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Overview of an aircraft expedition into the Brazilian cerrado
for the observation of atmospheric trace gases

V. W. J. H. Kirchhoff and P. C. Alvala

Instituto Nacional de Pesquisas Espaciais, Sao Paulo, Brazil

Abstract. Tropospheric trace gases were measured from an aircraft platform. The flights
were organized to sample air masses from the geographic area of central Brazil, where the
vegetation, a savanna-type environment with the local name of “cerrado”, is subject to
burning every year, especially through August, September, and October. These
measurements were made as a Brazilian local contribution to the international field
campaign organized by NASA, the Transport and Atmospheric Chemistry Near the
Equator-Atlantic (TRACE A) mission, and the Southern African Fire Atmospheric
Research Initiative (SAFARI). The major NASA TRACE A mission used the NASA DC
8 aircraft, with most flights over the South Atlantic Ocean region. In Brazil, missions using
small aircraft measured ozone and carbon dioxide continuously, and carbon monoxide,
nitrous oxide, and methane using grab sampling. In addition, ground-based measurements
were made continuously over most of the dry months of 1992, and ozonesondes were
launched at three different sites. Geostationary Operational Environment Satellite-East
(GOES E) images and a special network of radio soundings provided meteorological
information, and advanced very high resolution radiometer (AVHRR) images indicated
the distribution of fire pixels in the region of interest. Most of the biomass burning in
1992 occurred in the state of Tocantins, with about 22% of all the burning in Brazil. The
state of Mato Grosso was second, with 19% of all burning. The Brazilian aircraft was used
mostly in these two states, near the cities of Porto Nacional and Cuiab4, for in situ
sampling; 31 vertical profiles were made in air masses considered to be well mixed, that is,
not in fresh plumes. Although the major interest was the dry season, sampling was also
made during the previous wet season period in April 1992 for comparison; 10 vertical
profiles were obtained using the same aircraft and measurement techniques. There is a
clear difference between these two opposite seasonal periods, most evident in the O; and
CO data. Both Cuiaba and Porto Nacional show some 30-60 parts per billion by volume
(ppbv) larger methane concentrations, for example, during the dry season, in comparison

to the wet season, the difference at Cuiabd being larger. The methane data for the wet
season show no significant differences between Cuiabd and Porto Nacional mixing ratios,
which seems to exclude the existence of significant sources or sinks at these sites during
this wet season. The ozone mixing ratios vary around 15 = 5 ppbv in the wet season, and
from a minimum of 35 to a maximum of 70 = 10 ppbv, depending on height, in the dry
season. The largest variability is seen in the carbon monoxide mixing ratios which vary
from 90-100 ppbv in the wet season to maxima of 300 at 3.3 km and 600 ppbv at 1.2 km

height in the dry season.

Introduction

Biomass Burning

Brazil is one of the tropical countries that still has a large
population growth rate; its population has doubled in the last
50 years. This causes pressure to search for new land, modu-
lated by the country’s economic situation. Years ago the fed-
eral government of Brazil created incentives for people to
move especially from the poor northeast states to the Amazo-
nian states, for basic development. This caused considerable
population migrations, with large rates of deforestation, espe-
cially in the state of Rondonia, and the south of Pari, well
documented by the press. Forest land became pasture and
several new cities were created. Much of the deforested areas
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were immediately burned to clear the land. Deforestation rates
then were about 20,000 km? yr~'. Presently, federal incentives
are no longer in effect and the migrations have decreased
considerably. Although there is still significant deforestation
estimated at about 10,000 km? yr~! by 1995, the deforestation
trend has been decreasing consistently over the last 7 years.
Most of the biomass burning has turned to the savanna-type
environments, known as the cerrado of central Brazil. Biomass
burning in Brazil has a strong seasonal cycle (from wet to dry,
or vice versa) with almost no burning from January to May,
and strong burning activity in July to October. For September
of 1992, for example, it is shown that 22% of all burning in
Brazil occurred in the state of Tocantins. The definition of wet
and dry seasons is generally subjective, but can be defined
quantitatively as shown by Kirchhoff et al. [1992].

Biomass burning introduces several gases into the lower
atmosphere modifying its natural composition [Crutzen et al.,
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Table 1.
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Flight Locations, Types and Data Obtained During Major TRACE A Mission

Period (Dry Season, Total of 31 Aircraft Profiles)

Flight Flight Type and
September, 1992 Location Sites* Number Data Obtained

8 SJIC-CBA transit 1 0,, CO, N0, CO,

9 CBA 1,2 profiles 1, 2 0,, CO, N0, CO,, CH,
10 CBA 3,4 profiles 3, 4 0,, CO, N,O, CO,, CH,
13 CBA 5 profile 25 0,, CO, N,O, CO,, CH,
15 CBA-PN 7 profile 5 0,, CO, N,0, CO,, CH,
16 PN 10, 11 profiles 6, 7 0,, CO, N,O, CO,, CH,
17 BG 5 profile 8 0,, CO, N,O, CH,
18 PN 8 profile 9 0,, CO, N,O, CH,
19 PN 9,809 profile 10, 11, 12 0,, CO, N0, CH,
20 PN 7,10, 12 profile 13, 14, 15 0,, CO, N,0, CO,, CH,
21 PN 7,10, 12 profile 16, 17, 18 0,, CO, N,0, CO,, CH,
22 PN 7,10, 11 profile 19, 20, 21 0,, CO, N0, CO,, CH,
23 PN 7,10, 12 profile 22, 23, 24 0O,, CO, N,0, CO,, CH,
26 SJIC-PN transit 2 0O,

27 PN-AF 7,6 profiles 26, 27 0O;, CO, N,O, CH,
28 PN 7,10, 12 profile 28, 29, 30 0, CO, N,O, CH,
29 PN 11 profile 31 0;, CO, N,0O, CH,

*These refer to flight sites shown in Figure 5

Most flights are made between 1000 LT and 1400 LT. Location shorts are as follows: S3o José dos
Campos, SJC; Cuiabd, CBA; Porto Nacional, PN; Barra do Gargas, BG; Alta Floresta, AF.

1979]. This fundamental concept has received increasing at-
tention, both from a purely theoretical (photochemical) per-
spective [Jacob and Wofsy, 1988; Logan, 1985] as well as from
the observational point of view. A number of new observa-
tional groups developed facilities to measure atmospheric
trace gases [Cros et al., 1987, 1988; Kirchhoff et al., 1989; Kirch-
hoff and Marinho, 1990] and several field expeditions were
organized to measure these effects in the tropics, using aircraft
[Crutzen et al., 1985; Delany et al., 1985; Gregory et al., 1988;
Browell et al., 1988, 1990; Andreae et al., 1992; Anderson et al.,
1993; Hoell et al., 1993; Andreae et al., 1994]. In the late 1980s,
J. Fishman and coworkers developed a new technique to study
tropospheric ozone distributions from simultaneous observa-
tions of two satellites, and these studies detected a large ozone
bulge in the South Atlantic Ocean, near the African coast
[Fishman et al., 1990, 1991; Watson et al., 1990]. Preliminary
studies at Natal, for example [Kirchhoff and Nobre, 1986] and
later for the South Atlantic by J. Fishman and coworkers,
indicated that this large ozone bulge could be the result of
transport and chemistry induced by biomass burning in the
nearby South American and African regions. This early hy-
pothesis was confirmed by this special field mission. Not only
are the source regions in Brazil and Africa strong and efficient
enough for the chemical production [Jacob et al., this issue;
Pickering et al., this issue] but also detailed trajectory analyses
[Fuelberg et al., this issue] show that the Brazilian sources
contribute to the South Atlantic tropical portion of the ozone
bulge at the higher levels, above about 500 hPa, whereas the
lower portions of the troposphere in the South Atlantic region,
from coast to coast, receive the burning products from Africa
[see also Thompson et al., this issue].

The TRACE A Mission

A large field campaign with a strong focus on international
cooperation and participation was organized by NASA’s
Global Tropospheric Experiment (GTE) program, and was
called the Transport and Atmospheric Chemistry Near the
Equator-Atlantic (TRACE A) experiment. The NASA DC 8
was programed to fly over the South Atlantic region, Africa,

and Brazil [Fishman et al., this issue] and, in addition, field
missions were organized in Africa and Brazil by independent
groups. A group from Europe worked in Africa under the South-
ern Africa Fire Atmospheric Research Initiative (SAFARI), and
in Brazil the Instituto Nacional de Pesquisas Espaciais (INPE)
group organized special ground-based work and two aircraft mis-
sions described in this report.

The Brazilian Component of TRACE A

Two aircraft experiments were organized in 1992, one in the
wet season and one in the dry season. In addition, ground-
based observations were made at Cuiabd (16° S, 56° W), Porto
Nacional (10.5° S, 48° W), and Natal (6° S, 35° W). For the
major dry season mission, aircraft flights were organized ini-
tially such that the timing would correspond to the major
NASA TRACE A campaign, but technical problems with the
NASA DC 8 caused delays and changed the original plans. The
Brazilian aircraft flights are shown in Table 1. Most of the
actual sites for profiling were located close to Cuiabd in the
state of Mato Grosso, and near Porto Nacional in the state of
Tocantins (see Figure 5). These sites are part of the cerrado
environment, but Cuiab4d has the influence of the rain forest
area to the north and west, and possibly from the Pantanal area
in the south-southwest. Thus the fuel type being burnt is grass,
shrubs, and small trees, with flaming combustion prevailing
over smoldering. However, when the winds blow from the
forest areas, near Cuiabd, there may be a significant contribu-
tion from smoldering fires. Most of the new fires are lit in the
afternoon, around 1500 to 1600 LT, and they usually last for
about 1 to 2 hours, depending on the local fuels. Some smol-
dering goes on during the night, but by the morning of the next
day the fires disappeared and what is left is a rather uniform
smoglike-filled atmosphere. From the aircraft, at certain
heights near 2 km where strong inversions are common, the
visibility is normally so bad that the horizon cannot he seen.

Previous INPE Measurements

The INPE group has made ground observations of O; and
CO at Cuiab4 for several years [Kirchhoff and Rasmussen, 1990;
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Kirchhoff et al., 1992; Kirchhoff and Marinho, 1994, and a
long-term program for obtaining ozonesonde data at Natal, in
collaboration with NASA, has investigated, for example, the
possible influence from biomass burning in Africa [Kirchhoff
and Nobre, 1986; Logan and Kirchhoff, 1986]. As mentioned,
this was again a major issue of TRACE A. A special report on
ozone observations, ground based and using sondes, during
TRACE A, is presented in a companion paper [Kirchhoff et al.,
this issue].

Also more recently, greenhouse gases have been measured
in Brazil. Previous work on atmospheric methane has shown
that flooded areas act as methane sources, injecting significant
fluxes of methane into the atmosphere [Bartlett and Harris,
1993]. There are several large flooded areas in Brazil. The
largest natural areas are probably the Amazon River complex,
in the Brazilian states of Amazonia and Para, and the Pantanal
area in the states of Mato Grosso, and Mato Grosso do Sul (a
significant part extending into Bolivia and Paraguay). In addi-
tion to these, there are also many artificially created flooded
areas for the generation of electricity. Besides the flooded
areas as potential sources to increase atmospheric methane
concentrations in Brazil, there is another methane source ac-
tive in the dry season of central Brazil, which is biomass burn-
ing [Jacob and Wofsy, 1988, 1990; Goldammer, 1991; Levine et
al., 1991]. The instrument for methane measurements has been
described by Oliveira et al. [1993].

Objective of Present Work

The objective of this work is to describe an overview of the
INPE Bandeirante aircraft mission that took place in April and
September of 1992 in the Brazilian cerrado region of central
Brazil. Highlight observations are reported of the atmospheric
trace gases methane, nitrous oxide, carbon dioxide, carbon
monoxide, and ozone, their concentrations and variations in
the lower troposphere (below 5 km) during the NASA GTE/
TRACE A mission.

Specific objectives are as follows: (1) obtain representative
and average mixing ratios of trace gases in wet and dry season
periods, in the remote biomass burning areas of central Brazil;
(2) compare wet season and dry season mixing ratios; (3)
observe the spatial distribution of carbon dioxide, and compare
mixing ratios over savanna and over forests; (4) investigate and
compare sources for methane and nitrous oxide; and (5) cor-
relate precipitation and fire pixels to measured trace gases.

This work considers items (1) and (2) above and other fol-
lowing papers consider the remaining items. A companion
paper describes the ozone soundings that were made during
TRACE A [Kirchhoff et al., this issue]. In addition, a second
independent Brazilian aircraft mission that measured radon,
soot carbon, and aerosols will be described elsewhere.

Experiment
Aircraft

The INPE aircraft is a two engine Bandeirante, model EMB
110. It has increasingly been used for obtaining in situ mea-
surements of atmospheric trace gases, but has also been used
for aerophotogrammetry. The aircraft is shown in Figure 1
(external view in three positions: side, top, and front) and
Figure 2 (internal view from the side and top, and position of
some of its instruments). Its total length is 14.79 m. The pas-
senger seats can be removed as needed. One of the shortcom-
ings of this facility is that it is not pressurized, which limits its
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Figure 1. External characteristics of the INPE Bandeirante
aircraft used for obtaining in situ samples of trace gases in
Brazil during the TRACE-A mission. Three positions are
shown: from the side, top, and front.

normal use to below about 4-5 km. For special requirements,
oxygen masks are available for crew and operators, but its use
is generally avoided.

Flight Patterns

Figure 3 describes the general flight patterns used by the
INPE aircraft. Basically, three different approaches are fol-
lowed, depending on the objectives of flight. For obtaining
vertical profiles, the pattern of Figure 3a is often used. At a
fixed given height, as previously determined, the pilot flies into
the prevailing wind. The flight leg at any given height takes
about 10 min, which is generally enough for obtaining all the
parameters that are measured. In case of large variability or
other problems, another leg at the same height may be con-
sidered, and this is in general flown along the wind direction.
The redundancy leg, shown in Figure 3b, is used when the real
time instrumentation shows results that are unusual or when
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Figure 2. Internal view of the Bandeirante aircraft, in two
positions: side and top views.

the operators have trouble. Finally, the option shown in Figure
3c is used when a spatial survey is made at fixed height.

Instruments and Methods

Methane, nitrous oxide, and carbon monoxide concentra-
tions in air were measured by gas chromatography. The first
methane observations by the INPE group, as well as a descrip-
tion of the measurement facility, were presented by Oliveira et
al. [1993], describing the column arrangement of the gas chro-
matograph and the flame ionization detector (FID). The ni-
trous oxide chromatography was developed by Marinho [1993],
using basic chromatographic separation with a Porapak-q col-
umn, operated at 50°C, and Electron Capture Detector (ECD)
detection. Kirchhoff and Marinho [1990] described the carbon
monoxide instrumentation, which uses a chromatographic sep-
arator followed by a mercury oxide detector. The measure-
ments are made in our laboratory in Sao José dos Campos, Sao
Paulo, Brazil. For these long-lived gases, grab samples are
collected in special stainless steel flasks, internally electropol-
ished, by a method developed by R. Rasmussen. The 800-mL
cans are handled according to international standards, being
evacuated immediately after analysis. The samples are kept in
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Figure 3. Typical flight paths used in the September 1992
mission. In a, a profile leg is made into or along the wind
direction and has typically a length of 10 km, or less. In case
there are difficulties, the operator may choose a redundancy
leg, as in b; a and b legs may be stacked up to obtain vertical
profiles; another option that has been used is the survey flight
in which a large area is covered at the same height, as in c.
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the cans for only short time periods, in general not more than
about a week. For the aircraft work, the cans are filled in flight
by special air pumps, to a pressure of about 30 psi, a procedure
that takes about 2 to 3 min at selected height levels. The
samples of this report were obtained in the biomass burning
area of central Brazil, especially near Cuiab4 and Porto Na-
cional. The accuracy of the chromatographic measurements
depends on the standards used, provided by other interna-
tional laboratories, and the precision is 0.6% for methane,
0.5% for nitrous oxide, and 0.2% for carbon monoxide.

Ozone and carbon dioxide have been measured continu-
ously. For ozone the UV absorption technique is used which
provides measurements at about 15-s intervals. This technique
has been widely used for many years and results of it have been
described in considerable detail in the literature. The accuracy
of the measurements is tested or adjusted at regular intervals,
generally a year, by comparison with international standards,
and the precision is nearly 2 or 3 ppbv. The carbon dioxide
measurements use the technique of nondispersive infrared ab-
sorption, and provide observations at about 10-s intervals. This
technique has recently achieved excellent performance, pro-
viding reliable observations and small size instrumentation that
can be easily carried to the field or set up on towers and
aircraft.

Atmospheric Conditions

The Cuiab4 site had much higher precipitation rates in Sep-
tember and October 1992 than one would expect, on the basis
of its climatological mean. This is shown in the companion
paper, Figure 2 of Kirchhoff et al. [this issue]. The data for
Cuiab4a (and Goiénia) clearly show that in September 1992 the
precipitation intensity was about 3 times as large as the “cli-
matological” average. For October the precipitation amount
was also considerably larger than the average. Evidently, the
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Figure 4. GOES E satellite image in the infrared, showing
the strong cold front that was almost stationary over the con-
tinent reaching over to Cuiabd (which received much larger
precipitation rates than its climatological mean) but not as far
as Porto Nacional, in the state of Tocantins (which received
less rain in September than its climatological mean).
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high precipitation rates in September and October 1992 at
Cuiaba (and Goiénia) affected the overall results in terms of
biomass burning intensity in the region, and the aircraft
avoided this part of the savanna, concentrating its efforts near
Porto Nacional. It is noteworthy that the months of July and
August 1992 were effectively very dry months at Cuiaba (and
Goiénia), contrary to September and October.

The station Porto Nacional, contrary to what occurred at
Cuiabd, was quite dry during September 1992. The strong cold
fronts that were able to reach Cuiab4 (and Goiénia) dissipated
before they could propagate as far north as Porto Nacional,
leaving the precipitation rate for September at slightly less
than one half of the “climatological” mean, defined with an
11-year data sequence available from 1977 to 1987 (see the
companion paper for details). In a period of 1 year, one may
notice a very long dry period, of almost 5 months, when pre-
cipitation amounts to less than 50-mm per month, but which
has less than 10-mm per month in at least 3 months of this dry
period. Also, the transition time between wet (300-mm per
month) and dry periods is rather short (about 1 month).

Examination of several satellite images show an almost
cloudless panorama over central Brazil during the dry August—
September period in the Brazilian cerrado. This was also the
case for 1992 during August but in September cold fronts
advanced from the southwest as far as Cuiabd, but not reaching
Porto Nacional, as can be seen for example, in the GOES E
image for September 15, 1992, at 16 UT, shown in Figure 4.
Note that the state of Tocantins is essentially cloudless on this
day, and on most of the observation days in September.

Satellite Observation of Fires

Figure 5 shows the approximate location of the sites over
which most of the flights were made, as listed in Tables 1 and
2. Figure 6 shows the largest fire percentages in a sequential
way. The sequence by state is Tocantins (TO, 22%), Mato
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Figure 5. Map of Brazil showing most of the aircraft sites
where profiles have been made. Also shown are the percent-
ages of the total number of fires detected by NOAA AVHRR,
per state, during the period of this experiment. The Brazilian
states most affected are Tocantins (TO), Mato Grosso (MT),
where most of the flights were made.
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Table 2. Flight Locations, Dates, and Data Obtained
During Wet Season Period (Total of 10 Aircraft Profiles)

April Flight Flight Data

1992 Location Site* Type Obtained

1 GO A profile 0,, CO, N,O, CH,
2,2 GO A B profiles 0;, CO, N,0, CH,
3 CBA C profile 0,, CO, N,O, CH,
4,4 CBA C D profiles 0;, CO, N,O, CH,
5 PN E profile 0,, CO, N,0O, CH,
6, 6 PN E, F profiles 0,, CO, N,0O, CH,
7 GO A profile 0,, CO, N,O, CH,

*These refer to flight sites shown in Figure 5
Location shorts are as follows: Goidnia, GO; Cuiabd, CBA; Porto
Nacional, PN.

Grosso (MT, 19%), Para (PA, 13%), Maranhao (MA, 12%),
and then Goias (GO, 8%). Thus the profiles described in this
aircraft mission were obtained in the geographical area where
most of the biomass burning was taking place.

Overview of Measurement Results
Ozone

The ozone measurements are summarized in Figure 7 show-
ing the wet and dry season averages, minima and maxima. As
mentioned, the data reflect results for an aged (generally about
24 hours) and mixed air mass, a characteristic that can be easily
identified by the naked eye. Open fires and fresh smoke plumes
were avoided, since the objective of the flights was to obtain a
characterization of the mixed atmosphere. The flight times of
most of the profiles was near local noon, when dry convection
activity is largest, providing generally good mixing of the at-
mosphere. On most occasions, mixed conditions in one height
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Figure 6. Sequential decrease in the percentage of total fire
counts per state for Brazil, in September 1992. The figures are
respectively for the states of Tocantins (TO), Mato Grosso
(MT), Para (PA), Maranhdo (MA), Goias (GO), Bahia (BA),
Piaui (PI), Rondénia (RO), and Mato Grosso do Sul (MS).
The unlabeled bar represents the contribution of the rest of the
states.
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Figure 7. Averages, maximum and minimum plot for ozone
mixing ratios for wet and dry season experiments, 1992,

level also meant same conditions in the other height levels. The
clear distinction between the wet and dry season results is a
confirmation of previous results of ozone measurements in
biomass burning regions [Kirchhoff and Rasmussen, 1990; An-
dreae et al., 1992, 1994; Jacob, this issue].

The absolute values of the ozone average concentrations in
Figure 7 seem to be lower than the ozone concentrations
observed by other techniques, but the reason for the differ-
ences may be largely due to the different sampling procedures.
In the aircraft experiment one was looking for a mixed atmo-
sphere to obtain observations that could be compared with a
wet season average. For the ozonesonde launches a very spe-
cific airmass is being sampled. Thus, occasionally, large ozone
concentrations were observed, for example, at Porto Nacional
where near the ground concentrations of 80 ppbv were seen
[Kirchhoff et al., this issue].

Carbon Monoxide

The CO measurements with an overall average, minima and
maxima, are summarized in Figure 8. The measurements show
a distinct separation of the wet season results and the much
larger dry season concentrations, which may be larger by fac-
tors of from 4 to 6. This result for the aboveground atmosphere
is also in agreement with previous results for ground-based
measurements [Kirchhoff et al., 1989; Kirchhoff and Rasmussen,
1990]. In the dry season, the present data indicate a CO mixing
ratio decreasing with height. This seems to be a natural con-
sequence, since the CO is the result of the direct injection from
fires, especially in the smoldering combustion stage, where the
source is directly on the ground. In the wet season the CO
profile has no strong source at the ground, and the mixing in
the atmosphere is stronger, which gives the profile an almost
constant mixing ratio. The dry season CO may be 3 times as
large as the wet season typical value of about 100 ppbv, at the
lower height level of 1 km, but values larger than a factor of 6
have also been observed. It should be added that observations
in 1990, also in the cerrado area, gave even larger CO concen-
trations, in which CO reached a mixing ratio of 1000 ppbv.
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Figure 8. Averages, maximum and minimum plot for carbon
monoxide mixing ratios for wet and dry season experiments,
1992.

Nitrous Oxide

The effect of biomass burning on nitrous oxide seems to be
small, in comparison to ozone and carbon monoxide. Figure 9
shows the variability of the mixing ratio of this gas, from about
310 to less than 320 ppbv (only 10 ppbv in 310, or 3%). The dry
season averages are slightly larger than the wet season aver-
ages, but within the standard deviations of the mean (not
shown in Figure 9).
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Figure 9. Mass plot of nitrous oxide mixing ratio obtained
during the experiment in 1992 (not all data is shown).



KIRCHHOFF AND ALVALA: AIRCRAFT EXPEDITION IN BRAZIL

HEIGHT (km )
o1 A1
I - Fh !

0 T
300

T I
320 340 360 380
MIXING RATIO ( ppmv )

400

Figure 10. Average carbon dioxide mixing ratio and stan-
dard deviations of the mean, all profiles of 1992.

Carbon Dioxide

Mixing ratio averages for carbon dioxide, seen in Figure 10,
show a rather uniform profile, indicating a well-mixed tropo-
sphere below 4 km, with an overall average close to 353 ppmv.
However, considerable lower and larger mixing ratios have
been observed, and will be described elsewhere. The horizontal
bars are the standard deviations from the means at the differ-
ent heights.

Methane

Results for methane are shown in Figure 11. The left panel
shows results for Cuiabd, and the right panel shows results for
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Porto Nacional. Both panels show larger concentrations in the
dry season. Contrary to the ozone and carbon monoxide data,
there are no other databases with which the nitrous oxide, the
carbon dioxide, and the methane may be compared.

The larger concentrations of methane observed near 1.8 km
at Cuiabd (Figure 11) are probably the result of sampling
inside an inversion layer that is often formed near this height,
produced by dynamic vertical motions in the lower atmo-
sphere, as previously described for ozone observations [Kirch-
hoff and Marinho, 1994]. Another apparent feature in Figure 11
is that methane concentrations at Porto Nacional and Cuiaba
are significantly larger during the dry season. This confirms the
general idea that during the dry season, biomass burning is
responsible for an increase of methane concentrations in the
environment; in this case by about 40 ppbv. Larger concentra-
tions at Cuiaba relative to Porto Nacional may be caused by a
larger smoldering combustion component near Cuiabd [Griffith
et al., 1991]. A closer inspection of Figure 11 shows that there
is no significant difference in the methane mixing ratios at
Cuiab4 and Porto Nacional, during the wet season. This leads
to the conclusion that the present Cuiabd data are not influ-
enced by the Pantanal area.

Summary

This work describes results of a field campaign organized by
INPE, using a Brazilian made Bandeirante aircraft, showing
the first observations of carbon dioxide, nitrous oxide, and
methane obtained by the INPE group in the biomass burning
region of central Brazil. Profiles of ozone and carbon monox-
ide were also obtained. The aircraft expedition was organized
in April and September of 1992 in Brazil in cooperation with
the major NASA TRACE A mission. General characteristics
of the biomass burning behavior of the Brazilian cerrado in
1992 are shown. The INPE aircraft crew was instructed to
avoid the direct sampling of source areas, so that the observed
profiles should reflect reasonably well-mixed air, not burning
plumes.

Vertical profiles during the wet and dry seasons are shown at
sites of the remote savanna regions in central Brazil. The
smallest variability between wet and dry seasons is observed in
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the nitrous oxide data, which in terms of mixing ratios, vary
between 310 and 320 ppbv. The carbon dioxide mixing ratios
average around 353 ppmv, and show an almost constant mixing
ratio with height, but show spatial variability probably associ-
ated to local sources.

For ozone and carbon monoxide the results confirm earlier
sonde and ground-based data that show consistent mixing ratio
increases between wet and dry season periods. Ozone may
increase from 15 ppbv in the wet period to 80 ppbv in a dry
season observation. The factor of increase is even larger for
CO, which shows, consistently, concentrations in the small
range of 80 to 100 ppbv in the wet period, and values up to 600
ppbv in the dry season observation period. The vertical profiles
made at Cuiabd and Porto Nacional indicate consistently
larger concentrations of methane in the dry season. Cuiabd
shows between 15 and 40 ppbv larger concentrations in the dry
season than Porto Nacional, which may be the result of smol-
dering fires north of the Cuiab4 station.
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