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% General information on Météo-France / CNRM research activities
% Research on persistent contrails mitigation

* Research on aeronautical turbulence

% Research on icing hazard

% Other research works of interest concerning aviation
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General information on Météo-France / CNRM research activities
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CNRM

Research

- Study of the atmosphere, climate

-  Observations: new instruments and
observation products, campaigns,
Assimilation

- Modelisation: atmosphere, interfaces
(ex. surface)

- Intensive numerical computing

@

Transfer to operations

rancaise  WEACE  General information on Météo-France / CNRM research activities

Météo-France

Operations
- Observation systems

Satellite center

A

Operational facilities,
feedback

Collaborative framework

SAFIRE

& CERFACS

ACC=RD

Operational models
End-users services and products

v
1

EUMETSAT
€ ECMWF

and many others ...




Ex
REPUBLIQUE
FRANCAISE
Liberté

Egalité

Fratermité

Observations

GTS

y Reperting thru satellite Models
communications Direct Use
Programme Mangement
2 *k

B

lraine, .nuages % e /ﬁ Alrcraft o Ground Metearological
kA b | J Py 3 irect Alrcraft 1o Ground reparting lateorological
wimuliformes > . Servicss

i.‘ b Airline / Other
processing
Center

Airine | Other
authorized
’ users
% Onboard sensors, Data Processing &
Communications
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: Turbulence scale Model
MOdeImq Limited Area Models

(Large Eddy Simulation LES)
Global Circulation Models

C. Lac et al.: Overview of the Meso-NH model 1955

Miveaux

verticaux Maille

- Figure 16, Snapshot of a Meso-NH simulation of Hector the Convector taken from the | min clowd envelope animation available a1 hitps:
Hyout be/sjPumywGaAU (last access: 22 May 018).

AROME \ MESO-NH
CNRM / Obs MIP
WP . m i i COR L S0 B

LR
ARPEGE \ N Climate
CNRM-AROME
NWP Climate
CNRM-CM6-1

ARP-GEM

MOCAGE (atmospheric chemistry)
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Increase of resolution / computation power

AROME 2,5 km
Wl 7" ARPEGE 15 km < 90 km
gt T ! ABPEGE-EPS 11 members 23 km
at i | MOCAGE
o s = 1 i v B A (MESQ:NH)
e [ T ntuiogn = 10 ophuaten 1 I!F'M-H\nlﬂ'
B s = 1SBA - MODCOU
4l ARPEGE 30 km < 200 km
Tpleg :-
1’1 L I L Fo] - EL] n e AN xn PERIDOT 35 km
EMERAUDE 150 km

S ™

L0
o N
1wl 0
4 o 51 s
T e
Mk

(0

e General information on Météo-France / CNRM research

activities

e

Ml O
LI
L ptatops a \B L
]T—
AR EGE? ;Eﬁﬁ SEEk
AROME 1.3 km
ARPEGE 105 km < 60 km
U S

oy E e D e ARPEGE 5km < 24 km,
nRE EEPSS k 5 members,
107 it mmmng i 3km ,:_. bers

ARD tyl I B — 16 members

ARPEGE-EF'S 15 km < 90 km 35 members

Cumul mensuel du nornn!! drobservations

e
s

New observations to asimilate

-off long ARPEGE métropole - ob tionnalles et

I IEEREL IR ERER DD

1:10° state variables
5 x 10° observations / 6h
490 % satellite
, Computation time :
40 min (6h assimilation window)

o
o

e
i

O e ibéc. i éc. Auinosc bin déc han gkc. ki éc. kangde. hin

2002 2003 2004 2005 2006 2007 2008 2009 12 2013 2014 2015 mnzor.r 2018 2019 2020 2021 :aoz 2023 2024 2025 2021
Mais
- s s v s v i LN ceosan  ecuces LI -
| e I v L oy . e I e | [FEIT
L ATHE T S5MI5 vz IS ez e ranome mnowswos  IERaoan
s

+ improvements in assimilation techniques, dynamical core,
physical parametrization (subgrid processes, interfaces)
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cy49 (integration) vs cy48 (oper)

ARPEGE RMSE (500 days)
EUROPE GLOB

RS Ana. IF§ RS Ana. IFS

250nPal | hbd A e dondon

500hPal 1= e 1 M

850hPal |

Increased accuracy in Temperature, Humidity, Wind

— gain in CAT, icing, convection, visibility, etc ...

— new contributions in operational NWP model are
available to climate models (and reversly)

v

Lead time

~ estimated gain in the last 30 years: 1 day of forecast by decade
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Research on persistent contrails mitigation
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Effective Radiative Forcing components, 2018 (mW/m?)

B almostcertain [ probable possible

Persistent
contrails

Contrail cirrus

e - co

NOx: Short-term O3 increase

A

Source : M. GARCIA NOx: Long-term O3 decrease

NOx: CH4 decrease

NOx: Stratospheric water vapor other non-CO

. . Sulfate I-radiali
Warming from contrail cirrus e L

Stratospheric H20 increase
; 2 ; s. \:‘ Soot (aerosol-radiation)
5

N i -40,0  -200 0,0 200 400 60,0 80,0

Source : David S. Lee et al., « The contribution of global aviation to anthropogenic
climate forcing for 2000




FRANCASE uLRs Research on persistent contrails mitigation
Challenges

- Representation of supersaturation w.r.t ice in NWP model
- Verification
Feasibility of avoidance strategies

—— RHje IAGOS obs
RHj.e ARP-new
10-14 RHice IFS
%\‘\_

B | N\
€ 10724 |
> -\W.\,."?:::::::M,—A:“’” | Obs
= i x
g ™ IAGHS
54 \\ / Evitement | @
. \ FL 370 t
w -

103 \ _ ZONE

— | - A RISQUE
Y - I F S FL 330 Q
b
- I'.
\
m— '.'IIJI \ e P e &
Trajectoire
!'\.l A R P E G E ho zLon‘.'Jnl;-

0 20 40 60 80 100 120 140 160
RHice
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SESAR JU Lead of the WP concerning meteorology
2023-2026 — Provide data for trials / avoidance / sensitivity studies
Led by AIRBUS — Allow supersaturation w.r.t. ice in ARPEGE

— Perform verification of NWP model humidity

— Assimilation of RHice observatios with |IA techniques
ANEMOI framework and fleet equipment assessment

— Contrail properties by LIDAR measurements - DSO

12



S Research on persistent contrails mitigation

WIMCOT demonstration product with IFS-EPS

— Verificiation with Air France COOP program (observation of contrails) since 2023

EX Location of COOP observations

REFUBLIGUE Observations : 01/07/2022 - 19/09/2025

FRANCAISE Number of observations : 3091 AIRFRANCE J
120w W o WLe 120

NO COTRA

1601

o Mo Contral
»  Contradl - Non persetent (<10me)
o Cortrall « Dot on perustence
s *  Porsistont contrall
» Comiral Sky )
seu“ > 180" 120w 0w o« SE 120°F
0BS
Searced : Otservations : COOP &l Franes) COTRA
Probabilist Authars - ¥ Cora [Mitio france). k. Péchaud (4 France] MOD
COTRA 190
NO COTRA 55
0
"
-
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Research on persistent contrails mitigation

CICONIA : Supersaturation w.r.t. ice in ARPEGE and spatial verification (Arriolabengoa et al 2025 - ACP)

1 - - . . — AGOS |
! Rivig S lwribation — Ao s o108 | ISSR length distribution

1P (Dias; . ooy =0.80)

—— ARP-new

IFS 1.0 Hit Rate 10 False Alarm Ratio
IAGOS

0.8 | 0.8

LI g N A "\
Extension of ISSRs (km) 0.4 0.4

Occurences
g
é]
{

23 Seplember 2022 "“"—--—-q_._._,___‘___.
0.2 0.2{
— oL weos | —— ARPnew —— ARPnew

SN S \;ﬁ"vf&f-‘f = \\ = 00y 50 100 150 200 250 2% 50 100 150 200 250

_ e - Neighborhood Tolerance (km) Neighborhood Tolerance (km)
K?f,. When an ISSR was observed, an ISSR was forecast in a When an ISSR was forecast, no ISSR was observed in a

150 km (10 min) neighbourhood in 77% of the cases. 150 km (10 min) neighbourhood in 31% of the cases.
ot at - i e 3 o
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Data fusion Obs / model with IA techniques (ANEMOI framework)

TARGET

Fleet equipment scenario

Percentage and number of aircralt locations per CICONEA airfine

= Number of positions
— Single aisle :
= =-1MA320
= ~ T0000A2207
= ~=120000ICE
-~ Total:12M

NO ASSIM WITH ASSIM

— Long range :
= 390000 B777 + B787
= 240000 A330 +
A340 + A350
= Total : 630 000

CICONIA

e

Scenario 1 Scenario 2 Scenario 3 Scenario4  Scenario 5
(0%) (50%) (100%) Single Aisle  Long range

— Signal on RMSE reduction when fleet equipment Suzanne Angeli
rises, but need to be consolidated
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Perspectives

Internal work

— Supersaturation in the operational model ARPEGE,
ARPEGE-ENS (2028)

— WIMCOT probabilistic product based on ARPEGE-ENS

16
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Perspectives

Internal work

— Supersaturation in the operational model ARPEGE,
ARPEGE-ENS (2028)

— WIMCOT probabilistic product based on ARPEGE-ENS

2026-2029

CICONIA-MET (SESAR)

— Impact of assimilation of RHice observations in ARPEGE model
— Fleet scenario equipment

— NWP intercomparison

— Definition of the met-service and communication on uncertainties
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Perspectives

Internal work

— Supersaturation in the operational model ARPEGE,
ARPEGE-ENS (2028)

— WIMCOT probabilistic product based on ARPEGE-ENS

2026-2029

CICONIA-MET (SESAR)

— Impact of assimilation of RHice observations in ARPEGE
model.

— Fleet scenario equipment
— NWP intercomparison

— Definition of the met-service and communication on
uncertainties

2026-2029

POETIC (DSNA) Dassault — currently suspended

— |ISSR caracterization in AROME microphysics module,
and transfer in ARPEGE.

— Support for trials and flight measurements / verification

— Rhice at very high altitude
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Perspectives

Internal work

— Supersaturation in the operational model ARPEGE,
ARPEGE-ENS (2028)

— WIMCOT probabilistic product based on ARPEGE-ENS

2026-2029

CICONIA-MET (SESAR)

— Impact of assimilation of RHice observations in ARPEGE
model.

— Fleet scenario equipment
— NWP intercomparison

— Definition of the met-service and communication on
uncertainties

2026-2029

POETIC (DSNA) Dassault — currently suspended

— |ISSR caracterization in AROME microphysics module,
and transfer in ARPEGE.

— Support for trials and flight measurements / verification

— Rhice at very high altitude

2026 Call for bursary E-Al Eumtenet programme Klima / Météo-
France

— Altitude caracterization in contrail satellite detection algorithme

— Nowcasting of persistent contrail risk area

19



REPUBLIQUE
FRANCAISE
Liberté

Egalité

Fratermité

(0

METEO
FRANCE

Research on aeronautical turbulence
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Impactful phenomena for en-route (injuries)

— several situations for CAT triggering

Cruising altitudes: FL250-450 (8~12 km AGL)

o - ———
[ Clear-Air 1| >0 |— \
I Turbulence ||| —/— |—== I
I (CAT) i ﬁ T Near Cloud
I 1 Tropopause \:\ Turbulence
http://en.wikipedia.org/wiki/Image:Wavecloudsduval.jpg | T PR
l 1|~ F— ] (NCT)
] ™™ CAT ] .
| ; : I~ [~ Convectively-
Mountain Wave | e e i ad Induced
! induced I e
Turbulence (CIT)
Turbulence !
(MWT) !
\ /
| p——

Kim et al. 2018
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State of the Art

CAT-EDR diagnostic computed on native ARP resolution (op. 2019)

Probabilistic CAT-EDR based on
(combined indices - GTG methodology Sharman et al.) ensemble (op. 2024)

Satellite diagnostics (tropopause folding + gravity waves)

T m— g

B -3 ey i
| J 1 k Dzl L e
5 =%
i
s
{ e
W
:n;'.l # S
: & ool -
iy e [
e !
v LT & A .
I | P —~— i
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[Eats Y A . ! :
V- R e iR g 22
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Challenges

- Aeronautical turbulence is a subgrid scale phenomena (~ 100m)
- Under-estimation of turbulence with current subgrid scale turbulence parametrization in NWP models in
the UTLS (stable conditions)

— Improving TKE parametrization gives an overall benefit for the model (in particular in the UTLS)

T~

MesoNH
(AROME settings)

10% 10* 10°
A [m]

These - Léo Rogel (CNRM)
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Turbulence

FRANCE

Impact of resolution and test of a 3D turbulence
scheme against LES (PHD + article Rogel et al 2023)

15W 0w 5w o 5E WE 15 0E

s
F
s d
b | 4.0
44'_" . ";
N & Feh
4 LES" grid
56
5w } C
Aesa-NH grid 2 \5\
an
o 3.4 o
W ; - ﬁ
) .
" AROME grid t
N WM 2
-

N ARO-L90
ARO-L105

. MNH-CTRL

N |n-situ measurements

80 F— R T PP e ey [P P e e

Increase in AROME resolution (next cycle op 2028
after HPC change)

Perspectives:
- horizontal shear production terms in TKE
equation in AROME (next cycle op 2028 after
HPC change)
- — currently tested for low levels & hectometric
resolution.

- other possibilities for a better TKE
representation (e.g. flow depency for turbulence
dissipation computation)

Very Weak Weak

EDR index [m?/3s 1]

Moderate Severe
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Climate trends

Collaboration with CERFACS

Turbulence

— classical CAT diagnostics in ARPEGE-Climat

{a) MOM
BN

BO*N

60N

40N
20°N

o) T

[e} Wl

. (8-Rl

) NCSUL

BW Ly S'E 120 180" 180°

-0 -16 =13 08 04 OO0 04 0& 12 16 0

Figure 3.11 - Projected changes in MOG-CAT frequeney at AT=2°C for (a) the multi-
diagnostic mean (MDAM), (b) Turbulence Index 1 (TI1), (¢) horizontal temperature
gradient (VyT), (d) Frontogenesis function (F), (e) negative Richardson number
{- Ri), and (f) North Carolina State University index 1 (NCSU1). Changes are
estimated from the multi-model ensemble mean. The black dots in (a) indicate
those grid points where all CAT indices agree on the sign of the change, while
in (b-f} they indicates where more than 80% of models agree on the sign of the
change. Units are in %.

Foudad et al. 2024 (Phd + article)

East Asla

North Africa

__Narth America

EERE]
Midelle East

T ®m oM % @

7 3 N B
Morth Pacific

5 %
lazeuds [

-1.0-08-0.6-04-02 00 02 04 06 08 10O
Figure 3.18 - Clamgements projetdés de Iy strueture verticale de 1
les différentes régi i
Ia MOG-CAT est
partir de la movenne multi-diagnostic multi-modile. Les unités sont exprimées en

o

tes avec AT=2°C (en coulen

Perspectives

— Post Doc (ISA)
- Work with a combined CAT-EDR
diagnostic
- Multi-level approach
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Research on icing
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Supercooled Water Droplets — Accretion of water supercooled droplets on wings or engine surfaces

— New certification criteria for SLD Icing (annex O)

y s s 100 8 B8 0@

Classical icing <50um SLD
(annex C) (annex O)
dl || .
| L] Ll
10 pm 30 pm 100 pm 1000 pm
[k o o
https:/www:.flickr.com/photos/63366024@N00/3168468245/in/dateposted/ Vapour i Fog " Rain
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Supercooled Water Droplets

=

’rnil'lllflfi

— Accretion of water supercooled droplets on wings or engine surfaces
— New certification criteria for SLD Icing (annex O)

Classical icing <50um SLD
(annex C) (annex O)
dl || .
| L] Ll
10pm 30 pm 100 prm 1000 prm
[k o o
https:/www:.flickr.com/photos/63366024@N00/3168468245/in/dateposted/ Vapour i Fog g Rain

High Ice Crystals Content (Engine icing)

— ingestion of high concentration of small icecrystals in engines

OCEANIC STORM

s wikicommons
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State of the Art
ICEP diagnostic

Satellite

Icing

Probabilistic diagnostic

FZRA/FZDZ (ground)

SIGMA (sat/
radar / NWP
model fusion)

29
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Challenges

Under-representation of
supercooled liquid water
contents (in AROME-ICE3, and
also in AROME-LIMA 2mom,
ARPEGE)

CLOUD_WATER,
GWWOD dimanche 31 aolt 2025 00UTC arome t+12 Oclllg
AROME-ICE3
w .  CLWC content
.v 1
= 107" 4
-] |
=
1074
10" -

5000 5

4000

3000

2000

1000

Calibration of supercooled
liquid water diameter in
AROME-LIMA-2mom

— Discrimination
FZRA/FZDZ/Classical icing

® TWC<05g.m™?
a TWC=05a.m™?

Cross section of hydrometeor contents at 12UTC

41 4z

6°N

Calibration of ice crystals contents
in stratiform and cirriform parts of
convective systems (ARPEGE /
AROME)

Convective . Stratiform

@ TwWC>1lg.m™3
a TWC=2a.m™3?

I Cirriform

== TWC>0.5g.m* e== TWC=>1g.m*

— TWC > 2g.m*

53'W 52°W 51°W 50'W

49°W ey

OBS (sat)

(sat)

H {
53'wW 52°W 51°W

AROME-ICE3
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ICICLE Winter

. 2019
In-Cloud Icing and Large-Drop Experiment

B .. @ Bl CroiCaneca
| b

h NCAR Enwironment and

Climate Change Canada

Other Participants: Desert Research Institute (DRI), Mational Oceanic and Atmospheric Association (NOAA)
Earth System Research Laboratory (ESRL), Mational Aeronautics and Space Administration (MASA) Langley
Research Center, Meteo-France, UK Met Office, Deutsche tterdienst (German Meteorological Office),
Marthern Hlinais University, lowa State University, University of lllinois at Urbana-Champaign, and Valparaiso
University

—— e —

Collect data in a wide variety of icing and non-icing
conditions
— Small-drop and large-drop

Event fype focrass) | FZDZoiof | FZDZaleft FI0Z FIRA Clanieal Deep. Shaliow High LWC [ Typleat ‘Clear
— | orameter doum tosic | omly Seed reecer A Glocioted | stcu Apnc A
Priariey 1 2 3 4 5 L] 7 & £ 10
; % fhght br 1% 10-1% 1 135 3 El 1-1% >0 10 3
Tene (b} 18 1218 12 18 € 5 EET en w12 5
Frequescy {1-30} 5 L [] 3 F £l & ET) E] 10
s— Samaling D1 [2-20] 5 5 & BRviMEA] | 9 (narrew) 1 3 @i MDA |7 lamall [ 8 [rare] ] 1
Tein range (1G] Ste-d3f0 | -d1e-18 e = L JENETET
Deminated by Waries Mined PP e
L | ¢ 01403 0103 [F2RA) =1
VD (i 10250 ForE] 01500 02500 E¥; ir.
Demax (mic) Liguis 200-500 200500 >500 *500 15
‘Depth (i) 15 15 0210 [ENEL] 75/
Length [nm] D300 15360 16100 [37) 53871
Width [n=] 10200 10-200 S0-250 50 250 5507 1
? Ti0r 30+ P P U533k
$4c W Type Tij-Mftoce | FIDL-N | FDAPLRA | FIRAPLEA ShRA S Vares

Bernstein et al.




REru @ -
AT ereo Icing

Liberté

FRANCE
Egalité i :

Fratemieé

ICICLE Winter 2019-2023

019
In-Cloud Icing and Large-Drop Experiment

@ Bl i
i+

SENS4ICE:

- development, test, validation, and maturation
of SLD detection principles.

- Collect SLD measurement in flight test

LE~

Liackng Eige Atmosher

Environment and

Conditions flight by flight (EU)

B NCAR

Climate Change Canada
gt o [smoepos| bz | ma |sMoPicing| Fzoz Clear |Unknown| Al
Other Participants: Desert Research Institute (DRI), Mational Oceanic and Atmospheric Association (NOARA) las230008 | 1| O05% |000%|000%| 095% |000% Y 382 %
Earth System Research Laboratory (ESRL), National Aeronautics and Space Administration (NASA) Langley L2009 | 2 | 009% | 0.00% | 0.00 % |IL2088] 0.00 % [eraw |
Research Center, Meteo-France, UK Met Office, Deutscher Wetterdienst (German Meteorological Office), laszacown [3 | ooaw Jooam[ooam| 027w [ooow 111
Marthern lllinais University, lowa State University, University of llinais at Urbana-Champaign, and Valparaiso las2a0011 | 4 | O04% |004%|002%| 014% |000% 325 %
University I—— lis230014 | 5| 014% |O46W|0.03%| 053% |007% i 560 %
o ' o lszaoo15 [ 6| 004% [ooow[ooom om%focow| oi0% [ooow |34 ooow [rasw
jas230016 | 7 0,01 % 0.00 % | 0.00 % 0.29 % 0,00 % | 0,00 % 0.16 % 0,66 % 0,02 % 641 %
lasz30017 |8 | oAl% |oz3m Z15% |000%|000%| 1058  |0.05% | 301% | 003% | 708
. . . .. . . laszaoons | 9 | 021% 145% 0.00% 044 % ws'%-
Collect data in a wide variety of icing and non-icing aszaoono [10] oaew FETL (-0 OET 290% | oz
. hazaoozo [11] 023% [021%[0.00%| 088% |000%[000%| 0075 |043%[A08W| 0oz% | 593% |
Condltlons las2aoo2 [12] 030% 0,18 % | 0,00 % [0 2 1% [ 04% [eaiw |
hsz30022 [13] 014% 0,03 % | 0.00% 226% | 015% | B21%
— - - lsz30023 [14] 003 % 0.10% [ 0.00% % |0g8% 007 % -
Small-drop and large-drop 5 b I
Percentage of each condition across measurements data
— T = e = (take off and landing are suppressed)
1 rype feerass] nalz Typicel
_) F y Sl o o el eaf. i Some ferry phase are included.
Priariey 3 4 L] 7 & £ 10
) wligh i 10 oy L] sty 0 0 3 JarOI’l et al. (SAE)
Tieme {h) 12 18 5 EET en w12 B
Fm!i-lﬂ H 4 3 E] 5 in ) 10
s— Samaling DY (1-10] 5 3 Fve MEA] 1 3 @i MDA |7 lamall [ 8 [rare] El 1
e rarge (1) -1 | Swe-13fa0 | 21010 ] St TR
Deminated by it Liqued/SH mix. Warkes e Liguad i
0143 I 0244 S15/0104
01500 E¥; 5 | 1320/3040
>500 -3 15-30 15-25 / 3560
0210 340 ] 15715
16100 100 | 000 S35/ 10180
S0-250 50250 20-100+ 20200 5-50 7 10100
P P T38 Tov [EEFFED
FOAPLAA | FIRAPLEA | SNRA | MonelSW | SHRAJVarkes

Bernstein et al.
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Winter
2019

LE~

Liackng Eige Atmosher

Environment and
Climate Change Canada
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Earth System Research Laboratory (ESRL), Mational Aeronautics and Space Administration (MASA) Langley
Research Center, Meteo-France, UK Met Office, Deutscher Wetterdienst (German Meteorological Office),
Marthern Hlinais University, lowa State University, University of lllinois at Urbana-Champaign, and Valparaiso
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Collect data in a wide variety of icing and non-icing
conditions
— Small-drop and large-drop
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Bernstein et al.
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High Altitude Ice Crysial

2019-2023

SENS4ICE:
- development, test, validation, and maturation
of SLD detection principles.
- Collect SLD measurement in flight test

Conditions flight by flight (EU)

gt o [smorros| 0z | Ra [smor FIDZ
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230009 |2 | 009% |0.00%|0.00% % |0.00%

20010 [3 ] o003% Jooiwm[ooam| o027 [ooow[ooowm| o036%  [ooiwm| 23w | 007w | i
ls230011 |4 | o004% Joodawfooem| o14% [o00%|000%| 066% [0.07%| 223% | 0.05% | 325w
lsz30014 |5 | 014% 046 |0.03%| 053% [0.07%|0.00% | aS0M [0.18% | 1.76% | 002% | 560%
hsz30015 | 6 | 004% [0.00%|000% 001%[000%| 010% |000%)|342% | 000% | 775
ls2o1s | 7| oo1% Jooow|ooom| o29% |oocow[ooow| ouaew  [oEE% 0.02% | 6A1%
jas230017 |8 | osr% [o23m 218% |ooow|ooo%| 10s%  Jooss|3oi% | ooaw | 706w
5230016 |9 | 0.21% L45% 0.00% O44% | 3B4% | D37%

laszaoore [10] 0.18% 138% 0259 0.00% 294% a
hszaoozo [11] o023% [ozisfocos]| osss [ocosfoocos| oors  [osas|aoaw| coew | ssam |
230021 [12] 030% 019% [ 000w | 250w 182% | o14s | B3 |
hs230022 [13] 014% 0,03 % [ 0,00 % 226% | 0.15% | B30
230023 14| 003% 010%[000%| 2148 [068% 0.07% | B84
m 1,88 % 132%[000% ]| 2254% [825%[a268% | 115% |100.00%
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Percentage of each condition across measurements data
(take off and landing are suppressed)
Some farry phase are included.

Jaron et al. (SAE)
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Calibration of AROME-ICE3 (1 moment) microphysics for supercooled liquid
water representation — based on ICICLE

Rémi Dupont et al. 2024
Phd + Article, Clément Strauss
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Rémi Dupont et al. 2024, Clément Strauss
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Calibration of AROME-LIMA (2 moment) microphysics for supercooled liquid
water representation — based on ICICLE

Temperature distribution
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Calibration of ARPEGE / AROME-ICE3 microphysics for ice crystals — based on
HAIC

J. Wurtz et al. 2023

Phd + Article
Convective I Stratiform I Cirriform
@ TWC<0.5g.m™3 @ TwWC>1g.m™? - = :
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5°N
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Calibration of AROME microphysics based on ICICLE

- Calibration of AROME-ICE3 microphysics
(next cycle op 2028 after HPC change)

v

- Calibration of Next-Gen LIMA microphysics

Perspectives:
- Improve icing severity diagnostic AROME/ARPEGE
- — provide SLD diagnostic in AROME (and ARPEGE?)
- Upgrade of SIGMA (Nowcast) with MTG new products

- Improve IC representation in ARPEGE ?
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Application in climate study

CERFACS in collaboration with Météo-France
— operational Icing Index in ARPEGE-Climat

Maodéle CNRM-CM6-1 anomalies en unités RMSE - GWL = +4°C - Dépassement du seuil R1 - ssp585

FIGURE 8 - Anomalies maximales en fonction de la saison et de Ualtitude, pour GWL = +4°C et sspi85;
moddle CNRM-CMG-1

Coralie Fevrier, Christian Pagé, Christine Le Bot
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Application in climate study

CERFACS in collaboration with Météo-France
— operational Icing Index in ARPEGE-Climat

Maodéle CNRM-CM6-1 anomalies en unités RMSE - GWL = +4°C - Dépassement du seuil R1 - ssp585

o e Climatology and future trends in SLD icing

In collaboration with AIRBUS (work in progress)

— Use of LIMA microphysics to calibrate & verify SLD
diagnostics in reanalyses and climate models

ICECAP (submitted SESAR), SLUSH project (submitted
Horizon, Clean Aviation - waiting)

F1GUuRe 8 - Anomalies maximales en fonction de la saison et de Ualtitude, pour GWL = 4 4°C et ssph85;
maondéle CNRM-CMG-1

Coralie Fevrier, Christian Pagé, Christine Le Bot 39
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Application in climate study

CERFACS in collaboration with Météo-France
— operational Icing Index in ARPEGE-Climat

Maodéle CNRM-CM6-1 anomalies en unités RMSE - GWL = +4°C - Dépassement du seuil R1 - ssp585

FIGURE 8 - Anomalies maximales en fonction de la s

atson et de Valtitude, pour GWL 1°C et ssphii;
moddele CNRM-CM6-1

In collaboration with AIRBUS (work in progress)

Climatology and future trends in SLD icing

— Use of LIMA microphysics to calibrate & verify SLD
diagnostics in reanalyses and climate models

ICECAP (submitted SESAR), SLUSH project (submitted
Horizon, Clean Aviation)

EN-ICCA group (climate change for Aviation) — report on
state-of-the-art for icing

Coralie Fevrier, Christian Pagé, Christine Le Bot
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- Low visibility events: research on the representation of fog in NWP model (e.g. A. Salomé, M. Fathalli, G. Thomas) based
on SOFOG3D campaign (ANR)

-  Temperature, Wind: MODE-S assimilation in NWP AROME (2024) and ARPEGE models (2026) (V. Pourret)

- VULCLIM : Vulnérabilité des aéroports face au changement Climatique (DGAC) in collaboration with Météo-France
climate services department.

- Al Techniques:
- Nowcast (e.g. visibility, satellite products)
- Subgrid physical parametrization in ARP-GEM climate model (B. Balogh, D. Saint-Martin)
- Diagnostics (e.g. CAT, Visibility)
- NWP model emulators (AI-AROME, ARPEGE nudged)
-  Downscaling
- Ensemble generation
- Assimilation (Ariadna Perell6 Achfari PhD)

-  Climate models at kilometric scale:
- Limited Area Climate models: CNRM-AROME (convection - Caillaud et al. 2021)
-  Fast climate models / high resolution at global scale : ARP-GEM2 (D. Saint-Martin, O. Geoffroy)
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Thank you for your attention

pierre.crispel@meteo.fr
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