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ABSTRACT
We present case studies for the combined GOME
observations of HCHO and NO2. The satellite HCHO
observations provide information concerning the
localization of biomass burning (intense source of
HCHO). The principal biomass burning areas can be
observed in the Amazonian region and in central
Africa. Other high HCHO emissions can be correlated
with climatic events like El Nino in 1997, which
induced dry conditions in Indonesia causing many
forest fires. Tree isoprene emissions contribute also to
high HCHO concentrations especially in southwest
United States.

industrialized areas or simultaneous HCHO and NO2
enhancement over biomass burning regions in Africa.
A short overview on the main sources of the selected
trace gases is briefly given below:
HCHO (formaldehyde):
The relatively constant degradation of the CH4
concentrations in the troposphere, provides a constant
global HCHO source [1]. Combined with an also
constant removal and a short lifetime [2], make HCHO
to an important indicator of biomass burning and
industrial activities [3], because the anomalies in
HCHO data will be induced from these additional
sources [4].

Biomass burning are also an important tropospheric
source for NO2 emissions and can be compared with
the HCHO emissions to discriminate the influence of
the vegetation type on the tropospheric emissions of
both trace gases during biomass burning. Satellite
observations are a helpful tool for the identification of
the sources for tropospheric emissions by providing
global observations of the different trace gases.

Like HCHO, the nitrogen oxides (NO+NO2=NOx) are
also produced during fuel combustion (traffic, industry,
ship emissions) and biomass burning [5]. Additional
sources are lightning, soil emissions and stratospheric
N2O (nitrous oxide).

1.

2.

INTRODUCTION

The presented results are in relation with the 19971998 El nino climatic event which has induced very
dry conditions instead monsoon rain in south west
Asia. Consequences are strong forest fires localized
mainly on Indonesia in summer 1997.
We made a combined study based on the synergistic
analysis of different trace gases derived from the same
instrument. We used trace gas data from GOME
(Global Ozone Monitoring Experiment) and fire count
observations from ATSR (Along Track Scanning
Radiometer) in order to show the influence of the
vegetation type on the HCHO and NO2 trace gas
emissions during biomass burning.
The global mean maps of NO2, and HCHO derived
from GOME for 1997 show several enhancements of
the different trace gases, e.g. enhanced NO2 over

NO2 (nitrogen oxide):

2.1.

METHOD OF MEASUREMENT
Global ozone monitoring experiment

The Global Ozone Monitoring Experiment (GOME)
instrument aboard the European Research Satellite-2
(ERS-2) consists of a set of four spectrometers that
simultaneously measure the intensities from the direct
sunlight and from the light scattered back from the
earth and its atmosphere to the satellite covering the
wavelength range between 240-790 nm with moderate
spectral resolution (0.2-0.4 nm) [6]. The satellite
operates in a near-polar, Sun-synchronous orbit at an
altitude of 780 km with a local equator crossing time at
approximately 10:30. With a ground pixel size of
40°320km2 GOME data have a global coverage at the
equator every 3 days, but better time resolution in polar
regions. Developed mainly for the monitoring of
ozone, GOME is able to detect a range of atmospheric
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absorbers, among them NO2, BrO, SO2, HCHO, OClO,
and H2O.
2.2.

shows that the HCHO sources in this region correlate
with well known industrial region like the Po valley in
northern Italy.

Differential optical absorption spectroscopy

Maps of tropospheric NO2 columns and tropospheric
HCHO columns were derived from spectroscopic data
from the GOME instrument using the method of
Differential Optical Absorption Spectroscopy (DOAS).
The key concept of the DOAS method is the
simultaneous fit of several trace gas absorption spectra
to the ratio of the earth-shine spectrum and a
Frauenhofer reference measured by GOME [7]. First,
from the DOAS fitting procedure the so called slant
column density (SCD, the trace gas concentration
integrated along the light path) is calculated. In a
second step, the radiative transport through the
atmosphere is modeled. From such models the so
called air mass factor (AMF) is determined, which is
the ratio of the SCD and the vertically integrated trace
gas concentration (VCD).

Fig. 1: HCHO SCD global map showing the repartition
of the HCHO sources for 1997

The NO2 maps are presented as tropospheric VCDs
(stratospheric AMF applied). Raw spectral data
undergo several processing steps, as described in [8], to
obtain tropospheric NO2 columns. Basically,
differential optical absorption spectroscopy is applied
to produce total vertical NO2 column densities, from
which an estimate of the stratospheric portion is
subtracted.

The three main sources over the Amazon basin, Africa
and Indonesia are correlated with biomass burning
events, an intense source of HCHO. With the monthly
mean we can follow this fire expansion for summer
1997 with the resulting HCHO and compare them to
the NO2 results for the same time in order to show the
influence of the vegetation type on the HCHO and NO2
trace gas emissions during biomass burning (Fig. 2).

For HCHO we only calculated SCDs using an
algorithm developed at the IUP Heidelberg, which is
basically the same DOAS retrieval method as used for
the HCHO ground measurements [9]. In contrast to
NO2, the stratospheric HCHO can be neglected. Thus,
the retrieved slant columns directly represent the
tropospheric HCHO. A conversion to tropospheric
VCDs will be performed in the near future.
Nevertheless, since the most HCHO emissions are
situated at low latitudes (small SZA), the ground
distribution is not strongly affected.

The biomass burning events in southern Africa are well
correlated with high concentrations in HCHO and NO2
(black circles). Also the increase of the fire occurrence
in this region from June to September 1997, is well
correlated with an increase in both HCHO and NO2
concentrations within the same time.

3.

RESULTS

The yearly HCHO results map for 1997 gives an idea
of the repartition of the HCHO anomalies (Fig. 1).
Three main HCHO sources are situated on the equator,
on rain forests (Amazon basin, Africa and Indonesia).
Weaker sources can also be observed over the south
east of the US, over Mexico, Europe, India and in south
west Asia. For example, the zoom in Fig. 1 on Europe
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The biomass burning over the Amazon basin and
Indonesia, very strong in august and September, are
also well correlated with the HCHO concentrations
(green circles). But on the same time, in August,
almost no correlation can be seen between the biomass
burning over the Amazon basin and Indonesia and the
NO2 concentrations (red circles). Only in September, a
weak correlation can be seen in the southern part of
Amazon basin and in Indonesia.
In the summer months, weaker HCHO sources can also
be observed in the southeast of the US, most probably
due to tree isoprene emissions (Fig. 2 and Fig. 3) [10].

GOME HCHO SCD

ATSR Fire counts

GOME NO2 VCD (S. Beirle)

June 1997

July 1997

August 1997

?
?

September 1997

ATSR Fire [counts/pixel]

Fig. 2: Comparison of the of the ATSR fires counts with the GOME HCHO and NO2.
The monthly mean shows that HCHO and NO2 correlate in Africa and Indonesia, but not in the Amazon basin. For
example, in July 1997, the forest fire concentrations in the Amazon basin are high enough to provide high HCHO
emissions, but no simultaneous NO2 can be seen. In August 1997, a very weak signal can be observed in NO2
emissions, when at the same time, the fire counts and the HCHO are very high.
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NO2 VCD (June 1997)

HCHO SCD (June 1997)

Fig. 3: During the summer months, HCHO emissions can be observed in the southeast of the US. These emissions are
not correlated with the NO2 emissions (anthropogenic activities). In this case, the potential source could be biogenic
emissions (tree isoprene) [10].

To explain the differences in HCHO and NO2
emissions during biomass burning we propose to
compare the emissions with the vegetation cover
(Fig. 4). The vegetation cover can be separated in two
main group that are forest vegetation region (in blue)
and grassland vegetation region (red and yellow).
These two type of vegetation densities control through
parameters, like humidity or oxidation capacity, the fire
temperature and expansion.

In Indonesia the fires only take place in the rain forest,
and in south America the fires start in the rain forest
region of the Amazon basin. In August, in the Amazon
basin region, the main fires still be limited to the forest
(in blue in the northern part of south America). In
September, the fires are shared between the forest and
the south grassland region involving NO2 emissions in
this region (southern part of the Amazon region in red
in yellow on Fig. 4).
Nevertheless all HCHO emissions occurring during
summer 1997 over the equatorial regions can not be
attributed to biomass burning. HCHO emissions
situated in the northern part of the Amazon basin
region are not correlated with forest fires. This can well
be seen during September 1997 (Fig. 2). Only the
southern part of the HCHO emissions correlates with
the measured forest fires and also with the NO2
concentrations. The northern part of the HCHO
emissions, which can be recognize through its smallest
expansion than the southern part of the HCHO
emissions, could be due to isoprene emissions over the
rain forest during this time, similar to those observed in
the southern part of the United States (Fig. 3).

Fig. 4: Vegetation repartition [11], forest are shown in
blue and grassland in red and yellow.
In Africa the fires mainly occur in grassland region
(yellow region in southern Africa on Fig. 4). The
progression and extension of the fires June to
September 1997 are well correlated with high HCHO
and NO2 concentrations.
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4.

CONCLUSIONS AND OUTLOOK

Biomass burning are important tropospheric sources
for both HCHO and NO2:
• HCHO reflects more precisely the biomass burning
events and appears in all biomass burning.

• NO2 correlate with HCHO over Africa (grassland
fires) but not over Indonesia (forest fires).

with simple alkenes. Environment Sciences Technology
30, 975-983, 1996.

• In south America, an augmentation of the NO2
concentrations can be observed with the fire shift
from the forest to grassland vegetation.

6. Burrows, J. P. et al., The global ozone monitoring
experiment (GOME): Mission concept and first
scientific results, J. Atmos. Sci, 65, 151-175, 1999.

• There seems to be a dependence between the NO2
emissions during biomass burning and the vegetation
type: the grassland vegetation fires induce both
HCHO and NO2 emissions, maybe through higher
fire temperatures allowing NO2 formation.

7. Platt U., "Differential optical absorption
spectroscopy (DOAS)", in Air Monitoring by
Spectroscopic Techniques. Chem. Anal. Ser., 127, 2784, 1994.
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