
IRS contribution to atmospheric composition
+ identify where developments are needed

MIMAG; EUMETSAT, 16-17.05.2019

1. Heritage from hyperspectral IR sounders (IASI as “best” example)
2. Atmospheric composition applications

• Known from IASI and other polar sounders
• Opportunities for IRS (Where IRS would, could, would unlikely contribute)

3. Wrap-up ; questions; synergy with other missions

Input from the group appreciated

Outline
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Heritage from hyperspectral IR sounders

IMG TESAIRS IASI-AMOPITT IASI-CTANSO IASI-B
CRIS

JAXA
NASA / NOAA
EUMETSAT / ESA

Hyperspectral IR nadir sounding

1995 2000 2005 2010 2015

IKFS-2

GIIRS

First 
measurements
from GEO

Highest spectral 
resolution (0.1 cm-1) 
and small pixel size
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Heritage from hyperspectral IR sounders

IASI success
• Large continuous spectral coverage of the TIR
• Medium spectral resolution
• Low noise
• Medium spatial resolution

> 25 species 
10 species routinely monitored; other above 
sources or during extreme events
Aerosols with type differentiation (coarse mode)

Weakly resolved vertical profiles for H2O/HDO, O3, CO
+ altitude information on volcanic and fire plumes

• Near global coverage twice daily (including polar night)
• More than 15 years of global measurements

consistent time series (L1 and L2)
to support trend analysis and 
climate applications

Reference L1 for IR TOA radiances 
and fluxes

O3                                         CO                   CO2/CH4
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Heritage from hyperspectral IR sounders

IASI success
• Large continuous spectral coverage of the TIR
• Medium spectral resolution
• Low noise
• Medium spatial resolution

> 25 species 
10 species routinely monitored; other above 
sources or during extreme events
Aerosols with type differentiation (coarse mode)
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Heritage from hyperspectral IR sounders

Application 
areas

Air Quality

Point source 
monitoring

Events
(volcanoes, 

fires..)

Global 
Tropospheric 

Chemistry

Global 
Stratospheric 

Chemistry

Climate

Transport, 
winds, 

convective 
events

7 (?) Application areas based on 
atmospheric composition monitoring
IASI



MIMAG; EUMETSAT, 16-17.05.2019

• narrower spectral range  will miss CH4, N2O, SO2 ν3, HDO
• Coarser spectral resolution and larger noise (especially in MW channels)

 reduced vertical sensitivity + surface sensitivity

IRS vs. IASI and IASI-NG

Instrument - Key points

IRS-MTG IASI

CO averaging kernels
 Low TC; old IRS specs.

IRS vs. IASI and IASI-NG IASI-NG = IASI with twice better
spectral resolution and noise
Similar sampling
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• Continuous coverage of the Earth surface  Better mapping opportunities
• Higher spatial resolution  improved resolution of sources
• High temporal sampling  Diurnal sampling; rapidly changing chemistry

IRS vs. IASI and IASI-NG

IRS vs. IASI and IASI-NG 

Sampling

NH3 distribution –The Netherlands -1km2

IASI

IRS
(sample)

IASI AM IASI PM

IASI-NG = IASI with twice better 
spectral resolution and noise
Similar sampling
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Atmospheric composition – Applications / Opportunities for IRS 

CO assimilation in CAMS and Air Quality forecast

Demonstrated applications with polar sounders (IASI)Air 
Quality

Contribution to CAMS assimilation 
system and AQ forecast
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Improving the modelisation of spring haze episodes using
NH3 daily concentrations/emissions

Air 
Quality

Demonstrated applications with polar sounders (IASI)

Atmospheric composition – Applications / Opportunities for IRS 

Differences between optimized emissions (with IASI) and EMEP, with resulting changes PM
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Monitoring of tropospheric, lower tropospheric ozone

Air 
Quality

Demonstrated applications with polar sounders (IASI)

……

Atmospheric composition – Applications / Opportunities for IRS 
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Air 
Quality

Spatial resolution: separating sources at city scale and improve exposure assessment

Diurnal sampling

IASI

IRS
Antwerp – NO2

60 x 80 m2 1 x 1 km2 7 x 7 km2

Urban pollution Agricultural pollution

Limitations with polar sounders (IASI)

Atmospheric composition – Applications / Opportunities for IRS 
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Air 
Quality

Time resolved measurements of CO, O3, tropospheric/total columns, NH3 columns 
at better spatial resolution over the Europe-Africa disc
but:
• Over polar sounders IRS will have reduced vertical sensitivity in the troposphere for O3

and CO
• Varying sensitivity to boundary layer as function of thermal contrast
• Anthropogenic SO2 is unlikely to be measured (no coverage of ν3 band) spectral range

- Will IRS allow resolving the diurnal cycle of 
pollution / emission?

- Is the reduced vertical sensitivity 
compromising AQ applications? 

- Will operational assimilation system 
benefit from the diurnal measurements

Questions Likely answer

Major benefit for NH3 and 
aerosols (probably short lived VOCs)
 Added value for CO and O3 ?

Opportunities for IRS-MTG

Atmospheric composition – Applications / Opportunities for IRS 

To be confirmed by new studies?



MIMAG; EUMETSAT, 16-17.05.2019

Air 
Quality Opportunities for IRS-MTG

 Small added value for O3?

Chimere

Chimere (as « truth »)

Retrieved with IRS

See previous studies conducted for MTG (but old instrument specs; NH3 not tested)

Atmospheric composition – Applications / Opportunities for IRS 

Need for new assesment?
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Point 
Sources

oversampling (supersampling) on 10 years of IASI dataThe example of NH3

• Achieved only for reactive species (showing considerable concentration gradients)
• After exploiting large (at least yearly) datasets

Demonstrated applications with polar sounders (IASI)

Atmospheric composition – Applications / Opportunities for IRS 

Effective resolution 
achieved is of the 
order of 1 km
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Point 
Sources

The example of NH3

• Achieved only for reactive species (showing considerable concentration gradients)
• After exploiting large (at least yearly) datasets

Demonstrated applications with polar sounders (IASI)

Atmospheric composition – Applications / Opportunities for IRS 
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Point 
Sources

Opportunities for IRS-MTG

Mapping at higher spatial resolution and high sampling

- Will the spatial resolution be sufficient to 
resolve large point sources?

- Will oversampling/supersampling
approaches be possible?

- Will it be possible to monitor point 
sources for longer-lived species (CO2? 
Others?)

Questions

Need for studies?

 ??????

Atmospheric composition – Applications / Opportunities for IRS 



MIMAG; EUMETSAT, 16-17.05.2019

Events

Volcanoes
Uses signature from SO2, mainly in ν3 band (ν1 seen for large eruptions)or volcanic ash

Demonstrated applications with polar sounders (IASI)

dust

ash
+ plume altitude 
at ~ vertical 1 km 
resolution

Atmospheric composition – Applications / Opportunities for IRS 
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Events

Volcanoes
Uses signature from SO2, mainly in ν3 band (ν1 seen for large eruptions) or volcanic ash

Demonstrated applications with polar sounders (IASI)

http://cpm-ws4.ulb.ac.be/Alerts/

http://sacs.aeronomie.be/

« Operational » in the SACS alert system (SACS= Support to Aviation Control Services)

Large user base; main users
being the VAACs (Volcanic Ash
Advisory Centers)

Atmospheric composition – Applications / Opportunities for IRS 
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Events

Fires

Demonstrated applications with polar sounders (IASI)

Credit:  Ana Parracho (LATMOS)

EC
M

W
F

FO
RLI-CO

Mainly from the monitoring of CO, NH3, C2H4….

interests: 
• Emissions (and emission factors from various regions)
• Transport
• Interannual variabiltiy and the relation to climate (El Nino…)
• Plume Chemistry
• ….

Atmospheric composition – Applications / Opportunities for IRS 
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Events

Fires

Opportunities for IRS-MTG

Volcanoes

• SO2 ν3 band will not be accessible; alerts 
based on SO2 will be possible using signal in 
ν1, likely only for large eruptions

• Ash alerts will be possible and benefit from 
the improved spatial/temporal sampling

• CO, NH3 and VOCs at higher 
resolution with diurnal sampling

- Will IRS contribute to 
identifying/monitoring extreme events?

- Are there new operational applications to 
develop?

- Technical: Will these applications not be 
impacted by the use of PCAs

Questions

 important contribution expected, 
(despite for volcanoes the main SO2 band will not 
be accessible).

 development of a fire 
alert/monitoring system could/should 
be foreseen

 Other « alert » applications likely

Atmospheric composition – Applications / Opportunities for IRS 
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Global 
tropos.

Example with IASI

Demonstrated applications with polar sounders (IASI)

Mainly using averaged (monthly seasonally, yearly) global distributions of 
chemistry species (CO, O3, several VOCs) and the combination with chemistry-
transport models
 Control on tropospheric budgets and their related processes (emissions, 

deposition, chemistry; LRTAP)
 Inter-annual variability and trends

Atmospheric composition – Applications / Opportunities for IRS 

CO O3



Global 
stratos.

supported with global measurements of stratospheric or total columns of 
O3 and HNO3 during day and night, including at high polar latitudes.
 Control on stratospheric processes 

Stratospheric winter denitrification Stratospheric springtime ozone hole

Significant speeding up in 
stratospheric O3 recovery in the S.H. 
vs an accelerated decline in the N.H. 
Catherine Wespes, submitted

• Time evolution over several years 
contributes to the determination of trends 
 control of the Montreal protocol

Demonstrated applications with polar sounders (IASI)

Atmospheric composition – Applications / Opportunities for IRS 



MIMAG; EUMETSAT, 16-17.05.2019

Climate Demonstrated applications with polar sounders (IASI)

As far as atmospheric composition is concerned climate applications relate to the 
distributions and time evolutions (monthly, yearly)
- of long-lived greenhouse gases CO2, CH4, N2O in the form of a column or 

column-averaged mixing ratio
- Of shorter-lived direct climate forcers O3, aerosols
- Of indirect climate forcers, CO, NH3

Atmospheric composition – Applications / Opportunities for IRS 

Contribution to ESA CCI and EU C3S

IASI CO
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Global 
stratos.

Global 
tropos.

The relevant species (O3, CO, HNO3, VOCs) for monitoring the global 
troposphere and stratosphere will be accessible with IRS. However,
- With less vertical sensitivity
- On temporal/spatial scales that are smaller than the processes currently 

looked at (most applications use averages, in time and space)

Among the main long-lived greenhouse gases, only CO2 will be 
measurable (not CH4 and N2O). Several short-lived or indirect climate 
forcers will be accessible but –as above- with less vertical sensitivity and 
accuracy.

Climate

Opportunities for IRS-MTG

- Is there an added value of IRS for 
these applications, which imply 
processes on larger scales?

Questions Likely answer

 ?

Atmospheric composition – Applications / Opportunities for IRS 
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Summary

• Very substantial contribution expected 
from IRS to the applications implying 
processes that vary rapidly in time /space 
(benefiting from the IRS resolution and 
sampling)

- Air quality
- Event monitoring
- Point sources
- Transport

• Added value probably less for global 
tropospheric and stratospheric chemistry 
and for climate (because slow varying 
processes and reduced measurement 
performances from IRS) but to be explored

Wrap-up; questions; synergies with other missions
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Wrap-up; questions; synergies with other missions

Issues deserving attention and/or detailed studies

- Possibility with IRS to infer the diurnal cycle of pollution for O3, CO, NH3, dust 
(need to revise / extend the conclusions from the earlier IRS studies?)?

- Capability of IRS to detect point sources, for short-lived maybe also for long-
lived species (CO2? Others?). Will oversampling approaches be possible?

- Added value of IRS for large scale processes (global tropospheric, stratospheric 
chemistry, climate)

- Possibility to develop new alert/monitoring systems for large events (fires, 
dust, volcanoes…)

- Benefit for synergies (IR/UV; LEO/GEO IASI-NG and IRS; Nadir/limb)

- Can existing algorithms be used without substantial changes (off-angles; PCs)

- What is the impact of PCAs on applications; especially event monitoring



3MI

Sentinel4 
UVS

Opportunities for synergies

Europe-Africa disc
Diurnal measurements of total / 
partial columns of O3, CO, NH3, 
aerosols at medium spatial 
resolution and high spatial 
sampling (no gaps)IRS

+ O3, NO2, H2CO 
during daytime 

+ Tropospheric aerosols

Sentinel5 
UVNS

IASI-NG

EPS-SG

?

GIIRS
(TIR)

MTG

TEMPO
(UV-vis)

Other LEOs

GEO

Altius

LEO

 climate relevance
 sensitivity
 Better vertical profiling

Earth 
explorersSentinel 

priority

CO2 (NO2?) @ high 
spatial resolution

Limb sounding

Wrap-up; questions; synergies with other missions



MIMAG; EUMETSAT, 16-17.05.2019

Wrap-up ;questions;  priorities; synergy with other missions

Issues deserving attention and/or detailed studies

- Possibility with IRS to infer the diurnal cycle of pollution for O3, CO, NH3, dust 
(need to revise / extend the conclusions from the earlier IRS studies?)?

- Capability of IRS to detect point sources, for short-lived maybe also for long-
lived species (CO2? Others?). Will oversampling approaches be possible?

- Added value of IRS for large scale processes (global tropospheric, stratospheric 
chemistry, climate)

- Possibility to develop new alert/monitoring systems for large events (fires, 
dust, volcanoes…)

- Benefit for synergies (IR/UV; LEO/GEO IASI-NG and IRS; Nadir/limb)

- Can existing algorithms be used without substantial changes (off-angles; PCs)

- What is the impact of PCAs on applications; especially event monitoring
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Point 
Sources

oversampling (supersampling) on 10 years of IASI dataThe example of NH3

• Achieved only for reactive species (showing considerable concentration gradients)
• After exploiting large (at least yearly) datasets

Demonstrated applications with polar sounders (IASI)

Atmospheric composition – Applications / Opportunities for IRS 

molec/cm²

Agricultural 
point sources



Priorities for product development

Algorithm development for priority AC products
Priority products for IRS-MTG ?
would be in terms of:
- Support to environmental surveillance at local/regional scale
- Complementarity with IASI-NG

o O3 profiles
o CO profiles
o HNO3 profiles
o SO2 columns
o SO2 plume altitude
o NH3 total columns
o Dust Optical depth
o Ash Optical depth

IASI and IASI-NG 
AC-SAF product portfolio

Main SO2 band is not in IRS range. A SO2
flag in case of large eruption would be
useful

• Large spatial and temporal variability
• Importance for AQ and event monitoring

(volcanoes, dust events, fires…)
Large positive impact expected from IRS

In discussion for AC SAF CDOP4

Wrap-up ;questions;  priorities; synergy with other missions

priorities for IRS?
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Heritage from hyperspectral IR sounders

LRTAP
Winds..

Pollution outflow and long-range transport of pollution can be monitored using
daily distributions of species with lifetime of several days/weeks; typically CO, 
O3, C2H2, PAN.

Examples with IASI
daily distributions of PAN (CH3COONO2)

Demonstrated applications with polar sounders (IASI)
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