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A bot story

C02 in the atmosphere
,

by Betsy Bemfeld

.Last }"'3J" was the wannest .
year in recorded history for the north-
ern hemisphere, according to a report
recently released by the ,Climate
Research Unit, of the IJniversity of East
Anglia in Norwich, England.
William Barbat, a self-employed geo-

logical consultant who resides near
Teton Village, Wyoming, called the
information "a breakthrough in the
noise level." What Barbat is referring to
may be, Planet Earth's most urgent
problem.
The accelerated Burning of fossil

fuels since the Industrial Revolution has
pumped billions of tons of carbon diox-
ide (C02) into the atmosphere. The
element carbon is present in all living
things. Fossil fuels are the remains of
once living things, and carbon is present
in these fuels to a greater or lesser
degree, depending upon the fuel type.
Chemically, the act of burning is the
combustion of oxygen and the fuel
burned. The waste from fossil fuel burn-
ing is carbon dioxide and water vapor.
The earth has means of absorbing

C02, though the exact equilibrium of
this absorption - where C02 emitted
and consumed are equal - is unknown.
Oceans absorb C02, plants convert it
through photosynthesis and some
scientists contend that plant and animal

The complete melting of
the polar ice caps would
correspond to sea level at
the clock face of London's
Big Ben.

life could benefit from an increase in
atmospheric C02 levels (see accom-
panying story on this page).
A 1978 report from the u.s Depart-

ment ot-Energy indicates that these nat-
ural controls are using up only about 50
percent of the C02 emitted from fossil
fuel burning. The same report explains
that "C02 transmits solar radiation but
absorbs some of the outgoing long-wave
radiation from the earth, the so-called
'greenhouse' effect." In other words,
the sun's rays can still get in through the
accumulated C02 in the atmosphere,
but not all of the heat can get back out.
Thus, the earth,like a large greenhouse,
may be warming. .
According to Barbat, global tempera-

ture (plotted from Greenland ice core
samples) goes through cycles, appar-
ently related to the sun's activity. This

California under water!
Wh11e the melting of the polar ice

caps as a result of the C021 greenhouse
effect would undoubtedly cause, some
inconvenience, there could be a
number of benefits from the
pbenomenon.
First of all, said climatologist Stephen

Schneider of the National Center for
Atmospheric Research, "We are not
talking about the end of the world here.
This type of warming is not unprece-
dented on a geologic scale. 1981 was
the wannest year on record, but the
record is very short - since we've had
thermometers. As some people like to
<:10. if the history of the earth were a
time line the length of a football field,
the period we've measured is less than
the width of the gnalline stripe. There is
no doubt that the earth has been
warmer and cooler throughout periods
of geologic history."
Nevertheless, the scale of tempera-

ture change is significant. During the
last great Ice Age, the average tempera-
ture of the earth was three to five
degrees C cooler than it is currently,
roughly the same increment of wanning
predicted from C02 buildup. Still, dur-
ing the last Ice Age, about 70 percent of
the earth was free of ice.
According to SylvanWittwer, a plant

scientist and director of the Michigan
State University Agricultural Experi-
ment Station, "The climate changes
being predicted may not necessarily be
all bad. Moisture is more of a limiting
factor than beat in growing crops. And
the effect on moisture patterns is more
of an unknown.
:'If there is a doubling of C02, there

will be a decided positive effect. The
limiting factor in photosynthesis is C02.
If you double' or triple C02, you can
double plant growth. We may now be
witnessing a crop production increase
globally as a result of C02 increases.
"C02' additions decrease water

requirements for plants - it takes less
water to produce a ton of grain. In addi-
tion, there is less dainage from air pollu-

natural variation is sometimes referred
to as "noise." The 1970s and 1980s fall
in a natural downswing of the cycle
which may partially camoullage the'
greenhouse effect. However, Barbat
said he thinks the 1981 average temper-
ature is high enough to be evidence of a
C02 warming effect, above and beyond
the natural noise in the earth's
temperatures.

'-A ccurate and comprehen-
sive measurement of C02 in the atmos-
phere began in 1958. According to
Norman Rosenberg, director of the
Center for Agricultural Climatology and
Meteorology at the University of
Nebraska in Lincoln, "fIbere is indispu-
table evidence that C02 is increasing in
the atmosphere at the average rate of
about one pan per million per year
since 1958." There are about 338 ppm
of C02 in the atmosphere now, com-
pared with an estimated 300 ppm in
1890. In 1958, as measured at Mauna
Loa, Hawaii, - the concentration 'was
about 315 ppm.
Barbat; though he does not claim to

be a technical expert on the C02 prob-
lem, has over the years become a Clear-
inghouse for information on the subject.
"Barbat moved to Jackson Hole,
Wyoming in 1967, firmly conunitted to
the idea of "not letting another area get
'spoiled." He was bothered by the fact
that he was geologist for Amoco at a
time when many environmental prob-
lems were beginning to be blamed on
the energy industry. It prompted him to
, take six months off work to soul-search
and conduct an intensive study of the
"true ecological niche of energy,"
Barbat said his conclusion was that

two world problems stood out above all
others as "totally unmanageable." There
were over-population' and the
C02lgreenhouse effect,
In the fall of 1979, after 12 years of

•
study of the C02 problem"Barbat began
publishing the C02 Newsletter in his
spare time. He calls it "a bimonthly sum-
mitry of advances in the knowledge of
the C021 greenhouse problem, and
some of the social, political and eco-
nomic implications." The 'newsletter
includes original articles as well as pub-
lished and unpublished reports from
the scientific community.
There is general agreement among

those working on the problem regard-
ing the time scale of C02 accumulation
and the accompanying magnitude 'of
temperature increase. By the year 2000,
C02 concentrations in the atmosphere
will have ibcreased by 20 percent above
1958 figures, causing a global tempera-
ture tise of about .8 degrees Celsius'
(one degree Celsius equals about 1.8
degrees oil the Farenheit scale). When
C02 has doubled, possibly between
2030 and 2080 depending on the rate of
.fossll fuel use, the average global
temperature increase will be two to
three degrees C.
Barbat said the recent eruption-of the

volcano Chicon in southern Mexico
may have a slight counteractive cooling
effect over the next five years. The ash
the eruption injected into the stratos-
phere will screen out pan of the enter-
ing sunlight. However, he ,cud the
Mount St. Helens eruption would have
no effect on the temperature because it
was very small by world standards.

~lcaniC eruption is one fac-
tor that increases the "noise" surround-
ing climate and temperature change.
Other factors that affect climate on a
global scale are sunspots and other pos-
sible "grcenhouse'' culprit gases
besides C02 ~ rutrous'oxide, methane
and fluorocarbons, According to Ste-
phen Schneider, a climatologist at the
National Center for Atmospheric
Research in Boulder, Colorado, "In any
stretch of climatic history, there are
fluctuations. The current developments
are consistent with C02 theory, but it's
not conclusive."
Schneider saidjhat between 1895

and 1945, the whole northern hemis-
phere warmed an average of .6 degrees
C. Then, in 1945, it began to cool,drop-
ping .3 degrees C by 1970, with the area
above 45 degrees latitude cooling con-
siderably more. Then, in 1970, warming
began again, until the 1981 "record
warmth." However, Schneider warns
that though this current warming trend
could be related to C02 buildup - and
he personally believes it is - there are

tion because pollutants don't.get inside
the leal as easily."
Wittwer also said agriculture has

adapted to a number of changes in the
past, for instance, developing hardier
crops. In short, he said, "Agriculture
will very likely be able to cope with all
these dire predictions."
There are, of course, other possible

outcomes, including that mentioned by
William Barbat, editor of the C02 New-
sletter - increasing temperatures
would force crop production north on-
to more acidic soils. These soils, in tum,
could not adapt fast enough as host to
the new climatically adjusted crops, and
a famine period would follow.
Climate modellers are of little help in

predicting these types. of changes
because moisture pattern changes
escape ready analysis. According to
Wittwer, some beneficiaries of the pro-
jected climate changes would be grain
production of the Soviet Union, Canada
and Alaska. The Corn Belt - currently
extending 'nOM to southern Wisconsin
and south to Kentucky, Missouri and
Kansas - would probably migrate
north. The com belt moves northeast at
the rough rate of 150 kilometers (about
90 miles) for every one degree C
increase in temperature.
If all that is predicted occurs, some

Rocky Mountain states could become
substantial wheat producers. The Cot-
ton Belt may move north. Water scarcity
for crop production - a chronic prob-
lem in the West - may be lessened, as
C02 increases crop water use
efficiency.
. On the other hand, the "eternal
snow" on the peaks of the Rockies may
melt and Cahfornia'may be underwater.
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also other potential causes. For
. instance, between 1970 and 1981, vol-
canic activity was unusually low
worldwide.
A variety of climate models agree that

an increase of two to three degrees C. in
temperature would reduce the stability
of the great ice sheets in Greenland and
the Antarctic. Ona time scale ofperbaps
several hundred years, many glaciolo-
gists feel the West Antarctic ice sheet
would disintegrate, raising the average
sea level by five to six meters (16 to 19
feet). If the C02 build up is not halted,
all the ice sheets would eventually dis-
appear, raising Sea level about 100
meters.
In the United States, a three meter

rise it\. the sea would submerge the fer-
tile delta farmlands in California as well
as virtually the entire land surface at
Galveston, Port Arthur, New Orleans,
the Florida Keys, Miami, Charleston,
Norfolk, Portsmouth and Arlantic City.
All the seaports in the world would be
affected, said Barbat.
A six meter rise in the oceans would

submerge all of Sacramento, Gulfport
and Mobile and would inundate
Washington, D.C. from the Lincoln
Memorial to the base of Capitol Hill.
The total absence of ice caps would
correspond to sea level at the clock face
of London's Big Ben and up to the road-
way of San Francisco's Golden Gate
Bridge. .
As reported in Barbat's early 1982

newsletters, the average sea level has
risen 165 mm between 1890 and 1980,
and is now "at or near its highest level
since the earlier interglacial, the
Eemian, 100,000 years ago."
But it is not the magnitude of the

temperature change which has meteo-
rologists worried, said Barbat. The
problem is that the change will not be
uniform. Equatorial lands may expe-
rience very slight change, but the poles
may experience a six to 12 degree C rise
in temperatures when the world mean
goes up to two to three degrees C.
The difference in temperatures

between the Arctic and the equator is
the fuel that drives the "weather
machine." This· temperature gradient
determines weather in· the mid-
latitudes. Barbat said it controls how far
south motsture-bear ing storms
penetrate.
A 1977 National Academy of Sciences

report said that the predicted tempera-
ture changes would result in a general
poleward movement of agro-climatic
zones. While it may sound good to have
a longer growing season at higher lati-
tudes, the report explained the acid and
badly leached soils existing in large
areas at higher latitudes would require
extensive, expensive soil amendments
before they could be cultivated. Also,
summer temperatures might become
too high for optimum production in the
present com belt, concluded the
report.
This is just what happened in the

1930s, explained Barbat, when world
clintate was experiencing a cyclical
high and the average temperature was
the warmest it bad been for many cen-
turies. The US. plains states were a dust
bowl.

ApproximatelY 4,000 to
8,000 years ago, in a period called the
Altithermal, data show that some parts
of the northern hemisphere expe-·
rienced approximately three to four
degrees C higheraverage temperatures
'than present. Meteorologists often use
this period to predict what world cli-
mate will be like around the year 2030,
if the C02 problem continues to
accelerate.
At tbat time a sandy desert extended

from Califomia and Oregon to Central
Texas and Iowa. The other side of the
globe fared a little better, however. The
sahara Desert was lightly vegetated, and
there was considerably greater rainfaIJ
in East Africa. Siberia had a two to four
week longer growing season.
However, climatologist Schneider

warned against drawing too many con-

Barbat believes the C02
problem is "farmore
serious than little nagging
things like disposing of
nuclear wastes."
elusions from even this seeminglyparal-
lel situation. He said, "These kinds of
projections are drawn from climate
models which are equilibrium models
- that is, they look at the effects after
the average temperature has warmed
the three or five degrees C allover the
earth. However, that will take a hundred
years after the first warming 'inputs' -
C02, sunspots, or whatever.
"After about 25 years, though, you

would probably get about 60 percent of
the equilibrium value. And, the land
warms up faster than the oceans, so the
effects are not evenly distributed." In
addition, said Schneider, the Altither-
mal period was probably caused by a
slight shift in the earth's planetary orbit
around the the sun, not any type of
"greenhouse" heating.
Although Barbat and many scientists

believe the C02 problem to be one of
the most urgent issues facing the world
. today, it has not yet reached the political
forum. The C02 problem has no out-
spoken champions and no legislative
lobby, said Barbat. Much debate still sur-
rounds the exact consequences of the
C02· build-up and solutions to the
problem.
Barba!'s solution bas pushed himout-

side the environmental mainstream, He
advocates a greatly accelerated use of
nuclear-electric energy, modestly sup-
plemented with solar to supplant oil,
natural gas and coal.
Barbat said nuclear power has the

greatest concentration of energy per
<unit of volume, whereas solar and wind
energy are "going toward the wrong
end of the scale" because they are very

diffuse and must be gathered relatively
inefficiently from a large area.
Barbat said people have "some highly

irrational fears" about nuclear energy
because it was first used in war. He said
a US. report showed zero accidental
deaths attributed so far to about 500
reactor-years of operation. Typical U.S.
coal-electric plants reportedly pose a
,greater cancer hazard than present
nuclear-electric plants, said Barbat, He
feels the C02 problem is "far more
serious than little nagging things like
disposing of nuclear wastes."
Barbat said the biggest problem of the
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whole C02 issue iswhat to do with the
automobile. About one-third of CO2
emissions to the atmosphere are from
gasoline-powered vehicles. But electric
cars have not been able to compete with

-:gasoline engines, said Batbat, because
they cannot attain high speeds or .go
long distances. He said the energy per
unit of mass is far greater in a gasoline
engine than in a storage battery.

((A
.11t the moment, there is

really no 'technological fix' for the C02
problem," said a C02 Newsletter quot-
ing Marvin Miller, ptincipal research
assistant at the Massachusetts Institute
of Technology's energy laboratory. In
other words, scientists know of no way
to reduce C02 in the atmosphere other
than by natural means like absorption by
the oceans and green plants. And,
according to Barbat, scientists speak in
terms of 1,000 .years or more for the
oceans to absorb even the excess C02
now present in the air.
A 1977 report from the US. Energy

Research and Development Administra-
tion (now part of the Department of
Energy) said, "Reducing fossil fuel use
enough to affect C02 levels is extraordi-
narily difficult." The report went on to
say that if the United States reduced its
fossil fuel use by half in the year 2000
and use remained at that level until
2040, the doubling of C02 levels in the
atmosphere would be delayed by
roughly five years_
On the other hand, if one assumes a

growth rate in fossil fuel.use based on
the last 20 years, and extrapolates it out
over time, C02 in the atmosphere
would double by 2030.
Only one-thittl of the man-made C02

in the atmosphere comes from the Uni-
ted States, according to DOE_ An inter-
national scenario devised by ERDA
which, in the year 2000, freezes fossil
fuel use in Japan and Western Europe,
reduces it 50 percent per capita in the
United States and limits it to one per-
cent per capita growth in the Third
World, would only delay the doubling of
C02 .levels by about 20 years.
Lester Lave, in a 1981 Technology

Retneu: article, recognized several lags
which make prospects of lessening C02
emissions unlikely. Lave pointed out
there is no conclusive proof that C02
increases will cause large-scale adverse
effects. He said the year 2000 will bring
confirmation of whether simulation
models are correct. Even when the C02
build-up is recognized as an interna-
tional problem, arriving at an interna-
tional solution would be very difficult.
Switching to suitable alternative energy
sources may require decades, Lave said.
It would also probably require reduc-
tion of. Third World fossil fuel use at
tremendous cost to their economic
development.
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