The CO2 Newsletter, created, published,
and edited by William N. Barbat, ran from
1979 to 1982.

In 2025, the family of Mr. Barbat donated
an original set of all issues to Dr. Marc
Hudson, and agreed that these could be
digitised and placed online as a resource
for anyone who wants to understand how
long we’ve known about the carbon
dioxide and global warming problem.
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Arctic Warming Resemblesthe 1930s

The cool winter temperatures in the Arctic in recent decades were
interrupted by sudden warming which made winter of 1980-81 the
seventh warmest Arctic winter since modern records have been kept,
The accompanying temperature plot showing these temperatures was
compiled by P.M. Kelly and P.D. Jones of the Climatic Research Unit of
the University of East Anglia, and was published recently in Climate
Monitor.

The principal direct effects of an increased greenhouse effect of CO,
which can be monitored to detect change are temperature changes over
a period of time as measured at the earth’s surface. Climate Monitor
presently is the only publication that provides up-to-date monitoring of
the earth’s temperatures by zones and seasons.(£20 per year, Climate
Research Unit, U. of East Anglia, Norwich NR4 7TJ, England.)

Jones and Kelly have noted three distinct phases in the Arctic winter
temperature record: a ‘cold’ period during the first decades of the rec-
ord (1880-1920); a ‘warm’ period during the 1930s and 1940s; and an ‘in-
termediate’ period during the last three decades. The temperature of
winter 1980-81 (+1.59°C) is reportedly comparable with the warmth of
the late 1920s, 1930s and 1940s. During that warm era, outlet glaciers
receded dramatically in Greenland, and Spitsbergen witnessed glacial
surge. Whether the 1980-81 winter warmth signals the end of a natural
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cool cycle in the Northern Hemisphere and the beginning of a warm cy-
cle with CO, signal reinforcement may not be determinable for some
time.

Climate change is expected to result not from an increase in the ab-
solute magnitude of global average temperature, but from a decrease in
the temperature difference between cold polar and hot equatorial
regions. This difference provides much of the driving energy which
creates weather disturbances that bring cold polar air to mid-latitudes,
causing much of the mid-latitude precipitation. Conforming to such a
theory, the sudden Arctic warming of winter 1980-81 was accompanied
by a decline in precipitation in the southerly parts of the U.S. and a
serious snow drought in the mountain West.

A sudden weather change took place in April following a powerful
explosion on the surface of the sun, which produced a great at-
mospheric disturbance on earth and bright auroral displays as far south
as Tucson, Arizona (32°N) on April 12. Polar air masses then resumed
meridianal flow, bringing large amounts of precipitation to many
drought-parched areas in the U.S., and causing sudden and unexpected
blizzards over large parts of England on April 23-26. These blizzards
caused widespread disruptions to power supplies and transport and
severe losses of livestock.

Arctic winter temperature anomalies

deviations from the 1946-60 mean, with
deviation for winter of 1980-81
(+1.59°C) projected. (Winter of 1939-40
= +1.60°C.) Modified from Climate
Monitor, volume 10, number 1, 1981.

b by .
= w (-} w = w = w = wn 1] wn -] w

1868 1890 16920 19192 1920 19308 1940 18508 1868

‘First Order’ CO2 Problemsto Receive DoE Attention

Dr. Fred Koomanoff recently succeeded David Slade as director of
the Department of Energy’s CO, Climate Effects Research and Assess-
ment Program. Slade will still be involved in climate studies in another
part of DoE.

In a telephone interview, Koomanoff explained that no basic changes
are in store for the 1981 budget, but that there may be changes down
the road. He summed up his basic direction as trying to define if there
is a CO, problem, acquiring hard data to give to decision makers, and
concentrating primarily on first'order problems. Koomanoff expressed
concern that second and third order problems can become ‘the tail that
wags the dog’. ; ’
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Also moving out of DoE’s CO, program to other functions in DoE is
Harry Moses. Moses had organized the Workshop on First Detection of
Carbon Dioxide Effects held June 8-10, 1981 at Harpers Ferry, West
Virginia, The program was reportedly put together on short notice, so
Moses explained that the press purposely was not invited to allow par-
ticipants time to revise papers and session reports before they are
released.

Determining how to recognize carbon dioxide effects apparently oc-
cupied as much Workshop attention as detecting the effects once
recognition criteria are agreed upon. i
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“But meanwhile time flies, flies irreparably, while we, charmed with
love [of our theme), linger around each single detail "

: — Virgil
Editorial

The many controversies concerning the CO, problem tend to nulli
:ciegtiﬁc leagiership and paralyze political gction. Are thex-tlel lrg
qualified arbiters to settle such controversies? This question has
b‘othered the U.S. Congress to the point where it has taken a wise ac-
tion to obtain the best scientific advice obtainable.

problem in its analyses, and released the Review Draft to the public too
late ttso permit input within the prescribed period for receiving com-
ments,
- While the U.S. Congress did Pass the synfuels bill, Title 7 of the
Energy Security Act of 1980 calls for the Director of the Office of
Science and Technology Policy to contract with the National Academy
of Sciences to obtain an assessment of the CO, problem within three
_ Years from the date of the act. This places the g8reat responsibility for
evaluating the profound ramifications, the controversies, and the
uncertainties on a select group of highly qualified and respected scien-
tists. The study is well under way under the leadership of William
Nierenberg, director of Scripps Institution of Oceanography.
The original budget for the study was to be somewhere between
3739.000 apd $1,250,000, but this has been cut to $600,000 in the.wave of

millions of dollars awarded through this same legislation to create a
domestic synfuels industry, which not only subsidizes a CO.-producing
source with a long industrial life in place of a potentially non-CQ, pro-

ducing energy industry, but also greatly increases the amount of Co,

produced per gallon of gasoline over conventional fossil-fuel sources.
Readers will usually find us siding strongly with thrift in govern-
ment and enterprise. But not in this case where the government is mak-
ing a very small investment to assess what many qualified scientists
consider to be the principal determinant of the country's environmen-
tal, economie, and possibly strategic destiny. There is no economic
Justification for not giving the NAS whatever funds it needs for the Co,
evaluation, and for not letting NAS determine those needs.

What do people who are unfamiliar with the technical aspects of the
- CO, problem think of the CO, problem? Our speculation on this matter
- was partly cleared up when we received a phone call the other day from
Petr Beckmann during which we arranged to exchange a sub§crnptxon
 to our publication with his well-known A ccess to Energy, described as a
_'pro-science, pro-technology, pro-free enterprise monthly newsletter
($18/yr., Box 2298, Boulder, CO 80306).

From the conversation it was easy to sense that Professor Beckmann
truly wishes to understand the CO; problem and how it may affect at-
fﬂtﬁde& and policies toward energy, but that he was at a loss to gain
iiucb an understanding from the more widely circulated scientific
* publications. As it turned out, Professor Beckmann had written and
- published a brief article on CO, shortly before calling, and he apparent-
s, fily recognized some shortcomings. Some excerpts from the article:
 “We are not unqualified supporters of nuclear power; we are un-
alified supporters of the truth, -

" luclear power has all the facts in its favor, and it does not need
] arguments to support it. Climatic change by the ‘greenhouse ef-
due to fossil fuel burning is such a shaky argument. It is not
ily false, but neither has it been conclusively shown true, and
wrote about it (AtE Apr & June 79), it may have gotten

© 1981 by William N. Barhat

“. .. it is known that the carbon dioxide content of the atmoaphere
has been increasing for more than a century, and_ th'at t.he burm’ng of
fossil fuels is one of the sources that puts carbon dioxide into the air.
(Deforestation, especially in the Third World, has made (vegetatiom
more of a net source than a sink of CO,. b

“But the known CO, budget does not b'alance: about 5 billion tons per
year is now released by fossil-fuel burning, and some 14% of it disa
pears into a sink, which until recently has remained mysterlous. Now
four scientists . . . have pointed to the large masses of organic Mmaterija]
in the ecosystems near the continental shelves that get swept oyt into
the ocean to the continental slopes. s =N

“...If it is man who puts more CO, into Fhe air, 1t is also man wh
puts more organic waste into the sea on continental §helves. makes the
marine system thrive on it, and causes CO, absqrptxon. : -

“The atmosphere and its complicated mgchan'lsms are still too litt]e
understood to allow a final answer to the ‘simple question whether the
contemporary increase of atmospheric CO, is due to fossil fuel burning
or not.” ) S .

Professor Beckmann is a highly conscientious, l)xghly fntelljgemv
well-read person, as evidenced by the depth apd quality of hxs research
on other energy related matters. What is evidenced hgre is a serious
communications chasm between governmental agencies sponsoring
research on CO, and people who would like to know like Professor Beck.
mann. It shouldn’t fall on the editor of the CO, Newsletter to explain,
“Yes, Virginia, there really is a CO, problem caused by fossil fuels.”

The problems of balancing the carbon budget are complex, but just
because someone proposes another possibly undiscovered hiding place
for carbon, the whole problem of halting the CO, buildup is not then
automatically solved. Certainly some science editor could better sum-
marize the carbon budget controversy and its significance in regard to
the duration of a man-caused CO. perturbation, but we will try. The
ocean scientists, geophysicists, and carbon-budget modellers cannot
find any place in the ocean to ‘stuff’ (their term) all the extra carbon
dioxide supposedly produced by a net decrease in the biota through
deforestation. Most of the ocean floor is oxidizing, not anoxic, so the ac-

discrepancy on land, which is the way we lean.

If a large new carbon sink can be positively identified in the ocean,
this implies that the rate of oceanic uptake of carbon dioxide is very
fast, and that any man-made perturbation of CO, would be rapidly

fixed reservoirs,

However, if a large missing sink cannot be conclusively
demonstrated to reside in the oceans, then the land biota cannot be
shrinking. Massive deforestation is a supposition based on meager sam-
plings. Most tropical forest clearing is slash-and-burn where cut forests
are allowed to‘ regrow after 8 years of farming to replenish nutrients
for future cutting and farming. Satellite Photos taken in the dark of the
moon show that the total light emanating from slash fires in Africa is
minor compared to light from 8as flares in mid-East oil fields and the
light given off by cities of Europe.

If an inventpry discrepancy in the land biota better explains the car-
bon budget misbalance, then oceanic uptake must be very slow, and &
man-made CO, perturbation would then be expected to last for many
centuries.

. The goal of the CO, Newsletter has been to bridge this communica-
tions chasrq on CO, between Scientists, political leaders and the energy
industry without sacrificing too mych time from our income-producing

As to accomplishing oyr oal, we m
Bromigy Dol g were heartened by a final note fro

“Many thanks t‘o_r your shipment of Past CO, Newsletters. Had I read

We thank you too, Professor Beck i
] \ mann, for broadening your
understanding of the CO, problem, We sincere;); beli:":v: thagt with

enlightenment, many di!agreement; ) be-
tween opposing factions will ciissolve.ou R CHE




Models and Analogs Agree:
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ever-wlden‘ing desert belts (b

The late Permian through mid Jurassic interval offers a very warm
ix::;.:lec;)chmat:lc analog, during which highly evaporative conditi{)ns ex-

.g over much of the continental portion of the earth, as evidenced by
i‘:;l tcl?px:l?ﬂ'd salt dep?sits. At peak warmth about 200 million years ago
earth"}s (l)']l::sw Pt}a‘nod. the average surface temp_eratures near the
hoff's sypnthe:i]:yT:'ve' been about 8° to 10°C according to A.A. Meyer-
H s. This is the average temperature today at Spokane,

enver and Milwaukee in the U.S. and at London, Berlin, Odessa and
Seoul in the Eastern Hemisphere. During the Triassic-the average
temperat_ure in the tropics may have been only 2° to 4°C warmer than
now, which implies that the pole-to-equator temperature difference
then was quite small.

In ‘Sgnsitivity of a Global Climate Model to an Increase of CO, Con-
centration in the Atmosphere’ (Journal of Geophysics, October 20,
19§0) Syukuro Manabe and Ronald J. Stouffer have modeled the
latitude-time distribution of the zonal mean difference in precipitation
mipus evaporation (P - E) between 4 X CO; and 1 X CO,. The authors
point out that (P - E) increases in high latitudes in response to the in-
crease of CO, concentration, but over the continents, the belts of both
positive and negative (P - E) differences undergo large latitudinal shifts
from one season to another.,

Their model shows that the belt of negative difference is located at
about 25° N in January, whereas a wide belt of negative (P - E) dif-
ference extends from about 30° N to 70° N in May. (30° N corresponds to
the latitude of Houston and Tallahassee in the U.S. and approximately
Casablanca, Cairo, Abadan, Delhi and Shanghai in the Eastern Hemis-
phere; 70° N is above the Arctic circle.) Over the continents in the
Southern Hemisphere, their model shows only small-scale
characteristics because continental areas comprise only a small fraction
of the region poleward from 30° S.

The seasonal differences in precipitation and evaporation have been
translated further by the authors into variations of soil wetness. Accor-
ding to their work, “the region of enhanced soil wetness in the northern
hemisphere expands toward the mid-latitudes in winter but retracts
poleward in summer. On the other hand, the zonal mean soil wetness
reduces in two separate regions centered around 45° N in summer and
70° N during the warm season. The zone of enhanced dryness around
45° N in summer results from the poleward shift of the mid-latitude

Excerpts from recent reports

From ‘Adaptation to Global Environmental Change’ by Karl W.
Butzer, published in Professional Geographer, volume 32, number 3,
pages 269-278 (1980): it

“... Although objective measures of adaptive success are difficult to
define in cultural terms, adaptation, as a strategy for survival, provides
a practicable focus for empirical study. . . b

“Recent climatic anamolies provide examples of the significance of
small-scale environmental variabililty: the exceptionally cold winters of
1976-79 in parts of North America and Europe exacerbated depeqdence
upon imported petroleum, while a sequence of bad h.:;u'vests in the
Soviet Union required massive grain imports. At a higher or_der of
variability, the Dust Bowl years served to reverse two generations of
adaptive development on the Great Plains, setting in train important

igrations. . . j
int‘sr.n?lsglmgerwhat belatedly, attention was focused upon .the dramatic
transformation of recent centuries - cultural. t.iegradatlon‘ wher_e_by
natural ecosystems have been drastically simpllf}e_d a{xd their s}:ablllty
maintained at an increasingly high cost of artificial mtervent.non e
This trajectory of intensifying environmental_ transformation l}as
created a metastable equilibrium, the component mte.rbalance of which
is becoming conditioned upon persistent net economic growth . ...

“Atmospheric Carbon Dioxide Projections

‘.. The readjustment of the globa.l carbon cycle . . . that began dur-
~ ing the mid-nineteenth century contmges to increase the level of at-
mospheric carbon dioxide . . . The voracious need of indusgrigl societies

energy continues to release vast quantities of previously fixadf,r-

dioxide from fossil fuels into the atmosphere ... 4

shift o
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Warming Makes Wider Dry Belts.____

rambeh: ... The enhanced dryness around 70° N results partly from the
elongaupn of the warm drying season owing to the earlier timing of the
late spring snowmelt , , ./

y ;n'another article, ‘Influence of Seasonal Variation Upon the Sen-
sl.tmty of a Model Climate' (Journal of Geophysics, February 20, 1981),
Richard T. Wetherald and Syukuro Manahe report that “in summer the
zopal mean wetness is reduced extensively over two separate zones of
middle / and high latitudes in response to the CO, increase,
respectnve!y." They further note, “In high latitudes the spring
snoxymelt in the 4 X CO, experiment oceurs approximately 1 month
earlier than in the 1 X CO, experiment owing to the warmer surface air
temperature . . . The earlier snowmelt season in the 4 X CO, experi-
ment implies a longer duration of the warm period when the soil mois-
ture tends to decrease . .. This reduction of soil wetness in high
latitudes together with the aforementioned reduction in middle
latitudes yields an extensive zone of reduced wetness which is evident
in Figure 17. During the remainder of the year (i.e., from fall to spring)
the soil wetness increases from the 1 X CO, to the 4 X CO,..."

90N
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MONTHS

Figure 17 from ‘Influence of Seasonal Variation Upon the Sensitivity of
a Model Climate’ by R.T. Wetherald and S. Manabe, Latitude-time
distribution of the seasonal variation of the zonal mean difference in the |
soil moisture (cm) between the (1 X CO,) and (4 X CO,) experiments with
seasonal model. The field capacity of soil moisture is assumed to be 15
cm and is constant everywhere. The distributions of the two hemis-
pheres of the model are averaged after shifting the phase of southern .
hemisphere variation by 6 months., )

From Journal of Geophysics, volume 86, number C2, February 20, 1981. <
(Not subject to U.S. copyright.) I
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“... Barring an unlikely, large-scale reversal in energy consumption '
patterns and land use practices, long-term global planning must an- -
ticipate a doubling of atmospheric carbon dioxide within less than a cen- -
tury.

=

“Climatic Prediction
“...The provisional consensus is that the augmented greenhouse ef- -
fect will raise mean temperatures in the lower troposphere by at least 2
or 3°C . . . although change will be minimal in the tropics but somewhat
greater in middle and higher latitudes . . . Such a restructuring of at-
mospheric energy gradients represents a major planetary chayge t_)f an
amplitude surpassing any experienced during the past ten millenia.
“The closest paleoclimate parallels for such conditions would be t‘he
warmest phases of certain Pleistocene interglacials . . . during which :
many world biomes were changed in terms of demarcation as well as
physiognomic and general detail, but without promoting a major |,
change in the regimen of the Greenland and Antarctic ice §hegts. s
However, paleoclimatic reconstructions for the interglacials are insuffi-
ciently detailed to provide a useful modetl for potential ano,malxe,s. dur-
ing the mid-twenty-first century. The best analogy, consequently, is the .
mid-Holocene Altithermal or Hypsithermal of 8,000 to 5.000--yeu:sag_o .
..(when) mean temperatures were 1.5 to 2.5°C higher than today in mid-
dle latitudes as well as at high elevations. 5 !
“The implications of higher mid-Holocene temperatures include a o

P 7 R T = W
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Canada .., and northern Europe .., together
f montane ecozones in m .., the western

longer growing season and poleward extension of the tree line in Alu-ft. S
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southeastern Australia .., ang elsewhere, Raj

fal 2
v2y 10 Badt A frion nfall increased through

<+, the Thar Desert .. 3

- -1 and across Australia . . ¥
although there were several marked dry spells within this generally

t time span . . . In the American Midwest and on the i
climate was distinctly drier than today, with expansion of S::iﬁeil: ltr;xz
expense of forest in Mi_nnesota. Illinois, and Missouri . . . Climate was at
v s dry as today in the basins - but not in the mountains - of the
est, judging by low lake levels. . . (L)acking are properly dated pollen
or lake sequences of this age in Southern Russia, Central Asia, and
Mor_ngolia. although a shrunken, saline lake in the then nonforested Van

in of eastern Anatolia -+ « Suggests that continental positions com-

t_enaive C.nspian Bgsin. with a sea level 25 m lower than in historical
times dlfrmg- the_ mld-l'iolt)cene - - . The Mediterranean Basin experienc-
ed no ehmat'.lc disruptions . ., but southernmost A frica was drier . .,

pattern is as follows: (a) substantially
augmented growing seasons in cool environments now marginal for
agriculture; (b) distinctly drier climate in most midlatitude arid,
semiarid, and subhumid regions, with an inherent trend to desertifica-
tion, including the major wheat- and corn-producing belts of the United
States and the Soviet Union; and (c) moderately increased precipitation
in the tropical and subtropical arid 2one, primarily in what are now
pastoral and irrigated lands of Africa, Arabia, India-Pakistan, and
Australia, but excepting the more productive mediterranean en.
vironments of Europe and South Africa .
more speculative but may involve negative deviations of 20 or 30 per-

temperature deviations were perhaps half of those expected for the
twenty-first century, the upper range of these crude estimates is the
more probable.

“Economic Prognosis

“The agricultural implications suggested by the mid-Holocene model
(Figure 1) for the twenty-first century are mixed and in certain impor-
tant ways, negative overall . . . Dust Bowl conditions should become
commonplace on the Great Plains, with an increased incidence of
drought in the Midwest. A substantial part of the present winter-wheat
belt would have to revert to grazing, with large-scale replacement of
the corn-soybean production of Illinois, Iowa, and Missouri by winter
wheat. The corn belt would shift, climatically to Wisconsin, Minnesota,

and Canada, where podsolized soils are poorer and drainage less ideal.

Irrigation waters of the West would be substantially reduced and less
reliable. Overall United States Crop acreage and average yield would
plummet, and corn - with its attendant livestock industry - would be
replaced by wheat of substantially lower productivity. Similar pro-
blems can be expected to plague food production in the Ukraine and
Central Asia. By comparison, the potential expansion of agriculture on-
to the marginal soils of the mixed coniferous forest belt of Canada and
northern Europe would be relatively insignificant.

“Increased moisture in the low-latitude deserts and semi-arid zone of
Africa, Asia, Australia, and parts of South America would primarily
affect the productivity of low-efficiency pastoral economies, only locally
supplemented with agriculture. Even increased yields in the
subsistence-agriculture belt of the Old and New World tropics would
not add substantially to the world food supply, probably serving only to
accelerate demographic expansion. In effect, long-range benefits could
be assured only by a protracted program of carefully tailored
agriculture modernization, soil ameliorization, and large-sc;ale .irrlga-
tion schemes - all of which require heavy and sustained capital invest-
ment in countries lacking both industrial capacity and energy resources
“One related issue that has also been raised concerns increased,
possibly catastrophic melting of the residual Greenland and Antarctic

- “I ice sheets . . . One of the erroneous assumptions here is that, because

Pleistocene interglacial shorelines can commonly be identified well

~above those of the present, there was greater melting of the present ice

sheets, returning more water to the world ocean. Instead, however,
continuous records of deep-sea sedimentation identify only two brief in-
tervals when ocean surface waters were even slightly warmer than
those of the mid-Holocene, and even here the salinities indicated argue
for a world glaciological balance not substantially different from that of
the moment , . , Also, during mid-Holocene times, absolute sea level re-
mimd very much within its present, limited range of fluctuation, from
0.5 m above to 2.5 m below that of today . .. ;

~ “Despite this skepticism in regard to projected shoreline change, the
all qualitative scenario outlined here for the world food supply is

i the world's Major
i tive . .. (T)he United Stgles, now ‘ o foog
g:;fret:]r): \'::ﬁaba:ely remain self-sufficient, while the Soviet Union will

be heavily dependent upon food imports. Unlessddemggrnph.c‘ trends jn
low-latitude, Fourth World nations are reverse: 1, an utgr_'lcu tural pro.
ductivity at least doubled, Canada's and Australlxg 3 sus ﬂ‘;n;?d Capacity
to export will be quite inadequate to meet wor :mant' or food,

“There is then every reason to believe t'hut acon lnlun 10n of pregeny
environmental trends will spell an economic crisis of global Proportiong
within the lifetimes of our children and grandchildren. T_he negative jm,.
pacts of such cumulative change will affect some countrleg, such as the
two present superpowers, the United States and the Soviet [‘Jmoq. B
more than others, creating severe tensions in 'the global Sociopolitiey|
network . . . The pending crisis of the twenty-first century can thus pe

ke three forms:
exﬂi‘;tzdst:btsiantial reduction of the world food supply, at a tl:me of
maximum demographic pressures upon global resources and shrmking
energy reserves; ; ; k

“(b) selective decline of productivity among the major economic and
food-producing nations, implying a fundamental readjustment between
developed and developing regions; and ) ; g

“(c) differential impacts within unde}'SUPP!led "aP‘O{‘S of special com.
plexity, suggesting severe internal disruptions within existing sogjo,
economie fabrics, e.g., between the haves and have-nots.

".Di.sc.“:ll:!ll)orate cultural systems enjoy centuries of adaptive
equilibrium, with or without sustained growth, followed by discon-
tinuities . . .

“l}t ]rzsquires no elaboration to demonstrate that short-term Strategies
are the rule rather than the exception in modern democracies, where
the timetable of elections dictates cost-benefit analysis. Even the ‘fiye.
year' economic plans of one-party socialist states are short range ang
exceeded only by military projections. The United Statqs lack_s a com-
prehensive energy plan after five years of high-level discussions 5
(Slocieties around the globe are likely to stumble through the mounting
crises that spell out exactly the sort of concatenation qf negative inputg
that requires drastic systemic readjustment for survwa.l.

“If this does indeed happen, environmental change in the twenty.
first century is bound to have revolutionar}f results Ineconomic,
political, demographic, and social terms. Spatial economic gradients
will be reversed and existing political configurations will disappear,
with radical redefinitions of the bases of world power. Demognphic
repercussions will surpass those of the Black Death in fourteenth.
century Europe, on a global rather than regional secale. I.n the wake of
such fundamental realignments, unknown in any previous period of
human history, some sociocultural systems will disintegrate and lose
their identities, as the price for rudimentary survival.

“The alternative is multi-level, long-range planning in both nationa]
and international contexts. The carbon dioxide problem is closely link-
ed with that of energy conservation, and it calls for immediate and
draconian, comprehensive programs, both to decelerate the combustion
of fossil fuels and to develop nonpolluting sources for sustained energy
yields. The worldwide trend to deforestation must be arrested, and
systematic reforestation of suitable, agriculturally marginal lands
begun . . . (T)he environmental change for mid-century might yet be
averted or at least slowed and so reduced in magnitude as to remain
within the scope of normal systemic readjustment.

From ‘Climate Impact of Increasing A tmog on Dioxide’,
by J. Hansen, D, Johnson, A, L.ci.,ués. Lebed:f,fhe: cLE:rbDn Rind, and
G Russel, SCIENCE 28'August 1981; b

ummary. The global temperatyre rose by (.29 e middle
1960s and 198_0. yleldix_lg 4 warming of O.4°g inztgeb;;;ece:n?:lry. This
temperature increase IS consistent with the calculated greenhouse ef-
fect due to measured increases of atmospheric carbon dioxide. Varis-
tions of voleanic aerosols and possibly solar luminosity appear to be.
primary causes of obs_erved fluctuations aboutthe mean trendof increas-
Ing temperature. It js shown that the anthropogenic carbon dioxide
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Figure 1 from ‘Aq i

B ) ’aptation to Global Environmental Change’, by Karl W.

b;i:‘;ls':’cpi:l:ihshed in Pr?fesslonal Geographer, August 1980.glCopy);-ighatrl980
on of American Geographers, reproduced by permission).

warming should emerge from the nois

ming e level of nat i
varlal?lllt)_’ byhthe end of the century, and there is a hig:ap:(:lizlab?lliltl?'aﬁ’
warming in the 1980s. Potential effects on climate in the 21st century

From ‘Comments on “Aerosol Cloud Reflectivit 3
> s y and Climate” ’, by
xm::l‘:xeumv Journal of the Atmospheric Sciences, volume 38,

The recent short report by Charlock and Sellers (1980) in this j
dealt with the application of a one-dimensional radiat).iv;c}:l;ii?g?:ri
model to the question of how aerosols interact with low-level clouds to
change the cloud albgdo, and hence influence the heat balance of the
troposphere . - - I wish to point out that their conclusions that more
aerosols re§ult in hxgher. cloud albedo and a surface cooling is based in
part on an incorrect choice of aerosol optical properties.

“...If an increase of aerosol concentration in the lower troposphere
occurs, it is not unreasonable to expect a corresponding increase in
cloud condensation nuclei (CCN), and this will increase the cloud-
droplet concentration and increase the cloud albedo, a relationship
pointed out by Twomey (1977). Such an effect (does not depend) on the
optical properties of the aerosols.

“A second effect, however, does depend on the aerosol optical pro-
perties, specifically on whether they absorb solar radiation. If light-
absorbing particles are incorporated into a thick cloud they generally
lower the cloud albedo, and this takes place whether the absorbing par-
ticles are incorporated within the droplets or remain in the air between
droplets . .. An exception to this occurs when the cloud layers are quite
thin, and only then may the cloud albedo be slightly increased.

“An extensive review of published observations of aerosol optical
properties has been carried out recently by this author . .. and the con-
clusion is that virtually all aerosols do absorb solar radiation, especially
industrial aerosols, smoke, and wind-blown dust (which only leaves
marine aerosols and they are little affected by human activities). In
fact, aerosol absorption-to-backscatter ratio is generally so large that
when in cloud-free lower layers over land with an albedo of 0.15 or
greater they cause a warming of the surface plus lower atmosphere;
and since thier sources are mostly the land surface, that is where most
of chem are to be found. If they lower the albedo of cloud tops, then
they would tend to cause a warming in a cloudy atmosphere as well. (In-

cidentally, taking the effect of aerosols on infrared flux into account
slightly enhances the warming influence . . ) y
“The reason Charlock and Sellers come to the conclusion that
n cloudy air increase cloud albedo and cause a cooling is that
K Twomey (197 thin clouds,
e 3

thereby selecting a special case where albedo may be increased. It
should also be noted that Twomey considered in his calculations
relatively low-absorbing continental aerosols sample in Big Springs,
Texas, and Blyth, California.

“As for the non-cloudy air, they cite the aerosol properties calculated
theoretically by Toon and Pollack (1976), which were assumed to be
sulfate or sulfuric acid particles. Pure sulfate particles apparently do
not exist in the real atmosphere, though sulfates are recognized as the
dominant species in aerosols whose sources are industrialized regions .
. . There are nearly always enough small light-absorbing particles,
usually some form of soot or soil, to combine with the sulfate and render
the resulting inhomogeneous particles absorbing as a whole. (An excep-
tion may be in air masses that have been over the open ocean for a long
time.) That is why white filters used to collect aerosols almost every-
where over land usually turn gray or brown after exposure.

‘... The currently discredited idea that anthropogenic aerosols can
cause a global cooling (and hence perhaps even counteract the warming
effect of adding carbon dioxide to the atmosphere) should not be given a
new lease on life by a misleading theoretical calculation that uses inap-
propriate inputs.”

From ‘Reply’, by Thomas P. Charlock and William D. Sellers:

“. .. (A)s clearly stated in both the abstract and opening paragraph
of our brief note, our intent was to address the effects of CCN and cloud
albedo on climate (not other aerosol effects mentioned by Kellogg) . ...

“. .. (O)ur calculations were made with a thin cloud assumption. The
same qualitative results should apply for all but the thickest or most
highly polluted clouds . ..

“. .. Our introduction of the Toon and Pollack aerosol was not a sug-
gestion that anthropogenic aerosols have the same physical composi-
tion as Toon and Pollack aerosols . . .

“Also, we are well aware that an increase in aerosols of certain
physical composition can cause a surface heating . . . The point of our
note was to show that an anthropogenic increase in CCN, one compo-
nent of aerosol which is not even monitored on a global basis at present,
could cause global cooling. It is possible for the (non CCN) aerosol to
cause a net surface heating if the ratio of aerosol absorption to extine-
tion is high enough. But a recent determination with spectrophone
techniques (Foot, 1979) indicates that this ratio may be sufficiently
small (0.8-2.5%), even for aerosol in which smoke was a major contribu-
tion, for cloudless aerosol cooling (scattering) effects to dominate
heating (absorption) effects. Present uncertainties regarding both the
imaginary indices of refraction and shape effects of atmospheric
aerosols makes it difficult to judge whether aerosols cause a net cooling
or heating of the globe . . .

“. .. CCN are a small fraction of aerosol mass, but their optical effects
are fairly large. Before the last word on climatic effect of aerosols is
given, there must be a global monitoring of CCN."
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“ATMOSPHERIC CO,, TOTAL ENERGY USE AND ALTER-
NATIVE ENERGY FUTURES L 2

“... The model used here is based on the simplifying assumption that
each year a fixed, constant fraction of the total amount of CO, in the at-
mosphere will be taken up by CO, sinks—the ocean and perhaps the
land biosphere. The average emission factor used was 20 million tons of
released carbon per quad [a quadrillion or 10" btu, equivalent roughly
to present electrical use of 10 million people in the U.S. or about the use
of about 0.5 million barrels per day of petroleum] of fossil fuel bprned.
This assumption corresponds to the present global mix of fossil fuels
and probably provides a low estimate of future CO, emissions. Further,
because the oceans'’ effectiveness as a sink will probably decrease at
higher atmospheric CO, levels, the model should underpredict the long-

term concentration of atmospheric CO, expected to result from burning
a given amount of fossil fuel .

“Atmospheric CO, Concentrations Resulting from Unrestrained Com-
bustion of Fossil Fuels

“. .. before global fossil fuel resources can be completely used, CO.
concentrations (regardless of the assumed rate of increase) will have
risen to levels at which, other things being equal, disastrous climate
modifications would appear inevitable . . .

“The Effects on Fossil Fuel Use of Limiting Future Atmospheric CO,
Concentrations

“. .. there is no unique curve leading to a fixed, long-term atmos-
pheric CO, concentration. Many energy futures could lead to the same
CO, concentration . . .

“. .. the more rapidly the world increases fossil fuel use now, the
sooner and more rapidly it must begin its reduction in order to avoid
exceeding any given CO, ceiling . . .

“Holding atmospheric CO, buildup below twice the pre-industrial

1980 of between 1.0 and 1.5 percent per year, depending on the scen-
ario, and decline thereafter for the next several decades . . .

“...if a global goal were eventually adopted of not exceeding a 50 or
100 percent increase in atmospheric CO,, a continuation of relatively
high fossil fuel growth for an additional decade (the 1980s) would make
the transition away from fossil fuels in the next century more demand-
ing, given likely economic and institutional commitments . ,

“SUMMARY AND RECOMMENDATIONS i

*. .. Given the long planning and implementation lead times involvec
in forging a transition to a new energy future, the planning for the tran-
sition would need to begin now if it is to be orderly . . .

- ... significant amounts of nonfossil fuel energy will be needed if CO,
levels are to be limited . . .

{

... . there is an understandable tendency to ms'gop & thternd:
tional response in the belief that there will be adequa Et:e to act once

climate changes are actually observed . . . AT A
“. .. the required rate of introduction of new energy sources might
have to be greater than any experienced in the past.
“Compounding this problem is the fact that vast amounts of new
capital will probably have been invested globally in new fossil-based
ergy sources (including coal and oil shales) virtually committing na-
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“Prior to Dr. Reck’s work
temperature profile included layers of clouds an
0,, 0s, H;0 and CO, - but neglected the particle factor Lok

Dr. Reck's contribution was to add the particle factor to a one-
dimensional model . . . (which) divides the atmosphere into nine layers . .

“The particles of interest, known as Mie-scattering aerosols, are com-
parable in size to the wavelength of the incident radiation, Dr. Reck
models the interaction of these particles with the radiation field in
terms of two parameters: the single scattering albedo of the particle,
which describes backscatter, and an anisotropic scattering factor
which measures the degree of forward scatter. From these two quan-
tities and the size distribution and abundance of the particles, the
transmission, absorption and backscatter of each layer in the model can
be calculated.

“Dr. Reck discovered that whether particles have a heating or cool-
ing influence depends upon the surface albedo, or reflective power of
the earth directly beneath them . .. Her results indicate that when sur-
face albedo is small, the net effect of particles is to ‘shield’ the earth
from incoming solar radiation, producing a cooling influence. When sur-
face albedo is large, a trapping effect prevails, in which a portion of
solar radiation that reaches the earth’s surface is ‘trapped’ between the
surface and the particles, producing a net heating influence . . .

“Dr. Reck calculated that for the latitudes between the equator and
35°'N, where average surface albedo is low, the current background
level of atmospheric particles decreases solar radiation reaching the
earth by 1%, thus producing a net cooling effect. Her findings indicate
that heating takes place at latitudes north of 55°N, where average sur-
face albedo is high . ..”

From ‘Recent glacier variations and volanic eruptions’, by Stephen

C. Porter, NATURE 14 May 1981: g
The inj‘ection of volcanic dust and gases into the atmosphere during
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major eruptions has been advanced to explain short-term variations of
climate . .. A calculated global cooling of ~1 K during episodes of in-
tense volcanic activity . . . could lead to a snowline depression sufficient
to cause glacier advances equivalent to those of the last several cen-
turies. The hypothesis would therefore be strengthened if a close rela-
tionship could be demonstrated between global voleanie activity and
the pattern of recent glacial variations. Glacier activity in the Northern
Hemisphere during much of the past 100 yr shows a lack of synchrony
with that in the Southern Hemisphere, but in each hemisphere the se-
quence of glacier variations matches the acidity record in polar ice
cores and the frequency of volcanic eruptions in successive latitude
belts. This suggests that glaciers fluc = ate in response to atmospheric
buildup of volcanic aerosols produced during large eruptions and that
explosive volcanism may therefore be a major factor in modulating
climate on the decadal scale , , .”

From “Biological export of shelf carbon is a sink of the global CO, cy-
cle’, by John J. Walsh, Gilbert T. Rowe Richard L. Iverson & C. Peter
McRoy, NATURE 21 May 1981;

“Measurements of carbon metabolism, production and exchange
along food webs suggest that large fractions of the organic matter pro-
duced on continental shelves must be exported to continental slopes.
The annual loss of organic matter from continental shelf ecosystems is
far greater than in the open ocean. If part of the loss of nearshore
primary production has increased in those coastal zones where an-
thropogenic inorganic nutrient supplies have been consistently increas-
ing since the industrial revolution, then burial and diagenesis of this
material in slope depocentres could represent the ‘missing BMTSs of car-
bon’ in global budgets.” . - Abstract.

From ‘Historical Nile Floods and Their Implications for Climatic
Change’, by Fekri A. Hassan, SCIENCE 5 June 1981:

“Analysis of Nile flood stages from A.D. 640 to 1921 reveals major
episodes of low Nile discharge during the years 930 to 1070 and 1180 to
1350 and major episodes of high Nile floods during 1070 to 1180 and
1350 to 1470. Examination of Nile flood maxima and minima and com-
parison with water levels in Lake Chad reveal a correlation between
high Nile discharge and greater rainfall in equatorial East Africa.
There is also apparently a correlation between low Nile discharge and
cold climate in Europe.” - Abstract.

From ‘CO;: Proceed with caution’, by Frank Barnaby, The Bulletin of
the Atomic Scientists, April 1981:

“an international seminar on ‘Carbon Dioxide, Climate and Energy’
was held last February in Stockholm at the Beijer Energy Institute of
the Royal Swedish Academy of Sciences. The meeting ... stressed time
and again how uncertain the experts are about the effects of the in-
creasing amounts of carbon dioxide (CO,) being injected into the at-
mosphere, mainly by the burning of coal and oil . . .”

“Some computer modelers maintain that a doubling of carhon dioxide
in the atmosphere (a possibility within the next 50 years) would in-
crease global temperatures by about 2°C, enough to cause, among other
things, great changes in crop yields. ‘The rich world would lose and the
Third World might gain. The U.S. and Soviet grain belts would be
drier, reducing yields. India and the Middle East would be wetter, and
Asia could grow more rice. But an end to U.S. grain ‘exports might
cause famine - or war.’

“It is easy to agree on the urgent need for international action. But it
is hard to be optimistic that such action will be forthcoming . . . Some
countries will see themselves gaining from the greenhouse effect.
Others (probably quite a few) may be more than happy at the prospect
of the rich North suffering from the climatie, social, economic, and
agricultural consequences of a warmer earth.
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“Be this as it may, the biggest barrier to action, national or interna-
;i:r;:l. on the carbon dioxide problem is our lack of knowledge of its ef-

“An individual faced with the need to make a decision on the basis of
Very uncertain information is likely to be cautious, But a group seems
to behave very differently in this respect; it usually is not cautious in
the face of uncertain information. Quite the contrary. It frequently ig-
nores something which is uncertain, just because it is uncertain.

“And so it is with politicians, especially with politicians. ... We usual-
ly take remedial action only after we are more or less certain of the con-
sequences often after the damage is done.

Inflation Disrupts the Capital Marketplace

The option of converting from fossil fuels to nuclear energy to halt
the CO, buildup has been strongly opposed by some writers as being far
more costly than the option of reducing energy usage and supplanting
fossil fuels solely with solar, wind and biomass.

In ‘Energy Strategy for Low Climatic Risks’ (Report for the German
Federal Environmental Agency, June 1981), Amory B. and Hunter L,.
lovins, Florentin Krause, and Wilfrid Bach note that “Although the
climatological community realizes that prevention of the CO, problem is
easier than cure, that prevention involves the discipline of energy
policy, not of climatology.” The authors assert that their study “uses
engineering economics to analyze the results of following a ‘least-cost

Energy reduction has been Justified in the report by using Japan as
an example. They note that Japan had seven years of growth in real
Gross National Product averaging 4% per year with virtually zero

78%, while less energy-consumptive industries such as the manufactur-
ing of computer chips grew rapidly.

In promoting their energy reduction theme, their ‘basic menu of effi-
ciency gains for diesel trucks, buses, and cars yields a combined effi-
ciency gain ranging from 78% to 118% (really!). Also they extrapolate
to other transports the energy efficiency of a Japanese ship which
augments its power with sails to help it achieve a 50% energy saving.

rationale, “the extension of the western urban/industrial culture to a

their aspirations for a dignified, autonomous and self-reliant life.”

Such schemes as these fail to get adopted for obvious practical
reasons. However, the authors and many other people seem to have rul-
ed out the use of nuclear energy entirely (including the proposed aban-
donment of all the world's operating reactors) rather than to allow
nuclear energy to supplant fossil fuels - even if it means defaulting to
the CO, buildup. The main arguments used against nuclear energy in
this report are “reduced nuclear proliferation” (a political problem) and
supposedly very high costs. “(T)he soft technologies consistently have
lower capital cost, several times lower delivered energy-service price
to the final user, than do power plants which would otherwise have to
be built to do the same tasks.”

The Lovins-Krause-Bach report was prepared for the German
Federal Environmental Agency, and the economic and energy supply
studies were based on conditions in the Federal Republic of Germany.
However, the authors failed to take note of published figures prepared
by August-Wilhelm Eitz of the German utility RWE showing the com-
parative cheapness of nuclear power in FRG under normal ecir-
cumstances (see the accompanying figure). Yet the authors did refer to
a report by energy consultant Charles Komanoff which states that
nuclear electricity has lost its overall edge in the U.S., which if not true,

Economic analysis shows that nuclear capital costs have been rising
greatly in the U.S. due to governmental budgetary and financial policy,
and that these policies threaten to drag down the rest of the world’s
nuclear industry with it. Because nuclear capital costs are comparative-

“. . . (Blureaucracies become incapable of_ g(gministering&:nytl}irzg
other than larger and larger technological facilities, even w society

would benefit from smaller and less centfﬂliz_"d ones
“Politicians often find the large bureaucracies so resistant to change

and so politically powerful that they stop trying to controll thebfievs!op
ment of technology. But prudence calls for action go control carbon diox-
ide. A warmer Earth, we were told at Earthscan’s Stockholm seminar,
would seriously threaten the North American wheat :.,-urplus. Given the
global famine which would follow, is this an uncertainty we can afford
to ignore?” .

ly large, high commerecial borrowing rates _an.d government-imposed
delays in construction schedules and in permitting the completed reac-
tors to operate destroy nuclear’s naturally large economic advantage,

As borrowing rates have climbed, nuclear costs h;n(e climbed f.ast(_er.
The decline in all industrial investments for modernizing due to hxgh‘m.
terest also has resulted in a generally low level pf fiomestxc production
(and domestic energy consumption) with a rise in imported gogds 'that
are made with other countries’ energy. Decreased energy projections,
as the result, lead to postponed construction that increases nuclear
costs further, e

In recent months, a technical misapplication of .‘monetarlsm has
broken the normal link between inflation and borrowing rates. The an-
nual inflation rate had dropped in the U.S. from about 15% to less than
10%, while simultaneously the prime bank lendm'g rate to businesses
was pushed above 20% by government action. ThJ; has created a very
high net return over inflation on non-equity mvestments., which
naturally has attracted hard money from all over the world. This swells
the money supply, which monetarists react to b.y raising l_nter_est rate:s
even further (a positive feedback). The monetarist fallacy in this case is
that an increase in non-hard money (currency dilution) is the standard
inflationary signal, not an increase in the country’s capital when infla-
tion is under control, 4 ,

Lenders of foreign governments have expressed much ire at th}s
maintaining of excessively high interest rates in the U.S. because their
own interest rates must be raised to avoid a drain of capital.

Thus when Amory Lovins states, “It is the empirical verdict of the
capital marketplace...that has rightly sealed the fate of nuclear power,”
the only debatable point is his choice of the word ‘rightly’. L
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