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INTRODUCTION

Formaldehyde (HCHO) is a key intermediate product in the oxidation chain of the emitted VOCs in the atmosphere. Anthropogenic,
pyrogenic and biogenic precursors constitute a significant part of the total HCHO production, the remainder sourced from methane
oxidation. An important contribution of 30% on the global scale comes from biogenic sources, and dominates over other sources during
the growing season. Anthropogenic sources are responsible for only 6% and biomass burning for 3% of the global HCHO source. In
addition, besides photochemistry, HCHO is also directly emitted by biomass burnig and fossil fuel combustion. HCHO is removed mainly
through OH oxidation and photolysis.
In this work we derive global fire estimates for NMVOCs using HCHO columns retrieved from the Global Ozone Monitoring Experiment-2
(GOME-2) instrument as top-down constraints in an inversion scheme. The Global Fire Emission Database version 3 (GFEDv3, van der Werf
et al., 2010) is used as bottom-up inventory for fire emissions in the IMAGESv2 global chemistry-transport model. The agreement between
modelled and GOME-2 HCHO columns is optimized using the adjoint technique (Stavrakou et al., 2009). This method allows for the
optimization of emission strengths at the model resolution and provides a differentiation among the emission sources.
Monthly updated fire estimates are obtained for 2009 and 2010 at a resolution of 2°x2.5°. They are evaluated through comparison with the
Fire Inventory from NCAR (FINN, Wiedinmyer et al., 2011) for the target years. Further, CO columns retrieved from IASI (George et al.,
2009) are compared with CO simulated columns over fire affected regions using the a priori and the optimized fire emissions.

Prior emission
estimates

Anthropogenic
emissions:
• REAS over Asia
• EMEP over Europe
• EDGARv3.2 elsewhere

Biogenic
emissions:
• MEGAN-ECMWF for
isoprene and methanol

GOME-2 HCHO columns - New version (2012)
HCHO vertical tropospheric columns have been retrieved from GOME-2 observations between 2007 and 2011, using
an improved version of the algorithms previously developed for the GOME and SCIAMACHY instruments (De Smedt et
al., 2010). The product includes a detailed error estimate and the averaging kernel for every observation.
Main features of the new retrieval scheme include (i) a two-step fitting procedure that strongly reduces the
interferences between HCHO and BrO, and (ii) a modified DOAS approach allowing a better handling of the strong
O3 absorption effects. These corrections lead to a significant scatter reduction in the slant columns and improve the
agreement with coincident SCIAMACHY observations. Furthermore, an asymmetric Gaussian line shape is fitted during
the calibration of the spectra, allowing to take into account changes of the GOME-2 slit function with time and to
mitigate the instrumental degradation effects on H2CO retrievals.
Additionally, external parameters used for the tropospheric air mass factor computation have been updated. We use
the monthly albedo climatology of Kleipool et al.(2008) at the resolution of 0.5°, Frescov6 cloud product (Wang et al.,
2008) and daily a priori profile shapes from IMAGESv2 at the resolution of 2°x2.5°. The present version of the HCHO
columns is available on the TEMIS website (http://h2co.aeronomy.be).

Seasonal means between 2007 and 2011

Pyrogenic
emissions:
• from GFEDv3

Forward IMAGESv2

New Emission parameters f

IMAGESv2

IMAGESv2

ECMWF meteorology for :
winds, temperature, water
vapour, boundary layer mixing,
clouds…

Chemical scheme:
• >100 compounds (20 NMVOC’s)
• Inorganic and organic aerosols

Model time step: one day accounting diurnal variations through diurnal
cycle simulation with a 20-minute time step.

Daily averaged
global
concentrations

Cost function J(f)

No minimum= New iteration
Minimum=OUTPUT

MODEL OUTPUT
Daily averaged global concentrations
of >100 chemical constituents
at 2°x2.5° resolution with 40 vertical levels

 Global : decrease by 12% in 2009, a by 32% in 2010

Results from inversion

Inferred isoprene fluxes are lower than the a priori from MEGAN-ECMWF,
the strongest flux reductions are found in southeastern US, N.Africa and S.
Asia, in line with a past inversion study constrained by SCIAMACHY HCHO
(Stavrakou et al. ACP, 2009)

Annual GFEDv3 VOC emissions
(1010 molec. cm-2.s-1)

 S. America 2010 : Strong flux reduction by 50% in Aug-Sep, more
substantial decrease (70%) in Acre (Brazil). Those findings are
supported by model/IASI comparisons, where the a priori
overestimation of more than a factor of 2 gives way to a within-30%
agreement. FINN for Aug-Sep is much closer to the optimized flux
(GFEDv3 : 30 Tg, optimized : 14 Tg, FINN : 18.6Tg)
 Africa : Annual flux is reduced wrt GFEDv3 for both years, by 25% in
N. Africa, by 17-20% in S. Africa. FINN is closer to the optimized
fluxes
 Russia-China border 2009 : factor of 2 increase in springtime
 Alaska 2009 : flux increase by up to 2.4
 Canada 2010 : 30% higher emission inferred in British Columbia, x2
increase in Saskatchewan in August
 Russia 2010 : x2-4 increase wrt GFEDv3 in late July & August

Ratios of the optimized by the a priori (GFEDv3) biomass burning emissions in 2009 and 2010

Annual 2009

Annual 2010

Evaluation of the results
• Over North America
The very low FINN emission during the Alaskan fires in July 2009 is not supported by the
inversion which suggests a further increase of the flux by ~70%. The emission due to the
Saskatchewan fires in July 2010 is found to be decreased and closer to the FINN inventory
; in June of 2010, the a posteriori solution is identical to the GFEDv3 estimate due to the
absence of HCHO data for this month. Big difference between the two inventories over
Southern Mexico in April, the inversion supports the lower value of GFEDv3 in 2009, but
in 2010 FINN’s higher emission allows for a better model/data agreement.
• Over Russia
In April-May of both years the inversion cannot help to decide which inventory captures
best the emission from the Western Siberian fires and the Russia-China- Mongolia border
fires due to the lack of satellite observations. The timing of the summer peak in GFEDv3 is
changed after inversion and is in better agreement with FINN. In July, the fire events in
both inventories are localized in the easternmost Siberia and their flux is decreased after
the optimization. In August, the extensive fires that occurred in European Russia are
found to be underestimated by both GFEDv3 and FINN. An increase of up to a factor of 5
is inferred in the region between Moscow and Nijni Novgorod.
• Over South America
The very low emissions of GFEDv3 over Amazonia in 2009’s burning season provide a very
good agreement with the observed HCHO columns, contradicting the high FINN emission.
The 2010 fires are much more intense than in 2009, but their magnitude appears to be
strongly overestimated (factor of 2) in GFEDv3, but is captured quite well in FINN.

• Over South Asia
The emission inventories disagree strongly on their estimates in this region.
FINN is higher by almost a factor of 2 on an annual basis, and by factor of 4 in
March 2009. The inversion infers a strong reduction of the fire source
strength, especially in 2010, from 13 Tg in GFEDv3 to 6.7 Tg.

In South Asia, the high emission of FINN inventory in springtime leads to too high CO model columns and is
not supported by the comparisons with CO columns from IASI
In Amazonia, the observed CO column peak occurs one month later than the HCHO column peak. The FINN
estimate offers a better model/CO agreement in this case
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