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Atmospheric Composition with IRS on MTG-S

1. Atmospheric composition with (hyperspectral) IR sounders – IASI heritage
2. Expected contribution from IRS

o What will IRS bring ?
o Improving mapping with over- or supersampling
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IRS in commissioning
no public data yet
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IASI Level 1C radiances (W / cm2 sr cm-1)
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• Integrated view 
of the lower 
atmosphere

• Sensitivity to the 
troposphere 
(mainly) and the 
stratosphere

• “Some” profiling 
capabilities
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o Atmospheric composition: what information do hyperspectral IR measurements carry ?

IASI heritageAtmospheric composition applications from hyperspectral IR sounders

Infrared
Atmospheric
Sounding
Interferometer

on Metop –A, – B, – C
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Key features for atmospheric composition

 Detection, quantification of emission sources

 Global pollution mapping (and forecast)

 Large number of trace gases measured 
simultaneously with some vertical profiling capability

 Long-term evolution, trends and protocol monitoring

IASI heritage

• Extended spectral range without gaps (3.6-15.5 µm; 645-2760 cm-1)
• High spectral and radiometric performances

• Near-global coverage twice daily (9:30 and 21:30) 
• Medium spatial resolution (12 km on-ground)

• Towards > 25 years of global measurements
• Exceptional stability and coherence between instruments

 Monitoring fires and volcanoes

Atmospheric composition applications from hyperspectral IR sounders

Somewhat 
less relevant for IRS
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F. Hilton et al., 2012
L. Clarisse et al., GRL 2011
H. De Longueville et al., 2021

Trace gases
> 30 species

o Atmospheric composition: what information do hyperspectral IR measurements carry ?

IASI heritageAtmospheric composition applications from hyperspectral IR sounders
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Dust
volcanic ash (different types)
Sulfates
Polar stratospheric clouds

Aerosols (coarse mode)
> Type differentiation based on their IR signature!

o Atmospheric composition: what information do hyperspectral IR measurements carry ?

IASI heritageAtmospheric composition applications from hyperspectral IR sounders
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 Global pollution mapping and forecast; global tropospheric chemistry

 Emissions
• Anthropogenic
• Fires

 Long-range 
transport of 
pollution

 Photochemistry

 Air Quality forecast

IASI heritageAtmospheric composition applications from hyperspectral IR sounders

IASI data assimilated in CAMS
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 Volcanic plumes: SO2 and ash ; SO2 altitude; + NRT alerts
SO2 columns Plume altitude

IASI heritageAtmospheric composition applications from hyperspectral IR sounders

Hayli Gubbi eruption
23.11.2025

Ash index

23.11 PM

24.11 AM

24.11 PM
• http://cpm-ws4.ulb.ac.be/Alerts/
• http://sacs.aeronomie.be 

 Hazard monitoring: volcanoes, fires, dust outbreaks, accidental industrial “releases”
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IASI heritageAtmospheric composition applications from hyperspectral IR sounders

Hayli Gubbi eruption
23.11.2025 Animation by Guido Cioni

FCI + LI view of the eruption at 15 min sampling

Now imagine with IRS….

o Unfortunately IRS does not 
have the most sensitive SO2
channels…. 

o 1h resolution for Africa !

 Hazard monitoring: volcanoes, fires, dust outbreaks, accidental industrial “releases”

 Volcanic plumes: SO2 and ash ; SO2 altitude; + NRT alerts
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Excess CO – Animation by M. George

IASI heritageAtmospheric composition applications from hyperspectral IR sounders

 Fires: CO, NH3 and other tracers

 Hazard monitoring: volcanoes, fires, dust outbreaks, accidental industrial “releases”
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 Dust outbreaks

Daily AOD
Iberian peninsula

2010 2015 2020
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 industrial “releases”

Clarisse et al. JGR 2019
Figures by L. Clarisse and G. Dewever

Figures by H. Massager. Paper in preparation






IASI heritageAtmospheric composition applications from hyperspectral IR sounders

Ammonia point 
sources and hotspots
from 10-year; regular
oversampled average

Figures by M. Van Damme (ULB)

  Detection, quantification of single anthropogenic pollution sources

Al-Adabiya

Al-Sukhna

Van Damme et al., Nature, 2018

Implies large temporal 
averages
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Implies large temporal 
averages

IASI heritageAtmospheric composition applications from hyperspectral IR sounders

Ammonia point 
sources and hotspots
from 10-year; regular
oversampled average

  Detection, quantification of single anthropogenic pollution sources

See https://squares.ulb.be/NH3-IASI.html 
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Atmospheric Composition with IRS on MTG-S

1. Atmospheric composition with (hyperspectral) IR sounders – IASI heritage
2. Expected contribution from IRS

o What will IRS bring ?
o Improving mapping with over- or supersampling
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Atmospheric composition applications from hyperspectral IR sounders

IRS
• Continuous coverage of the Earth surface  Better mapping opportunities
• Higher spatial resolution (~7 km on-ground pixel size at mid-latitudes) 
  improved resolution of sources

What will IRS bring ?

LWIR band MWIR band

Expected contribution from IRS

Missing range for 
 SO2   CH4  N2O
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Figures and animations by L. Clarisse

Coarser resolution (0.6 cm-1 sampling) over IASI
Larger noise



Atmospheric composition applications from hyperspectral IR sounders

IRS

What will IRS bring ?

LWIR band MWIR band
• High temporal sampling  Diurnal sampling; rapidly 

changing chemistry

30 minutes revisit above Europe
1 h revisit above Africa

• Continuous coverage of the Earth surface  Better mapping opportunities
• Higher spatial resolution (~7 km on-ground pixel size at mid-latitudes) 
  improved resolution of sources

Expected contribution from IRS

P. Coheur  EUMETRAIN  December 2025

NH3 surface 
concentration
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Atmospheric composition applications from hyperspectral IR sounders

Highly variable sensitivity of IRS to the boundary layer 
as a function of the local thermal contrast

 variable sensitivity throughout the day!
Measurements will not be equally usable

Tskin-Tboundary layer

What will IRS bring ?

with blind spots in the diurnal cycle

from -5 to +5 K

Additional consideration for Air Quality and source monitoring:

NH3 retrieval accuracy vs. thermal contrast for IASI

Expected contribution from IRS

Thermal contrast True NH3 IRS NH3

Local time: 09:30

Local time: 22:00

Thermal contrast True NH3 IRS NH3
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Figures and animations by L. Clarisse



Atmospheric composition applications from hyperspectral IR sounders

Highly variable sensitivity of IRS to the boundary layer 
as a function of the local thermal contrast

 variable sensitivity throughout the day!
Measurements will not be equally usable

What will IRS bring ?

with blind spots in the diurnal cycle

Tskin-Tboundary layer

from -5 to +5 K

NH3 retrieval accuracy vs. thermal contrast for IASI

Expected contribution from IRS

Additional consideration for Air Quality and source monitoring:
Thermal contrast

21

Figures and animations by L. Clarisse



Atmospheric composition applications from hyperspectral IR sounders

What will IRS bring ?
The large number of gapless images will largely improve over / supersampling possibilities

 Improved spatial mapping  and better identification of single emitters

IASI footprint: 336 km2

Gridded 5x5 km2 
with overlap 
fractions

Example on IASI-
NH3 distributions

Gridded average Regular oversampling

Wind-rotated oversampling Wind-rotated supersampling

Distance to source 
typically determined 
within <2km!

Expected contribution from IRS
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Figures by L. Clarisse and A. Honet



Atmospheric composition applications from hyperspectral IR sounders

What will IRS bring ?
The large number of gapless images will largely improve opver / supersampling possibilities

 Improved spatial mapping  and better identification of single emitters

Back of the envelope calculation:
With IASI, around 30 measurements per grid cells are typically needed for source identification. Only daytime 
cloud-free measurements are used  oversampled images each 3-4 months

Expected contribution from IRS

With IRS one can expect in “typical” summer conditions to measure surface NH3 between 7 and 19h
For Europe (LAC 4) that would mean around 25 measurements  daily oversampled images!
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Figures by A. Honet



A lot to be expected from IRS for atmospheric composition on top of Sentinel-4

o Mapping of pollution at half-hourly (Europe) to hourly (Africa) resolution

o Improved detection of single emitters (NH3, C2H4, VOCs, maybe GHGs)

o Hazard and post hazard monitoring (fires, volcanoes…)

o AQ forecast via assimilation

https://user.eumetsat.int/s3/ope-eup-strapi-media/MTG_S_IRS_Science_Plan_47145497b0.pdf 
To know more: MTG-IRS Science Plan (July 2025)

Coopmann et al.; QJRMS -in review-
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