scientific consensus has
energed regarding the exPected glimatic effects of increased
atmoipheric Co1. The consensus- is that a doubling of atnos-pheric CO, frofi its pre-industrial revolution value qoulil result
in "n "u"f"ge global temperature rise of (3.0 t 1.5)oc. The
uncertainty in this figure is a result of the inability of even
the most elaborate models to simulate clinate in a totally real-
istic nanner. The temperature rise is predicted to be distri-
buted nonuniformly over the earth, with above-average temPerature
elevations in the polar regions and relatively smalL increases
near the equator. There is unanimous agreement in the scientific
community that a temperature increase of this magnitude would
bring about significant changes in the eart.hrs climate' including
rainfall distribution and alterations in the biosphere. The time

Carbon Dioxide and
AEE?emt-Press,
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Mr. A. M. Natk i n -2- August 25, 1982

required for doubling of atmosPheric CO, depends on future world
consumption of fossil fue1s. current piojections indicate that
doubling will occur sonetime in the latter half of the 2lst
centuryl The models predict that co2-induced climate changes
should be observable well before doub1ing. It is generally
believed that the first unambiguous CO2-induced temPerature
increase wiIl not be observable until Eround the year 2000.

It should be ernphasized that the consensus prediction
of global warming is not unaninous. Several scientists have
takln positions that openly guestion the vaLidity of the pre-
dictions of the nodels, and a few have proposed mechanisms which
could mitigate a CO2 warming. One of the most serious of these
proposals has been fiade by Professor Reginald Newe11-of.MIT.
ire*if f noted that geoJ-ogical evidence points to a relative con-
stancy of the tenp;ratu;e of the equatorial waters over hundreds
of miilions of yelrs. This constancy is remarkable in view of
ni:o, "fi."tic ihanges in other regions of the earth aturing this
p.iioa. Newell asciibed this anctloring of the temPerature of the
Lquatorial waters to an evaporative buffering nechanisn. - In this
mechanism, when heating increases at the equator, mos! of the
extra energy induces greater rates of evaporatlon rather than
raising tefr-peratures. Newe11 proposed that this effect night
tieatfi redlce the global warming effect of increased atmospheric
coz'

In our clinate research we have explored the 91oba1
effects of Newelfrs evaporative buffering mechanism using a
simple mathematical climate model. Our findings indlicate- that
Hewill's effect is indeed an imPortant factor in the earthrs
climate systen. As Newe11 predicted, evaporative bufferlng does
limit cor:induced tenperature changes in the equatorial
regions.- However, we find a compensatingly Iarger temperature
inirease in the polar regions, giving a global averaged temPera-
ture increase thlt fa1ls well within the range of the scientific
consensus. Our results are consistent with the published Predic-tions of more conplex cl.imate models. They are also in agreement
with estinates of the global temperature distribution during a
certain prehistoric period when the earth was nuch warmer than
tod a y.

In summary, the results of our research are in accord
with the scientific consensus on the effect of increased atnos-
pheric co, on climate. our research appears to reconcile
NewelI's 5bservations and proposed mechanisn r.tith the consensus
opinion.

we are now ready to present our research to the scien-
tific community through the usual mechanisms of conference Pre-sentations and publications in appropriate journals. I have
enclosed a detailed plan for presenting our results.
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COt Cl imate trlodel i ng Resea rch :
Timetable-for Presentations and Publications

I. Presentations
(I) DOE Sponsored CO2-CLimate l'leeting

September 19-23,-L982 (West Virginia)
(a) Results pertaining to general aspects of the model

to be presented in an informal session by our
collaborator Prof essor l'1. I. Hof f ert of NYU- The
COZ calculations wilI not be included.

(b) Preprints of the PaPer t* (1) belowl to be
distributed at this meeting to general Peer
comments and discussion.*

(2) Ewing Symposium (Lamont-Doherty/Exxon Foundation Supported)
October 25-27, 1982

(a) Results concerning general aspects of the model
and the COo calculations to be presented by B. P.
Flannery (6n).

II. Publications
(1) l'lanuscript developing general aspects of the model to

be submitted for publication to the Journal of
Geophysical Research, September, 1982.*

(2) tlanuscript on cor related model predictions to be
submitted in }atd 1982.

* provided formal publication clearance has been granted by this
t ine.
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Document 12

1982 E.E. David, President, Exxon Research and Engineering,

 Inventing the Future: Energy and the CO2 

Greenhouse Effect
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INVENTING THE FUTURE: ENERGY AND THE CO2 "GREENHOUSE" EFFECT

E. E. David Jr.

President, Exxon Research and Engineering Company
Remarks at the Fourth Annual Ewing Symposium, Tenafly, NJ

Dennis Gabor, A winner of the Nobel Prize for
Physics, once remarked that man cannot predict
the future, but he can invent it. The point is
that while we do not know with certainty how
things will turn out, our own actions can play a
powerful role in shaping the future. Naturally,
Gabor had in mind the power of science and tech-
nology, and the model includes that of correction
or feedback.

It is an important: Man does not have the gift
of prophecy. Any manager or government planner
would err seriously by masterminding a plan
based unalterably on some vision of the future,
without provision for mid-course correction. It
is also a comforting thought. With man's
notorious inability to create reliable predictions
about such matters as elections, stock markets,
energy supply and demand, and, of course, the
weather, it is a great consolation to feel that we
can still retain some control of the future.

As you may know, Exxon is a hundred years
old this year; we have a long corporate memory
of the very profound social and economic trans-
formations that our business activities have
helped bring about, and of how we and society
have had to adapt further in response. That
includes the at least temporary respite given to
the whales through substituting kerosene lighting
fuel for their rendered blubber; as well as the
revolutionary changes wrought by the automobile
and other machinery powered by liquid hydrocar-
bon fuels. The primary factors guiding such
developments were technology and economic
markets, though political systems also played
their role.

But faith in technologies, markets, and cor-
recting feedback mechanisms is less than satisfy-
ing for a situation such as the one you are
studying at this year's Ewing Symposium. The
critical problem is that the environmental impacts
of the CO2 buildup may be so long delayed. A
look at the theory of feedback systems shows that
where there is such a long delay the system
breaks down unless there is anticipation built into
the loop. The question then becomes how to
anticipate the future sufficiently far in advance
to prepare for it.

One answer is to invent the future in another
way--through a system of contingency planning
based on an assessment of a number of futures.
As Harvey Brooks has noted, scenarios have
limited use if they are merely surprise free pro-
jections of current trends; instead, they must
somehow take into account those clouds on the
horizon no bigger than a man's hand that can turn
out to be dominant influences in twenty years.
Inadequate scenario-making explains the poor per-
formance of most social research to date--which
so often gives the sense of too little too late,
whether the topic is toxic waste, frost belt and
sun belt, or the shift from manufacturing to
information society. The key is to undertake
research that will tend to be independent of
future events, or, rather, relevant across a
broad spectrum of scenarios.

This is not easy to do, but some of Exxon's
own research and development strategy is aimed
in that direction. And Exxon is not the only com-
pany with this attitude. That is why we and
others in the petroleum industry have taken a
strong interest in the issue of the greenhouse
effect and your work. It is why we have par-
ticipated in several initiatives to promote your
research; it is why we are pleased to contribute
to the holding of this symposium and to par-
ticipate in it. And it is why we have begun our
own modest research effort in the field, moti-
vated also by the belief that perhaps the only way
to understand a field is to do research in it.
You have seen some of the results in a paper
delivered yesterday afternoon. We are also in
the process of evaluating the data on CO2 con-
centrations collected over two years by an Exxon
tanker plying between the Gulf of Mexico and the
Gulf of Arabia.

Organization

Few people doubt that the world has entered an
energy transition away from dependence upon
fossil fuels and toward some mix of renewable
resources that will not pose problems of
CO2 accumulation. The question is how do we get
from here to there while preserving the health of
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our political, economic and environmental support
systems. What I will do in the remainder of this
talk is indicate how the world may invent a suc-
cessful energy future, using the sort of correc-
tive feedback system I have described. My
perspective is of course an Exxon perspective,
reflecting our own assumptions about the econo-
mic and social paths societies will prefer. And
since fossil fuels, and liquid chemical fuels, are
really the heart of the energy and the
CO2 problem, I will focus on those.

My plan of attack is, first, to consider the
implications of recent energy developments. Then
I will describe some of the key assumptions that
are guiding Exxon's own R&D planning and which,
I think, we have in common with many other
actors in the scene. Finally, I will go on to men-
tion some of the technical possibilities that may
present themselves well beyond our usual twenty-
year outlook period, that is, fifty years or more
into the future.

While I am far from certain about the details,
I think you'll find that I'm generally upbeat about
the chances of coming through this most adven-
turous of all human experiments with the eco-
system.

Recent Energy History

It is ironic that the biggest uncertainties about
the CO2 buildup are not in predicting what the
climate will do, but in predicting what people will
do. The scientific community is apparently
reaching some consensus about the general mecha-
nisms of the greenhouse effect. It is consider-
ably less agreed on how much fossil fuels mankind
will burn; how fast economies will grow; what
energy technologies societies will foster and
when; and so how fast the buildup will occur.

But we do know about the recent past and the
present. In the aftermath of the energy price
increase of the past decade, consumers have
reacted to the price feedback mechanism very
much as classic economic theory would predict.
They have sharply reduced their energy consump-
tion and, in particular, their consumption of oil.
They have substituted other fuels like coal and
nuclear for petroleum, although more coal use
does increase CO2 emissions. Consumers have
also conserved by turning to more energy effi-
cient technologies, including smaller cars in the
U.S. And they have done without.

It is difficult to disentangle the effects of
conservation from the effects of recession. Ac-
cording to a recent report from the International
Energy Agency, they are about equal. We think
conservation effects are larger, but regardless,
energy consumers have certainly broken the lock-
step relationship between economic activity and
energy consumption that seemed to prevail for a
quarter century following World War II. For
example, according to the International Energy
Agency, it now takes 16 percent less energy and
26 percent less oil to produce 1 percent more of

output in the non-communist industrialized
countries than in 1973.

This development carries great significance
for the CO2 buildup. Consumers and tech-
nologists have been inventing and applying a
wealth of methods to extract more work from less
energy. For example, as one of our own biggest
energy customers, we at Exxon have stepped up
the efficiency of our refineries by twenty per-
cent since 1973. Because refining is so energy-
intensive, the energy savings, and the
corresponding reductions of CO2 emissions, have
been very large indeed. Last year the savings
amounted to the equivalent of some 28 million
barrels of oil--equal to the production from a
world-scale, 50,000-barrel-per-day synthetic fuels
plant. On top of that, we have set the goal of
doubling our refining efficiency by the year 2000,
and we think the goal is realistic.

How far will the conservation trend go? It is
too early to say for sure, but we think the impli-
cations apply very far into the future. And how
far will the energy mix tend to favor fuels, such
as coal, that produce large amounts of CO2,
rather than fuels with high ratios of hydrogen to
carbon, such as gasoline and methane? To some
extent the answer to that question depends upon
our ability to come up with a source of low cost
hydrogen based on non-fossil energy--a point
return to later.

Fossil Fuel Outlook: Key Assumptions

In assessing alternative futures, I would offer
three assumptions in the form of predictions
about the use of energy and fossil fuels.

First, nearly all societies will continue to give
primacy to economic growth. The human desire
to improve material conditions burns as bright as
ever, if not brighter. As we have seen most re-
cently in Poland, governments that fail to deliver
at least a convincing promise of growth suffer
dire consequences as a rule. With the overall
world population expected to double over the next
50 years, economies and energy use will have to
grow at a good clip just to hold per capita in-
comes even. Naturally, the pressures for growth
will be greatest in the developing world, where
populations are growing fastest.

A second assumption, one that follows from the
first, is that in pursuit of growth most societies
will prefer least-cost energy alternatives. I say
this with the recognition that at least a few de-
veloping countries will prefer options that utilize
local resources in order to conserve foreign
exchange or use local labor, no matter what the
cost. An example is Brazil's resort to alcohol
fuels extracted from its sugar cane. However,
such exceptions will not materially alter the world
future.

The third assumption is that societies will con-
tinue to prefer the efficiencies of fossil-based
liquid fuels in transportation uses. Because con-
ventional petroleum resources will not suffice to
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meet the demand, a major industry will begin to
grow around the turn of the century to produce
synthetic fuels from oil sands, oil shale, and
coal.

Despite the trend toward electricity, the elec-
tric vehicle will have trouble making significant
inroads in transportation markets over the next
twenty years. One problem is storage, which is
partly a problem of energy density. Today's
lead-acid batteries store about 1/300th the energy
of a like weight of gasoline. We can improve on
that; in fact, Exxon is in the middle of deve-
loping a zinc-bromine battery with two to three 
times the capacity of conventional lead-acid bat-
teries. Another problem is the cost of batteries.
They are expensive, mainly because of the cost
of raw materials and typically short life cycles.
Incidentally, we expect that load leveling, rather
than the electric car, will be one of the earliest
applications of our new battery. However, we
would certainly not rule out the electric car one
day--perhaps initially in the form of hybrid
vehicles powered by batteries in tandem with
small gasoline or diesel engines.

Another alternative features electric guideway 
systems in which vehicles use batteries on the
feeder roads and electrically induced power along
the main arteries. But the capital costs of such
a system would be immense--making it a viable op-
tion only for much richer societies than we can
foresee.

Granted, liquid fuels-like all chemical fuels-
have their share of problems. In burning they
may synthesize some unfriendly substances--such
as PNA's, NON , SO, and CO 2 . Still, there are
also well-known problems with producing electri-
city through non-chemical means, such as nuclear
power. Solar voltaics overcome many of these
drawbacks, but the inherent problems of the duty
cycle and storage make me skeptical that solar
voltaics will penetrate a large fraction of the
electricity market in the near future, except in
remote applications.

But to reiterate my main theme, such assump-
tions only act as a guide in determining where
R&D managers can most usefully concc.ntrate
resources for inventing the future, subject to 
correction and further feedback. In any case we
are not up against fatal, malthusian limits to
growth. On the distant horizon, we may discern
a peaking of petroleum production; because for
more than a decade the world has been consuming
pertroleum faster than the industry has been
replacing it. But remaining non-petroleum fossil
fuel resources are immense. As an example, in
1980 oil and gas production accounted for nearly
70 percent of the world's production of fossil
energy. But oil and gas reserves account for
only a little over 11 percent of the world's esti-
mated total recoverable fossil energy resources.

As a practical matter, you would surely agree
that the world economy is committed to using fos-
sil resources for some time to come. The
massiveness of the energy system in place simply

forbids immediate displacement of one fuel or
energy source by another. Historical market stu-
dies going back to wood and coal confirm this
idea, suggesting that a new energy source
requires about 50 years to achieve just half the
total energy market.

What are Exxon's projections for fossil fuel
use? Over the twenty years encompassed by our
normal outlook we estimate the fossil fuel use
will grow at the equivalent of about two percent
per year. Much of this growth will occur in the
developing countries, as they modernize their
economies.

Beyond our normal twenty-year outlook period,
we recently attempted a forecast of the
CO2 build-up. We assumed different growth rates
at different times, but with an average growth
rate in fossil fuel use of about one percent a
year starting today, our estimate is that the
doubling of atmospheric CO2 levels might occur
sometime late in the 21th century. That includes
the impacts of synfuels industry. Assuming the
greenhouse effect occurs, rising
CO2 concentrations might begin to induce climatic
changes around the middle of the 21th century.

Manufacturing synthetic fuels will produce
more CO2 than conventional petroleum fuels, but
the impact of substituting synthetics for depleting
petroleum supplies will be relatively small. If,
in our estimate, we back out synfuels and replace
them with conventional petroleum fuels, the dif-
ference in CO2 emissions would only add about
five years to the doubling time. This is a highly
conservative estimate, because it assumes that
industry in the 21st century will continue using
today's "Dinosaur" technologies for manufacturing
synfuels, with no increase in the efficiency of
these highly energy-intensive processes. And it
takes no notice of the trends we are already see-
ing today in this budding information age. As
John Pierce, the inventor of satellite communca-
tions, likes to say, soon we may be traveling for
pleasure but communicating to work. Such
developments could eventually go very far in
reducing the energy intensity and CO2 emissions
of advanced economies.

Exxon's Response in Science and Technology

The real point of these extrapolations is to get
an understanding of how soon the problem may be-
come serious enough to require action. And the
lesson is that, while the issue is clearly impor-
tant, we can still afford further research on the
problem. And the world will have time to accumu-
late the material and scientific resources re-
quired to contend with the problem.

The same point is emphasized in the energy
study published last year by the International
Institute for Applied System Analysis, or IIASA.
The study involved some 150 top scientists at one
time or another and represents one of the most
comprehensive assessments of the outlook for the
next 50 critical years of what may well be in ab-

DAVID	3

223



solute terms the world's period of greatest popu-
lation growth.

The IIASA study concludes that to make a
successful transition from fossil fuels to an
energy system based on renewable resources, the
world economy must expand its productive
powers. It must expand in all dimensions, but,
most importantly, in the new knowledge and human
skill that enlarge the technological base. For
such knowledge and skill more than brute capital,
is what enables societies in this age to use the
same or even fewer resources to produce more.

The IIASA strategy for inventing that future
resembles the one I have suggested: a strategy
first, of gradual transition from clean, high qua-
lity resources--natural gas and oil--to dirtier
unconventional fossil resources. The study also
takes note of the CO2 issue, recommending that
society incorporate sufficient non-fossil options
in the energy supply system so as to allow expan-
sion of that base, if necessary, as the effects of
carbon dioxide become better quantifiable through
further research.

That means pursuing research leads in
technologies that may not seem attractive by the
fashionable standards of financial analysis. In a
recent landmark article, Professors Hayes and
Abernathy of the Harvard Business School warn
strongly against such financially biased practices
in American Industry; trying to outguess the eco-
nomics of untried and untested technological ap-
proaches can be the death of an industry, and I
might add, of a society, too. Some of the tools
of this trade--for example, discounted cash flow
analysis--are completely unrealistic. Sometimes
they are called the Astrophysics of a non-existent 
universe.

As I have already suggested, Exxon's own R&D
philosophy dictates searching for a diversified 
mix of short- and long-range technological op-
tions. I have already alluded to our efforts to
boost the energy efficiency of our refineries--a
highly immediate and apparent need to manage-
ment. This need is apparent even though our
R&D in some areas may not pay out for years--for
example, in advanced separation systems that do
not employ normal heat distillation techniques.
Another of our major thrusts is in developing
more versatile technologies for converting crude
residuums to light transportation fuels. The need
stems from an evident shift of demand in that
direction and from the reduced quality of the
average crude oil today. Exxon has begun
deployment of an innovation in this area called
FLEXICOKING, a processing "garbage can" that
can convert virtually any heavy crude or resi-
duum into transportation fuels and fuel gas.

As industry moves down to lower quality
resources, there is synergism between such
"resid" conversion technologies and our efforts
to develop improved synthetics technologies.
With the exception of established synthetics
operations in South Africa and Canada, falling
crude prices and escalating project costs have

nipped the synthetic fuels industry in the bud.
Many synthetics technologies have turned out to
be far more expensive than anyone thought. So
price feedback has told us that we must use R&D
to bring capital and operating costs down through
developing synthetics technologies adaptable to
local conditions, resources, and markets. In the
process, as I suggested earlier, we will certainly
succeed in increasing their efficiency and so
reducing CO2 emissions. In the crucial conver-
sion step, many of today's synthetics technologies
operate at efficiences in the range of 60 percent.
By the year 2000 we see possibilities for stepping
up those efficiencies to nearly 80 percent. And
this is not a fundamental limit.

Exxon is working on a very wide variety of
synthetics options, including advanced shale
retorting and direct coal liquefaction; a catalytic
process for producing methane directly from
coal; the generation of CO and Hydrogen, or
synthesis gas, from coal, lignite, or remotely
located natural gas; and the conversion of synthe-
sis gas to fuels and chemicals. On the non-fossil
fuel side, Exxon has for many years been doing
R&D aimed at improving the fabrication of nuclear
fuel elements; and we have been one of several
companies in the race to produce cheaper solar
voltaic cells made from amorphous silicon.

These efforts suggest primarily the early
stages of the transition. For the later stages,
some interesting options are beginning to present
themselves. A prime difficulty with synthetics
resources is their high carbon content.
Chemically, that means low ratio of hydrogen to
carbon. While the ratio is about four to one in
natural gas and 1.8 in crude oil, it is only about
1.5 in oil sands bitumen or raw shale oil, and
less than one in coal. In simple terms, a result
is that producing these fuels means generating
larger amounts of CO2 than to produce comparable
fuels from petroleum. Synfuels require more
processing to manufacture and hence more pro-
cessing heat generated by burning part of the
resource.

Prompted by concerns about CO2 emissions,
among other things, some people have suggested a
hydrogen economy, a fuel cycle based on hydro-
gen generated from water not using heat
generated by fossil fuels. Perhaps there are
ways to generate cheap hydrogen which could then
feed directly into a synthetics process. One
possible method would be to use thermochemical
processes to split water, with advanced solar
collectors or nuclear reactors supplying the pro-
cess heat. The IIASA study notes that in manu-
facturing coal synthetics such a scheme would cut
CO2 emissions by one-fourth to one-third,
compared to the usual coal conversion tech-
nologies envisioned. If they could generate
hydrogen cheaply, such technologies would also
cut overall costs sharply. For example, in the
Exxon donor solvent coal liquefaction process,
hydrogen accounts for well over a third of the
total cost of producing coal liquids.
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Summary and Conclusion

To sum up, the world's best hope for inventing
an acceptable energy transition is one that favors
multiple technical approaches subject to correc-
tion—feedback from markets, societies, and poli-
tics, and scientific feedback about external costs
to health and the environment. This approach is
not easy, or comforting to the uninitiated, be-
cause there is no overall neat and understandable
plan. But prophecies leading to masterminded so-
lutions that commit a society unalterably to a
single course are likely to be dangerous and fu-
tile. A good sign is that, without any central
plan, the world economy has already adopted con-
servation technologies that are reducing the rate
of CO2 buildup.

In shaping strategies for energy research and
development, we must recognize that, generally,
societies will give primacy to economic growth,
to least-cost energy alternatives, and, in most
transportation uses, to liquid fuels. Fortunately,
these conditions give science and engineering a
lot of room to maneuver. It appears we still

have time to generate the wealth and knowledge
we will need to invent the transition to a stable
energy system.

I hope I do not appear too sanguine about the
collective wisdom of our species. History bears
ample testimony to the human capacity for
grievous folly, as well as achievement and
excellence. Clearly, there is vast opportunity
for conflict: For example, it is more than a
little disconcerting the the few maps showing the
likely effects of global warming seem to reveal
the two superpowers losing much of the rainfall,
with the rest of the world seemingly benefitting.
An acceptable future may require a degree of
international cooperation that has eluded our
grasp to date. An exception is of course science
itself and in particular climatology, which even by
the standards of science has been distinguished
by a remarkable degree of interdisciplinary and
international cooperation. As the world continues
to grapple with the profound issues posed by the
CO2 buildup, it could seek few better models of
international cooperation than what have already
achieved.

DAVID	5
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Document 13

1983 Mobil newsletter,

 Is Burning of Fossil Fuels Affecting World Climate?
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Mobil

N U M B E R  8 3 - 2

6 / 1 / 8 3

Status Report 
Environmental & 
Toxicology Issues

FueuSHEDSr 
M C3*L 0 ! L  c o r p o r a t io n
CNVnONMENTAL AFFAIRS A N D  TOXICOLOGY DEPARTMENT

ATMOSPHERIC GREENHOUSE EFFECT:
IS BURNING OF FOSSIL FUELS AFFECTING WORLD CLIMATE?

INTRODUCTION
In theory, increasing levels of carbon dioxide produced by burning 
fossil fuels could alter the world's climate by raising the earth's 
temperature. This warming might occur because carbon dioxide in the 
air acts like glass in a greenhouse--trapping the sun's heat at the 
earth's surface— heat that would normally escape back into space.
The "greenhouse" effect is an emerging environmental issue charac­
terized by considerable scientific uncertainty. But, some scien­
tists argue that plans to cope with the greenhouse effect need to be 
made soon, because of the extremely long lead time for any conceiv­
able corrective actions. Such plans could affect the energy 
industry by dictating what fuels could be marketed.
This report summarizes the background and status of the greenhouse 
effect, indicating possible impacts on Mobil operations.
DISCUSSION
Plants consume carbon dioxide during growth, and release it back to 
the atmosphere when they decay. There is a relationship between 
carbon dioxide in the air and carbonate salts in the oceans. Before 
1850, man had little influence on the carbon dioxide cycle. There 
appears to have been a balance between carbon dioxide in the air and 
carbon compounds in the land and seas.
However, since the industrial revolution human activities, such as 
fossil fuel combustion and forest clearing, may have altered the 
carbon cycle. The net effect of these activities could add carbon 
dioxide to the atmosphere more rapidly than it can be removed by 
oceans and plants. Since 1850, carbon dioxide in the air has 
increased about 18 percent--reaching a level today of 335 parts-per- 
million. The most reliable atmospheric carbon dioxide monitoring 
programs-- established in 1957--show an 8 percent increase in just227
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the past 25 years. Based on future world energy demand, many 
scientists believe that carbon dioxide levels could double within the next century.
The effects of such an increase are controversial. For example, 
using global climate theories, some scientists predict that a 
two-fold increase in atmospheric carbon dioxide could warm the 
earth's surface from 3° to 6°F. Temperature increases ot 12°-18°F are predicted at the poles. If these estimates are correct, melting 
of the arctic ice packs could occur, and sea levels could rise 15 to 20 feet, inundating many of the world's coastal cities.
This large temperature change could bring on drought which might 
drop crop yield in the major grain growing areas of the northern 
hemisphere. On the other hand, the change in climate in equatorial 
and northern countries, where growing conditions are presently poor, 
could improve agricultural productivity. If these projections are 
accurate, Third World countries would have little incentive to 
control carbon dioxide emissions by restraints on fossil fuel 
consumption.
The scenario described offers one view of potential long-range 
climate impacts of Increased carbon dioxide levels. But the 
climate response predicted by theory cannot yet be detected. 
Moreover, there are other plausible forecasts that suggest a com­
pletely different effect.
For example, some scientists say that more carbon dioxide will 
stimulate plant growth— partly offsetting projected warming trends. 
Still other scientists claim that more carbon dioxide will increase 
humidity and cloudiness, block incoming sun rays, and moderate the 
trend toward higher temperatures.
IMPACT ON INDUSTRY AND MOBIL OPERATIONS
The magnitude and timing of carbon dioxide-greenhouse effects could 
be closely tied to future energy consumption, with particular focus 
on coal and synfuels.
On an end-use energy equivalent basis, the production and combustion 
of coal and synfuels releases more carbon dioxide into the atmo­
sphere than does production and combustion of natural gas or oil. 
Compared to oil, coal contributes about 25% more carbon dioxide, 
shale syncrude contributes about 25% more, and direct coal synfuel 
liquids contribute about 70% more. On the other hand, production 
and combustion of natural gas contributes about 25% less carbon 
dioxide than oil.
The greenhouse effect will continue to receive attention by govern­
ment agencies charged with balancing energy and environmental 
policies. If the greenhouse effect should become an urgent national 
concern, restrictions on fossil fuel and land use might be estab­
lished. Such restrictions could require changes in supply and 
distribution of oil, coal, and gas. Increased forest preservation 
could also be required. 228
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Some people, perhaps realistically, believe society cannot react in 
time to prevent major climate changes. However, they suggest that 
society will adapt to the changes that will occur over a 100 year period.
MOBIL ACTIVITIES
Given the current lack of knowledge, additional research is needed 
and government programs to study this issue should be supported. 
Mobil's response should be to follow these research developments. 
Mobil participates in API sponsored research projects to improve 
climate models. Corporate Environmental Affairs and Mobil Research 
and Development Corporation monitor research activities in this 
area, and Mobil participation in Conservation ot Clean Air and 
Water-Europe keeps us informed of European thinking and approaches 
to this problem.
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Document 14

1988 confidential Shell report, 

The Greenhouse Effect

230



Report Series HSE 88-001 

CONFIDENTIAL 

THE GREENHOUSE EFFECT 

This document is confidential. Neither the whole nor any part of th is document may be disclosed to any third party without the prier written consent of 

Shell Internationale Petroleum Maatschappij B.V., The Hague , the Netherlands. 

The copyright of this document is vested in Shell Internationale Petroleum Maatschappij B.V., The Hague , the Netherlands. Ali rights reserved. Neither the who le nor any 

part of this document may be reproduced , stored in any retrieval system or transmitted in any form or by any means (electronic , mechanical , reprographie , recording or 

otherwise) without the prier written consent of the copyright owner. 

SHELL INTERNATIONALE PETROLEUM MAATSCHAPPIJ B.V., THE HAGUE 

Health, Safety and Environment Division (HSE) 
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Document 15

1989 New York Times article, 

Greenhouse effect: Shell Anticipates a Sea Change
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PART TWO
Denial and Deception
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CHAPTER FOUR

Pivot to Denial
1988—1996  

The year 1988 marked a turning point. In June 1988, James Hansen gave his historic testimony to Congress declaring 
that he and other scientists had detected a warming trend that could only be explained by human activities, 
primarily the burning of fossil fuels. With its core business in jeopardy, the oil industry began to construct a 
sprawling denial machine complete with massive advertising budgets, scientists for hire, and front groups to hammer 
home what they knew was not true, that climate science was too uncertain for the nation to act.

One of the first appearances of this change is a 1988 draft Exxon memo on The Greenhouse Effect, Document 16. 
The memo characterizes the climate models that the company’s own scientists had supported years earlier as 
unreliable and adds the word “potential” to the term “enhanced greenhouse effect.”
The memo stakes out Exxon’s leadership role in shaping API’s position on global 
warming, which would transform the association into a major force for climate 
denial. Perhaps most revealing, the presentation presents Exxon’s position clearly: 
to “emphasize the uncertainty in scientific conclusions regarding the potential 
enhanced greenhouse effect.” 

Front organizations were formed with ambitious advertising plans. The Information 
Council for the Environment (ICE) presented itself as a resource for those concerned 
about global warming. ICE was funded primarily by coal companies, including two 
held by Chevron and Occidental. Exxon also had significant coal holdings at that time. 
In 1991, ICE ran a series of ads, Document 17, which claimed there to be no proof that CO2 was the primary cause 
of global warming. The number one goal of the campaign was to “reposition global warming as theory (not fact)”, an 
objective that itself reveals that global warming had long been accepted as scientific fact.

A 1994 internal Shell report, Document 18, reviews the company’s new public position on climate science, 
which presents the conclusions of major scientif ic bodies along with unfounded suggestions of skepticism and 
uncertainty. The report highlights Shell’s participation in various climate organizations whose goals were to 
discourage climate policy interventions— a clear change from its report published just six years earlier, which 
urged action before it became too late.  

Another group, the Global Climate Coalition (GCC), became the largest industry voice in the public discussion 
around climate change. Exxon, Chevron, and API all played major roles. As described in their backgrounder, 
Document 19, the GCC argued that global warming was “part of natural warming trend” and discouraged 
climate action.  In 1995, the GCC prepared a primer on climate change intended for the general public. A draft, 
Document 20, included remarkably direct statements confirming the scientific basis for the greenhouse effect and 
the impact of human emission, noting that global warming is real and “cannot be denied”. But perhaps most revealing 
is a section that lists a series of “contrarian” arguments proposing alternate explanations for observed global warming. 
If just one could be shown to be valid, it would divert attention from efforts to control CO2 emissions. Yet one by one, 
the primer knocks down these alternative explanations. In the end, the document concludes: “The contrarian theories 
raise interesting questions …but they do not offer convincing arguments against the conventional model of greenhouse 
gas emission-induced climate change.” Not surprisingly, this section was removed from the final primer during a 1996 
meeting of the GCC’s Science and Technology Assessment Committee, Document 21.  

“The contrarian theories…
do not offer convincing 

arguments against  
the conventional model 

 of greenhouse gas 
emission-induced climate 

change”

Global Climate Coalition 
(Exxon, Chevron, API, et. al), 1995
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Document 16

1988 draft Exxon memo, The Greenhouse Effect
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Document 17

1991 collection of ICE marketing materials and strategy
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May'2, 1991 c -  

Bill Brier Edison Electric Institute 701 Pennsylvania Avenue N.W. Washington, DC 20004-2696 
Information Council for the Environment Test Market Ad Materials 
Enclosed are the newspaper and radio ads as they will be running in Fargo, Flagstaff, and Bowling Green when our test campaign begins on May 12. We are still in production on a Bob Balling radio ad title3 
c t z ~ " ; z = ~ i  r.exz KieErI  azc &e:X. s e x 2  ~ C L  y o ~ r  C C ; ~  vnez v.; re-eive it. 
Here8s a listing of what you811 find in this packet: 

- _. 

. -  . c -  _ _  . . 1' - y - --- . -: -. . 
_ _ . C  ___,_. c!c:e=?'' :a 36 7::. c-l-.. 13 =?>-A: z C:5?- . .  . - - Z Z  ? -  .* .-.. 5i- 

1- Five newspaper ads 2. Schedule of the radio spots and newspaper ads for each market 
3 ,  Four sixty-second radio commercials (on tape), two scripts 
4. Public Relations tour schedule* 5. Copy of letters that respondents requesting information will receive 

*Schedule includes Fargo and Flagstaff- schedule with Dr. Pat Michaels will be completed next week. Bowling Green 

The advertising will begin with full-page newspaper ads in each of the markets on May 12, Three full-page, two-color newspaper ads will run each of the four weeks of this campaign. 

. The campaign will conclude on Sunday, June 9. 

The cassette tape contains the four radio ads that will run in Flagstaff. The first two weeks of the schedule will feature the Dr. Bob Balling commercials exclusively. The final two weeks of the radio campaign will be an equal rotation of D r .  Balling and Bruce Williams: 
The commercial rotations in Fargo and Bawling Green will differ. scripts of the Rush Limbaugh commercials apply only to Fargo. commercials will air in only the Rush Limbaugh radio program (11 AM to 1 PM, Monday through Friday-) In Fargo, Bruce Williams commercials will also run i n  only his Monday through Friday, 6 PM to 9 PM program. Dr. Balling commercials will air in all other Fargo radio schedules. Ws will send you the tape of the Rush Limbaugh radio commercials next week. 
In Bowling Green, we will rotate three Dr. Balling commercials 'for the entire length of the radio schedule. The *'Kentucky Colder" commercial will receive increased scheduling during the first two weeks of the ~ 

campaign. adult 25-54 target audience approximately 19 times in the four weeks of this campaign, schedule . 

The These 

The radio schedule will reach approximately 85% of our 
This is a four-week, 1,600 gross rating point radio 307
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B i l l  Brier May 2, 1991 Page 2 
c 

The combined newspaper and radio reach is estimated to be 97% of our adult 25-54 target audience, with a combined frequency of 35. 
We will begin follow-up research on Saturday, June 15, to determine the results of this campaign, of our sponsors by August 5 ,  1991, Those results will be reported to all 

%?e appreciate all Don't hesitate to 

Fred Lukens 

the help you've provided to make this test possible. call me if we can be of further assistance. 

cc: Gale );lappa 
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I N F O R M E D  C I T I Z E N S  F O R  T H E  E N V I R O N M E N T  

Mission 

The mission of the Informed Citizens lor the Environment 
is to develop an eflective national communications program- 

to help ensure that action by the Administration and/or Congress 
on the issue ofglobal warming 
is based on scientific evidence. 

1 
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Strategies 

1. Reposition global warming as theory (not fact). 

2. Target print and radio media for maximum effectiveness. 

3: Achieve broad participation across the entire electric utilir)' 
industry. 

4. Start small, start well, and build on early successes. 

5 .  .Get the test concepts developed and implemented as soon as 
possible. 

6. "Test market" execution in early 1991. 

7. Build national involvement as soon as "test market" results are 
in hand - summer 1991. 

8. Go national in the late fall of 1991 with a media program. 

9. Use a spokesman from the scientific community. 
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, -  Our Plan 

1. Build S U ~ ~ O K  for the concept of the ICE strategy among our  
neighbors. 

2. Match Southern Company's commitment by having four or 
five of our neighbors join us in raising 6125,000 by January 31, 
1991. 

3. Raise total commitments of $525,000 by January 31, 1991 to 
allow the test market project to proceed on schedule. 
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This report summarizes results of a benchmark survey of public awareness and 
opinion on issues related to global warming conducted in Chattanooga, 
Tennessee, Fargo, North Dakota, and Flagstaff, Arizona. 

~ 

r -  

Methodology 

The survey is based on a total of 1500 interviews, 500 in each of the three aties 
included in the sample. All interviews were conducted by telephone between 
February 13 and February 22,1991. Other important points include the 
following. .- 

a For ezch sample of 500 the mar of error is + / 4 4  rentage 
points at the midpoint of the 9Srconfidenc-x in t e rv r  

All interviews were conducted by trained, rofessional 
interviewers under the supervision of the &bridge Reports 
Field Department; 

After the interviewing w s  completed, a 10% sample of the 
interviews was independently validated to ensure that proper 
interviewing techniques were followed; 

All interviews were retuned to Cambridge Reports for coding and data processing. 

Objectives 

The survey and analysis were mnducted to identify the following: 

Cunent awareness of and M t y  with the global 
warmingissue; 

Recent exposure to infomation concerning gIobaI warming, 
including the types of media and sources in which the 
information appeared; 

Responses to various messages concerning global warming 

Assessments of the crediiii of various spokejpersons and 

Ke audiences and media for messages concerning 

groups on topics related to g r obal warming 

glo % aiwanning. 
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ICE: Benchmark -3 

technjcd SOUTCS also favor choosing the title "Information C m d l  on the 
Environment" as the title for ICE, since this organization is perceived as a 
technical source, while "Informed Citizens for the Environment" carries both 
technical and activist connotations. 

As a general strategy, we recommend that ICE concentrate on comparing 
possible solutions to the global warming problem, focusing in particular on the 
proper role of government, the need for research, and the costliness of 
inappropriate or premature legislation. The audience for these messages neecis 
to see its personal stake in the issue if they are to become actively engaged and 
committed. 

.L 

r -  

More spedfically, the results of this study point toward two possible target 
audiences. One possible target audience includes those who are most receptive 
to messages describing the motivations and vested interests of people currently 
making pronouncements on global warming-for example, the statement that 
some members of the media scare the public about global warming to inmease 
their audience and their influence. People who respond most favorably to such 
statements are older, lesssducated males from larger households, who are not 
typically active infonnation+eekers, and are not likely to be "green" consumers. 
Members of this group are skeptid about global warming, prdisposed to favor 
the ICE agenda, and likely to be even more supportive of that agenda fbUowin,o 
exposure to new infoxmation. They are not, however, accustomed to taking 
political action They are good targets for radio advertisements. 

Another possible target segment is younger, lower-income women. These 
women are more receptive than other audience segments to factual information 
concerning the evidence for global warming. They are likely to be "green" 
c o m e r s ,  to believe the earth is warming, and to think the problem- is serious. 
However, they are also likely to soften their support for federal legislation after 
hearing new information on global warming. These women are good targets for 
magazine advertisements. 

A campaign strategy reaching out to these target groups can help to change 
attitudes where change is most likely to occur, and also to strengthen support 
among favorable members of the public. 
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Overall, a plurali of respondents choose the most conservative 

total sample (three aties combined) say the government should 
finance more research, while 30% support passage of legislation, 
and 24% would pass some laws but avoid costly programs. 

role for the feder 3 government. Over onethird (36%) of the 

Similar to responses on other measures, Ragstaff residents r -  

(39%) =e more likely than residents of Chattanooga or Fargo 
(25% each) to back federal legislation without any qualification 
concerning cost. 

Spedfic responses to an open-ended question indicate that depletion of the ozone 
layer dominates topof-mind mncems about global warming. - 

Asked to d e s a i i  global warming in their own words, just over 
onequarter of all r 
temperature caused by pollution. 
Only 6% of all respondents name the greenhouse effect when 
asked to describe what global wanning means to them. 

ndents ate destruction of the ozone 
layer, followed dose "p" y by changes in the weather and rises in 

Audience profile 

In addition to perceptual and attitudinal measures, we also asked respondents 
about certain behaviors which might make them more or less receptive to 
information on global warming, and may also indicate the likelihood that they 
might take action on global warming issues. These behavioral measures are 
included frequently in the anaIyses &&sed in this report, and include political 
activism, environmental activism, and likelihood of infonnation-seeking. 

Looking at results for one measure of litical activism, just 
under onquarter (24%) of all respon g. ents either contacted an 
eleaed offiaal, wrote to an editor, or worked for a political 
candidate during the last ear. Political activism is more common in Flagstaff (31% I; than in either Chattanooga (22%) or Fargo (18%). 

Overall, 36% of all respondents have contri'buted to or been 
active in an environmental cause during the past year, and 22% 
identify strongly with the label "environmentalist" Combining 
these two measures, we find that 13% of all respondents in this 
suntey meet the Cambridge Rep* definition for "green" 
consumers-very dose to our most recent national figure of 12% 
(March 1991). 
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ICE Bzndunuk  -7- 

Finzlly, the two statements referring directly to scientists say that saentists don't 
know whether carbon dioxide is causing global warming, and that some of the 
saentists predicting global warming said twenty years agc that the earth was 
getting colder. ... 

On average, respondents are as like1 to agree with statements 
about motivations behind public &mation on global 
warming as they are to agree with statements about the 
evidence for global warming. 

On average, respondents are less likely to agree with statements 
about scientists and their theories than the are to agree with 
statements about motivations for ublic lnff onnation or 
statements about evidence for glo i al warming. 

Respondents are most likely to agree with the statement that 
recent satellite data shows the earth is getting warmer. 

Percentages .of "don't know" responses reveal that memkrs of 
the public feel more comfortable expressing opinions on others' 
motwations and tactics than they do expressin opinions on 

opinions on evidence, and still fewer are willing to pass 
judgment on scientists. 

saentific issues. Nearly all respondents rovi 3 e ratings for 
statements on motivations, whde somew K at fewer express 

To explore these three types of maages  furtha, we calculated an index for each 
set of statements (motivation, evidence, and saentists), based on results of the 
factor analysis. We then divided the sample into low, medium, and high 
agreement with each index, or set of items, to identify groiips most likely to 
agree or disagree with each type of message.. 

. 

A plurality of Chattanooga residents agrees strongly With 
rnotixitional statements saying that some groups scare the public about obal warming to promote their own economic 
mterests, w h t  e Flagstaff residents are most likely to disagree with these statements, and Fargo residents most often tkke a 
moderate position. 
Based on results for the evidence index, Fargo residents are 
least likely to agree that cunent evidence supports global 
warming, while Flagstaff residents are more hkel to accept the 

low, moderate, and hgh a eement, although they are more evidence. Chattanooga residents are closely &vi B ed between 
likely than others to g v e  " !Y on't know" responses. - 
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.. ICE G e x 5 n a r k  -9- 

A factor analysis perfonned on the fourteen aedibility ratings indicates that 
respondents group information sources into four types: industry spokespersons 
(local elean'c company, coal industry, Electric Wormation Council, and Paul 
Harvey); activ&t spokespersons (Ralph Nader, Sierra Club, Carl Sagan, 
Informed Citizens for the Fnvironment); technical spokespersons (Infomdtion 
Council for the Environment, federal environmental offidals, environmental 
saentist, Informed Citizens for the Environment); and individual spokespeaom 
(Bruce Williams, Steven Schneider, Rush Limbaugh). (The second title for ICE- 
Informed Citizens for the Environment-is perceived as combining attributes of 
activist and technical sources, and is treated as a member of both groups in the 

* 

analysis.) 

Technical x)urces receiv2 the highest overall credibility ratings, 
followed dosely by activist sources. 

Industry sources and individd s kespersons receive lower 
overall credibility ratings t h n  ei 3p er activist or technical 

. SouTCes. 

Results also indude extreme variations in recognition among the different 
information sources in the list In fact, combining responses for those who have 
not heard of a source, do not h o w  the source's uedibility on global warming, or 
cannot rate the source as aedi5le or not credible, the percentage not rating 
individual sources ranges from 13% (local electric company) to 92% (Steven 
Scheider). 

Industry sources are rated by more respondents than other 
types of s0Ums8 with the loisal d&c*company receiving the most ratings, and Paul Harvey second . _  

Individual spokespersons (Bruce Williams, Steven Scheider, Rush Limbaugh) have lower overall recognition than other 
%respondents. 

In general, recognition for activist and technical sources falls in . between recognrtion for industry sources and recognition for individual spokespersons. 

of sources, receiving ratings from an average of only 15% 

- 
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ICE Benchmark -11- 

0 nose who a12 most like1 to find activists credible. t i d l y  are 

seek further information on the topic They believe the earth is 

throdgh federal legislation. Demographicall , the are most 
likely to be male, between 36 and 45 years orage, &om higher 
education and income groups, or to be "green" consumers. 

Technical soufces receive hi hest credibility ratihgs from 

this oup are not familiar with glo al warming, althou h they 
are 1 ely to seek further infomation, and the are goo targets 
for television advertising. They believe in glo al warming and support immediate federal legslation. They tend to rate global 
wanning as a serious problem, and to rate it as even more 
serious after exposure to information on the topic 

already familiar with glo b d W m g  issues, and are YP ikely to 

warming, rate the problem as serious, and support action L 

, . 

y o n  er females (espeaally k ose from 18 to 25 years of age) 
with P ower incomes and some colle e education. Members of 

B E E: 
Attitude change 

As we reported earlier in this report, majorities of respondents see global 
warming as a problem which is at least somewhat serious, while a plurality 
endorse a limited role for the federal government in dealing with the problem. 
To identify zudience members who are most likely to undergo attitude change in 
responqe to new information, we repeated these two items late in the interview, 
after respondents had heard the series of statements concerning global warming. 

Comparing results on these key attitude measures, we find that exposure to 
information about global warming, regardless of its slant, leads to increases in 
perceived seriousness of global Warming as a problem-most of those who 
"switch" attitudes on seriousness of global warming rate the problem as more 
serious after hearing the statements in the intenriew. However, the same ~ 

messages lead to attitude change in both directions on the proper role for the 
federal government in dealing with global warming-respondents are just as 
likely to switch to less extreme positions (advocating further research) as they are 
to switch to more extreme positions (advocating legislation). In general, 
Chattanooga residents are more likely to change their positions than are 
residents of either Fargo or Flagstaff. 

- 

Overall, nearly two in ten respondents (19%) rate global 
wanning as more serious after hearing the statements in the 
intemiew. Notably, Chattanooga residents (24%) are most 
iikel to switch to a more serious rating, compared with Fargo 

. ( 1 9 4  or Hagstaff (14%). 

I 
I 
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ICE Benchnuk -13- 

Similarly, we looked at assodations between attitude change during the 
interview and the ~VJXS of messages with which respondents tend to agree. 

L 

Across the board, perceived seriousness of global warming 
inaeases with exposure to the statements in the interview. 

The same respondents who express skeptidsm on global 
warming issues nevertheless tend to rate the problem as more serious after hearing the statements in the interview. 

Respondents who are most dubious about scientists are likely to 
chan e toward supporting research, and away from supportrng 

Those who agree that some SOWC~S scare the public for their 
own ends are more likely to switch toward support of research, 
and away from support of legisla tion. 

Those who agree most stron ly that the evidence supports 
global warnurig are neverthe ess more likely to switch toward su port of research, and less likely to increase their support for 
fe B eral legislation on global warming. 

c .  

legis B afioh 

Key media 

As noted above, three in ten respondents (31%) have heard or seen something 
about global warming during the last 30 days. To identify existing sources for 
awareness of global warming, we asked this group to identify the medium that 
canied the information, as well as whether they saw a news story, a paid 
advertisement, or both 

The most common medium for information on global warming 
is television. Nearly half of Chattanooga residents r e d i n g  
recent information on global warming name television as a 
source, compared with fewer than four in e n  in Fargo and 
Flagstaff. 

Residents of the three aties are equall like1 to have heard 
something about global warming on X J  e ra ‘0, or to have read something about global warming in a magazine or newspaper. 

of those recalling recent information on 
they saw or heard a news story, while one 

advertisement and a news story. 
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ICE Senchmark -1 5- 

Respondents who switch to a less senous rating of global 
w m i n  are more likely to have received their own infomation from ratfio or newspapers, compared with those who switch to 
a more serious rating. 

* 
Respondents who switch horn favonn legislative solutions 

c .  

toward favoring research funding are s 5 ightly less likely to have 
gotten information on global warming from television, 
compared with those who switch toward favoring legislation. 

Respondents who switch positions either way-toward research, 
or toward legislation-are unlikely to have gotten infomation on global warming from radio. 

Those who switch toward research are more likely to receive 
infomation on global warmin from magazines, compared 

Respondents who switch toward favoring research and 
respondentr who switch toward favorin le 'slation are equally 
likely to have received information on g k ?  oba warming from 
newspapers. 

with those who switch toward 7 egislative solutions. 

Conclusion: communication strategies 

The results reviewed above suppoft a series of condusions concerning the types 
of sources and messages to which audiences are likely to respond most 
favorably. 

. 

Technical and expert sources have the highest credibility among 
a broad range of members of the public 

The Information Council for the Environment can be seen as an 
. .  .expert technicalsource. 

. .  
Moderate uediiility of rt or industry sources is assodated . 
with a shift toward the Izagenda. 

Therefore, an "approachable" technical expert can present a good case for a mst- 
effective solution that meets the joint economic and environmental interests of 
.consumers a d  industry. 
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DATES: February, 1992 - August, 1991 
, -  

OBJECTNES: 1) Demonstrate that a consumer-based media 
awareness program can positively change the 
opinions of a selected population regarding 
the validity of global warming. 

2) Begin to develop a message and strategy for 
shaping public opinion on a national scale. 

3) Lay the s o l i d  groundwork for a unified 
national electric industry voice on g l o b a l  
warming. 

PROGRAM 
STRATEGIES: 1) Select test markets that meet the following criteria: 

a) market derives majority of electricity from, 
coal 

b) market is home to a member of the House 
Energy & Commerce Committee or House Ways & 
Means Committee 

c) market is smaller than #SO, which 
translates into lower media costs 

Determine most advantageous population, within 
specific markets, to base media awareness 
program. 

Pre-test opinions of selected population 
regarding global warming. \ 

Focus Group test I . C . E .  name and creative 
concepts. 

Proceed with media awareness program, 
utilizing radio/newspaper advertising and a 
public relations campaign. 

Post-test opinions of selected population 
regarding global warming. ~ 

Program evaluation. 

If successful, implement program nationwide. 
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RESEARCH 
STRATEGY: 

PUBLIC 
RELATIONS 
STRATEGY: 

CREATNE 
STRATEGY: 

MEDIA 
STRATEGY: 

FUNDING: 

Determine most advantageous population, both 
attitudinal ly and demographicall y. 
general level of understanding and measure degree 
of opinion shifts. 

Ascertain 

c 

The public relations campaign will involve' the 
research, writing and preparation of background 
materials for use with the media. A minimum of 
eight discussion points will be communicated to 
the media, 

The radio creative will directly attack the 
proponents of global warming by relating 
irrefutable evidence to the contrary, delivered 
by a believable spokesperson in the radio 
broadcast industry. 

The print creative will attack proponents through 
corn arison of global warming to historical or 

w i l l  invite the listener/reader to call or write 
for further information, thus creating a data . 
base , 

myt f: ical instances of gloom and doom. Each ad 

A radio/newspaper execution is recommended for 
the following reasons: 

a) believability 

b) ability to use high frequency (radio) and 

c) cost effectiveness 

d )  production flexibility 

detailed copy (newspaper) 

For the test markets, splitting costs evenly 
among five participating utilities is recom- 
mended. 
national basis, it mi ht be better to determine 
proportionate shares g ased on coal-produced kWh. 
The test market funds will be collected as  
follows : 

First 1/3 of commitment 2/1/91 
Second 1/3 of commitment 3/1/91 
Remainder of commitment 4 / 1 / 9 1  

If the program is implemented on a 

323



TIMELINE: Pre-test Research (4 weeks) 2/11/91 - 3/10/91 
(3 weeks) 
Focus Croup Test ( 4  weeks) 4/1/91 - 4/28/91 

L (2 weeks) 
Media Awareness Program ( Iwks)  5/13/91 - 0 -  6/9/91 

BUDGET: 

(3 weeks) 
Post-test Research (3 weeks) 7/1/91 - 7/21/91 
(2 weeks) 

Final Presentation 

$510,000 (three markets) 

8/5/91 

n 
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F a r g o ,  North Dakota 
T e s t  Market 

Byron Dorgan/House Ways Si Means Committee 

r -  MEDIA (1200 GRPs/8 full-page ads) 

$ 47,000 

PUBLIC E L A T I O N S  

$ 2 4 , 0 0 0  

RESEARCH (500 interviews in each of t w o  surveys/Focus Group) 

$ 43 ,000  

PRODUCTION (Radio/Newspapr/Phone Number/Brochure/Postage) 

$ 54,000 

TOZ'AL. . . . . . . . . . . . . . . . . . . . . . $168,000 
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P o t e n t i a l  Program Names 

* 

Xnformed C i t i z ens  for t h e  Environment 

In format ion  Council -for t h e  Environment c .  

I n t e l l i g e n t  Concern for t h e  Environment 

Informed Choices f o r  t h e  Environment 
. 
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.. 

$fl-:wJx/ y /  c;. AJ4 P* 

i,L& 
FEDERALEXPRESS . !; 5- :I .! 7 

Arizona Public SeMce Gompany 
400 North 5th Street 
Phoenix, AZ 85004 .- 

Ar t prcrised, att.tzh~s’ is i&izZix oa the newspaper and radio ads that will 
begin appearing in three test markets including Flagstaff on May 12. You should 
also note that the campaign includes public relations activities involving the Arizona 
Dailv Sun,  KNAZ-lV and KNAU-AM on May 20. 

Of perhaps greater interest is the pre-test telephone interviews with 500 adults in 
Flagstaff (the results are also attached). The data indicates that: 

. 89% say that they have heard of global warming 

. 82% claim some familiarity with global warming 

. 80% claim the problem is somewhat serious while 45% claim it is very 
serious 

. 39% back federal legislation without any qualification of cost 

. 22% consider themselves “green” consumers 

With this high level of awareness and concern in Flagstaff it will be interesting to 
see how the science approach sells. My concern is that the absence in the 
messages of reasonable approaches to solving the problems of global warming 
may reduce their effectiveness. 

i 

In any case the research results should be useful in providing data that will allow 
the industry to fine tune its messages. Hopefully we’can share this information, 
in a meaningful way, with members of your policy committee at an appropriate 
time. 
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INFORMATION COUNCIL FOR THE ENVIRONMENT 

F l a g s t a f f  

1. 
2. 3. 
4.  
5 .  
6 .  
7 .  

9 .  10. 11. 

a. 

_. . 

F r o s t  l i n e  
How much (?) 
F r o s t  l i n e  
How much (?) 
Mpls colder 
S e r i o u s  problem 
M p l s  colder 
How much (?) 
F r o s t l i n e  
S e r i o u s  problem Mpls colder 

. C  . . - -  - .  . -.- - _ _  .- i .'.! 

c NEWSPAPER ROTATION 

Fargo 

Mpls co lde r  
F r o s t  l i n e  
Mpls co lde r  
Frost l i n e  
M p l s  colder 
Serious problem 
How much (money bag) 
Serious problem 
How much (money bag) 
Ser ious  problem How much (money be?) 
c. -.e . .  - - *  -:--. c -- - - -;j 2- b d A  e--. 

Bowling Gre'en 

Kent. c o l d e r  
Kent. c o l d e r  
F r o s t  l i n e  
Kent. c o l d e r  
F r o s t  l i n e  
Se r ious  problem 
.Frost  l i n e  
How much 
Se r ious  problem 
How much 
S € r Z ? Y S  FrObleX 

.. . . .-- 
4.b. .  --*_- 

RADIO PLACEMENT 
F l a g s t a f  f Fargo Bowling Green 

D r .  B a l l i n g  #1 Dr .  Ba l l ing  #l D r .  Ba l l i ng  #l 
D r .  B a l l i n q  #2 D r .  Ba l l ing  112 D r .  Ba l l i ng  #2 
B r u c e  W i l l i a m s  #1 Rush Limbaugh 41 D r .  Ba l l i ng  1 3  
B r u c e  W i l l i a m s  # 2  Rush Limbaugh #2 

Bruce Williams #1 
Bruce  W i l l i a m s  #2 
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FARGO MARKET 

9 
KVOX FM 6x  
WDAY FM 5x 
KLTA FM 7x  
KOWB FM 3 x  
KOWB AM 3x  
WOAY AN 4x 

16 
KVOX FM Sx 
W A Y  FM 4x  
KLTA FM Sx 
KOWB FM 3x 
KOWB AN 3x  
WOAY AN 4x  

23 
P 
KVOX FM 4x 
W A Y  fH 3 x  
KLTA FM SX 
KOWS FH 3x  
KOWS AN 3 x  
WDAY An 4x 

[ May 1991 J 

10 
Forum: Pick-uc 
MinneaDolis 
KVOX FM 6 x  
WDAY FM Sx 
KLTA Fn 6 x  
KOWB FM 3x 
KOWB AM 3 x  
WDAY AM 4 x  

17 
KVOX FM Sx 
WDAY F n 4 x  
KLTA FM 5 x  
KOWE FM 3x 
KOWB An 3 x  
WDAY AM 4 x  

2r 
Forum: How 
Much 
KVOX FM 4 x  
WDAY FM 3 x  
KLTA FM 6 x  
KOWB FrI 3 x  
KOwB An 3 x  
WOAY An 4 x  

Sunday 1 Monday 

KVOX FM 5 x  
WDAY FM 4x 
KLTA FM 6x  
KOWB FM 3x  
KOWB AN 3 x  
WDAY AN 4x  

I 

2 (  

5 

r 
KVOX FM 4x  
W A Y  FM 3 x  
KLTA FM Sx 
KOWB FM 3x 
KOWB AM 3x 
WDAY AM 4x 

orum: 
linneapol is 

1 2  

v 
KVOX FM 6 x  
WDAY FM Sx 
KLTA FN 7 x  
KOWBFM 3 x  - 
KOWB AM 3 x  
WDAY An 4x  

Forum: Pick-u 
How Huch 

Forum: Frost 
KVOX FM 6x  
WDAY FM 5x  
KLTAFM 7x 
KOWB FM 3% 
KOWB AM 3x 
WDAY AM 4x 

6 

- 
KVOX FM Sx 
WDAY FM 4x  
KLTAFM6x . 
KOWB FPI 3x  
KOWB An 3x  
WDAY AM 4 x  

KVOX FM 6 x  
WDAY FM 5x  
KLTA FM 7 x  
KOWB FM 3x  
KOW8 AN 3 x  
W A Y  AN 4x 

13  
Forum: 
MlnneaDolts 
KVOXFR Sx 
WAY Fm 4~ 
KLTA FM 5x 
KOWB FM 3x 
KOWB AH 3x 
WOAY AH 4x 

Tuesaav 1 Wednesday 

7 a 

141 1 5  

I 

21 
P 

KVOX FM 4x  
WDAY FM 3 x  
KLTA Frl 5 x .  
KOWB FM 3x  
KOWB AM 3x 
WOAY AN 4x  

I 

2: 
FOfum: Pick-1 
Serious 
Problem 
KVOX FM 4x  
WDAY FM 3x 
KLTA FM 5x  
KOWB FM 3x 
KOWB AH 3x  
WOAY AH 4x 

Saturazy 

4 

1 1  - 

orcrm: Seriou! 
roblem 

25 
. _  . 

. .  . .. . 
. .  
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PUBLIC RELATIONS TOUR 

2:OO p.m. 

4:OO p.m. 

5 0 0  p.m. 

t 

WEDNESDAY, MAY 15,1991 

Tape appearance on Kx4 News 
Conference on KXJB-TV. Program is 
hosted by Kathy Coyle and airs on 
Sundays. 
Appear on KTHI-TVs On The Line 
hosted by Steve Poitras. Half-hour 
program. 

Meeting with editorial staff at 
WAY-TV. Tape interview for 
evening news. 
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Who told 
vou the earthwas 

. - l  wamnge . 
Chicken Little? ,.re c 

+-.- I 
! 
i 

.- .. 
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T h e  twentieth century has seen 
many predictions of global 
destruction. In the 1930's, some 
dentists claimed we were in the 
middle of a disastrous warming 
trend. In the mid 1970's, others 
were sure we were entering a 
new Ice Age. And so on. 
It's the same with elobal warm- 

If you care about the envimn- 
ment, but don't care to be 
pressured into spending money 
on roblems that don't exist, 
m aK e sure you get the faas. 

predict far-future global change. 
And the underlying physics of 
the climatic change are still wide open to debate. 

. 3 P. . ing. There's no h a  evidence it B Write: Lnfomed 
OMlrring. In fads evidence the 
Earth is warming is weak. Proof 
that -bon dioxide has been the 
primary cause is nonexistent. 
Climate models cannot accurately 

for the 
Environment, EO. Box 1513, Grand Forks, North Dakota 58206 or call 
(701) 7-573. Well send you the 
facts about global warming. hrlormcd aizen$ 

hOrchctnvironmml 
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Client: 

Subject : Rush Limbaugh/2 

Media: Rush Limbaugh Show Length: 60 

Contact: T, Helland/K, Olsen 

Information Council for the Environment - COPY 
n 

Simmons advertising; inc. 
125 3outh 4th street I P.O. box 1457 

Qrand forks. north dakota 58208 
(701) 746-4573 /fax: (701) 74-7 

GUBAL WARMING. I WO'J YOU'VE BEEN SEEING MORE AND MORE STORIES ABOUT THE 

GLOBAL K!?-YISS "23OP.Y. S T O R I E S  THXT PX?T h ROF3EL3:  PICTUF!!, STORES THAT SAY 

DON'T J I B E  WITH THE THEORY THAT CATASTROPHIC GWBAL WARMING IS TAKING ?LACE, 
TRY THIS FACT ON FOR SIZE, MINIWZOLIS HAS ACTUALLY GOlTEN COLDER. SO HAS 
AL&UT, NEW YORK. 'AND TfIE DEPARTMENT OF AGRICULTURE SAYS THAT ON EOTH COASTS OF 
!l"HIS COUNTRY, WINTEX TPIPERXTURES AR€ FIVE TO TEN DEGREES COOLER T" PREVIOUSLY 
REPORTED. SO FOLKS, GRAB HOLD OF YOURSELVES AND GET THE WHOLE STORY BEFORE YOU 

M A E  UP YOUR MIND. RIGHT NOW, YOU CAN GET A FREE PACKET OF EASY-TO-UNDERSTAND 

MATERIAL ABOUT GLOBAL WARMING, JUST CALL THIS NUKf3ER: 1-800-346-6269 EXTENSION 
1505, 

FREE MA'IERIALS THEY SEND YOU, Y O U ' U  HAVE A BETIER PICTURE OF WHAT THE FACTS ARE 

TEAT'S THE PCFORMATION COUNCIL 'FOR THE ENVIRONMENT. AFIER YOU READ TIE 

AIL ABOUT. THAT'S 1-800-346-6269 EXTENSION 505. CALL TODAY, BECAUSE THE BEST 
ENYlR0"TAL POLICY IS BASED ON FACT. 
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Information 
Council 
for the Environment 

May IS, 1991 

title) 

address 

c 

?hank you for requesting more information about global climate 
change. I've been asked to respond to your request as a member of the Information Council for the Environment's Science Advisory Panel. 

I'll 've you some background on my credentials. I am a professor at 
the T J  niversity of Virginia. My area of expertise is environmental 
sciences. I ani ai30 one of many scientisls who beZieve the vision of 
catastrop?iic lobal warming is dirtorid I have enclosed a cop of a 
letter and a &Met . -  to help yo9 better usc'en:?aC K?: u'e ?x$c:.P we . . L ... - 7: 5;: LE 1.=5:.-,. 

The enclosed letter, which was sent to President Bush in February, was 
co-written by Dr. Robert Balling of Arizona State University and 
myselt As you'll note, we urge the President not to support expensive 
legislation. 

I'm w e  you'll agree afrer you m*ew the infomation Ibe m b s &  global 
warnzing is an issue we are still learning about. In fact, just two months 
ago, a panel of scientists who advise the United Nations suggested a 10- 
year research effort to answer the many uncertainties about global 
warming. To quote the article, "A 10- ear delay in taking action to curb 
warming predicted by the end of the next century..." 
But there's more to this issue. f ight  now, fhere are costly proposak in 

intended purpose 1s to reduce carbon dioxide emissions an T global 
Congras--including one tlaai would impose a new tax on en 

warming. 

What canyou do? 

global warming would mean little fu nsI er increase in the level of 

1. Make sure you're informed. Your request for this infomation-is a 
good first step. 

2. If you'd like to know more, return the enclosed postcard and we'll 
send you more information on global climate change. 

Tbank you for caring enough to send for this information. 

- .  

Dr. Patrick Michaels 336
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Infomiation May 15,1991 
c 

Thank you for requesting additional information on global climate 
change. 

The science ofglobal climate damge is very compler. We are stil 
I e ~ d n r  FoU many of :'no connr?--~l!: cf c'x E : ~ P . T ~ P Y  :zx :zz uix e - - -  x:.::. \ ; e  L L ~  13. :. 
warmer; ve etztion thrived, an0 uere was more carbon dioxide in 
last ice age, carbon dioxide levels were lower than they are now. 

. .  
ZLTS 2g2 1Le z+L:-:. 

the atmosp % ere than there is now. We also know that during the 

We believe it is wrong to predict that higher b e l s  ofcarbon dioxide 
wiII bring a catnstrophic global wambg. 

The Information Council for the Environment was created to help 
foster better ublic understanding of global warming and to ensure 

evidence. 
that any legis Y ation passed by Congress is based on scientific 

The environment must be protected. We want a clean 
environment and we want a green Earth. We aho believe we murt 
conduct more scien!ij7c reseatch before we cun accurdety undmand 
the complex forces ofglobat dimate change. 
Change often begins with one rson You can make a difference by sharing what you've learne r with others. 

Thank you for caring enough to request this additional 
information. 

kienrc- iriF Pmel: 
DR. ROREET C B.W.IKG,.lR. 
Director O f L t  of Uiniatolcigy 
~r i7on3  9::s t'nh rrsity 
Temp. .U 

PO. Box 414998 I Kansas Ciiy, h10 64141-499s I 1-800-346-6269 $-! 
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Information 
Council 
for the Environment 

X X 
X 
Thank you for  reques t ing  a d d i t i o n a l  information on 
.global climate change. 

The sc i ence  pf l o b a l  climate chan e is ve 
complex. W e  are sti 1 learnih&mGy*the 
components of ou r  atmosphere i n t e r a c t  with each 
other. W e  do know t h a t  y e a r s  ago t h e  Ea r th  was 
;.z--c -. - : -- C‘- -:-..: : -*.2 ..% - --- - ,cc ---2.. - _.. - - - . . _ .  . => T,>Tf 
c ~ r L x  ciloxide 12 z . ; ~  c=z  :- : . . . - . .~ i  -2n. =:i~=e is 
now. W e  a l s o  know c n a t  during t h e  l a s t  ice age, 
carbon d ioxide  l e v e l s  w e r e  lower t h a n  they  are 
now. 

e_? - 

- .  -. , 

W e  believe 
E v e l s  ot 
global warminq. 
The Information Council f o r  t h e  Environment was 
c r e a t e d  t o  he lp  f o s t e r  better public understanding 
of qlobal warming and t o  ensure  t h a t  any 
l eg i s l a t ion  passed by Congress is based on 
s c i e n t i f i c  evidence. 

The environment L u s t  be protected. 
c l e a n  environment and w e  want a ureen  Earth. W e  

W e  want a 

Change o f t e n  begins  w i t h  one person. 
a d i f f e r e n c e  by shar ing  what yoh’ve learned  w i t h  
o thers  . 
addi t iona l  information. 

You can make 

-Thank you for  c a r i n 7  enough t o  request this 

Board Members: 
Presiden! 
G.uI Kl4PP.4 
The Sourhr.9 Company 
Athnu.  G.4 

Vice Presidcni 
FREDRICK E) P.4UlER 
Uesrern fut!s -4ssociaiion 
Puhingtoa. D.C 
Sccrctm-Trcz~u ref 

D r .  P a t r i c k  Michaels 
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September  2019Prepared by the Center for Climate Integrity

Document 18

1994 Shell report, 

The Enhanced Greenhouse Effect: A review of the scientific 

aspects
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September  2019Prepared by the Center for Climate Integrity

Document 19

1996 Global Climate Coalition overview backgrounder
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1995 draft Global Climate Coalition primer, 

Predicating Future Climate Change: A Primer
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1996 GCC meeting notes, including review of draft primer 
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CHAPTER FIVE

Ramping up Deception
1996—1998 

Within a few years, the massive campaign of climate denial was churning out books, radio and print advertisements, 
op-eds, ‘educational material’ for reporters, and speeches all designed to manufacture doubt about climate science 
and redirect fear away from the catastrophic events the science had long predicted.

In 1996, API released Reinventing Energy: Making the Right Choices, Document 22, which opines, “We do 
not yet know the answers to fundamental scientific questions regarding how and when climate might change.” API 
deliberately misleads the reader, stating, “Currently, no conclusive—or even strongly suggestive– scientific evidence 
exists that human activities are significantly affecting sea levels, rainfall, surface temperatures or the intensity and 
frequency of storms.” 
In truth, both scientific evidence and pressure to take action were building. In 1997, a 
new focus for the deception campaign emerged: a UN meeting on climate change to 
be held in Kyoto that had the potential to create legally-binding emissions reductions. 
Mobil used the advertorial space it purchased in New York Times every Thursday 
from 1972—2001 to criticize the pending agreement. In a selection of ads from 1997, 
Document 23, Mobil attacks the scientific consensus, writing “Let’s face it: The 
science of climate change is too uncertain to mandate a plan of action that could 
plunge economies into turmoil…Scientists cannot predict with certainty if temperatures will increase, by how much, and 
where changes will occur. We still don’t know what role man-made greenhouse gases might play in warming the planet.”

In a 1997 speech to the World Petroleum Congress, Document 24, Exxon CEO Lee Raymond warns against fossil 
fuel cuts and again attacks the scientific consensus his own company’s scientists helped to construct 20 years earlier. 
Raymond makes some astonishing claims, including that “the indications are that a warmer world would be far more 
benign than many imagine. . . moderate warming would reduce mortality rates in the US, so a slightly warmer climate 
would be more healthful.” After tying global warming to natural f luxes and discussing differing temperature forecasts, 
he argues “the case for so called global warming is far from air tight. You would think that all the uncertainty would 
give political leaders pause. Unfortunately, it hasn’t, and officials continue to insist that agreement is needed in 
Kyoto.” 

A 1998 memo by the Global Climate Science Communications Team of the aforementioned API, Document 25,  
provides the masterplan for the industry’s campaign. Featuring an extensive action plan, detailed strategies, 
million-dollar budgets, and metrics for measuring success, the memo states, "“it not known for sure whether (a) climate 
change actually is occurring, or (b) if it is, whether humans really have any influence on it”  and declares that “Victory 
Will Be Achieved When…Average citizens (and the media) “understand” (recognize) uncertainties in climate science; 
when recognition of uncertainties becomes part of the ‘conventional wisdom’, and when supporters of the Kyoto Treaty 
are thought to be ‘out of touch with reality.’” Their use of quotation marks around the word understand leaves no doubt 
that the understanding they sought was based on undermining the science that their own scientists told them was real. 

In the 1998 article A Cleaner Canada, Document 26, Imperial Oil (Exxon’s Canadian subsidiary) Chairman 
Robert Peterson both ties “warming observed during this century” to natural variations and argues “There is 
absolutely no agreement among climatologists on whether or not the planet is getting warmer…the view that burning 
fossil fuels will result in global climate change remains an unproved hypothesis.” In 2011, Canada announced its 
withdrawal from the Kyoto Protocol, joining the US, Andorra, and South Sudan as the only UN member states that 
are not Parties to the agreement. 

Victory Will Be Achieved When 
Average citizens “understand” 

(recognize) uncertainties in 
climate science

Global Climate Coalition  
(Exxon, Chevron, API, et. al), 1998
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1996 API book, Reinventing Energy: 

Making the Right Choices
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Remarks by Lee R. Raymond 
Chairman and Chief Executive Offcer, f%xon Corporation 

: World Petroleum Congress 
Beijing, People’s Republic of China~ 
October 13,1997 - As Given 

It’s a pleasure to be back in Beijing and an honor to address the World 

‘P+oleum Congress. 

It’s entirely fitting that we meet in this seat of ancient civilization and, source 

of world culture. For centuries, people from far parts of the Earth have come to 

-~ China seeking commercial and other opportunities. 

l%e Remans came here seeking silk - traveling along a network of trails that 

became known as the Silk Road. In rhe 13th century, history’s most famous 

traveling salesman, Marco Polo, took this road to Cathay, returning to Venice with 

treasures and tales that astonished ail of Europe. 

More than a century ago, William Herbert Libby, representing Jersey 

Standard, the predecessor to Exxon, came here to persuade Chinese families to try 

Esso’s kerosene in their lamps and cooking stoves. 

The odorless oil and its clear white light proved an instant success, and by 

1910 China had become Exxon’s largest customer in the Far East. 

To build sales, Libby gave away small, inexpens’Ne kerosene lamps that 

became widely popular. The company was known by the name “Keepers of Light.” 

Today, Exxon and the world petroleum industry are still “Keepers of Light.” 

We earn that title by providing energy to light the way to economic progress, 
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higher standards of living and hope for a brighter future for people around the. 

world. 

Nowhere is that progress more evident than in the Asia-Pacific region. 

I’ve traveled to thii part of the-world often in recent years, and I’m 

_~ constantly impressed by the commitment to economic growth that’s prevalent 

throughout the region. 

All across this region - from Bangkok to Beijing, Jakarta to Shanghai. 

Singapore to Seoul - the signs of growth are unmistakable. 

Homes, apartments and office buildings going up. Factories, refineries and 

power plants under construction. More cars, trains and airplanes on the move than 

ever before. In 15 years, this region’s erxnorny should almost double, shifting the 

global economic center of gravity toward the East. 

The people of this region, representing some 40 percent of the world’s 

population, have a lot to smite about: new and better-paying jobs, more and better 

consumer goods and services, and greater opportunities for the next generation. 

Their smiles and looks of hope and optimism are the human face on the economic 

transformation that’s gaining force in Asia. 

I know all of us here today want to see This transformation continue. But we 

have to remember that progress is not automatic. As recent economic diffjculties 

in the region demonstrate, there is no guarantee when it comes to economic 

growth. 
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In fact, some arQUE? that the easy growth from increasing capital and kbor 

inputs has already occurrod. They say that the road ahead will be more difficult 

and will require strong boosts in pmductiviry to keep Asian economies growing. 

I see no reason why economic growth can’t continue strongly in this region 

in the future. But I do agree that sustained growth is only possible when it is built 

on sound fundamentals - education and training, a strong work ethic, sound 

regularory policies, incentives to invest, and many other factors that don’t come 

easily or cheaply. 

We might also remind ourselves that this region’s growth depends on strong 

economic ties with other parts of the world. Today, the world is much more 

economically interdependent than it was a few years ago. 

Advances such as fiber optic cable, oommunfcations satellites and the 

computer have created betier tools for communicating and conducting business. 

As a result, opportunities and challenges flow more quickly from one area of the 

world to another. 

Political change has also prayed an important role in laying a foundation for 

growth. As more and more governments have turned to market principles, trade 

barriers have fallen, fostering a rising tide of international investment and 

commerce. 

One result of these changes is that the area of the world open for energy 

development has increased by more than one-third. 
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That’s ven/ good news indeed because, as we all know, economic growth 

and higher standards of living require energy. Energy use and economic growth are 

‘inextricably linked. The countries vvith the highest economic growth and the 

higheet standards of living are also those with the highest energy use per capita. 

Today, most of that energy, both in Asia and in the world as a whole, comes 

from fossi fuels - about 85 percent. Of these, oil and natural gas supply 6s 

majority, with coal also being a major player. That’s especially true here in China, 

where coal remains the dominant fuel source. 

I know there are some people who argue that we should drastically cur-rail 

our use of fossil fuels for environmental reasons, and 1’11 have more to say about 

that in a moment. But let me state at this point my belief that such proposals are 

neither prudent nor practical. 

With no readily available economic alternatives on the horizon, fossil fuels 

will continue to suppry most of the world’s and this region’s energy for the 

foreseeable future. Their use is essential both for economic growth and for the 

elimination of poverty, which is itself the worst polluter. 

In recognition of this, we must continue to develop and apply technology and 

expertise that enable us to use fossil fuels in ways that are efficient and 

environmentally sound. Doing that will require a great deal, from both government 

and the petroleum industry. 

looking specifically at oil, demand in the region has grown vigorously, 

increasing reliance on, imports, despite efforts to develop indigenous supplies. 
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China itself, with growth rates among the highest in the world, became a net 

importer in 1995. 

I do expect some moderation in the rate of oil demand growth in all of the 

region as economies become larger, more sophisticated and efficient. But with the 

volume increase that is expected, I do not see how growing imoort dependence can 

fie avoided. 

in anticipation of this, it appears that supply srrategies are changing, with 

: Chinese and other Asian companies becoming more active in exploration in other 

parts of the wor!d. But this change should not cause us to lose sight of the need 

to maintain and, if possible, increase local production and reserves. 

Asia stiI1 has numerous areas with hydrocarbon potential. But it will take a 

,major effort to unlock these resources for the benefit of consumers. 

Increasingly, this is a difficult task, often involving seismic and drilling in 

deep waters or harsh terrain, with complex geological formations. Examples 

include the Sakhalin isbds cff Russia and the Tarim Basin in China. 

Developing such resources at an affordable cost is going to require the 
,. 

application of the very best technology and practices known to the industn/. 

Private petroleum companies have those tools. And so, an essential step to 

achieve further progress ‘Ls for governments to accelerate the opening up of 

prospective resources for development by private industry. 

One resource with great potential for Asia is natural gas. But producing and 

using it will require some visionary thinking and the applicatjon of new and as yet 
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Vast resources of gas exist off Natuna Island in Indonesia, in Papua New 

Guinea, and along the Northwest Shelf of Australia, to name a few. 

Others may develop along the Asia-Pacific coast as far north as Russia. 

: And, of course, there are major gss deposits west of the region as well. The key 

~~ issues are how to get this gas to markets, and how to develop markets once it is 

determined that the gas can be produced at reasonable COSI. 

Today, most gas is transported to this region as liquefied natural gas, LNG. 

In the United States and Europe, most gas moves through pipelines - as it will in 

South America in the years ahead. Could the same not take place in Asia? 

The distances are greater here, the markets less developed, but technology 

may yet lead the way to a pipeline grid serving the countries of this region. New 

high-strength steel and other technology may make pipelineS feasible from 

Sakhalin, Natuna or as far away as Turkmenistan. 

On the demand side, we estimate that oil for transportation and industrial 

use in the region will grow by nearly 10 million barrels per day by 2010. That’s 

equivalent fo about 40 new large refineries over that period - 3 per year. 

Of course, along with demand comes the need for improved products, new 

chemicals and better processes, Increasingly, refineties and chemical plants are 

integrated into single sites as we’re seeing in Singapore, *or instance. 

Finding new and better ways to produce, refine and market oil in the midst 

of change is nof new to the petroleum business. What is new is the remarkable 

pace at which the need for petroleum fuels and products is accelerating in Asia. 
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Such conditions are creating opportunities for a synergy between governments of 

the region and private petroleum companies, with the potential to speed and 

strengthen the whole process of economic development. 

Clearly. private companies such as E3xon have a lot to offer. Developing 

energy resources in new and difficult areas, building safe, reliable, and efficient 

~. i&fineries and chemical plants, and bringing new and better products to market are 

just a few of the contributions we can make. 

We also bring hard-won technological expertise tested and proven in other 

areas of the world. This can make it practical to develop resources that would not 

have been economic just a few years ago. It can also lend to significant 

employment and educationat opportunities. Time will not have to be spent in 

developing technology or training from scratch - they’re already available without 

the growing pains. 

Of course, all of this will require massive outlays of capital - financiaf, 

intellectual and technicsl. Projects will likely be large and compfex, requiring 

multiple management skills. Familiarity with challenging environments, flexibiIity, 

and strong technological support will be key elements of a successful venture. 

Private petroleum companies offer all of these essentials. But to draw on 

them, countries must be willing to provide incentives that cause companies to want 

to invest. 

This is particularly true now, with so many new opportunities throughout the 

world. Competition among countries eager to develop petroleum reserves is at an 
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all-time high. Resources are being stretched to the limit To attract companies to 

make the huge investments needed, nations need to offer tax-and-take provisions 

that will encourage businesses to bring their best people and technology. 

Governments also need to provide a stable investment climate, one that 

vigorously protects physical and intellectual property rights. They should avoid the 

~. temptation to intervenein energy markets in ways that give advantage to one 

competitor over another - or one fuel over another. Governments’ goal should be 

: to promote a fair contest on a level playing field. 

Another key contribution governments can make to economic deveiopment is 

in setting rational environmentat standards. People the world over want a clean 

environment, and some are concerned that fossil fuel use - especially oil use - is 

~incompatible with that objective. 

Today, concern about the environment focuses on the issue of global climate 

change. In December, representatives from some 160 nations will meet in the 

beautiful city of Kyoto, .fapan. to decide on legally binding agreements that would 

have the effect of cutting the use of oil and other fossil fuels. Clearly, all of US 

here today have a big stake in the decisions that will be made. 

Proponents of the agreements say they are necessary because burning fossil 

fuels causes global warming. Many people - politicians and the public alike - 

believe that global warming is a rock-solid certainty. But it’s not. 
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Let me briefly address three key questions; Is the Earth really warming? 

Does burning fossil fuels cause global warming? And do we now have a 

reasonable scientific basis for predicting future temperature? 

In answer to the first question, we know that natural fluctuations in the 

Earth’s temperature have occurred throughout history - with wide temperature 

: swings. The ice ages are a good example. 

In fact, one period of cooling occurred from 1940 to 1975. in the 197Os, 

some of today’s prophets of doom from global warming were predicting the coming 

.~ of a new ice age. 

Some measurements suggesr that the Earth’s average temperature has risen 

about half a degree centigrade since the late 19th century. Yet sensitive sateike 

measurements have shown no warming trend since the late 1970s. In fact, the 

earth is cooler today than it was 20 years ago. 

We also have to keep in mind that most of the greenhouse effect comes 

from natural sources, especiarly water vapor. Less than a quarter is from carbon 

dioxide, and, of this, only four percent of the carbon dioxide entering the 

atmosphere is due to human activities - 96 percent comes from nature. 

Leaping to radically cut this tiny sliver of the greenhouse pie on the premise 

that it will affect climate defies common sense and lacks foundation in our current 

understanding of the climate system. 
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Forecasts of future warming come from computer models that try to 

replicate Earth’s past climate and predict the future. They are notoriously 

~inaccurate. None can do it without significant overriding adjustments. 

Even then, 1390’s models were predicting temperature increases of two to 

five degrees Celsius by the year 2700. Last year’s models say one to three 

~. ~degrees. Where to next year? 

As one ctimate modeling researcher said in the May issue of the presfigious 

magazine, Su’ence, “The more you learn. the more you understand that you don’t 

understand very much.” 

So the case for so called global warming is far from air tight- You would 

think that all the uncertainty would give political leaders pause. Unfortunately, it 

hasn’t, and officials continue to insist that agreement is needed in Kyoto. 

To achieve the kind of reduction in.carbon dioxide emissions most advocates 

are talking about, governments would have to resort to energy rationing 

administered by a vast international bureaucracy responsible to no one. This could 

include the imposition of punishing, high energy taxes. 

This heavy burden of taxes and regulation would take its toll in many ways - 

in slower economic growth, lost jobs and a profound and unpleasant impact on the 

way we live. Companies in industrialized nations that compete in world markets 

would be seriously handicapped. 

Currently, most proposals exclude developing nations, including China, 

Indonesia and many other countries here in the Far East. The rationale is thar these 
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countries are trying to grow eoonomically and need to consume fossil fuels to do 

SO. 

Of course, this is true. But excluding developing countries from the 

reductions will not prevent them from being hurt. Their exports wilt s@fet as the 

economies of industrialized nations slow. 

So ali of us would suffer from these proposals. The U.S. Senate recognized 

that fact this summer when it voted 95-O in favor of a resolution expressing its 

concern about the proposals under consideration. 

What should we do? First, let’s agree there’s a [ot we really don’t know 

about how climate will change in the 21st century and beyond. That means we 

need to understand the issue better, and fortunately, we have time. It is highly 

unlikely that the temperature in the middle of the next century will be significantiy 

affeoted whether policies are enacted now of 20 years from now. 

It also means it’s bad public policy to impose very costly regulations and 

restrictions when their need has yet to be proven, their total impact undefined. and 

when nations are not prepared to act in concert. 

In fact, in the U.S. the administration says it is futile to attempt to determine 

the impact on the economy in 2010 of reducing CO, emissions - although many 

studies indicate the impact will be vast. 

Before we make choices about global climate policies, we need an open 

debaxe on the science, an analysis of the risks, and a careful consideration of the 

costs and benefits. So far, this has not taken place, and until it has, I hope that 
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the governments of this region will work with us to resist policies that could 

strang[e economic growth. 

fostering economic growth will require a broader understanding of the 

environment than many environmental activists seem to appreciate. The most 

pressing environmental problems of the developing nations are related f0 povem/, 

not global climate change. Addressing these problems will require economic 

growth, and that will necessitate increasing, not curtailing, the use of fossil fuels. 

Such use doas not mean inevitable environmental degradation. New 

technologies have allowed industrialized countries to enjoy both economic growth 

and environmental progress. . 

Studies in the economic community support this idea. A recent study at 

Princeton University found “no evidence that environmental quality deteriorates 

steadily with economic growth.” instead, it found thaf after an initial decline, a 

nation’s environment improved as its economy grew. 

So rhe real secret to environmental improvement is economic growth. And 

as this growth continues, the economies of this region will need to import more oil, 

and, to a lesser extent, gas. 

This growing reliance on petroleum imports will cause a major eastward shift 

in the politics of energy. Nations may form new alliances, some based on 

commercial interests, others on gecFpolitica1 considerations. The temptation may 

be strong to make these exclusive OF restrictive, reversing recent trends toward 

more openness and harmony. 
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I hops that such factionalism will not be the case. We need the smooth 

functioning of an increasingly interdependent world economic and energy system. 

And this requires that barriers to trade and to the free movement of goods, SeNiCes 

and people be dismantled, not raised. 

It atso requires that nations practice energy cooperation, not selfishness - 

and that they da so both in times of prosperity and Of crisis. 

Finally, snme people say that, in pursuing economic development, Asia mUSt 

follow a western model. I believe that the region must find its own way. 

.~ 
Eu~ I also believe that the most direct path is the one many countries in the 

region and around the world have chosen over the past 20 years - the free market 

approach. This approach has many antecedents, including the Chinese philosopher 

Lao-Tzu . 

He wrote in the sixth century B.C.: “Govern a great nation as you would 

cook a small fish - do not overdo it.” 

It would be tragic indeed if the people of this region were deprived of the 

opportunity for continued prosperity by misguided restrictions and regulations. 

It is up to all of Us -the petroleum industry, the governments of this great 

region, and the international community - to ensure that this does not happen. BY 

working together, we can lay a solid foundation for continued prosperity and rising 

standards of living that will benefit not only the people of Asia, but also people 

around the world. And the petro!eum industry, convened at this Congress, will 

play a key role. 
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Document 25

1998 draft Global Climate Science Communications Plan 
by the API
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Document 26

1998 article by Robert Peterson, CEO of Imperial Oil, 

in the Imperial Oil Review, A Cleaner Canada 
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CHAPTER SIX

Undermining their own Science
1998—2006

Despite the oil industry’s decade-long media campaign against the scientific consensus on climate change, public 
desire for action was growing at the turn of the millennium. No longer able to simply outright deny the existence, 
causes, or consequences of climate change, oil companies were forced to adopt  a more nuanced strategy built on 
duplicity and disinformation, feigning concern for the issue while continuing to fund denier groups and scientists-for-
hire to sow doubt about climate science.  

Shell’s 1998 Group Scenario report, Document 27, acknowledges their role in causing the problem and their failure 
to heed dire warnings from their own scientists, while making a few eerily prescient predictions in scenarios describing 
a possible future: “In 2010, a series of violent storms cause extensive damage to the eastern coast of the U.S. Although 
it is not clear whether the storms are caused by climate change, people are 
not willing to take further chances. The insurance industry refuses to accept 
liability, setting off a fierce debate over who is liable… Following the storm, a 
coalition of NGOs brings a class action suit against the U.S. government and 
fossil fuel companies on the grounds of neglecting what scientists (including 
their own) had been saying for years: that something must be done.” 

The oil industry’s political allies were no less cognizant of the growing 
public consensus, yet they too understood that creating doubt about the science was key to their success. In a 2002 
messaging memo to the Bush White House, Document 28, pollster Frank Luntz, advises, “The scientific debate is 
closing [against us] but is not yet closed. There is still a window of opportunity to challenge the science.” He added, 
“Should the public come to believe that the scientific issues are settled, their views about global warming will change 
accordingly. Therefore, you need to continue to make the lack of scientific certainty a primary issue in the debate.”

A 2006 report by ExxonMobil titled Tomorrow’s Energy: A Perspective on Energy Trends, Greenhouse Gas Emissions 
and Future Energy Options, Document 29, strikes this carefully crafted balance between projecting concern about 
climate change while still effectively undermining the science. In it, ExxonMobil writes, “While assessments such as those 
of the IPCC have expressed growing confidence that recent warming can be attributed to increases in greenhouse gases, 
these conclusions rely on expert judgement rather than objective, reproducible statistical models. Taken together, gaps in 
the scientific basis for theoretical climate models and the interplay of significant natural variability make it very difficult 
to determine objectively the extent to which recent climate changes might be the result of human actions.”

In reaction, the Royal Society, the premier scientific academy in the UK dating back to the 1600’s, called out 
ExxonMobil, Document 30, for a persistent pattern of misrepresenting climate science and funding denialist groups. 
In its 400-year history, the group had never before commented on a company’s activities, but now was so disturbed 
by ExxonMobil’s repeated and ongoing “inaccurate and misleading view of the science of climate change,” including 
the above Tomorrow’s Energ y report, that it went public with these concerns. The Society’s unprecedented letter 
breaks down several of ExxonMobil’s misleading statements, and points out the inconsistency of Exxon's 
public statements with its own scientific research. The letter concludes with an analysis of Exxon’s Worldwide Giving 
report, finding that “ExxonMobil last year provided more than $2.9 million to organizations in the United 
States which misinformed the public about climate change through their websites.” Both the Royal 
Society’s letter and ExxonMobil reply received significant press coverage, which would force ExxonMobil to 
address their funding of denialist groups the next year. 

“The scientific debate is closing 
[against us] but is not yet closed. 

There is still a window of opportunity 
to challenge the science.”

Frank Luntz, Pollster,  
memo to Bush White House, 2002
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Document 27

1998 internal Shell report, Group Scenarios, 1998-2020
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Document 28

2002 memo by pollster Frank Luntz, 

Winning the Global Warming Debate
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THE ENVIRONMENT ': 
A CLEANER, SAFER, HEAL TBTER AMERICA 

The core of the pem.ocrat nrgumcmL depends on the belief th:tt "'J·fll-•Jdngion regulations" 
r,:prc:~ t the l'ert Vt1iY trJ ~crvi: ~ en v.EE'UWDi:::i:Jt. Vile don't agrc-c. 

n
--~ ~-

Fir£!, ,m_ure: l '°W nndieflc~ that you are cv1"!f.!!~d ui j,rcservill';t and pruta..'ting ,, lne· 
en1-•wonmtm.t, blli that ~'it can he dtJne mur~ wisew 11ml ~ff¢iwdy. '' (AbsohJtcly do not r-Ji.se 
ecoo.o.mic argurn::mt.'i f] l)ll} Tell them a p,etS-onal story fmm yom life. Since many Americans 
believe Republicans do not care abrrut' the -cnvir~111ment, )'OIi will ne,;e.r co1rpfoce. people to 
accept yuur Jdttas H.fftil }'OU confront this ~~p~on and put it to rm 

2) 

3) 

4} 

5) 

6) 

PJ'O~idl!' specilk ~g;rle:\! of udqrol bUllQJIO'~ failing ta meet llufr r~spon.riMlitie!> tfl,protect 
the emiirottlftmt. Do ~t .atra..:k the principle;:, bdi,ind exisrl.ng kgi.<:latiun. Focus b.lSt·cad on the 
1,vs,y it is enfomed or carried o-ut, and use rhetorical qu~srioos. 

Your 21,an must be p~t in J.eJ'ms of the futurf!. nol '1ie pg,1s,tpLJ1,rit;~·r:Nf. Wo fil'O carryinz furu.rard i 
a le:gacy, yes, but ,..,,.t:: are trying to 1~'k a things ei-·tm betlo ft)r the future. The. en~iron.m.ent & an 
area m which peopl~ ~ progre .~. and wh;n ~~y do not see progr7Cs~ b:=ing .made, they get 
fru11trated. . 

T/ze llirel! WtJrds Ame~.,· ull lool..-ingj,1r {H tl1i erwirontnmtal poll~v. thc~r ,ir,: "wi[er~: 
•·•cl.cane!~. u 9;,id "ht:althier."' T\l,,"ll ~1,,·nrds that summariz.~ what lur.r.ricaIJ:<i are expei..-.,ting fi:om 
r::gulaturs. and agencies f.ln: ,.u.c.Ylountability~ and "nsponsi/Jiiity.'' 

Stil1;· mllllt' from 11:ris/.. ,s,f,q,·smen,. t, .. ct .... H-benef'd qugb.w~,;: and tlt.e_ o,her tradi tionnl 
e"viroJJm§.ntµ} ti!rminolon• uxe.J bp indusia' and Ml'£Ol'ation.s. Your wnstituents ,~rm 't k t'lO\'.' 

what thCls; terms m.em1w and 1b~y will thCIJ .uBi1:;11tne that yoll are pro-business.. 

' ·' 

Ifvr:tu mu."(f u.~t! tlit: ~conomk tugumen,t, ~tr~s 'that. ~•o.JLare s~eJi.btg ••a: t"_i.r hu.lanctt" bt.'tWf.'e.n., , 
thtt .environmflllf grtd tite: e:co-nom1-'-B~ prepar:::d to ~ec i fy and quantii~• the j obs. los.t be~UJ.1 -~ nf 1 

neei!Jess.., ex~..-::ssive or redundant r.:::gul ations • 

7) J)es1;.ribe the limited rok [or Jf"ashbtgtolf_~ We must thoroz.gMy rt!'l•i,m.· the cn.vitoronental 
R:gulations already in pla~::, deci~ which ones '\l.'e stm need, identify fuo~ which no lo:n~J 
niake sense:) and make s.me we aan•t add any mm:::c.esi:.ary ntle3. \l,l~hi:n_gtor. should discll;l\!,i= che 
t!X_Pectc!d cqst uf Cllf.re.tlt and all nt;1i.v en:vi:roru:nenttil regwroiow. Tit t publ~ h.WJ· a -,4_,ht to f,:naw. 

I , 

I"' f;:mph..,iz• """"""n _.,.,,,: ill makilll! re!l'lli'tmy d:,i,ion.s, "" ,bould use best estimate, and • j L~f!.mC' a~sr,mpq,mts. not 1t.e y.rorst~case sc~niuimi wl~ced by eD."i.rirtw~al exrrerrtlsls. _____J 
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OVERVIEW 

The env ir,mment iv probably lite ,thlg le t.uue tin Jt.'hich Republican., , in general- and Presid~nt 
Bush in pdrtlcwru - are most vulnerable. A cmcalurc has wk<n hold in Che public imagi.n:uion: 
Repl!blicans seemingly in the poc;kct.s of corpornI.e fut cats: who rub their hunC::s 1ogeth<:r and chuckle 
manic.illy as they plot co poUure America for fun and profit. And on1y 1.he Dew.ocrots U(ld th<..i.r good­
hearted friend-; from \Vasfljngton can save Americ.t frnm tbcsc :r.ioister c:ompa.'lies drooling &t the 
prospect of sttip mining every picturesque• muuntuiJJ range, drilling for oil on ¢' '<:I')' white sand be:?ch. 
and dear cutting every green forest. 

The funds.tmen.tal problem JOr Republicans -.vhen it comes to the euvircnmc:nt is that wit:i.tever you 
say li,:i vi~wed through the pri.sm of suspicion. As wtth education, Sociul Security and so many (11h:::r 
isSLteS1 the Democrats have been expc:rt ui cons.tru~ a nmativc in which Republicans and 
couscf\-afrvt..:3 ure the bad guys. And if Americans ~wallow that story, then wrutt:cver comes later ls mere 
detail. 

Indeed, i, con be helpful to think or enviro=~W (and oth"') is,,ue$ in terms of "story." A 
compelling story. :vi::tl if (aL:iuaHy jnaccuratc~ can he m(m: emotionally compelling than a dry recitation 
of th,c Lrutb. The pi.)plllar mo,•ie Erin Brm:kovich presented a courageous woman fighting against an 
lmpcnorinl CO!pM:nion that poisoned the public . ...,;ch cancerous chewicaJs t1tith impunity. The Wall 
Street Journal and inve..~cigati,·e journalisi M.icl\ael fumento later conclu~vely lit:mon.strau:d tbat the 
r,::ul-life Etill Brockovicll's leg.al c.tSC wa.$ ,full of holes a:od conmidiction~ hut no matter: che pll.bl\c had 
it~s e.uwdonal story, and no nutnbc:r or ex.poses will :.:ver come: dose to tnatchin.g the power of that story. 

J\s with those oilier issues, the first (und most imponant) step to neutralizing the probkm and 
eveorually bringing people around tv your point of ,dew on C"Oviron:n<!ntal issues is to oonvin~e tJiem of 
yom sincerity a:ud concer11. Y cru mey come up '41th lhe. tl'l(1~l subtle, rmil.llced, briliia.1:t, ironciad and 
indisputable at{?.U."l'lent as to v.:hy President Ilush's tipproac.h to the '·~en lc in Lhe walt:r., js!f,ur.. w.t~ 

r:.::sp,.)n:.;ible and conect, but it v,iJl fail on deaf ears unkss the public is wil.ling to 1:1,i•,.e y<1u the: hc:nc:Jh or 
the doubt ai the ~ginning. 

l don't have to re.mind you how of\L."'Cl Republicans nre depicted as cold. uncaring., ruthless, cv,:n 
do\1.o"nright anti-social. These :.utacks app:::ui oo resenmlent and fo~r. Bcca1,.1se they are pri.mmily 
:::motio.oo.l in 11arure, ':b.ey cart.not be blunted ~iitb lo&ric or s-~ri.stics. Therefore, attJ,' discussio11 cf tire 
envitomnent itflS 10 be grounded in an ejf11rt ft>. reassure a skeptical public t!tat you ·care abaut th~ 
environment for itl· own sake- Otar. your intcutioris &re s.trictly honorabie, Oth.:..Twi:3c: all the rarional 
arguments in the world won,'l be-el\ougil. for you lo prevail 

The good nev..-s, amidst a!J this doom and gloom. is lblll 01tCe yQu urt uble to ~"1:ablish your 
euvironmen'~t bonafia'es, once you show people thAl your heari is in the right place and mal:e them 
com.forlable listening It) whut you have to s.a)', then the conservative, free markel approach to the 
en\•jronment actually has the potential to.be quite popular. 
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TED3 “ARSENIC” COMMf7NICATION LADDER 

1. 

2. 

Every American has the right to clean, healthy and safe drinking water. 

Republicans are dedicated to the continued improvement of our nation’s 
water supply, and to e&g that Americans have the best quality water 
available. We all drink water. We all want it safe and clean. 

Today, there are minute, tiny amounts of arsenic in our drinking water. It 
has always been this way. It will always be this way. 

Based on sound science, the government’s standard is that there should be 
no more than 50 parts of arsenic per billion. 

3. 

4. 

5 .  In the last weeks before Bill Clinton left office, he issued an executive 
order reducing the standard from 50 to 10 parts of arsenic per billion - but 
he did not act for eight years because it was neither a priority nor a health 
risk. 

6. Before this new standard takes effect, we would like to make sure that it is 
necessary to make this change. The decision was reached quickly, without 
public debate, and Without evidence that this chmg 
appreciably safer. 

water 

r 

L. 
F- 

Points one and two above may sound like boilerplate to you, but they are the most important 
eZeient in arguing about this and similar issues. Talking about the environment is no different than 
explaining your position on taxes, Social Security, or the war on terrorism: Begin with your 
fundamental, guiding principles, explain where you are coming from and what your ultimate ends and 
intentions are, and only then delve into the particulars of your case. 

Although President Bush ultimately adopted the Clinton administration standard of 10 parts per 
billion in November 2001, the arsenic issue should be a lesson to dl Republicans. Remember, the 
burden of proof is on you to prove your good intentions and your sincerity. Reassure the public on 
those counts, and on& then will they see the Democrats’ demagoguery for what it is. 

[. 
Note: The day President Bush made his subsequent 
the Democrats immediately began harping on the C 
billion was too high, and that the new arsenic standara snouiu acruaiiy oe cnangea io inree parts 

announcement accepting the new replatic: 
‘linton standard, claiming that I O  parts per 

7 7 7 7 A - 7 7  I - 7  - 3 1 -  AI-------. 

per billion: 

lp I 
LJl r 

r -- 
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4 
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-- . 1 GETTING BACK TO NATURE 

v “I’m usually the one running around the house shutting off lights, 
making sure the water is turned off. Still, when I think 
environmentalist - I’m sorry if someone is offended by this - I think 

i 

i of somebody chaining themselves to a tree.” . 

-c - t  

?- -  ~ 1 - Pittsburgh woman 

f 
I- * 

The mostpopular federalprogram today are those that preserve and protect ow natural 
heritage through conservation of public lands and waters through parks and open spaces. 

Americans love the outdoors. Becoming a champion of national parks and forests - and 
protecting American culture and history with sound policies for canying these legacies to the 
next generations of Americans - is the best way to show OUT citizens that Republicans can be 
FOR something positive on the environment. Being A GAUVST existing laws or regulations has 
been translated into being A G m S T  the environment. 

~ L., - I 
‘ 3  1 

onthe basics: protecting and maintaining W ~ S  
“providing stewardship” (passive and unclear 
-,1 L1,-,\ 1 A - d  AI-, L,, L-4 I..,+ffiw 

a 
‘ Preserving parks and open spaces is a winner because it doesn’t need to be explained to 

everyday Americans. We need more issues like this. No matter how many experts know that 
Superfund law 01 the Clean Water Act or Clean Air rules don’t work as they should, the public 
doesn’t perceive them as broken. There is not a public outcry to fix them. 

i 

‘ I  f. 
-7 -- That is not to say that it is unreasonable to try to “update” Superfund or to “modernize” 

the Clean Water Act. But you can’t do that kind of heaw lifting until vou win the public‘s trust 
it we ha Jts like 
) in favc ing” (active 

luding both ‘d~lu L X C ~ ) . ~  Ariu rne nurnuer untz ILUL uccwura  to m0~1 
infrastructure and pollution protection. 

P p n n ~  ,-I,,H’+ 1mJerd~nJ tPrhnicalities of environmental law - but they do understand 
, and open spaces. Republicans need to focus more on 
ess time debatingprucess, which the public really 

tl. 
tlr 

A U W Y A U  W V I b  & L . L I I U U A r 3 W I u  UAW CVIZY- 

le benefits of conservation of water, land 
re benefits the public expects and spend 1 

.3L _ _  - I _  r - i t  ~. doesn 1 care 10 IOIIOW. 

Pllkl;r a1nmtw-t fnr f i m A  fnr cnncervntinn nf l m d .  wRter and onen maces is both 

boundmes, and the public demands at least some reaerar guaennes. nowever, pewpit; UVII L 
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UPDATING WASBDINGTON’S RULES ON THE ENVXRQNMENT 
r 
t 
W 

“Do you want some pencil-pushing Washington bureaucrat to fell you what to 
do and how to do it, someone who ge& all his knowledge of the Everglades, the 
Rocky Mountains, and every environmental issue from the pages of National 
Geographic ? ” 

While we may have lost the environrnental communications battle in the past, the war is not 
over. When we explain our environmental proposals correctly, more than 70 percent of the nation 
prefers our positions to those of our opponents. Let me emphasize, however, that when our 
environmental policies are explained ineffectively, not only do we risk losing the swing vote, but our 
suburban female base could abandon us as well. 

The Democratic message could best be characterized as the “Protection Racket” of politics - 
protection of the environment, protection of education, protection of workers, protection of health care, 
protection of Social Security, protection of Medicare and Medicaid. “Protecting” those programs has 
become the Democratic mantra, and their ability to remain on message in all of their communications 
has reaped great rewards. And who could disagree? Having those things given to you and protected is 
an offer that’s difficult to refuse. 

As Republicans, we have the moral and rhetorical high ground when we talk about values, like 
freedom, responsibility9 and accountability. The same values apply to the environment as to other 
examples of government-knows-best solutions. But when we talk about “rolling back regdations” 
involving the environment, we are sending a signal Americans don ’t support. If we suggest that the 
choice is between environmental protection and deregulation, the environment will win consistently. 

You cannot allow yourself to be labeled “anti-environment’’ simply because you are opposed to 
the current regulatory configuration (your opponents will almost certainly try to label you that way). 
The public does not approve of the current regulatory process, and Americans certainly don’t want an 
increased regulatory burden, but they will put a higher priority on environmental protection and public 
health than on cutting regulations. Even Republicans prioritize protecting the environment. 

That is why you must explain how it is possible to pursue a eommun sense or semible 
environmental policy that ‘fpj.eserves all the gains of the past two decades” without going to extremes, 
and allows for new science and technologies to carry us even further. Give citizens the idea that 
progress is being frustruted by over-reaching government, and YOU will hit a very strong strain in the 
American psyche. 

If there must be regulation, Americans are most comfortable wifh local oversight. Participants 
respond favorably to proposals that included communities and more common sense amroaches. This is 
important. WC :ir 
moving contrc vi 

- . .  
E can uphoid the environmental priori! 
11 to the state and local level and rem0 

- - - l  L A  4 1  1 1 -  - P - - - 1 - - -  

2s ofthe ~merican people, whild i t  the same time 
ing needless bureaucratic meddling. People 

t . .  ,1,,,1 t , , - , , - - - - - A -  1- ----I believe they know Dener man ao nameless, raceless fke:ral CXK~ULT~LS now 10 preserve ana protect 
their local environment. 

The Luntz Research Companies - Straight Talk Page 136 
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The Kyoto camp is divided into two categories: America Besters and Cularnity Janes. 
The American Besters, led by Sen. John Kerry, will argue that we have the most innovative, 
technically advanced business community that can easily adapt to stricter anti-global warming 
regulations. The Calamity Janes, on the other hand, use scare tactics to convince audiences that 
global warming will lead to doom and gloom. Both have one common argument: The future 
will be a better place if we take the necessary actions today. 

Let me wam you that both arguments do resonate with some people when they make the 
case that short-term pain will yield long term gain. Americans are still forward thinking and are 
likely to respond favorably to sacrifice if they can see a light at the end of the tunnel. 

4 
j 
1 

’7 
--i; 

-4’ .I; 

That’s what you must offer. The fact that people take a long-term view gives you an 
opportunity to construct a “zero-regrets” argument. For example, you should argue that America 
should invest more in research and development to fmd ways to burn fuel more efficiently. 

The traditional economic approach taken by Republicans to oppose many environmental 
rules and regulations simply does not move Democrats and has only lirnited appeal among 
independents. If you must raise economic concerns, the best way to reach swing voters is to take 
a practical, down-to-earth approach. Talk about the real world day-to-day effects that proposed 
environmental remedies would have on their everyday lives. 

1. Put the costs of repulution in human terms. Stringent environmental regulations hit the most 
vulnerable among us - the elderly, the poor and those on fixed incomes - the hardest. Say it. 
Taxes on fuel and other products will be highly regressive, and new regulations will contribute to 
higher prices for necessities like food and utilities. 

LANGUAGE THAT WORKS 

“Unnecessary environmental regulutions hurt m o m  and dads, 
grundmas and grandpus. They hurt senior citizens on fuced incomes. 
They take an enormous swipe at miners, loggers, truckers, farmers - 
anyone who has any work in energy intensiveprofessions. They mean 
less income for families stmggling to survive and educate their 1’ children. ” 

This is most effective when you actually describe how specific activities and items will cost . 
more, from “pumping gas to turning on the light.” Remember, Americans already think they are 
an overtaxed people. Treaties such as Kyoto would have been yet another tax on an already 
overburdened population. 

The Luntz Research Companies -- Straight Talk Page 139 
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- 
2. Job Zosses. Every year, excessive environmental regulations cost the United States thousands of 

jobs. Independents and swing voters can really relate to concrete effects S U C ~  as this. The 
prospect of losing so many jobs may upset Americans more than any hypotheticd effects of 
global warming, but you have to be careful to use specifics - generalities will be rejected. Talk 
about the professions and industries that will be most hurt. 

r 
r 

c 

? 3. Major lifestvle changes. Talking generically about higher taxes and greater costs will not 
persuade those who are truly undecided ofthe dangers of the Kyoto protocol and similar * 

regulation regimes. But they will listen if you point out that the unintended consequences of 
such well-intended regulations may make American life less safe, not more safe. 

1 

I 
b 

f 

I 

Let me emphasize that while the economic arguments may receive the most applause at the 
Chamber of Commerce meeting, it is the least effective approach among the people you most want to 
reach - average Americans. The assertion that there are better ways to address environmental threats 
such as global warming is a superior argument. 

Nothing scores better than a “We’re Number One” theme, and in the arena of scientific 
breakthroughs, we really are Number One. Therefore, if supporters of drastic environmental 
regulations tell you that “we can do anythmg we set our sights on,)’ and that “American 
corporations and industry cun meet any challenge,” immediately agree, but then add the 
following: 

WORDS THAT WORM 

‘Wort ‘t confuse my opposifion to excessive regulation with a desire fot inaciion. 
We don’t need an international treaty with rules and regulations that will 
handcuff the American economy or our abiLity to make our environment 
cleaner, safer and healthier. 

“On the contrary, what we need to do is to put American creativity and 
American innovation to work. It’s time to call on the leaders of science and 
technology to find new forms of fuel that burn cleaner and more efficientty. We 
need to invest in reseurch and development that will restore polluted air and 
water to pristine conditions -just as we have done fur Lake Erie. We should 
take an active tole in heLping other nations save their forests and build safer 
energy sources.” 

That puts you back on offense, but don’t stop there. Proponents will criticize America for 
causing a majority of the world’s pollution and being the biggest contributor to the greenhouse effect. 
Excuse the pun, but this is garbage. We do so much more and pollute so much less than anyone else. 
You must set the record straight. . 
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CQNCLUSIQN: REDEIFINING LABELS 

The mainstream, centrist American now sees the excesses of so-called “environmentalists, 
and prefers the label “conservutionist” instead These individuals are still clearly “pro-environment,” 
but not at the expense of everything else in life. They are the kind of voters who consider the 
environment as one of a variety of factors in their decision for whom to vote, but not the oveiriding 
factor. If we win these people over, we win the debate. It’s that simple. The rest is commentary. 

Most people now recognize that some self-described environmentalists are - in their words - 
“extremists.” Thanks to some pretty bizarre behavior, there are some negative connotations that attach 
themselves to those who promote environmentalism. In particular, Greenpeace tind Ralph Nader have 
an extremist image that turns off many voters. 

We have spent the last seven years examining how best to communicate complicated ideas and 
controversial subjects. The terminology in the upcoming environmental debate needs refinement, 
starting with “global warming’’ and ending with c‘enVironmentalism,’’ It’s time for us to start talking 
about “climate change” insteud of global warming and “conservation ” instead of preservation. 

1. “Climate chanpe’’ is less frightening than “global wamzinp; ” As one focus group participant 
noted, climate change “sounds like you’re going fkom Pittsburgh to Fort Lauderdale.” While 
global warming has catastrophic connotations attached to it, climate change suggests a more 
controllable and less emotional challenge. 

2. We shuuld be “consetvatxbnists. ” not “preservationists or “envtronmerdtalistk. 99 The term 
“conservationist” has far more positive conriotations than either of the other two terms. It 
conveys a moderate, reasoned, common sense position between replenishing the earth’s natural 
resources and the human need to make use of those resources. 

i;“ I? 
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r 
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“Environmentalist” can have the connotation of extremism to many Americans, particularly 
t h s e  outside the Northeast. c‘PreservatioIiis”’ suggests someone who believes nature should 
remain untouched - preserving exactly what we have. By comparison, Americans see a 

replenish what we can when we can. 

I -  

I -  

“conservationist” as someone who believes we should use our natural resources efficiently and 

Republicans can redefine the environmental debate and make inroads on what conventional 

,- 
I 

1 
! 

I -  

wisdom cdls a traditionally Democratic constituency, because we offer better policy choices to the 
Washington-run bureaucracy. But we have to get the talk right to capture that segment of the public that 

waiting. l 

actions - will speak louder than words. Once Republicans show the public that we arefor something 
positive, not just against existing environmental. regulations, we can start to close that credibility gap. 

I -  4 
is willing to give President Bush the benefit of the doubt on the environment - and they are out there 

The words on these pages are tested - they work! But the ideas behind them - translated into 

I -- 
a‘ 

I ’  

I 
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5. 

6. 

7. 

8. 

9. 

Sound science must be our guide in choosing which problems to tackle 
and how to approach them. 

We should identi@ the real risks to human health and safety before we 
decide how to address a problem. 

Punishing real polluters must be a higher priority than creating more rules 
and regulations. 

Local problems require local solutions. National standards may be 
necessary, but enforcement should be local. People in the c o r n m ~ t y  
have the greatest incentive to keep their local environment clean. 

Technology, innovation and discovery should pl 
preservrng a clean 

-- 
’ and healthy environment. 

ay a major role in 

Environmental policies should take into account the economic impact on 
senior citizens, the poor and those with fixed incomes. 

The best solutions to environmental challenges are common sense 
solutions. 

All nations must share responsibility for the environment. No nation 
should be excluded from doing its part to improve climate conditions and 
the health and safety of its population. 

I 
All changes in national environmental policy should be fully discussed in 
an open forum. Laws, agreements and treaties should not be signed 
without public input. . 

I 
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PROTECTING OUR E N V I R O m h T  
(Democrats in their own words) 

One of the most important responsibilities of government and elected officials is the protection of 
our air, our water, and our land. Making rules against polluting our natural environment and investments 
in restoring it are part of a Democratic tradition that extends back almost 100 years. From the founding of 
our national parks early in this century, to the landmark laws of the past three decades, one of America’s 
greatest achievements has been conserving and cleaning our natural environment. This is one area where 
citizen initiative and govement regulation of corporate behavior has been a demonstrable success. 

Americans are proud of the achievements that have been made - and understand the urgency of 
the work that still needs to be done. Yet Republicans have opposed efforts to reform the massive 
government subsidies for new logging roads that will benefit private logging companies in national 
forests. They have blocked efforts to charge market prices for range-land grazing on federal land. And 
they even refused to re-authorize the “crown jewel” of American environmental laws - the Endangered 
Species Act. 

When the law that restored the bald eagle to vibrant populations can’t be preserved, we must call 
the Republicans what they are - anti-environment. Similarly, Republican support for corporate subsidies 
for polluters represents hypocrisy at its worst. It’s bad enough that conservatives condone the exploitation 
of the environment. It’s even worse when they want the taxpayers to pick up the tab. 

Simply stated, we want to protect our natural resources for our children and future generations. 
The Republicans want to protect the deep pockets of those who seek to exploit our national parks and 
forests and waterways. 

Democratic environmental legislation of past years made tremendous gains toward restoring our 
pristine natural resources. We no longer have rivers catching fire from pollution. Once dead rivers, lakes 
and estuaries are now pulsating with life. People are returning to these areas to swim, fish and enjoy the 
great outdoors as wildlife thrives. Republicans want to remove the stiff fines and penalties levied on 
polluters. We won’t let them. 

Today our skies are cleaner. In virtually every city in this country, the air is cleaner than it was 
25 years ago. Smog is down. Carbon monoxide in the air is down. Parents can now breathe easier 
knowing their children are breathing cleaner air. 

Yet today, there are those who want to turn back the clock on people who want to fish in the 
rivers and drink safe, clean water from the tap.. ..on parents who want to be sure the park down the block 
is safe for their children to play in.. ..on people who want to breathe clean, healthy air. We won’t let 
them. Democrats will continue to fight Republicans and their corporate allies that would risk our 
children‘s long-term health, the air they breathe and the water they drink for the sake of short-term 
profits. 
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(A Republican speech about the air we breath) 

It is possible to achieve better protection of human health and the environment by 
regulating smarter, but you can 't regulate smarter unless we all demand itj-orn the 
replators in Washington. Tihe fact is, businesses - big.and small - spend too much time 
ty ing to comply with too much paperwork and too many regulationsjkom too muny 
Washingtun bureaucrats. 

If we are to move forward to a safer, cleaner, healthier future, we have to change the 
way Washington regulates. States and communities should be allowed '5 even encouraged -to 
take a greater role in environmental regulations and oversight. After all, who knows better about 
what each community needs, a local leader or a Washington bureaucrat? There are national 
mviLt.onmenta3 standards that must be set, and the federal government must make that 
determination, but federal resources must be targeted and allocated more effectively, and that's 
why we must have greater involvement by state and local officials. 

But the improvwnents we need in Washington go beyond state and local involvement. 
We need to plan for the future, not just far today. Science and technology are constantly 
changing and improving. Too often, the federal government doesn't keep up with these 
improvements, and old regulations become out-dated md don't do the best job they can. That is 
why 1 want to see four immediate changes to the way we regulate the environment: 

1. 

2. 

3. 

4. 

We must do a thorough review of the environmental regulations already in place, decide 
what works and what doesn't, and then make sure we don't add any more unnecessary or 
unproductive rules, There should be a mandatory requirement that obligates the federal 
government to determine whether current regulations should be reformed, consolidated or 
discontinued. 

Washington should also be required to disclose the expected cost of current and a11 new 
environmental regulations. The public has a right to know what these laws and 
regulations cost. 

In making regulatory decisions involving the environment, the federal government should 
use best estimates and realistic assumptions rather than worst-case scenarios advanced by 
environmental extremists. 

New regulations should be based on the most advanced and credible scientific knowledge 
available. 

Finally, to promote the accuuntability and responsibility of federal regulatory agency 
decisions, the entire process should be open to public scrutiny. It's time to restore c o r n o n  
sense to environmental laws. This is how we move forward to a safer, cleaner, healthier fbture. 
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THE VALWE OF GREEN ANI) OPEN SPACES 
(A Republican speech about protecting the earth) 

William Shakespeare wrote, (‘One touch of nature makes the whole world kin.” I’m joining you 
today to share a little bit of my personal family history and why I think we all as Americans share a 
common interest in protecting our common legacy - the environment. 

We would do well to take stock of what it is that has made this country great - and what has 
made US truly unique as Americans - so that we carry the finest traditions of America into the new 
century. Our rugged individualism, sense of adventure, and pioneer spirit are all embodied in our 
collective love of the outdoors. I want to join you today in a pledge to preserve and pntect the special 
places God gave us. ) 

Our public lands and waters, and all the private habitats and nature preserves, remind me of times 
spent with my family - as a child, discovering a love of the outdoors my parents and grandparents 
instilled in me; as a young adult, taking walks in the park with a special someone; and now as a parent, 
teaching my own kids to identiq species of animals and plants, having a picnic, or just throwing or 
kicking a ball around in an open field. I want those places to still exist when my children grow older and 
teach their own kids the values of our family for another generation. 

But ifwe fail to act now, many of those special places won’t be preserved, and what is lost or 
destroyed cannot be replaced. We must take resvonsibilitv and show accountabilltv for protecting these 
sacred places for generations to come. 

More than hdf  of us plan our annual vacations around some aspect of the outdoors. But in the 
new century, as we focus more than ever on the future and confront rapid change - we need to keep 
touch with those places that remind us ofthose defining ideas and principles that have made America 
the great pioneer nation. 

Whether we want a place to get away for some solitude . . . or to vacation with our loved ones . . . or 
whether we just enjoy the peace of mind that comes with knowing that those places will still exist for 
fiture generations . . . we Americans see a value in conserving places vastly different than our own 
backyards. North Dakota does not look like North Carolina, nor does New Mexico look like New Jersey. 
America’s diversity accounts for a great measure of her beauty. 

Whether or not you believe as I do that conserving tl2e environment is its own reward, ihere is no 
doubt that green and open spaces will benefit all of us in the long run. 

Man’s discoveries from nature may provide the cure for diseases like cancer. Today, programs 
that take place in our national, state, and local parks and forests provide a place for children to learn new 
skills and values like teamwork and respect for nature, which helps prevent juvenile crime and 
delinquency. Having buffers of open spaces contributes to property values and the economic stability of 
neighborhoods. 

Washington is rarely known for its display of common sense. But just this once, why not do what makes 
the most sense to most Americans and support policies for parks and open spaces that conserve nature and the 
environment as a legacy for the next generation of Americans? If we work together, there is no reason we can’t 
make these areas cleaner, safer, and healthier for us all. 
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Document 29

2006 ExxonMobil report, Tomorrow’s Energy
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Document 30

2006 letter from the Royal Society to ExxonMobil and

 Exxon’s reply
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CHAPTER SEVEN

Deception Never Sleeps
2007—2017 

Following the Royal Society’s 2006 letter, Exxon seemed to agree to stop funding some denier groups. In their 
2007 Corporate Citizenship Report, Document 31, the company pledged, “In 2008, we will discontinue 
contributions to several public policy research groups whose position on climate change could divert attention 
from the important discussion on how the world will secure the energy required for economic growth in an 
environmentally responsible manner.” In 2015, Exxon again claimed in a statement to The Guardian that they do 
not fund climate deniers. Despite this pledge, Exxon continued to support scientists and front groups specifically 
to promote debunked theories for global warming. 

In perhaps the most notorious example, Exxon and other industry giants provided $1.25 million to climate denier Dr. 
Wei-Hock Soon’s research from 2008 through at least 2015. As a series of emails 
and receipts from Exxon and the Harvard-Smithsonian Center for Astrophysics 
on behalf of Dr. Soon, Document 32, show, Exxon’s support for Dr. Soon was 
directed towards his research into solar disturbances as an alternate theory for 
global warming—notably, one of the very theories previously debunked in the 
1996 GCC primer. Soon was far from their only beneficiary. An accounting 
byby the Union of Concerned Scientists, Document 33, reveals that between 1999 and 2017, Exxon gave at least 
$36 million to 69 organizations that deny, undermine the science, misinform, and obstruct climate action. Over 
$13 million was given after their 2007 pledge. 

Even today, deception is at the core of the oil and gas industry’s climate positions. While most companies publicly 
support the Paris Agreement, they are simultaneously making investment and business decisions that if realized, will 
ensure the climate catastrophe that their scientists predicted 40 years ago. Exxon’s 2019 Energy Outlook touts to 
investors a 25% increase in global oil and gas production by 2035, which would be game-over for the climate and is 
certainly not in line with the Paris Agreement.

In 2012, ConocoPhillips released a Sustainable Development report, Document 34, in which they declared developing 
renewable energy to be a focus of their work, in line with their position on climate change. But their 10-K filing with the 
US Securities and Exchange Commission from the same year, Document 35, states “As an independent E&P company, 
we are solely focused on our core business of exploring for, developing and producing crude oil and natural gas globally.”

In 2016, Shell released a report on pathways to net-zero emissions, A Better Life with a Healthy Planet, Document 36, 
accompanied by a large media and advertising plan to push this new narrative. However, a small disclaimer inside the 
report lays bare the fraudulent nature of the claim: “While we seek to enhance our operations’ average energy intensity 
through both the development of new projects and divestments, we have no immediate plans to move to a net-zero 
emissions portfolio over our investment horizon of 10—20 years.”

Beginning in the late 1980’s and continuing to this day, the oil and gas industry’s campaign of climate denial and 
deception has been extraordinarily successful, blocking climate action in the U.S. and thus the world, while even now 
fostering the illusion that the industry is sincere in its support for modest steps like the Paris Agreement. 

But they are not. As they continue to expand production capacity and foment global demand, it is difficult to imagine 
that the oil and gas majors are now, or will ever be, truthful actors in the fight for climate safety – a fight upon which 
the fate of humanity quite literally depends

“…we have no immediate plans 
to move to a net-zero emissions 

portfolio over our investment 
horizon of 10—20 years”

Shell, 2016
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Document 31

2007 ExxonMobil report, Corporate Citizenship Report
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Document 32

2010 emails, proposals and payments documenting 

Exxon’s grants to Dr. Wei-Hock Soon
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Margaret Carroll <mcarroll@cfa.harvard.edu> 

From: 
Sent: 

Amanda Preston <apreston@cfa.harvard.edu> 
Thursday, January 21, 2010 1:55 PM 

To: Karen Mclaine <kmiminos@cfa harvard edu>; Marci Miller <mmiller@cfa.harvard.edu>; 
Lynne Nee <lnee@cfa.harvard edu>: Nayla Rathle <nrathle@cfa.harvard.edu> 

Cc: Nancy Brickhouse <nbrickhouse@cfa.harvard.edu>; Robert Palleschi 
<rpalleschi@cfa.harvard.edu>; Margaret Carroll <mcarroll@cfa.harvard.edu> 

Subject: 2009 ExxonMobil Gift of $76, 106 
Attachments: 2009-12-31_3011 ExxonMob1l_S76106 00_00001.pdt, Re: Unrestricted gift to Smithsonian 

Astrophysical Observatory 

Dear KarenJ Marci, Lynne, and Nayla: 

I received an email from Judith Batty at ExxonMobil about the $76,106 contribution for Dr. 
Willie soon's research. I have attached the 3011 Transmittal Form from 4/2/09. You will see 
that $22,181.00 was allocated to task 40301770IS50AP. This amount is equivalent to the 
indirect costs that would have been charged if the gift had been a grant. on instructions 
from Charles Alcock, I asked ExxonMobil to allow us to reclassify that amount as an 
unrestricted contribution. Judith Batty assented to our request (see attached email). 

I have the following questions and comments: 

Charles Alcock agrees that this money should be used to defray any shortfall in development 
funding. 

Do we move it from 301770 to 101600? Or to the DDF? 

How does it get moved? 

Do I need to file an amended 3011 or does a journal entry take care of it? 

Please let me know your thoughts and any decisions you make about this. 

Thank you, 

Amanda 

Amanda Preston 
Advancement and External Affairs Officer Harvard-Smithsonian Center for Astrophysics 60 
Garden Street, MS-45 Cambridge, MA 02138-1516 

Voice: 617-495-7321 
Fax: 617-495-7105 
Blackberry: 617-285-4829 
Cell: Exe111p11on G 
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Margaret Carroll <mcarroll@cfa.harvard.edu> 

From: 
Exemp11on6 

Sent: Monday, January 11, 2010 2 50 PM 
To: Amanda Preston <apreston@cfaharvard.edu> 
Subject: Re: Unrestricted gift to Smithsonian Astrophysical Observatory 

Hi Amanda, I have discussed lifting the restriction on the portion of our donation 
designated for indirect costs, and you can consider the 
restriction lifted. Judith 
Judith N. Batty 
Senior Director, Federal Relations 
Exxon Mobil Corporation 
2000 K Street NW, Suite 710 
Washington 
Telephone: Fax: Exempt1on6 cJ<elllpl!on 6 

This message is from a lawyer and may contain confidential or privileged information. It is 
intended for the use of the above named individual(s). 
If you are not an intended recipient, any disclosure, distribution, or use of the contents of 
this message is prohibited. 

Dear Judith, 

apreston@cfa.h 
arvard.edu 

12/29/2009 
12:44 PM 

Exemp ion 6 
To 

< > 
cc 

Subject 
Unrestricted gift to Smithsonian 
Astrophysical Observatory 

This is to follow up on our telephone conversation in early December. I hope you received my 
letter highlighting our current research areas. I would very much like to learn if there are 
any avenues of support that we might explore. I expect to be in Washington in the last week 
of January. Perhaps we could meet then. I will call you in the next week or so. 

I write also about another matter. You may recall that we discussed utilizing the portion of 
ExKonMobil's March contribution of $76,106 that was designated for indirect costs instead for 
unrestricted purposes. 

Sl-000002 555



You thought you would have a chance to discuss this with others in your office and get back 
to me. I'm hoping you'll have some thoughts on that soon. 

With best wishes for the New Vear, 

Amanda 

Amanda Preston 
Advancement and External Affairs Officer Harvard~Slnithson:hn Center 'for AStrophysics 6e 
Garden Street, MS-45 Cembridge, MA 82138-1516 

Voice: 617-495-7321 
Fax: 617-495-7185 
Blackberry: 617•285-4829 
Cell: Exemp1on6 

Email: apreston@cfa.harvard.edu 
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2009-400000-00016 
SMITHSONIAN INSTITUTION Tracking# 200X·XX0000-00016 
.. TRANSMITT Al FORM FOR GIFTS & PROMISES (PLEDGES) TO GIVE 

[Note: AH psymenll "om axtarnal sourcee lfepo6Md to 802/803 grarn andeontPld lunds ITIUlll ba n>Ulltd Cll a CRV lhrough OSP.J 

cnror CAAO ~ OlttEA 
~~~~~~~--~ s h Y'l6A.WA!> f ll'ICAAC> 

~~~~~--'~_;.:.;,;::...;1"'~.»<:..:..;.;E~X~...-..:~·~::;_~ $ J- \ !-J<_j $ 
$76 IC'6 00 

•~TTT6 

GIFT CHARTFIELD: SPLIT FUNDED 

PWld IW 
V11lp-

c.-. °"""., 
801 0000 301no 40301no1ssooo DEFAULT $53,925.00 

801 I oooo 301770 40301T70IS50AP DEFAULT $22,181.00 

01.110 PRO QUO CHAffT'Fl£LD COm 
Mill o... ..... 

FUllll All c.-

EXXON MOBIL CORPORATION SAO 

I ' 
PLEOOE AHO P~SCttEDULE. ,....,,..... ATJQ!i 

,.A,•ui.100 .. 
lllWl'UDGa? l 1 ~1 IR !&ftmff T m.....,Mlllll .- -···· 
NtOGE """" I l -· 1/1(01 

I 
I l 

J 
~ 

l'ILUL NOTC IN RE14ARl<S IF IU.CM.;£ r.I COo'(DTTIONA./, 

51111/lflT IOI I l'O "'°"""If CONDmON IA IWYr 1'Er l 
.i. 
i 

~ N<JT£ ,,. Ca.1'1l.NT1 IF son cu.nn .~HOl.11.D •E Al'PfJW: IT w. UST TO ll'NAT CTTHER fX»l(N /IECOlfDS 

Sl-3011 (06/07) 
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RA•_. ... 11c~on 
WiutvnsilOll Olfrce 
2000 K StNaei, N.W. 
SIJite 710 
Wa&'ilnglon. 0C :l0006 
202 862 02!» iltleflhorte 
202 862 0267 FacsllT\lli 

March 30, 2009 

Ms. Amanda Preston 
Smithaoo.ian Astrophysical Observatory 
60 Garden Streif(, MS-4S 
Cambridge. MA02138-1516 

Dear Ms. Preston: 

Mark o. Boudruux 
5eaior Dfrlletof, ,..,_, Re.tlons 

EJf(onMobil 

ExxonMobil is pleased to provide the enclosed contribution to the Smithsonian Astrophysical 
Observatory in the amount of$76,106.00 for General Support. 

e We ask that you please complete the enclosed form and return it to the Community Relations 
Group at the address indicated. 

We arc pleased to support the Smithsonian Amophysical Observatory snd wim you continued 
success. 

s in<:erel y, 

·j I -r: 
IJ. ' • .-v·' r ~ 

E~osu~ 
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Smithsonian Astrophysical Observatory 

c/o Amanda Preston 
60 Garden St1"t 
MS-45 

Phone: 617-493-7321 
Fax: 617-4!15-7105 
E-mail: 

c..nbridp. MA 02138-1516 apreston@>cfa. harYard.«11.1 

Request for Payment 

A'tMntion; Mark 8otidnaux 
~ Corporadon 
2000 K. Sveec. NW 
SuU 7f0 
Wulunp>n. DC 20006 

December 2. 2008 

l9leaM rnllb ched: payable tor 
Smltheanmn Alt.Faplwplcal o~ 

Mall check to: 
Amandi Prwton 
AdnnclrNnc and External Alain OMcer 
Smllhsonan Altroph)"lkal Obwvatary 
60 Garden Stre8f. HS '45 
Cambtidp. MA 021 Jrr IS I' 

R.quen for con~don to supporc Y .. r Two of me reMar'd1 projec:c "Ur.desrundlnf So0 Vorlatlilry fJttd Qonore 
Chottre: ~ ~ T~ l>««ds af dw UllJtal ~': Or. Wlllle Soon. Prindpal lrw~r 

PrafeaCosa 
s.lary and 8eNltic 

Dr. Wiiia Soon (75 days) 
AdmlnturuDr (I day) 
S.Crec.rlll ( 1.5 days) 
ln~Co1a 

Total Salary 1Dd Beneflu: 

Od'ler Caus: 
T~Ylll 
Publlcadon1 
lndir.a CosCI 
Toca! om.- Coca: 

T oca1 M Cola: 

Think )'OU Yety much. 

Sf9.JOS 
617 
95) 

2.1IZ.6 
S72.7SI 

$1.000 
1,050 
om 

SJ.JU 

$76,106 

Questions; Plmse contact Amanda Praten. 6 I 7-49S-7J2 I, apreteonQcfa..hrvard.edu. 
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j ,71,108.~ ""-'-$~~~~-'-tf-~ .... ....._~~~~~~~~~~~~~~ 

• 

J6U11to; 
eo1..,>01n140IMDD01 me> 
..,._,,~ DeFAULT 

e 

EE BELOW 

ID1 CIJDO 30'IT1'0 --­.,.. .... , n MP 
Dll'MJLT 

j 

,..._,.,,..,. 
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EXXON MOBIL CORPORATION OR AN AFRLIATED COMPANY 

CODE OUR REFERENCE DA TE YOUR R.EFER~CE NET AMOUNT 

PAY4 1900006183 03/09/09 78171 76, 106.00 
Paym~nt made per agreement with Exxon"obll contracting entity. 
REFER ANY INQUIRIES TO J-800-833-1510 OR CHECK THE PAYMENT STATUS AT 
HTTP://PAYMENT-ADVICE.COM 

• INCLUDE PA YEE 10 NUMBER 
WITH EACH 6357lt21 
INQUIRY 

CHECK NUMBER 

25ooi.07 776 
CHECK DATE 

03/17/09 
CHECK AMOUNT 

76, 106.00 

EXXON MOBIL CORPORATION OR AN AFFILIATED COMPANY 

P 0 BOX 2519 
HOUSTON TX 77252-2519 

6357421 

PAY TO THE 
ORDER OF 

DATE 03/17/09 

SMITHSONIAN ASTROPHYSICAL 
OBSERVATORY 
60 GARDEN ST MS 45 
CAMBRIDGE "A 02138-1516 

62·20/311 

CHECK 
NUMBER 2500407776 

······••$76,106.00•1 

VOi D AFTER 
SIX MHTHS 
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Amanda Preston <apreston@cfa.harvard.edu> 

From: 
Sent: 
To: 
Subject: 
Attachments: 

Dear Ms. Ceja: 

Attached please find the signed Acknowledgment Form for ExxonMobil's contribution of $76 106.00 to the Smithsonian 
Astrophysical Observatory. I regret that this is so late coming to you. In actual fact, I was in discussions with Mr. 
Boudreaux and with Ms. Batty about this contribution until just last week and so we delayed this final acknowledgment 
until we were in agreement. 

I hope you forgive our delay. 

With best regards. 

Amanda Preston 

Amanda Preston 
Advancement and External Affairs Officer 
Harvard-Smithsonian Center for Astrophysics 
60 Garden Street, M$-45 
Cambridge, MA 02138-1516 

Voice: 617-495-7321 
Fax: 617-495-7105 
Blac~29 
Cell.-..--
Email: apreston@;;fa harvara.edu 
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01115/2010 11:09 rAI Exempllon6 
F.XXO~"MOB 11. ISSUES ~001 

Facsimile EJf(onMobil 

ro Ms. Rachel Re Acknowledgement Fonn 

Fa)( 617-495-7105 Pages 2 pages -t- cover 

From Victoria Ceja 

Dale January 15, 20 IO 

Please have someone fill out the farm attached and return via fax to my attention. Thank you. 

Victoria Ceja 
Exxon Mobil Corporation - Public Affairs 
Corporate Cftlzenshlp & Community Investments 
5959 Las Collnas Blvd. 
Irving, TX 75039 
Phone: · ' · 
Fax: •-• 

Exemp 0116 
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' 0111512010 11:10 FAX Exemption G EXXO'IMOBIL ISSUES ~003 

EXXON MOBIL CORPORATION OR AN AFFILIATED COMPANY 

CODE OOR REFEREllCE DATE YOUlHlEF"ERENCE 

PAY~ 1900006183 03/09/09 78171 
Payment made per agreement with ExxonHobll contracting entity. 
REFER ANY INQUIRIES TO l-800-833-1510 OR CHECK THE PAY"ENT STATUS AT 

76, 106.00 

HTTP://PAY~ENT-ADVICE.COM . 

'INCi.UDE 
WITH EACH 
INQUIRY 

PAYE£ 10 NUMBER 

6~57lt21 
CliEC~ NUMBER 

25001to7776 
CHECK OATE 

03/17/09 
CHECK A.MOUNT 

76, \06 .oo 

- - ... EXXON MOBL COAPORATfON OR AN AFFILIATED COt.PANY 

P 0 BOX 2519 
HOUSTON TX 77252-2519 

63571,21 DATE 0)/17/0~ 

PAY TO THE 
OflOEllOF 

Exempllon ~ 

SMITHSONIAN ASTROPHJSICAL 
OBSERVATORY 
60 GARDEN ST NS 45 
CAMBRIDGE MA 02138-1516 

e2-20n1' 

~::;~ 2500407776 

·····•••$76,106.00•1 

VOID AFTER 
SIX MONTHS 
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SMITHSONIAN INSTITUTION Tracking# 200X-XX0000-00016 
TRANSMITTAL FORM FOR GIFTS & PROMISES (PLEDGES) TO GIVE 

!Note : All payments from external sources deposited to 8021803 grant and contrad funds must be routed on a CRV through OSP.J 

[ DA TE OF GIFT CASH CHECK CREDIT CARO DISCOVER ! OTHER H PLEDGES I 
I 3-17-09 

$76,106 00 $ 
VISA/MASTERCARD WIRES 

$ 1-i 
AMERICAN EXPRESS $ E STOCK (PROCEEDS) I l 1t250040n76 e~~~~.~r~ GIFT INKINO 

GIFT CHARTFIELD: SPLIT FUNDED 
Budget DMlgllllecl 

Fund Ref Code Dept.ID Account ClaM Prvgnim Project ID ActlvltylO Amount 

ll<'Westrleted Deltgnmled(5S04) I 

801 0000 301770 404550 P..manently Retfricled (5603) 0302 4210 40301770155000 DEFAULT $53,925.00 

l 801 I 
x TomQOtanly R811111C1ad (5602) 

0302 1 8700 0000 301770 404$50 U""'5111d.cl (5601) 403017701S50AP l DEFAULT $22.181 .00 
~Pig Paymll (1315) 

QUID PRO QUO CHARTFIELD {Com.E)ete ONLY for Non Tax Deductlble Benefits associated with a GIFTJ_ J Bullget Designated l Fund Raf Coda Dept. ID Account Cl... Progr1m Proj•c:llD Activity ID Alllount 

I I I j l 
DONOR INFORMATION 

DONOR NAME 

t EXXON MOBIL CORPORATION 
SI UNIT I PROJl!CT CONTACT NAME AHO TELEPHOHe NU•BEll 

SAO 

MAll.IHO '10DRESS ' 

HOJlllE 

WORK P.O. BOX 2519, HOUSTON, TEXAS 77252-2519 

PURPOSE/PROJECT TO SUPPORT: UNDERSTANDING SOL.AR VARIABILITY ANO CLIMATE CHANGE", DR. WILUI! SOON, Pt 

I NAME OF PERSON WHO RECEIVEO FUNDS AMANDA PRESTON 

SECURITIES INFORMATION 
STOCK/BOHO NAME 

UNIT PRICE OH DATE St RECEIVED OWNeRSHIP NUMBef:I OF SHARES I BONDS 

$ 
llilffrt Vlllue • 51\a•• Ol Slocb IFec Valuo ol Bond 

DA TE 81 RECEIVED GIFT/PROMISE 
412/tl9 

TUTA1. IAEAN VALUE OF IFT DATE SI RECEIVED OWNERSHIP 

$ 
(Number X Mun par Shan tor Slockall'.ce lor Bonda ) 

GIFT IN KIND INFORMATION 

l 
NEWGIK? I OESCRWT71o~N~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--. 
PAYMENT j 

_ ONGIK? _ 

PLEDGE AND PAYMENT SCHEDULE INFORMATION 

[ PAYMENT SCHEDULE 

I NEW PLEDGE? T I ~llUlULm f!Yf!!~~T PAYMENT AMOUNT QISCOU!il AMOUIU 

L PLEDGE PYlllT? i 
Remark•: 

!'JJ~•.11. h'r.11:'. /,\ Iii J.IA/!J.",\" II f'/J./Xi/_ /.I< "()N/.l/ f/IJNA I 
.\UllAI/ I JOI/ Ill NO 1111 I~ ('(}NfJn1mos .WJ1 Mt:/ 

I 

r PREPARED BV l n:LEPHONE NUMBER l UNIT AHO llRC NUMBER DATI! PREPARED 
Amano.a Pre!llOr'I 617 ~95-7321 60 Garclen SlnMIL MS 45 413.'JQ 

C•~ IM O]llll 
~ 

Comments R OIJIM.D DONOR DOCUMEflTATIO 
ATtAO!tD 

I l 1•11 .Ht N1111. ;.~ ' : M1.11;.N1.111 1·111 1 , "/U 1111 1·Hu//JJ.1 Hi·. Al'l'lllJ•. II· .w1 11sr m WH.11 01m111xitw JH HiJ ·n~tix 

l VES NO 

51-3011 (06107) Sl-000012 
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Exxon Mobil Corporation 
Washington Offlcs 
2000 K Slreel, N.W. 
Suite 710 
Washington, DC 20006 

-

elephone 
acsimlle 

March 30, 2009 

Ms. Amanda Preston 
Smithsonian Astrophysical Observatory 
60 Garden Street, MS-45 
Cambridge, MA 0213 8-1516 

Dear Ms. Preston: 

Mark D. Boudreaux 
Senior Director, Federal Relations 

E)f(onMobil 

ExxonMobil is pleased to provide the enclosed contribution to the Smithsonian Astrophysical 
Observatory in the amount of $76, 106.00 for General Support . 

. We ask that you please complete the enclosed form and return it to the Community Relations 
Group at the address indicated. 

We are pleased to support the Smithsonian Astrophysical Observatory and wish you continued 
success. 

Sincerely, 

14~7 

Enclosure 
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Acknowledgement 

on MobiJ orpora ri n, ommun irv l elation · roup, 
959 La· olinas Blvd., Irving, X 75039-2298 or 

Smithsonian Astrophysical Observatory 
60 Garden Street, MS 45 
Cambridge, MA 02138-1516 

Organization Tax ID: 53-0206027 

200901293 

The 1993 Omnibu Budget Re onciliation A t imposes substanriation requirements for charitable 
contributions. fn order to comply with the regulations, ExxonMobil requin:s ea h nonprofit organization 
receiving a grant of 250 or more to provide the following information. cknow/edgment must be 
pro11ided within tMrtv daps n(ler receipt o{ExxonMobi/ contributio11. Failure co re pond ma re ult in 

n ellation of upp rt in the fumre. 

I. Please indicate the date contribution was received: April 2, 2009 
----------~--------~-------------

2. Please indicate the amount of the check and/or describe any property received: $76,106.00 

3. Were any goods and/or services provided to ExxonMobil by your organization in return for this 

contribution? (meals, entertainment, gifts, etc.) Yes --------

If yes, please provide a description and good faith estimate of the value. 

not applicable 

No ___ x_x ____ _ 

Signarure :~ e~ Date: January 21, 2010 

Print Name: Amanda Preston Title: Advancement and External Affairs Officer 
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Harvard-Smithsonian Center for Astrophysics 
60 Garden StTeet, C.ambridge, MA 02138-1S16 (617) 495-7000 

Ms. Judith Batty, Esq. 
Exxon Mobil Corporation 
2000 K Street, NW, Suite 710. 
W ashing1on. OC 20006 

Dear Judith: 

December 3, 2009 

Thank you very much for meeting with me by phone last week lO discuss ExxonMobil's most 
recent contribution to the Observator)'. I hope lO hear from you soon that we can use the .. indirect cost" 
portion of the gift for general operating support. 

In \ ie" of chc fact that you will no longer be funding Dr. Soon':. research, thi~ leUl'r is a higb-
levct overview of hi! n:search efforts pursued h al the mithsooian AS1 phy ical bservatory. It 
wou Id be very helpful to follo\ up thb letter with a mcc ing to de1ermine which areas of research might 
merit more discussfon and ex pl rati n. I run in Washington frequenrl , and would be happ to i it our 
office at your convenience. 

As you may know, the milhsonian Astrophysical bservatory (SAO 1 a researoh institute of 
th ' mitbsonian ln L.i1ution heruiqllath:llld in Cambridge, MA Its affiliation with the Harvard College 
Ob. crvalory H 0) is known worldwide ns lh Harvard- mithsonian Center for Asu--ophysics Cf A). 
The Observato ,, · s prim ry mission i'> to aclVWlcc knowledge of the universe through ~search in 
astronomy Wld astrophy ics and in relllled area r fundamental physics and geophysics. The secondary 
missi n is to be of service to the national and iniemaci naJ astronomical communities, and to society in 
brencrsl, in~ associated with ur primary mission. The bscrvatory ha strong record f 
chicvc:mcnt In developing and suc.ccssfully implemenring large. complex. and inn vative observational 

and lhooret.icaJ research projocts. SAO also supports che curiosity-dnven re~IU'Ch carried out b 
indhidual research ond small group . Research in science educuLJon !l.tld oucr h to many d1fl"cn.-'t1t 
publics round out our programs. 

A uses its resources t atlft k fundamental questions in amonomy and astrophy . i . . These 
n10ge from the mysterie of the: formation and volutton of pl nets. stars, black holes. gala.xics Md IMger 
scale ·cru lures in the Uni erse, to tho WTOunding the mystenous darl.: maner and dark energy 
~nding tl1e n1 erse. Our own Sun provides pan1colarly rich laboratory for the sllldy of both 
fundament I phy. ics and the de elopmeot of stal"s and solar systems. 

I\ has helped to de elop somt: uf Lhe world's most sophisticated asfr n mica I instruments co 
pmhe lht! universe with high resolution al wavelengths across the electromagnetic spectrum. SAO 
devd ped and operat'CS tclescopt: facililius in A.ri@na. Ha ii, MassachU54:1ls. and hilc. The 
Observa1 ry pl By lending rol • in sc eral NA A missions including lhe cum:nrly orbiting CJumdru X­
ruy Observatory. the Spitzer pace elescope llOd l Ilnode (with the Japanese pll.Ce Agency). as well as 
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LeJur 10 Judith Batty, December 3, 2009 
Page two 

missions organind by the European Space Agency. A widely recognized program lhat utilizes spacc­
bome technologies to study our Earth has been operating at SAO for many years. 

SAO is also a leading center for theoretical and computational astrophysics, utilizing complex 
numerical s imulations calculated on thousands of parallel processors to model the r. nn.ation of the earl 
universe and I.he de elopmcm of galaxies and plane1s. SA O's strong labonnory a trophy ics. program 
uses la ratory experiments 10 e.Apand our uodcrstandtng of physical pr ses and applies rhese resul~ 
to processes throughout the Universe. 

SAO's current research goals include: 

a. To play a lead role in a "next-generation," ground-based optical/infrared telescope, the 
Giant Magellan Telescope; 

b. To develop the next-generation x-ray technok>gy necessary for the follow on missions to 
the Chandra X-ray Observatory; 

c. To play a major role in multi-wavelength observations of star and planet formation. of the 
fonnation and evolution of galaxies, of the nature and physics of dark energy and dark 
matter. and of the "markers" of possibly habitable planets lik.e Earth. 

d. To strengthen the synergy between astronomical obsetvatory end laboratory eicperiments 
conducted on the Eanh to ensure that we are using the best atomic and molecular data 10 

interpret astrophysical observations of the Universe and our own planet. 

Enclosed pl~ find the folJowing materials: 

• A brief fact sheet on SAO 
• A copy of the Executive Summary of our science stra1egic plan 
• Copies of two press releases on important discoveries from the past month 

We \i ould bed lighted to host you and some of your colleagues at one of ur f; cilities. OW' 
t •lescope facilities in Arizona and Hawaii are fascinaring and make for a wonderful hands-on i11troduc1100 
to the Observatory and 10 the big questions in contemporary astrophysics. , roo, a visit 10 our 
beadqu:uten; Ul Cambridge offers an intrigumg slimpse 1t1to the engineering and technology de elopment 
lh t underlie our observing capabili1ic •. 

Please do not hesitate to be in touch if you would like additional infonnation or if we can do 
anything to arrange some behind-the-scenes visits. I will call you in a few weeks to foJJow up. 

Wit~ hcst regards. 

/: . -L-
Amanda Preston 
Advancement and Extcma.I Affairs Officer 

Enclosures 
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/J../11. 

Smithsonian Astrophysical Observatory 

Request for Payment 

To: 

Amndon: Marte Boudreaux 
ExxonMobil Corporation 
2000 K. Street. NW 
Sutt. 710 
Wuhingtcn. DC 20006 

December 2. 2008 

c/o Amanda Preston 
60 Garden S~1 
MS-45 
Cambridge. MA 02138-1516 

Phone: 617-49S-7321 
Fax:617-495-7105 
E-mail: 
aprestonfkfa.harvard.edu 

Pleue make chedr ~to: 
Smithsonian Aatrophplcal Obw ntory 

Mal check to: 
Amlnda Preston 
Advancement and External A/fain Officr 
Smithsonian Ascrophyllcal Observatory 
60 Garden Street, MS '45 
Cambridge, MA 02138-1516 

Request for contribudon U> 1uppon Year Two or die research projecc NUndtt:itandJig Solar Variobllry and Oimate 
Chante: Slprs from Temperaaue R«Dtds o(rhe Unit2d Sto11es", Dr. Wiiie Soon. Prtndpal bwesdptor 

Protea Com 
Salary and Benefits: 

Dr. WIUie Soon (75 days) 
Admlnistnmr (I clay) 
Secretarial (l.S days) 
Indirect Costs 
Toal Salaty and Beneflu: 

Other Costs: 
Travel 
Pu bi lea dons 
Indirect Cesa 
T otaJ Od'ter Costs: 

T otaJ AD Cosu: 

Thank )'OU very much. 

$49.JOS 
617 
953 

.2.JAZj 
sn.751 

$2.000 
1,050 
Jgi 

$3.355 

$76.106 

Quesdons: Aase contact Amanda Prenon. 617,...9s-n21. apreltlDn@cfa.harnrd.edu. 
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• Harvard-Smithsonian Center for Astrophysics 
60 Garden Street, Cambridge, MA 02138-1516 

Marie D. Boudreaux 
Senior Director, Federal Relations 
Exxon Mobil Corporation 
2000 K Street, NW 
Suite 710 
Washington. DC 20006 

Dear Mr. Boudreaux: 

July 11, 2008 

(617) 495-7000 

Thank you very much for Exxon Mobil's contn'bution ofS76,106 to the 
Smithsonian Astrophysical Observatoiy to support Dr. Willie Soon's project, 
"Understanding Solar Variability and Climate Change." Restricted gifts are very 
important for our science re9C81Ch. particularly the projects that seek to better understand 
our own Sun. 

Please accept my thanks on behalf of the entire Observatory. 

60 Garden Street 
MS-45 
Cambridge, MA 02138 
617-495-7321 (voice) 
617-495-7105 (fax) 
aprcst.on@cfa.h.aryard.edu (email) 

~i~-~~ 
~n 
Advancement and External Affa.in Officer 

Wm-fSONT A~ A~OP~tl.A 1 OR.WRVATORY 
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0 Smithsonian Astrophysical Observatory GlFT RECEIPT FOR TAX RECORDS 

60Garden Strec!L MS "5, Cambridge, MA 0218&-1516 Tel:(IS17)48~7.!121 Fu:: (617)t9~710& Fm.ii: develapmrnt@cfa.~in!Adu 

ro: Exxon Mobil Corporation 

This r ereipt gratefully acknowledges your oontribution to the Smithsonian Astrophysical Observatory of! 

76jl06.00 (~ dJoualmrl one-llundn!d and aix dolJRn) 

:or: -Understanding Solar VariahiUty and Climate CbanKe• (Dr. Willie Sooa) 

July/ 

rhe Smit'1soni•n Astroph_rsical Observatory has not proiidedyou with an.,Y goods or sen-ices ll1 
•xch1mge for this co11tribution. 
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Exxon Mobll Corporation 
Washington Office 
2000 K Street, N.W. 
Suite 710 

-

J h1 t '.:>C20006 
ru:ep•1orl'!I 
-e:c tm11 

June 30, 2008 

Ms. Amanda Preston 
Smithsonian Astrophysical Observatory 
60 Garden Stree4 MS-45 
Cambridge, MA 0213 8-1516 

Dear Ms. Preston: 

Mark D. Boudreaux 
Senior Director, Federal Relations 

E)f(onMobil 

ExxonMobil is pleased to provide the enclosed contribution to the Smithsonian Astrophysical 
Observatory in the amount of $76,106.00 for General Support. 

We ask that you please complete the enclosed form and return it to the Community Relations 
Group at the address indicated. 

We are pleased to support the Smithsonian Astrophysical Observatory and wish you continued 
success. 

Sincerely, 

Enclosure 
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SMITHSONIAN INSTITUTION 
. ( . Tracking # 2008 - 400000 - 00032 

MTICll'Gl"1' CASH CHEO< 

8-11--08 
s $76,106.00 

TRANSMITTAL FORM FOR 
GIFTS & PROMISES TO GIVE 

CREOITCAAO Dl8COYER OTHER 

YISMllC 
I- AMEX $ 

:HARTFIELD$: SPLIT FUNDED SEE BELOW 
~ .,. .. gra.-d :,.. 

Fund fW Cade o.pt. Iii Account Cleal ~ 
Uniutrtcled -v...,,.--56041 
Permanently Reslrictod (560.JJ 
Temparwlly AMtrfcad (580:2) 

linresltfeted (5601) 
EndowmGnl Pledge Poymenl8 
1131~ 

DONOR INFORMATION 

PlEDGES n= WIRES 
QllC' 

LMT 4 OIGITS Clfi 00:-~1 f 

~10 A, .... ID 

OOta~ ~ ~.1i.. ,_ l-• Ullrrl P'AOJICT C(lln"ACT . 
EXXON MOBIL CORPORATION l SAO/Preston ..,... __'Ii_'' 

x MOlll! P.O. BOX 2519, HOUSTON, TX 77262-2519 

\WOAI( 

f'UMIOSIJMO.mcr TO SUPPORT "UNDERSTANDING SOLAR VARIABILITY AND CLIMATE 
CHANGE". DR. wawE soo~ P.t. 
1w1u11•,.,.,..WHDAl!CIMl>Nd AMANDA PRESTON 

SECURITIES INFORMATION 1---· .. ,. .. ,_..,.._ 
GIFT IN KIND INFORMATION 

PLEDGE ANO PAYMENT SCHEDULE INFORMATION 

l'l!Wl'UIJGn 

PAYlll!NJON 
"'-IDClrP 

~-

I 
1i0r llf •~•.c ,,. l'fJ.DC1J rs OM:ll710f<AL 
.t111ni1" .101 I rt:n10nn" ('Oll()ln()H fl NDr "'n 

I~ 
Comments: SPLIT GIFT AS FOLLOWS 

$53,871 to: 
801 0000 #HIH 404850 0302 
010 ~HllS509 

617-495-7321 

$22.230to: 
402 0000 040201 5601 
8700 40040201119114 
DEJ=AULT 

rn:• R~ GIFT-CMR 
7-1--08 

"'...,, 90EIUL.m 

111nnmULm e.u•Erlf !anmlT AllOUJfT Wlllll .... 

UNIT' AND IMC N ....... 

Smithsonian Aetrophyelcal 
Obwrv8tory 
eo Garden Street, MS 45 
Cembrid MA 02138-1516 

7-2.()8 
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EXXON MOBIL CORPORATION OR AN At-I-ILIA I t:U t;UMtrANT 

CODE OUR ~ERENCE DATE YOUR REFERENCE NET AMOUNT 

PAY4 1900014331 06/05/08 762~~ 76, 106.00 
Payment made per agreement wrth Exxonl'\obll contracting entity. 
REFER ANY INQUIRIES TO l-800-833-1510 OR CHECK THE PAYMENT STATUS AT 
HTTP;//PAYMENT-ADVICE.COH 

•INCLUDE PAYEE ID NUMBER 

WITH EACH 6357421 
INQUIRY 

CHECK NUMBER 

2500349950 
CHECKOATE 

06/11/0B 
CHECK AMOUNT 

76, 106.00 

EXXON MOBIL CORPORATION OR AN AFFILIATED COMPANY 

? 0 BOX 2519 
HOUSTON TX 77252-2519 

6357421 
DATE 06/11/08 

PAY TO THE 
ORDER OF 

SMITHSONIAN ASTROPHYSICAL 
OBSERVATORY 
60 6ARDEN ST MS 45 
CAMBRIDGE MA 02138-1516 

62-20/311 

~~R 2500349950 

******••$76, 106.00• 1 

VOi D AFTER 
SIX MNTHS 
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Smithsonian Astrophysical Observatory 

clo Amanda Pnson 
60 Guden Stteet 
MS·4S 
Cambridge. MA 02138-1516 

Phone: 617-495-7321 
Fwc 617-495-7105 
E-mail: 
aprestonGPcfa.harvard.edu 

Request for Payment 

To; 

Attention: Lauren Kerr 
ExxonMobil Corpo~don 
2000 K. Street. NW 
Suu 710 
Washington, DC 20006 

Data: February 27, 2008 

Please make chedc payable to: 
Smlth90nlan Attrophyslc:al Ob9ervaory 

Pleue mllll check to: 
Amanda Pr-ut0n 
Advanc.emenc and External Alf.iln Officer 
Smlduonlvl Astrophysical Observ.atof)' '° G1rden Street, HS '45 
Cambridge. MA 02138-1S16 

Request for contribution of $76, 106 to support the research project: 

'11r>dem.andlnf Salor VarlablDry and Ornate Oiange: Sirna& (tom Tentpennure Records ofrhe United States" 
Dr. Willie Soon, Prlncipal lnve1tlpt.0r 

Thank you very much. 

Questions: Please contact Amanda Prwston. 6 I 7.,..95.732 I, aprescon@~.hvvard.edu. 
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Amanda Preston <apreston@cfa.harvard.edu> 

From: 
Sent 
To: 
Subject: 

Attachments: 

Amanda Preston <apreston@cfa.harvard.edu> 
Wednesda , Februa 27 2008 2:44 PM 

Soon Proposal 2008.pdf; Request for Payment (Soon 2008).pdf 

Soon Proposal Request for 
2008.pdf (87 KB) ... ~yment (Soon 2008. 

Dear Lauren, 

Thanks very much for getting back to me last week about ExxonMobil's support of Dr. Willie Soon's research. 
We are very pleased at the outcome of this decision. 

I am attaching a proposal for your review and a request for payment. You may recall that I mentioned the 
adjustment in our indirect costs upwards from the 15% that Walt Buchholtz and I negotiated when he was still 
in your position. You will see in the attached that the project cost increases to -$76.000. 

I look forward to hearing good news from you soon. 

With best regards and thanks, 

Amanda 

Amanda Preston 
Advancement and External Affairs 
Harvard-Smithsonian Center for Astrophysics 60 Garden Street, MS 45 Cambridge, MA 02138-1516 

Voice: 617-495-7321 
Fax: 617-495-7105 
Blac~9 
Cell:~ 
Email: apreston@da.harvard.edu 

Sl-000024 577

mm
Highlight

mm
Highlight



0 Smithsonian Astrophysical Observatory 

Understanding Solar Variability and Climate Change: 
Signals from Temperature Records of the United States 

A Proposal to ExxonMobil Corporation 

Dr. Willie Soon, Principal Investigator 
Smithsonian Astrophysical Observatory 

Solar, Stellar and Planetary Sciences Division 
(617-495-7488; wsoon@cfa.harvard.edu) 

February, 2008 

Research Target and Proposal: 
This proposal seeks $76, 106 from ExxonMobil Corporation for year one of this two-year project, 
"Understanding Solar Variability and Climate Change: Signals.from Temperature Records of 
the United Slates." Dr. Willie Soon proposes to conduct an intensive up-to-date science review 
of solar variability and climate change (see e.g., Soon 2007a), with emphasis on the signals from 
temperature record of the U.S. that will be a clear impro ement of previou studies. The goals 
for the first year are to collect and assess the cientific quality of Lhe a ailable temperature 
records from the nited tates, aggrega.red into four inter-related spatial domains: 1) a rural city 
(i.e., a city that is minimally disturbed by urban de elopment), 2) an individual state, 3 regional 
U.S. area, and 4) the who1e contenninous U.S. The goals for the second year are to study any 
plausible connection of these U.S. temperature records with estimated solar irradiance history for 
the past 112 years from 1895 to 2006. 

The previously published research paper by Soon (2005) identifies both the multidecadaJ 
variation in tota1 solar irradiance and the 11-year solar UV irradiance forcings to be important in 
explaining the bserved retie surface air temperature chang over the past 130 ear or so. The 
overall goal for thi two- ear program is to e.xtend our basic under tanding oa ho\ the variable 
solar irradiance output c uld be physically connected to the Earth climate sy tern The ability 
to confirm or reject the statistical correlations shown in Figure I will be of enormou scientific 
importance. The ultimate physical understanding will arise from detailed assessments on how 
the solar irradiance is related to the cloud field as well as how the solar irradiance may 
ystematically and persistently modulate the land surface heat fluxes (i.e., sensible and latent 

heais on multidecadaJ to centennial rime scale . A para11el hypothesis regarding the role of 
rising atmo pheric carbon dioxide ee e.g., Soon 2007b) in warming the surface temperatures of 
the United tates on these four spatial scales will also be evaluated. 
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A Sun-Climate Coincidence? 
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Figure I: A plausible connection of the solar irradiance (red curves in all four plots; based on 
Hoyt and Schatten 1993-rescaled to the mean absolute value 1 measured by the ACRIM 
radiometers) compared with U.S. temperature records in four spatial domains (the blue dotted 
curves are for l) Atchinson, KS, 2) State of Kansas, 3) Central region of the U.S., and 
4) Contenninous U.S.). These results extend the previous relation found for the Arctic shown in 
Soon (2005). The scientific hypothesis for this sun-climate relation will be carefully fonnulated 
and examined in the proposed project. 
[Temperature Data ource: U.S. ational Climatic Data enter, 
http://l\lvf.n ·d .no a.go /oa/climat /J sear h / ag3/cag .html]. 

Expeded Outcomes: 

(I) Publication of both original and review papers on solar variability and climate change 
and various environmental impacts of that related change in leading scientific journals for 
the advancement of climate and meteorological sciences. 

1 Soon (2007a) calls for the solar physics community to finnl) establish tlli value emphasizing its great importance 
in establishing the mean clima10Jogy in climalc models. The mean clirnaLology in climate models can be subjected 
10 a rather arbilra cunutg given tbnt the absolute level of tot.'\! solar irmdtance is not dclermined to any level of 
confidence. nith vain ranging from I 72 to I 60 ~ /m2

• 
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(2) Development of tools, including power-point presentations and concise scientific essays, 
for unbiased and more accurate science accounting that will more powerfully serve 
infonned public policy making. 

(3) Better public education with active participations by Dr. Soon in all national and 
international forums interested in promoting the basic understanding of solar variability 
and climate change. 

Research Team: 
Dr. Willie Soon at the Smithsonian Astrophysical Observatory, which is a member of the 
Harvard-Smithsonian Center for Astrophysics, will lead and direct this scientific research 
program. In addition, the PI may solicit interest for collaborative efforts from interested 
colleagues at no additional cost to the proposal. 

Funding Request: 
This research proposal requests $76, 106 from the Exxon-Mobil Corporation for work to start 
March, 2008, extending for a duration of about one year. The funding is primarily to support 
approximately four months of Dr. Soon's full-time research at the Smithsonian Astrophysical 
Observatory and minimal administrative and clerical support for the project, as well as a small 
amount of travel to a scientific meeting or publication costs. The Observatory's indirect costs 
for the project are also included. 

Salary and Benefits: 
Dr. Willie Soon (80 days) 
Administrator (1 day) 
Secretarial (2.5 days) 
Indirect costs 
Total Salaries and Benefits: 

Other Costs: 
Travel 
Publications 
Indirect costs 
Total Other Costs: 
TOTAL ALL COSTS: 

$49,370 
749 
917 

21.946 
$72,982 

$ 1,790 
1,050 

284 
$ 3, 124 
$76,106 

Hoyl D. V. ll!ld Scbatlen K. H. (I 9'J3) A dillcussion of plausible aolar im1dian.:e variations, 1700.1992. Jownal of Geophyaical lle5e4n:b 98 (Al I), 
I 889S- I 8906 [with updates from Dr. Nicola Scaf e«a. Duke Univeniity, privme cOllllUWlicat.ion May 31, 2007]. 

Soon W (2005) Variable solar ill'adion~ as a plauslble agent for multidecadal variations in the Arctic-wide lltllfaoe air temporalllre records of the put 130 
year.;. Geophysical Research Lettcn 32: Ll6712. 

Soon W (2007a) Some Issues ofSolar ln'adiance Variability and Climatic Responses: A Brief Review. Invited Talk GC42A-OS al the Americ:an 
GeophYT>ical Union Fall Meeting (Dcccmbcr 10-14, 2007). 

Soon W (2007b) lmplicmioM of the socondary role of carbon dioxide and methane forcing in climate change: Past, present, and future. Physical 
Geography 28, 97-125. 
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ESTIMATE OF COST 

Period of Performance: January 15, 2008 through December 31, 2008 

ProductJve Labor: 
Or. Wlnle Soon, Pl 
Program Administration 
Secretary 

Total Productive Labor 

Leave@ 19.5% 
Total Direct Labor 

Fringe Benefits @ 26.5% 
Direct Operating Overhead Base 

Direct Operating Overhead @ 30% 

Travel -see schedule 

Printing and Reproduction • see schedule 

G&ABase 

G&A@10% 

TOTAL ESTIMATED COST 

Hrs Dollars 
494 $25,209 

8 $495 
20 $607 

522 ~.311-

5131 
31,442 

8,3;!£ 
39,774 

11,932 

1,789 

1,050 

54,545 

5.455 

$60,000 
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ESTIMATE OF COST 

Period of Performance: January 15, 2008 through December 31, 2008 

Productive Labor: 
Dr. Willie Soon. Pl 

Leave@ 19.5% 
Total Direct Labor 

Fringe Benefits@ 26 .5% 

Travel -see schedule 

Printing and Reproduction • see schedule 

TOTAL ESTIMATED COST 

Hrs Dollars 
640 $32,659 

6,369 
39,028 

10,342 
49,370 

1,789 

1,050 

52,209 

7,831 Administrative Charge 15% 

$60,040 
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Amanda Preston <apreston@cfa.harvard.edu> 

From: 
sem: 
To: 
Subject: 

Attachments: Soon Proposal 2008.pdf; Request for Payment (Soon 2008).pdf 

Soon Proposal Request f'or 
2008.pdf (84 KB) ... Jyment (Soon 2008. 

Dear Lynn, 

Thank you for your call . It was good to speak with you again . 

Attached is the proposal and the request for payment I sent to Lauren at the end of February. 

Please don't hesitate to call if you have questions. 

Thanks much, 

Amanda 
Amanda Preston 
Advancement and External Affairs 
Harvard-Smithsonian Center for Astrophysics 60 Garden Street, MS 45 Cambridge, MA 02138..,1516 

Voice: 617-495-7321 
Fax: 617-495-7105 
Blac~829 
Cell:...._ 
Email: apreston@cfa.harvard.edu 

-Original Message--
From: Amanda Preston <apreston@cfa.harvard.edu> 
Sent Wednesda Februa 27 2008 2:44 PM 
To:iilil 
Sub1ec 

Dear Lauren, 

Thanks very much for getting back to me last week about ExxonMobil's support of Dr. Willie Soon's research. 
We are very pleased at the outcome of this decision. 

I am attaching a proposal for your review and a request for payment. You may recall that I mentioned the 
adjustment in our indirect costs upwards from the 15% that Walt Buchholtz and I negotiated when he was still 
in your position. You will see in the attached that the project cost increases to -$76,000. 

I look forward to hearing good news from you soon. 

With best regards and thanks, 

Amanda 

1 
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Amanda Preston 
Advancement and External Affairs 
Harvard-Smithsonian Center for Astrophysics 60 Garden Street, MS 45 Cambridge, MA 02138-1516 
----·--------
Voice: 617-495-7321 
Fax: 617-495-7105 
Blackberry: 617-285-4829 
Cell: ExempuonG 

Email: apreston@cfa.harvard.edu 
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Amanda Preston <apreston@cfa.harvard.edu> 

From: 
Sent: 
To: 
Subject: 

Dear Lauren, 

Amanda Preston <apreston@cfa.herverd.edu> 
Tuesda , Februa 12, 2008 3:57 PM 

Just a quick note to see if you've heard anything about the issue of restrided gifts versus general operating 
support. 

I'm around all week and can move things along quickly once we know ifs okay to proceed. 

Thanks much, 

Amanda 

Amanda Preston 
Advancement and External Affairs 
Harvard-Smithsonian Center for Astrophysics 60 Garden Street, MS 45 Cambridge, MA 02138-1516 

Voice: 617-495-7321 
Fax: 617-495-7105 
Blac~-4829 
Cell:-
Email: apreston@cfa.harvard.edu 
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Amanda Preston <apreston@cfa.harvard.edu> 

From: 
Sent: 
To: 
Subject: 

Attachments: 

Kerrlauren08-Ja 
15--Sun-USClim. 

Willie Soon [wsoon@cfa.harvard.edu) 
Tuesday, January 15, 2008 6:24 AM 
Sara Yorke; Amanda Preston <apreston@cfa.harvard.edu> 
(2) let's submit this proposal for $60K to Exxon-Mobil ... 

Ken1..auren08-Jan15-Sun-USClimate-Proposal-Exxon-FINAL.doc 

dear Sara and Amanda, 

can you help submit this proposal to 

Lauren Kerr 
Exxon Mobil Corporation 
2000 K Street NW, Suite 710 
Washington, D.C. 20006 
Ph: Exemp 1on6 

F: 

Assistant: Lynn Gellner 
Exempl1on 

asap?? 

Any way you can help me stretch this proposal to maximize my work at SAO would be appreciated ... 

Willie 

ps: i have answered Lauren's questions 

-- Original Message --
Subject: Re: would it be OK for me to submit my sun-climate research 
proposal to Exxon-Mobil for 2008 support? 
Date: 1 1 · 
From: 
To: edu> • 
CC: Exemp lon6 

Hi Willie - the proposal looks fine. Please have the Center send me an invoice for 2008, for General Support 
for your work. Can you clarify for me, on page t'NO there's a reference to "original" and "review" papers -
does that mean not peer reviewed, and peer reviewed? 

I'd love to see a copy of the DVD. Who is releasing it - Smithsonian? 

Lauren Kerr 
Exxon Mobil Corporation 
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ExxonMobil Foundation & Corporate Giving to Climate Change Denier & Obstructionist Organizations 

Organization 2017  2008-2017  1998-2007  1998-2017 
Acton Institute - - $365,000  $365,000  
Advancement of Sound Science Center - - $50,000  $50,000  
American Conservative Union Foundation - $20,000  $70,000  $90,000  
American Council for Capital Formation - $145,000  $1,634,523  $1,779,523  
American Council on Science and Health - $15,000  $150,000  $165,000  
American Enterprise Institute (AEI) $160,000  $2,390,000  $2,100,000  $4,490,000  
American Legislative Exchange Council (ALEC) $60,000  $621,500  $1,306,700  $1,928,200  
American Spectator Foundation - $50,000  $65,000  $115,000  
Annapolis Center - $180,000  $973,500  $1,153,500  
Atlas Economic Research Foundation - $202,500  $880,000  $1,082,500  
Capital Research Center/Greenwatch - - $265,000  $265,000  
Cato Institute - - $125,000  $125,000  
Center for a New Europe-USA - - $170,000  $170,000  
Center for American and International Law  $23,000  $293,600  $249,550  $543,150  
Center for Defense of Free Enterprise - - $230,000  $230,000  
Center for the Study of CO2 and Global Change - - $100,000  $100,000  
Chemical Education Foundation - - $155,000  $155,000  
Committee for a Constructive Tomorrow (CFACT) - - $582,000  $582,000  
Communications Institute - $240,000  $275,000  $515,000  
Competitive Enterprise Institute (CEI) - - $2,005,000  $2,005,000  
Congress of Racial Equality - $50,000  $275,000  $325,000  
Consumer Alert - - $70,000  $70,000  
Environmental Literacy Council - - $100,000  $100,000  
Federal Focus - - $125,000  $125,000  
Federalist Society $10,000  $140,000  $120,000  $260,000  
Foundation for Research on Economics and the 
Environment (FREE) - $180,000  $270,000  $450,000  

Fraser Institute, Canada - - $120,000  $120,000  
Free Enterprise Action Institute - - $50,000  $50,000  
Free Enterprise Education Institute - - $80,000  $80,000  
FreedomWorks  - - $380,250  $380,250  
Frontiers of Freedom - - $1,272,000  $1,272,000  
George C. Marshall Institute - $25,000  $840,000  $865,000  
George Mason University Law and Economics Center - $220,000  $255,000  $475,000  
Harvard-Smithsonian Center for Astrophysics  - $152,212  $265,000  $417,212  
Heartland Institute - - $676,500  $676,500  
Heritage Foundation - $300,000  $530,000  $830,000  
Hoover Institution $15,000  $105,000  $295,000  $400,000  
Hudson Institute - $15,000  $25,000  $40,000  
Independent Institute - - $85,000  $85,000  
Independent Women's Forum - $15,000  $50,000  $65,000  
Institute for Energy Research/American Energy 
Alliance  - - $337,000  $337,000  
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Institute for Senior Studies - - $30,000  $30,000  
Institute for Study of Earth and Man - - $76,500  $76,500  
International Policy Network - North America - - $390,000  $390,000  
International Republican Institute - - $115,000  $115,000  
Landmark Legal Foundation - $30,000  $60,000  $90,000  
Lexington Institute - - $10,000  $10,000  
Lindenwood University - $10,000  $30,000  $40,000  
Manhattan Institute $115,200  $895,200  $355,000  $1,250,200  
Media Institute - - $120,000  $120,000  
Media Research Center/Cybercast News Service  - $105,000  $257,500  $362,500  
Mercatus Center, George Mason University - $255,000  $160,000  $415,000  
Mountain States Legal Foundation $5,000  $80,000  - $80,000  
National Association of Neighborhoods - $75,000  $150,000  $225,000  
National Black Chamber of Commerce $30,000  $865,000  $300,000  $1,165,000  
National Center for Policy Analysis - $75,000  $570,900  $645,900  
National Center for Public Policy Research - $55,000  $390,000  $445,000  
National Legal Center for the Public Interest - - $216,500  $216,500  
National Taxpayers Union Foundation $40,000  $670,000  $195,000  $865,000  
Pacific Legal Foundation - $150,000  $135,000  $285,000  
Pacific Research Institute for Public Policy - $150,000  $515,000  $665,000  
Property and Environment Research Center (PERC) - - $155,000  $155,000  
Reason Foundation / Reason Public Policy Institute - - $321,000  $321,000  
Regulatory Checkbook - - $50,000  $50,000  
Science and Environmental Policy Project - - $20,000  $20,000  
Tech Central Science Foundation - - $95,000  $95,000  
Texas Public Policy Foundation - $50,000  $30,000  $80,000  
U.S. Chamber of Commerce $1,015,000  $4,015,000  - $4,015,000  
Washington Legal Foundation $40,000  $330,000  $245,000  $575,000  
Totals  $1,513,200 $13,170,012  $22,964,423  $36,134,435  
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This file contains all of the content related to sustainability found on ConocoPhillips.com.   Its purpose is 

to better communicate our progress on sustainable development issues for stakeholders who choose to 

download our content.  The file is current as of October 31, 2013.  
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• Communicate our commitment to this Policy to our employees, contractors, and visitors and engage 
their support for creating and maintaining an environment that is free of substance abuse. 
 

In those circumstances where government regulations, laws, or local practices impact the 
implementation of this Policy, business unit leadership will develop and implement a country‐specific 
Substance Abuse Policy that conforms to local requirements, after which the local policy will be included 
as an addendum to this Policy. Applicants and employees will adhere to the Substance Abuse Policy 
addendum relevant to their country. 
 
We believe that the successful implementation of this Global Substance Abuse Policy will help ensure a 
continued safe, healthy and productive work environment. 

 

 

 
 
Our Positions 
 

Sustainable Development Position 
 

For ConocoPhillips, Sustainable Development is about conducting our business to promote economic 
growth, a healthy environment and vibrant communities, now and into the future. We believe that this 
approach will enable us to deliver long‐term value and satisfaction to our shareholders and our 
stakeholders.  
 
Sustainable Development is fully aligned with our vision, to be the E&P company of choice for all 
stakeholders by pioneering a new standard of excellence, and our SPIRIT Values.  
 
Our Focus  
 
To deliver on these commitments, we will prioritize issues, establish plans for action with clear goals and 
monitor our performance. In addition, we will develop the following company‐wide competencies to 
successfully promote sustainable development:  
 

 Integration – Clearly and completely integrate economic, social and environmental considerations 
into strategic planning, decision‐making and operating processes.  

 Stakeholder Engagement – Engage our stakeholders to understand their diverse and evolving 
expectations and incorporate that understanding into our strategies.  
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 Life‐Cycle Management – Manage the full life‐cycle impacts of our operations, assets, and products.  

 Knowledge Management – Share our successes and failures to learn from our experiences.  

 Innovation – Create a culture that brings new, innovative thinking to the challenges of our evolving 
business environment.  

 
Our Expectations  
 
Through delivering on our commitments to sustainable development, we will be the best company to 
have as a supplier, investment, employer, partner and neighbor. 

 

  
Biodiversity Position  
 

ConocoPhillips will implement mitigation planning processes aimed at reducing the effects of our 
activities on the environment and conserving biodiversity. We will address biodiversity conservation as 
part of investment appraisal, and during the planning and development of major capital projects, by 
conducting environmental impact analyses, collecting key environmental data and implementing 
mitigation and monitoring programs to reduce impacts and assure results.  
 
Our Focus  
 
We are continuously building our knowledge about the ecosystems in which we work and recently 
completed an internal study to benchmark our performance compared to other extractive‐industry 
companies. To increase internal awareness about biodiversity, a knowledge‐sharing intranet site has 
been launched to foster employee collaboration within ConocoPhillips in the areas of biodiversity and 
ecosystems.  
 
We conducted industry benchmarking to explore better ways to collect and manage our biodiversity 
data. We are using a range of technologies, from improved animal tagging to streamlined databases. 
Employees are encouraged to ask questions about challenges they encounter in this area, and to share 
project ideas for technology development in the area of ecosystems and land use. The intranet site also 
provides such resources as global conferences and contacts to benefit its members.  
 
Our biodiversity strategy will include the following elements:  
 

 Integration of biodiversity conservation principles in our business management systems, considering 
all stages of the asset life cycle.  

 Development of Biodiversity Action Plans for projects located in areas of high conservation value.  

 Use of widely available and effective planning tools such as those developed by the International 
Petroleum Industry Environmental Conservation Association (IPIECA) , Energy and Biodiversity 
Initiative, and the International Association of Oil and Gas Producers to facilitate biodiversity 
conservation.  

 Adoption of a landscape‐scale perspective which promotes habitat integrity and connectivity over a 
broader area than just our facility sites as important issues in land use decision making.  
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 Consideration of targeted opportunities for habitat improvement, including projects for 
rehabilitation. The use of biodiversity offsets will be considered when appropriate.  

 Collaboration with key stakeholders to increase capacity for biodiversity protection, internally and in 
related institutions and communities.  

 Linkage of biodiversity protection with GHG emissions reductions, where both goals can be met 
through integrated planning and action.  

 
Our Expectations  
 
We follow widely accepted guidelines from the IPIECA and the International Association of Oil and Gas 
Producers (OGP) in our approach to biodiversity conservation. As a member of the IPIECA biodiversity 
working group, we work to develop tools and materials to help companies across our industry enhance 
their biodiversity conservation activities. As a founding member of the OGP’s Sound and Marine Life 
program, we support continued research to increase scientific knowledge on the possible impact that 
sound produced by offshore exploration and production has on marine mammals, fish, turtles, seabirds, 
invertebrates and other marine life. In the fulfillment of our business strategy, we will serve as a positive 
example of how natural resource development can occur in harmony with society’s need to conserve 
biodiversity. For more information, see Biodiversity 

 
Climate Change Position  
 

ConocoPhillips recognizes that human activity, including the burning of fossil fuels, is contributing to 
increased concentrations of greenhouse gases (GHG) in the atmosphere that can lead to adverse 
changes in global climate.  
 
Our Focus  
 
While uncertainties remain, we continue to manage greenhouse gas emissions in our operations and to 
integrate climate change related activities and goals into our business planning. Our corporate action 
plan focuses on the following areas:  
 

 Understanding our GHG footprint  

 Reducing our GHG emissions  

 Evaluating climate change related risks  

 Leveraging technology innovation to explore new business opportunities  

 Engaging externally in support of practical, sustainable climate change solutions  

 Reviewing progress and updating business unit climate change management plans  
 
Our approach to climate change is designed to advance the company’s vision to be the exploration and 
production company of choice for all stakeholders by pioneering a new standard of excellence.  
 
Climate Change Public Policy  
 
We believe that effective climate change policy must be aligned with the following principles:  
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 Recognize that climate change is a global issue which requires global solutions – economy‐wide 
governmental GHG management frameworks should be linked to binding international agreements 
comprising the major GHG contributors  

 Result in the stabilization of global GHG atmospheric concentrations at safe levels  

 Coordinate with energy policy to ensure a diverse and secure supply of affordable energy  

 Utilize market‐based mechanisms rather than technology mandates  

 Create a level competitive playing field among energy sources and between countries  

 Avoid overlapping or duplicating existing energy and climate change programs  

 Provide long‐term certainty for investment decisions  

 Promote government and private sector investment in energy research and development  

 Match the pace at which new technology can be developed and deployed  

 Encourage efficient use of energy  

 Foster resiliency to the impacts of a changing climate  

 Avoid undue harm to the economy.  
 
Building balanced energy policies is challenging, and we recognize that no one has all the answers. As 
economies around the world continue to develop, fossil fuels will play an important role in meeting the 
growing global demand for energy. Meeting the challenge of taking action on climate change while 
providing adequate, affordable supplies of reliable energy will require financial investments, skilled 
people, technical innovation and responsible stewardship from policy makers, energy producers and 
consumers.  
 
ConocoPhillips is committed to doing our part. 

 
Diversity & Inclusion Position  
 

At ConocoPhillips, we strive to represent and reflect the global communities in which we live and work. 

To deliver superior performance, we create an environment of inclusion that respects the contributions 

and differences of every individual (employees, contract workers, suppliers and business partners). 

Wherever possible, we use these differences to drive competitive business advantage, personal growth 

and, ultimately, create success for ConocoPhillips globally. 

Our Focus 

 

As we pursue opportunities in a dynamic marketplace, we value motivated people who set the standard 

of excellence by: 

 Living our SPIRIT Values. 

 Demonstrating a proactive attitude and being culturally capable of doing business globally. 

 Using creativity and a variety of approaches to capture opportunities.  

 Inspiring and supporting others to reach new heights. 

Our Expectations 
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At ConocoPhillips, our pledge to diversity is a global commitment that reaches across the entire 

company. Our leadership team, managers and supervisors are accountable for developing and 

progressing our global inclusion initiatives. Additionally, employees and contractors are responsible for 

playing a key role in ensuring that their personal behaviors create an inclusive work environment. As a 

company, we continue to measure our progress toward becoming representative and reflective of the 

communities in which we live and work. 

 
Economic Transparency and Reporting Position  
 

ConocoPhillips participates in the Extractive Industries Transparency Initiative (EITI), which seeks to 
ensure that natural resource wealth is an engine for sustainable economic growth that contributes to 
sustainable development and poverty reduction.  
 
Our Focus & Expectations  
 
We remain actively involved in the EITI process and implementation in participating countries where we 
operate. Currently, three participating countries where we operate have achieved full EITI compliance – 
Timor‐Leste, Nigeria and Norway. Of the countries that have committed to EITI principles, and therefore 
are considered candidates for EITI membership, we have resource interests in two: Indonesia and 
Kazakhstan. Of the EITI compliant or committed countries, only our investments in Indonesia, Nigeria 
and Norway involve production. We currently cooperate with these governments in their EITI validation 
efforts. When we have assets in new countries, we will work to promote transparency and 
accountability with those governments.  
 
EITI requires the public reporting of payments to governments. (See related information on the Dodd‐
Frank Act). Such reporting requirements take into account host‐country laws and the terms of contracts 
under which such revenues are accrued.  

 
HIV/AIDS Position  
 

ConocoPhillips recognizes that HIV/AIDS is a global pandemic resulting in the death of over 3 million 
people every year, with potential to grow unless concerted action is taken to check the spread of the 
disease. There remains a significant stigma associated with this disease, which limits willingness of 
infected individuals to seek effective diagnosis, which frequently results in social and workplace 
discrimination. There are now treatments available which make HIV/AIDS a manageable chronic illness 
for those infected with this disease to live normal and productive lives. Yet economic and technical 
limitations in much of the developing world have created disparities between developed and developing 
countries, in their ability to effectively manage spread of the disease and treatment of infected 
individuals.  
 
Our Focus & Expectations  
 
To the extent that HIV/AIDS affects the health of our employees and their dependents and represents a 
significant public health risk where our employees live and work, ConocoPhillips will work to identify, 
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use and otherwise support community‐based resources and programs that recognize and seek to 
mitigate the social stigma and adverse impact of HIV/AIDS, emphasize preventive education and provide 
early intervention and long‐term treatment. 

 
Human Rights Position  
 

Governments have the primary responsibility for protecting human rights. ConocoPhillips believes business 
has a constructive role to play to advance respect for human rights throughout the world as do Non-
Government Organizations (NGOs) and other representative groups in civil society.  
 
We recognize the dignity of all human beings and our core values embrace these inalienable rights for all 
people to live their lives free from social, political, or economic discrimination or abuse.  
 
Our Focus & Expectations  
 
ConocoPhillips will conduct business consistent with the human rights philosophy expressed in the 
Universal Declaration of Human Rights (UDHR), and the International Labour Organization Declaration 
on Fundamental Principles and Rights at Work.  
 
Our intent regarding human rights is also reflected in our Purpose and Values and in our business ethics 
policy and health, safety and environmental policy. These policies address how we conduct our business 
with respect for people and the environment, accountability and responsibility to communities, and 
ethical and trustworthy relationships with our stakeholders. We will maintain ongoing discussion with 
government, NGO and other business stakeholders through our participation in the Voluntary Principles 
on Human Rights and Security. The company’s approach to engagement with indigenous communities, 
in locations where they are an important stakeholder group for our operations, is consistent with the 
principles of the International Labour Organization Convention 169, concerning Indigenous and Tribal 
Peoples, and the United Nations Declaration on the Rights of Indigenous Peoples.  
 

Renewable Energy Position  
 

In alignment with our mission to power civilization, and consistent with our positions on sustainable 
development and climate change, ConocoPhillips is evaluating and developing technologies for 
renewable energy. We are leveraging our expertise, intellectual property and physical assets in pursuit 
of economically viable, renewable energy business opportunities.  
 
Our Focus  
 
We continue to develop technology options with the potential to enable or complement renewable 
energy use.  
 
Investments in technology development will be disciplined and commensurate with the likely returns, 
market size, timing of development and technology risk inherent in renewable energy projects. Our 
criteria for business investment include:  
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 Business Leveraged. Renewable energy opportunities that complement our existing processes will 
be prioritized.  

 Competency and Asset Leveraged. We plan to focus our efforts on renewable technologies that 
directly leverage our experience in energy development and markets.  

 Ongoing Awareness. We plan to continue to evaluate renewable energy technologies to proactively 
identify new opportunities and to understand the economic drivers, strengths and weaknesses of 
the alternative technologies available.  

 Sustainable Solutions. We remain open to developing and using renewable energy as a component 
of our portfolio of energy offerings, as and when these technologies can be deployed in a 
sustainable manner for our stakeholders.  

 
 
 
Our Expectations  
 
Our work will assist in the development of viable, sustainable and environmentally responsible energy 
for existing and future customers. For more information, go to ConocoPhillips.comWhat we 
doCreating Innovative Solutions Technology Ventures.   

 
 
Water Sustainability Position  
 

As a responsible global energy company committed to sustainable development, we recognize that fresh water 
is an essential natural resource for communities, businesses, and ecosystems. Global population growth will 
increase demand for fresh water and all users – domestic, agriculture, and industry – will need to effectively 
manage supplies to meet demands.  
 
Our Focus & Expectations  
 
ConocoPhillips produces and utilizes water in its operations. We are committed to the development of water 
management practices that conserve and protect fresh water resources and enhance the efficiency of water 
utilization at our facilities. We will assess, measure, and monitor our fresh water usage and based on these 
assessments we will manage our consumption and strive to reduce the potential impact to the environment 
from wastewater disposal. 
 
Our initial focus in implementing the strategy can be broken down into four broad categories:  
 
 Focusing on priority assets and developing evaluation and mitigation tools.  
 Sharing best-practice water management systems at a local level.  
 Developing and implementing technologies to reduce the environmental impact of our water footprint.  
 Delivering on sustainable development public commitment.  
 
For more information, see the Integrated Water Management section in this report, or go to 
ConocoPhillops.comSustainable DevelopmentEnvironmentWater. 
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UNITED STATES
SECURITIES AND EXCHANGE COMMISSION

Washington, D.C. 20549

Form 10-K
 

(Mark One)         

[x]    ANNUAL REPORT PURSUANT TO SECTION 13 OR 15(d)   

   OF THE SECURITIES EXCHANGE ACT OF 1934   

   For the fiscal year ended                 December 31, 2012                                          

   OR   

[  ]    TRANSITION REPORT PURSUANT TO SECTION 13 OR 15(d)   

   OF THE SECURITIES EXCHANGE ACT OF 1934   

   For the transition period from                                          to                                           

Commission file number: 001-32395

ConocoPhillips
(Exact name of registrant as specified in its charter)

 

Delaware   01-0562944
(State or other jurisdiction of   (I.R.S. Employer

incorporation or organization)   Identification No.)

600 North Dairy Ashford
Houston, TX 77079

(Address of principal executive offices) (Zip Code)

Registrant’s telephone number, including area code: 281-293-1000
Securities registered pursuant to Section 12(b) of the Act:

 

Title of each class  

Name of each exchange
            on which registered            

Common Stock, $.01 Par Value   New York Stock Exchange
6.65% Debentures due July 15, 2018   New York Stock Exchange
7% Debentures due 2029   New York Stock Exchange

Securities registered pursuant to Section 12(g) of the Act: None

Indicate by check mark if the registrant is a well-known seasoned issuer, as defined in Rule 405 of the Securities Act.
[x] Yes  [  ] No

Indicate by check mark if the registrant is not required to file reports pursuant to Section 13 or Section 15(d) of the Act.
[  ] Yes  [x] No

Indicate by check mark whether the registrant (1) has filed all reports required to be filed by Section 13 or 15(d) of the Securities Exchange
Act of 1934 during the preceding 12 months (or for such shorter period that the registrant was required to file such reports), and (2) has
been subject to such filing requirements for the past 90 days. [x] Yes  [  ] No

Indicate by check mark whether the registrant has submitted electronically and posted on its corporate Web site, if any, every Interactive
Data File required to be submitted and posted pursuant to Rule 405 of Regulation S-T during the preceding 12 months (or for such shorter
period that the registrant was required to submit and post such files).

[x] Yes  [ ] No

Indicate by check mark if disclosure of delinquent filers pursuant to Item 405 of Regulation S-K is not contained herein, and will not be
contained, to the best of the registrant’s knowledge, in definitive proxy or information statements incorporated by reference in Part III of
this Form 10-K or any amendment to this Form 10-K. [  ]

601

mm
Highlight

mm
Highlight



Indicate by check mark whether the registrant is a large accelerated filer, an accelerated filer, a non-accelerated filer, or a smaller reporting
company. See the definitions of “large accelerated filer,” “accelerated filer” and “smaller reporting company” in Rule 12b-2 of the
Exchange Act.

Large accelerated filer [x]    Accelerated filer [  ]    Non-accelerated filer [  ]    Smaller reporting company [  ]

Indicate by check mark whether the registrant is a shell company (as defined in Rule 12b-2 of the Act).[  ] Yes  [x] No

The aggregate market value of common stock held by non-affiliates of the registrant on June 30, 2012, the last business day of the
registrant’s most recently completed second fiscal quarter, based on the closing price on that date of $55.88, was $67.9 billion. The
registrant, solely for the purpose of this required presentation, had deemed its Board of Directors to be an affiliate and deducted their
stockholdings of 66,914 shares in determining the aggregate market value.

The registrant had 1,220,992,874 shares of common stock outstanding at January 31, 2013.

Documents incorporated by reference:
Portions of the Proxy Statement for the Annual Meeting of Stockholders to be held on May 14, 2013 (Part III)
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Item 7. MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF
OPERATIONS

February 19, 2013

Management’s Discussion and Analysis is the Company’s analysis of its financial performance and of significant trends that may affect
future performance. It should be read in conjunction with the financial statements and notes, and supplemental oil and gas disclosures
included elsewhere in this report. It contains forward-looking statements including, without limitation, statements relating to the
Company’s plans, strategies, objectives, expectations and intentions that are made pursuant to the “safe harbor” provisions of the Private
Securities Litigation Reform Act of 1995. The words “anticipate,” “estimate,” “believe,” “budget,” “continue,” “could,” “intend,”
“may,” “plan,” “potential,” “predict,” “seek,” “should,” “will,” “would,” “expect,” “objective,” “projection,” “forecast,” “goal,”
“guidance,” “outlook,” “effort,” “target” and similar expressions identify forward-looking statements. The Company does not undertake
to update, revise or correct any of the forward-looking information unless required to do so under the federal securities laws. Readers are
cautioned that such forward-looking statements should be read in conjunction with the Company’s disclosures under the heading:
“CAUTIONARY STATEMENT FOR THE PURPOSES OF THE ‘SAFE HARBOR’ PROVISIONS OF THE PRIVATE SECURITIES
LITIGATION REFORM ACT OF 1995,” beginning on page 67.

Due to the separation of the downstream businesses and our intention to sell our interest in the North Caspian Sea Production Sharing
Agreement (Kashagan) and our Nigerian and Algerian businesses in 2012, which are reported as discontinued operations, income (loss)
from continuing operations is more representative of ConocoPhillips as an independent exploration and production company. The terms
“earnings” and “loss” as used in Management’s Discussion and Analysis refer to income (loss) from continuing operations.

BUSINESS ENVIRONMENT AND EXECUTIVE OVERVIEW

ConocoPhillips is the world’s largest independent exploration and production (E&P) company, based on proved reserves and production of
liquids and natural gas. Headquartered in Houston, Texas, we have operations and activities in 30 countries. At December 31, 2012, we
had approximately 16,900 employees worldwide and total assets of $117 billion. Our stock is listed on the New York Stock Exchange
under the symbol “COP.”

Discontinued Operations

On April 30, 2012, we completed the separation of our downstream businesses into an independent, publicly traded company, Phillips 66.
Our refining, marketing and transportation businesses, most of our Midstream segment, our Chemicals segment, as well as our power
generation and certain technology operations included in our Emerging Businesses segment (collectively, our “Downstream business”),
were transferred to Phillips 66. As a part of our strategic asset disposition program, in the fourth quarter of 2012, we agreed to sell our
interest in Kashagan and our Nigerian and Algerian businesses. Results of operations related to Phillips 66, Kashagan, Nigeria and Algeria
have been classified as discontinued operations in all periods presented in this Annual Report on Form 10-K. For additional information,
see Note 2—Discontinued Operations, in the Notes to Consolidated Financial Statements.

Overview

As an independent E&P company, we are solely focused on our core business of exploring for, developing and producing crude oil and
natural gas globally. Our portfolio primarily includes legacy assets in North America, Europe, Asia and Australia; growing North
American shale and oil sands businesses; several major international developments; and a global exploration program. Our value
proposition to our shareholders is to deliver
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Note: “The New Lens Scenarios” and “A Better Life with a Healthy Planet” are part of an ongoing process 
– scenario-building – used in Shell for more than 40 years to challenge executives’ perspectives on the future 
business environment. We base them on plausible assumptions and quantification, and they are designed to stretch 
management thinking and even to consider events that may only be remotely possible. Scenarios, therefore, are not 
intended to be predictions of likely future events or outcomes, and investors should not rely on them when making an 
investment decision with regard to Royal Dutch Shell plc securities.

It is important to note that Shell’s existing portfolio has been decades in development. While we believe our portfolio 
is resilient under a wide range of outlooks, including the IEA’s 450 scenario, it includes assets across a spectrum of 
energy intensities, including some with above-average intensity. While we seek to enhance our operations’ average 
energy intensity through both the development of new projects and divestments, we have no immediate plans to move 
to a net-zero emissions portfolio over our investment horizon of 10–20 years. Net-zero emissions, as discussed in this 
document, is a collective ambition that is applied in the aggregate, with technical and other considerations determining 
the net-positive or net-negative emissions for any individual industry sector or company. It must be driven by society, 
governments and industry through an effective overall policy framework for the energy system as a whole, integrating 
consumption and production. We believe the Paris Agreement is a start towards creating such a framework, and we 
look forward to playing a role as society embarks on this very important journey1.

1

TO NAVIGATE

CLICK on the on the RED ARROWS from the contents below or side menu to 
navigate page by page.

CLICK on the MENU ICON in the side menu to come back to the contents  
from any page.
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We at Shell have long recognised the 
importance of the climate challenge along 
with the ongoing critical role energy plays in 
enabling a decent quality of life for people 
across the world. The global energy system is 
changing, both to meet greater demand and 
to respond to environmental stresses. The big 
challenge for society, simply put, is how to 
provide much more energy with much less 
carbon dioxide. The recent Paris Agreement 
was a constructive milestone in this journey 
and attention now turns to implementation.

Shell aims to play a role in meeting these 
challenges by exploring solutions in areas of 
our technical expertise, such as natural gas 
production, efficient future fuels (for example, 
biofuels and hydrogen), and carbon capture 
and storage, and also in emerging energy 
system technologies. We know our long-
term success as a company depends on 
our ability to anticipate the types of energy 
that people will need in the future in a way 
that is both commercially competitive and 
environmentally sound.

We find the goal of a better life with a 
healthy planet to be an inspiring ambition. 
But navigating the necessary transitions will 
require extraordinary and unprecedented 
coordination, collaboration and leadership 
across all sectors of society. We hope this 
booklet will provide helpful insights for this 
challenging journey.

Ben van Beurden 
CEO, Royal Dutch Shell plc, 
May 2016

FOREWORD: FROM THE CEO

WE KNOW OUR LONG-TERM 
SUCCESS AS A COMPANY 
DEPENDS ON OUR ABILITY TO 
ANTICIPATE THE TYPES OF ENERGY 
THAT PEOPLE WILL NEED IN THE 
FUTURE IN A WAY THAT IS BOTH 
COMMERCIALLY COMPETITIVE AND 
ENVIRONMENTALLY SOUND.

3
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Our work has led us to conclude that 
providing the necessary energy in the context 
of net-zero CO2 emissions is technically 
feasible. But it will be very challenging. 
We know that such a future will be built 
on a patchwork of solutions, not a single 
pathway. Solutions may work in one place 
even if they aren’t necessarily suitable for 
every situation. And it may be difficult to 
predict whether a solution that works well in 
the lab or on a small scale can succeed in 
deploying globally.

In this booklet, we distil what we have learned 
so far in an attempt to answer a fundamental 
question: How could the energy system evolve 
from now to provide “a better life for all with a 
healthy planet?”

We begin with “where we are now”, 
recognising the challenges that face society. 
We then summarise what we mean by “a 
better life with a healthy planet” and how the 
energy system may evolve in future to deliver 
those objectives. The rest of the booklet 
offers a more detailed study of three key 
areas: the necessary transformations in both 
the consumption and production side of the 
energy system; economic growth pathways in 
developing countries; and the policies needed 
to support those transformations. We end with 
“An Accelerated Net-Zero Emissions Scenario”, 
the story of one possible pathway involving 
a patchwork of solutions that could result in a 
better life with a healthy planet on a timescale 
consistent with global aspirations.

Jeremy Bentham 
Vice President Global Business Environment, 
Head of Shell Scenarios

INTRODUCTION: SCENARIOS AND  
A NET-ZERO EMISSIONS WORLD

This report is a supplement to the Shell New 
Lens Scenarios (NLS) published in 2013. 
Scenarios offer plausible alternative stories of 
the long-term future. They do not describe what 
will happen (a forecast) or what should happen 
(a policy prescription), but what could happen. 
The NLS scenarios – Mountains and Oceans – 
considered alternative ways influence in society 
could evolve and described different routes for 
the future evolution of the global energy system. 
We continue to learn from these scenarios 
what is needed, practically, to have a healthy 
planet while at the same time responding to the 
natural human striving for a better quality of life.

The energy system responds to the demands 
of a growing number of people in the world 
with aspirations to make life materially better 
for themselves and their children. Meeting this 
demand will probably require approximately 
doubling the size of the global energy system 
over the course of this century. And that means 
the potential growth of atmospheric CO2 and 
other greenhouse gases – unless something 
is done at the same time to reduce these 
emissions so that there are no net additions.

It is valuable to recognise, however, that a 
net-zero emissions world is not necessarily 
a world without any emissions anywhere. 
It is a world where remaining emissions are 
offset elsewhere in the system, an outcome 
that is more rapidly achievable and hence 
more consistent with limiting the accumulation 
of greenhouse gases. This means that the 
world will need “negative” emissions in some 
sectors to offset remaining emissions in others 
such that zero additional emissions enter the 
atmosphere – the so-called “net zero.”

OUR WORK HAS LED US TO 
CONCLUDE THAT PROVIDING 
THE NECESSARY ENERGY IN THE 
CONTEXT OF NET-ZERO CO2 
EMISSIONS IS TECHNICALLY 
FEASIBLE. BUT IT WILL BE VERY 
CHALLENGING. WE KNOW THAT 
SUCH A FUTURE WILL BE BUILT ON A 
PATCHWORK OF SOLUTIONS, NOT 
A SINGLE PATHWAY.
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Gigawhat?

How do we quantify this?

1x GIGAJOULE
= 1 BILLION JOULES

1x JOULE =
ENERGY TO LIFT AN APPLE ONE 
METRE AGAINST THE EARTH’S GRAVITY

100 JOULES 
PER SECOND =
THE ENERGY USAGE OF A
STANDARD 100 WATT LIGHTBULB

PARIS TO SINGAPORE 
RETURN FLIGHT

RUNNING ON A
TREADMILL 

10 300

YOU TYPICALLY 
BURN ENERGY AT A 
RATE OF 100W OF ENERGY PER PASSENGER

*Approximately, based on a distance of 5,793 nautical miles (10729 km) from  
Paris Charles de Gaulle Airport to Singapore Changi International Airport. 

=100 GIGAJOULES*

=1 GIGAJOULE
X

1
100W

100g

HOURS 
A DAY

DAYS 
A YEAR

EXECUTIVE SUMMARY:  
A BETTER LIFE WITH A HEALTHY PLANET
The internationally agreed UN Sustainable Development Goals2 frame some of 
the great practical issues of our age, including eliminating poverty, providing 
energy and addressing climate stress.

Governments and the global community 
are attempting in many ways to address the 
challenge of poverty, spreading the benefits of 
a decent standard of living from the minority 
toward the majority of people – a better life 
for all. But there is a greater force at work 
than this collective desire from governmental 
organisations for a better world, and that is 
the drive of billions of individuals themselves to 
create a better material life for their families.

These demands for a better life will inevitably 
increase energy needs. The challenge is 
how to supply this demand while at the same 
time halting the accumulation of CO2 in the 
atmosphere – ensuring a healthy planet. 
The rising level of CO2 not only puts pressure 
on the climate, but also warms and acidifies 
the oceans, raises sea levels, threatens 
land-based ecosystems and affects patterns 
of food production. There is broad scientific 
consensus that the quality of life for hundreds 
of millions of people stands to suffer from this 
second challenge.

Energy: enabling the material basis 
for “a better life”
Our understanding and use of “a better life” is 
quite specific. It refers to a world in which the 
basic material needs associated with housing, 
healthcare, adequate sanitation and effective 
transport are extended to everyone on the 
planet. It does not mean a TV in every room 
in the house, a new smartphone every year, 
three-car families or the “use once and throw 
away” practices that have become common 
in much of the rich world in the last 50 years. 
The question then becomes: how much energy 
is needed for a better life?

A common measurement of energy is a 
“gigajoule”.3 A single intercontinental long-haul 
flight from Cape Town to London requires 
an average of 40 gigajoules’ energy use 
per passenger. A physical labourer may 
deliver work that is roughly the equivalent of 
a gigajoule per year. If we take the United 
States, the current primary energy consumption 
is around 300 gigajoules per person per year 
– roughly similar to 300 physical labourers for 
every man, woman and child in the country. 
A more modest and energy-efficient economy, 
such as Japan or most European countries, 
averages around 150 gigajoules per person 
per year.

As we consider the future development of 
economies, and assume significant energy 
efficiency improvements, we estimate that an 
average of about 100 gigajoules of primary 
energy per person is approximately what is 
required to fuel the energy-based services 
that support the decent quality of life to which 
people naturally aspire. And if we assume a 
future population of around 10 billion people 
by the end of the century, and multiply it by 
a hundred gigajoules per capita, we see 
that the global energy need would be about 
1,000 exajoules (one exajoule is equal to 
one billion gigajoules) a year – which is 
roughly twice the size of the current energy 
system. Such a rough estimate is consistent 
with much more detailed modelling exercises 
that have been conducted. It indicates 
both the scope for efficiency improvements 
and demand reduction in many already 
industrialised economies and also the growing 
need for energy in developing economies.

9
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high process-temperatures and dense energy 
storage are necessary, such as in iron, steel 
and cement manufacturing, and in heavy 
freight and air transport. They will also be 
required in the production of chemicals (such 
as solvents) and materials such as plastics. 
So some economic sectors will inevitably prove 
more challenging to decarbonise than others.

Similarly, some regions will decarbonise at 
a slower pace than others, either for political 
and economic reasons or because they 
have a particularly high or low population 
density and hence have either land-use 
constraints on the availability of renewables or 
relatively high infrastructure costs and transport 
needs. So there will be a co-evolution and 
integration of the fossil fuel and renewable 
components of the energy system. Inevitably, 
some level of emissions from certain sectors 
and regions will remain for the foreseeable 
future. As a result, the energy system in an 
emerging net-zero emissions world will be 

something of a patchwork. Different degrees 
of decarbonisation and energy efficiency will 
be achieved at different paces, in different 
places and in different sectors of the economy. 
To mop up remaining emissions, CO2 capture 
and storage (CCS) will need to be deployed 
at scale, and selectively combined with 
sustainable biomass use to provide offsets  
or “negative emissions”.

The four essential policy levers
Specialists know a lot about technical 
best practice in land use, compact urban 
development with public transport, integrated 
infrastructures, high-energy-efficiency with 
low-emissions transport, reforestation, 
soil regeneration and many other areas. 
Although there are costs in moving to this 
smarter, better world, many economists 
estimate that these costs are manageable 
from an economy-wide perspective – a few 
percentage points of global GDP over the 
next couple of decades.4

Renewables and hydrocarbons
In order to come close to a net-zero CO2 
emissions sum, societies throughout the world 
will need to call on an array of carbon-free 
energy sources, such as wind, solar and 
nuclear. Because these sources produce 
electricity, and because new renewable 
technologies are already becoming 
established and increasingly cost-effective,  
in a net-zero emissions world, electricity will 
likely become the most prominent energy 
carrier [see page 40, “The Growth of 

Renewables and New Energy Technologies”, 
for further details].

Renewable energy technologies producing 
electricity have an indispensable role to 
play, but on their own they can’t address all 
current energy needs. Renewables vary in 
availability and in intermittency, and – more 
importantly – electricity itself is currently the 
vehicle for less than one-fifth of total end-use 
energy consumption. While renewables will 
grow significantly, for the foreseeable future, 
hydrocarbons will still be required where 

The four pillars of the energy system

POWER
Zero-emission technologies, including 
current and future renewable 
technologies and nuclear, will need 
to progressively displace coal and 
become the largest share of the power 
sector, with a reduced relative share 
for hydrocarbons, including gas and 
biomass combined with CCS.

BUILDINGS
High energy-efficiency standards in 
building design and operation will 
need to be implemented and enforced. 
This greater efficiency is an enabler of 
full electrification of buildings, which 
will become much more widespread. 
The majority of new construction in both 
developed and emerging economies 
is already all-electric, driven both by 
economics and better regulations.

TRANSPORT
Passenger road travel will increasingly 
need to be electrified or rely on 
hydrogen, while longer-distance 
freight, shipping and aviation will 
continue to rely on energy-dense liquid 
fuels, including oil, biofuels, liquefied 
natural gas and hydrogen into the 
foreseeable future.

INDUSTRY
Certain industrial activities, such as light 
manufacturing and low-temperature 
processes, will be able to electrify and 
therefore decarbonise relatively quickly, 
while others, particularly in heavy 
industry, will be more expensive, take 
longer, or simply lack viable options 
to transition away from hydrocarbon 
thermal fuels in the foreseeable future. 
CCS seems the only viable route to 
eliminate the bulk of emissions from 
activities such as steel- and cement-
making on a reasonable timescale.

To achieve net-zero emissions requires the transformation of the entire global economy, especially 
in four foundational areas where a significant proportion of energy-related emissions of CO2 
occurs: power, buildings, transport and industry.

In addition, steps designed to limit emissions from agricultural practices and land-use change will 
also be essential. Currently, these emissions account for nearly a quarter of all global emissions. 
[See page 39 “The Key Role of Land Use”].
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However, because costs are unevenly 
distributed, the more difficult problem is that 
such a dramatic transformation will inevitably 
create relative winners and losers, generating 
socio-political tensions. Excessive disruption 
itself can also be extremely costly, impacting 
not just individual companies and sectors but 
society as a whole. While the transformation 
can’t be perfectly planned and project-
managed top-down, policy needs to 
be directed at managing these impacts 
so as to minimise obstacles to change. 
Almost everyone would suffer in a disorderly 
transition, so as smooth a transition as possible 
requires early economy-wide responses rather 
than late knee-jerk reactions.

Given the urgency and challenging timeframes 
involved, government policy has a critical role 
to steer and accelerate the journey in the right 
direction and provide the certainty required 
for companies to invest with confidence. 
Four essential policy levers can help push 
society from simply knowing the best steps to 
take to actually taking them:

1.	 Long-term policy frameworks that support 
and incentivise the building of necessary 
infrastructure to enable the take-up of new 
low-carbon materials and technologies.

2.	 Economy-wide carbon pricing – whether 
through carbon trading, carbon taxes or 
mandated carbon-emissions standards. 
It provides an efficient and cost-effective 
way of aligning incentives and motivating 
action across the economy to reduce 
carbon emissions.

3.	 Policies that mitigate the negative effects 
of the transition on the most vulnerable 
sectors of the economy and segments 
of society. Such policies would be 
time-limited, but are critical for reducing 
disruptions as the economy goes through 
the restructuring necessary to become 
net-zero in its emissions.

4.	 Other financial support and incentives for 
low-carbon research and development, 
particularly for early-stage development 
and deployment of promising technologies 
across all key sectors. This support 
will ensure that technological progress 
continues apace as carbon pricing ramps 
up and becomes more effective and 
widespread in its use.

The human dimension
For global primary energy demands in 
our net-zero world to remain around 100 
gigajoules per year for every person on this 
planet, while allowing for a decent quality of 
life, sustained efforts to improve efficiency will 
be essential. Without such efforts, total energy 
consumption will not just be double today’s 
level, but could grow to three times greater or 
more, making the quest for net-zero emissions 
essentially impossible because the capacity to 
include biomass in the energy system would be 
exceeded. There’s enough biomass potential to 
offset double energy use – but not triple.

There is an individual human dimension to 
these efforts as well. Consumers will need to 
choose lighter cars with more efficient drives. 
They will need to employ heat pumps, LED 
lighting and other energy-efficient appliances 
as well as increase recycling. Collectively, they 
can insist on structural efficiencies in their cities 
with good public transport, integrated waste, 
water, power and heat management, efficient 
construction and good building standards. 
Once built, such major infrastructures stay in 
place – and shape our energy needs – for 
decades. So it is critical they are designed and 
implemented as efficiently as possible from 
the outset. And by choosing to live in compact 
cities, consumers lower demand for energy 
because they don’t need to travel as far.

It will also be helpful if concepts such as the 
sharing economy drive material efficiency – 
an important factor in keeping in check the 
growing need for hydrocarbons for chemicals, 
as well as the demands for products from 
energy-intensive heavy industry.
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Can the world do it?
An important and constructive milestone on the 
journey was the recent Paris climate conference 
(COP21) in December 2015. At this, 196 
countries adopted the Paris Agreement, which 
will enter into force after 55 countries that 
account for at least 55% of global greenhouse 
emissions have deposited their instruments of 
ratification. The agreement sets out a global 
action plan intending to put the world on track 
to avoid dangerous climate change by limiting 
global warming to well below 2°C.

The architecture of this agreement has been 
described as a “motorway” to address 
climate challenges in which there are different 
lanes, with different economies going along 
these lanes at different speeds and using 
different vehicles.5 But they will all be moving 
in the same general direction on the same 
motorway – and this movement, over the 
course of the century, will bring us towards 
increasing decarbonisation of our economies 
and transitions in the way energy is used. 
Through adopting the Paris Agreement, 
countries have signalled their intention to enter 
the motorway, from which, in principle, there 
are no exits.

This is a valuable platform, differing from 
the Kyoto Agreement in being a bottom-up, 
national approach, which is likely to be more 
politically resilient. The currently identified 
contributions to reducing emissions are not 
sufficient and do not look far enough into the 
future to realise the overall long-term ambition 
of the Paris Agreement on their own. However, 
governments agreed to come together every 
five years to set more ambitious targets, report 
to each other and the public on how well they 

are doing to implement their targets and track 
progress towards the long-term goal.

To stabilise the climate requires achieving 
net-zero emissions globally to arrest the 
accumulation of CO2 in the atmosphere 
and bring down the concentration of other 
greenhouse gases such as methane. The more 
quickly this is realised, the lower the risks and 
impacts of climate change – which is why 
it is essential to grapple with the practical 
nitty-gritty realities of what needs to change 
to achieve net-zero emissions as early as 
possible. It is also essential to consider the 
whole pathway to net-zero emissions and not 
just the first steps. There is a very real danger 
that policymakers could focus only on the 
short-term, easier options that can be realised 
in the next decade or so, and then find that 
progress runs into a wall because the more 
technically or socio-politically difficult sectors 
of the economy have been neglected.

In spite of the many challenges, the practical 
details of providing enough energy for 
a better life for everyone with net-zero 
emissions can be envisaged – and that is 
reassuring, even inspiring. But getting there 
will not be easy. The world will need huge 
and courageous progress in economic 
restructuring, co-evolution of the emerging and 
established components of the global energy 
system and the large-scale implementation of 
alternative technologies. Above all, we will 
need the active cooperation of millions of 
citizens, policymakers, civil society leaders, 
and businesses across the planet.

IN SPITE OF THE MANY CHALLENGES, THE PRACTICAL DETAILS OF 
PROVIDING ENOUGH ENERGY FOR A BETTER LIFE FOR EVERYONE WITH 
NET-ZERO EMISSIONS CAN BE ENVISAGED – AND THAT IS REASSURING, 
EVEN INSPIRING.

7+bn
~500

10bn WORLD
POPULATION

WORLD
POPULATION

2015 2100

EXAJOULES
ENERGY CONSUMPTION 
PER YEAR ~1000EXAJOULES

ENERGY CONSUMPTION 
PER YEAR

DOUBLE WORLD
ENERGY USAGE

As we consider the future development of economies, and assume significant energy 
improvements, we estimate that an average of about 100 gigajoules of primary 
energy per person is approximately what is required to fuel the energy-based services 
that support the decent quality of life to which people naturally aspire.

How large could the 
energy system grow?

Average current primary energy use*
Gigajoules per person per year

300
150
100

* Source: Shell analysis
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