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• Asia has undergone rapid industrialization and demographic growth, leading to significant emissions of pollutants in recent years. 

Introduction – Pollution events in Asia
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• Some regions in Asia frequently experience severe air pollution events (Northern India and Pakistan, November 2024).  
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Introduction – IASI CO Climate Data Record 

• Since 2007, IASI has been monitoring global and regional carbon monoxide 
(CO) concentrations, twice a day [Clerbaux et al., 2009]. 
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• It is a good marker of pollution, with its lifetime of a few days to 2 months [Holloway et al., 2000]. 

• CO is mainly emitted during incomplete combustion processes
(anthropogenic activities and biomass burning) and is eliminated by OH in 
late spring-summer. 

• For the first time, EUMETSAT 
reprocessed the IASI CO dataset
(Climate Data Record, 
doi:10.15770/EUM_SAF_AC_0047), 
providing a homogeneous record of CO 
which allows us to do trends studies. 

[Viatte et al., 2020]



Introduction – Areas of study
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• We will focus on CO total column (COTC) evolution and 
trends as seen by IASI over 2007-2024 in 3 areas :

- North China Plain (NCP)

- Mainland South-East Asia (Mainland SEA)

- Indo-Gangetic Plain (IGP)

IGP

Mainland SEA

NCP
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Methods – IASI’s sensitivity and importance of nighttime data 

• Thermal infrared instruments are known to be sensitive in the mid-troposphere [George et al., 2015].

• However, they can have a high sensitivity close to the surface in cases of strong negative thermal contrast (temperature difference
between the surface and the atmospheric layer just above the surface) [Bauduin et al., 2017]. 

Example case : IGP, 2023/11/06

day

night

→ we need to include nighttime data. 

• As high thermal contrast is associated with low COTC error, we apply a error-based filter on IASI daytime and nighttime data.

day+night
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Methods – Combining daytime and nighttime IASI data

• This filter consists of discarding all the IASI pixels for which the error is greater than a certain threshold.

• We set the threshold value by comparing IASI with TROPOMI, as it is more sensitive to the surface under clear-sky conditions [Borsdorff et 
al. 2018].

→ we choose 7% as the threshold value

• The lower the threshold, the higher the IASI COTC concentration.  
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IASI CO total column daily evolution from 2007 to 2024, IGP

• Highest CO concentrations are found during the pre-monsoon and the post-monsoon seasons, due to agricultural waste
burning, as shown by the CO emissions from the Global Fire Emissions Database (GFED4.1s, [van der Werf et al. 2017]).

• Air pollution episodes during the post-monsoon season are highly dependent on local meteorology. 

Pre-monsoon Post-monsoon

[Sinnathamby et al., 2025, in prep.]

Monthly average emissions from fires over 2008-2023 for different types of biomass
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IASI CO total column daily evolution from 2007 to 2024, Mainland 
SEA

Dry season

• CO concentrations are the highest during the dry season due to vegetation fires and agricultural waste burning.

• CO from Indonesian fires occurring in September are also detected in Mainland SEA. 

Monthly average emissions from fires over 2008-2023 for different types of biomass



WinterSpring
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IASI CO total column daily evolution from 2007 to 2024, NCP

• CO concentrations are the highest during winter and spring, mainly due to high anthropogenic emissions, low OH 
levels and local meteorology [Boynard et al., 2013].

• In spring, agricultural waste burning can contribute to the already elevated CO levels in the region.

Monthly average emissions from fires over 2008-2023 for different types of biomass
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IASI CO total column global trends in Asia [2007/07 – 2024/06]

• Trends are estimated using the Theil-Sen method (TS) [Theil, 1950; Sen, 1968] on annual averages of COTC over the period
2007/07-2024/06. Significant trends (p-value < 0.05) are stippled.

+0.38 %/yr (*) 

-0.22 %/yr

-1.39 %/yr (*)

(*) = significant trend



11

IASI CO total column trends during pollution seasons

• IASI 17-year COTC trends for selected pollution seasons in each region are shown below. Significant trends are marked by an asterix (*).

+0.05 %/yr 

+0.49 %/yr (*) 

-1.74 %/yr (*) 

Winter
(Dec+Jan+Feb+Mar)

Post-monsoon
(Oct+Nov) 

Dry season
(Dec+Jan+Feb+Mar+Apr) 

Trend

Trend

Trend
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Explaining IASI trends with emission trends

• During the winter season in NCP, the 
deployment of the China Air Quality Action 
Plan has led to a reduction of CO emissions
and as such a coincident decrease in CO 
concentration.

• CO IASI trends are compared to local CO emission trends from anthropogenic activities and biomass burning, estimated by 
the Copernicus Atmosphere Monitoring Service (CAMS) global anthropogenic emission inventory (CAMS-GLOB-ANTv6.2, 
[Granier et al., 2019]) and Global Fire Assimilation System inventory (GFASv1.2, [Kaiser et al., 2012]), respectively. 

-179.5 Gg/yr²

-1.74 %/yr
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Explaining IASI trends with emissions trends

• CO IASI trends are compared to local CO emission trends from anthropogenic activities and biomass burning, estimated by 
the Copernicus Atmosphere Monitoring Service (CAMS) global anthropogenic emission inventory (CAMS-GLOB-ANTv6.2, 
[Granier et al., 2019]) and Global Fire Assimilation System inventory (GFASv1.2, [Kaiser et al., 2012]), respectively. 

• For the post-monsoon season in IGP, 
IASI and CAMS show a positive trend, 
while GFAS shows a negative one, 
making it hard to explain concentrations 
trend with emission trends. 

+3.53 Gg/yr²
+0.49 %/yr

-5.12 Gg/yr²
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Conclusions and take home messages 

• The new reprocessed IASI CO Climate Data Record allows us to conduct trend studies for the first time in heavily polluted regions in Asia.

• We show that nighttime data, usually discarded because of their supposed low sensitivity to the lower atmosphere, can be invaluable for 
detecting near-surface CO.

• We developed a user-friendly method to only consider IASI pixels that are sensitive to the surface, and so improved the CO surface 
detection.

• In some regions, CO concentration trends from IASI can be explained by the trends as observed by local emissions inventories.

• However, relating concentration trends with emission trends remains a challenging exercise, particularly when these ones are 
built on limited information. Moreover, CO concentrations also depend on transport phenomena, chemical processes and local 
meteorology, which need to be accounted for in the discussion of the results.
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Back-up - IASI COTC vs CO 0-2km
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Back-up – GFAS vs GFED

• Annual timeseries of CO fire emissions from GFASv1.2 and GFED4.1s and COTC concentrations from IASI. 

-3.3 Gg/yr²

-8.6 Gg/yr²
+0.4 %/yr
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Back-up - IASI trends with WLS method

• The Weighted Least Squares (WLS) method is a linear regression that is robust to outliers. Trend magnitudes are estimated from the 
monthly CO anomalies time series. We defined the monthly variance of CO concentrations as weights. Significant trends to 1 standard-
error are stippled. The standard error for the WLS method is also given.
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Back-up - Explaining IASI trends with emission in Mainland 
SEA (dry season)

-361.2 Gg/yr²

+30.2 Gg/yr²

-0.20 %/yr
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