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MTG-IRS

IRS will be launched in 2025 on board the MTG-S
geostationary series.

IRS:
InfraRed

Sounder

MTG-S:

Meteosat

Third

e T — * LAC 4 acquired every 30 minutes;
*® Each dwell 160x160 pixels;

® 4 km spatial resolution at nadir.

Sounders

Adapted from e EUMETSAT



MTG-IRS

Radiance [mW/(m? sr cm™1)]

SPECTRAL NUMBER OF
IRS BAND SPECTRAL RANGE SAMPLING CHANNELS
I.LWIR 67970 — 121044 cm™! ~ 0.603cm™1 881
2.MWIR 1600.00 — 2250.20 cm™! ~ 0.604 cm™! 1079
Tot. 1960
Wavenumber [cm™}]
140 894.875 1144.875 1394.875 1644.875 1894.875 2144.875 2394.875 2644.875
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Objective

Evaluating the contribution of
MTG/IRS radiance assimilation
in a chemistry-transport model
(MOCAGE) in order to
characterize the atmospheric
chemical composition over
Europe.

~= Focus on ozone

METHOD: Observing System
Simulation Experiment

MTG-IRS radiances
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PERIOD OF STUDY:
1st of June - 31st of
August 2019

OSSE Framework: Chemistry Transport Model

/ Control Run (CR) MOCAGE \
P =

\
R AR
LA A

)

MOCAGE: Three-dimensional chemistry transport model,
developed at CNRM since 2000.

£ & s

GLOBn — MAccor

RACMOBUS: | |8 gaseous species, 434 chemical reactions, primary
and secondary inorganic aerosols.
- GLOBII, global scale with a [°lat x [|°lon horizontal
resolution;
(" Nature Run (NR) MOCAGE ) -~ MACCOI, regional domain [28°N, 26°W and 72°N, 46°E],

0.1°1at x 0.1°lon (~ 10 km at 45°N).

~ 60 vertical hybrid o-pressure levels configuration




OSSE Framework:

CR vs NR

K Control Run (CR) MOCAGE \
T
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PERIOD OF STUDY:

1st of June - 31st of
August 2019
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OSSE Framework: CR vs NR

METEOROLOGICAL
FORCING

ARPEGE

/ Control Run (CR) MOCAGE \

~ OPER |
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With modulated emissions
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OSSE Framework: CR vs NR

METEOROLOGICAL
FORCING

ARPEGE

OPER ‘
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GLOBn — MAccor
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With modulated emissions
compared to NR

ASSIMILATION of independent real
obs. (from IASI)

/ Control Run (CR) MOCAGE \

et

METEO. 5 l
FORCING ‘777 ~°°
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BURNING

DATA
ASSIMILATION
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PERIOD OF STUDY:

1st of June - 31st of
August 2019

OSSE Framework: Simulated Observations

/ Control Run (CR) MOCAGE \
ﬁﬁ‘f".

:' With modulated emissions ‘:
I\ compared to NR ‘I
Mereorotoeiea | T
e e it v e e e e === — -
ARPEGE | ASSIMILATION of independent real | | :
\, OPER 4 i obs. (from IASI) i [ . :
! : ! 1 coefficients |
|
H PERFECT
Observation Oesenvanions
Simulator B

(RTTOV - vi2)
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PERIOD OF STUDY:

1st of June - 31st of
August 2019

OSSE Framework: Simulated Observations

/ Control Run (CR) MOCAGE \

I With modulated emissions
I\ compared to NR
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P q b
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;_J l\ _________ ?t_’f_f_r?_":_j! _________ / : coefficients : “.
/" Nature Run (NR) MOCAGE ) s | 4 N O
T v PERFECT SYNTHETIC
i = | Observation OsservATIONS Py OBSERVATIONS
> | ’ Simulator >  J >
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OSSE Framework: Simulated Observations
195

Radiance [mW/(m? sr cm™1)]
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894.875 1144.875

1000 2000

simulated channels (

982.464 — 1099.467 cm ™1

503 - 697 channel in the atmospheric

1394.875

3000

\

A band in the LWIR has
been chosen to be
simulated: ozone absorption
band, surrounded by some

\window. )

Wavenumber [cm™}]
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OSSE Framework: Simulated Observations

~ Clear-sky observations only
(info from ARPEGE OPER)

~ Thinning: only one pixel per
0.4° box has been simulated

Radiance [mW/(m? sr cm™1)]

Wavenumber (cm~1)

980.654 995.732 1010.81 1025.888 1040.966 1056.043 1071.121 1086.199 1101.276

100
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20

500 525 550 575 600 625 652 675 700

IRS Channel Number

Averaged simulated Spectrum +
spectrum (1day) Standard Deviation
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PERIOD OF STUDY:

1st of June - 31st of
August 2019

OSSE Framework: Assimilation

/ Control Run (CR) MOCAGE \ / Assimilation
/’/ ” - | RUN (AR)

I With modulated emissions
I\ compared to NR

MEeTEQROLOGICAL | TTTTTTTTTTTTTTTTT .
FORCING
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\_ OFER i obs. (from 1ASI) ! I | 7, Noise "
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o
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Contribution of IRS Assimilation

TROPOSPHERIC COLUMN

| 70°N

60°N

. 50°N

R 40°N

from surface till lev. 40 (i.e. ~300 hPa) Tropospheric Column
ARzs — NR) /NR 6(ARgs — NR)
® NR and AR are very close to each (Aftuns
. . 20°wW 10°wW 0° 10°E 20°E 30°E 40°E 20°W 10°W 0° 10°E 20°E 30°E 40°E
other in the area where observations 70°N =
are simulated and assimilated: S
60°N - X
~ Relative difference up to 3% over '
the Mediterranean basin (for CR up S0°N
to 10 to 20%).
~ Maxima at the edges 40°N
® Minima of standard deviations over soenfB btV S T Sy B .
i . L ee— C— = |
the MEdIterranean Sea' -13.0 -9.8 -6.5 -3.2 0.0 3.2 6.5 9.8 13.0 0.33 0.83 1.33 1.83 2.33
Relative Difference (%) Tropospheric Column of Ox (DU)

~ Values ~ 0.4 DU (CR vs NR ~ 2 DU).

«/ Assimilation of IRS radiances has a positive impact compared to no assimilation.

30°N



Contribution of IRS Assimilation

CROSS SECTIONS OF OZONE, AVERAGED OVER
LONGITUDES.

® AR stronger than NR of 5-10% between
model level 30 and 20 (i.e. 94 and 27 hPa -
at the ozonosphere), 28° and 36°N

~ 8% at the center of the domain.
(NR > AR)
® Maxima of standard deviation of the
differences in stratosphere at the
bottom border.

MOCAGE Vertical Levels

MOCAGE Vertical Levels

(ARgs — NR)/ NR

r
South Border
Domain Latltudes degrees) NO Obs

60

-15 -10 -5
Relative Difference (%)

o(ARgs — NR)

Latitudes (degrees)

28 32 36 40 44 48 52 56 60 64 68 72

0 le-07 2e-07 3e-07 4e-07 5e-07 6e-07 7e-07 8e-07
Oy Mole Fraction (ppv)

40
10
20
30 94 1
40 320 7
50 754.3
1004.4

(edy) =inssaud

(edy) sunssaug



Contribution of IRS Assimilation

(ﬁms —NR )/ NR (ﬁms — NR )/ NR (zo0m)
CROSS SECT|ONS OF OZONE' AVERAGED OVER 28 32 36 40 Ilfttituggs (dSZgre%SG) 60 64 €8 72 28 32 36 40 I;itit“jgs (d5€29r6256) 60 64 68 72
LONGITUDES. 45 538.1
4.4
@ AR stronger than NR of 5-10% between g 72 8 50 7543 3
model level 30 and 20 (i.e. 94 and 27 hPa - £ 011 3 : £
at the ozonosphere), 28° and 36°N. " 3 o =
phere) s 3207 & 2 55 9231 &
g 2
~ 8% at the center of the domain.
(NR>AR) 1004.4 60 1004.4
® Maxima of standard deviation of the -5 -10 -5 0 10 -15 -0 5 0
Relative Difference (%) Relative Difference (%)
differences in stratosphere at the
bottom border. d(ARgs — NR) 6(ARgs — NR) (zoom)
Latitudes (degrees) Latitudes (degrees)
28 32 36 40 44 48 52 56 60 64 68 72 28 32 36 40 44 48 52 56 60 64 68 72
® Lower-most troposphere: P | s38d
@ o E
= 15% (NR > AR) 48-60°N 3 3 % 50 7543 3
~ For CR vs NR vertical variations £ 3 2 §
her 25%. " 2 u =
where up to 25% s 3 P osr 3
o o
s = |
60 S J 1004.4

0 1e-07 2e-07 3e-07 4e-07 5e-07 6e-07 7e-07 8e-07 0 1le-09 2e-09 3e-09 4e-09 5e-09 6e09 7e-09
Oy Mole Fraction (ppv) Oy Mole Fraction (ppv)



Contribution of IRS Assimilation
(ARjrs — NR)/NR (ARjgs — NR )/ NR (zoom)

Latitudes (degrees)
60 No Obs.

CROSS SECT|ONS OF OZONE' AVERAGED OVER 28 32 36 40 Itfttituggs (dSEZQree‘SSG) 60 64 68 72 Sor;::::idﬂ 40 44 48 52 56 72

LONGITUDES. - 538.1
4.4
27.2 0 754.3
94.1 ;
320.7 55 9231 &
1004.4 60 11004.4

T

- 0

. MaXima Of Standard deViation Of the EéIBative_Dli?ferenc_s(%) ° 0 w -1R%IativeDifference?%)
differences in stratosphere at the

® AR stronger than NR of 5-10% between
model level 30 and 20 (i.e. 94 and 27 hPa -
at the ozonosphere), 28° and 36°N.

MOCAGE Vertical Levels
(edy) =inssaud

MOCAGE Vertical Levels
edy) a1nssald

~ 8% at the center of the domain.
(NR > AR)

bottom border. U(AR[RS — NR) G(AR]RS — NR) (2001’1’1)
Latitudes (degrees) Latitudes (degrees)
28 32 36 40 44 48 52 56 60 64 68 72 28 32 36 40 44 48 52 56 60 64 68 72
® Lower-most troposphere: il B
~ap [+) o g = é X
15% (NR > AR) 48-60°N g s 8 50 7543 3
~ For CR vs NR vertical variations £ 5 2 §
> = > =,
where up to 25%. " ) 4 z
< & g 55 9231 W
o (@] -~
o o
= =
60 — j 1004.4
0 le-07 2e-07 3e-07 4e-07 5e-07 6e-07 7e-07 8e-07 0 le-09 2e-09 3e-09 4e-09 5e-09 6e-09 7e-09

Oy Mole Fraction (ppv) Oy Mole Fraction (ppv)



Contribution of IRS Assimilation
(ARjrs — NR)/NR (ARjgs — NR )/ NR (zoom)

Latitudes (degrees)
60 No Obs.
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® AR stronger than NR of 5-10% between
model level 30 and 20 (i.e. 94 and 27 hPa -
at the ozonosphere), 28° and 36°N.

MOCAGE Vertical Levels
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~ 8% at the center of the domain.
(NR > AR)

bottom border. 0(ARgs — NR) o(ARgs — NR) (zoom)
Latitudes (degrees) Latitudes (degrees)
28 32 36 40 44 48 52 56 60 64 68 72 28 32 36 40 44 48 52 56 60 64 68 72
® Lower-most troposphere: P T s38d
- 1o 0 E - E -
15% (NR > AR) 48-60°N 3 = % 50 7543
~ For CR vs NR vertical variations £ s 2 §
S _ > .
where up to 25%. " ) 4 z
g = g s 9231 ©
o o
. . . = =
N Impact of IRS assimilation j
remarkable on the vertical column. 60 — 1004.4
0 le-07 2e-07 3e-07 4e-07 5e-07 6e-07 7e-07 8e-07 0 le-09 2e-09 3e-09 4e-09 5e-09 6e-09 7e-09
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Summary

« Assimilation of IRS radiances into MOCAGE always has a positive impact compared to no
assimilation (i.e. CR).

(CR-NR)/NR | (ARIRS - NR)/ NR

Total Columns -13% 0to-1% |
Tropospheric Columns -20% 3% |
Vertical A Ozonosphere -30% -5to+8% |

Levels | [ower-most tropo. -25% -15% |

for the characterisation of ozone over Europe. Currently under review for the
journal Atmospheric Measurement Techniques
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Chemistry Transport Model: MOCAGE

® Three-dimensional chemistry transport model,
developed at CNRM since 2000.

® |n this work, two geographical configurations using a
nested grids capacity:

~ GLOBI I, global scale with a |°lat x |°lon horizontal
resolution;

~ MACCOI, regional domain [28°N, 26°W and 72°N,
46°E], 0.1°lat x 0.1%lon (~ 10 km at 45°N).

@ 60 vertical hybrid o-pressure levels configuration used for this

worlk:

~ From surface to 0.1 hPa;

GLOB11
(1°x1°)

= Vertical resolution: ~ 40m in lower troposphere, 800 m in lower

stratosphere, 2 km upper stratosphere.

Pressure (hPa)

10°

30 35 40 45 50 55 B0 65 70
Longitude

15

30

45

[9A9T [PPO

MACCO01
(0.1°x 0.1°)




MOCAGE

Different chemical schemes in order to reproduce the
atmospheric chemical composition:

= RACM (Regional Atmospheric Chemistry Mechanism)
[Stockwell et al. (1997)] for troposphere;

+

~ REPROBUS (REactive Processes Ruling the Ozone BUdget
in Stratosphere) [Lefevre et al. (1994)] in stratosphere;

RACMOBUS: | 18 gaseous species, 434 chemical reactions,
primary and secondary inorganic aerosols.

—
o
)

o

Pressure (hPa)

-
o
™

103

30 35 40 45 50 55 60 65 70
Longitude

15

[0A9] [SPON

60°S

GLOB11
(1°x1°)

MACCO1
(0.1°x 0.1°)




Methodology of Assimilation

BACKGROUND OBSERVATIONS

A
N f \

A
x—x,) B} x—x) + I [y - HOI" R [y — H()]

N = )

3D-Var J(x) =

(Adaptatr'on of the\

literature method Emili
et al (2019), €&

The data assimilation method used for this study is the three-dimensional variational Iabarbacune et
method: |

Diagonal terms: 2%
of the ozone
concentration at each

~ The statistically optimal atmospheric state, compromising background model state | 2mospheric level was

attributed to  the
and the observing system, is obtained through minimization of the cost function /. gzﬁigg"d( J“;‘f‘d:;;'
variances (03) v,vhere
then computed and
attributed to the
diagonal.

X = state vector B = covariance matrix of the background errors Correlation terms:

modelled  using a

. . . kdiffusion operator. J
X, = background state vector R = covariance matrix of the observation errors

y = vector of observations H = observation operator



Methodology of Assimilation

BACKGROUND OBSERVATIONS

A A
N f \

(x—xp)" BT (x —x;) + = [y — H®I'|R|! [y — H(®)]

3D-Var J(x) =

N = )

= Desroziers’ Diagnostics [Desroziers et al. (2015)]: R=E {[y —HXy)|ly—H (Xb)]T}
(Obs. — Analysis)  (Obs. - Backg.)

Wavenumber (cm~1)

982.464 1005.985 1029.507 1053.028 1076.549 1099.467 697 1.00
0.475 o
Ojgs

0.450 —— IRS noise 0.75
= . 648 0.50 w
£ 0.425 @ 3
o g o
5 0.25 i
N: 0.400 E §
— T @]

= ¢ 600 0.00
= 0375 s 5
£ g 3
¢ 0350 ‘l O 025 g
| | \ S
2 i L\ = S

8 0325 i - 351 -0.50

0.300 =" 0.75

503 -1.00

503 522 542 562 581 600 620 640 659 678 697 503 551 600 648 697

IRS Channel Number IRS Channel Number



Statistics on the Observations

Average

IRS Channel 552 (1012.016 cm™1)
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Perspectives

ASSIMILATION ASSESSMENT

> Comeparison assimilation IRS vs assimilation IASI.

IMPROVING THE IRS ASSIMILATION PROCESSING IMPACT OF SYNERGY WITH OTHER INSTRUMENTS

» Principal Components (PCs) only will be distributed for IRS: > Sentinel-4 (also on board MTG-S).
= A short study on the assimilation of reconstructed radiances > |ASI, IASI-NG (in polar orbit).
should be carried out. » Surface data (complementary to IRS
» Channel Selection. information).

TOWARDS THE TREATMENT OF OTHER SPECIES

> Assimilation of radiances in the bands sensitive to other chemical species (and aerosols).
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