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A bimonthly summary of advances in knowledge of the 
C02-greenhouse problem, and of the social, political, and economic 
implications. 
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Curves for the global temperature change due to fossil fuel consumption, natural climatic cycles, and the sum of the two effects, from Wallace 

Broecker (Science 8 August, 1975). 
The CO, effect is the greenhouse contribution expected from a continued CO, buildup based on a 2.4 degree Centegrade temperature rise per doubl­

ing. (The 'signal') 
The 'Camp Century cycles' represent an extrapolation of the cyclic temperatures reported by W. Dansgaard from paleotemperature data covering 

the last eight centuries, based on oxygen isotope data measured in the Camp Century (Greenland) ice core. By use of Fourier analysis, Dansgaard and 
associates found two dominant frequencies, 78 years and 181 years. These cycles appear to be related to sun activity. (The 'noise'). 

'CO, effect plus Camp Century cycles' represents signal plus noise. Actual global temperatures averaged over 5-year intervals, as derived from 
meteorl<!gical records, are shown for comparison, as originally published. Actual world temperaLures have been extended here with NOAA 
temperature data, as determined from radiosonde 'thickness' for the 0-16 km layer (data furnished by James K. Angell, Air Resources Laboratories). 

As Broeckerreported, "the last half 'cycle' in Greenland is about the same a~ that recorded by meteorlogical observations (both give about 1.5 
degree Centegrade warming ... Also the ice core is roughly in phase with the global change recorded meteorologically ... The amplitude of the (cyclic) 
curve is reduced so that, when summed with the CO, effect, it yields a reasonable match to the global temperature curve for the last century (that is, a 
fourfold reduction due to polar amplification is made). 

"The resultant curve obtained by combining the CO, effect with the simulated natural curve shows dramatically what will happen if the natural 
cooling bottoms out and swings into the next warming phase according to the schedule postulated here ... This warming should by the year 2000 bring 
average global temperature beyond the range experienced during the last 1000 years." 

The 1930s Drought period has been added to Broeckcr's graph. The threshold temperature which is estimated here to correspond to temperature­
induced drought in the Great Plains region has also been added, and has been labeled 'Dustbowl Threshold'. 
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Editorial--------

The only feasible method for halting the CO, buildup soon-while still per­
mitting large scale mechanization - would place nuclear energy in the domi• 
nant role. Whether civilization will be allowed to use nuclear energy on a suf­
ficiently large scale depends on nuclear energy overcoming its military 
legacy and on an informed public being allowed to make energy decisions 
rather than socioeconomic lobbying groups. 

The impetus for the ~cientific pursuit of nuclear energy early in this cen­
tury was clearly the desire to find a substitute for the chemical energy of 
fossil fuels. Unfortunately, nuclear weapons were developed first because a 
succession of scientific breakthroughs happened to culminate in the 
discovery of the fission chain reaction on the eve of World War II. 

The world's revulsion at the slaughter of civilian populations by ruthless 
military dictatorships-which had succeeded democratic governments in 
times of economic depression - caused many peace-loving scientists to work 
wholeheartedly to produce the atomic bomb first. The ardent pacifist Albert 
Einstein was influential in persuading the U.S. government to launch nucle· 
ar weapons research. 

Adding to the grief in the scientific community over what they had cre­
ated. a bid by the Japanese for )leace was relayed by Josef Stalin to Harry 
Truman at the Potsdam conference before the bombs were dropped on Hiro­
shima and Nagasaki. This bid was not followed up by inquiries or a discus­
sion between the combatants of mutually acceptable terms, but by an 
ultimatum for unconditional surrender and then atomic bombs. (The 
Japanese reportedly were mostly concerned with being allowed to retain 
their emperor.) 

Much of the present sentiment in the U.S. against the use of peaceful nu­
clear energy appears to be an attempt to atone that use of military ex­
plosives. A public declaration against nuclear plant construction and suppor­
ting the suspension of nuclear plant exports, signed by more than 2000 pro­
minent scientists and engineers, was presented to Congress and the Presi­
dent of the United States on the 30th anniversary of the Hiroshima bombing. 

It is time to place those bombings and the world's present need for non­
fossil energy in perspective. In all, less than 200,000 deaths resulted from 
the two atomic bombings, whereas 55 million people- including 38 million 
civilians-died as the result of all ~he World War II military actions. 

Bringing the peaceful nuclear program to a halt in the U.S. and stopping 
exports of nuclear fuels have not begun to solve the proliferation problem, 
and such measures may ac~ually be creating mi litary tensions by aiding 
economic depression. 

If civilization should be denied the peaceful use of nuclear energy to halt 
the CO, huildup, the military legacy of nuclear energy would only be com­
pounded. 

From our readers 

. h ·co Newsletter' "I would like to rere1ve t c • regularly. Thank you for 

George E. Brown, Jr. 
Member of Congress 

thinking of me. 

, t us from its signer, and we wish to share it with (The following letter came 0 

our readers.) 

Dr. Charles D. Keeling 
Scripps Institution of Oceanog:aphy 
University of California/San Diego 
La Jolla, California 92093 

Dear Dr. Keeling: .. G W d II d h 
At a meeting at MIT on "CO, and Climate , e~rge . oo we !11a e t e 

comment that you should receive the Nobel prize. S_1nce ~ beheve that 
second-hand praise is better than first_ hand,_ I _a!11 sending th1? note along. 

A group of us in Cambridg_e are_try1ng to 1n1t1ate a m~c_han1sm ~ en_able 
the American public and their pohcymakers, via electronic and print Jour­
nalism better to understand the problems associated with energy. With the 
help of a mountain of verbomass and a lot of free tutoring, I have come to t~e 
conclusion that the CO, problem may be controlling. If you are at all in­
terested in what we are trying to do, I can send you a draft of a proposal that 
some of us are putting together. · 

Do you have any data which is more recent and more legible than appears 
in - - - - - 's article in - - - - - '? I would appreciate receiving 
anything you think is appropriate. 

(Namias) 

Yours very truly, 
Jerrold R. Zacharias 

Educational Developmen~ Center 
Newton, l\1A 

PERCENTAGE OF NORMAL PRECIPITATION 
W-,t., CO.C.-nbef' 191.S - Febn,o,y 1976) 
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Why global warming is expected to spread 
mid-latitude drought 

If the CO, buildup continues and global warming results, climatologists 
generally ex~ect a decrease in precipitation throughout much of the U.S. 
The ~xpe~tat1on of general drought in the western half of the U.S. is based 
on chmatac analogues from warm episodes of the historic and geologic past, 
and on climate models. 

The wide climatic belts which encircle the globe approximately parallel to 
the equator have varied greatly in latitudinal position and width throughout 
geologic time. As meterologist Jerome Namias has noted, the short-term 
fluctuations of climate in the recent past- which have resulted from shifts of 
these climate bands towards the poles or equator-differ in degree and not 
in kind from great fluctuations of the past. 

Any global temperature rise-no matter what causes it-has been found 
to be amplified at polar regions. Global warming therefore brings about a 
decrease in the pole-to-equator temperature gradient, thus causing a 
decrease in the potential energy of the world's weather-generating system. 
The climate of tropical regions seems to be affected least by global warm• 
ings, whereas precipitation patterns of mid-latitude regions may change 
greatly with small fluctuations of global temperature. 

Natural global warmings of the past have been accompanied by a pole• 
ward shirt of semi-tropical anticyclone belts whose high pressures generally 
repel the moisture-delivering cyclonic storms which migrate from polar 
regions to temperate latitudes. Also those belts often have downdrafts of 
very dry air. Thus these anticyclone belts are noted for their arid conditions 
in both the northern and southern hemispheres on the central and western 
portions of continental areas. In the semi-tropical anticyclone bands are 
deserts of the south western U.S. and northern Mexico, the Sahara-Arabian· 
Gobi desert belt, the desert belt of northern Chile, southern Peru, and parts 
of Bolivia and Argentina, the Namibian Desert, and the Australian Desert. 

In contrast, the eastern portions of continents are favored by monsoonal 
rainfall in this anticyclone band. Hence, a global warming may actually bring 
increased moisture to marginally monsoonal areas. 

Climatologists often compare the threatened CO,-induced warming to the 
mostly natural 0.6 degree Centigrade temperature rise which occurred in 
the Northern Hemisphere between 1890 and 1940. (Since 1940 half that rise 
has been offset by a natural cooling trend.) In discussing the CO, greenhouse 
effect, the U.S. Council on Environmental Quality noted in its First Annual 
Report (1970): "Associated with rising temperature .. . pronounced aridity 
gripped the south central parts of Eurasia and North America. This led to 
the dustbowl conditions and a northward displacement of polar fronts." 

In 'Prairie Plants and their Environment, a Fifty Year Study in the Mid­
west' (1968), J.E. Weaver notes that the 1930s Drought, came on gradually 
over three or four years, and by the summer of 1934 conditions were the 
severest ever recorded. Drought continued until 1941 with only slight inter­
ruptions, causing a great decrease or virtually complete destruction of plant 
cover in the Great Plains, even on ungrazed fields. Many trees died or were ,.

1 injured in Minnesota, Iowa, Missouri. Oklahoma, northern Texas, Kansas,, 
Nebraska, and the Dakotas due to lowered water tables. Cacti increased 
greatly on the High Plains, and winddrifte'd soi l choked out short.grasses. 

The Jong period of record-breaking temperatures, extremely low humidi­
ty, exceptionally high rates of evaporation, high winds, proliferations of 
grasshoppers, and great dust storms caused more than 300,000 people to 
emigrate from the Midwest. Many cattle herds were sold off or destroyed in 
the mid-1930s because of a lack of water, pasture and feed. Great clouds of 
dust were carried from the High Plains out over the Gulf of Mexico and the 
Atlantic Ocean. 

Severe 
Drought 

Lowered£.,-''-~:;~~ 

water table 

____ .owl 

Extreme . 
Drought 

1930s Drought 

Some climatologists question whether hemiiipheric warming was the true 
cause of the 1930s drought in the Great Plains or whether this wall merely a 
recurrence of cyclic drought. Droughts havo been found to recur on the High 
Plains every 20 to 22 years - following every other sunspot minimum -as 
Walter Orr Roberts has noted from records dating back almost two cen, 
turies. As Roberts predicted, cyclic drought recurred on the High Plains In 
the mid 1970s. Studies by Namins show that this drought (and the drought 
conditions of northern California and Nevada! resulted from tire 'blocking' of 
cyclonic storms during the rainy season by a subtropical anticyclone over 
the East Pacific Ocean. The antlcyclonc was associated wi~h an abnormally 
high sea surface temperature anomaly which subsequently became abnor• 
nrally cool along with the rest of the ocean in the entire northern Pacillc. 

While the severest year of the 1930s Drought did follow a sunspot 
n1inimum in conformance to Robert's observed cyclicity, the 1930s Drought 
was far more severe and much longer enduring than other cyclic High Plains 
droughts. The !930s Drought bears a closer resemblance in its extent and 
severity to the 'Altithermal Long Drought' as described by Ernst Antevs 
(1948, 1955), George· Frison (1978) and others. (Altithermal is a provincial 
term which is applied in the western half or the U.S. lo the warm period of 
4000 to 8000 years ago, while the term Hypsithermal which was introduced 
by the llalian botanist Chiarugi in 1986 is given priority by climatologists to 
this episode globally.) 

The Altithermal drought conditions are demonstrated to have extended 
from the Midwest to the Far West by caliche (evaporative} deposits and 
other dessicated soils, dessicated lakebeds, extensive sand dunes now 
stabilized by vegetation, and extensive gulleying attributed to lowered 
water tables. Except for a few archeological finds marginal to mountain up­
lifts, the Altithermal Age has yielded no remains whatsoever to indicate 
that man or grazing animals occupied the Great Plains during the Altither­
mal. Archeological finds from the Great Plains have invariably been dated as 
having been occupied either before or after the Altithermal. The very arid 
climate extended from California and Oregon to central Texas and Iowa. On­
ly the high mountains received much precipitation. 
· At the beginning or the Altithermal, the hunting tribes of the Great Plains 
are thought to have migrated to the Atlantic coastal region as grazing 
animals dwindled. A(ter moist conditions returned, occasional droughts ap­
parently kept the overall population small. By the time of Columbus the 
drought-free areas of Central and South America had about 15 million Amer­
indians compared to about one million in all of the present U.S. 

As the semitropical desert bands moved poleward in the Hypsithermal, 
some other areas may have become moister. William Kellogg and John Kutz· 
bach have noted that a belt extending from Lake Chad (on the Sabel in Cen• 
tral Africa) through southern Arabia to northwest India was considerably 
wetter in the Hypsithermal than at present. Also the mild Hypsithermal 
climate of northern Europe is referred to as the 'Climatic Optimum'. 

George I. Smith, head of the U.S. Geological Survey's Climate Program, 
points out that available paleoclimatological information-accurately 
dated-is still too sparse to make an integtated assessment of global 
temperatures of the Hypsithermal. 

The global temperature threshold that brought or. the 1930s Drought may 
actually be about the same value as the threshold temperature of the Alti­
ther~al. Thus an average global warming of possibly as little as 0.3 degrees 
Centigrade above present temperature might conceivably turn much of the 
world's wheat belts- which now border the anticyclone belts-Into deserts. 
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Excerpts fro1n recent repor s 

On April 3, 1980, the Senate Committee on Energy and Natural 
Resources, Paul Tsongas, Chairman, held hearings on the. CO, ~robl~m­
Testifying where George Woodwell (Woods Hole Martne B1olog1~al 
Laboratory), Gordon J. MacDonald (Senior Scientist MITRE Corporation 
and Chairman of the JASON group of independent scientists consul ling for 
the government), Wallace Broecker (Lamont-Doherty, Columbia), William 
Kellogg (National Center for Atmospheric Research), David Rose (MIT), 
David Burns (AAA$), Gus Speth (Chairman, Council on Environmental Qual• 
ity), Ruth Clusen (Secretary of Energy for the Environment), and William 
Hayne (Deputy Assistant Secretary of Environment and Health, Depart· 
ment of State). 

The following is from 'Testimony on the impacts of increased carbon diox• 
ide levels in the atmosphere' by Gordon MacDonald. (Excerpts from other 
testimony will be forthcoming when the transcripts have been printed and 
made available to the public.) 

" ... I am honored to appear before you to discuss one of the most critical 
issues that will confront mankind over the next few decades . . .. 

"After some years of disagreen1ents as to the magnitude of the 
[CO,-induced) warming, scientists studying the problen1 have come to an 
almost universally accepted conclusion that doubling of the carbon dioxide 
will lead to an average increase of temperature over the surface of the earth 
of two to five degrees centigrade and that this increase will be accentuated 
by a factor of three to five in the higher lalitudeS'. 

"While the concentration of carbon dioxide in the atmosphere has changed 
by only seven percent in twenty years, the change has accelerated year by 
year as the world continues to increase its use of carbon based fuels by 4.3% 
compounded annually despite the rapidly escalating costs of these fuels .... 
Most models indicate that the doubling will take place sometime between 
2030 and 2050. If coal and synthetic fuels are employed and a high rate of in• 
crease of energy use is maintained, the early dates apply .... 

"The doubling time is used as a convenient date; however climatic changes 
can be anticipated long before a doubling takes place. A 500/o increase in car• 
bon dioxide would raise average temperatures between one and three 
degrees Centigrade and such an increase could take place as early as 2005 or 
as late as 2040 depending on future energy use, energy sources and bio­
spheric and ocean responses .... 

"While we cannot forecast in detail the climate in the coming decades, we 
can with some confidence predict that there will be significant changes .. . . 

"The dilemma we face is of historic proportions. Economies around the 
world depend on the use of energy de rived from carbon based fuels. T he con­
tinued use of these fuels will irreversibly change global climate placing 
heavy stresses on societies around the world . ... I would recommend four 
steps: 

"l) Consideration of the carbon dioxide problem should be an integral part 
of the development of energy policy both in the United States and abroad. 
Scientific uncertainties will always be present and it will take between ten 
and twenty years before warming due to carbon dioxide can be detected 
against natural fluctuations in climate. By that time, commitments by in­
dustrialized countries to coal and synthetics could only be reversed at 
substantial economic loss. 

"2) The Executive Branch in its energy planning should reconsider the 
relative contributions of conservation and solar energy to meet energy 
needs both here and abroad. Further consideration should be given to 
enhanced use of natural gas which generates significantly less carbon diox· 
ide per unit of energy delivered than other carbon based fuels and which at 
present is demand rather than supply limited. The future role of nuclear 
energy, which does not emit carbon dioxide, should be reconsidered taking 
full account of the safety and waste disposal problems. 

"3) The United States should take the initiative in various international 
fora such as OECD and the United Nations not only to increase awareness of 
the carbon dioxide issue, but develop means by which the energy policies of 
individual countries can be coordinated so as to include consideration of the 
carbon dioxide question. 

"4) The United States in collaboration with other countries should pursue 
a vigorous research effort to reduce the uncertainties in predicting future 
carbon dioxide levels and the impact of enhanced levels. At present the lead 
responsibility for carbon dioxide rese~rch is assigned to an office bu_ried fair­
ly deep within the Office of the Assistant Secretary for the Environment 
within the Department of Energy. M11ch of the re levant research is funded 
by other agencies including NSF and NOAA. I believe that research pro• 
gram can be strengthened by giving the responsible DOE office higher 
visibility .... " 

• 
h Progress Report', U.S. Department of 

From 'Carbon Dioxide Researc 
Energy, April 1980: C Dahlman) "It is still unclear how much co 

(Executive Summary, Roge~ ·e from deforestation and other changes i~ 
is contributing to the atmfsp efar forest changes will be attempted, but it 
land use. Dire_ct sensing ? ~ec~e determined if the proposed methods meet 
will be some time before it can 

d ds of accuracy• · · · 
the required stan ar t that temperate forests may act as a sink for 

"Preliminar~ data sugt~s slash-and-burn agriculture of the tropics in. 
CO,. Information abo~t ~ . rbon in refractory charcoal may be occuring. 
dicates that some s~or~g:so ~: definitive, but they do indicate that it is too 
None of these studie: is thfsis that land-use practices contribute a signifi. 
ear ly to accept the ypo . .. 
cant amount of CO, to theh a•~-e~t~r Machta and William Elliott) " ... The 

. (Ca~bon Cycle Rese:~t; release of fossil fuel (plus cement manufacture 
historic growth rate

1 
° ) h been just over four percent per year. Prelimi­

and flaring of natura gas th as ast two or three years there has been a strong 
nary data suggeSt that

1
_in ;f Pbut such changes in long-term trends have oc­

tendency toward leve 1ng O •. 

d · f previous pertods. • · · 
curre in a _ew_ d by IEA however, suggest that annual energy 

"The proJections_ ma e swill dontinue to grow, and in one estimate for 
usage over longAerDt,mthe sp~~ual re lease of CO, from fossil fuel combustion 
the year 2025 • ·· e a ' 

d I t f r times the 1975 values. • · · 
woul be afmhos t ouds based on data collected during the past year differ 

"None o t e ren • · ) · • 
. . • r m those of the past. Those (CO, monitoring stations with 

s ignificantly fd? backward in time for over 10 years exhibit a larger year• 
records exten ing . · 1· t· I r t • · ore recent periods than 1n ear 1er 1mes. n ac , an to-year increase 1n m h b 
analysis of the Mauna Loa record suggests that the growt rate can e ex• 
plained without a net biospheric source ?f CO, . • • · . . 

"Their (Institute of Tropical Forestry 1n Puer~o Rico and Cornell ~n1ver• 
sity) work a lso suggests that slash-and·b_urn agr1cult~re may result 1n a net 

t f Or C·arbon from living vegetaqt1on to the soil or large boles (dead 
rans er • 1 b 1· th t • ,,. ·t· tree trunks or large branches). They tentative y e 1e_ve a man s ac.:1v1 1es 

may make tropical forests a net sink for atmospheric carbon _rather than a 
source, as is usually thought .... They find data somewh~t variable through• 
out the world, but reach the conclusion that extratrop1cal for~sts may ~e 
storing carbon at a rate nearly 20 percent of the current fossil fuel em1s• 
. .. s1on. 

• 
From testimony of Stephen H. Schneider, National Center for At· 

mospheric Research given before the CO, Symposium of the Senate Commit· 
tee on Governmental Affairs, Abraham Ribicoff, Chairman, July 30, 1979: 

" .. . in what I have read I have seen estimates (of making the \Vest Ant· 
arctic ice sheet unstable) ranging from decades to centuries depending upon 
which process created the breakup. It is very, very hard to say, but ,ve may 
be committing ourselves to the initiation of this process as soon as the end of 
the century - if you neglect uncertainty and accept climate model estimates 
of a five degree Centigrade polar warming. The process of breakup could 
begin. We would then over decades and centuries, ,vatch it happen and not 
be able to do anything about it. That is a definite possibility .... 

"I was asked by a reporter at the meeting of the American Association for 
the Advancement of Science last January what was the most striking thing 
to me about the evolution of the CO, issue. I think the most striking thing is 
we have yet been unable to make it go away in our models. 

"The reason it is beginning to gain attention now ... is that we have tried 
as we refined the processes in the models to find out if the old estimates are 
true or false, and we keep coming out about the same place. Of course, there 
are still some crucial assumptions that are rooted in these models, that they 
all share in co°"!mon. That is why ,ve have uncertainties and speak cautious· 
ly. But there 1s no real .threshold in the scientific sense ,vfien the CO, 
estimates will be accepted as fact. It is more or less when we can' t make the 
problem go away, that people tend to accept it more. That I think is why you 
have seen so much interest and grounds,vell of concern over 00,. IL is that 
many of those of us ,vho are skeptical and try to make the CO, effect go away 
scientifically have had trouole doing so." ' 



• From 'Scenario for a warm, high-Co , world' T M L . 
p,M. Kelley, Clin1atic Research Unit, Univer~it · of E Wigley, l~.D. Jones & 
UK, Nature, 3 January 1980: Y ast Anglia, Norwich, 

"Plausible patterns for temperature and prec· 't . 
Yl'ng a general global warming, such as might 

O 

1P1 adtion changes accompa-
n . b d. 'd I ccur ue to a larg . . atmospheric car on 1ox1 e evels, are presented Th e increase 
mined by comparing the five warmest years in the· ~ Pda~terns are deter­
m Perro 1925-74 with the 

• 

, 
•• <J01 NF-Wfil,111'111',J~, A.p,,JI, M•y, J:,PA 

flvc coldest In thl11 period. 'P1un11<•r11i11r,, lnrr<111*u11 :,,,, ln4~"n.,.l'd fur tli'JM 
regions, with maximum wnrming ovor nflrthr,rn /i,111,, A f,-,11 t~1Jrd"!tl ffff(fttMt 
show cooling. Prccipltatl(ln chnnges are fstlrly '"lf1nly t/J1Jtrltn1t,(,IJ t,et ll'!~ft 1n, 
creases and decreases; the m,,st lmport11nt f<•11tur1J& t/fnflr, 1H1 lw:rf/11~ </rt, 
India, and decreases in central s<1uth•C'1Jntr11l UH/\ t1111J 't'r&r r11111n t/l Y,,,,"fi!J 
and Russia. 'L'he la Her dccrcaaes, should they <HU:1'r, t;t111ltJ h1'·,-: ~§)4,,,~ 
agricultural impact.'' -Abstract. 

• 
Mean annual pr · ·t t· h 

ec1p1 a 10n c anges from cold to warm years. 
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}'rQm, 'How long 111 coal's futuro?', by Ralph 1\1. Rotty and Alvin M. 
\\'l'inb\•rg. Ill Cli111r1tc Chu11gc, volume 1 nu1nber 1, March 1977: 

"lr Olll' l''_t1n1i11cs other predicted disasters- ozone depletion, catastrophic 
n.•,u:tor t1~c1dl•nt. perhaps even nuclear war - one must admit that the 
Sl'fll'U~ chmatt• shifts caused by CO, may be at least as likely as these, and 
tnor~ ldte!y t~an soine of them. What is so surprising and alarming is Nie­
~aus proJection that CO, concentraton reaches 475 ppm by A.D. 2050, even 
lf w11 allow consu,nption of fossil fuel to peak at little more than twice its pre­
sent v.1l ue by A.D. 2000. Even the most conservative world energy scenarios 
do not project increases or this order- that is, growth of less than 30A, per 
year to A.O. 2000. 

'"Perhaps the most disturbing aspect of the CO, problem is that the ocean 
reservoirs restore the CO, in the atmosphere to equilibrium only after hun­
~reds of years. Thus there is serious possibility of the society's putting CO, 
into the atmosphere in amounts that we later discover cause undesirable cli­
matic change. Because of the long recovery time, this climatic imbalance 
miglil be with us for centuries. 

30 Terawatt scenario with all fossil fuels 
• 

l1'W) 

10 

if1 t 

"Whnt would the world do ir, sny 10 years from now, an lnterna~lonal 
panel or distinguished climatologis ts proclaimed that the concentration o/ 
CO, places serious limits on the amount or energy man can generate fr?m 
fossil fuel each yenr- possibly to no more than the prese_nt level or les~? 

"We would first try to conserve energy: but conservation for the United 
States with an annual per capita production of 350 X 10• Btu is a much easier 
proposition than is conservation for the rest of the world, which uses about 
50 X 10' Btu/capita. It is inconceivable that the developing countries will re­
main content with the pittance of energy now allotted them; it is equally 
unlikely that the developed countries will reduce their energy consumption 
sufficiently in such a short period. We would thus be forced to examine the 
non-fossil options. not as matters of choice, but as matters of urgent necessi• 
ty. This CO, Sword of Damocles, if indeed it exists, requires development of 
solar (including its children- wind, ocean thermal, etc.) fission, fusion,and 
geothermal, much more quickly than is generally recognized. 

• 
50 Terawatt energy scenario with solar and nuclear energy 
supplanting fossil fuels . 
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C02 impact of the 30 Terawatt fossil fuel scenario. C02-impact of the 50 Terawatt solar and nuclear scenario. 

From F. Niehaus, (19791 (Reprinted in "Carbon Dioxide 
Accumulations in the Atmosphere, Synthetic Fuels and Energy Policy', A 
Symposium held by the Senate Committee on Governmental Affairs, July 
30. 1979. 
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ol\111\t' u • ' 
v "Decisions on !urthor energy supply systems should be made 'th 

th ' ·ilternntives available. Therefore, information is need d wi hre~ard 
W e • . f h t Th · k e on t e risks 

d '""nehts o t ese sys ems. e r1s s of nuclear power ha b d' 
an '-"' h · th · d" · ve een 1scuss• ~d at great leng_l : 1n 1s 1scuss1on, nuclea~ power has played the role of a 

bol expressing concern about technolog1cal developeme t • 
1 syrn · • t t· 1 d . . n 1n genera .... 

11 ,ever to arrive a ra 1ona ec1s1ons, nuclear power has t b . 
pO\\ • . · h d h . o e seen 1n 

Pective. 1.e .. wit regar to t e benefits and risks of the alt t· pers . "bi I erna 1ves. 
One of the risks of poss1 e_ ong-term global concern is the emission of car-
b()n dioxide (CO,) f_rom foss1_1 fuel co~sumption .... 

"The principal risk af an increase 1n atmospheric CO,-concentration is its 
impact on the radiation ~~lance of the atmosphere. the so called •greenhouse' 
effect .... As the reflect1v1ty (albedo) of the atmosphere is about 290,1:,, the 
theoretical equilibrium temerature can be calculated as ·19"C, or 34oc less 
than the observed average of about + 15°C. This is important difference 
which is necessary for life on earth, is caused by the fact that the at'. 

CO, NEWSLETTER, April · May, I~ 
mosphere provides a window (480ro transparent> for the Incoming solar1'11dfa. 
tion but absorbs (200,1:, transparent) the infrared radiation emitted from ear­
th's surface .... 

"Models simulating this behavior of the atmosphere have been used to 
calculate the effect of a change in carbon dioxide concentration. All calculi, 
tions agree quite well that the temperature increase due to a doubling or at, 
mospheric CO,-concentration will be about 2"C and 3"C, depending on 
assumptions about other parameters .... 

"The temperature change decreases with altitude and even become, 
negative beyond a height of about 10 km ..•. This relationship has been .a 
point of great confusion in the past as it has been pointed out ... that today'e 
CO,·concentration would already absorb 98.5°ro of the Tadiation in the rele• 
vant absorption bands. This led to the wrong conclusion that the CO,-erteet 
would be minimal. However, ... although this is true for the total atmosphere, 
a significant warming occurs in the lower troposphere because for a doubt, 
ing of CO,-concentration only half the path length is required for the same ab­
sorption." 

What would be needed to bring the C02 
buildup to a halt 

Many scientific uncertainties still exist concerning the thermal effects of 
increased ~O,. the uptake and loss of CO, by ~he biosphere and oceans, and 
the potential temperature thresholds at which climate change may take 
place or at which ice sheets may become unstable. These uncertainties are 
being narrowed as CO,-related research accelerates. 

For environmental anal.l'.se~ and long range energy-planning, it is 
desirable that these un~erta1nt1es be translated into comparative risks and 
tradeoffs 1n a systematic man_ner. In particular, \Vhen studies are published 
such as those by S.B. Idso (Science 28 March 1980) and R.E. Newell and T.G. 
Dopplick (Journal of Applied Meterology, 1979), which suggest that the ex­
isting scientific consensus about the global thermal response to a CO, doubl­
ing should be reduced by about a factor of ten, such radical departures from 
the consensus must be factored in. If a CO, doubling should produce a global 
average warming of only 'I• degree Centigrade, as these workers suggest, 
then halting the CO, buildup before the temperatures of the 1930s are 
reproduced woµld not present a difficult challenge. However, as Stephen 
Schneider of the National Center for Atmospheric Research notes, Newell 
and popplick's surface energy budget response requires that air 
temperature and humidity remain fixed over the evaporative surface of the 
ocean as it receives energy. This hypothesis maximizes the energy which 
leaves the ocean surface and thereby minimizes the calculation of surface 
warming. Until real world evidence shows that air temperatures and humidi­
ty do not rise to an equilibrium value- and thereby provide a warming feed• 
back-planners are likely to assign a much higher probability to conven• 
tional models. 

Schneider also notes that Idso's basic model treats a non-closed energy 
system which permits unmeasured energy to flow in and out laterally. 
Therefore, until Idso's experiments can be performed simultaneously at 
many symmetrically-spaced stations throughout the world, or until the total 
energy flow can be accurately measured at a single station, planners are 
likely to continue basing decisions on conventional models which treat closed 
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energy systems. 
Nevertheless, these works are valuable in pointing out that certain 

assumptions and limitations necessarily exist in .all theoretical models. O_nly 
with continual questioning and scientific feedback can the best technical 
assessments of CO, effects be arrived at. . . 

Presently the consensus estimates of greenhouse warming provide some 
very sobering expectations of environmental impacts. It m~y not be hum~n· 
ly possible to halt the CO, buildup before a 1/z de!l;~e warming occurs, which 
might mean that Hypsithermal or Dustbowl cond1t1on_s_ca?not be headed off, 
and sea level may rise three meters at eventual equ1hbr1um. 

To halt the CO, buildup before a one degree Centigrade war~ing occ~rs 
may be a formidable task. Broecker correlates a one degree ~ent1grade rise 
with climatic conditions which prevailed at the warmest time of the last 
interglacial, when sea level was about six meters higher than persent. Nie· 
haus has described an energy mix which is estimated to be able to halt the 
CO, buildup slightly below that level (see the accompanying graphs). This 
scenario calls for fossil use to peak at twice the present value by 2000 and re­
quires ·that by 2010 non-fossil sources provide as much energy as is consum­
ed today over the entire world. 

Energy and environmental planners in the U.S. have only a few alter• 
native courses to choose between: 

1) Postpone the decision to halt the CO, buildup (inaction itself may be a 
form or action): 

2) Deliberately allow the CO, buildup to continue (slowing the rate oC 
buildup would delay impacts only a short while); 

3) Halting the co. buildup by eliminating all fossil-fuel use and 
substituting solar, wind, hydroelectric, and animal power; 

4) Instituting a highly accelerated nuclear energy program to replace 
fossil fuels. The program would need to develop recyclable chemical fuels for 
airplanes, trucks and tractors. It would have to provide electrified mass 
transit on a massive scale. Companies might have to be assisted to turn out 
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bat t ery-Opt'raled aulos competitively a nd profitably in place of gasoline 
powt>red cars. Industry might, have to be assisted to convert to non-fossil 
sour\"es or process heat. as by replacing coal-fired steel-making furnaces 
with electric crucibles. 

The public would need some straightforward answers before deciding on 
the nudenr option. 

· \Vould the re be enough fuel"? 
· \Vhat are the radiation risks? 
· \V hat are the safety risks? 
· \Vhnt are the proliferation risks? 
• ~ ' hat about waste disposal"? 
· How do costs compare with benefits'! 
As to fuel availabilitly, an intensive worldwide search would be needed to 

provide uranium. Recycling of spent fuel would be needed to util ize remain• 
ing fissionable uraniun1 and plutonium (the recover able plutoniu1n in each 
ton of spent fuel has energy equivalent to 10,000 tons of coal). Development 
of the breeder reactor would have to be accelerated. 

As Lo radiation risks . few people real ize that an oversight in regulations 
has allowed the public to receive n1uch 1nore car cinogenic and mutagenic 
radiation fron1 coal plants than fron1 nuclear plants. The exposure to the 
public from uranium mill tailings is about 55,000 person-ren1 per year and 
fron1 all other aspects of nuclear electric gene rat ion about 70,000 person-rein 
per year. (The public exposure from the Three Mile accident is estimated at 
2500 to 5300 person-rem.) In contrast, EPA 520/1-77-009 shows a population­
i~tegrated dose :ate of 400.000 person-rem per year from large coal ash 
piles, and EPA-;i20/7-79-006 shows that coal-fired generating plants are 
greater sources of r adiation exposure than nuclear. 

Nuclear plant safety can probably be improved greatly with the aid of 
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governmental and industry research, as the government of Franc~ h_as found 
by using the carrot more t han t he stick. So far t he nuclear -electric industry 
in t he U.S. has a zero-death safe ty record. 

As to nuclear weapons proliferation, the _gr_eatest ~hreat today does ~ot 
come from the count ries with nuclear-electric 1nduslr1es but from countries 
that have no such industry. Power-producing reactors can manufacture 
military grade plutonium only for a s hor t while al t he beginning of each new 
fuel load. Not long aft.er t he fuel has been radiated. unwanted plutonium 
isotopes are pr oduced in too gr eat a quantity. These isoLopes fission spon­
taneously to make explosive yields very unpredictable. 

The cheapest, quickest, most. r eliable way for a country to produce 
n1ilitary grade plutoniun1 for explosives is t o employ a special plu tonium­
breeding reactor ,vhich is usually referred to poli tically as a 'research' reac­
tor. The technology for s uch r eactors has long been available to any country 
t hat could afford it. Count ries which own 'research' reactors and yet have no 
nuclear -electric industry are Iraq, Israe l, Libya, and South Africa. 

As to safe nuclear waste disposal. the current delay in the U.S. program is 
not caused by a lack of acceptable options, but by having to choose between 
too many options. Larry 1-Iench of t he University of Florida has calculated all 
the combinations of alLer natives that ar e being consider ed r egarding geolog­
ic setting, solid waste forms, buffers and desiccanLs and found that there are 
60,000 different combinations of alternatives. 

A large capital investn1ent would be needed for a massive nuclear energy 
program t hat. has a reasonable chance of halt ing t he CO, build up before a one 
degree Centigrade warming is caused, amounting to several thousand 
dollars per person at Loday's va lues. Eventually such a program might pro­
duce substantial savings. Such a progr am ,vould require a strong national 
commit,nent similar to waging a large-scale war or putting a man on the 
moon. -W .N.B, 
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