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1-Introduction

3- Retrievals of midtropospheric CO2 column
from MetOp-A/ATOVS

TropFire
project Blanc 2010

4- Daily Tropospheric Excess (DTE) cycle of CO2 in
Southern Africa

Fires emit annually more than 2 GtC in the atmosphere, an amount which
ATOVS (The Advanced TIROS Operational Vertical Sounder):
represents about one third of anthropic emissions, and which plays a key
- HIRS/4 (High Resolution Infrared Radiation Sounder version 4)
role in the interannual variations of three major gases: CO2 (90% of the
20 channels between 650 and 2500 cm-1.
emissions), CO (9%) and CH4 (<1%). To study fire emissions, we look at the
Here, we use 5 HIRS channels given below:
concentrations of emitted gases and study the links between CO2, CO and
Sensitivities of CO2 HIRS channels after a -1% variation of CO2 concentration computed over the
CH4 in the troposphere. Spatial observations give access to a global
tropical TIGR atmospheres using 4A/OP (Scott et al., 1981) and GEISA-2009 (Jacquinet et al.,2011)
coverage, which is especially needed in the tropics where 80% of the
HIRS channels
2
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4
5
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emissions are located and where ground measurements are sparse.
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Southern Africa is divided into 10 sub-regions following
Hoelzemann (2006) in the tropics [25S:0] with different
vegetation characteristics. We define two large regions
SAfN (Southern Africa, North : grouping together subregions 1, 2, 3, 4, 5 and 6) and SAfS (Southern Africa,
South : grouping together sub-regions 7, 8, 9 and 10).
CO2 DTE retrievals are compared to:
-GFEDv3.1: Global Fire Emissons Database version 3
(Giglio et al., 2010).
-BA: Burnt areas MODIS Database (Roy et al., 2008).
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2-Definition of Daily Tropospheric Excess (DTE)
Infrared sounders onboard polar satellites overpass every point twice a day.
- AMSU-A (Advanced Microwave Sounding Unit-A ):
TOVS/ATOVS onboard NOAA and MetOp-A platforms, observe CO2 by day and
15 channels (mostly sensitive to the temperature profil).
by night, allowing to study the night minus day difference of retrieved CO2. We
Here, we use 2 AMSU-A channels: number 6 and 8.
call this difference the Daily Tropospheric Excess (DTE) of CO2. Chédin et al.
(2005, 2008) have shown for NOAA10 observations that DTE is qualitatively
Problem: CO2 HIRS brigthness temperatures depend on tropospheric
related to fire emissions. Here, we present the results obtained with the ATOVS temperature profile and CO column. A brigthness temperature variation of
2
instrument onboard MetOp-A that can be directly compared to classical fire
few tenths of a Kelvin corresponds to a -1% variation of CO2 (see Table).
products over the same period.
Solution: Non-linear inference scheme on neural networks (Chédin et al.,
The 2 origins of the observation of DTE
2005, 2008), using CO2 HIRS and AMSU-A brigthness temperatures to
During the day, CO2 is emitted retrieve the CO2 column.
by fires and uplifted to the
Convection
of
fire
emssions
Diurnal cycle of fire
high troposphere. When the
In the troposphere
satellite passes at night, it
sees the accumulation of CO2
300 hpA
below the tropopause; when it
passes the next morning,
before fires start again, the
emissions have been diluted
by the general circulation. This
We retrieve a midtropospheric integrated content of CO2 in clear sky,
mechanism has been
day and night, over sea and land, from which we derive the CO2
Rio
et
al.,
2010
Giglio, 2007
validated by Rio et al. (2010)
diurnal signal (DTE).
using a thermal plume
Exemple of CO2 retrievals:
parametrization in the LMDz
Day
Night
DTE signal (ppmv)
atmospheric transport model.
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For that reason, the difference
between night and day CO2
retrievals (DTE) seen by
ATOVS is linked to CO2 fire
emissions. This signal, about
1.5-4 ppmv, is low and spatially
very localized over regions
affected by fire
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In sub-regions 4, 5, 6, 7, 8, 9 and 10, the
seasonal cycles and internannual variation of
DTE and the two fire products are in good
agreement.
In sub-regions 1,2 and 3, the agreement is the
porrest, with too small a DTE and too long a
seasonal cycle. This is mostly due to a high
cloud coverage that precludes retrieving CO2
most of the time, as well as to transport of laden
air between this 3 small regions.
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In sub-regions 4, 5, 6, 9 and 10, there is a very
good agreement between DTE and the other
signals.
In sub-regions 7 and 8, the DTE seems to
imply too low CO2 emissions in GFEDv3.1,
although atmospheric transport of laden air
could induce a higher DTE.

5-Conclusion
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-Infrared sounders enable to monitor the diurnal evolution of CO2 emitted by fires.
-Qualitatively, our study highlights the diurnal cycle of tropospheric CO2 in Southern Africa, which is in good agreement with the fire activity. Quantitatively, the DTE signal intensity is
too small or to high as would be expected from the classical fire products.
-This study confirms the results obtained with the TOVS instruments onboard NOAA10 and highlights the interest of reprocessing the whole time seriesof the TOVS/ATOVS intruments
(more than 25 years) to derive information onfire emissions before the MODIS era.
-Another step in this study will be to apply the same method of CO2 retrievals and derived the CO2 DTE, using the IASI instrument onboard MetOp-A (Crevoisier et al., 2004 2009a/b) and
compared with the present results.

