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ABSTRACT

Glyoxal (CHOCHO) and formaldehyde (HCHO) are
short-lived intermediate products in the oxidation of
non-methane volatile organic compounds (NMVOCs)
emitted by vegetation, fires and anthropogenic
activities. They are also directly emitted during fossil
fuel and biofuel combustion and biomass burning. Both
compounds absorb in the UV-visible spectral region
which can be used for total column retrieval using the
Differential Optical Absorption Spectroscopy (DOAS)
technique. However, such measurements remain
challenging mainly due to the overall faintness of the
CHOCHO and HCHO signals, but also due to
uncertainties in the calculation of air mass factors
(AMFs).

Launched in October 2006 on board of METOP-A
platform, the GOME-2 instrument measures the
sunlight backscattered by the Earth’s atmosphere
between 240 nm and 790 nm, with a ground resolution
of 80 km x 40 km. Compared to its predecessors
GOME/ERS-2 and SCTAMACHY/ENVISAT, GOME-
2 is characterized by a larger scan-width of 1920 km
allowing for daily quasi-global coverage and therefore
for a much better identification of local NMVOC
emissions.

In this work, we present results of glyoxal and
formaldehyde vertical columns from two years of
GOME-2 observations (2007 and 2008). We compare
the global observations of these two compounds as
well as their seasonalities. Specific attention is given to
East Asia, where anthropogenic emissions in the
rapidly growing megacities are important. The
synergistic use of glyoxal and formaldehyde
observations offers the potential to provide better
constraints to anthropogenic NMVOC emissions using
inverse modeling techniques.

1. INTRODUCTION

It is estimated that 60% of the formaldehyde (HCHO)
content in the troposphere is formed by the
photochemical oxidation of methane. In addition, the
oxidation of biogenic and anthropogenic non-methane
volatile organic compounds (NMVOC) significantly
contributes to the HCHO formation. Also,

formaldehyde is directly emitted from biomass burning
and from fossil fuel and biofuel combustion. Besides
methane oxidation, the precursors of formaldehyde
also generate glyoxal (CHOCHO). The a priori global
production of formaldehyde and glyoxal, as estimated
in [1,2], is given in Fig. 1.

Figure 1: A priori global production of formaldehyde
(left) and glyoxal (right). Production from methane
oxidation is in grey, from biogenic precursors in green,
from anthropogenic precursors in purple and from
biomass burning in orange.

As the tropospheric lifetime of these two species is
limited to a few hours, they are good proxy for
NMVOC emissions. The potential of spaceborne
formaldehyde and glyoxal measurements to constraint
the parent NMVOC emissions has been demonstrated
in a number of inverse modeling studies [1, 3-6]. Also,
the ratio of glyoxal to formaldehyde amounts is a
useful tool to characterize the impact of VOC
emissions on tropospheric chemistry [7,8]. In addition,
glyoxal is a significant source for secondary organic
aerosols [9,10]. Thus, these measurements provide
useful constraints for the establishment of their global
budget.

Here, we focus on the formaldehyde and glyoxal
vertical columns measured using the GOME-
2/METOP-A nadir observations. This instrument [11]
measures the sunlight backscattered by the Earth’s
atmosphere between 240 nm and 790 nm since October
2006. GOME-2 is characterized by a ground resolution
of 80 km x 40 km and by a global coverage realized in
1.5 day. As the global coverage of its predecessors
GOME and SCIAMACHY is poorer (respectively
realized in 3 and 6 days), GOME-2 is expected to
allow for a better identification of the local emissions
and of their spatial structures.



2. DOAS RETRIEVALS

To retrieve vertical columns of formaldehyde and
glyoxal from GOME-2 measurements, the DOAS
(Differential  Optical ~ Absorption  Spectroscopy)
technique is applied [12]. The retrieval is done in two
different steps. First, a slant column (concentration
integrated along the mean photon path) is retrieved
using the structured absorption bands of the specie
under study. Second, the slant column is converted into
a vertical column using calculated air mass factors.

As illustrated in Fig. 2, formaldehyde and glyoxal have
structured absorption bands in the ultra-violet and
visible regions, respectively. For the DOAS retrievals,
the formaldehyde fitting window is comprised between
328.5 nm and 346 nm while the corresponding interval
for glyoxal is between 435 nm and 460 nm. The
reference irradiance spectrum used in the DOAS fit is
the solar spectrum daily measured by GOME-2. Other
species absorb light in the HCHO and CHOCHO
fitting windows and have to be taken into account in
the DOAS fits. To retrieve HCHO slant columns, we
include formaldehyde, ozone (at 228°K and 243°K),
BrO, NO, and OCIO cross-sections. To improve the
quality of the fit at high solar zenith angles, BrO
absorption is fixed to a value previously retrieved in a
larger window (328.5-359 nm). In addition, a 2D-AMF
table (wavelength, SZA) is applied to the ozone cross-
sections during the formaldehyde retrieval. For
glyoxal, we include CHOCHO, ozone, NO,, H,O, O,,
and liquid water cross-sections. The Ring effect [13] is
treated as a pseudo-absorber for which a calculated
spectrum is also included in the fit [14].

To calculate the air mass factors, look-up tables of
altitude-resolved scattering weights have been
generated (at 340 nm for HCHO and 448 nm for
CHOCHO) using the radiative transfer model DISORT
[15]. These look-up tables have 6 dimensions in order
to consider the main parameters having an impact on
the scattering weights (geometry, albedo and altitude of
the reflecting surface). The air mass factor calculation
also requires the a priori knowledge of the vertical
concentration profile shape. These a priori profiles are
provided by the Chemical Transport Model IMAGES
v2 [1] with a spatial resolution of 2° x 2.5° (Lat. x
Long.) and a 1-month time resolution. Although the
pixels with large cloud fraction (>0.4) are filtered out,
a cloud correction is applied based on the independent
pixel approximation and using the FRESCO cloud
parameters [16] provided in the level-1 data. Also, it
has to be noted that no explicit correction for aerosols
is applied.

Finally, a daily normalisation procedure is applied for
all measurements using the reference sector method.
This normalisation is based on the measurements in the
Pacific ocean. For formaldehyde, it ensures that the
columns measured in this sector are in good agreement

with the HCHO background simulated by the model.
For glyoxal, the normalization is realized so that the
mean glyoxal column in the reference sector is equal to
2x10' molec/cm?. This normalization procedure is
needed to correct for offsets introduced by the
irradiance spectrum measurements and also for
unresolved spectral interferences between HCHO, O,
and BrO [17,18].
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Figure 2: Absorption bands of formaldehyde in the UV
(upper panel) and of glyoxal in the visible (lower
panel). The regions used for the DOAS retrievals are
highlighted by the yellow rectangle.
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2.1. Glyoxal retrievals: Impact of liquid
water absorption.

Fig. 3 (upper panel) shows the monthly mean glyoxal
slant columns measured in December 2008 when the
liquid water absorption is not considered. The glyoxal
columns retrieved above remote oceans are
systematically strongly negative. In addition, the
quality of the DOAS fits in these regions is much
poorer. This effect has already been observed in other
studies based on SCIAMACHY or OMI data [19,20].
Fig. 4 shows the absorption cross-section of liquid
water measured by Pope et al. [21]. A discontinuity is
clearly visible in the glyoxal fitting interval and can not
be filtered out by the DOAS polynomial closure term.
If not explicitly considered, the liquid water absorption
interferes with the glyoxal absorption leading to
unphysical glyoxal slant columns for pixels over
oceans. A correction for this is consequently needed.
Unfortunately, because of these spectral interferences,
the simultaneous adjustment of glyoxal and liquid
water slant columns in the glyoxal retrievals also leads
to unphysical results.



Figure 3: Monthly mean of the glyoxal slant columns
retrieved in December 2008. The upper panel shows
the columns retrieved without any correction for the
liquid water absorption. The lower panel shows the
columns retrieved when the liquid water absorption is
considered in the DOAS fit.
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Figure 4: Liquid water absorption cross-section
measured by Pope et al. [21]. A discontinuity is clearly
visible in the glyoxal fitting window indicated by the
yellow rectangle.

To consider the liquid water absorption in the glyoxal
retrievals, a solution in two steps has been set up. First,
an independent DOAS fit is used to measure the liquid
water slant column. The fitting window for this
retrieval is much wider (405 nm- 490 nm) in order to
make use of the broad features of the liquid water
cross-section. In this fit, only the ozone and O, cross-
sections are considered in addition of the liquid water
cross-section. Fig. 5 shows a map of the monthly mean
liquid water slant columns retrieved in December 2008.
High values are only measured over oceans where the

glyoxal retrievals fail when the liquid water absorption
is not considered. It is also important to note that the
liquid water slant columns retrieved over lands are
close to zero. After that step, the glyoxal slant column
is retrieved by fixing the liquid water absorption to the
value previously measured. This two-step method
allows considering the liquid water absorption in the
glyoxal fits with limited impact of spectral
interferences. Fig. 3 (lower panel) shows the monthly
mean glyoxal slant columns measured in December
2008 when the liquid water absorption is taken into
account. It is clear that glyoxal columns over oceans
are much more physical. Also, the DOAS fit quality in
these regions is much higher. The impact of this
correction on pixels over lands is relatively limited.
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Figure 5: Monthly mean of the liquid water slant
columns retrieved in December 2008.

2.2. Formaldehyde retrievals: consistency
with GOME and SCIAMACHY.

Recently, the formaldehyde measurements from
GOME and SCIAMACHY have been presented [18].
The good consistency between the two data sets was
shown. Regarding the HCHO measurements from
GOME-2, efforts have also been done to optimize the
retrieval settings so as to obtain a consistent dataset
based on the three instruments and covering almost 15
years. Fig. 6 illustrates the time series for two regions
of the world. Compared to that of GOME and
SCIAMACHY, the GOME-2 retrieval quality is poorer
at mid-latitudes in winter due to the early overpass
time of the instrument (9:30 am). Although attenuated
by the aforementioned O; and BrO corrections, this
effect has to be further investigated because it is
worsened by the strong degradation of the instrument.

3. HCHO AND CHOCHO VERTICAL
COLUMNS

Fig. 7 shows global views of the GOME-2
formaldehyde and glyoxal vertical columns averaged
over different seasons. Although the formaldehyde
concentrations are much higher than those of glyoxal,
it is clear that the general features of the distribution of
these two species are of the same kind due to



similarities in their source distributions. In general, the
higher columns are found in Tropical Regions of Asia,
Africa and South America where biogenic emissions
are strong. Seasonal variations in the HCHO and
CHOCHO fields following the emissions are also
visible. As an illustration, the measured columns at
mid-latitudes over Europe, the United States or
Australia are significant during warm months and very
small during the winter period. Unlike the
formaldehyde columns, the glyoxal columns over the
tropical oceans are high. The reason for this remains
unclear. It might be due to local emissions in these
biologically active regions or to the transport of
glyoxal precursors from continental areas. This needs
to be further examined.
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Figure 6: Illustration of the good consistency between
the formaldehyde data sets retrieved from GOME
(blue), SCIAMACHY (grey) and GOME-2 (green,).

Fig. 8 focuses on Southeastern Asia and shows the
mean vertical columns of formaldehyde and glyoxal
for two different seasons. Again, the maps of these
two compounds present the same general features. In
addition, in this region where anthropogenic emissions
are strong, hot spots are visible over several big cities,
especially when the biogenic/pyrogenic emissions are
weak. This is particularly the case with glyoxal
probably due to high yields in the oxidation of
anthropogenic VOCs. Consequently, a good indicator
for anthropogenic emissions is the relatively high
glyoxal columns associated with relatively low
formaldehyde columns (as in the red-circled area of
Fig. 8).

Fig. 9 shows time series of the monthly mean
formaldehyde and glyoxal vertical columns in three
different regions of Southeastern Asia. The seasonal
dependencies of the two compounds are highly
correlated illustrating that they respond in the same
way to the seasonal variations of local emissions.
Furthermore, the seasonal variations of formaldehyde
and glyoxal can be strongly different from a location to

another. Thus, the comparison of these data and of
their spatial/temporal variabilities with columns
calculated using a chemical transport model can help to
better estimate the different categories of emission (see
[1] for an example based on the SCIAMACHY
measurements). From the a priori knowledge of the
emissions, the large amplitude in the time variations
observed in China is probably due to strong seasonal
dependencies in the biogenic emissions. In
Southeastern Asia, the amplitude of the seasonal
variations in the vertical columns is even larger due to
important biomass burning events. On the contrary, in
India, the smaller time dependencies of HCHO and
CHOCHO columns indicate that there is no strong
variation in the local emissions.

4. FIRST COMPARISONS WITH GROUND-
BASED DATA

A MAX-DOAS instrument has been installed by
BIRA-IASB in Beijing between July 2008 and April
2009 to observe the possible impact of the measures
taken to improve the air quality during the Olympic
Games. Among other species, formaldehyde and
glyoxal vertical columns have been retrieved from the
MAX-DOAS spectra. On Fig. 10 the monthly mean
HCHO and CHOCHO vertical columns from GOME-2
and from the ground-based instrument are compared.
For these comparisons, only GOME-2 pixels lying
within a radius of 100 km around the MAX-DOAS and
only the ground-based data measured around the
satellite overpass time have been considered. Although
the ground-based air mass factors have been calculated
in the geometrical approximation and could be further
improved, we can nevertheless draw interesting
conclusions. First, the order of magnitude of satellite-
derived columns is consistent with that of the ground-
based data for both products. Second, the GOME-2
HCHO columns tend to be too low in winter. Although
the glyoxal measurements from GOME-2 and from the
MAX-DOAS instrument are in good agreement
(considering the error bars), the seasonality of ground-
based glyoxal measurements is not well reproduced by
the satellite data.

On the other hand, it is not straightforward to compare
satellite data and ground-based measurements in
Beijing. Indeed, Beijing is characterized by strong
local emissions not necessarily captured by satellite
measurements due to their low spatial resolution. In
addition, Beijing is located at the foot of mountains. As
illustrated in Fig. 11, the high glyoxal (and
formaldehyde) vertical columns are concentrated in the
valley while these columns are much lower over
mountains. Consequently, there are strong spatial
gradient in the formaldehyde and glyoxal fields around
Beijing making the satellite — ground-based
comparisons more difficult.
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Figure 7: Global view of seasonally mean vertical columns of formaldehyde (left panels) and of glyoxal (vight panel)
measured from GOME-2 spectra.
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Figure 8: GOME-2 vertical columns of formaldehyde (left panels) and glyoxal
(right panels) in Southeastern Asia in spring and autumn. The red circles show
area where the glyoxal level is relatively high while the formaldehyde level is low.
This is an indicator of anthropogenic emissions.
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Figure 9: Time series of the monthly mean formaldehyde (black curve) and
glyoxal (red curve) vertical columns in the three regions highlighted on the map
(upper left panel). Note the different vertical scales for the two species.
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Figure 10: Comparisons of the monthly mean

formaldehyde (upper panel) and glyoxal (lower panel)

vertical columns measured by GOME-2 (black) with

MAX-DOAS ground-based data (red) in Beijing.

5. SUMMARY AND PERSPECTIVES

In this paper, we have presented the algorithms
developed at BIRA-IASB for retrieving the
formaldehyde and glyoxal vertical columns using the
GOME-2 observations. These algorithms are based on
the DOAS technique that makes use of the structured
absorption bands of formaldehyde and glyoxal in the
ultra-violet and visible regions, respectively.

To measure the glyoxal columns over oceans, it is
important to account for the liquid water absorption.
For that, a two-step approach has been set up to
minimize the impact of the spectral interferences
between liquid water and glyoxal. It has also been
shown that the GOME-2 measurements of
formaldehyde vertical columns are very consistent with
the GOME and SCIAMACHY datasets. Consequently,
we have a combined formaldehyde data set covering 15
years so far.

Since formaldehyde and glyoxal have common
sources, their spatial distributions are strongly
correlated. The hot spots are generally found in Asia,
Africa and South-America where biogenic emissions

Figure 11: Glyoxal field in the Beijing area. The black
curves represent the surface elevation contour lines.
The red circle is centered on Beijing and has a radius
of 100 km.

are important. Significant columns are also found at
mid-latitudes during summer months. Seasonal
variations of the formaldehyde and glyoxal columns
have been observed and are obviously related to the
temporal dependencies of the emissions.

The good coverage of the GOME-2 instrument allows
for identification of anthropogenic emissions in these
two data sets, especially in Asia where they are very
strong. Finally, these formaldehyde and glyoxal
vertical column measurements provide additional
constraints on non-methane volatile organic compound
emissions.

In the future, the possibly strong impact of aerosols has
to be taken into account in the air mass factor
calculations. Indeed, the aerosol loads in the
troposphere can be very important over regions with
high pyrogenic and anthropogenic emissions.

Despite the reasonable agreement between the GOME-
2 and ground-based formaldehyde and glyoxal
measurements in Beijing, a further validation of these
products is needed (comparisons with other satellite
products and with ground-based data).
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