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ABSTRACT

Biomass burning in Amazonia is a regular and systematic practice

during the local dry season. Based on several years of measurements

of atmospheric 04, CO, and CO0> in Amazonia, during dry and wet season
periods, it is shown that local modificatieons of the atmosphere have
been underestimated, especially by the local population, The local
concribution of biomass burning is such that the 03 concentration in
the dry season is about twice as large as compared to the wet season,
whereas the CO and CO; concentrarions increase by as much as a factor
of 4 to 7 times the wer season value. On the other hand, contrary to
current belief, our data indicate that the global effect of biomass
surning in  tnhe Coplcs nas been largely overestimated, being actuaily
two orders I maenitude less tnan values thact have been c¢ited in the

literacure for the last decade.

INTRODUCTION

Burning of pnytomass is related to ancient agricultural practices.
The type of agriculture meost practiced in tropical lands is the so
called slash-and-burn or shifting agriculture. Vegetacion is cut and
trees are felled and this is burned after drying in the sun. The
cleared area is then used for a few years for crops. It is abandoned
when the harvest yield becomes low and a new clearing is made. Seiler
and Crutzen (1980) and Fearnside (1987) give other details on this
practice. In Amazonia, in recent vyears, another type of biomass
burning has increased considerably, due to colonization and land

development, which is deforestation and burning of virgin forest.

Ozonme and carbon wonoxide (03 and CO) are important constituents of
the lower atmosphere, having active participation in a naumber of
chemical reactions. €09 is imporrant for the global carbon cycle and
its role in the Greenhouse effect, Besides being a powerful oxidant,
ozone is important through its photoloysis, which produces the very
reactive oxygen atom in the excited 1D state, which can dissociate che

otherwise very stable water vapor molecule, to produce the hydroxil



radical (Levy, 1971; Wofsy, 1976), This OH molecule starts most of
the loss processes of relatively scable gases of the troposphere such
as CO and CH,, in addition to many man-made trace gases, Besides its
chemical importance, ozone concentrations seem to have lncreased in
the lower atmosphere. Measurements of ozone during several years have
indicated_a positive trend for some stations in Germany (Feister and
Warmbt, 1987; Logan, 1985), showing concentration increases between
about | and 3% a year. Other stations in Europe seem to have measured
much less ozone in the early half of the cen:ufy than ctoday,
indicating also a trend for ozome conrcentration increases (Bojkov,
1986), Since ozone makes also a significant contribution to the
Greenhouse effect, and since high ozone concentrations can harm crop
vields (Heck et al., 1984) the assessment of trends require not only
very accurate measurements of ozone at several points on the Globe,

but also systematic long term measurement programs.

There has been much interest, in recent years, to study ozone in the
tropics, where the reaction rates are expected to be much fascer due
to the higher UV intemsities that reach the equatorial troposphere
(Crutzen et al., 1985). It has been shown that ozone can be produced
in the croposphere (e.g. Fishman et al., 1979) by the reaction of CO
with O in the presence of the nitrogen oxides NO and N0,, and
ultraviolet light, and there 1is stromg evidence that large forest
fires can contribute to excess 047 in the {ropics (Crutzen et al,,
1985; Delany et al., 1985; Fishman et al., 1986; Kirchhoff et al.,
1988). In collaboration with NASA a long term program is in effect to
obtain ozone profiles at Natal (695, 359W) twice a month since 1978
using ECC sondes (Kirchhoff et al., 1981; 1983), and sporadic rocket
campaigns have been made to study the upper stratosphere at Natal
(Barnes et al,, 1987).

Carbon dioxide and water vapor are the major gases produced from
biomass burnings. Other important gases for the atmosphere like CO,
NQ, Hz, and N30 are produced in much smaller proportions. The
relative ratio between the excess (over the background values) of

these gases vreleased from burnings to the excess of COy, have been



shown to be relatively comstant. For CO this ratio is 8.5% (Andreae
et al., 1988). Presently it is easier to measure CO than CO; and
therefore it is often preferred to measure CO and deduce COp from
above ratio, From the total cowmbusted- organic carben, CO represents
between 5 and 207. This makes the enhancement of the CO concentration
from biowass burning effgcts much easier ¢to detect than the

corresponding COp enhancements (Andreae et al., 1988).

In the tropical areas of Brazil, there are basically 4 different types
of biomass burning: forest fires, savamnah (cerrado) fires; burning of
sugar cane fields before harvesting, and burning of grass and other
low vegetation in city areas. Among these different types of burning,
some are useful, having an economic justification, since it is much
less expensive to a specific land owner to clear am area by setting
fire on it, A large percentage of all burnings, however, are
unnecessary, fulfill no specific need, and bring no benefits. On the
contrary, a large amount of burnings each year causes severe property
damage, loss of flora and fauna in Nactional Parks, loss of soil
fertility, kills insects and small animals, and as we will show,
deteriorates the quality of the air. More than that, unnecessary,
careless biomass burning, causes each vear the loss of human lives
(See for example, recent article in the loeal newspaper "0 Vale
Paraibano"”, of 23 July 1989, describing a severe car crash on Via
Dutra caused by roadside fires with intense smoke, where 8 persons
were killed). Every year such .events are repeated. Numerous airports
in the Amazon region remain closed for many days per year for lack of
vigibility, so dense are the smoke c¢louds. If the local land owner
gets economic benefits from burning, in many cases out of control

burnings cause severe damage at a high cost to others.

It is important to clearly state that there 1is no such thing as
spontanecus fires, In tropical regions there is ne lightning without
immediate strong rain. I have never witnessed a spontaneous fire
start, on the contrary, for the great majority of city Ffires, for
example, especially recently started ones, one can see people walking

or standing nearby appreciating the fire, sometimes children. We



Brazilians love to lit a little fire, Most of us are in fact unaware
of the possible danger. There is even a religious tone to making a
fire. At the end of cthe wet season, in June, we celebrate several
Saint's days, and this is done in outdoor parties where fires are
especially lit and played with., It is, therefore, not an easy task to

change the tradition of putting fire om everything.

OBJETIVE OF PAPER

The goal 1is to show recent data on atmospheric 03, CO, and CO2, and
their enhancements because of biomass burning, We show that the
effect is mostly negative on a local scale, but that its global effect

is not as large as has been claimed without dispute for the last
decade.

RESULTS

Ozone concentrations have been measured continuously at the surface,
1.5 m above greound, using the ultraviolet absorption technique. Ozone
profiles have also been obtained using ECC ozonesondes at Natal and
Manaus (Logan and Kirchheff, 1986},

The basic (O measurement technique used is chromatographic separation
followed by mercury vapor detection (Seiler, 1974)., This technique
has much better chromategraphic resolution and measurement precision,
as well as linearity of response, as compared, for example, with the
FID technique, for low concentrations in the ppbv (parts per billion
by volume) range. The carrier gas is dried and filtered to eliminate
interference from reducing gases. Sulfur dioxide and hydrocarbons,
which could react with mercuric oxide at the reaction chamber
temperatures are eliminated on a routine basis since the instrument is
dedicated to the measurement of CO only. Samples are individually
injected and the concentration is determined by comparison with
calibration gases. Injection into the ilow system is accompiisned by
initial transference to a 2 ml sample loop which is, after extensive

flushing with sample air, introduced into the main flow using a six~



pert valve. The operation is very simple and fast and has excellent
resoclution and precision. Around 100 ppbv, typical precision is 0.2Z,
Each sample is analyzed in about 5 minutes. The samples are collected
by a small portable air pump that pressurizes stainless steel cans of
800 ml velume, electropolished internally and especially manufactured
for air sampling purposes, developed by R. Rasmussen, Oregon Graduate
Center., For the present analysis, all samples have been analyzed in
the lab in less than a week's time after sampling, and typically after
2 or 3 days. Infermation on vertical profiles is obtained from
Crutzen et al, (1985) and Sachse et al. (1988),

Fig. 1 shows the geographic location of the area under study, and the

main remote measurement sites at Cuiaba, Manaus, and Natal, used in
this study.

Fig. 2 shows air mass trajectories., It shows the major burning area
strip between 5 and 20°S. For a point near Cuiabd three air mass
trajectories have been calculated to show the long range transport
characteristics of the region. Between 850 and 500 mb, air masses
from the heavy burning area are brought to the Cuiaba regiom. At 850
mb, in the mixed layer, the air is transported towards Cuiaba from the
north-northeast, near the area where numerous fires normally develop.
Each arrow represents the transit time of 6 hours. At 500 mb the air
masses come from the direction of Rondonia, another state where much
burning takes place. The high pressure center of anti-cyclonic
circulation that is present over central Brazil in July, in the case
shown, is responsible for the transport of air masses to the south.
It is possible, however, through a relatively small displacement of
this center, to produce north~northwest air transport, as described
for example in Browell et a2l. (1988), and Kirchhoff et al. (1988).
These trajectories and the location of CuiaBé show that this is an
excellent site for biomass burning studies. Kirchhoff et al., (1989)

show 2 satellite immage in the infrared around Cuiaba, with numerous

fires in the reegion.
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Fig, 3 shows the mwmonthly average CO and Oy concentrations for Cuiaba
and Natal, from August 1987 to October 1983 covering two periods of
yearly maxima, The WNatal concentrations are shown by the hatched
bars, The maximum concentrations for CO are seen in the month of
September, for Cuiabd, with minima in the January-May period. The
maximum CQ for Natal is observed in September-Qctober, The ozone
concentration variation seems to follow the (€0 variationm quite
closely., Both <Cuiaba and Natal have maximum concentrations in
September. A seasonal variationm is also clearly seen in the data
reported by Cros et al. (1987) for equatorial Africa. The data
obtained on board of ships show a more complex character, being
different over different longitudinal belts (Winkler, 1988). The data
for Asia (Ogawa and Komala, 1988) and the results for Australia
(Fraser et al., 1986) and data for much higher latitudes (Feister and
Warmbt, 1987), all show seasonal variations near the surface of the
order of a factor of 2 or less. The O3 seasonal variation of daily
average values, is usually not much larger than a factor of 2 in
either ecastern or western sites of the USA (Logan, 1987). For Cuiaba,
the ratio between waxima and minima (Fig. 3) is of the order of 2

facter of 4 for 1987, and of more than a factor of 6 for 1988,

Fig. 4 shows the two "typical” CO profiles used in the calculations
that follow. There 1is one "minimum" case and another one considered

to be a representative 'maximum" case,

DISCUSSION

The data collected so far indicate two important results, in two
different perspectives, From the micro point of wview, that is, in
terms of local modifications to the lower atmosphere, it is clear that
the excess production of certain gases has been underestimated by the
local population which believes that burnings cause no harmful
effects. Average 03 excesses of a factor of 2 and sporadic

felalalsl Lo ot B i) e
CCnoeNIYATIONS as

o

iigh as 100 ppbv  of 0y, observed at Cuiaba, are

clearly not expected for 2 remote site like Cuiabi. Excesses, of C0
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and COp are even larger, Ome may safely conclude that biomass burning

adds considerable amounts of toxic gases to the lower atmosphere.

From the macro point of view or the global influence of biomass buring
in che topics, it was believed wuntil recently that its effect was
negligible in comparisom to fuel burning (Robinson and Robbins, 1970).
4 decade later, Crutzen et al, {1973) showed that biomass burning is
responsible for the production of several gases, and that intense
burnings could cause considerable modifications to the natural
atmosphere, That paper alsec calculated a worldwide COs emission flux
on the basis of estimates of burnt areas, burnt biomasses, and
converting dry matter to carbon by a constant factor of 0.45. The
resulting figure was between 2 and 4 x 1013 gC per year for the CO»
flux, giving for CO a flux of 840 MIY (million tons per year) of CO.
Several years earlier Seiler (1974) estimated the total CO emission
from fuel combustion to be 640 MIY of €O, and thus it became
established after 1979 that both sources, the industrial and biomass
burning omes, are of the same order of magnitude. Table | shows the
global contributions for €0y and CO from biomass burning wused by
several authors over the last decade, showing that virtually che
original estimate by Crutzen et al. (1979) was not changed or

seriously disputed,

Qur data seem to suggest a much smaller effect of burnings in the
tropics on a global scale. To show this, a simple calculaéion is
performed next, using our own data and the general vertical
distribution expected on the basis of measurements by Crutzen er al,
(1985) and Sachse et al., (1988)., The yearly emission of COy from
biomass burning will be calculated for estimated minimum and maximum
conditions, assuming that our data are representative for all burning
areas in the tropies. Figure 4 shows the extreme cases believed to be
representative in cerms of the excess (€0 distribution with height.
The background atmosphere is represented by a profile of about 100
ppbv of CO uniformily distributed with height and the excess (0 is
distributed roughly in the triangular form shown in Fig. 4a. Fig. 4b

shows what is believed to be a resonable maximum average distribution.



To calculate the flux only the total burned area needs still to be

known.

This figure has been evaluated from daily satellire NOAA-9 immages,
using different spectral bands., Taking account of the limited spatial
resolution of the satellite picture, the best estimate of total burnt
area per year is between a minimum of 80 x 103 km? and maximum of the
order of 200 103 kmZ, The emissions can now be calculated, being
proportional to the product of

Jth

and the total burnt area §, where C is the c¢oncentration and dh a
differential height interval, With appropriate ctransformation of

units the results for CO are,

FMIN 0.08 MTY,

FMay 0.89 MTY,

only for the Brazilian Amazon contribution, These figures can be
easily extrapolacted worldwide (all tropiecs) wusing the reasonable
assumption that the ratio of burnt area over total area is the same in

all tropics. For the maximum case, this would produce a global CO
flux of 7 MTY.

Comparing this result with the literature value of about 620 MTY, this
means that our maximum calculation case is still two orders of
magnitude lower than the wvalues used by the authors of Table . It
seems, therefore, that the global impact of biomass burning in the

tropics has been largely overestimated in the literature.

In terms of relative contributions the Brazilian Amazon would
contribute  only about 13% globally, considering uniform

characteristics for the burning and assuming a 4% (our maximum case)



burnt area annually of forest and savannah areas, The corresponding

COp flux is 35.8 MIY of C, as shown in Table L and 2,

CONCLUSIONS

Our data show that biomass burning in Amazonia has a very strong

effect on the local lower atmosphere, doubling the O3 concentration

and increasing the CO and CO; concentrations by factors of between 4
and 7, These results were obtained by comparing data of a burning
area station (Cuiab3) to a non burning area station (Natal), and the
general feeling is that these resuits are representative for other

Amazonian locations as well,

Using the CO data in two extreme (low and high) cases, the calculated
worldwide (total tropics} flux obtained in a simple caleulation is
much less than presently accepted values 1in the literature, by a
factor of almost two orders of magnitude,.even in the maximum case
calculation., This result contradicts the present belief of a much
larger effect in global terms, but in fact it only disagrees with one
earlier calculation, since all estimates of global CO» production from
biomass burning are in fact a result of the original estimates by
Crutzen et al., (1979). It is concluded cthat the CO0» production from

biomass burning in the tropics is much smaller than the industrial C0»

source.,
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FIGURE CAPTIONS

Figure 1 =

Location of Brasil in South America in a and the map of
Brasil and its ecoleogical sites in b, Also shown are the

remote sites of this study in Cuiaba, Manaus, and Natal,

Figure 2 - The region arcund 1095, 60°W, which is most severely

Figure 3 =

Figure 4 -

subject to biomass burning yearly. The rectangular area of
Figure 1 is shown, with backward air mass trajectories near
Cuiabd at three different pressure levels. The size of
each arrow represents a time period of 6 hours. Air masses
at the lower heights reach the Cuiaba area coming from

regions of severe burnings.

Monthly average concentrations of CO and 03 showing the
seasonal variation between the two dry season maxima
(September) and the wet season minimum (February=April),
Cuiabd represents the biomass burning area whereas Natal, a

marine site, is shown for comparison (hatched).

Representative minimum (MIN) and maximum (MAX)

concentration profiles for CO, for emission cazlculatcions.
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Table 1, Global emissions of CO» and CO from biomass burning based on
estimates of vegetation dry mass, converted ¢te gC by the
empirical factor 0,45, Units for COp are milliomns of tons
per year (MTY) of Carbon, but CO is expressed in MTY of CO.

o2 co
Robinson and Robbins(1970) Negligible Negligible
Seiler (1974} - 640 (FUEL)
Crutzen ec al. (1979) 3000 840
Seiler and Crutzen (1980) 3060 -
Greenberg et al, (1984) 3100 800
Crutzen et al., (1985) 2000-3300 800
Andreae et al. (1988) 3100 620

This work 35,8 7
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Table 2, Contribution from biomass burning of emissions of CO; and CO

from forest and savannah areas of the tropics, and of the
Brazilian Amazon.

All tropics Brazilian Amazon
Area 39.5 5.0
(1061m2)
Max Area burned/vear 4,0 4,0
(Z)
Min Area burned/year 1.6 l.6
Emission of COj 35.8 4.5
(MTY of C)
Emission of CO 7.0 0.89
(MTY of CO)
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