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CMIM Constellation ]Cx / ¢

_ _ n-m CNes
Constellation of MIni sounders for Meteorology
Phase 0 at CNES.

Objective — Improving short and medium range Numerical Weather Prediction
(NWP) by 2030 - 2035.

Means — Densifying temperature and water vapor observations in lower
layers of the atmosphere by increasing revisits of Infra-Red (IR) and/or Micro-
Wave (MW) instruments.

Assessing NWP impact — Observing System Simulation Experiments, OSSE
methodology.
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Baseline constellation architecture :

« 8 satellites with sun-synchronous orbits (SSO). 1 instrument per satellite.
« 4 orbital planes (2 sats/plane), altitude : 630km

« Revisit time 3H30 between latitudes 35° to 60° (95% of cases)

3 CMIM reference scenarios :
1. CMIM-IR : 1 IR hyperspectral sounder per satellite

2. CMIM-MW High-Frequency (HF) : SAPHIR-like instrument, 6 channels centered
around 183GHz, sensitive to water vapour (HU)

3. CMIM-MW Low-Frequency (LF) : 8 channels, more sensitive to the surface. 3
temperature channels (54GHz), 1 HU channel (22GHz)
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OSSE = replica of a NWP system, but entirely simulated.
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Figure 1. Description of the framework of the OSSE, with and without the CMIM constellation
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Presentation

CMIM-IR reference scenario :

. 1 IR instrument per sat, 8 total |

 Pixel resolution : between 3
and 8km

Brightness temperature (K)

« Spectral resolution : ~1cm-!

bl '
Vr [W I

Wave number (cm™)

 NeAT CMIM = 3 x NeAT IASI

« 113 assimilated channels
in gla 28 inaBZC)I 280 chan(r?gls Figure 2. Spectrum produced by IASI aboard Metop-C,
! . generated on 12/12/2018. The green frame represents the

for cloud detection. spectral band B1 = [645, 800] cm~! and the blue frame the
spectral band B2 = [1200, 1550] cm~1! of CMIM-IR. Source :
EUMETSAT (2018)
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Scores (146 days, Aug 21 to Feb 22 )

 Blue = reduction of
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Figure 3. Relative difference of standard deviation of the Wind, L

forecast error for a CMIM-IR scenario (XP) compared to the a
reference scenario (REF), in percent.
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Scores (146 days, summer + winter)

WESTERN EUROPE GLOBE « Reduction in the forecast errors
Lon —55°/35° ; Lat 30°/70°
' observed for temperature (T)
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; ( / ; ( / and relative humidity (HU), for
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o 1000- . . . L T . scenario without CMIM (REF), in percent.
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Micro-wave Scenarios
CMIM-MW Low-Frequency (LF) reference

Pl‘esentathn scenario :

« 1 MW LF instrument per satellite, 8 total
« Pixel res : 20km for 50-54GHz

_ _ « All-sky assimilation for obs, super-obbed
« Pixel resolution : 7km

« All-sky assimilation for observations, super-obbed Channel Number Fr?gg‘e;?cy NeAT [K]
Ch | F Bandwidth ' 193 o
anne requency andwi

CMIM-MW High-Frequency (HF) reference scenario :

« 1 MW HF instrument per satellite, 8 total

183.31 +/- 0.2 3 36.7 0.1
2 183.31 +/- 1.1 350 1.2 4 50.3 0.4
3 183.31 +/- 2.7 500 1.0 5 52.8 0.3
4 183.31 +/- 4.2 700 0.9 6 53.6 0.3
5 183.31 +/- 6.6 1200 0.7 7 54.4 0.3
6 183.31 +/- 11 2 000 0.5 8 89 0.1
Table 1. Channel Selection for the CMIM HF Scenario Table 2. Channel Selection for the CMIM LF Scenario
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High-Frequency Scores (146 days)
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Low-Frequency Scores (146 days)
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Energy Norms over the Globe (146 days) m CNES

EE NO CMIM, NO METOP-B [ CMIM-MW HF, NEDT/3, 8 SATS
[ CMIM-IR REF, 8 SATS 1 CMIM-MW BF, NEDT/3, 8 SATS

Moist Energy Norm = integrated 2
forecast score, used for FSOI scores. 4]
Computed from the formula proposed ;.

by Ehrendorfer et al. (1999)

« Negative bar = reduction of 0 . . |
forecast errors £

« Whisker = uncertainty on the mean
at 95% confidence level

Difference (%)

« All 3 CMIM reference scenarios s
improve NWP up to 48H i | | | | . . .
forecasts (96H for IR) on the i ” * Forecast fime (hour) " ”
Globe Figure 7. Relative diff in energy norms of the forecast error

for CMIM reference scenarios. Relative differences
computed using the scenario without CMIM as the ref.
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1. All 3 CMIM reference scenarios show promising results, Temperature (T) and
Relative Humidity (HU) forecast errors reduction, globally.

2. No saturation observed in forecast error reduction when revisit is increased.

3. CMIM-MW Low-Frequency : best configuration to improve HU surface forecast
=> importance of the 22GHz channel.

Many other scenarios were tested :

« Constellation parameter sensitivity : revisit time, bandwidth reduction, NeAT
variation

 Mixed scenarios combining IR and MW instruments (poster!) in the same
constellation

« Impact of a MTG-IRS proxy on CMIM performance
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At the start of the
Non-SSO satellites : AOS-I2, FY-3G (EOL 2033), FY-3I study, no satellite was
announced at the
EOL : End Of Life local time of
T o T o ete g  §5 ascending node for
$ Ty N the following
S "oc)a'é?‘g' instruments : MWHS-
& §¢ & 2 aboard FY-3C,
q : SSMIS aboard DMSP-
F18, AMSU- A and
> MHS aboard NOAA-
R L R Y A A A A Y 19. Therefore, there
observations were not
assimilated in the
study.

S S
S &

LTAN : S

2030 observing system

Green circles indicate
satellites already part
of the 2022
observation system,
expected to still be

Figure 8. 2030-2035 Observing System used to determine the NWP impact of CMIM operating by 2030.

2022 observing system

Non-SSO satellites :
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CMIM Constellation

Surface
Altitude
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite
Satellite

Satellite

Ground stations, boats, buoys, wind profilers, GNSS ground receivers
Radiosonde, aircraft data

Atmospheric Motion Vectors (AMVSs)

Advanced Technology Sounding Unit (ATMS)

Advanced Microwave Sounding Unit (ATMS)

MicroWave Humidity Sounder 2 (MWHS-2) (all-sky DA)

Special Sensor Microwave - Imager/Sounder (SSMIS)

Microwave Humidty Sounder (MHS) (all-sky DA)

Microwave imagers, with emphasis on precipitation, such as GMI, AMSR2 (all-sky DA)
Advanced Himawari Imager (AHI)

Hyperspectral infrared data from IASI

Hyperspectral infrared data from CrIS

Spinning Enhanced Visible Infra-Red Imager (SEVIRI)
Scatterometers winds

GNSS radio occultation data

Meteosat, GOES, Himawari

NOAA-20, SNPP

NOAA-15, NOAA-18, Metop-B, Metop-C

FY-3D

DMSP-F17

Metop-B, Metop-C (proxy for Metop-SG A and B)
Respectively aboard GPM, GCOM-W
Himawari-8

Metop-B, Metop-C (proxy for Metop-SG A and B)
NOAA-20

Meteosat-8, Meteosat-11 (MSG proxy for FCl on MTG-I)

Metop-B, Metop-C (proxy for Metop-SG A and B)

Table 3. Summary of complete 2030-2035 Observing System used to determine the NWP impact of CMIM
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Model Parameter OSSE Framework for NWP
Geometry TL1798 (ARPEGE) TL798 (ARPEGE)
Horizontal Resolution Europe Approx. 5km Approx. 10km
Horizontal Resolution New- Approx. 24km Approx. 61km
Zealand
Convective Scheme Tiedtke Bougeault
Observations No injected observations
Data Assimilation No DA Atmospheric and surface DA
Date Range From July to August and from From August to October
November to February (with 1 (summer) and from December to
month spin-up), between 2021 February (winter)
and 2022

Table 4. Comparison of model parameters between the Nature Run and the DA assimilation system used for
the OSSE framework
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ALTAN: Average Local Time at Ascending Node
P> Ascending Node P> Descending Node

Baseline constellation architecture : 07H50 04H25

« 8 satellites with sun-synchronous
orbits (SSO0O)

4 orbital planes (2 sats/plane), alt.
630km

Revisit time 3H30 between latitudes
35° to 60° (95% of cases)

To complete Metop series and JPSS
1 instrument per satellite, IR or MW

11H15 01HOO

ALTAN 1st plane: 23H15

13HO0 54

18H UTC Time
16H25 19H50

Figure 9. Equatorial cross-sectional plane of the nodes
for the reference CMIM constellation : 8 satellites, 4
orbital planes, with a revisit time lower than 3H30 for
95% of cases between 35 and 60 degrees of latitude.
Source : CNES (2023)
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Instrumental Noise m  CNES

"| o Mapped simulation Errors in B1 ® o O ® Figure 10. Comparaison of
Mapped Simulation Errors in B2 i 1 i
6 <& Mapped Assimilation Errors in B1 InStrumentaI nolse app“ed
¢ Mapped Assimilation Errors in B2 tO the CMIM'IR reference
scenario, mapped from the
> instrumental noise applied
- to IASI in Kelvin
o
S|
* K
X oo 4
-
-
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1- @
@
M .
° 100 200 300 400 500

Channel Number
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CMIM-MW High-Frequency

Complete Score Results — 146 days

Western Eurcpe

Lon (-557/35%) - Lat: (30"/70°)

T (XP - REFIMEF
mir -1.7203, max: 0.5220
avg: 0.5045, ms: 0.6496

Northern Hemisphere
Lat: (907 /20°)

T . (XP . REEVREF
min: -1.0467, max: 0.0045
avg: -0.3511. rma: 0.4381

Tropics
Lat: {-20" /207
T . IXP - REFIREF

min: -1.5951, max: 0.0312
v -0 ABB4, rms: 0 5919

Scuthem Hemisphere
Lat: {(-20°7-90")
T . (XP . REFNREF

min. -2.7073, max: .0.1287
svg -0.9933, rms: 11770

Globe

T (XP - REFNREF
mén: -1.6800, max: -0.0488
avy: -0 61011. mn:VO 204

5 zones

N e

- ',E&,__ 8 , . 8 ¥ Figure 11. Relative
3 1~ P 2 T..t_ 2 g 3 2 .
J SHEEEE t e B (1! - . ¥ difference of
o A - oci s #-— 1o 2 standard deviati
. a8 n pa 7 b ﬂ e ! ‘: lgg =~<»—I—< o :—: _: - ugg XI, ’ 4 2 3 S an ar eVIa Ion
2 J 4 4 n “ 8 ” 24 & n
FF | (XP . REFNREF ;F;(IF-REF,\'REF FF,IXP“’REFIMEF > FF ; (XP - REFNREF FF | {XP . REF)REF = Of the fo reca St error
min: -1.6855, max. 0.3218 min- -1.2587, max: 0.0837 min; -1.7328, max: 0.0052 min: -2.5935, max: -0.1571 men: -1.8383, max: -0.042%
avg 0.4381, rms: D.6162 wvg: -0.3700, rma: 04792 avy: -0,3828, rms: 0.5151 avy: -0,8560, rms- 1.0015 avg: -0.5304, rms: 0 6487
SEE ¢ SEEe. ) N ) SEEEE: iR 5 for the CMIM-MW
:Ew B ) ; prs .‘___ i:‘ w0 {7 :; i 0 00 4 ; a H' h F
0 ) Y. = se8) 1, =y Bl = 00 . § [e] requency
o0 ~1 00 - -1 spams 1+ -3 )E-: . o 1T TTT :‘ - .
B o : B ¥ B EE pEEEE T o7 scenario (XP)

Pl 8 2] »

HU ; [XP - REFIMEF
min: 6.085%2, max. 0.5246
avg -0.9471, rms: 1 6@5})

n 4 n
MU ; {XP - REFVREF
min: 49,3027, max: 0.0551
vy -1.2932, rms: 2.6233

24 &8 n” L
HU ; (XP - REF)/REF
min: 13,2087, max: 0.3553
vy -1, 4096, rms: 3.1425

MU | (XP - REFVREF
min. -27.9219, max: 0.1860
_Avy: -3.2835, rms: 6.9064

4 & n %

HU ; [XP - REF|/REF
min: -15.3108, max: -0.1259
avg: -1 7950, rme: 3.7334

compared to the

scenario without

Szdus

)
1 3 {Kg P ——r—— s 2
a B 2 ] - 2 Jrrre £ %0 2 3 .
s SREEY |1 NSSRRRRE 1 | e CMIM (REF), in
Mo % no s -1 e o T — -1 %o TE§ - 00 HE - 2
Bl S OBRREN ggﬁﬂ Sk V- BEEEEEE 00 S percent.

2 4 n o 24 @ n % 2 4 7 ™

Z ; IXP - REFI\MEF
min: -1.9696, max: 0 36817

s

e L] n £ ) «

Z, [XP . REF)REF
min: -2.8865, max: 00065

2 *%

2. (XP . REFNREF
mén; -1.8406, max: -0.0374

Z . {XP . REFVREF
min: 13270 max: -0.1170

Z , (XP . REFVREF
min: -1.351%, max: 0.8302

i

e
_— n
i

avg: 05745, s 0.7691 wvg--0.43121, 1ns: 4704 -wu -0.3017, rms: 0.4957 avg -1,0496, rms: 1 1883 g -0.6471, rms: 07251 o
— o ) ¥ 2 Sade o s = — — oeT— — ]

% : : - A & : x i 3 g > §§ "’ £ ; g
Wi 2 h N 2 1 . 2 E -2 3 3 - 2

0 b . w0 | — 1 e 1 400 : 1 §

%00 A . 500 =00 %00 4

000 o A 0% g0 0 o ® wo : by o B

00 -1 ' -1 300 " -1 a0 -1 o e - T
5 -2 1 -2 -2 -2 -1

4 : 3 111 1 8

18 - . =3y : y a _|®?, mE -2 .3 11 : g =

#* w onow B 2 “ 7 - “ 24 = n 0 E)

Forecast Range [h]

CS-07/CS-15

6th IASI Conference — Nancy 2024 Evaluating the impact of the CMIM satellite constellation on

NWP using an OSSE framework



CMIM-MW Low-Frequency P

Complete Score Results - 146 days - 5 zones St CNES

Woestern Europe Northern Hemisphere Tropics Scuthem Hemisphere Globe
Lon : (-557/35%) - Lat: (30°/70°) Lat : (90° /20°) Lat: {-20"/20") Lat: {-20°/-90")
T {XP - REFIREF T, (XP - REFVREF T, IXP . REFIMEF T, (XP . REFVREF T (XP - REFNREF
mir -2.5219, max: 08471 min: -1,.1749, max: 0.5175 min: -2.2662, max: 1.1956 min. -1.8110, max: 0.2283 min: -1.B251, max: 0.4797
avg: -0.2618, rms: 0.7006 avy -0.1089, rma- 0.396] avg; O 17]3 rms: 06640 g 4116, rms 0.6017 vy -0.2261, rms: G.5045 = =
: = ¢ Figure 12. Relative
2
1 : -
i difference of
) -1 . EEERD o } v 5 H 1
_ YR PSS i J: 2 standard deviation
2 a“n n " 24 = n "
FF |, (XP - REFNREF FF ; (XP - REFVREF FF ; [XP - REFJ/REF ¥, (XP - REFNREF FF ; IXP - REF)/REF Of the fo reca St error
min: -1.6514, max: 0.9746 min- -1.1512, max: 0.4878 min; -2.266%, max: 1.2121 min: -2.0121, max: €.1210 min: -2.6116, max: 0.8132
avg O 15#7 ms ‘9 _6494 wvg: -0 1656, rma: 0_4917 avy: -0.0948, rms: 0 5836 vy (15726 rms: 0.7570 vy -0.2360, rms: 0.5338
!iggr‘r' =+ g 5%144-.-.-4-%-"—-#' ) gg-uuimﬁm T T R F for the CMIM'MW
“ - T ew b o SR
0
%00 & 00 Sl i Ly i LOW
bo A 0 2 =3 0
iy 00 600 " $00 $4—4 T— " s e i
o 1 no am =1 oo TTI 1T a : 11 Ty =
g Bl -2 IEREE ol ) re Uenc Scena rlo
-3 g e -3 — " ' I ol -3 3_
g 1 3 T - v 2 ¥ SEEEOEEEEE iR
2 L n % 24 4 n % 24 & n - 2 = n % X P
¥ HU ; [XP - REF)MEF MU ; {XP - REFVREF HU ; (XP - REF|MHEF MU | (XP - REFVREF HU ; (XF - REF|MEF CO I I l pa re O
i min: -4.7907, max. 2.5630 min. 4.0736, max: 2.0304 min: -7.7359, max: 1.2622 min; «4.7070, max: 0.8168 min: 55847, max: 1.3966
avg -0,3078, rrec 1 2912 avg: -0.244), rms: 09660 wvy: 06167, rms: 15713 avg: 0.6162, rms: 1 2076 "y -0 4537, rms: 1,2440 o = L]
b e -— i = T I B R | VR S - - S— 1 — = o e g o
. W ) ﬁg LI 10 S 3 g_ gy R ]
2 $ H [ RN | 2 : -+ Ty 2 : 11 i 2 g .
. : . . # CMIM (REF), in
= W00 4o w0 8 - wo
00 L e ELTT . 60 jm § g 4
-1 %0 ol 2 -1 ) i | -1 N0 - - =
-2 HES -2 RS ' -2 B 11 -2
& Ht =i : .- ¢ percent.
-3 ’ -3 o0 B -3 N 1 -1
100 ¥ - '9:3
24 4 n 26 ] 7 - 24 ai n 2 « n ¥ ~—
Z : |XP - REFI|MEF Z , {XP - REFVREF Z , (XP - REFVREF Z , [XP . REF)REF 2 (XP . REFYREF
min: -4.1227, max: 2 4306 min. +2.2342, max. 2.9362 min; -4,5927. max: 4.3524 min Z S961, max: 0.6838 min; 3. 6575, max: 1.5054
g 0,2002, ros: 1.0311 vy 0 ?707 ms: 08423 v (l 2598, 'r'f"‘\_‘}_}'if‘i’_“ R avu_-_ﬂ»-‘_??} s 0 7006 __avg: -0 DOb64 ms: 08193 ")
| 3 gﬁ A 3 % e g
2 d 4 tt t L &
1 o0 SR =
500 y 44 00
° g0 e O 6w g
=1 100 A ~ -1 M0 I
-2 2 -2
I-) i > B g
1 A i U— 1 - _ - _ _ __ we— Py
2 ] i - il s n =5

Forecast Range [h]

6th IASI Conference — Nancy 2024 Evaluating the impact of the CMIM satellite constellation on NWP using an OSSE framework




Pressure [hPa)

CMIM-IR - Revisit 2H - 18 sats

Complete Score Results — 146 days — 5 zones

Western Eurcpe
Lon  (-557/35%)-Lat: (30"/70%)
T IXP - REF\REF

min: <1 0623, max: 0.3269
avg: -D.362E, rms: 0.4560

158 j — 08

x

kil ne

a0 0y

200 oo

0

00 -03

00

-29

FF ; [XP - REFIREF
min: -1.0645, max: 0.2102
avq. -D 4320, rms: 0.4972

4% - n

HU | (XP - REF|MEF
min: -2.0619, max: 1.3055
avg: -D.ATT0, 1ms: 0,6599

09
06
ol
uo
03
-0
09
Z: (XP - REFWREF
mun; -1.5057, max: 0,.8169
g -D6EE4AL, tms: 0.773)
‘A. 0o
A0 o
:";’ {loo
100 -8
0 o8
A

6th IASI Conference — Nancy 2024

Northern Hemisphere
Lat: (90°/20°)

T . IXP - REFI/REF
men: -0.9185, max: 0.2094
ovg: -0 2406, rms: 0 3086

(A 4

FF ; {XP - REFVREF
men: -0.5579, max: 0.2614
avg: -0.2095, rms: 0.2574

HU ; |XP - REFREF
mén: 2. 7830, max: 3.1128
avg: -0. 1660, rms: 00051

hE] Ll n E

Z : [XP « REF)/REF
men: -1.1645, max: 0.6862
avg: -0.3404, rms: 04582

L)
oo
ns

1
no

-0
-0
-09

-0

-0.9

0y
06
o3
oo
-0.3
0.0
0%

-a.32
-06

Tropics
Lat: {-20" 1 20")

T (XP - REFVREF
min. -1.1765, max: 0.2647
avy -0.3243, rms: 0.4562

min: -0.9996, max: 0.14%8
wvg: -0 2700, rms: 0.3657

FF . [XP - REFI/REF

2 a8 n "'.—
HU ; (XP . REFVREF
min 42286, max: 0.4588
ovg: -0.3257. rms: 0.6658

Z, (XP - REFVYREF
min: -2.4143, max: 0.3512
avg: -0.6201, rens; 0.7711

Forecast Range [h]

-06

-08

Evaluating the impact of the CMIM

Southem Hemisphere
Lat: {-20°/-90")
T, IXP - REF|/REF
min: -2.3472, max: 0.9467
ovg: 0,.6209, rms: 0 7539
(S

24 &% n -
FF ; IXP - REF)/REF
mun; -0.9298, max: 0.2066
avg: -0.5483, rms: 0.5781

HU | [XP - REF|MEF
men. -7.9174, max: -0.0593

Z ,(XP . REFNREF
min: -2.0023, max: 5.4933%
nvy; -0,7596, rms: 11095

a9
o
alx
foo
- -0
-4

-0

Globe

T, (XP . REFNREF
min: -1.4543, max: 0.3430
avg 04115, rms: 0.4725

-‘."‘ o= i'é 20 "

FF , (XP - REFYREF
min: <0.7917, max. 0.0041
avy: -0,3501, rms: 0.378)

HU | (XP - REFVREF
min: -4.6417, max: 1L.7757
avy: 0, 3457, rms: (8000

11T M
RF HEEEETE

RREIUHN
oM @ n

Z, {XP . REF)/REF
min: <1.5814, max: 1.043%
vy 06231, s 07055
=

-03
-0%
-0%

(W] aungesduws|

[sw] paads pupg

[96] Avpiwinyy sagersy

[w) wBeH Eausiedess

¢ _o S
N L

Figure 13. Relative
difference of
standard deviation
of the forecast error
for the CMIM-IR 2H
revisit scenario (XP)
compared to the
reference CMIM-IR
scenario with 3H30
revisit (REF), in
percent.

No obs saturation

CS-09/CS-15




CMIM-IR - NEDT 1 X IASI » ¢

Complete Score Results - 146 days - 5 zones i CNES

Western Eurcpe Northern Hemisphere Tropics Southem Hemisphere Globe
Lon  (-557/35%) - Lat: (30°/70°) Lat: (90°/20°) Lat: {-20"/ 20") Lat : {-20°/-90")
T: (XP - REFVREF T ; IXP - REF|/REF T ; (XP . REFVREF T, IXP . REFIREF T, (XP . REFNREF
min; -0.9767, max: 0.6022 min: -0.7829, max: -0.0086 min. -1.2500, max: 0.1592 men; -1.5283, max: -0.0103 min. -1.2200, max: -0.0081
avg: -0.2148, rms: 0.4128 vy -0 3160, rms: 0 3614 avy: -0,3255, rms: 0.4372 ovy: 06011, rms: 06469 avg 04284, rmw 04792 L] L]
- Lo od
> o o g s »  Figure 14. Relative
a0 308 A a6 398 oo 38 o6 3 .
| o =¥ difference of
500 v H 500 200
J s S Fao oo LTI LU}
PP -0 : y o] 01 a0 -0 o -0 £ . .
| "y + % standard deviation
: ul B2 . 14 8 <o ‘%g 03 l%ﬁ 03 B
P} “ L - 24 s n % 4 “ n - M & n w
FF | [XP - REFIREF FF | {XP - REFVREF FF | [XP - REFI/REF FF ; (XP « REF)/REF ¥F  (XP - REFYREF O e O reca S e rro r
min: -1.1131, max: 0.6063 men: -0.7133, max: 0.0377 min: -0.9216, max: 0.1775 men: -0.9496, max: -0.2134 min: -0.8480, max: -0.028%
avg: -D.2220, rms: 0.3314 avg: -0.2208, rms: 0.26404 avg -0.2332. rms: 0,.3344 vy 0.5510, rms: 0 5667 avg: -0,3265, rms: 0.3604
4 . Sl o B B i S . g for the CMIM-IR 1 x
i e e N ' }j% 0n « on o
0 ‘ o oy w00 ax %4 CET e O 1
= s = 3 scenario
0 e a0 g0 80 oo 9w "
g ™0 > -3 m 031 0 -a3 100 -03
” =1 -0.0 -06  Bp UL - 08 =
2 & " W B - gt = (XP) compared to
20 . : T 104 . p— © 1008 B o @
3 24 w n 1] ] n - 2 1 n - 24 8 n “ 24 el 7 »
§ HU | (XP - REF|MEF HU ; |XP - REFVREF HU ; (XP - REFVREF HU | [XP - REF |/REF HU ; (XP - REFVREF e re e re n Ce =
& min: .1.203%5, max: 1.0837 mén: -1.713%, max: 0.3671 min 1.4011, max: 0.2702 min: -0.9861, max. 1.0213 min: -1.7456, max: 0.3931
vy -00583, tme: 04366 avg: -0,.2411, rms: 0 4566 avg: -0.2250, rms: 0 3875 avg: 0.2817, rms: D.4523 avy: 0. 2804, rims: 0 4386 o = =
g | o o - § IR scenario with 3 x
< % LR . 3 by =
o 06 ;: = 06 48 o6 0s Qg - + o6 e
A0 -03 4 ; e o3 00 EEE o3 [E] 0o ¥ | ] e O H
=00 =S 0 3§ Tt 30 . I 00 % daanm 1 - I n
00 \ 0 1 B0 o0 o L . i 0 € Vi
00 o3 0 > -0.3 oo 03 -03 1m0 INEEEE 03 3
% 8 gg: e Bl B gg Y 0t 553 mER + o B pe rce nt
I e o . 0% Y . ]
300 , ] s 1w o — S . O R T— — . o 0% 4 s ou o2 o s e 108 i e . 20 B4 =2
24 aE n % 24 ] n B 24 & 2 *% R - n £ =
Z: (XP - REFWREF Z ; [XP « REF|/REF Z, {XP « REFVYREF 2, (XP . REFVREF Z, {XP . REF/REF
mun; -1 5204, max: 1, 1989 min: -1.5380, max. .0.0009 min: -2.6232, max: 0.5323 men; -7.3291, max: -0.0530 min: -3.4519, max: -0.1774
wg: -D. 1862, rms; 0.6400 avy: -0.4197, rms: 0,.5293 avyg: -0.3821 rms: 0.6006 av: -1,1755, rms: 1 4846 wvg: -0.7067, rvs: .8447 (")
‘ijg 03 | 0e €2 p— o9 éi% 04 2‘% s g
Qa, 04 0e ! o6 . 0n o SUN = §
o fle: o - o ~ % Importance of
:": | oo 4 0o oo ’:)." 0o ':’f]' 00 B
00 -3 a3 -0 -03  mo -03 T u
: W | | Bt o 3 |0w -noise
ggg ' 29 s 9 -9 03 ,?g 0% l%ﬁ 0% =
t A n o m 1 @ n + a A m 2 « s P P T instrument

Forecast Range [h]

6th IASI Conference - Nancy 2024 Evaluating the impact of the CMIM satellite constellation on NWP using an OSSE framework CS-10/Cs-15



Pressure [hPa)

CMIM IR + MW HF

Complete Score Results — 146 days

Western Eurcpe

Lon (-557/35%) - Lat: (30"/70°)

BWITEF =

T; {XP - REFIREF
mir: -1.3511, max: 0.6655
avg: 0.4155, rms: 0.5408

_avg -1.3837, rme: 20138

Bl 1 A
2
- 1
i Fe
-1
T x
Wt 3
2 a8 n "
FF | (XP . REFNREF
min: -1.5003, max. 0.5036
avg: 0.2301, rms: 0.4917
- T ~atm
5?5 AT LR i1 ) 3
5 t! - )
400 1
00 I’A
600 -
o A ~1
I e
L -3
2 a8 7] %

HU ; [XP - REF\MEF
min: 64738 max. 0.4433

2
1
-1
-2
P -3
' 48 -‘Y} %
Z ; IXP - REFIMEF
min: -1.8110, max: 0.2538
avg: 04066, s 0.5949
- = s
2
b
1
LFO
-1
-3

6th IASI Conference — Nancy 2024

Northern Hemisphere

Lat: (907 /20°)

T, (XP - REFVREF
min: 09664 max: -0.1302
avyg 04913 rma: 05148
cRbrrery

Tropics
Lat: {-20" /207
T . IXP - REFIMEF
min: -1.7156, max: 0.0053
avg: -0,5680, rms: 0 7050
I LI TT

UL 7

FF | IXP « REF}REF
min: -1.1953, max: min; -1.5962, max: 0.0603

"y 04528 ms:

28 ] n L

g% T o )
T

o -" o~ 2
A0 -‘: 1 7.
P - [° 0 T H

11T R ol -1 oo ++11t
%H g TR 3 gg ";rfﬁm Al
1068 L_Trb (e A Ty juEm

M 45 n 24 &8 7 L

MU ; {XP - REFVREF
min: -7.3226, max: 0.0197
_avg 12936, ims: 21994

HU ; (XP - REF|/HEF
min: -10.0870, max: 0.0472
wvy: -1.2232, rms; 2 4677

EE

2 s n

Z ;. {XP - REF VREF
min: -1.6132, max: -0.2938
0.7 611

Z | (XP . REFVREF
min; <3.1345, max: 0,2452
avy: -0.6553, rms: 0.9065

24 48 L %

Forecast Range [h]

Evaluating the impact of the CMIM satellite constellation on

28 “ n *%

Szdus

g

BE

Scuthem Hemisphere

Lat: {-20°/-90")

T (XP . REFVREF

min. -2.6963, max: -0.3371

oy -1, 3668, rms: 1 4296

M o n

FF : (P - REFNREF

min: -2.2961, max: -0.5380

vy -1 )50§.va)~ 1 2‘17375

MU | (XP . REFVREF

min. -21.785%6, max: 0.4031
vy -2,9879, rms- 5.6638

e

Z | [XP « REF)REF
min: -4.0455, max: 0.5680

__avg -1.8611, s 1 9727

O oW

Globe

T (XP - REFNREF
mén: -1.9556, max: -0.1925

avy: -0.8104, rns: 08748

24 & n

FF | {XP . REF)REF
min: -1.6726, max: -0.3331
vy -0.6913. rms: 07554

T

1111
EREEE

4 & n

HU ; [XP - REF|/REF
mun: -11.4280, max; -0.0542

_ vy -1.6008, rms: 2.9213

ﬁﬁ 3
w = 1
500

0 11 g o
L) 11 -t
B ’ :

-y -1

1 ) - - '

) & n
2 . (XP . REFNREF
mén; -2.7382, max: 0.2271
avg: 11983, s 33664

NWP using an OSSE framework

o v w

[w) wBeH [Enusicdoss

-t
-1
-1

5 zones

[y sumesdws|

[swi] paads pup

[96] Avpiwinyy sagersy

N &

Figure 15. Relative
difference of
standard deviation
of the forecast error
for the CMIM IR +
MW HF scenario
(XP) with 4 IR instru
and 4 MW instru, 1
instru per sat.
Compared to the
scenario without
CMIM (REF), in
percent.

CS-11/CS-15



Pressure [hPa)

6th IASI Conference — Nancy 2024

CMIM IR + MW LF

Complete Score Results — 146 days — 5 zones

Western Eurcpe
Lon  (-857/35%)-Lat: (30"/70%)

T, {XP - REFIREF
miry -2.2343, max: 0.3701
avg: -0.5064, ms: 0.7062

g’g |
. - - 2
400 - 1
s0o |
600 5
00 -1
% >
3
FF ; (XP - REF¥REF
min: -1.25%38, max. 0.7234
avg: 0.3020, rms: 0.499¢
’ 3
4l i
1
-2
-3
7] £
HU ; [XP - REF)IMEF
min: -4.2304, max. 3.0760
_avg: 06588, rims- 14715
2
1

BE|ITES =

2 ” Rt
Z: [XP - REFIREF

min: -3.8467, max: 1 3802
avg 04198, rms- 08862

Northern Hemisphere
Lat ' (90° [20%)

T, (XP . REFVREF
min: -1.7435, max: 0.2515%
avy -0.3443, rma- 0.5028

FF | (XP - REFVREF
min. 0.9857, max: 0.2780
"y O 20!13 ma: 0 4002

24 45 n

MU ; {XP - REFVREF
min. 4.2983, max: 6.0439
v -0.2994, rms: 16519

3
2

M s n
Z , {XP - REFVREF
min: -3.0191, max: 1.5599
_avg:-0,1034, rms: 0.6263

o o

-1
=2
-3

o N e

-1
-3
-3

R I

Tropics
Lat: {-20" /207
T . IXP . REFIREF

min: -2.9716, max: 0.4270
avg: -0.3962, rms: 0 7126

28 ] n L

FF | IXP . REF}REF
min; -1.BZ58, max: 0.4688
avy: ?605 ms: 04590

= LR} l L1
E -
w0015 A1
500
00
yoo L. 2t
55 e I'i_z. T
A .
24 ) n” P

HU ; (XP - REF|/REF

min: -5.677%, max: 1.2008
vy 0,6155, rms: 1 3038
> {5 1 B e e e

24 48 L %

Z | (XP . REFVREF
min: -4.544%, max: 1.0212
avg: 6140, rms: ) 2538
TR T Ui

v - nar - G

2 i rd *%

Forecast Range [h]

Scuthem Hemisphere
Lat: {-20°7-90")

T . (XP . REFVREF
min 35789 max: -0.0767
uvq Q.6509, rms: 1.0532

M as n

FF . (XP - REFNREF
min: -1.8980, max: -0.1331
avy: -0.8148, rms: 0.9207

b e n

MU | (XP . REFVREF
min; -4.9170, max: 0.0262
i -1, 1968, rms- 1 5566

Szdus

a2
o
L

BE

Z | [XP - REF)REF
min 45!05 max: 09045
v l H'l? , s 14')7?

Evaluating the impact of the CMIM satellite constellation

Globe

T . (XP . REFNREF
min: -3.0918, max: 0.1068

vy

-0.5355, rms: 0,7366

| 8

rinreTte

-+
B - -

-
L

4

n

FF ; {XP - REF)/REF
min: -1.3919, max: 0.2486
avg: -0 4454, rms: 0 5538

ok H |

EEESEE

44

NWP using an OSSE framework

4 & n
HU ; [XF - REF|/REF
min: -4 3848, max: 31279
avg: -0.5847, rms: 1.3508
gﬁ T
400 TR
200 11
620
o
g !
1 . ‘I. f
4 & n”
2, (XP . REF¥REF
min; 26821, max: 0.5946
g M)ss ms: 09698
- e
l;ﬁ P __
Ed

o v w

[w) wBeH [Enusicdoss

-t
-1
-1

[y sumesmdws|

[sw] paads pup

[96] Avpiwinyy sagersy

N &

Figure 16. Relative
difference of
standard deviation
of the forecast error
for the CMIM IR +
MW LF scenario
(XP) with 4 IR instru
and 4 MW instru, 1
instru per sat.
Compared to the
scenario without
CMIM (REF), in
percent.
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Figure 17. Relative differences in energy norms of the

- forecast error for the CMIM IR and MW reference

N W P I I I l pa Ct CO I I I p a rl SO n S scenarios at different forecast times. Norms are
averaged over 146 days, between 08/14/2021 and
02/27/2022, and over the Western Europe region

E n e rgy N O rm S O n We Ste rn E u ro pe (EURATL). Relative differences are computed using the
scenario without CMIM as a reference. The error bars
correspond to uncertainty on the mean at the 95%
confidence level.

I NO CMIM, NO METOP-B = CMIM-MW HF, NEDT/3, 8 SATS
I CMIM-IR REF, 8 SATS [ CMIM-MW BF, NEDT/3, 8 SATS

« All 3 CMIM reference scenarios 4
improve NWP up to 24H forecasts

on Western Europe. g

- On Western Europe, Micro-wave °
scenarios perform better than the IR S FlW I
one, coherent with results from x i |
scores. £

« For this metric and on Western 2
Europe, CMIM-MW Low-Frequency N L

improves NWP the most.
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NWP Impact Comparisons
Energy Norms on Western Europe

Relative Differences in ] by Forecast Time
Reference: REFERENCE NO CMIM - EURATL - 146 days

C—1 NO CMIM, NO METOP-B 1 CMIM-IR, REDUCED BW 1 IR + MW HF NEDT/3, 4+4 . . . .
1 CMIM-MW HF, NEDT/3, REF =1 CMIM-IR, 20x20KM SAMPLING I3 IR + MW BF NEDT/3, 4+4 Fi g ure 1 8 . Re | ative d |ffe Fences in
51 EEN CMIM-MW BF, NEDT/3, REF Il CMIM-IR, REVISIT 2H, 18 SATS  HEE IR + MW HF NEDT/3, 8+8
EEN CMIM-IR REF, 8 SATS EEN CMIM-IR, NEDT 1 x IASI BN R + MW BF NEDT/3, 8+8 energy norms Of the fo recast

error for the several CMIM
scenarios at different forecast
times. Norms are averaged over
146 days, between 08/14/2021
and 02/27/2022, and over the
Western Europe region
(EURATL). Relative differences
are computed using the scenario
without CMIM as a reference.
The error bars correspond to

~41 uncertainty on the mean at the
s 95% confidence level.
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NWP Impact Comparisons
Energy Norms over the Globe

Relative Differences in ] by Forecast Time
Reference: REFERENCE NO CMIM - GLOBE - 146 days
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EEE CMIM-IR REF, 8 SATS EEm CMIM-IR, NEDT 1 x IASI EEE IR + MW BF NEDT/3, 8+8 energy norms Of the fO Feca St
* error for the several CMIM
3 scenarios at different forecast

times. Norms are averaged over
146 days, between 08/14/2021
and 02/27/2022, and over the
Globe (GLOBE). Relative
differences are computed using
the scenario without CMIM as a
reference. The error bars
correspond to uncertainty on the
~41 mean at the 95% confidence

s level.
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