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(Xynthia storm)

Severe winds

Storm surge and flooding Storm wind
30°W 20°W

f‘

xﬁ/

‘ 1* Feb.2010 122 4
t < 976 hPa |‘ .
7 Feb 2010 0002 \‘ . :

(4] f'

210 km/h were also recorded at Pic
au Midi and very strong winds in
the Pyrenees valleys

20 W 1 0°W 0°
METEOSAT infrared br/gh tness temperatures ana’ ARPE&E

analysis in terms of MSLP (blue) 27 Feb. 2010 at 00 UTC

Triggering ingredients for explosive cyclogenesis:

- Strong baroclinicity induced by a strong upper-

Xynthia caused numerous damages
and killed at least 60 people in
Europe, with the hardest hit in
France

Wernli et al, 2002; Gilet et al., 2009; Riviére et al., 2010



Heavy Precipitation

' : L3
r‘]a_x r"'rt-"i - s
000
LI H
- '. e u n
m oy ..‘.'
w . 1500
"I
. = 500men 't e
@ = 400w i
. : ® = 3000 h £ =00
Mer Medierinee | = Tgm Corze Gard, 8-9 Sept. 2002
o 71 _—

~700 mm/ 24h, 1.2 billion € damage

Favoring conditions for “Cevenol” MCS:

-a slow-evolving synoptic environment;

-a mesoscale unstable and moist low-level S-SE
flow impinging the Massif Central, sometimes

Gard’'02: in addition, a low-level cold pool

produced by the MCS itself, blocked in the Rhéne
valley and forcing the low-level flow lifting.

Nuissier et al, 2008; Ducrocq et al, 2008

" : stratiform part
: orographic forcing
: low-level cold pool

" low-level convergence,
" strong moisture fluxes and

conditionally unstable flow

: low-level jet

: upper-level mean flow



Sensitivity of high-resolution forecasts

Strong sensitivity in terms of QPFs with non-hydrostatic fine-scale numerical models

MESO-NH simulation

= Pr——n =
4 '\ 4T
. ? & M)
[ €
s A

AN

Gard flooding, 8-9 sept. 2002 (Ducrocq et al. o
2008, Nuissier et al. 2008) MDA=Mesoscale Data Assimilation

--- : growth of Initial Condition (IC) errors

A ;_, : model errors ‘ -E' LOI'enZ 1963

a . g — the chaotic nature of the atmospheric dynamics leads to the
= / g unavoidable uncertainty on Numerical Weather Prediction
o =

Q oy @
Ew g — forecast error would grow faster at smaller scales when the initial

A7 =% \ /§ state estimate are improved
=
% Forecastrange — therefore, increasingly rapid error growth - inherent finite limit to

the predictability



Convective-scale predictability:
scientific issues

" Major results from Hohenegger et al, Zhang, Rotunno, ]
Snyder et al.,... 10° |
— small errors grow faster (non-linear behaviour). |
— errors amplify faster in  high-resolution
convection-resolving simulations.
— moist convection is the primary mechanism for
forecast error growth at small scale.
— Mesoscale data assimilation can lead o improved
and more realistic forecasts - however we need
to assess the convective-scale predictability

Difference Total Energy (m2s-2)

— ensemble technique is well established at w00 O :
synoptic-scale, but suitable for convection- , ;

resolving scales? * __

= Research works and dedicated methods are needed to w07 0.001K

assess the convective-scale predictability Il o | l :

— Quantify uncertainty sources at convective-scale " Time (hous of smulation)

— Initial perturbation generation ? Zhang etal, JAS 2003

— Study the propagation of uncertainties in the
hydrometeorological forecasts.



Outlines

Impacts of model parameterizations

— Sensitivity to physical processes and dynamics
— Case studies with AROME and Meso-NH models

Impacts of meso-scale initial conditions

— Assimilation of radar data (Doppler velocities and
reflectivities)

— Case studies with AROME model

EPS approach for hydrometeorological forecasts

— Probabilistic evaluation
— Case studies with AROME and ISBA-TOPMODEL
— Link with the HyMeX program

Synthesis and future plans



Outlines

Impacts of model parameterizations

— Sensitivity to physical processes and dynamics
— Case studies with AROME and Meso-NH models



The non-hydrostatic numerical tools
at Météo-France

" AROME and Meso-NH are the two non-hydrostatic mesoscale numerical
models developped and used at Météo-France, either in a research mode or for
operations, or both.

= Some basic characteristics include:

Resolution / Equations / :
Model Vertical levels Temporal scheme 6rid
AROME 2.5 km / 60 lev. Semiimplicit./ spectral

Semi-Lagrangian

Meso-NH LES - large-scale IEEg:)elrc'ﬁrn<<aI22|€fs:<;c9:{> Grid point

" Both models share the same physics package including among others:

— a bulk microphysical scheme (Caniaux et al., 1994 ; Pinty and Jabouille, 1998)
governing the equations of 6 prognostic water variables . water vapour, cloud wafer,
rainwater, primary ice, graupel and snow.

— The turbulence parameterization modelises the three-dimensional turbulent fluxes
based on a 1.5-order closure (Cuxart et al., 2000)



Fine-scale simulations of Xynthia winds

OBSERVATION Max=

209km/h

i o
1

ALTITUDE (KM/MSL)

VERTICAL vEannv Wo (M/S) VHF LZAN

R

00030609 12 15 18 21 0003 06 09 12 15 18 21 00
27FEB10 TIME (DAY-UTC) 28FEB10

LZAN WHF WIND PROFILER [Sbeams,8kW,375m,15min,lhr average]

Lannemezan wind profiler
shows a structure of trapped
gravity waves

AROME Max= 213km/h

1‘0.

Pic du j¥'. .

/% qust wind (km/h) 28 Feb. 2010 at 21 UTC

(Courtesy of C. Lac)

Good forecast on the Pyrenees with AROME, with a
band of strong winds on the north of the Pyrenees

in the South wind
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Sensitivity to dynamics :
hydrostatic vs. non-hydrostatic

HYDROSTATIC

Cross section of pot temp 20100227 1200 step 9

—— (R

]

i s
|

uuuuu

NON HYDROSTATIC

Cross section of pot temp 20100227 1200 step 9

&

Potential temperature @ 27 Feb. 2010 at 10 UTC (Courtesy of C. Lac)

The structure of low level frapped waves is only reproduced with the non

hydrostatic assumption.

In Hydrostatic, wind in the north valleys is weaker (80 km/h instead of
120 km/h) : Positive impact of the NON HYDROSTATISM



Sensitivity to microphysical processes

Gard flooding, 8-9 sept. 2002 (Ducrocq et al.

2008, Nuissier et al. 2008)

I RADAR observations I

7 = 2

o w7 y
) - g

MDA=Mesoscale Data Assimilation

I14o
I1oo

60

;
20

TRL = COOLING 22

" The low-level cold pool induced by rainfall evaporation play
a role in blocking and forcing the warm and moist low-level

jet fo lift.

" The NOC experiment clearly shows that the simulated
surface rainfall is significantly shifted northwards when

cooling is removed.



E(k) (m3/s2)

An other evaluation approach:
kinetic energy spectra

= Spectral analysis is a powerful tool to evaluate mesoscale NWP models:
— ability of non-hydrostatic mesoscale models to reproduce kinetic energy spectra
— direct assessment of the true resolution (effective) of NWP models

Wavelength (km)

o 10° 102 10’
10 Trrry ]ll'llT' L} T | L]
. Lindborg (1999), eqn 71
AN w— \\/RF BAMEX, dx = 4 km
A
. I +/- 1 std dev
10
10%
102 Larger-scale = k-3 behaviour
Mesoscale = k5/3 behaviour
TOO 1 L1 1 a1l 1 L a1l
100 1072 10 1073

Wavenumber (radians m-1)
Spectra from the 4-km WRF BAMEX forecasts from 5
May to 14 Jul 2003 (from Skamarock 2004)

log energy density

A

effective resolution

2 Ax wavelength
|

correct

[
|
I
: spectrum

model
spectra

log k



E(k) (m2s72)

Impact of diffusion

= Example of comparison between AROME and Meso-NH spectra for convective cells over plain in
the free troposphere, averaged over a 4-h period.

Courtesy of D.
500 100 50 252015 10 S Ricard (CNRM) 500 100 50 252015 10 S
i T T T LLLLLLUE R | T l3 T i T T T LLLLLLUE R | T l3 T
10 P - = pechl i o 3 10 _“-\ - = pechl i o 3
4 ~ K /3
MesoNH —— 1
1 LF AROME —— 7
AROME no explicit diffusion =-=----
0.1 0.1 F AROME strong diffusion - — - - i
0.01 (\I,"‘ 0.01 Fr e g ) _
N; |
0.001 = 0.001 | g e
2 RN e
m sl % ~ _1
O.mol O.mol B R e e S R T i \\, E ....................................... -
le-05 le-05 F 3
le-06 le-06 F E
1e~07 ' ' -] 1e~07 '
1000 100 10 1 1000 100 10 1
Wavelength (km) Wavelength (km)

* The effective resolution for Meso-NH is finer about 5-6 Ax (Ax=2.5 km). Moreover the
slope of the spectral tail is steeper for AROME suggesting more dissipating effects.

" Removing explicit dissipation - significant damping remains due to implicit diffusion of
the SL scheme (red dotted line).



Outlines

Impacts of meso-scale initial conditions

— Assimilation of radar data (Doppler velocities and
reflectivities)

— Case studies with AROME model



The AROME project (1)

AROME model has completed the French NWP system since the end of
2008 :
= ARPEGE : global model (10 km over Europe)

= ALADIN-France : regional model (10km)
= AROME : meso scale model (2.5km)

Aim : to improve local meteorological forecasts of potentially dangerous
convective events (storms, unexpected floods, wind bursts...) and lower
tropospheric phenomena (wind, temperature, turbulence, visibility...).

ARPEGE stretched grid operational AROME France domain
and ALADIN-FRANCE domain TR, T T T FEEEREE i1V

2000.

1500.




The AROME project (2)

= Means : the AROME software merging research outcomes and
operational progress (Seity et a/, 2010) :

— physical package from the Meso-NH research model
— Non-Hydrostatic version of ALADIN's dynamical core
— Complete data assimilation system adapted from ALADIN's

= Benefits of the model: high horizontal resolution (2.5km),
realistic representation of clouds, furbulence, surface
interactions (mountains, cities, coasts, ...)

= Benefit of the assimilation : use of satellites at higher resolution,
radars, regional network...



The AROME 3D-Var assimilation scheme

Control variable : vorticity, divergence, temperature, specific humidity
and surface pressure :

= U, v, T, qand Pgare analysed at the model resolution (2.5 km)

= Other model fields ( TKE, Non-hydrostatic and microphysics fields) are
cycled from the previous AROME guess

/TKE, NH and microphysics fields\{

U,V, T, qand Ps

U, V, T, q and Ps analyzed fields

: /AR;)ME uses a rapid forward intermittent
Observations assimilation cycle ?B-h frequency)




Assimilated data

Geo-stationary satellites Polar-orbiting satellites

@, Cloud motion vector /" s
SEVIRI CSR!_..- 98 caToB g‘%*%\ =
7 ATOVS

SSMI

: QUIKSCATT
Radiances GPSRO '

IASI

O '/ Ship GPS
‘ Profiler f ; :
Buoys e
SYNOP — Ship Drifting s i
— - I =ER=|
g e
CHu,, Ton !
SYNOP — Land Vg :

L e - - -

ARPEGE — ALADIN (SEVIRI HR instead of CSR, Huy, TomViom) = AROME (+ radars
+ more GPS)



Radar data in AROME

The ARAMIS radar network sw 0 s 10

50°N L 50"N

» 24 radars (incl.22 Doppler),
performing between 2 and 12 PPIs/15’

In AROME:

» Radial velocities of 15 Doppler radars .
currently assimilated operationally. The
remaining 7 are often contaminated by non
meteological targets, but should be
included soon thanks to the use of new
detection algorithm.

- 45'N

5w

» Reflectivity of every radars assimilated Radars : C Band O Doppler
operationally since April 2010. ~
O S Band ( ] Doppler at the
end of 2009

5 : nb of elevations/15’



Assimilation of radar data in AROME

= Assimilation of Doppler winds in AROME (Montmerle and
Faccani, 2009 ) .

— Radar data are preprocessed before assimilation : (i) velocity
degluasmg, (ii) removal of noise and unrealistic echoes, and (iii) data
setup.

— An observation operator (Salonen et al., 2003, Caumont et al., 2006)

has been developed to simulate radial wind measurements from
AROME.

— Radial velocities are assimilated in the AROME 3D-Var scheme.

= Assimilation of reflectivities in AROME (Caumont et al., 2010)

— Pseudo-observations are first retrieved from observed reflectivity
vertical profiles through a unidimensional (1D) Bayesian retrieval.

— An observation operator has been coded to simulate reflectivities
from AROME.

— Pseudo-observations of humidity are assimilated in the AROME 3D-
Var scheme



Impact of Doppler winds (1), .

ex: 2008/05/30 case Radar obs. Vr Blaisy

Meso-vortex

Courtesy of T.
Montmerle (CNRM)

Vorticity Analysis (600 hPa) __

PARIS Analysis VT:Friday 30 May 2008 21UTC suunra absolute vortcity PARIS Analysis VT:Friday 30 May 2008

15t elev

21UTC 600hPa absolute vorticity

P i W—

Without DOPPLER | With DOPPLER
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Impact of Doppler winds (2) Courtesy of T

ex: 2008/05/30 case Montmerle (CNRM
Meso-vortex

Friday 30 May 2008 21UTC PARIS Forecastt+2 VT: Friday 30 May 2008 23UTC 700hPa ucompone nt of wind'v-component of wind

Friday 30 May 2008 21UTC PARIS t+2 VT: Friday 30 May 2008 23UTC Surace: ll:m: ]
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Radar reflectivity assimilation: example of retrieval

Reflectivitied
Elevation O.4i4°

>

Relative humidity




Imgmc‘r of radar reflectivities

ex: 2008/10/08 case
Convective line over Southeastern France
Courtesy of E.

Wattrelot (CNRM) With reflectivities Without reflectivities
R ' Specific humidity o
increment ‘ ‘

= R
O o B
ATty




Objective scores: comparisons to radiosondes

= Analysis from the AROME RUC compared to ALADIN analysis
show an important reduction of Root Mean Square Error and Bias
for all parameters all over the troposphere except for the

humidity field around 200 hPa

= AROME 12-h forecasts initialized with an analysis from the
AROME RUC and an ALADIN analysis (spin-up mode) seem very
LA :

close compared to radiosonde.

— the general benefit of the
AROME analysis appears during
the first 12-h forecast ranges,
then lateral conditions mostly take

over the model solution

Vertical profiles of rmse
and bias Tor femperature
compared to radiosonde
measurements

— = = Bias

rmse

pressure (hPa)

100

N
o
@

500

(0 0]
Ol
o

1000!

/)

/.\nalysis 12-h forecasts

Courtesy of P. T(K)

Brousseau (CNRM)



Why we need a cloud-resolving
ensemble approach ?

Lame FRANCE 24k, fin: 21/10/2008 12:00 (288/288) (= 10,0mm) ‘ i—.
by
> 2.0
> 5.0
> igg.g Courtesy of
> 200.0 (en mm) F. Saix
> 250.0 10-15  fE (Météo-
1520 & France
2030 [ DIRSE)
Precipitation 30-50 ?
(in mm) Ar'ome (Res: 2,5km /Max: Radar observation | 7' =
180 mm) (Max : 163mm) 100-150 &
E3a >150 .

I 24-h observed and simulated rainfall, from 20 oct. 2008 at 12h to 21 oct. 2008 at 12h

" Cloud-resolving non-hydrostatic models are able to simulate very realistic features of
heavy precipitation events (improvement of mesoscale initial conditions).

= However Quantitative Discharge Forecasts (QDFs) are very sensitive to QPFs,
especially for small fo medium catchments (~ 1000 km?).

" Ensemble forecasts are one approach to quantify the uncertainty of
hydrometeorological forecasts.



Outlines

EPS approach for hydrometeorological forecasts

— Probabilistic evaluation
— Case studies with AROME and ISBA-TOPMODEL

— Link with the HyMeX program



Convective-scale predictability of Mediterranean
Heavy Precipitation Events: scientific issues

Uncertainty on
synoptic-scale initial
conditions and lateral

Uncertainty on
meso-scale initial
conditions

—

Fine-scale predictability

(AROME model)

Model errors

convective-scale atmospheric ensemble forecasts.

[

Hydrometeorological ensemble forecasting (ISBA-TOPMODEL)




Convective-scale predictability of HPEs with
AROME model

Uncertainty on synoptic-scale initial conditions and lateral boundary conditions

(i Downscaling of the PEARP members Mesoscale data assimilation + AROME forecasts
(via ALADIN model)

Large-scale PEARP ensemble (11 members)

Uncertainty on mesoscale initial conditions

.. Rapid Update Cycle (RUC) with perturbed observations
(| |) (ensemble assimilation)

Deterministic
synoptic-scale

conditions E
B . IIIIIIIIIIIIIIIII* g

_.-" ‘-l_\-.'_ qllllllllllllllll* B
& "‘_,-* IIIIIIIIIIIIIIIII*

AROME forecasts




Experimental design -
characteristics of the experiments

Experiments LBC ALADIN AROME
(nbr of members) conditions downscaling procedure | data assimilation
Ical U bed
AROME-PEARP | pE App ps donmscaiing "Pebs >
C IRL = unpert.
AROME-PERTOBS | ARPEGE | yoterministic data obs "
(11) de;glcg\égg‘flc assimilation cy&e P1-P10 I? pert.
obs
- CIRL Oebténper"r.
namica
(1) PEARP EPS dotneCafing P1-P10 > pert.

" The impact of uncertainty on Lateral Boundary Conditions (LBCs) is assessed
coupling AROME with a global EPS (PEARP). Convective-scale assimilation is also
performed for each member.

= Uncertainty on convective-scale Initial Conditions (Ics) is sampled through
ensemble data assimilation technique (Berre et a/., 2006). Every observations are
randomly perturbed, then assimilated in the AROME's 3D-Var assimilation scheme.
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Results of this study are summarised in Vié et a/., 2010 (submitted to Mon. Wea. Rev.)




Sensitivity to synoptic-scale
conditions

" Days have been partitioned into two categories on the basis of the synoptic-scale pattern

— Several parameters (Z, U, mean wind @ 500 hPa) are considered to partition days

weak synoptic-scale forcing strong synoptic-scale forcing

- 1212 - 1=12h
o 18708 AROME-PEARP N o 18708 AROME-PEARP N
0 AROME-PERTOBS il 0 AROME-PERTOBS il
™ 8e+05} ™ 8e+05}
o o
> >
N N
0 6e+05 0 6e+05
0] 0]
Q Q
o o
4 4e+05' 4 4e+05'
0 0
é 2e+05| é 2e+05|

0 0

0 2 4 6 8 10 12 0 2 4 6 8 10 12
Rank of observation Rank of observation

; The U-shape of rank histogram for AROME-PERTOBS ensemble slightly increases during strongly forced
ays.

" The AROME-PEARP ensemble performs better than AROME-PERTOBS during strongly forced days.



A case study

The heavy precipitation event : = From 1 Nov. 2008 00 UTC until 3 Nov. 2008
20°W 0° 20°E 40°E
1 % & s “",@6’,,'_' A 00 UTC
g NS = MCS formed within the tail of a larger-
s EAURN R 2| scale quasi-stationary front
' = Max rainfall : 428 mm (Villefort, Lozere)
-

o

24h observed precipitation (raingauges) Radar composite , 1 Nov. 2008 at 22 UTC




AROME-PEARP ensemble experiment

1400

| 24h- simulated rainfall
J  for AROME-PEARP

“l ensemble. Initial and

=|| boundary conditions are
.| provided by PEARP

“II forecasts, 1 Nov. 2008
. at 12 UTC




AROME-PERTOBS ensemble experiment

Cpg [ i 24h- simulated rainfall
[t for AROME-PERTOBS

_ ensemble. Mesoscale
. S - re SR initial conditions are
? | R RO A e obtained by ensemble
R B P 5 assimilation method, 1
G e - Nov. 2008 at 12 UTC




Ensemble experiment evaluation

AROME-PEARP ensemble experiment

AROME-PERTOBS ensemble experiment

7

6

5

3

Domain averaged-rainfall (mm)
2 4

1

T T
3 6 9 12 15 18 21 24
Forecast range (h)

7
1

3

Domain averaged-rainfall (mm)
2 4

1
|

T T
3 6 9 12 15 18 21 24
Forecast range (h)

The maximum rainfall peak is better captured in AROME-PEARP ensemble over the second half
of forecast period

—

During the 12-h, the uncertainty is fairly reduced and better distributed around observations in
AROME-PERTOBS ensemble but it fails to reproduce the precipitation peak




Ensemble simulations of QDF

" Ensemble simulations of Quantitative Discharge Forecast (QDF)
performed coupling ISBA-TOPMODEL with AROME-PEARP ensemble
experiment.

24-h accumulated rainfall from AROME-PEARP ensemble

= TSBA-TOPMODEL forced by AROME EPS
ms TSBA-TOPMODEL forced by AROME OPER
2000 ‘ OBS
Q25-Q75
Q
OV 1500 | =  MEDIAN
R -
]
-
- Q
. 1000
O
500 |
A *
Courtesy of B. >
Vincendon (CNRM) o &e e e
RO SR & KT S

N

N
B S R N N ﬁe}\ ,s:\" .-{b\\ %\\ n%" ,3,\\ ﬁtb\\ (3;\\ c\%}\ & & &

Forecast range

This ensemble approach points out a possible flood of the Gardon river at
Boucoiran, in contrast to the simulation using the deterministic AROME forecast



Link with the HyMeX program

HyMeX (HYdrological cycle in the Mediterranean Experiment) is organised around two main
objectives ( ):

" to improve our understanding of the water cycle, with emphases on the

predictability and evolution of intense events
— by monitoring and modelling:
the Mediterranean coupled system (atmosphere-land-ocean),
its variability (from the event scale, to the seasonal and interannual scales)
and characteristics over one decade in the context of global change

" Yo evaluate the societal and economical vulnerability to extreme events
and the adaptation capacity.

Major disciplines: Meteorology, Oceanography, Hydrology, Climatology, Societal sciences



http://www.hymex.org/

Modelling strategy

The HyMeX modelling strategy includes :

" The improvement of convective-scale (deterministic and ensemble) forecast systems to

improve the prediction capabilities of Mediterranean high-impact weather events. HyMeX
field campaigns should provide an unique high-resolution database to validate these new NWP systems:
microphysical properties (polarimetric radars, aircraft measurements), marine boundary layer
characteristics and air-sea fluxes measurements (buoys, research vessels), novel high-resolution moisture
measurements (GPS delays on board ships, radar refractivity, water vapor from lidar, etc).

= Some versions (deterministic and ensemble approaches) of these systems will be run in
real-time or in a “test-bed” framework during the SOPs to serve as guide for the dedicated

Instrumentation. Other on-going studies based on NWP and modelling systems are carried out to prepare the
deployment of observation platforms (aircraft, vessels, sounding, lidars, etc) € 4 6"E  8°E  10°E 12°E_14°F__
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The AROME-WMED mode/

is a research version of the
Météo-France AROME NWP
system running its own 3-
hourly rapid ypdate
assimilation cycle at 2.5 km.
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Task Team Modeling TTMla: High-resolution ensemble hydrometeorological modelling for quantification of uncertainties



Outlines

Motivations and scientific issues

Impacts of model parameterizations

— Sensitivity to physical processes and dynamics
— Case studies with AROME and Meso-NH models

Impacts of meso-scale initial conditions

— Assimilation of radar data (Doppler velocities and
reflectivities)

— Case studies with AROME model

EPS approach for hydrometeorological forecasts

— Probabilistic evaluation
— Case studies with AROME and ISBA-TOPMODEL

— Link with the HyMeX program
Synthesis and future plans



Synthesis

= Benefit of using non-hydrostatic mesoscale numerical models for intense events:
— AROME was able to reproduce the strong winds associated to Xynthia (strong
positive impact of the non-hydrostatism).
— For heavy precipitation, high-resolution and sometimes explicit parameterization of
microphysical processes are crucial for better forecasts.
— Moreover, other parameterizations (diffusion) can have also strong impact.

= Benefit of convective-scale assimilation of non-conventional data (radar data for
instance):
— Assimilation of Doppler velocities and reflectivities strongly improves mesoscale
initial conditions for heavy precipitation events.
— the general benefit of the analysis appears during the first 12-h forecast ranges,
then lateral conditions mostly take over the model solution.
— However, convective-scale ensemble forecasts are needed to assess predictability

= An ensemble simulation approach is used to assess the impact of uncertainty on
convective-scale ICs and uncertainty on LBCs:
— Convective-scale ensemble experiments have been performed, either coupling
AROME with global PEARP ensemble, or doing convective-scale assimilation cycles of
perturbed observations in AROME 3D-Var.
(—’rhe;‘ )uncer"rain’ry on convective-scale ICs is shown to have an impact at short-range
<12



Future plans

= A few works currently in progress or planned on :

— dynamics : conservation in the semi-lagrangian scheme (Malardel et al.).
— physics : improvement of boundary layer clouds in cloud statistical schemes.

= A few works currently in progress or planned on :
— the use of observations at a higher spatial resolution (IR radiances,..).
— A surface assimilation coherent with the model's surface scheme and resolution
— An AROME domain twice larger operational version is currently investigated

= Perturbations on LBCs will be improved, coupling AROME with more global ensemble
members
— selection of a few relevant forecasts from global EPS.

= The development of convective-scale stochastic physics is planned for AROME
— A random generator of model tendency perturbations is being developed, using (at
this stage) couples of AROME forecasts for its statistical calibration
— Evaluate error model against uncertainty on Ics and LBCs

= Other perturbation generation techniques will be developped and assessed in AROME
— EnKF, ETKF,...
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Impact of physical parameterizations

= Example of comparison Meso-NH spectra (500 m) for convective cells over plain in the boundary
layer (BL), averaged over a 4-h period.
— 500 m res. simulations + mixing length BL1D (Bougeault and Lacarrere 1989)

— 500 m res. simulations + mixing length BL3D
— 500 m res. Simulations + mixing length BL3D + Eddy-Diffusivity / Kain-Fritsch (EDKF)
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Adimensional Wavenumber

= Kinetic energy in spectra is stronger at smaller scales due to increase of horizontal
resolution (2.5 km > 500m)

= Mixing within the BL, resulting from activation of parameterizations (turbulence 1D,
3D, and shallow convection), help to dissipate somewhat energy.



A tool to evaluate the spinup
period

= Kinetic energy spectra are performed from AROME forecasts, with initial conditions provided by
an ALADIN analysis (no assimilation is done with AROME)

500 100 50 252015 10 5
lO 1\;\;7\\{\7 T T LLLLLLUE R | Iks_l3 7I777 ]
e A
[ T Initial state: ALADIN analysis === |
e 01 UTC —-—
(-.\'.?‘\ 02 UTC
0.1 Ly~ 03 UTC
}.\".__ \\\ 04 UTC =r====-
] N - .
(] » RS, . ~
L O Sel] LTC
o Q.001 [ \___\_\\\\ S Caupfe_;’y of D.
- | P S Ricard (CNRM)
S 00001 F : W, 3
N N
\\ o
T L T AAMA A A A - EH i i
2 ; DAVRW .
L=1
16—06 Bt o S e S e s o FEE B S e S S S Y e S R S e b e \ ..... £ L g e -
j P e et
D s R \\‘
1000 100 10 1
Wavelenﬁh (km)
Spectra from the 2.5-km AROME forecasts starting

from an ALADIN analysis (~ 10 km)

" The AROME initial conditions possess little energy in mesoscale (smoother

ALADIN analysis).
" The development of the mesoscale portion of the spectrum takes about 3-4 h

— development of finescale structures in the forecasts.
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