Spatiotemporal variability of ammonia
(NH,) derived from the future IRS
geostationary satellite and IASI
observations
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Introduction

* Ammonia is an atmospheric pollutant mainly emitted by

Chart — Sector share of ammonia emissions

agricultural activities (accounts for 94% of total NHs emissions) Agricuture

* Ammonia has an impact on the environment //Hernandez et al.,
2016; Rockstrom et al., 2009] and human health [Pope et al., ol
2002; Myhre et al. 2013] Other

* However measuring ammonia is very difficult, with lack of
diurnal variability and local scales observations [\VVon Bobrutzki

et al., 2010; Twigg et al., 2022] Source : European Environment Agency

« Hopefully, IRS, an European geostationary satellite will be Source : Agence Régionale Sante Bretagne
launched next year to fulfill this gap

Objective : prepare IRS observations to
study spatio-temporal variability of
NHs at regional and local scales
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Instrumental characteristics of I1ASI and IRS

IASI IRS

N = » stiesipiac. Spatial

7 aOhagh resolution 12 km 4 km X 4 km
- (nadir)

Temporal resolution Twice a day Every 30 minutes (Europe)
9:30 AM - 9:30 PM
Spectral resolution 0.5 cm 0.754 cm
y (after apodisation)

/ 700cm™?-1210cm™?
Spectral bands 645cmt — 2760cm™ and
1600cm™-2175cm™

Hyperspactral 0 \pril 151 - fotal CO + FOV MTG + pixels matrix footprints
Infrar oundes X -

e e
wtdlalal il ] wllll’_t._

: | AT b e N,

- LTI el | G T8

=» guantify the IRS integrated uncertainties of : "N E \._||||||ll‘-lll||||§!

ammonia concentrations due to the measurement ' == ' | |==5E=====ﬁ===5g

noise and compare them to the IASI ones - . | SOXC LN LA

!hi.liWMu"ﬁﬁg;'

3/21




P > 2 >

Methodology

Theoretical

Realistic Synthetic spectra characterization of

atmosphere and Jacobians
simulation from IRS and IASI due to the

measurement noise

This study is made over the first NH, emitted region of France:
Brittany
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CHIMERE simulation for July 2016

Temperature (°C)

NHs {(molecules/cm?)
1215

Realistic

atmosphere
simulation

Hourly simulation with a spatial resolution of 4 km x 4 km
for July 2016

Urban Heat Islands (UHI) around major cities on the 2-
meter temperature map

High total column of NHs around Orléans

Orléans is an agricultural region (25,000 farms), similar
to Brittany (27,000 farms)
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Pixel size for IRS-MTG Realistic

atmosphere
simulation

Pixel size (km x km)
x7

Llermant Ferrand

Transition from the 4 km x 4 km
CHIMERE model to a grid with IRS
pixel size
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Methodology

Theoretical
Realistic Synthetic spectra characterization of

atmosphere and Jacobians
simulation from IRS and IASI due to the

measurement noise
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Radiative transfer code : 4A/OP

Climatology
(a priori profiles)

Synthetic

spectra and
Jacobians from
IRS and IASI

CHIMERE
(simulated profiles)
Instrumental
parameters

Simulated
jacobians

Simulated
spectra

4A0P

ISRF
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Simulated spectra for IASI and IRS
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Simulated NH, Jacobian for IASI and IRS Synthetic

spectra and

IASI - NHs - Clean _—— IRS - NHs - Clean Jacobians from
IRS and |ASI
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Methodology

Theoretical
Realistic Synthetic spectra characterization of

atmosphere and Jacobians NH; uncertainties
simulation from IRS and IASI due to the

measurement noise
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Theoretical

Integrated components of NH, uncertainty charactrization o

NH; uncertainties

Ecti : fthe d NH . inties d . o f n due to the
stimation ot the Integrate ; concentrations uncertainties aue to the measurement noise rrom the measurement

Jacobians (K) and the noise covariance matrix noise

K : NH; Jacobian (W/(m?.sr.cm™)/(molecules/cm?))
o Se: Full Instrumental Noise Covariance Matrix(W/(m?.sr.cm™))?
e S:Measurement Uncertainty Matrix (molecules/cm?)?

— IASI

IRS Long wavelength
—— IRS Medium wavelength

* K :NH,total column Jacobian (W/(
* [(X):Radiance spectra (W/(m?.sr.c
* X:NH,total column (molecules/c
e dX:0.1% increment of the total col

noise covariance diagonal ((W/m?/sr/im~1)?)
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Example for the 19th of July 2016 at 1AM

NH; uncertainties due to IRS measurement noise
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Theoretical
characterization of
NH; uncertainties

due to the
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Theoretical

Distribution of integrated ammonia uncertainty (ESkssae
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IRS Mean: (7.9 + 5.8) 10!° molec/cm?
N: 1416
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How to reduce NH; uncertainties due to IRS
measurement noise?

NH; uncertainties
due to the
measurement
noise

average NH; incertainties due to IRS
measurement noise is more than twice
higher than the IASI ones when
considering coincident observations in
space and time

15/21




Reduction of NH, uncertainties due to the characseization o

NH; uncertainties

measurement noise through temporal averaging due to the

measurement
noise
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Reduction of NH, uncertainties due to the characarizaton o

o o NH; uncertainties
measurement noise through temporal averaging due to the
measurement
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By averaging the IRS uncertainties between 8 AM and 9 AM, IRS uncertainties are 3.7 times lower than those of IASI for the AM overpass
(5.8 times lower for the PM overpass)
[Guendouz et.al., in prep 2025]
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Reduction of NH, uncertainties due to the charmcrerzation o
NH; uncertainties

measurement noise through spatial averaging due to the

measurement
noise

Case study IRS pixel IRS 2 pixels
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Reduction of NH, uncertainties due to the
measurement noise through temporal averaging
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N=62 N=1480 N=2952 N=6606

By averaging the IRS observations over 2 pixels, the NH; uncertainties related to the
measurement noise of IRS are 5.6 times lower than those of IAS| [Guendouz et.al., in prep 2025]

Theoretical

characterization of
NH; uncertainties
due to the

measurement
noise
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Conclusion

This study aims to prepare the IRS mission in terms of NH; observations by
guantifying the integrated uncertainties due to the measurement noise and
compare them to the IAS| ones.

For this, the CHIMERE model and 4A/OP radiative transfer code have been
used and adapted to best reproduce the future IRS observations over the first
NH; emitted region of France: Brittany.

We found that NH; uncertainties due to IRS measurement noise are 2 times
higher than the IASI ones when considering the same overpass time (9 AM
and PM).

These uncertainties are significantly reduced (by at least a factor of 4) when
averaging 2 hours or 2 pixels of IRS measurements, which will be useful to
study NH; diurnal variabilities or local sources.

This shows the potential of the future IRS mission to monitor NH, spatial-
variabilities.
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