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Biomass burning and greenhouse gases

General Characteristics of fires: - o
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Growth rate of the gases at the surface

_Langenfelds e al, 2592) Strong correlations between CO,, CH, and

CO related to fire events.
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L Use of observations of CO,, CH, and CO
from space.

Here, we focus on Thermal IR sounders.

TOVS CO, AIRS CO, IASI CO, & CH,
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Daily Tropospheric Excess of CO, as seen by TOVS
TIR sounders onboard polar satellites overpasse every point twice a day

NOAA-10 observes CO,
during day (7h30) and night (19h30)

Study of the night minus day difference of
retrieved CO,

DTE : Daily Tropospheric Excess

ST T T oo 30 ppmv  Chédin et al., 2005, 2008
Diurnal cycle of fires Convection of fires emissions in the
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Daily Tropospheric Excess of CO, as seen by TOVS
TIR sounders onboard polar satellites overpasse every point twice a day

NOAA-10 observes CO,
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The IASI Instrument
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|ASI characteristics:
 Fourier transform interferometer
» Spectral range: 645 to 2760 cm-?
» Spectral resolution: 0,5 cm-1

» 8461 channels



Contribution of IASI to the study of GHG

Sensitivities of IASI channels to atmospheric and surface perturbations
(from LMD 4A radiative transfer model, based on the GEISA spectroscopic database
and using the TIGR atmospheric dataset)
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Contribution of IASI to the study of GHG

Sensitivities of IASI channels to atmospheric and surface perturbations
(from LMD 4A radiative transfer model, based on the GEISA spectroscopic database
and using the TIGR atmospheric dataset)
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Contribution of IASI to the study of GHG

For CO, (low signal) and for CH, (interferences from other species), we use:

-Non linear inference scheme based on neural networks [Crevoisier et al., 2009a, 2009Db].
-CO,/CH, and T(p) are intimately correlated in the IR.
Use of IR (IASI) and MW (AMSU) observations to decorrelate T from gas variations.

-The decorrelation between T/GHG is easier to do in the tropics.
a better precision is expected there.

For CO, we use couples of IASI channels whose difference is only sensitive to the gas
[Thonat et al., in prep.].

Weighting functions

*We retrieve a mid or upper-
tropospheric content:
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003: e =
clouds, no aerosols) : - T . \
in day and night, over land o a—— e R R

and over sea L i —— F
1000 g =
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=) \\/e have now ~3.5 years (July 2007-April 2011) of monthly averaged tropospheric
CO,, CO and CH, integrated content from |ASI.



Results: IASI CO, and CO

Averaged seasonal cycle (night+day)
of CO, over [0-20N]
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Results: IASI CO, and CO
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Results: IASI CO, and CO
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The fire signature on CO, and CH, is quite

ppbv
V\;eglébecaduts;]e of thi high ba;ck?g):nd Ie_;{[eld Monthly variation of IASICO
of CO, and the weak amount o 4 emitte over Amazonia
by fires
CO is a well-known proxy of fire emissions
mm) Therefore, we retrieve CO to study Fire season

the diurnal cycle of fire emissions
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Results: Monthly means of IASI CO (2008)
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Monthly means of daily IASI CO vs. MODIS FRP

Day-night CO Fire Radiative Power Day-night CO  Fire Radiative Power
Jan Jul
Feb Aug
Mar Sep
Apr Oct
May Nov
Jun Dec
-20-10 0 10 20 30 (ppbv) O  0.04 0.08 0.12 (W/m?) 20-10 0 10 20 30(ppbv) O 0.04 0.08 0.12

FRP MODIS: Justice et al., 2002



Spatio-temporal evolution averaged over SAf

Monthly variations of fire products
(January to December 2008, averaged over Southern Afric  a)

=xm1 MODIS FRP
snm: MODIS Burnt Area

GFEDv3 Emissions

FRP MODIS: Justice et al., 2002 ; BA MODIS: Roy et al., 2008 ; GFEDv3: van der Werf et al., 2010



Spatio-temporal evolution averaged over SAf

Monthly variations of fire products  and CO
(January to December 2008, averaged over Southern Afric  a)  Ppbv

==s1 MODIS FRP
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CO day

CO night

FRP MODIS: Justice et al., 2002 ; BA MODIS: Roy et al., 2008 ; GFEDv3: van der Werf et al., 2010



Spatio-temporal evolution averaged over SAf

Monthly variations of fire products  and CO
(January to December 2008, averaged over Southern Afric  a)  Ppbv

=xm1 MODIS FRP
snm: MODIS Burnt Area

GFEDv3 Emissions
== CO day - night

FRP MODIS: Justice et al., 2002 ; BA MODIS: Roy et al., 2008 ; GFEDv3: van der Werf et al., 2010



Results for South America over 2008-2010

Fire season (July-Nov)

MODIS fire pixels count Day-night CO (ppbv) DTE CO, (ppmv)

2008

2009

2010

Justice et al., 2002

Effects on CO and CO , emissions of the 2010 severe drought in Amazonia



Results for South America — Spatio-temporal evolution

Seasonal cycle from 2008 to 2010

= Fire pixels count

2008 2009 2010
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Seasonal cycle from 2008 to 2010

= Fire pixels count = CO day - night

2008 2009 2010



Results for South America — Spatio-temporal evolution

Seasonal cycle from 2008 to 2010 ppbv  ppmv

= Fire pixels count = CO day - night
= CO, night - day
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Results for South America — Spatio-temporal evolution

Seasonal cycle from 2008 to 2010 ppbv  ppmv

= Fire pixels count = CO day - night
= CO, night - day

2008 2009 2010

These diurnal cycles are of opposite signs: more CO for the daytime observation; more
CO, for the nighttime observation.

This might be due to the different combustion phases (smoldering vs. flamming), and
to the different parts of the troposphere seen for each gas.



Conclusion

We have used the IASI/MetOp observations to retrieve tropospheric CO,,

CH, and CO mixing ratios and to study the link between CO, CO, and
biomass burning

These results have highlighted:

- the diurnal cycle of tropospheric CO and CO, over Southern Africa and
Amazonia

- a temporal and spatial variation of this signal, in agreement with fire activity
However, these diurnal cycles are of opposite signs.

Perspectives of this work :
- study of the vertical transport of gases emitted by fires
- study of the correlations between CO,, CO and CH,



