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Introduction

Positive impact of IASI-NG compared to IASI (1D study, Andrey-Andres et al, 2018)

Channel selection proposed by Vittorioso et al (2021)

- Bands chosen in conjuction with IRS
Next step — assimilation in ARPEGE
to evaluate the impact of IASI-NG

Plan :

What is an OSSE ?

OSSE framework for IASI-NG study
and simulation of the observations

IASI-NG data assimilation

Impact of adding IASI-NG or replacing IASI
with IASI-NG

Conclusions
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What is an Observing System Simulation Experiment (OSSE) ?

An OSSE mimics a real numerical weather prediction system with

simulated data, by providing forecasts with realistic errors, compared to a
known truth.

An OSSE system can be used for two purposes :
— (i) to estimate the impact of a future observing system,

(i) to prepare an assimilation framework with simulated data to
increase the readiness level before the availability of a new dataset.
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What is an Observing System Simulation Experiment (OSSE) ?

Several OSSEs have already been conducted at CNRM before :
= inthe mesoscale model AROME :

for MTG/IRS in 2013 (EUMETSAT Fellowships, S Guedj, and O.
Coopmann et al, 2023),

for a potential Microwave GEOsounder (Duruisseau et al, 2017),

= inthe global model ARPEGE

for the design of a potential constellation of hyperspectral IR and/or
MW sounders (CMIM, CNES project, see Thomas Carrel-Billiard’s
presentation),

for the design of the EPS-Sterna constellation (Rivoire, et al., 2024)
For the evaluation of the IASI-NG
These 3 studies benefited from the same OSSE framework.
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General framework of the OSSE

ARPEGE

Simulation __ Verifications _ __ ____
and /R 00000 H scores :
Nature ' ( ) :
perturbation / \ :
Run - !
Simulated : :
observations : :
h 4
ARPEGE ] Analvsi Forecasts
G:DC-V\Z?;S nalysis (up to 102h)
First Guess
(6h forecast)
|
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General framework of the OSSE

.............................................................................................................................................

Simulation 4 ARPEGE h

‘ e ————-—-——— 1
and |
ARPEGE perturbatio. Nature Run ' i Verifications :
: : | Simulated ! ey |
: Nature Run ; : | observations i |
< | | s : »
ARPEGE ) Forecasts |
Analysis (up to 102h}) :

First Guess
(6h forecast)

Main characteristics of the Nature Run: 1 ‘
S Saummels e R R
O Summer 2021 (July — October, July used for spin up)
O Winter 2021/2022 (November — February, Nov. used
for spin up)
® Operational horizontal and vertical resolution : T1798c2.2,
105 levels
® Operational physics packages (e.g. Tiedtke convection
scheme)
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General framework of the OSSE

Simulation ARPEGE -
ARPEGE

: QT O . U0 O R g 1
¥ -3 | / ]
: perturbatio Nature Run i Verifications :
4D-Val' Simulated | (scores) ;
: | observations ! I
. 4
, Forecasts
Parameters of the model ARPEGE Nature Run ARPEGE 4D-VAR Analysis (up to 102h)
Truncation TL1798 TL798 | First Guess
: (6h forecast)
Resolution over Europe | About 5 km | About 10 km
Resolution over New-Zealand | About 24 km | About 61 km
Physics | Tiedtke convection scheme | Bougeault convection
scheme
Period of study | July to October and November | August to October and
to February (one month of spin- December to February
up)

Ea

REPUBLIQUE O]

FRANGCAISE [y
7 fas FRANCE




IASI-NG data assimilation framework

G Experimental setting : data assimilation experiments with/without the assimilation of
IASI-NG on top of the full observing system used in ARPEGE (conventional and
satellitte data)

B Study period : 4 months (summer and winter)
o IASI-NG data assimilation parameters based in those used for IASI data assimilation
—  Channel selection (~120 channels for the assimilation)
—  Cloud detection adapted from McNally and Watts (2003)
—  Setting the observations errors (for simulation and assimilation).
—  Horizontal thinning : 95 km
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Simulation of IASI-NG observations

Channel 607 (720,75 cm™, stratospheric channel)

Tempdraturs de heillance asing canal 607
2021-08-01.00
min’; 197.4, 'max’: 245.41, 'std": 11 82, 'n'; 15390)
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Channel 9772 (1866,375 cm*, mid troposheric WV channel)

Températune de Bollance asing canal 9272
2021.08-01.00
{'mean’: 251.43. ‘min'; 198 66, ‘max'; 287 42, "std" 15,68, 'n'; 19390}

25 o§

Channel 2445 (95(1)=,5wcr2’a1: very loytropospheric T channel)

2021-08-01400
{'mean’: 261 96, ‘'mn'; 19513, 'max': 309 58. 'std’: 24.58, 'n': 19390)

200

All-sky radiance simulation with RTTOV-
cloud (+ random perturbations added).

Orbit location provided by CNES
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Pressure (hPa)

800 4

1000 4

Selection of IASI-NG channels for data assimilation

101 from CO; band 1 (657 cm™ — 950,750 cm?)

00 02 04 06 08 10
Weight

200 <

400 4 {

800 +
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21 in WV band ( 1507,375 cm™ — 1931,375 cm™)

- All Surfaces
| \ — Open Sea
‘ 1500m
A\ "~ 1000m
ﬁ\_- ’ —— —— 500m
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122 channels selected for data assimilation (129 for IASI)
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Distribution of the cloud flags wrt channel number
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Percentage of cloudy observations for the 122 assimulated IASI-NG channels.

~75 % of IASI-NG channels sensitive to the surface are cloudy, similar to what is obtained

with IASI.

[~3
©

11



Observations Errors

Observation errors for the 122 assimilated IASI-NG channels.
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x  |ASI-NG - Instrumental Errors
Assimilation
Simulated Observations

Perturbations for the simulation correspond to the perturbations applied to
IASI and divided per two.
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Wave Number [cm-1)

Correlation matrix of observation errors

1830,625
1219.625 4
1646.75 1
1544125
950.75
798,875
746.75 4
741,254
7341254 !
731.25 1 |
719,54 .

713,51 -

707.875 1
702,25 1
698.875
696,01
689.75 4
686,51
683,125
679.875
676.75 1
672,51
666.25 1
659.875 4
657.0

&

PPP PP P F PRI PSS

Channel Number

Not enough correlations !

First iteration without correlation (as they
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Impact of adding IASI-NG on the forecast

Reduction (%) of the forecast error with the IASI-NG assimilation

Northern Hemisphere

Lat: (90° / 20°) Difference statistically significant
WITH-WITHOUT
T ; (XP - REF)/REF

min: -4.9387, max: -1.2939

avg: -2.2344, rms: 2.3218 Forecast scores computed :

- over different geopgraphical areas
(Globe NH, SH and Tropics)

- for various parameters : temperature,
humidity wind and geopotential

Pressure (hPa)

| | 1

24 48 72
Forecast range (h)
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Pressure (hPa)

Impact of adding IASI-NG on the forecast

Reduction (%) of the forecast error with the IASI-NG assimilation

Northern Hemisphere
Lat: (90°/20%)

T (XP - REF)REF
mun: -4.9387, max: -1.2939
avg: -2.2344, rms: 2.3218

. . _ —
24 a8 7

FF ; {(XP < REF)/REF
min: -2,.3342, max: -0.4996
avg: «1.4345, rms: 1.4662

I‘ .‘;
HU ; (XP - REFYREF

min: -16.1906, max: -0.5641

avg: 16 88 frms: 373 8

Z ; (XP - REFWVREF
min: -6.5674, max: -0.7345
avg: -2.8329, rms: 2.9744
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Tropics
Lat: (-20°/207)
T (XP - REFWVREF

min: -4 1‘1’7 max: 0.2143
avg: -1.09866, rms: 1.4891
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FF ; (XP - REF)/REF
min: -2. 7358, max; -0.0040
avg: -0.8932, rms: 1,1205

100 |

200

200

€00

700

3 ?a 1

168 T b T
24 4 2 956
HU ; (XP - REF)/REF

min: -16.0603, max: 0.0313
avg: -1.7125, rms: 3.0498

1 L

“4—t —

Z : (XP - REF)/REF
min: -6.3439, max: 2.7417
avg: -0.7303, rms: 1.5357

- v T
24 48 7 %

VT e

i
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Forecast Range [h]

&

min: -12.4497, max- -1

Southem Hemisphere
Lat: (-20"/-80%)

T (XP- REFNVREF
4597

avp: -3 4572 ms: 3 9415

P —
14 48 7
FF ; (XP - REF)/REF
min: -4 1778, max: -1 4086
avg: «2,2290, rms; 22969

ypy .
5 A n7
HU ; (XP - REF)/REF

min: -31.9196, max: .0.9772

avy: -4.0820, rms: 6.7824

}; 48 o T}A

Z : (XP - REF)/REF
min: -9.9819, max: 0.6722
avg: -3,9979, rms: 4.3380

- iR

avy: -2.2721, rms: 3.3956
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200
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10
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400
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Globe

T : (XP - REF)VREF
min: -7.7936, max: -0.6303
avg: -2.3544 rms: 25978

2'4 a3 n

FF ; (XP - REF)/REF
min: -2.9680, max: -0.6824
avg: -1.5019, rms: 15752

- L
24 ] "2

HU ; (XP - REFWVREF
min: -18.9902, max: -0.4B01

24 ' s 7

Z: (XP - REF)REF
min: -7.4976, max- 0.4294
avg: -2.8276, rms: 3.0939
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REF with 1 IASI instrument
EXP=REF+IASI-NG

Positive impacts (T and humidity)
of the assimilation of IASI-NG over
the globe, especially in the
Southern and Northern
hemispheres in the lower
troposphere and at the
tropopause.

Positive impact in the Tropics in
the upper troposphere and above.

More than 2 % of reduction on
average over the globe for T and
Hu.
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Pressure (hPa)

Impact of replacing IASI with IASI-NG on the forecast

Reduction (%) of the forecast error with the IASI-NG assimilation

Northem Hemisphere
Lat: (90° / 20°)
T (XP - REF}/REF

min: -3.4635, max: -0.7660
avg: -1.4691, rms: 1.5547

= —_ —
24 48 n %6

FF ; (XP - REF)WREF
min: -1, 7845, max: -0 3461
avg: -0.8613, rms: 0.8926
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HU ; (XP - REF)/REF
min: -12.7552, max: 0.1926
avg: -1.8585, rms: 2.9240
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24 48 n 6

Z . (XP - REF}/REF
min: -5.8462, max: -0.0889
avg: -1.8344, rms: 2.0164
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Tropics
Lat: (-20°/ 20°)
T (XP - REF)/REF
min: -3.6999, max: 0.1157
avyg: -0.9479, rms: 1.2217
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FF ; {XP - REF)REF
min: -2,335%1, max: 0.24472
oavg: «0.6206, rmas: 0.8470

24 a8 72 s
HU ; (XP - REF)/REF
min: -19.0635, max: 0.2984
avg: -1.6833, rms: 3.7705

s

24 48 2 &6
7 | (XP - REFVREF
min: -5.0703, max: 3.0681
avg: -0.4259, rms: 1.3512
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Forecast Range [h]
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Southern Hemisphere
Lat: (-20°/-90°)

T {XP - REF)MREF
min: -9.4556, max: -1.0880
avg: -2. 9661, rms; 3.3154

4 -;! 3 7!:.
FF; IXP - REF)/REF
min: -3.7424, max: -0.5854
avg: -1, 7585, rms: 1.8407

Fe ) 4 2

HU ; (XP - REF)/REF
min: 40.4438, max: -0.5166

avQ: -4.6550, rms: 9.0560

2, (XP - REFVREF
min: -9.0282, max: 1,.7468
avg: -3.4149, rms: 3,.7380

%00

Globe

T (XP - REFNREF

min: -5.7688, max: -0.6383

avg: -1.8634, rms: 2.0482

2; 48 i n
FF ; (XP - REF)/REF

min: -2.5840, max; -0 5186

avg: -1.0609, rms; 1,1322

24 -0 2
HU ; (XP - REFWVREF

min: -23.0780, max: -0.1476

avg: -2.2261, rms: 4.1689

a0

L
1 o
24 45 2
Z ; (XP - REFVREF
min: -6.3498, max: 1.2087

avg: -2.1158, rms: 2.3966
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REF1 with 2 IASI instrument
EXP=REF+IASI-NG

Positive impact but slightly weaker
over the globe and especially in
the Southern hemisphere.

Positive impact in the tropics in the
upper troposphere and above.

Temperature, relative humidity and
winds (upper troposphere).
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Conclusion

o Ready for the assimilation of IASI-NG radiances in the global model ARPEGE, even if
work still remains for the operational data assimilation.

o Evaluation over a 5-month period
8 Positive impact of the IASI-NG assimilation obtained:

— Inthe high troposphere and in the lower troposphere (both for temperature and
humidity)

— In the upper troposphere for the wind
— Impact on the forecast scores lasts up to 96h

o LIMITATION : Impact is overestimated due to uncorrelated errors used in the
simulation and in the assimilation.
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