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ENERGY SOURCES AND CLIMATE 

Melvin Calvin 

Department of Chemi stry and Lawrence Berkeley Laboratory 

University of California, Ber,ke1ey, California 94720 

May 27, 1982 

Abstract 

LBL-14496 

An analysis is made of the existing data on ,the effect of the use 
, of fossil carbon as an energy source over the last two centuries 

on the atmospheric composition of the earth. It is concluded that 
there is a set of independent observati ons whi ch, taken-togetner, 
make likely a global climatic change as a result of the increased 
carbon dioxide level from these fossil energy sources. Alternative 
sources are recommended. 

This work was supported by the Assistant Secretary for Conservation 
and Renewable Energy, Office of Reriewable Energy, Biomass Energy 
Technologies Division of the U.S. Department of Energy under Contract 
No. DE-AC03-76SF00098. 
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As most of you are undoubtedly aware, the average temperature of the 
earth has passed through a number of significant ·fluctuations in the course 
of both its recent and more ancient history (1). The fluctuations in recent 
times, that is, during the last several hundred thousand years, have been 
varyi ng between as 1 ow as '1'1 0e and as hi gh as 160e (600F). These fl uctua
tions include the glacial (lloe) and interglacial (160C) periods. There 
is uncertainty as to where we stand today on this time scale. There are 

. those who believe that we are just passing through a maximum interglatial 
period and should be embarking on a short-term cooling cycle which would 
presumably lead to another glacial period some time in the next 20,000 
to 30,000 years. 

On the longer term geological scale of millions of years, the fluctua
tion in fue ocean bottom water has been in between 21 0e and 150e. Over the 
last fifty million years it appears that the Pacific bottom water of Antarc
tica has been on a constantly falling trend, from about 100e down to about 
20e as of about one million years ago. 

Therefore, it is not surprising to hear discussions of impending global 
temperature changes of the order of magnitude ranging from a few tenths of 
a degree to several degrees. The principal new factor that has been added 
is the possibility that this latest change might be the result of human 
activity. 

Most of the large ancient temperature fluctuations took place at a 
time when there were no human beings present on the earth. The fluctua
tions, of course, did have a significant effect on the living population 
of the earth, as indicated by the paleontological records. The most 
recent (150,000 to 300,000 years) changes, mentioned earlier which include 
the glacial periods, had their effect on human evolution. 

What we are contemplating today, however, seems to be a possible 
climatic change largely induced by human activity (2). It seems likely 
that if changes of the order of magnitude of several degrees in the 
mean global temperature.do ensue in a period as short as only two or 
three human generations, the human race as we know it, with its present 
dependence on highly developed agriculture, will undergo some marked 
changes, at least in its organization if not in its individual struc
tures. 

, 

What would these potential sources of change do to human activities? 
The first and most obvious stems from the enormous increase in the use 
of fossil carbon as a source of energy in the development of human activi-
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ties (industrial and agricultural). The large scale use of fossil carbon 
began with the industrial revo1utioQ in the 19th century which resulted in 
an enormous acceleration in the use of coal. This has been followed by a 
second technological revolution in the 20th century \'1ith the use of petroleum 
and gas. While this was developing we were~ at the same time, on several 
continents cutting the standing forests, partly to make room for the agri- ( 
cultural productivity necessary for the growing population and partly for 
the use of the wood as fuel and material. 

Each of these activities had as a consequence the production and 1ibera~ 
tion into the atmosphere of carbon dioxide, the combustion product of all 
organic matter. The rate of production of C02 from the burning of fossil 
carbon alone has risen from a few million tons/year in 1860 to 20,000 
million tons/year today. When one adds to this the C02 produced by the 
cutting and burning of wood and succeeding rapid oxidation of soil carbon 
from such cut-over· forests, the number is considerably larger (5). 

In fact, we have some excellent measurements of what the increase has 
done to the permanent level of C02 in the atmosphere. The best set of 
measurements availble to us up until now are those taken at the station 
on Mauna Loa which was established in 1957 and which has been running con
tinuously since then. This history (FIGURE 1) shows that the level of 
CO has risen from about 315 ppm in 1958 to 340 ppm in 1981 (:3}.-.Similar re
su~ts have been obtained from other points on the earth's surface over the 
same period of time, showing approximately the same total rise (FIGURE 2). 
This increase in C02 is clearly a global phenomenon (4). The data of these 
five monitoring stations are shown in the insert in Figure 2 which also 
has a much longer time scale, from 1860 extrapolated to the 21st century. 
The data of 1860 was determined by the measurement of isotopes of carbon 
in tree rings which were laid down at that time. 

It is clear from a combination of these two pieces of information 
that the rate of rise of the C02~in the atmosphere is not only much faster 
today than it was one hundred years ago but is continuing to accelerate. A 
number of estimates of what that rate might become are given in Figure 2. 
As a result of these observations for the last twenty years, there has 
been an upsurge of activity throughout the world to establish sampling 
stations, as well as permanent monitoring sites, for measurement of 
atmospheric CO2 (FIGURE 3). Broad international concern has been committed 
to this problem, at least in terms of determining the levels of CO2. 

The consequences of these rising levels are not so easy to predict (6). 

I 

There is one unambiguous physical phenomenon which underlies the whole con- ( 
cern and that is the parti cul ar opti ca 1 property of carbon di oxi de to be \... 
transparent to the visible light of the sun and opaque to the infrared 
light into which all visible energy of the sun is ultimately converted 
upon strikinq the earth. This means that the C02 blanket being generated 
around the earth must act as a one-way valve, allowing energy to reach 
the earth's surface but only a fraction of that energy can escape back 
into outer space. This is called the "greenhouse effect" (FIGURE 4) since 
the glass of a greenhouse behaves very much the same way. It should be 
pointed out that there are a number of so-called greenhouse gases in 
addition to CO2; in fact, water vapor itself is such a one. 
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CARBON DIOXIDE IN THE EARTH'S ATMOSPHERE 

(1860.2040) 
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Greenhouse effect: C02 reflects heat, warms earth 
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As a consequence of the greenhouse effect, there should be a rise in 
the mean global temperature. This \,!ould ensue' barring any other indepen
dent countervailing effects such as cooling of the Sun or"the appearance 
of a reflective global dust cloud. Some estimates of what that increase 
might be, using whatever meteorcilogical .models we have available, are 
shown in FIGURE 5. The various lines result from the various assumptions 
for different energy sources and the growth rates of their use (6,7). 
As you can see, the highest projected level stems from the fastest growth 
rate and rapid introduction of synfuels which includes coal itself as well 
as the products made from it, such as liquid and gas. One of the reasons 
for the increased temperature simultaneously with increased·synfuel use 
comes from the fact that coal, in whatever manner it may be burned~ has 
less than one atom of hydrogen for each atom of carbon, whereas when we 
burn petroleum we are burning two atoms of hydrogen for every atom of 
carbon. This, of course, requires the production of roughly twice as 
much C02 per Btu generated from coal in any form as obtained per Btu 
generated from oil. Energy generated from biomass, although it is organic 
and upon combustion in whatever form must also produce carbon dioxide, 
results in no net C02 gain over a two-year cycle since whatever biomass 
is burned in year No.2 was C02 in the atmosphere in year No.1. The 
termllbiomass ll as used here includes the growing of trees for their use 
as fuel and the growing of other crops specially designed t6 produce 
1 iquid hydrocarbons as well as the conversi on of the byproducts· of 
agriculture into useful fuels and materials. 

It thus appears that we are very likely to have in the next fifty to 
one hundred years a substantial increase (between 0.50 and 20C) in the 
global mean temperature (FIGURE 5) as a result not only of continuing or 
accelerating use of petroleum but even more so from the use of fossil
based replacements. 

On an historical scale, this type of increase in global mean tempera
ture would produce a variation in microcl,imate changes whose details can
not be predicted with any certainty (8). Efforts have been made to do 
this, and in a number of cases computer modeling studies through the 
use of the temperature hi story of the earth for the 1 ast fi fty years 
have indicated that the C02 increase that has already taken place has 
indeed had the expected consequence. 

What we need is some kind of lIearly warning signal ll which will be 
unambiguous in its interpretation and t~ll us that we are indeed em
barked on such an activity before it is too late to change directions 
and possibly rectify the damage already done. The search is on for such 
early warning signals, and the temperature history and change is only 
one of the indications that has been found, and while it is the most 
direct it is, perhaps, the least rel~ab1e (9,10). 

There are two quite independently observable effects whi ch, when added 
together, make a most convincing argument, even today. Remember, that if 
we must wait until the phe'nomena resulting from possible heating up of 
the earth's surface beyond the geological fluctuation is unambiguously 
visible above the normal fluctuations in time and space (the so-called 
noise level), by definition it will be too late. 
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PROJECTIONS OF GLOBAL TtMPERATURE 
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In the last two years, several additional independent observations 
have been reported. One of these stems from our ability to use a satellite 
to photograph the Antarcti c ice cap and .determi ne somethi ng about its 
size and thickness. Satellite data has been obtained (FIGURE 6) (11) 
which, when compared with some earlier surface measurements by both the 
United States and Soviet navies, has indicated a substantial decrease 
in the Antarctic ice over the past decade (FIGURE'7) (12-14). This de
crease amounts to approximately two to'three million square kilometers. 
This amount of ice, melted and run into the sea, would result in a rise 
in the·sea level throughout the world (15). 

, The second observation concerns a trend inthe global sea level for 
the past century. Without following the detailed noise levels of the tide 
gauges, it seems that the rise of the sea level from 1890 to 1940 was only 
about 45 rrm/year, whereas the rise during the period 1940 to 1980 was 
120 rrm/year which 'would correspond in time to the increasing rise in CO2 levels (FIGURE 8) (15). 

These two effects (decrease in amount of ice in Antarctic i~e pack and 
rise of global sea level) added to the increase in temperature mentioned 
earlier make it increasingly difficult to ignore the likelihood of major 
climatic change in fue next half century. In addition to the large changes 
in agricultural patterns which must follow such ~limatic changes, includ
ing changes in the length of season but also changes in availability of 
water, a more spectacular, if not as catastrophic consequence, of rising 
sea levels would be changes in the continental coast lines. One such pro
jected for the Atlantic Coast is shown (FIGURE 9) (16) which indicates 
the situation about 125,000 years ago. The sea level was. about 8 meters 
higher than at present. This ancient sea level might be expected to be 
reached again within two hundred years with an increase in ~nnual tem
perature of +30 C at sea level. 

If we take these early warning signals seriously, it would be much 
better to avoid generating the IIheat ll than to IIget out of the kitchen ll

• 

The prescription seems obvious: Reduce the combustion of fossil carbon, 
especially coal; replant the forests; learn to grow oil producing crops; 
and learn how to harvest solar, quanta directly. 

Acknowledgment: The preparation of this report was sponsored, in part, 
by the Assistant Secretary for Conservation & Renewable Energy, 
Office of Renewable Energy. Biomass Energy Technologies Division 
of the U.S. Department of Energy under Contract No. DE-AC03-76FS00098. 
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Figure 6, Sea ice, Weddell Sea, Antarctica; satellite 
photograph . (Kukla, Lamont Geological Observatory), 
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