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Convective-scale models at Météo France

» 2 non-hydrostatic convection resolving atmospheric models at Météo-France / CNRM

AROME MesoNH
operational use since 2008 limited area research model
(Seity et al, 2011) (Lac et al, 2018)

* horizontal resolution : 1.3 km / 90 vertical levels * LES to mesoscale horizontal resolution options
e time step of 50 s e coupled to the surface model SURFEX (surface/
e Coupled to global model ARPEGE every hour atmosphere interactions : vegetation, city, ocean,

(lateral conditions) lake)
e 3DVar assimilation system adapted from * Allows a multi-scale approach through a grid-

ARPEGE/IFS's nesting technique

\ Share same microphysics options
* ICE3 (1-moment) : cloud liquid water, rain, graupel, /

snow, ice crystals => operational use in AROME
* LIMA (2-moment for rain, cloud water and ice crystals)

AROME France domain

Meso-NH

ARPEGE 777 mesoscale non-hydrostatic model C)

'Global domain
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History of radar forward operators at CNRM

and Météo France

> Radar forward operator versions for AROME and MesoNH (2003-2022)

Caumont variables zh, vr Richard variables zh
2006, 2010 : - 2003 : .
Wattrelot scattering Rayleigh scattering Mie
2014 geometry beam pattern, PPIs geometry model grid
microphysics | ICE3 (1-moment) microphysics | ICE3 (1-moment)
code f90 inline code 90 inline
application * 1D+3D Var zh oper assimilation Caumont | variables 2h. vr
* 3D-EnVar direct zh assimilation 2006 i
(Martet et al, 2024 => future scattering Rayleigh, Rayleigh spheroids or Mie
operational version) .
geometry beam pattern, PPIs, attenuation
;\(;lfsros variables zh, zdr, kdp, rhohv code £90 inline
scattering Tmatrix (lookup tables)
_ Augros Caumont 2006 + zdr, kdp, rhohv
geometry model grid 2016 Tmatrix (lookup tables) f90 inline, S, C, X bands
code python offline Taufour | Augros 2016 + adaptation to LIMA (2-moments)
Le Bastard | Augros 2018 + new mixed phase model 2018 f90 inline
2018 python offline Mazoyer | Borderies 2018
Borderies | Le Bastard 2018 + adaptation to W band + aircraft 2023 + option to test addition of rain or cloud water in wet
2018 radar geometry graupel (for mixed phase estimation)
python offline python offline

operational version (Maud Martet CNRM/GMAP) - fortran
research version (Clotilde Augros CNRM/GMME) - python
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History of radar forward operators at CNRM

and Météo France

> Radar forward operator versions for AROME and MesoNH (2003-2022)

=> Numerous versions, adapted to 2 different models, with fortran or

Caumont variables zh, vr Richard variables zh

2006, 2010 : - 2003 ) .

Wattrelot scattering Rayleigh scattering Mie

2014 geometry beam pattern, PPIs geometry model grid
microphysics | ICE3 (1-moment) microphysics | ICE3 (1-moment)
code f90 inline code 90 inline
application * 1D+3D Var zh oper assimilation Caumont | variables 7h. vr

python languages : very difficult to maintain !

Au
20 :

scattering Tmatrix (lookup tables)

_ Augros Caumont 2006 + zdr, kdp, rhohv

geometry model grid 2016 Tmatrix (lookup tables) f90 inline, S, C, X bands

code python offline Taufour | Augros 2016 + adaptation to LIMA (2-moments)
Le Bastard | Augros 2018 + new mixed phase model 2018 f90 inline
—— python offline Mazoyer | Borderies 2018
Borderies | Le Bastard 2018 + adaptation to W band + aircraft 2023 + option to test addition of rain or cloud water in wet
2018 radar geometry graupel (for mixed phase estimation)

python offline python offline

operational version (Maud Martet CNRM/GMAP) - fortran

(9
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Since 2023 : new single version operadar

» Development of a new single version for research valid for AROME and MesoNH (co-
developers: C. Augros and C. David)

> 2 steps :

1. Tmatrix tables generation (fortran 77 + fortran 90 codes based on Mischenko
1994)

https:/lopensource.umr-cnrm.fr/projects/dpolsimul

2. Dual polarimetric variables computation in the model grid for Meso-NH or
AROME models (python code)

https:/igithub.com/UMR-CNRM/operadar/

& UMR-CNRM / operadar  Pubic L Notifications

<> Code (© Issues 1% Pullrequests [ Projects @ Security [+ Insights

¥ master ~ P 2 Branches © 0 Tags Q, Gotofile <> Code ~+ About

Demande GLPI 293939

% augros Merge pull request #15 from UMR-CNRM/add-hydroscatt &2 8799468 - last week &) 118 Commits
M Readme
[ ] configFiles Add compute_CFADs.py and associated librairies + LIMAAG ... last week A~ Activity
. . N Cust: rti
m b Add compute_CFADs.py and associated librairies + LIMAAG ... last week & Custom properties
<% Ostars
[ ] plot Add interpolation before cfad, add X,Y,Z for Arome and Mes... last week ® 1watching
I pyscattering Remove parsing arguments in sp_scattering (valid fo rain onl... 9 months ago ¥ 1fork
Report repository
[ ] study_cases Add interpolation before cfad, add X,Y,Z for Arome and Mes... last week [a
[ README.md Merge pull request #10 from UMR-CNRM/augros-patch-1 4 months ago Releases

METEO
| B | FRANCE




6/18

operadar step 1 : Tmatrix tables generation

» For a range of temperatures, elevation angles, liquid water fraction (for graupel
only), and spherical equivalent diameter, estimation of :

° aspectratior

* dielectric constant

*  maximum diameter Dm + partially melted equivalent diameter (Deq)
* computation of scattering coefficients from T-matrix routine

Rain Ice Snhow Dry graupel Wet graupel
Axis _
ratio (D) 1 {1 - 28D siD<8mm {1 —0.02D if D <10 mm ry —5.0(rg — 0.8)F, if F, <02
Ty = T, = Ts = . Tg = . . .
Brandes et al 0.75 siD>8mm 0.8 if D >10 mm Tug = 0.88 = 0.40F,, if0.2<F, <08
(2002) or or 2.8 —4.0ry, +5.0(r, — 0.56)F, if F, > 0.8
rs = 0.7  Borderies et al (2018) rg = 0.8 Borderies et al (2018) Ryzhkov et al (2011)
Dielectric | Debye model Maxwell MG (ice inclusions in air matrix) MG (ice inclusions in air matrix) MG (combination of ice / water / air matrix and
constant (Liebe, 1991) Garnett inclusions)
(MGQG) :ice
inc in air
matrix

> Integration over the Particle Size Distribution (from the model microphysics scheme)
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operadar step 1 : Tmatrix tables generation

» Mixed phase model : wet graupel

Mwg = Mg (graupel is completely transfered to « wet graupel » when it coexists with rain)
Mass water fraction (with wet graupel) estimated as Fw=Mg/(Mg+Mr)
Partially melted equivalent diameter (Deq) estimatinn

. F\\.' . 0 F\\'_H'{ll F\\' = l
v Decrease of the « melted equivalent : : >
diameter » as water first soaks air cavites -~ _— o -
(reducing the volume) j | ) Y €N
v Building of a water shell once cavities are Y i "Gy -
fU”y soaked (A1) [[L W1. [A.T]] [LW] [W, [1. W]] (W]

Description of the melting process (Le Bastard, 2019)

Dielectric constant : particle successively considered as a matrix of water-saturated graupel
(matrix of ice with water inclusions) with dry graupel inclusions (matrix of air with ice
inclusions), and as a matrix of water with water-saturated graupel (matrix of ice with water
inclusions).

estimation of the fall velocity of the wet specie (graupel) from rain and solid hydrometeor fall
velocities

Combination of the liquid and solid parts of the distribution following Szyrmer and Zawadzki
(1999) and used by Wolfensberger and Berne (2018) and Le Bastard (2019)

Vgs Uy

N(Deg) = (1 — Fw)?N‘qS(Deq) + Fww—Nw(Dm) =
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operadar step 2 : dual-pol variables

» Main program steps : operad.py
= import config file
" read tmatrix tables
" read model variables (arome or mesonh)
= compute radar geometry (to be completed)
= mixed phase parametrisation (compute wet graupel content and wet fraction)
" loop over hydrometeors
> extract scattering coefficients for each type (tmat table interpolation)
> single type dual-pol variable computation and save
compute dual-pol vzﬁiables for all hydrometeors and save

» Subdirectories :
= lib/ (read_arome.py, read_mesonh.py, read_tmatrix.py, save dpolvar.py ...)
= conf/
= plot/ (plot_2Dmaps.py, plot CFADs.py)
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Application example : Corsica derecho 18/08/2022

> Observation data

T * 3 radars : Nimes,
WA Collobrieres, Ajaccio
TN « Radar data preprocessing
(non meteorological echo
filtering, attenuation
correction...)
 Interpolation in a 3D grid
using PyArt
1 km x 1km x 500m

» Simulations configurations

AROME MesoNH

: L . T horizontal resolution : 1 km / AROME vertical levels
horizontal resolution : 1.3 km / 90 vertical levels time step : 1,5 s

* time step 0f 50's * initial and lateral conditions given by the AROME
* 00:00 UTC run of 18 August 2022 00:00 UTC run of 18 August 2022
* Microphysics : ICE3 (one moment) * Microphysics : ICE3 and LIMA (2-moments)

T~ o

Dual-pol radar forward operator :
operadar

(9
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Application : Corsica derecho 18/08/2022

Maximum reflectivity (dBZ) - tracks (every 1h from 01 to 08 UTC)

Reflectivity max - obs - 0100 to 0800 UTC Reflectlwty max - MesoNH ICE3 0100 to 0800 UTC

MesoNH ] ICE3 s f-#

40

(9
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Application : Corsica derecho 18/08/2022

Reflectivity (dBZ) at 1000 m - tracks every 1h from 01 to 08 UTC

Reflectivity at 1000 m - obs - 0100 to 0800 UTC Reflectivity at 1000 m - MesoNH_ICE3 - 0300 to 0800 UTC

[~
s MesoNH - ICE3 K.’

Only AROME-LIMA simulates the largest Zh (> 60 dBZ) O]

METEO

=> in rain (is this realistic ?77?) FRANCE
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Application : Corsica derecho 18/08/2022

Differential reflectivity (dB) at 1000 m - tracks every 1h from 01 to 08 UTC

Differential Reflectivity at 1000 m - obs - 0100 to 0800 UTC Differential Reflectivity at 1000 m - MesoNH_ICE3 - 0300 to 0800 UTC

'_/_’ ’ a
U MesoNH - ICE3 e

Differential Reflectivity at 1000 m - Arome_LIMA - 0300 to 0800 UTC 6.5

[~ P e
o AROME - LIMA .

v W
bR,

3°E 6°E I°E 8°E 9°E 10°E

AROME-LIMA better simulates the largest Zdr in rain (but still too low in this case ?) 0
AROME-ICES really too low, MesoNH-ICE3 slightly better METEO
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Application : Corsica derecho 18/08/2022

Kdp (°/km) at 1000 m - tracks every 1h from 01 to 08 UTC

Specific Differential Phase at 1000 m - obs - 0100 to 0800 UTC Specific Differential Phase at 1000 m - MesoNH_ICE3 - 0300 to 0800 UTC
'__/" T T T ¥ 3 =
wsn MeSONH - ICE3 .
[ k]
44°N - 2 bt
43.5°N
g
43°N <
%
42.5°N .
42°N 2.0
15
41.5°N g
0.5
7.0
6.5
6.0
5.5
5.0
45
40 E
<
35
[=8
308
2.5
2.0
5°E 6°E 7°E 8°E 9°E 10°E 5°E 6°E 7°E 8°E 9°E 10°E
AROME-LIMA and MesoNH-ICE3 are able to simulate the largest Kdp (> 6°/km) 0

AROME-ICES3 clearly too low METEQ
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Application : Corsica derecho 18/08/2022

CFAD within convective cores (max Zh > 40 dBZ)

obs
MesoNH_ICE3
Arome_ICE3
Arome_ LIMA
[Q25-Q75]
[Q25-Q75]
[Q25-Q75]
[Q25-Q75]

10

T
20

30 40
Zn (dBZ)

T
50

60

Zh, Zdr and Kdp too low
from4to 8km <+—»

obs
MesoNH_ICE3
Arome_ICE3
Arome_LIMA
[Q25-Q75]
[Q25-Q75]
[Q25-Q75]
[Q25-Q75]

£5
Kap (deg/km)

T
2.0

T
2.5

3.0

AROME-LIMA closer to observations in rain for Zh,
Zdr and Kdp

: Kdp, Zh and Zdr clearly too low in
rain
MesoNH-ICE3 : Kdp too strong but Zdr and Zh too
low in rain
Peak effects around bright band (only in
simulations) => because of beam averaging +
interpolation in observation ?
Strong underestimation of Zh above 8 km with
AROME-LIMA

12000

obs
MesoNH_ICE3
Arome_ICE3
Arome_LIMA
[Q25-Q75]
[Q25-Q75]
[Q25-Q75]
[Q25-Q75]

10000

8000

6000

Height (m)

4000 ~

2000 A

T
2.5 3.0
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Application : Corsica derecho 18/08/2022

Hydrometeor contents CFAD within convective cores (max Zh > 40 dBZ)

10000 4

8000 4

6000

4000

2000 4

12000
—— obs —— obs
—— MesoNH_ICE3 —— MesoNH_ICE3
10000 =
—— Arome_ICE3 Arome_ICE3
—— Arome_LIMA —— Arome_LIMA
[Q25-Q75] o, 0003 [Q25-Q75]
[Q25-Q75] E [Q25-Q75] E
[Q25-Q75] £ 000 [Q25-Q75] 2
[Q25-Q75] g [Q25-Q75] %
I L =
4000 A
2000 4
10 ZID 35 40 SIU 60 00.0 0.5 1.‘0 1.‘5 210 2.‘5 3.0
Zy (dBZ) Kgp (deg/km)
MesoNH_ICE3 Arome_ICE3
rain rain
14000 A : 4 -
ice ice
snow snow
12000 1% graupel 4 graupel
- wet graupel wet graupel
cloud water cloud water

Height (km)

10000

8000

6000

2000 -

0

Large rain contents
=> too strong Kdp
Zh is too low due
too underestimation
of drop size ?

]

0.0

0.5 1.0 1z 2.0 2.5 3.0

Hydrometeor content (g/m?3)

Negative slope
with ICE3
(especially
AROME) =>
too much
evaporation ?

/

0.0

0.5 1.0 i 2.0 2.5
Hydrometeor content (g/m?)

12000
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10000

8000

6000 -

4000

2000 +

obs
MesoNH_ICE3
Arome_ICE3
Arome_LIMA
[025-Q75]
[Q25-Q75]
[025-Q75]
[Q25-Q75]

0.0

3.0

T T
15 2.0

Zar (dB)
Arome_LIMA

T T
0.5 1.0

T
2.5 3.0

Almost no ice
crystals

«

rain

ice

snow
graupel

wet graupel
cloud water

0.0 0:5! 1.0 1.5 2.0

215 3.0

Hydrometeor content (g/m?)



16/18

Conclusions and perspectives

> First application of the common MesoNH-AROME operadar

» AROME-LIMA seems to be the best option in this case (thanks to 2-moment in rain!)
» Comprehensive evaluation with 30 convective cases (see Cloe’s presentation !

> But :

* For LIMA : correction of snow processes is heeded (new version to be tested soon!)

* Mixed phase parametrization needs too be improved (underestimation of Zh, Zdr and Kdp
between 4 and 8 km)

* DDA need for more realistic Zdr and Kdp ?

* Realistic Zh, Zdr and Kdp simulations are needed for direct assimilation in AROME
with 3D-4D EnVar !

> Perspectives :
* Consolidate Corsica case evaluation (option with hail, option with 250 m resolution)
* Try to implement the 2-spheres T-matrix code ? (hydroscatt Jordi Figueras)
* Try reading of DDA tables for snow ?
* Addition of ICON reading option to intercompare with EMVORADO ?

& 7Vonm s




Thanks a lot for inviting us !

If you are interested in collaboration about radar forward
operator and assimilation, please join the PROM-Meteo
France discussion this afternoon !

Y (3
7<cnm st




18/18

References

* Augros C, Caumont O, Ducrocq V, Gaussiat N, Tabary P. (2016). Comparisons between S, C, and X band polarimetric radar
observations and convective-scale simulations of HyMeX first special observing period. Quarterly Journal of the Royal
Meteorological Society 142, Issue S1: 347-362, doi:10.1002/qj.2572, URL http://dx.doi.org/10.1002/qj.2572.

* Augros, C., Caumont, O., Ducrocqg, V., & Gaussiat, N. (2018). Assimilation of radar dual-polarization observations in the AROME
model. Quarterly Journal of the Royal Meteorological Society, 144(714), 1352—-1368. https://doi.org/https://doi.org/10.1002/qj.3269

« Borderies, M., Caumont, O., Augros, C., Bresson, E., Delanog, J., Ducrocq, V., Fourrié¢, N., Bastard, T.L. and Nuret, M. (2018),
Simulation of W-band radar reflectivity for model validation and data assimilation. Q.J.R. Meteorol. Soc., 144: 391-403.
https://doi.org/10.1002/qj.3210

* Lac, C., Chaboureau, J.-P., Masson, V., Pinty, J.-P., Tulet, P., Escobar, J., Leriche, M., Barthe, C., Aouizerats, B., Augros, C.,
Aumond, P., Auguste, F., Bechtold, P., Berthet, S., Bielli, S., Bosseur, F., Caumont, O., Cohard, J.-M., Colin, J., Wautelet, P. (2018).
Overview of the Meso-NH model version 5.4 and its applications. Geoscientific Model Development, 11(5), 1929-1969.
https://doi.org/10.5194/gmd-11-1929-2018

* Le Bastard T. (2019). Utilisation des données radar volumiques et d'un modele de PNT a haute résolution pour une meilleure
estimation quantitative des précipitations en plaine et sur les massifs montagneux. PhD thesis, Ecole doctorale Sciences de
l'univers, de I'environnement et de I'espace (Toulouse), URL https://www.theses.fr/2019INPT0140

* Martet et al (2024). Impacts of ground-based radar observations (reflectivity and radial winds) in the Météo-France convective-scale
NWP model AROME-France. 8th WMO Workshop on the Impact of Various Observing Systems on Numerical Weather Prediction
and Earth System Prediction. https://community.wmo.int/en/meetings/8th-wmo-impact-workshop-home

* Mazoyer, M., Ricard, D., Riviére, G., Delanoég, J., Riette, S., Augros, C., Borderies, M., & Vié, B. (2023). Impact of mixed-phase
cloud parameterization on warm conveyor belts and upper-tropospheric dynamics. Monthly Weather Review, 1(aop).
https://doi.org/10.1175/MWR-D-22-0045.1

* Seity, Y., Brousseau, P., Malardel, S., Hello, G., Bénard, P., Bouttier, F., Lac, C., & Masson, V. (2011). The AROME-France
convective-scale operational model. Monthly Weather Review, 139(3), 976-991.
http://journals.ametsoc.org/doi/abs/10.1175/2010MWR3425.1

* Taufour, M., Vié, B., Augros, C., Boudevillain, B., Delanog, J., Delautier, G., Ducrocq, V., Lac, C., Pinty, J.-P., & Schwarzenbdck, A.
(2018). Evaluation of the two-moment scheme LIMA based on microphysical observations from the HyMeX campaign. Quarterly
Journal of the Royal Meteorological Society, 144(714), 1398-1414. https://doi.org/10.1002/qj.3283

* Ryzhkov, A., M. Pinsky, A. Pokrovsky, and A. Khain (2011). Polarimetric Radar Observation Operator for a Cloud Model with Spectral [ﬂ
Microphysics. In: Journal of Applied Meteorology and Climatology 50.4, pp. 873—-894. url: http://dx.doi.org/10.1175/2010JAMC2363.1

METEO
FRANCE



http://dx.doi.org/10.1002/qj.2572
https://doi.org/https://doi.org/10.1002/qj.3269
https://doi.org/10.1002/qj.3210
https://doi.org/10.5194/gmd-11-1929-2018
https://www.theses.fr/2019INPT0140
https://community.wmo.int/en/meetings/8th-wmo-impact-workshop-home
https://doi.org/10.1175/MWR-D-22-0045.1
http://journals.ametsoc.org/doi/abs/10.1175/2010MWR3425.1
https://doi.org/10.1002/qj.3283
http://dx.doi.org/10.1175/2010JAMC2363.1

	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18

