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Global Deforestation: Contribution 
to Atmospheric Carbon Dioxide 

G. M. Woodwell, J. E. Hobbie, R. A. Houghton, J.  M. Melillo 

B. Moore, B. J .  Peterson, G. R. Shaver 

The accumulation of C02  in the atmo- 
sphere ( 1 ,  2 )  over the past century is 
expected to cause a warming of the earth 
(3 ) .  The increase in C 0 2  is due to the fact 
that more carbon is released into the 
atmosphere than is removed by the biota 
and the oceans. Two sources of C 0 2  are 
especially important, the combustion of 
fossil fuels (4, 5 )  and deforestation (6 
10). The analysis presented here indi- 

continued, an atmospheric burden be- 
fore the middle of the next century of 
about 600 parts per million, approxi- 
mately twice the amount thought to have 
been present in 1900. The doubling can 
be expected to increase the mean glob- 
al temperature by 2" to 4°C (11) .  Po- 
lar regions will undergo the greatest 
changes; climatic zones will shift, agri- 
culture will be displaced, and the earth's 

Summary. A study of effects of terrestrial biota on the amount of carbon dioxide in 
the atmosphere suggests that the global net release of carbon due to forest clearing 
between 1860 and 1980 was between 135 x 1 015 and 228 x 1 Oi5 grams. Between 
1.8 x 10'%nd 4.7 x loi5 grams of carbon were released in 1980, of which nearly 80 
percent was due to deforestation, principally in the tropics. The annual release of 
carbon from the biota and solls exceeded the release from fossil fuels until about 
1960. Because the biotic release has been and remains much larger than is 
commonly assumed, the airborne fraction, usually considered to be about 50 percent 
of the release from fossil fuels, was probably between 22 and 43 percent of the total 
carbon released in 1980. The increase in carbon dioxide in the atmosphere is thought 
by some to be increasing the storage of carbon in the earth's remaining forests 
sufficiently to offset the release from deforestation. The interpretation of the evldence 
presented here suggests no such effect; deforestation appears to be the dominant 
biotic effect on atmospheric carbon dioxide. If deforestation increases in proportion to 
population, the biotic release of carbon will reach 9 x loi5 grams per year before 
forests are exhausted early in the next century. The possibilities for llmiting the 
accumulation of carbon dioxide In the atmosphere through reduction in use of fossll 
fuels and through management of forests may be greater than is commonly assumed. 

cates that the terrestrial biota, especially 
forests and their soils, have been a net 
source of C 0 2  for the atmosphere over 
the past century and are currently releas- 
ing between 1.8 x 1015 and 4.7 x 1015 g 
of carbon annually. 

Recent rates of accumulation of C02  
have been high enough to produce, if 
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major zones of vegetation will be dis- 
rupted. Over a century there may be 
sufficient melting of polar ice to raise sea 
level by 5 m. 

In earlier analyses of the global carbon 
cycle (2, 12), it was assumed that the role 
of the oceans is well known and that the 
oceanic absorption of C 0 2  is limited to 

about half the release from the combus- 
tion of fossil fuels. This assumption led 
to the conclusion that the net effect of 
the terrestrial biota must be the absorp- 
tion of C 0 2  from the atmosphere. In 1954 
Hutchinson suggested (13) that the net 
effect of the terrestrial biota was proba- 
bly a release of C 0 2  into the atmosphere. 
This conclusion was supported in discus- 
sion at the Brookhaven Symposium in 
1972 (14) and in several subsequent stud- 
ies ( 6 1 0 ,  15, 16). Such analyses have 
produced a wide range of estimates of 
the amount of C 0 2  released from terres- 
trial systems. Our purpose is to present 
the results of recent analyses of the net 
exchanges of carbon between the atmo- 
sphere and terrestrial ecosystems since 
1860, the approximate beginning of the 
rapid increase in use of fossil fuels, and 
to interpret these data for the global 
carbon cycle. 

Methods 

A model has been used to compute 
and summarize year-by-year changes in 
the carbon content of vegetation and 
soils after disturbance (1 7). The land was 
divided into ten geographical regions, 
each with 14 potential ecosystems. In 
actuality 69 combinations of regions and 
ecosystems were used. Two types of 
data were needed to determine changes 
in the carbon content of each ecosystem: 
changes in the carbon content per unit 
area after disturbance and the total area 
disturbed. Several types of disturbances 
were included in the model: clearing for 
agriculture, the harvest and regrowth of 
forests, the abandonment of agricultural 
land, afforestation, and clearing for pas- 
ture. Carbon lost from vegetation was 
either burned, transferred to the soil as 
slash, or removed as wood products. 
Products decayed in the model with turn- 
over times of 1, 10, 100, or 1000 years. 
The pattern of changes in the carbon 
content per unit area of a forest cleared 
for agriculture is shown in Fig. 1. 

We have assumed that the conversion 
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of forestland to permanent agricultural 
use reduces the carbon stock in the up- 
per 1 m of soil by 50 percent and that the 
conversion of forestland to grazing land 
reduces the carbon content of soil by 25 
percent. This latter conversion has been 
applied only in Latin American tropical 
forests. We have also assumed that pri- 
mary forests, once cut, return to 75 
percent of their original biomass. We 
approximated the total areas of different 
ecosystems in 1700 by distributing the 
world vegetation types of Whittaker and 
Likens (18) among regions on the basis 
of Kuchler's map (19). These areas of 
natural ecosystems were then reduced 
by the areas devoted to agriculture in 
1700, estimated from population (20). 
The carbon content of vegetation per 
unit area in 1700 was from Whittaker and 
Likens (21). The carbon content of soil 
was from Schlesinger (22). 

The rates of disturbance used in the 
model were based on several sources 
(23). For the pre-World War I1 period, 
these data were combined to provide a 
single estimate. For the post-World War 
I1 period, three different sets of data 
were used: (i) the Food and Agriculture 
Organization of the United Nations 
(FAO) agricultural statistics (24), (ii) a 
recent review of deforestation in the 
tropics by Myers (25), and (iii) an esti- 
mate of changes in land use based on 
population (20, 26). 

Results Myers (25, 29). Myers's rates of defor- 
estation for these forests alone are great- 
er than the rates for agricultural expan- 
sion given by the F A 0  for the earth as a 
whole. Myers's rates of conversion ap- 
ply to many kinds of disturbances. We 
assumed that only two-thirds of the total 
rate resulted in permanent deforestation 
(30). 

Over the period between 1860 and 
1980, the total release of carbon based on 
the use of the Myers data, modified as 
indicated above, was 185 x 1015 g, about 
the same as the estimate based on the 
F A 0  data. The total net flux of carbon in 
1980 was 4.7 x 1015 g (Fig. 3), consider- 
ably hlgher than the F A 0  data. 

A population-based estimate. A third 
set of data was developed on the as- 
sumptlon that in tropical regions the rate 
of agricultural expansion since 1950 has 
been proportional to the rate of growth 
of the human population. Reports of the 
Department of Agriculture (31) show 
that the increase in world agricultural 
production has been caused in part by 
increased crop yields per unit area and in 
part by the conversion of land to agricul- 
tural use. The expansion of agricultural 
area provided about 60 percent of the 
increased production for the tropical re- 
gions (Latin America, tropical Africa, 
North Africa and the Middle East, south- 
ern Asia, and Southeast Asia) (31). This 
fraction was used to adjust the rates of 

The data on the rates of expansion of 
agriculture and on the harvest of tropical 
forests between 1949 and 1980 (1941 to 
1980 in South Asia) do not agree (25, 27). 

Production Yearbooks of the FAO. 
The most comprehensive and apparently 
detailed data are those compiled by the 
F A 0  since 1949 (24). We have used the 
annual data on the area devoted to agri- 
culture to obtain the rates of clearing for 
each region of the earth. The data show a 
sharp drop in the rate of clearing of land 
for agriculture after 1950, a drop that 
appears to have continued through 1980. 
We find this set of data anomalous in 
that, despite improvements in yields, 
there appears to be little possibility that 
the rate of expansion of agricultural 
lands worldwide has declined by a factor 
of 5 over the period in which both global 
economic activity and human popula- 
tions have grown more rapidly than ever 
before (28). 

The net annual release of carbon ac- 
cording to these data over the 120-year 
period from 1860 to 1980 reached a peak 
in 1955 of 3.22 x 1015 glyear. In 1980 the 
release was 1.8 x 1015 g (Fig. 2). The 
total release over the 120 years was 
184 x 1015 g. 

The Myers data. An independent esti- 
mate of recent rates of clearing of tropi- 
cal moist forests has been offered by 

Table 1. The flux of carbon between the atmosphere and forests due to harvest and other forest transformations from 1860 through 1980, 
according to the three sources of data used in this study, and the results of tests based upon the use of various assumptions about these data. 

Total release 
( X  io15 g) Release in 1980 ( x  1015 g) 

Source 
Clear- Har- Decay Abandon- Clear- 

of data To- 
1860 1958 ing for vest of ment of Affores- ing 

or test tal 
to 1980 to agricul- of wood agricul- tation for 

1980 for- re- ture ture pas- 
ests moved ture 

Source of data 
0.59 0.63 0.47 F A 0  Production 

Yearbooks (24) 
N .  Myers (25) 
Population data (31) 

2.70 1.06 0.74 
1.30 0.63 0.56 

Tests of the population data (16) 
1.45 0.63 0.58 Heavy clearing in 

1860 to 1914 
Forests cleared 
Nonforests cleared 
Increased clearing 

and abandonment 
Storage as charcoal 
Reduced loss 

from soil 
Tests of forest recoverq 

1.30 0.29 0.78 Doubled harvest of 
wood 

Increased rates of 
recovery 

Reduced carbon per 
area 
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agricultural clearing calculated on the 
basis of per capita use of cropland. For 
the other regions the permanent crop- 
land statistics of the F A 0  were used. 

The annual net release of carbon from 
terrestrial ecosystems has increased al- 
most continuously since 1860. The popu- 
lation-based estimate is plotted along 
with the estimates of the F A 0  and Myers 
in Fig. 4; also shown is Rotty's estimate 
(4) of the release from the combustion of 
fossil fuels. Between 1860 and 1980 the 
total net release of carbon from the biota 
according to the population-based esti- 
mate was 180 x 1015 g. In recent years 
the rate of release has dropped slightly; 
in 1980 it was 2.6 x 10" g. Until 1960 
the biotic release exceeded the release 
from fossil fuels (Fig. 4). 

A comparison of estimates. The three 
sets of data produce similar total releases 
of carbon over the 120-year period, 
about 180 x 1015 g (Table 1). The 1980 
releases varied between 1.8 x 1015 and 
4.7 x 1015 g. The result based on the 
F A 0  Production Yearbooks seems less 
reasonable because of the decline in the 
rate of expansion of agriculture in the 
period in which population growth has 
set new records. The results based on 
the Myers data are almost twice the 
estimate based on population, despite 
the adjustment for regrowth of forests 
(32). We have used the population-based 
estimate, which falls between the other 
two estimates, for later tests. 

All three estimates show that the 
clearing of land for agriculture, especial- 
ly in the tropics, is now the largest 
source of carbon released into the atmo- 
sphere from the biota and soils globally. 
These estimates for 1980 differ by a 
factor of 2 to 3, due almost entirely to 
differences in the rates of clearing of 
tropical forests. Agricultural lands are 
occasionally abandoned and return to 
forest, but the effect on the global cycle 
of carbon has been small, estimated as a 
net absorption of 0.06 x 1015 g in 1980. 

Although the harvest of forests re- 
leases nearly the same amount of carbon 
as clearing for agriculture, harvested for- 
ests store carbon again in trees and soil 
as the forests recover. The net fluxes of 
carbon for various regions of the earth 
are indicated in Fig. 5. There has been a 
net accumulation of carbon in the forests 
of North America and Europe, but that 
accumulation is small when compared 
with the losses from other segments of 
the temperate zone and from the tropics. 
The absorption of carbon by the biota 
and soils as a result of afforestation, the 
planting of forests where none has exist- 
ed within the memory of those living, 
was also small (0.04 X loi5 g in 1980). 

Tests of the data and assumptions. 
The use of a model offers the opportunity 
to test the effect of changes in assump- 
tions and data. The results of the tests 
for the population-based estimates have 
been summarized from Houghton et al. 
(1 6 )  in Table 1. 

The tests included each of the assump- 

--.1 2.0 r --- Conversion t o  agriculture I-! 

I .,-' ,---- Harvest  and regrowth  / ' 
.,.' : :  1 ,/++- I 

Decay of wood  I \ 
-2 

I Time I 
Abandon 

....., Conversion to grazing I I-, 
Clear I \. 

Time I 
Clear Abandon 

Fig. 1 (above). Idealized curves of the carbon 
content of vegetation and forest soils before 
and after clearing, during cultivation, and 
after the abandonment of agriculture. Such 
curves were used to describe changes in 
the vegetation and soils of each of the ecosys- 
tems recognized for the ten geographic re- 
gions. Fig. 2 (top right). Release of carbon 
from the vegetation and soils globally accord- 
ing to data based on several sources (23) prior 
to 1949 and F A 0  data subsequently (24). 
Decay refers to wood removed from the site; 
harvest includes release of carbon after dis- 
turbance and subsequent storage of carbon 
during regrowth. Fig. 3 (bottom right). 
Release of carbon from the biota and soils 
globally according to the population-based 
estimate (below) through 1965; data after 1965 
based on an analysis of deforestation in the 
tropics by Myers (25). Decay refers to wood 
harvested from the forest; harvest includes 
release of carbon after clearing and subse- 
quent storage of carbon during regrowth. 

tions listed below, considered individual- 
ly: (i) that rates of clearing for agricultur- 
al expansion were higher in the late 19th 
and early 20th centuries than assumed in 
the three major tests; (ii) that most of the 
agricultural expansion came from forests 
or from nonforested areas such as grass- 
lands that have lower initial stocks of 

Year 

/ .'/' 
Population- based-,:, 

Year 

Fig. 4. Release of carbon from the biota and soils globally according to various estimates (24, 
25, 31). The fossil fuel flux is from data of Rotty (4). 
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tion continues at current rates until the year 

Year 

Fig. 5 (left). Net annual release of carbon 
from various regions of the earth between 
1860 and 1980. Fig. 6 (right). Two predic- 
tions of the biotic release of carbon based on 
(i) the assumption that the growth in popula- 

2000 and declines exponentially to zero in 2100 
(solid line) and (ii) that the growth in popuiation continues indefiniteiy (dashediine). In the latter 
instance the decline in the carbon release is due to the exhaustion of forests. 

carbon; (iii) that increased rates of clear- 
ing for shifting agriculture (25, 30) ac- 
companied by increased rates of aban- 
donment of land have increased the 
amount of land in successional forests in 
recent decades; (iv) that substantial 
quantities of carbon may be stored as 
charcoal in soils and sediments (33); and 
(v) that the transformation of forestland 
to agricultural use results in the release 
as C 0 2  of as little as 20 percent of the 
carbon in the forest soil. In addition the 
most conspicuous assumptions about the 
harvest and recovery of forests have 
been tested, including the following: (vi) 
that the F A 0  data on the harvest of 
wood from forests are low (34); (vii) that 
forests recover from harvest substantial- 
ly more rapidly than we had originally 
estimated (35); and (viii) that, as suggest- 
ed by Olson for the world and Brown and 
Lugo for the tropics (36), there may be 
less carbon stored per unit area in the 
vegetation and soils than others have 
assumed. 

The range of the net release of carbon 
in 1980 from these tests of the popula- 
tion-based estimate was from 1.7 x 1015 
to 3.5 x 1015 g. The single most impor- 
tant factor affecting the estimate was the 
area of forest as opposed to nonforest 
cleared for agriculture (Table 1). Other 
factors that reduce the flux to the atmo- 
sphere were the rate of regrowth of for- 
ests and the initial stock of carbon per 
unit area (Table 1). These results apply 
both to the 1980 release and to the total 
release over the 120-year period. The 
estimate over the longer period ranged in 
the extreme tests, considered unrealis- 
tic, from 135 x 1015 to 228 x 10" g. 

Had the F A 0  data or the Mvers data 
been selected as the basis of comparison 
instead of the population-based estimate, 
the range would have been similar but 

would have been distributed around the 
higher or lower estimate. The range of 
results introduced by these tests of the 
assumptions and data was less than the 
range resulting from the three primary 
sets of data. 

Discussion 

Three methods are now available to 
appraise how the terrestrial biota and 
soils affect the C02  content of the atmo- 
sphere: direct estimates, such as those 
summarized here, based on changes in 
the areas of ecosystems; indirect esti- 
mates based on the distribution of car- 
bon isotopes (37); and other indirect esti- 
mates based on the mass balances of 
carbon between the atmosphere, oceans, 
and the terrestrial biota. Our direct esti- 
mate does not include any storage of 
carbon due to increased C02. The indi- 
rect analyses include such storage to the 
extent that it occurs and therefore could 
give different results from those obtained 
in direct analyses. 

Direct estimates. The approach sum- 
marized here includes not only the trans- 
formation of forests and other natural 
communities to agricultural use but also 
the harvest and recovery of forests, the 
effects of the abandonment of agriculture 
(38), and afforestation. It includes the 
release of carbon from organic matter in 
soil and from the decay of wood prod- 
ucts. Analyses that do not consider all of 
these components estimate the release of 
carbon from forests incorrectly. For ex- 
ample, if soils and wood products had 
been excluded from the analyses the net 
flux of carbon to the atmosphere in 1980 
would have been about half that of the 
reference estimate (39). 

Because we have assumed that undis- 

turbed ecosystems neither gain nor lose 
carbon from year to year, disturbance is 
the most important consideration in 
these analyses. Carbon exchanges are 
based on the changes in the carbon con- 
tent per unit area that follow distur- 
bance. The changes due to harvest or 
clearing and regrowth are large and easi- 
ly measured. Because our analysis deals 
only with those areas that have changed 
with respect to land use, the approach 
does not require accurate measurement 
of the total areas of major types of vege- 
tation. 

The assumption that undisturbed natu- 
ral ecosystems are in a steady state may 
be questionable. One of the highest rates 
of accumulation of carbon must have 
been in the soils, muskeg, and forests of 
the boreal and tundra zones. Since the 
retreat of glacial ice 5,000 to 15,000 years 
ago, these regions have accumulated 
about 500 x loi5 g of carbon. The rate 
of accumulation of carbon, however, 
0.1 x 10'' to 0.03 x 10" glyear, has 
been slow by comparison with current 
rates of release due to deforestation. The 
assumption of a steady state seems ap- 
propriate (40). 

Distribution of carbon isotopes. The 
results of analyses based on interpreta- 
tion of ratios of carbon isotopes (37) 
have suggested that the total net release 
of carbon from vegetation and soils dur- 
ing the past 100 to 135 years has been 
between 70 x 1015 and 200 x 10" g. The 
total net release from our direct analy- 
sis is consistent with these indirect esti- 
mates, but the time course of the esti- 
mated releases differs. A detailed com- 
parison is not appropriate because of 
uncertainties in both types of analyses. 

Mass balances of carbon. In the type 
of analysis used in oceanographic and 
atmospheric models, the role of the biota 
has been calculated by difference on the 
basis of the assumption that the rate of 
absorption of C02  by the oceans is 
known accurately. The equation in Table 
2 states that the accumulation in the 
atmosphere is the sum of the release 
from fossil fuels, transfer to the oceans, 
and net transfer between atmosphere 
and the biota. The equation can be evalu- 
ated but not balanced. In the first (the 
median) evaluation in Table 2, we give 
the means of ranges commonly cited for 
all values. For the second (the best) 
case, we have selected the extremes of 
ranges to provide the closest approxima- 
tion of balance within acceptable limits 
of errors. In the third (the worst) case, 
we have assumed the greatest imbalance 
(41). The differences range from an im- 
balance of 1.1 x 10" to 6.8 x 10'' g of 
carbon per year. 
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The range of the biotic carbon flux in 
1980 was 1.8 x 1015 to 4.7 x 1015 g (Ta- 
ble 1). If the actual flux was at the upper 
end of the range, there are important 
errors in the current estimates of the 
major terms in the equation; if the actual 
biotic flux was at the lower end of this 
range, the equation is still not balanced. 

A significant release of carbon from 
vegetation and soils globally means that 
the common assumption that about 50 
percent of the carbon released from fos- 
sil fuels remains in the atmosphere is 
wrong. If the biotic releases are as indi- 
cated in Table 2, the range of the air- 
borne fraction, based on estimates for 
1980, is between 22 and 43 percent. If the 
airborne fraction is calculated for the 
period between 1958 and 1980, the frac- 
tion, based on the first three estimates 
available for the biota (Table I), is be- 
tween 30 and 41 percent. 

Possible Cot-Induced Stimulation of 

Stored Carbon in Terrestrial Ecosystems 

The increase in the C 0 2  content of the 
atmosphere over the 120 years since 
1860 exceeds 15 percent; it may be as 
much as 30 percent. Such an increase is 
thought by some to be sufficient to stim- 
ulate the storage of carbon in soils and in 
the biota on land by stimulation of photo- 
synthesis (9, 42). Storage is affected, 
however, by several factors in addition 
to the concentration of C02. Among 
these, temperature and the availability of 
mineral nutrients and water are most 
important. A rise in temperature without 
a change in other factors can be expected 
to increase the total respiration more 
than the gross photosynthesis of a terres- 
trial ecosystem (43) and to reduce the 
stock of stored carbon, at least within 
the short term of years, to some new, 
lower equilibrium. A drop in tempera- 
ture will cause the reverse. An increase 
in the availability of water and nutrients, 
especially nitrogen and phosphorus, will 
usually increase photosynthesis dispro- 
portionately over total respiration until a 
new equilibrium of stored carbon is es- 
tablished. Many factors would be affect- 
ed by changes in climate, but it is proba- 
ble that changes in temperature domi- 
nate in determining whether undisturbed 
terrestrial ecosystems store or release 
carbon at any moment. The general 
warming of the past century would prob- 
ably cause a loss of carbon stored on 
land in addition to the loss reported in 
this work. A further warming would, of 
course, accentuate the loss if other fac- 
tors remained constant. 

A stimulation of carbon storage (net 

Table 2. Three evaluations of the carbon balance equation obtained by using ranges of values 
(x1015 glyear) reported within assumed limits of uncertainty for 1980. We calculated the 
airborne fraction by dividing the annual increment in the atmosphere by the sum of the total 
releases into the atmosphere. 

Case 

Incre- 
ment 

of 
atmo- 

spheric 
car- 
bon 

Fos- 
sil 

fuel 
re- 

lease 

Oce- 
anic 
UP- 
take 
of 

car- 
bon 

Terres- 
trial 
car- 
bon 
re- 

lease 

Im- 
bal- 
ance 

in 
1980 

Air- 
borne 
frac- 
tion 
(%I 

Median 2.5 = 5.2 - 2.0 + 3.3 4.0 30 

Best 2.7 = 4.5 - 2.5 + 1.8 1.1 43 

Worst 2.3 = 5.9 - 1.5 + 4.7 6.8 22 

ecosystem production) in undisturbed 
forests in the range of the imbalances 
indicated in Table 2, 1.1 x loi5 to 
6.8 x loi5 g, would be equivalent to the 
storage of 2 to 14 percent of the annual 
net primary production. Because it is 
unusual for more than half the net pri- 
mary production to accumulate as net 
ecosystem production, the actual in- 
crease in net primary production would 
probably be 4 to 28 percent. 

As far as we know, there is no evi- 
dence at present that the biomass of 
forests or the storage of carbon in soils 
has increased globally over the past cen- 
tury. The topic is worthy of more careful 
analysis than it is currently receiving. 

Conclusions 

The biotic release of C02  to the atmo- 
sphere is large, according to direct esti- 
mates (24, 25, 31). The range of uncer- 
tainty in the carbon flux in 1980 is indi- 
cated by the three evaluations of the 
eauation in Table 2. If the lower value 
(1.8 x loi5 g) is correct, the imbalance is 
probably in the range of uncertainty of 
terms in the equations. If the upper value 
(4.7 x loi5 g) is correct, either there 
must have been a large increase in car- 
bon stocks in undisturbed ecosystems or 
current estimates of the capacity of the 
oceans for absorbing atmospheric C02  
are low. 

In any case the biota is important 
enough that its management will affect 
the C 0 2  content of the atmosphere ap- 
preciably. On the one hand, there may 
be a significant increase in the rate of 
release of C02  into the atmosphere 
through continued deforestation. Projec- 
tions made on the basis of the assump- 
tion that deforestation will be propor- 
tional to the growth in the human popula- 
tion appear in Fig. 6. The limiting factor 
if the growth in population continues 
indefinitely is the availability of forests; 
they are expected to disappear during 

the first half of the 21st century. The 
rates of carbon release in the interim, 
however, are expected to reach 7 x 1015 
to 9 x 1015 glyear early in the next cen- 
tury. They would rise considerably more 
abruptly if the estimates of the current 
rates of deforestation provided by Myers 
(25) or by the recent Tropical Forest 
Assessment Project of the F A 0  (44) 
prove correct and are used instead of the 
population-based estimate. 

On the other hand, appropriate action 
taken now might reduce or eliminate the 
problem. Stabilization of the rate of com- 
bustion of fossil fuels combined with a 
program of reforestation would contrib- 
ute toward stabilizing the COz content of 
the atmosphere. The spectacular reduc- 
tion in the U.S. consumption of oil since 
1973 and the decline in the rate of growth 
in use of fossil fuels globally (4) offer 
evidence that such transitions are possi- 
ble and that we need not accept as inexo- 
rable a global warming due to 'the accu- 
mulation of C 0 2  in the atmosphere. 
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