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ABSTRACT 
 
 Land use changes in 1990 in Brazil's 5 X 106 km2 Legal 
Amazon Region included 13.8 X 103 km2 of deforestation, 
approximately 5 X 103 km2 of clearing in cerrado (savanna), 7 X 
102 km2 in "old" (pre-1970) and 19 X 103 km2 in "young" (1970+) 
secondary forests; burning of 40 X 103 km2 of productive 
pasture (33% of area present), and regrowth in 121 X 103 km2 of 
"young" secondary forests.  No new hydroelectric flooding 
occurred in 1990, but decomposition continued in 4.8 X 103 km2 
of reservoirs already in place.  Logging 24.6 X 106 m3 was 
assumed, the 1988 official rate. 
 
 Unlogged original forest in Brazilian Amazonia are 
estimated to have an average total biomass of 464 metric tons 
per hectare (t ha-1), including below-ground and dead 
components.  Adjustment for the spatial distribution of 
clearing and for logging indicates an average total biomass 
cleared in 1990 of 407 t ha-1 in original forest areas, 308 t 
ha-1 of which is above-ground (exposed to the initial burn).  
In addition to emissions from the initial burn, remains from 
clearing in previous years emitted gases through decay and 
combustion in reburns.  More rapid deforestation in the years 
preceding 1990 make these inherited emissions greater than 
they would have been had deforestation rates been constant at 
their 1990 levels. 
 
 Emissions are calculated in low- and high-trace gas 
scenarios, reflecting the range of emissions factors appearing 
in the literature for different burning and decomposition 
processes.  These scenarios do not reflect the uncertainty of 
values for deforestation rate, forest biomass, logging 
intensity and other inputs to the calculation. 
 
 Sinks for carbon are calculated for conversion to 
charcoal and graphitic particulate carbon.  Charcoal 
represented 5.6 X 106 t of carbon, while graphitic particulate 
carbon represented 0.32-0.42 X 106 t. 
 
 Estimated net emissions from deforestation (not including 
logging emissions) totaled 1245-1248 X 106 t CO2, 2.0-2.4 X 106 
t CH4, 36-46 X 106 t CO, and 0.15-0.27 X 106 t N2O.  These 
emissions are equivalent to 358-367 X 106 t of CO2-equivalent 
carbon, using IPCC 1992 100-year GWPs (direct effects only).  
CO2 emissions include 228 X 106 t of gas from the initial burn, 
876-878 X 106 t from decay and 83 X 106 t from subsequent burns 
of primary forest biomass; 44-45 X 106 t from decay and 53-56 X 
106 t from burning of secondary forest biomass of all ages; 37 
X 106 t from hydroelectric reservoirs, 32 X 106 t from soil to 
20 cm, and  220 X 106 t from logging.  Pastures release through 
burning (and assimilate in growth) 17-18 X 106 t, not counted 
in the above total.  Secondary forest regrowth removes 108 X 
106 t (only 8% of the gross emission, excluding pasture).  The 
total CO2 emissions, excluding logging, are triple Brazil's 
official estimate, mainly because the latter omits decay and 
combustion after initial deforestation. 
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INTRODUCTION: TYPES OF EMISSION CALCULATIONS 
 
 Deforestation in Brazilian Amazonia releases quantities of 
greenhouse gases that are significant both in terms of their 
present impact and in terms of the implied potential for long-
term contribution to global warming from continued clearing of 
Brazil's vast area of remaining forest.  The way in which 
emissions are calculated can have a tremendous effect on the 
impact attributed to deforestation.  One form of calculation is 
net committed emissions, which expresses the ultimate 
contribution of transforming the forested landscape into a new 
one, using as the basis of comparison the mosaic of land uses 
that would result from an equilibrium condition created by 
projection of current trends.  This includes emissions from 
decay or reburning of logs that are left unburned when forest is 
initially felled (committed emissions), and uptake of carbon 
from growing secondary forests on sites abandoned after use in 
agriculture and ranching (committed uptake), to give net 
committed emissions (Fearnside, 1992). 
 
 Another form of calculation, which is the subject of the 
present paper, looks at the annual balance of release and uptake 
of greenhouse gases in a given year.  Estimates of the annual 
balance of greenhouse gases for specific regions are needed in 
order to understand the fluxes of these gases at a global level. 
 
 The annual balance appears likely to form the basis for 
assigning responsibility for global warming among nations.  The 
Framework Convention on Climate Change, which was signed in June 
1992 by 155 countries plus the European Union at the United 
Nations Conference on Environment and Development (UNCED) in Rio 
de Janeiro, requires that each country make an inventory of the 
sources, sinks and reservoirs of greenhouse gases--indicating 
that the guiding principle for quantifying impact will be the 
net flux of gases entering and leaving the atmosphere. 
 
 The criterion of annual balance or flux has important 
implications for how different response strategies are viewed by 
individual countries.  Global interests are not necessarily 
analogous with national interests.  One consequence of the 
emphasis on annual flux is that the act of cutting trees is not 
the critical moment for counting greenhouse effect impact, but 
rather fluxes that occur after this event.  In the case of wood 
exported from any given country, the greenhouse impact will be 
counted against the importing country where the wood products 
will eventually decay. 
 
 Wood exporting countries get credit for carbon removed from 
the atmosphere as the trees grow.  The credit is further 
enhanced by an increase in growth rates in trees that remain 
after forests are logged.  The emissions credits can be expected 
to accrue to wood exporting countries to the extent that carbon 
leaves these countries in the form of wood or wood products 
instead of as CO2 or other gases; when the paper, buildings, 
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furniture and other products eventually decay or burn, the 
emission is added to the account of the country where the carbon 
enters the atmosphere.  This means that timber exports can 
contribute to greenhouse credit--but the net effect may be 
otherwise, as non-exported portions of harvested trees, and the 
many other trees killed or damaged during logging operations, 
lead to immediate emissions.  More emissions come from 
deforestation done by immigrants and others whose entry is 
facilitated by logging roads.  Assessment of current and 
potential contributions of each of these processes is a high 
priority.  Annual balance calculations in the present paper 
offer a starting point for evaluating these implications. 
 
 The annual balance represents an instantaneous measure of 
the fluxes of greenhouse gases, of which carbon dioxide is one. 
 This is sometimes called the annual balance of net emissions.  
Even though the present calculations are made on a yearly basis, 
they are termed  "instantaneous" here to emphasize the fact that 
they do not include future consequences of deforestation and 
other actions taking place during the year in question.  It 
should be stressed that annual balance is not the best measure 
of the greenhouse impact of deforestation, which should include 
the future releases and uptakes.  Net committed emissions and 
time-weighted net emissions are more meaningful for policy 
decisions, especially the latter.  Time-weighted net emissions 
calculates the net flux for each year, allowing application of a 
time horizon and a time-preference weighting scheme (either 
discounting or an alternative procedure) to reflect the values 
placed by society on short-term versus long-term effects. 
 
  Using the annual fluxes of greenhouse gases to and from 
the atmosphere as the basis for assigning responsibility for 
global warming, while much better than nothing, contains various 
distortions as a basis for fixing the blame for the greenhouse 
effect.  The industrialized countries escape all responsibility 
for having used up much of the capacity of the oceans and other 
sinks to absorb carbon, as these are now largely saturated with 
carbon that has come from historical burning of fossil fuels and 
from removal of temperate forests in these countries.  On the 
other side, the Intergovernmental Panel on Climate Change 
(IPCC), which provides the technical basis for the climate 
convention negotiation process, currently calculates the effects 
of trace gases such as methane (CH4), carbon monoxide (CO) and 
nitrous oxide (N2O) such that their impact relative to CO2 is 
understated: all indirect effects of these gases are ignored, 
and the time preference scheme adopted for standard calculations 
emphasizes long-lived gases (like CO2) by considering a 100-year 
period without discounting (Isaksen et al., 1992).  The 
relatively greater weight that these procedures give to CO2 
favors tropical countries, where other gases--such as methane 
from deforestation, rice paddies and livestock--make up a 
greater portion of emissions than in industrialized countries 
where fossil fuel burning dominates greenhouse gas 
contributions. 
 
GREENHOUSE EMISSIONS 
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Initial burn 
 
 Greenhouse gas emissions and uptakes are tabulated for a 
"low trace gas scenario" (Table 1) and for a "high trace gas 
scenario" (Table 2).  These two scenarios use high and low 
values appearing in the literature for the emissions factors for 
each gas in different types of burning (reviewed in Fearnside, 
1991, 1992).  They do not reflect the doubt concerning forest 
biomass, deforestation rates, burning efficiency and other 
important factors. 
 
   (Tables 1 and 2 here) 
 
 The initial burn represents 228 X 106 t of CO2 gas, or 17% 
of the gross emission of 1353-1357 X 106 t.  Gross emission of a 
gas refers to all releases of the gas, but not uptakes.  The 
initial burn contribution of CH4 is 0.74-0.88 of 1.98-2.39 X 106 
t (37%), CO is 18-22 of 36-46 X 106 t (48-50%) and N2O is 0.05 
of 0.15-0.27  X 106 t (19-33%).  For NOx and NMHC, if considered 
apart from the loss of mature forest sources, represent, 
respectively, 0.56 of 1.38 X 106 t (41%) and 0.49-0.93 of 0.85-
1.61 X 106 t (58%). 
 
 The average biomass of the primary forests present in the 
Brazilian Amazon has been estimated based on analysis of 
published wood volume data from 2954 ha of forest inventory 
surveys distributed throughout the region (Fearnside, nd-a).  
Average total biomass (including dead and below-ground 
components) is estimated to be 463 t ha-1 for all unlogged 
mature forests originally present in the Brazilian Legal Amazon. 
 The average above-ground biomass is 354 t ha-1, of which 28 t 
ha-1 is dead; below-ground biomass averages 109 t ha-1.  The 
total biomass estimates are disaggregated by state and forest 
type, allowing use of the data in conjunction with Brazil's 
LANDSAT-based deforestation estimates, which are reported on a 
state-by-state basis (Fearnside et al., nd-a; Fearnside, 
1993a,b. 
 
 The areas of protected and unprotected vegetation of each 
type in each state have been estimated (Fearnside and Ferraz, 
1995).  By multiplying the per-hectare biomass of each forest 
type by the unprotected area present in each state, one can 
estimate the biomass cleared if one assumes that clearing within 
each state is distributed among the different vegetation types 
in proportion to the unprotected area present.  By weighting the 
biomass by the deforestation rate in each state, the average 
total biomass cleared in 1990 has been estimated to be 434 t ha-
1, or 6.3% lower than the average for forests present in the 
Legal Amazon as a whole (see Fearnside, 1992).  The difference 
is due to concentration of clearing activity along the southern 
and eastern edges of the forest, where per-hectare biomass is 
lower than in the areas of slower deforestation in the central 
and northern parts of the region. 
 
 The burning efficiency (percentage of pre-burn carbon 
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presumed emitted as gases) averaged 32.6% in available studies: 
27.6% in a 1984 burn and 28.3% in a 1990 burn studied near 
Manaus (Fearnside et al., 1993, nd-b); and 42.0% in three burns 
in 1986 studied in Altamira, Pará (Fearnside et al., nd-c).  
Adjustments for the effect of logging on the diameter 
distribution of the biomass gives an efficiency of 33.2%. 
 
 Charcoal formation averaged 2.7% and 1.8% of pre-burn 
above-ground carbon at Manaus (Fearnside et al., 1993) and 1.3% 
in Altamira (Fearnside et al., nd-c).  The value used in the 
present calculation is the average value of 1.9%. 
 
 Graphitic particulate carbon is another sink for carbon 
that is burned.  This is calculated by emission factors from the 
amount of wood combusted.  The amount of carbon entering this 
sink is only 1/20 the amount entering the charcoal sink (Tables 
1 and 2). 
 
 The pre-1970 secondary forest must be considered separately 
from the primary forest, as these areas are not included in the 
deforestation rate estimate (13.8 X 106 km2 year-1 in 1990).  A 
rough estimate of clearing rate is derived in Table 3.  The 
amounts of greenhouse gases contributed by clearing of pre-1970 
forest are very small (Tables 1 and 2). 
 
   (Table 3 here) 
 
Subsequent burns 
 
 Subsequent burns combust both remains of original forest 
and the secondary forest biomass.  The original forest remains 
burned with an efficiency of 28.0% in a study in Roraima 
(Fearnside et al., nd-d).  In pasture burning in Roraima studied 
by Barbosa (1994) 12.3% of the pre-burn carbon in the original 
forest remains was consumed.  The mean of the results of the two 
studies (20.1%) is used in the present calculation. 
 
Decay of unburned remains 
 
 Above-ground decay of unburned remains is calculated the 
available studies listed in Table 4.  Decay makes a significant 
contribution to greenhouse gas emissions, and it is apparent 
that the focus of interest on biomass burning leads many to 
overlook the contributions of decay.  The greenhouse gas 
emissions from deforestation that have been put forward by 
official Brazilian government sources (Borges, 1992; Silveira, 
1992) are lower than those calculated in the present paper by a 
factor of three, mainly because they ignore the inherited 
emissions, in which decay plays a large role. 
 
    (Table 4 here) 
 
 Termite emissions of methane from decay of unburned biomass 
(Martius et al., nd) are substantially lower than previous 
estimates (Fearnside, 1991, 1992).  This is mainly because 
estimates of the number of termites in deforested areas indicate 
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that the populations are insufficient to consume the quantity of 
wood that had previously been assumed.  Nasutitermes 
macrocephalus, the only species of Amazonian termite for which 
measurements are available, consumes 49 mg of dry wood per g 
termites per day (Martius, 1989).  Lower emissions of methane 
(0.002 g CH4 per g of dry wood consumed) also contributes to 
lower emissions from this source, estimated to total only 0.02 X 
106 t of CH4 gas from original forest in cleared area in 1990 
(Tables 1-2). 
 
Soils 
 
 In order to estimate CO2 emissions from soils, one must 
consider the layer of soil in the replacement land-use, such as 
pasture, that is compacted from a given depth of forest soil 
(see Fearnside, 1980).  The emission calculated here (30-32 X 
106 t CO2) considers only the top 20 cm of forest soil; 
considering soil to 1-m depth would approximately double these 
emissions.  Converting forest to pasture releases 3.96 t C ha-1 
from the top 20 cm of forest soil (see Fearnside, 1991, 1992).  
Pasture soil also emits N2O (Luizão et al., 1989). 
 
Removal of sources and sinks in pre-clearing landscape 
 
 1.) Soil sink for CH4 
 
 The tropical forest soil provides a natural sink for 
methane, removing 0.0004 tons of carbon per hectare per year 
(Keller et al., 1986).  Clearing the forest eliminates this 
sink, thereby having an effect equal to a source of the same 
magnitude.  In 1990 the forests that had been cleared accounted 
for 0.02 X 106 t of CH4 gas (Tables 1 and 2). 
 
 2.) Forest source of NOx and NMHC 
 
 The leaves of the forest release 0.0131 t ha-1 year-1 of NOx 
(Kaplan et al., 1988; see Keller et al., 1991) and 0.12 t ha-1 
year-1 of NMHC (Rasmussen and Khalil, 1988, p. 1420).  No 
information is available on the releases of these gases from the 
replacement vegetation.  Assuming no releases from farmland, 
productive and degraded cattle pasture, and releases from 
secondary forests the same as those from primary forests, the 
landscape in 1990 implied a negative flux of 2.73 X 106 t year-1 
of NOx and a positive flux of 1.02 X 106 t of NMHC (Tables 1 and 
2). 
 
 3.) CH4 release by termites 
 
 Termites in the mature forest release methane produced by 
bacteria that digest cellulose under anaerobic conditions in the 
insects' abdomens.  These emissions will be lost when forest is 
cleared, but for a long time thereafter these emissions will be 
more than compensated for by termites that ingest the unburned 
biomass after clearing.  In calculating emissions from termites 
in the forest, the item of interest is the absolute amount of 
biomass decaying annually (in t ha-1 year-1), rather than the 
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rate (fraction) of decomposition per year.  For fine litter the 
amount can be known directly from data on litter fall rates, 
since all that falls decomposes and the level of the stock can 
be assumed to be in equilibrium.  For coarse litter such data 
are unavailable, and the amount decomposing must be calculated 
from information on the stock and the rate of decomposition.  
Dead trees in a tropical forest can decay remarkably quickly.  
The decay constant (k) for decomposition of boles in Panama has 
been calculated to be 0.461 year-1 for trees >10 cm DBH, based 
on observation after a 10-year interval (Lang and Knight, 1979). 
 Here, however, the lower decay rates measured in slash-and-burn 
fields (Table 4) are used for all coarse biomass.  The amounts 
of fine and coarse litter are calculated from available studies 
in Tables 5 and 6. 
 
  (Tables 5 and 6 here) 
 
Hydroelectric dams 
 
 One of the impacts of hydroelectric dams in Amazonia is 
emission of greenhouse gases such as carbon dioxide (CO2) and 
methane (CH4).  Hydropower is often promoted by government 
authorities as a "clean" source of energy, in contrast to fossil 
fuels.  While fossil fuel contributions to global warming are 
well-known, hydroelectric dams are not free of impact.  The 
ratio of impact to benefit varies tremendously among dams 
depending on their power output.  Balbina has the worst balance 
of impact to benefit due to the large area of the reservoir 
(2360 km2) compared to the power generated, which averages only 
109 megawatts delivered to Manaus (Fearnside, 1989). 
 
 Existing hydroelectric dams in Brazilian Amazonia emitted 
about 0.27 X 106 t of methane and 37 X 106 t of carbon dioxide 
in 1990.  The CO2 flux in 1990 included part of the large peak 
of release from above-water decay of trees left standing in the 
Balbina reservoir (closed in 1987) and the Samuel reservoir 
(closed in 1988).  Most CO2 release occurs in the first decade 
after closing.  The methane emissions represent an essentially 
permanent addition to gas fluxes from the region, rather than a 
one-time release.  The total area of reservoirs planned in the 
region is about 20 times the area existing in 1990, implying a 
potential annual methane release of about 5.2 X 106 t.  About 
40% of this estimated release is from underwater decay of forest 
biomass, which is the most uncertain of the components in the 
calculation.  Methane is also released from open water, 
macrophyte beds, and above-water decay of forest biomass 
(Fearnside, 1995a). 
 
Logging 
 
 In a typical situation, forests accessible by land or river 
transportation are logged, reducing their biomass both by the 
removal of timber and by killing or damaging many unharvested 
trees.  This logged-over forest is later cleared for agriculture 
or cattle ranching.  False color LANDSAT-TM images show small 
red dots appearing in a band around some deforested areas; in 
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the next year the areas with the red dots have been cleared in 
the normal way (L. Gylvan Meira Filho, personal communication, 
1993).  The red dots probably indicate disturbance from heavy 
levels of selective logging in the year prior to felling. 
 
 The effect of logging is not as straightforward as it might 
appear.  By removing the trunks of large trees, the burning 
efficiency will increase, as will the average decay rate of the 
unburned biomass.  This is because small-diameter branches burn 
better and decay more quickly than do large trunks.  These 
changes will partially compensate for the reduction in emissions 
from lower biomass.  Where discounting or time preference 
weighting gives emphasis to short-term releases, the effect of 
logging will be further reduced, since the large logs removed 
would have been slow to decay had they been left in the forest. 
 
 The values for biomass from "unlogged" forest (Fearnside, 
nd-a) represent the best estimates for each forest type at the 
time it was surveyed (in the 1950s in the case of the FAO forest 
inventories that comprise 10% of the data and in the early 1970s 
in the case of the RADAMBRASIL data covering the remaining 90%). 
 FAO data are from Heinsdijk (1957, 1958a,b,c) and Glerum 
(1960); RADAMBRASIL data are from Brazil, Projeto RADAMBRASIL 
(1973-1983).  There is some reason to believe that the survey 
teams avoided logged-over locations (Sombroek, 1992).  In 
addition, logging damage was much less widespread at the time of 
the surveys than it is at present.  Logging is progressing 
rapidly, with the fraction of areas cleared that are logged 
prior to felling increasing noticeably since the mid-1970s as 
road access has improved.  The number of sawmills purchasing 
wood has exploded, and wood prices have increased (cf. Veríssimo 
et al. 1992).  In addition, logs and wood for charcoal and 
firewood are sometimes sold after the burn. 
 
 The biomass reduction due to logging in areas being felled 
is much higher than the average biomass reduction over the 
forest as a whole, as the areas being felled generally have the 
best road access.  Much of the biomass reduction from logging 
will result in gas releases similar to those that would occur 
through felling: decay of the slash and the substantial number 
of non-commercial trees that are killed or damaged during the 
logging process; decay and/or burning of the scrap generated in 
the sawmilling process, plus a slower decay of wood products 
made from the harvested timber (see Fearnside, 1995b).  With 
adjustment for logging, areas cleared in 1990 had an average 
total biomass of 407 t ha-1, of which 250 t ha-1 was above-ground 
live biomass, 58 t ha-1 was above-ground dead and 98 t ha-1 was 
below-ground. 
 
Interpretation of historical emissions 
 
 The annual balance should not be confused with the change 
in the annual balance.  Many components of the balance, such as 
the fluxes from soils, termites and native forest vegetation 
that are lost when conversion occurs, will not change much as 
time progresses.  The question of how much historical emissions 
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will weigh, if anything, in international negotiations is still 
an open one.  The industrialized countries have been the 
principal emitters of gases, especially CO2, in the past, and 
any weighting for historical emissions by country would 
undoubtedly reflect this. 
 
 The area considered for calculating the loss of intact 
forest sources and sinks is taken here to be all of the 4.15 X 
106 ha deforested through 1990, regardless of how long ago the 
original forest was cleared.  About 75% of the clearing in 
Brazilian Amazonia has occurred within the past two decades, and 
the remaining 25% is almost all from within the present century. 
 In other parts of the world the issue of a cutoff time for 
inherited effects is more complicated, and remains unresolved--
such as the question of whether accounting should include 
removal of natural methane sources from Asiatic wetlands that 
were converted to irrigated rice several thousand years ago. 
 
 The treatment of historical emissions is important for 
establishing the way that responsibility for global warming is 
shared among countries.  Knowing the magnitude of historical 
emissions is not necessary, however, for the annual balance (and 
its separate components) to be useful in understanding the 
global biogeochemical balances of the gases concerned, the 
magnitude of changes in the annual balance over the coming years 
as national inventory data are compiled, and the potential 
effectiveness of different response options in altering the 
annual balance of greenhouse gases. 
 
UPTAKE BY REPLACEMENT VEGETATION 
 
The replacement landscape 
 
 A Markov matrix of annual transition probabilities was 
constructed to estimate landscape composition in 1990 and to 
project future changes, assuming behavior of farmers and 
ranchers remains unchanged.  Transition probabilities for small 
farmers are derived from satellite studies of government 
settlement areas (Moran et al. 1994; Skole et al., 1994).  
Probabilities for ranchers are derived from typical behavior 
elicited in interview surveys by Uhl et al., 1988).  Six land 
uses are considered, which, when divided to reflect age 
structure, results in a matrix of 98 rows and columns. 
 
  The estimated 1990 landscape was 5.4% farmland, 44.8% 
productive pasture, 2.2% degraded pasture, 2.1% 'young' (1970 or 
later) secondary forest derived from agriculture, and 28.1% 
'young' secondary forest derived from pasture, and 17.4% 'old' 
(pre-1970) secondary forest.  The landscape would eventually 
approach an equilibrium of 4.0% farmland, 43.8% productive 
pasture, 5.2% degraded pasture, 2.0% secondary forest derived 
from agriculture, and 44.9% secondary forest derived from 
pasture.  An insignificant amount is regenerated 'forest' 
(defined as secondary forest over 100 years old).  Average total 
biomass (dry matter, including below-ground and dead components) 
was 43.5 t ha-1 in 1990 in the 410 X 103 km2 deforested by that 
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year for uses other than hydroelectric dams.  At equilibrium, 
average biomass would be 28.5 t ha-1 over all deforested areas 
(excluding dams) (Fearnside, nd-b) 
 
Secondary forest growth rates 
 
 The growth rate of secondary forests is critical in 
determining the uptake over the replacement landscape.  Most 
discussions of uptake by secondary forests have assumed that 
these will grow at the rapid rates that characterize shifting 
cultivation fallows (e.g. Lugo and Brown, 1981, 1982).  In 
Brazilian Amazonia, however, most deforestation is for cattle 
pasture, shifting cultivation playing a relative minor role 
(Fearnside, 1993a).  Secondary forests on degraded pastures grow 
much more slowly than on sites where only annual crops have been 
planted following the initial forest felling. 
 
 Brown and Lugo (1990) have reviewed the available data on 
growth of tropical secondary forests.  The available information 
is virtually all from shifting cultivation fallows.  Brown and 
Lugo (1990, p. 17) trace a freehand graph from available data 
for secondary forest stands ranging in age from 1 to 80 years, 
including biomass for wood (twigs, branches and stems: 13 data 
points), leaves (10 data points), and roots (12 data points).  
This has been used to estimate growth rate and the root/shoot 
ratio for shifting cultivation fallows of different ages.  
Secondary forests on abandoned pastures grow more slowly 
(Guimarães, 1993; Uhl et al., 1988).  This information on growth 
rate of secondary vegetation of different origins has been used 
to calculate uptakes in the landscape in 1990 (Fearnside and 
Guimarães, nd). 
 
NET ANNUAL EMISSIONS 
 
 Considering only CO2, 1353-1357 X 106 t of gas were emitted 
(gross emission) by deforestation (not including logging 
emissions).  Deducting the uptake of 108 X 106 t yields a net 
emission of 1245-1249 X 106 t of CO2, or 340-341 X 106 t of 
carbon.  Adding effects of trace gases using the IPCC's 1992 
global warming potentials for a 100-year time horizon (direct 
effects only), the impacts increase to 358-367 X 106 t of CO2-
equivalent carbon.  Consideration of indirect effects of trace 
gases would raise these values substantially.  Logging added 220 
X 106 t of CO2 gas, plus trace gases that raised the impact to 
222-224 X 106 t of CO2 equivalent, considering direct effects 
only. 
 
 Brazil's 1990 contribution from Amazonian deforestation 
alone, considering only CO2 (1353-1357 X 106 t), represented 
approximately 5% of the total global emissions from fossil fuels 
and deforestation.  The value 1991 was approximately 4%.  This 
is three times higher than the value of 1.4% that has been 
frequently put forward by INPE (Borges, 1992; Silveira, 1992).  
The principal reason for the discrepancy is omission of 
inherited emissions in the INPE figure. 
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CONCLUSIONS 
 
 The annual balance of greenhouse gas emissions from land 
use change in Brazilian Amazonia in 1990 was dominated by 
deforestation.  In terms of carbon dioxide only, approximately 
26% was from prompt emissions from deforestation in that year, 
and 74% was inherited emissions principally from decay and 
reburning of unburned biomass left from clearing in previous 
years.  Because deforestation rates declined in the three years 
immediately preceding 1990, the annual balance from 
deforestation (i.e. excluding logging) is higher than the net 
committed emissions, or the net amounts of greenhouse gases that 
will ultimately be emitted as a result of the clearing done in 
1990.  The annual balance is higher by 35% if only CO2 is 
considered and by 29% if the CO2 equivalents of other gases are 
also included.  Net committed emissions would be equal to the 
annual balance that would prevail were deforestation to proceed 
at a constant rate over a long period. 
 
 The amounts of net emissions (excluding logging) are 
calculated for low and high trace gas scenarios, expressing the 
range of available estimates of emission factors, but not the 
range of doubt for estimates of biomass and deforestation rates. 
 The net emissions, expressed in millions of tons of gas were: 
CO2: 1245-1249; CH4: 2.0-2.4; CO: 36-46; N2O: 0.15-0.27; NOx: -
2.7 - -2.9; NMHC: 0.4-1.2.  Logging releases an additional 220 X 
106 t of CO2 gas, plus trace gases equivalent to 2-4 X 106 t of 
CO2. 
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TABLE  1: 1990 ANNUAL BALANCE OF NET EMISSIONS BY SOURCE       
           IN THE ORIGINALLY FORESTED AREA OF THE BRAZILIAN LEGAL AMAZON(a):     
           LOW TRACE GAS SCENARIO          
           Sinks  
Source    | 

   
 Emissions (million t of gas)    (Million t carbon)          

    | 
   

----------- --------- --------- ------------ --------- --------- --------- --------- 

    |          Graphitic 
    |         Charcoal particulate 
    | 

   
CO2 CH4 CO N2O NOx NMHC carbon carbon 

--------- --------- --------- --------- | 
   

----------- --------- --------- ------------ --------- --------- --------- --------- 

ORIGINAL FOREST BIOMASS  |           
    |           
 Initial burn  | 

   
228.15  0.74  17.66  0.05  0.56  0.49  4.13  0.17  

    |           
 Reburns   | 

   
82.50  0.41  12.96  0.02  0.65  0.21  1.39  0.10  

    |           
 Termites above-ground decay | 

   
15.27  0.02        

    |           
 Other above-ground decay | 

   
540.79         

             
 Below-ground decay  | 

   
320.18         

    |           
SECONDARY FOREST BIOMASS  |           
    |           
 Burning(b)  | 

   
49.93  0.16  3.87  0.010  0.06  0.11  0.01  0.04  

    |           
 Termites above-ground decay | 

   
0.39  0.000        

    |           
 Other above-ground decay | 

   
12.96         

    |           
 Below-ground decay  | 

   
20.53         

    |           
 Termites in secondary forest |    0.00        
    |           
PRE-1970 SECONDARY FOREST BIOMASS |           
    |           
 Initial burning  | 

   
4.50  0.015  0.349  0.001  0.011  0.010  0.082  0.00  

    |           
 Reburnings  | 

   
1.08  0.005  0.169  0.000  0.009  0.003  0.018  0.00  

    |           
 Termites above-ground decay | 

   
0.23  0.0002        

    |           
 Other above-ground decay | 

   
8.05         

    |           
 Below-ground decay  | 

   
3.00         

    |           
 Termites in pre-1970 stands |    0.00        
    |           
PASTURE BURNING   | (c) 0.06  1.39  0.004  0.10  0.04  0.00  0.01  
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    |           
HYDROELECTRIC DAMS   |           
    |           
 Forest biomass  | 

   
37.45  0.12        

    |           
 Water   |    0.11        
    | 

   
       

 Macrophytes  | 
   

0.04        

    | 
   

       

OTHER SOURCES   | 
   

       

    | 
   

       

 Cattle   | 
   

0.32        

    | 
   

       

 Pasture soil  | 
   

  0.08      

    | 
   

       

 Loss of intact forest | 
   

0.02    -4.24  -0.46    

 sources and sinks  | 
   

       

    | 
   

       

 Loss of natural forest | 
   

-0.02        

 termites   | 
   

       

    | 
   

       

 Soil carbon (top 20 cm) | 
   

31.50         

    | 
   

       

TOTAL EMISSIONS   | 
   

1,356.52  1.98  36.40  0.15  -2.86  0.39  5.63  0.32  

    | 
   

       

UPTAKE    | 
   

-107.89         

    | 
   

       

NET EMISSIONS   | 
   

1,248.63  1.98  36.40  0.15  -2.86  0.39  5.63  0.32  

    | 
   

       

--------- --------- --------- --------- | 
   

----------- --------- --------- ------------ --------- --------- --------- --------- 

(a)  Deforestation in originally forested area in 1990 was 1,381,800 ha.       
             
(b)  Secondary forest burning includes both initial and subsequent burns for     
     secondary forest from both agriculture and pasture, and for degraded pasture that is cut   
     and recuperated.           
             
(c)  CO2 from maintenance burning of pasture is not counted, as this is re-assimilated    
     annually as the pastures regrow, making the net flux equal to zero.     
     The gross flux in 1990 from this source is estimated at 18 X 106 t of CO2  gas.    
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TABLE 2: 1990 ANNUAL BALANCE OF NET EMISSIONS BY SOURCE       
IN THE ORIGINALLY FORESTED AREA OF THE BRAZILIAN LEGAL AMAZON(a):    
HIGH TRACE GAS SCENARIO          
           Sinks  
Source    | 

   
 Emissions (million t of gas)   (million t carbon)

    | 
   

--------- --------- --------- ------ ------ --------- --------- ----

    |          Grap
    |         Charcoal part

te 
    | 

   
CO2 CH4 CO N2O NOx NMHC carbon carb

--------- --------- --------- --------- | 
   

--------- --------- --------- ------ ------ ---- --------- ----

ORIGINAL FOREST BIOMASS  |           
    |           
 Initial burn  | 

   
228.15  0.88  22.08  0.05  0.56  0.93  4.13  0.21

    |           
 Reburns   | 

   
82.50  0.65  16.50  0.14  0.65  0.40  1.39  0.15

    |           
 Termites above-ground decay | 

   
16.80  0.02        

    |           
 Other above-ground decay | 

   
540.79         

    |           
 ow-ground decay  | 

   
320.18         

    |           
SECONDARY FOREST BIOMASS  |           
    |           
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 Burning(b)  | 
   

47.65  0.18  4.61  0.010  0.05  0.19  0.01  0.04

    |           
 Termites above-ground decay | 

   
0.37  0.0003        

    |           
 Other above-ground decay | 

   
12.31         

    |           
 Below-ground decay  | 

   
19.54         

    |           
 Termites in secondary forest |    0.002        
    |           
PRE-1970 SECONDARY FOREST BIOMASS |           
    |           
 Initial burning  | 

   
4.50  0.017  0.436  0.001  0.011  0.018  0.082  0.00

    |           
 Reburnings  | 

   
1.08  0.008  0.216  0.002  0.009  0.005  0.018  0.00

    |           
 Termites above-ground decay | 

   
0.25  0.0002        

    |           
 Other above-ground decay | 

   
8.05         

    |           
 Below-ground decay  | 

   
3.00         

    |           
 Termites in pre-1970 stands |    0.00        
    |           
PASTURE BURNING   | 

   
(c) 0.07  1.67  0.003  0.09  0.07  0.00  0.02
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    |           
HYDROELECTRIC DAMS   |           
    |           
 Forest biomass  | 

   
37.45  0.12        

    |           
 Water   |    0.11        
    |           
 Macrophytes  |    0.04        
    |           
OTHER SOURCES   |           
    |           
 Cattle   |    0.30        
    |           
 Pasture soil  |      0.07      
    |           
 Loss of intact forest |    0.02    -4.06  -0.44    
 sources and sinks  |           
    |           
 Loss of natural forest |    -0.02        
 termites   |           
    |           
 Soil carbon (top 20 cm) | 

   
30.25         

    |           
TOTAL EMISSIONS   | 

   
1352.89  2.39  45.51  0.27  -2.68  1.17  5.62  0.42

    |           
UPTAKE    | 

   
-107.89         

    |           
NET EMISSIONS   | 

   
1244.99  2.39  45.51  0.27  -2.68  1.17  5.62  0.42

    |           
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--------- --------- --------- --------- | 
   

--------- --------- --------- ---------
- 

--------
- 

--------- --------- ----

(a)  Deforestation in originally forested area in 1990 was 1,381,800 hectares
. 

   

             
(b)  Secondary forest burning includes both initial and subsequent burns for    
     secondary forest from both agriculture and pasture, and for degraded pasture that is cut   
     and recuperated.           
             
(c)  CO2 from maintenance burning of pasture is not counted, as this is re-assimilated   
     annually as the pastures regrow, making the net flux equal to zero.     
     The gross flux in 1990 from this source is estimated at 17  million t of CO2 gas.  
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TABLE 3: PRE-1970 SECONDARY FOREST: AREA AND RATE OF CLEARING 1970-1988 
       
     
    
State  Area of pre-1970  
  secondary forest (km2) 
 --------- --------- --------- 
 
 
 

Present 
in 
1988(a) 

Cleared 
by 
1988(b) 

Present 
in 
1970(c)    

Area of 
pre-1970 
secondary 
forest 
cleared 
per 
year 
(km2) 

Percent 
of 
pre-1970 
secondary 
forest 
area 
cleared 
per year 

 

--------- --------- --------- --------- ---------- --------- --------- 
       
       
Pará 39,819  10,369  50,188  576  1.15   
       
       
Maranhão 57,824  2,459  60,283  137  0.23   
       
       
Total 97,643  12,828  110,471  713  0.65   
       
--------- --------- --------- --------- ---------- --------- --------- 
(a) Fearnside et al., nd-a     
(b) Fearnside, 1990: 219.     
(c) The year before which secondary forests are considered 
    "old deforestation" is reported variously by the INPE team working 
    with the images as 1960 and 1970.  In truth, both are guesses. 
    Here 1970 is assumed to be the date, as the clearing prior  
    to this would have been much slower than that after this date. 
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TABLE 4: ABOVE-GROUND DECAY IN SLASH-AND-BURN FIELDS      
         
         
Source Biomass 

type 
Age 
range 
of 
decaying 
biomass 

Age 
midpoint 

Above- 
ground 
biomass 
dry wt. 
(t ha-1)  
  

Interval Interval Decay Note 

      Length rate  
      (years)  

  
("k")     

         
         
------------------- -------------------- --------- --------- --------- --------- --------- --------- --------- 
Uhl and Mature forest 0 0  188     (a) 
Saldarriaga, nd.         

3-4 3.5 97.3 0-3.5 3.5 -0.188
         
  6-7 6.5  56  3.5-6.5 3  -0.184   
         
  8-10 9  45.3  6.5-9 2.5  -0.085   
         
  12-20 16  22.7  9-16 7  -0.099   
         
         
Buschbacher, Mature forest 0.5  0.5  279      
1984: 72         
  2.5  2.5  208  0.5-2.5 2  -0.147   
         
 Secondary forest 0.5  0.5  17.7      
         
  2.5  2.5  14.2  0.5-2.5 2  -0.110   
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------------------- -------------------- --------- --------- --------- --------- -------- ---------  
         
AVERAGE DECAY RATES FOR MATURE AND SECONDARY FOREST REMAINS IN INTERBURN INTERVALS   

         
Interval     Interval 

    length 
    (years) 

Mature forest  Secondary forest   

  --------- ---------  --------- ---------   
  Annual 

rate 
Fraction 
surviving 
decay in 
interval 

 Annual Fraction   

     rate surviving   
      decay in   
      interval   
------------------- -------------------- --------- ---------  --------- ---------   
0-4 yrs 5  -0.168  0.400   -0.110  0.558    
         
5-7 yrs 3  -0.184  0.543   -0.110  0.705    
         
8-10 yrs 3  -0.085  0.767   -0.110  0.705    
         
After 10 yrs infinite -0.099  0.000   -0.110  0.000    
------------------- -------------------- --------- --------- --------- --------- ---------   
         
a) Uses initial biomass of 290 t ha-1 from Stark and Spratt, 1977,     
less loss to combustion with efficency of 0.332       
and charcoal formation fraction of 0.019  (mean of measurements    
by Fearnside et al., 1993, nd-b,c).        
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TABLE 5:  FINE LITTER PRODUCTION IN AMAZONIAN FORESTS       
            
            
COUNTRY Location State Annual production (t dry weight/ha)     
   

Forest 
type ------- ------- ------- ------- ------- ------ --------- ---------

    
    
    

Leaf 
litter 

Wood 
<20 mm   
diameter 

Wood 
<25 mm 
diameter 

Wood of 
unstated 
diameter 

Flowers  
and 
fruits 

Other 
fine 
litter 

          

Total 
fine 
litter 
reported 

Total 
fine litt
<20 mm or
<25 mm  

------ -------- ------- --------- ------ ------ ------ ------ ------- ------ --------- ---------
Brazil Manaus Amazonas Terra firme 5.60    1.35  0.35   7.30   
 (Reserva Egler)          
 Manaus Amazonas Terra firme 5.42   1.56   0.42  0.79  8.19  8.19  
 (Bacia Modelo) Plateau site         
            
 Manaus Amazonas Terra firme 4.69   1.17   0.43  1.12  7.41  7.41  
 (Bacia Modelo) Valley site         
            
 Manaus Amazonas Terra firme 6.34    1.03  0.47   7.90   
 (Reserva Ducke)          
            
 Capitão Pará Terra firme       8.04   
 Poco           
            
 Belém Pará Terra firme 8.0       9.9   
            
 Belém Pará Terra firme 6.1    0.88  0.31   7.3   
 (Mocambo)           
 Tucuruí Para Terra firme 4.76       6.65   
            
 Apiaú Roraima Terra firme 5.73       9.15   
            
 Maracá Roraima Terra firme 6.30  1.34    1.21  0.42  9.3  9.3  
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French Piste de  Terra firme 5.67    1.44  0.72   7.83   
Guiana Saint-Elie           
            
Venezuela San Carlos  Terra firme 7.56       10.25   
 de Rio Negro          
            

------- -------- ------- --------- ------- ------- ----- ------- ------- ------ --------- ---------
MEAN    6.02  1.34  1.37  1.18  0.56  0.78  8.27  8.30  
------- -------- ------- --------- ------- ------- ----- ------- ------- ------ --------- ---------
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TABLE 6: STOCKS OF LARGE DEAD BIOMASS IN UNDISTURBED TERRA FIRME FORESTS   
          
          
          
Country Location  Downed wood (t dry wt/ha) Reference  
   ------ ------ -------   
   Small trunks total 

Standing 
dead 
wood 

Total 
large 
dead   

--------- --------- ------- ------ ------- ------- ------- ------- --------- --------- 
Brazil Manaus, Amazonas   18.02  7.60  25.62  Klinge, 1973 
          
 Maracá, Roraima 1.72  2.38  4.10  0.98  5.08  Scott et al., nd. 
          
French Piste de  3.60  11.42  15.02  3.49  18.51  Puig and  
Guiana Sainte-Elie      Delobelle, 
        1988: 12.  
------- ------- ------- ------- ------- ------- ------- ------- --------- --------- 
Mean     12.38  4.02  16.40    
------- ------- ------- ------- ------- ------- ------- ------- --------- --------- 
 
 


