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Recent progress in AROME physics

Yann Seity, Rachel Honnert, Sébastien Riette, Benoit Vie, V. Masson

44" EWGLAM Meeting, September 2022



Outline :

New oper suite (cy46tl op June 2022)
- Better consistency microphysics/dynamics
- Ensemble PE-AROME at the same resolution as deterministic (1,3km)

Next e-suite (cy48tl op start expected 2023)
- Radiation : EcRad
- Tunings in turbulence for low clouds

For longer terms
- Aerosols

- Microphysics

Paris 2024 RDP
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On real case : 25 July 2018 (RR24)

Fix a problem of mass
conservation by the use of
linear interpolators for
hydrometeors in semi-
lagrangian, remove gridpoint
diffusion (SLHD)

Improve rain forecasts of
weakly forced diurnal
convection

(min: 0.000E+00 // max: 9.999E+03)

-
ol

(min: 0.000E+00 // max: 3.775E+01)

(min: 0.000E+00 /f max: 7.542E+01)
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Evaluation over one year (RR6, 0 TU start)

TEST/OPER

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

seuil (mm)

Better Frequency bias except at
convective time for RR6<15mm

o

Better POD, worst FAR only at

convective time

(-~ Courtesy from F. Stoop )




Outline :

New oper suite (cy46tl op June 2022)
- Better consistency microphysics/dynamics
- Ensemble PE-AROME at the same resolution as deterministic (1,3km)

Next e-suite (cy48tl_op start expected 2023)
- Radiation : EcRad
- Tunings in turbulence for low clouds

For longer terms
- Aerosols
- Microphysics

Paris 2024 RDP
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EcRad versus Oper
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— nhew optical properties also tested but with little impact on scores (not shown)



Aerosols : EcRad+CAMSAERO versus EcRad

= |n EcRad : new aerosols climatologies available based on CAMS (in CY46T1 : 2D, in CY48T1 : 3D)

, , MSLP : July 2021 , ,
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— On July, improvements on surface pressure with CAMS Aerosols clims.



Persistant low clouds over sea

Forcasters complains about cases of overestimated cloud cover over
mediterranean sea (but not only)

As clouds are cycled from the guess to analyses (not directly modified
by data assimilation, and not a lot of available observations over sea),
the problem grows forecast by forecast

Surface and atmosphere are de-coupled
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15t June 2019 case
(run starting 31 May 0TU)
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Modifications for low clouds over sea : 15t June 2019 case
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In oper, turbulence
parametrisation increment
on conservative variable q;

(qv+0gct+q) Is put on g

In TESTL, it is re-
projected on . and g, as
it is done in Meso-NH : It

reduces fog cloud cover in
that case

In TEST2, coefficients in
BL89 corrected (Bugfix
from Pascal Marquet), and
Lup modified as in
ARPEGE (more mixing in
the top of clouds)
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Outline :

New oper suite (cy46tl op June 2022)
- Better consistency microphysics/dynamics
- Ensemble PE-AROME at the same resolution as deterministic (1,3km)

Next e-suite (cy48tl op start expected 2023)
- Radiation : EcRad
- Tunings in turbulence for low clouds

For longer terms
- Aerosols
- Microphysics

Paris 2024 RDP
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A significant saharian dust event over France
(15 - 17 March 2022)
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Radiative impact of the use of daily CAMS aerosols in
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— The use of daily CAMS
aerosols fix half of the radiative
bias ( with -120 W/m?)
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Temperature impact of the use of daily CAMS aerosols in
EcRad :

Forecast step

- Half of the T2m bias is also fixed
(correction de -1°C)

— Improvments also higher in the
atmosphere, increasing with forecast lead
time
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Impact on a longer period

= 11 aerosols taken from CAMS forecasts, added in model intial file and provided
to EcRad.

= Fields are advected by SL with no significant extra cost (linear interpolators)
= Only radiative effect, no interaction with microphysics
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Logio (liquid water content in kg/kg)

Work on the representation of supercool liguid water

Oper model microphysics is not able to
reproduce observations

liquid |
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Korolev et al (2017)

Number of grid boxes classified in bins of temperature and cloud liquid water content in an ICE3 simulation

CFADRCT 14 h

Reference ICE3

(- Courtesy from R. Dupont )
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Logio (liquid water content in kg/kg)

Work on the representation of supercool liguid water

=  Oper model microphysics is not able to

reproduce observations

= Some promising results with modifications...

0 1
w0'1 b 0.9 %
So2 08 3
o o
© ! [5]
503 0.7 e
2 04 06 &
- 055
.S 0.5 . g
So6 04 O
© —
&= 03 8
$0.7 . '.|=
§0.8 ; 102 §
l‘ .; " ™ ™ i " " ™
145 40 35 30 25 20 15 -10 -5 0O 0

Temperature (°C)
Korolev et al (2017)

Number of grid boxes classified in bins of temperature and cloud liquid water content in an ICE3 simulation

CFADRCT 14 h

Reference ICE3

CFADRCT 14 h

CFAD RCT 14 h

=4.0 7

Modified condensation and
snow (Wurtz et al.2021)

(- Courtesy from R. Dupont )

Condensation, snow + ICE-T ice
initiation I



Work on the representation of supercool liguid water

= We need observations and will use :
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Outline :

New oper suite (cy46tl op June 2022)
- Better consistency microphysics/dynamics
- Ensemble PE-AROME at the same resolution as deterministic (1,3km)

Next e-suite (cy48tl op start expected 2023)
- Radiation : EcRad
- Tunings in turbulence for low clouds

For longer terms
- Aerosols
- Microphysics

Paris 2024 RDP
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Objectives, partners and their interests

To advance research on the “future Meteorological Forecasting
systems at 100m (or finer) resolution for urban areas”.

P
Urban Heat Thunderstorm Air Quality Sea Breeze
Island (Paris) (Paris) (Paris) (Marseilles)
X (x) X

DS

BoM .
' * High-res NWP
ek X © Nowcasting

IUM
MA

x
x

—
x
X

UKMO

x
x
x

CNRM

x
x
x

SMHI

x
x

NCAR

x

univ. Cologne X

KNMI

x
x

univ. Wageningen p4




: PANAME2022

2022

1Ign in summer

Experimental campa

iplinary rEseach

ISC

tid

tions and models for Mul

ion urbalN Atmospheric observa

PAris reg

Surface fluxes

2.46°E

=125.0m
2.43°E

2.37°E 2.4

2022-06-18T23:12:17, alt

time

2.28°

W400S Wind Vector (m/s)

2.34°E

231°E

2.25°

b e Catol

paads pum
2 = B S © © - ~ o

z
2 w
-
w
5]
w
B
/
\ R 2 o
\ N ey o AW
\ B R el b g 5
iy = ST AT ]
o
£3
Y £3
5 g8
N 2F
e
H]
w
\ 3 e !
\ \ Al
A ¥
1% oS
z z z z £ P £
& B 2 4 &
& & 8 g H ] &
] # g g g 2 ¥

yuousaa.69p
spnel

2nem




Forecast & real-time Numerical simulations

= Real time 48h simulations for whole 2022 summer (AROME @500m and MesoNH @100m)

1500
- Study of capability of hectometric model to simulate the R —
Urban induced weather phenomena == Dolime meres
- Z0nhe perl-urbalne
Example of Input : Building'density
(computed from Open Street Map) U
. [0)]
Urban Heat Island at middnight the 20th June ¢
(MesoNH model @ 100m of res.) w £
s T i % o]
i 3 N Vincennes Park
' (inParis) Paris
e g Far suburban site
31.0
" | | |
2758 2 24 2% 28 30 3
~ More results in the physics // 28 PANAME  Température [°C]
session this afternoon (Eric’s talk) 3 b 272022

J. Wurtz (CNRM)
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High-resolution modeling : 1) Thunderstorm case (2017)

Large-scale validation
Ensembles

Probability of 36h accumulated rainfall >= 20mm

Forcing by Changes in urban

Time lag IFS ensemble parameters
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36h accumulated rainfall AROME model members
Source: Ashriah Andani, KNMI
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— Urban impacts to be studied next
— synoptic forcing has a significant impact on that case

— more recent cases will be studied 0 o
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High-resolution modeling : 2) Urban Heat Island case (July 2019 Case)

Inclusion of High-resolution urban dataset
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Example in Unified Model
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Thank you for your attention !
Question ?
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M. July-Wormit: Evaluate and improve LIMA

* LIMA is a 2-moment microphysical scheme

Droplets Drops Ice Snow Graupel Hail
re I ri I Iy I'h
N. N, N; N, N; N

r: mass mixing ratio (kg.kg™?) N: number conc. (#.kg™)

* Built upon ICE3, with improved representation of processes

* Includes prognostic aerosol-cloud interactions

> no ice initiation if no ice nuclei available



M. July-Wormit: Evaluate and

Composite IWC (g/m?)

IWC (gikg)

Solid water content
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improve LIMA

Liquid water content
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