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Abstract. In autumn, southeastern France is often affectedthe microphysical perturbations. These results clearly show
by heavy precipitation events which may result in damag-that the usefulness of an ensemble prediction system based
ing flash-floods. The 20 October and 1 November 2008 araupon microphysical perturbations is case dependent. Addi-
two archetypes of the meteorological situations under whichtional experiments indicate a greater potential for the multi-
these events occur: an upper-level trough directing a warnprocess ensemble when the model resolution is increased to
and moist flow from the Mediterranean towards tfev€hnes 500 m.

ridge or a quasi stationary meso-scale convective complex
developing over the Rhone valley. These two types of events

exhibit a contrasting level of predictability; the former being

usually better forecast than the latter. Control experimentsl Introduction

performed with the Meso-NH model run with a 2.5 km res-

olution confirm these predictability issues. The determinis- The Mediterranean basin is a region prone to high rain-
tic forecast of the November cased@nnes ridge) is found fall and stormy events causing severe damage and human
to be much more skilful than the one for the October casg0Sses almost every year. These high-impact meteorological
(Rhone valley). These two contrasting situations are used@Vents need to be accurately forecasted, justifying impor-
to investigate the sensitivity of the model for cloud physics tant cooperative research efforts, such as the WMO World
parameterisation uncertainties. Three 9-member ensemblédeather Research Programme MEDiterranean EXperiment
are constructed. In the first one, the rain distribution inter-(MEDEX, http://medex.aemet.uib.¢sbr the forth-coming
cept parameter is varied within its range of allowed val- HYdrological cycle in Mediterranean EXperiment (HyMeX,
ues. In the second one, random perturbations are applied 3ttP://www.hymex.orgi. The former is dedicated to the study
the rain evaporation rate, whereas in the third one, randon®f high-impact cyclones over the Mediterranean, whereas the
perturbations are simultaneously applied to the cloud autolatter aims at a better understanding and forecasting of the
conversion, rain accretion, and rain evaporation rates. Rewhole water cycle in the Mediterranean. In particular, the
sults are assessed by comparing the time and space distfi'st HyMeX Special Observing Period (SOP), scheduled for
bution of the observed and forecasted precipitation. For thétutumn 2012, will specifically focus on heavy precipitation
Rhone valley case, it is shown that not one of the ensem&Vents in the northwestern Mediterranean and will provide a
bles is able to drastically improve the skill of the forecast. Unique opportunity to implement and assess new forecasting
Taylor diagrams indicate that the microphysical perturba_methodologies aiming to improve the predictability of these
tions are more efficient in modulating the rainfall intensi- €vents.

ties than in altering their localization. Among the three en- N southeastern France, climatology exhibits a peak of
sembles, the multi-process perturbation ensemble is found tBigh precipitation events in October with more than 90 high
yield the largest spread for most parameters. In contrast, thEinfall days — daily rainfalls greater than 150 mm — reg-

results of the @vennes case exhibit almost no sensitivity to iStered for the 1967-2006 period. These events mainly oc-
cur over the @vennes range (see Fig. 1 for geographical
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To overcome this current limitation, ensemble prediction
is a promising strategy. From a set of perturbed scenarios,
which model the uncertainties of the initial atmospheric state,
‘ . 4 ensemble prediction gives a probabilistic picture of the likeli-
461 / o O S hood of the phenomena. The main difficulty associated with

R SR W -y 0 o this strategy is to design appropriate and realistic perturba-

2000

tions to get enough dispersion of the scenarios and signifi-
e i cant statistical scores. At the global and synoptic scales, en-
semble prediction systems are based on well-proved method-
443 750 ologies but much less knowledge exists for the convective
scale.Hohenegger and Séh (2007 investigated how dif-
e 500 ferent mesoscale errors propagate through a cloud-resolving
150 model. It appears that within a dozen hours, various per-
250 turbations, even randomly distributed, lead to a maximum

spread over regions where moist convection takes place. This

- is an indication that precise meso-scale perturbations could

07 Ardeche |

e SPALNT 3 1 T et | only be valuable for a very short forecasting range, whereas
i . i Lt L | 48lLozere random perturbations might induce similar spread for more
010 103 196 289 382 475 568 661 754 847 940 extended forecasts. Furthermore, from these results, which

_ _ _ clearly underline the role of the convective processes, it could
Fig. 1. Map of the domain of Southern France used for the sim- g hypothesised that the microphysical cloud scheme uncer-

ulations, with a 2.5-km resolution. Solid line indicates box where tainties also play a major role in the error propagation and

statistics have been performed, that is the Languedoc and Southei o o610 should also be taken into account in a convective-
Massif Central area. Shading represents altitudes (in meters) over L
cale ensemble prediction system.

250 m. Geographical names and French administrative regions arg : . .
recalled, in particular 4lepartementsf the Languedoc area with P‘T"St §tud|es havg {:\ddressed the 'SSU? of physical pargm-
their standard number. eterisation uncertainties. They are cast into two categories
involving either the use of different physical parameterisa-
tion schemes (e.ddoutekamer et al.1996 Stensrud et a|.
locations) but also hit the highly-populated plains close by,2000 or stochastic physical parameterisations (8gizza
posing a serious threat to the population and to economic acet al, 1999h Palmer 2001, Grell and Cevényi, 2002. In the
tivities. Catastrophic floods, such as the 1999 Aude case ofirst category, model uncertainties are accounted for by using
the 2002 Gard case, deserved several studiesBeahtold  various combinations of different boundary layers, micro-
et al, 2001, Nuissier et al.2008 Ducrocq et al.2008 help- physics, and land surface schemes. To be valuable, such an
ing to identify the main factors responsible for the severity of ensemble requires the availability of a wide range of parame-
these events. In particular, the stationarity and location of theerisations within the model. In the second category, stochas-
mesoscale convective system (MCS) for the Gard case wertc physics aim at representing model uncertainty that results
shown to be very sensitive to evaporation processes and rdrom interactions with unresolved scales. Therefore, this ap-
sulting cold pool developments. The presence of a cold pooproach was mainly used at large scales to compensate for
was also suspected for an unusually high precipitation eventleficiencies in turbulence and deep convection parameterisa-
on the eastern shore of Corsitambert and Argenc2008. tions.
Despite all the progress in numerical weather predic- Our goal in this study is to explore the importance of
tion, predictability of these events, which involve intricate model uncertainties associated with the cloud representa-
multi-scale processes, remains fairly limited. The theoreticaltion at the convective scale. Two cases of high precipitation

framework of predictability was pioneered bgrenz(1963, over southern France, exhibiting very different levels of pre-
who studied the propagation of small initial errors through dictability, are considered. The sensitivity of the precipita-
simple atmospheric models. Later dmrenz (1969 esti-  tion forecast to the details of the cloud physics parameteri-

mated the theoretical predictability limit to be a few weeks sation is assessed by (i) varying the tuneable parameters of
for large-scale flows but to be only an hour for cumulus the microphysical scheme of the model within their range of
scale motions. More recently, in a paper summarising criticalallowed values and (ii) introducing random perturbations on
points of convection predictability in the UBtitsch and Car-  the time tendencies of the microphysical processes. The first
bone(2004 made the general observation that skilful deter- methodology can be seen as a “poor man’s” version of the
ministic prediction of deep convection and associated rainfalimulti-scheme approach, whereas the second one can be con-
is still limited to a few hours only. Moreover, several studies sidered as an extension of the stochastic physics approach
(e.g.Walser 2004 have shown how moist instability was ca- towards the convective scale. The results obtained with the
pable of disrupting predictability even at the synoptic scale. two types of microphysical perturbations are then compared
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to those obtained with initial condition perturbations. Finally, studied byNuissier et al(2008 during which the blocking
the sensitivity of the results to model resolution is examined.of the cold pool was favoured by the narrowing of the Rhone
The paper is organised as follows. Section 2 gives arvalley, and acted to force stationary updraughts upstream of
overview of the studied cases and describes the numericahe relief.
model and the perturbation setup. The sensitivity of the pre- The second episode took place at the beginning of Novem-
cipitation fields to the microphysical perturbations is anal- ber, resulting in a 365 mm 24-h rainfall maximum between
ysed in Sect. 3. The results of the additional experiments ar¢he 1 November 2008 at 12:00UTC and the 2 Novem-
discussed in Sect. 4. Conclusions and outlook are given irber 2008 at 12:00 UTC over the L&z department. Fig-
Sect. 5. ure 3 provides an overview of the situation. The synoptic
analysis (Fig3a and b) shows a strong south—south-westerly
flow associated with an intense low-level cyclonic circula-

2 Cases studied and model settings tion over the western Iberian peninsula, causing deflection of
surface winds towards the southeast. The upper-level forc-
2.1 Cases studied ing is much stronger than in the previous case and makes the

Cévennes area very exposed to deep convection. Such a pat-
The events studied occurred in 2008 over southern Franceern clearly belongs to the so-called WL-HPE synoptic class
from the Gard and Erault plains to the 8vennes mountains identified inNuissier et al(2011) and recognised as one of
(see Fig.1). This region is well known for its exposure to the most favourable atmospheric situations for high precip-
intense precipitation during the fall season, and will be oneitation over southern France. The 24-h rainfall observations
of the main observational sites during the 2012 HyMeX SOP.(Fig. 3c) show that the highest rainfall was found along a

The first episode took place on the 20 October 2008, respecific axis, corresponding roughly with thév@nnes crest

sulting in a 164 mm rainfall maximum between 00:00 UTC line. In contrast, precipitation over the plain region was rather
on the 20 October and 00:00 UTC on the 21 October. Anlimited. This feature is likely to be explained by the promi-
overview of the meteorological situation is given in F&J.  nent role of the topography in controlling the location and
Synoptic analysis at mid level (Figa) shows a weak west- intensity of the precipitation. The radar observations on the
erly flow and the domination of high geopotential heights 2 November 00:00 UTC (i.e. at the event peak, Bd) re-
over southeastern France. As seen on the vertical velocveal a narrow, south—north oriented convective line that takes
ity field, no significant upper-level forcing affects the stud- birth off-shore. The fnes soundings (Fig3e and f) from
ied area. The 925 hPa analysis (F2p) does not show any 1 November at 12:00 UTC and 2 November at 00:00 UTC
low-level cyclone in the surroundings but indicates southerlyexhibit a deep unstable layer and significant values of CAPE
moist advection pointing toward the French coastlines. Ac-(811Jkg! on the 1 November). The lifted index (evolv-
cording to Nuissier et al.(2011), this situation does not ing from 0.58 to—0.74 K) indicates that convective devel-
appear propitious for a classical heavy precipitation eventopments will require strong lifting but this is likely to occur
but low-level conditions are compatible with the occurrence owing to the strong upper-level forcing shown in Fg.
of precipitation over this region. Figurgc maps the ob- These two events highlight two contrasted ways of forc-
served 24-h rainfall. The highest rainfall was fairly local- ing strong and stationary updraughts and consequently pro-
ized and observed over the plain regions dfr&llt and  ducing high precipitation. One way to produce this heavy
the Gard, whereas accumulated precipitation over the southprecipitation is to direct low-level moist air towards moun-
eastern Massif Central and western Alps remained relativelytain slopes. It is common to use the Froude number£
weak. Satellite (not shown) and radar data (e.g. Eigrep- U/~/Nh whereU is the horizontal velocityN the Brunt
resentative of the peak of the event) indicate that the in-Vaissala frequency and the height of the topography) to
tense precipitation was produced by a quasi-stationary linassess whether the impinging flow will be either deflected
ear MCS with parallel stratiform precipitation according to around or forced to rise above the topography. This theory
the taxonomy oParker and Johnsg2000. Finally, Fig.2e does not account for moist convection and details of topogra-
and f show the time evolution of the closest sounding lo-phy and therefore may not be entirely relevant (Mmglietta
cated in Nmes. On the 20 October between 00:00 UTC andand Rotunnp2005 2009 but it emphasises that strong and
12:00 UTC, the atmosphere was destabilised by cold air adweakly-stable low-level flows will tend to rise upon a mod-
vection in the upper levels. The convective available potentialest crest line instead of being deflected. In Southern France,
energy (CAPE) increased from 0 to 183 Jkgwhereas the rapid flows impinging the €vennes ridge yield the so-called
lifted index (LI) evolved from 3.3 to-0.9 K. Although the  "cevenol episodes”, causing widespread and lasting precipi-
atmospheric vertical structure became favorable for convectation. An alternative way of producing strong and stationary
tive developments, the instability remained fairly moderate.precipitation is to develop a long-lived slowly-propagating
Former studiesArdilouze, 2009 of this case have under- convective system. Such convective systems cause localised
lined the presence of a long-lived cold pool upstream of theand very intense precipitation, and are able to develop away
relief, suggesting a mechanism very similar to the Gard casdérom the relief. Although the present work is based on two
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Fig. 2. Overview of the Gard-Erault case. ECMWF analysis on 12:00 UTC, 20 October 2(£)8500 hPa vertical velocity (nTs') and
geopotential height (in m) an®) 925 hPa water vapour mixing ratio and wirfd) 24-h accumulated rainfall between 00:00 UTC, 20 October
and 00:00UTC, 21 October (@&Eo-France rain gauge network) with relief in shadifd). Radar reflectivity (dBz) from the ¥hes radar
(location indicated with the black dot) on 20 October 2008 at 15:00 Ug&ndf) Nimes soundings from 20 Ocober 2008 at 00:00 UTC and
12:00 UTC, respectively.

case studies only, it combines the two classical archetypes d.2 Model
these events which affect the area. However, it must be noted

that the two types of events can combine, as orographic pre-

cipitation is often associated to embedded moist convection
In the following, the 1 November case will be referred to as
the Cevennes case, whereas the 20 October case will be r
ferred to as the Gard-&tault case.

The numerical experiments were conducted with the
French research model Meso-NH (Meso-resolution Non-
Fﬁydrostatic modellLafore et al.1998. In order to focus on

domain-internal errors, initial and boundary conditions were
taken from the French high-resolution AROME operational
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Fig. 3. Overview of the @vennes case. ECMWF analysis on 00:00 UTC, 2 November 28p800 hPa vertical velocity (n7s}) and geopo-
tential height (in m) andgb) 925 hPa water vapour mixing ratio and wir{d) 24-h accumulated rainfall between 12:00 UTC, 1 November
and 12:00 UTC, 2 November (@€o-France rain gauge network) with relief in shadif). Radar reflectivity (dBz) from the hes radar

on 2 November 2008 at 00:00 UT@ &ndf) Nimes soundings from 1 November 2008 at 12:00 UTC and 2 November 2008 at 00:00 UTC,

respectively.

analyses$eity et al, 2011) available every 3h witha 2.5km oceans, lakes) included in a grid mesh. The Interactions
resolution. Soil-Biosphere-Atmosphere scheni¢oflhan and Mahfouf
Meso-NH is a grid point model which contains a full set 1996 is used for natural land surfaces. Deep and shallow
of physical parameterisations. The turbulence scheme foleonvection are parameterised accordingBechtold et al.
lows Cuxart et al(2000 and the radiation is computed with (2001) andPergaud et a{2009, respectively. The ICE3 bulk
the rapid radiative transfer modélifawer et al, 1997). The microphysical schemeP{nty and Jabouille1998 governs
surface energy exchanges are represented according to fothre prognostic equations of six water species (vapour, cloud
possible surface type patches (natural surfaces, urban areagater, rainwater, primary ice, snow aggregates, and graupel).
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Table 1.Characteristics of the different ensembles

Ensemble Initial Horizontal  Type of

name conditions resolution  perturbation

El 20 Oct 2008, 00:00UTC 2.5km Rain intercept parameter

E2 20 Oct 2008, 00:00UTC 2.5km Rain evaporation

E3 20 Oct 2008, 00:00UTC 2.5km Rain evaporation, autoconversion, accretion
E4 1 Nov 2008, 12:00UTC 2.5km Rain evaporation, autoconversion, accretion
E5 20 Oct 2008, 00:00UTC 2.5km Initial conditions

E6 20 Oct 2008, 06:00UTC 2.5km Rain evaporation, autoconversion, accretion
E7 20 Oct 2008, 06:00UTC 0.5km Rain evaporation, autoconversion, accretion

Compared to AROME, Meso-NH is more flexible regarding the Marshall-Palmer distribution used to describe the rain-
its setting, which in particular allows refined resolution in drop spectrum) were retained. In the model standard config-
one or several sub-domains thanks to a two-way grid nestingiration, N is equal to 0.8< 10’ m—4, whereas according to
technique $tein et al. 2000. literature, the admitted range of possible values extends from
The vertical grid was set to 50 levels (16 of them located0.4x 10’ m—* to 3.6x 10’ m~*. The first set of experiments
in the first kilometre above ground) and was designed to(E1) uses different values &y, regularly sampling the in-
get a close match in the low levels with the AROME ver- terval noted above with a 0410" m— spacing. The E1 en-
tical grid (which included only 41 levels in the 2008 op- semble includes 9 members.
erational version). The horizontal grid exactly matched the The second methodology used@arnaud2009 was in-
2.5km AROME grid and covered an AROME sub-domain spired byBuizza et al.(1999) and aimed at representing
centered over southeastern France (seefjigConsidering  the random error associated with parameterised microphysi-
the kilometre-order resolution of the simulations, the deepcal processes. This was achieved by introducing random per-
convection scheme was disabled but the shallow convectioturbations on the time tendencies of each microphysical pro-
scheme was left on. cess. More specifically each time tendency was multiplied
For the Gard-Hrault case, the simulations started at by a random factor homogeneous in time and space, rang-
00:00UTC or 06:00 UTC on the 20 October and were con-ing from 0.5 to 1.5, and thus leading to an artificial increase
ducted over 24 h or 18 h. For theé@nnes case, they started or decrease in the considered process. The results obtained
at 12:00 UTC on the 1 November and were conducted ovefor the academic tests indicated that the largest sensitivity

24 h. was obtained for perturbations applied to the rain evapora-
tion process (which has a direct feedback on the model dy-
2.3 Configuration of microphysical perturbations namics via evaporative cooling), and to a lesser extent to

the accretion of cloud droplets by raindrops and to the auto-
The perturbation setup is derived from the previous study ofconversion of cloud droplets into raindrops. In contrast, per-
Garnaud(2009. In this preliminary workGarnaudstudied  turbations applied to the other processes (including riming,
the sensitivity of the model results to the details of the ICE3melting, ice accretion) induced a much smaller spread in the
microphysical scheme. Two different methodologies wereresults. Furthermore, the sensitivity of the results was sig-
explored from a series of academic tests ranging from isoificantly increased when the perturbations were combined
lated storms to organised squall lines. The first methodologyand simultaneously applied to the three warm processes men-
aimed at assessing the sensitivity of the precipitation foretioned above. For this study, the second set of experiments
casts to tuneable parameters of the microphysical schemé&E?2) is based on the perturbations of the rain evaporation only
such as the hydrometeor distribution (e.g. the shape and intdue to the suspected key role of the evaporative processes),
tercept of the distribution), the hydrometeor mass-diametetvhereas the third one (E3) considers combined perturbations
and fall velocity-diameter relationships, and the various co-on each of the warm processes. Each ensemble has 9 mem-
efficients used in the computation of the microphysical pro-bers, a reference simulation and 8 perturbed simulations. Ta-
cesses (e.g. thresholds, time constants). All of these paranble 1 provides the list of the experiments.
eters were independently and systematically varied within In contrast tBuizza et al(19998, in which perturbations
their range of allowed values. The largest sensitivity was ob-were applied to subgrid-scale processes, the present pertur-
tained for variations of the rain distribution intercept param- bations operate on explicitly-resolved processes. However,
eter and to a lesser extent for the snow distribution intercepit should be recalled that most of these supposedly explicit
parameter and the type of graupel. In the present study, onlparameterisations do include unresolved processes. The au-
the perturbations expected to yield the largest sensitivity (i.efoconversion rate in a Kessler type formulation, which ac-
the perturbations applied to the intercept paramaigrof counts for the initial coalescence of cloud droplets to form
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Fig. 4. 24 h accumulated precipitation (in mm) from the reference simulations of the Gamalilticase from 20 October at 00:00 UTC to
21 October at 00:00 UT(a) and for the @vennes case from 1 November at 12:00 UTC to 2 November at 12:0q)TC

raindrops, is expressed as proportional to the cloud wateKeeping in mind the key role of orographic lifting for such
content only, and does not take into account the cloud dropleépisodes, we anticipate limited sensitivity to realistic per-
spectrum. To express efficiency of the accretion process beurbations within the microphysical scheme. Furthermore,
tween two drops having specific fall speed, coefficients ob-this type of situation, dominated by a larger scale system
tained from experimental works are used and these need tahich strongly controls the southerly low-level jet towards
be more accurately defined when flows are turbulent. Thehe impacted area, is known to be fairly predictalfteihero
evaporation rate, finally, includes a ventilation coefficient de-et al, 2005 Hohenegger et 312006. In contrast, the con-
pending strongly on the Reynolds number, which again questrol experiment for the Gard-&tault case appears much less
tions the turbulent effects. Some studies addressed the prolskillful. The highest precipitation core is found above the
lem (e.g.Franklin 2008 and there is evidence that turbu- Rhone valley as in the observations but occurs 60 km fur-
lent effects cannot be neglected. Moreover, initial uncertain-ther north than observed. The 15:00 UTC AROME analysis
ties on raindrop size distribution will affect all rate calcula- (not shown) reveals that, in response to the convective sys-
tions. Hence, by multiplying the computed rates with varioustem, a significant cold pool developed over the lowebf
constants, it is considered (asBuizza et al) that subgrid  valley. As shown byDucrocq et al(2008, for a very similar
process parameterisations are not accurate enough to yieklent, the cold pool may act as a virtual topographical feature
a correct representation of grid scale processes and budgetnd force the moist and conditionally unstable air to rise. We
It should be noted that mass conservation is still respectedherefore hypothesize that this case may be fairly sensitive to
since the source and sink of the same process are enhanctte microphysical perturbations which will impact the cold
or decreased by the same factor. pool either directly (e.g. through evaporation) or indirectly
(e.g. through hydrometeor modifications), as shown by var-
ious past studies (e.§an Weverberg et 312011, Gilmore

3 Results et al, 2004.
, The time evolution of the spatially averaged hourly rain-
3.1 Reference experiments fall is shown in Fig.5. For a direct comparison with obser-

. . . vations, the model precipitation was computed at rain gauge
e e AP eHmN e an avraged aer e ul-domai shounIEGo n
Cévennes case, respectively. For th®/énnes case, the con- Qard-.l—éra}ult case _(Flgﬁa), the ggreement with the obs_e rva-
trol shows gooé agreement With the observation,s The preElons s fairly poor in the morning W.h lle deep convec.tlon IS
cipitation maxima are correctly simulated overth’ménnes weakly develt_)ped. _The inte nS|f|cat|on_ of the event is well
crest line. Even though discrepancies exist on local intensi-Seen by the_ S|mulat|on_but is underestimated and deI:_iyed by
. s 8 . 2 or 3 h. This further evidences the model error regarding the
ties, especially over the westerretdult; the overall precip-

o . onset of the MCS. Besides the already mentioned location
itation pattern, anchored to the orography, is well captured. y
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To better assess the relative spread of the different en-
oal ] sembles, Fig8 shows the time evolution of the spatially
a ] averaged instantaneous precipitation rate and the accumu-
lated precipitation. Besides the very first peak associated
with model spin up, each member exhibits two main peaks
in the precipitation rate. The first one to be considered occurs
by 07:00 UTC, and is related to early convective cells devel-
) oping over the @vennes mountains. Then, the precipitation
0 l L L intensity slightly declines until 09:00 UTC before increasing
20 Oct 06 12 18 21 Oct 12 18 2 Nov 06 12 . . . . .
Date (UTC) Date (UTC) again to reach its peak in the mid-afternoon in response to
the MCS development.
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Fig. 5. Comparison of reference experiments (CTRL, bold line) and . : : _
gauge observation (OBS, dashed line)(ythe Gard-Hrault case When the perturbations are applied to the raindrop spec

and(b) the Cevennes case. 1-h rainfall at gauge sites, averaged ove'irum (E1), the_ sensitivity is fairly vyeak in the .mornlng.and
the box drawn on Figl. moderate during the afternoon (Fi8g). The raindrop size

spectrum is well known to regulate efficiency of many mi-

crophysical processes, including mixed phase processes. It

is therefore not surprising to notice the non-linear response
error, the simulated MCS occurred later than observed ang|, graduated changes of the intercé\ (Van Weverberg
did not reach the correct intensity. However, deep convecyt g|, 2011). It is clear that raindrop size spectrum signifi-
tion simultaneously declines in the simulation and observaantly impacts at least the deepest convective cells for this
tion by 17:00 UTC. Remaining precipitation until the end of ¢ase. The comparatively equal sensitivity to evaporation (E2,
the event is due to persistent orographic precipitation OVelEig, 8c) may be surprising knowing its key role in the de-
the Gevennes ridge while the low-level flow is still oriented ye|opment of mesoscale convective organisations. It may be
northward. For the @vennes case (Figb), the time evo-  4ygyed that these experiments only simulate weakly organ-
lution exhibits weak amplitude errors especially during the jseq cells that never reach the stage at which an increase or
most intense stage, but the general characteristics of the oRyecrease of the cold pool could significantly modify the dy-
set and decay stages are well reproduced. This confirms thgsmics of the storm. The third ensemble (E3, i) with
good skill of the simulation, as it matches the observationsyti-process perturbations shows noticeable bifurcations in

well both in time and space. the timing of the precipitation peak and tends to exhibit more
_ sensitivity during the afternoon stage. It is also interesting
3.2 Ensemble experiments to notice that the sensitivity remains weak during the onset,

whereas perturbations applied on warm rain initiation pro-

Due to the poor skill of the deterministic forecast, perturbedcesses are consequent. All these results indicate that, for this
experiments of the Gardéflault case will be treated first. case, storm details become decisive on the fate of the event
Figure6 shows the 24 h accumulated precipitation for all per- but only after a threshold of convection is reached. The ac-
turbed members of the three ensembles, E1, E2 and E3. Orumulated precipitation exhibits only weak variations for E1
overall observation that can be made is that sensitivity is no-and E2 (Fig.8b and d), whereas for E3 (Fi§f) these vari-
ticeable at small scale in location and intensity, underliningations are more substantial and can reach 20 % of the total
the role of microphysical processes in controlling organisa-observed amount.
tion and life time of the convective cells. The location of the  In contrast a much weaker sensitivity is obtained for the
most intense precipitation core varies over distances greategtévennes case (E4, Fig). Even after 24 h of the simulation,
than 50 km, which could have consequences for hydrologithe members hardly show any spread. This result should not
cal prediction. However, all experiments roughly exhibit the be considered as a general characteristic of orographic pre-
same spatial envelope with a precipitation band aligned alongipitation with respect to their sensitivity to cloud physics pa-
the CBvennes range and an eastward extension more or lesameterisations. In particular, several studies have shown the
developed over the mid-Rine valley. None of the ensemble importance of snow parameters on the location of precipita-
members is able to locate the strong convective precipitatiortion for a flow directed toward a mountain barrier (eCglle
over the southern Gard where it really occurred. et al, 1999 Serafin and FerrettP007). In the present case,

The E4 ensemble is identical to E3 but was run for sensitivity experiments (not shown) with perturbed snow pa-
the Cevennes case. The corresponding results are shown irameters did not indicate a larger spread than the one ob-
Fig. 7. There is very little variability between the differ- tained in E4. It is therefore more likely that the contrasted
ent members. The intense precipitation core remains nearlyesults obtained between E3 and E4 are more linked to the in-
unchanged both in intensity and location. The more visibletrinsic predictability of the two situations rather than to their
discrepancies are found for moderate precipitation over therographic versus non-orographic character.
southwestern Massif Central and in the vicinity of the coast.
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20/10/08 00 UTC — 21/10/08 00 UTC

E1-RUN1 E1-RUN 2 E1-RUNS E1-RUNG6 E1-RUN7 E1-RUN S8

 E— — e
1 5 10 20 40 60 80 100 150 200

Fig. 6. 24-h accumulated precipitation computed for the Gagédadlt case. The E1, E2, E3 and E5 perturbed ensemble members are
displayed from top to bottom. The E1 members are ordered with incregingor the E5 members, the location (A, B, C, and D as shown
in Fig. 11) and sign ) of the perturbation are indicated in parenthesis. SeeZgifpr the reference run.

01/11/08 12 UTC — 02/11/08 12 UTC

E4-RUNS E4-RUNG

E4-RUN1 E4 -RUN 2 E4-RUN3

| ——
1 5 10 <0 40 60 80 100 150

Fig. 7. Same as Fig6 but for the Gvennes case and the E4 ensemble. See#idor the reference run.

3.3 Ensemble statistics no ensemble mean appears to be better than the other. For
the three ensembles, the maximum of spread, as shown by

The spatial distribution of the 24-h rainfall ensemble meant€ Standard deviation from the ensemble mean, is located

and standard deviation of the four ensembles are shown iff@Stward of the precipitation maximum. This indicates that

Fig. 10. For the Gard-Hrault ensembles, the three ensem- the microphysical perturbations essentially affect the MCS

ble means exhibit roughly the same precipitating envelope&2Stward extension and propagation across the Rhone val-

Small scale variability among members explains the smoothl€Y but have less impact on its initial development at the
ing of highest rainfall over the northern Gard and southernC€vennes foothills. Among the three ensembles, E3 consis-

Ardeche (see Figl for geographical location). Even though tently presents 'Fhe Iarges'F spread, wi'th the concl.usions de-
discrepancies exist, especially over southeasterreere, duced from the time evolutions shown in F&yIn particular,
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anasannsanasnasaansasns A ASAS A ES AL AR AN spatial location error. The results obtained for ttevé€nnes

Time (h) - Time (h) case show a different behaviour. All members have a fairly
10 e 2 L high correlation with the observations but show a very weak
£os ) Em sensitivity to the microphysical perturbations. In other words,
£ oo E st i the microphysical perturbations lead to moderate spread for
o4 \_ S0 . the Gard-Herault case for which the predictability is weak,
Eoe N \_/ § 2 : whereas they appear to have nearly no impact for the much

more predictable Evennes case.

E5

E;: S SO 4 Additional experiments

E7 g
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s /\ g o 1 The results obtained for the two events confirmed their dis-

=" N / 0 SERE / tinct level of predictability. The Evennes case is well cap-

5 0.2 4 F 9 o4 . . . .

& DES o & — tured with good skill scores and is fairly robust to per-

0.0 T T T T T 0 T T T T T . . .

e N turbations. On the other hand, the systematic location er-

ror observed for the Gardéiault case dramatically affects
Fig. 8. Time evolution of the spatially averaged hourly-precipitation the scores and the situation appears more sensitive to per-
rate (left) and accumulated precipitation (right) for the ensemblesturbations of the microphysics, although none of the en-
E1, E2, E3, and E5 (Gardéault case). The ensemble members semble members are able to provide a good forecast. It is
are shown in grey and the observations in black. Yellow shadingyorth noting that the weak predictability of the Garéiidult
corresponds to the standard deviation from the ensemble mean. ayent was further confirmed by running an additional ex-
periment initialized and forced with ECMWF analyses (in-
stead of AROME analyses), and by reproducing both experi-
the larger spread in the northern plain of the Gard may b&yents (i.e. AROME and ECMWF based-experiments) over a
a clue about sensitivity of the event to displace southward g ple-sized domain more extended towards the northwest.
In contrast and in spite of much intense precipitation, théyyhereas the sensitivity to domain size was found to be fairly
Cévennes case (E4) shows a much smaller spread with stafymited with both sets of analyses, the ECMWF-driven exper-
dard deviation maximum hardly reaching 20mm as com-iments appeared even less skilful than their AROME counter-
pared to the 60 mm of the E3 ensemble. parts as they failed to develop any MCS over the plain and

A classical way to assess a group of forecasts is to plot ®nly produced moderate precipitation along thevénnes
Taylor diagram Taylor, 200]), which maps the normalised st (results not shown).

standard deviation as a function of the correlation to obser- | order to discriminate more accurately the role of micro-
vations. This representation also allows the unbiased NOTphysical uncertainty upon predictability, further AROME-
malised root mean square error (rmse) to be read graphically5geq experiments were carried out for the Gaédaldlt

as the distance between the state point and the reference poiglse oOne was to compare the propagation of microphysi-
(defined by normalised standard deviation and correlationg| perturbations with that from initial perturbations, while
equal to 1). A Taylor diagram for each of the 4 ensembles ishe other was to investigate the sensitivity to microphysics in
displayed on the rightmost column of FItp. A firstremark 57 ensemble starting from a later analysis. In addition, the

to be made is the general poor skill of the Garérgbilt Simu-  jmpact of the horizontal resolution was also examined.
lations. Whatever ensemble is considered, the correlations re-

main on the order of 0.2 as opposed to 0.75 for tbedhines
simulations. The impact of the perturbations is mainly seen
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Fig. 10.24-h accumulated precipitation ensemble statistics for E1, E2, E3 (Ganaliti case) and E4 @@ennes case). Standard deviation
(contour every 20 mm starting at 20 mm) superimposed on the ensemble mean (left) and Taylor diagrams (right). On the Taylor diagrams,
individual members appear in blue, the reference run in red, and the ensemble mean in green.
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thermodynamic forcing and the onset of precipitation. The
different members divide into two groups, according to the
sign of the initial perturbation with the control scenario at
the intermediate position. As expected positive perturbations
are associated with a stronger precipitation rate, and negative
perturbations with weaker ones. Later on, when deep con-
vection takes place, this correlation disappears. These results
further illustrate the role of diabatic processes in quickly re-
stricting predictability Hohenegger et al2006. Figure8h
shows the time evolution of the accumulated precipitation.
After 24 h, the spread between the different members cor-
responds to 35 % of the observed value. Comparing &ig.
and8h, it is interesting to note that initial condition perturba-
. tions introduce a larger spread in the accumulated precipita-
v T tion (35 % versus 20 %) but that most of the difference occurs
R i O A AR ARG in the morning hours. In other words, the perturbations of the
el e a4« p initial state induce more spread in the first 12 h of the simu-
lation but similar spread in the afternoon.
Fig. 11. Location of the centre of gaussian perturbations (red cir-  ag stressed byHohenegger et al(2006, the ensemble
cles) for the E5 ensemble (Garcetault case). Arrows show the spread might be better assessed by computing temperature
1000-500 hPa vertically-averaged wind at 00:00 UTC, 20 October. . S S -
spread instead of precipitation spread which is by definition
restricted to precipitating areas. The temperature spread was
computed as irHohenegger et a[2006 for the lower tro-
4.1 Perturbed initial conditions posphere (from ground to 500 hPa) and for the 12:00 UTC
model results. Figurd2 compares the temperature spreads
To investigate in a simple way how initial condition un- obtained for the E3 and E5 ensembles. In both cases, max-
certainties could propagate, a set of regularly-spaced Gausmum spread is located over the same region, i.e. the slope
sian perturbations was introduced in the 00:00 UTC analysispf Cévennes range. This illustrates that information about
upwind of the relief, over the northwestern Mediterranean.the location of the initial perturbations was nearly lost af-
Each perturbation was applied both on the temperature anter deep convection had taken place. These results are quite
the water vapour mixing ratio. Spatial extension of the per-consistent with those dflohenegger et a{2006 for Alpine
turbation was ruled by a Gaussian function with vertical andheavy precipitation events. However, it can be noted that per-
horizontal radii of 4000 m and 100 km, respectively. The lo- turbations applied on the initial state seem to induce a larger
cation of the perturbations was chosen as a function of thespread both on precipitation and temperature than perturba-
vertically averaged low-level flow, so that the perturbationstions applied to the cloud physics parameterisation. Thus, it
would be advected towards the Gard ar@t&llt, where con-  is unlikely that a microphysical perturbation-based ensemble
vection actually developed the most. The perturbations weralone will be sufficient to sample actual uncertainties.
applied at the four locations reported in Fil and were To further assess the relative behaviours of the various
characterised by amplitudes equattd (K or gkg1). Op- ensembles, Relative Operating Characteristic (ROC) curves
posite signs of the perturbations allow an assessment, as twere computed. For a given precipitation threshold, the ROC
what extent the model response is linear or not, to be pereurve represents the hit rate (HHa/(a + ¢)) as a function
formed. This new ensemble (E5) also includes 9 membersof the false alarm rate (FAR b/(b + d)) wherea, b, ¢, and
the reference simulation and 8 symmetric perturbed simulad designate the number of events, both observed and fore-
tions. casted, not observed but forecasted, observed but not fore-
Figure6 (last row) shows the 24 h accumulated precipita- casted, and neither observed nor forecasted, respectively. The
tion for all the perturbed members. As expected, positive perarea below the ROC curve indicates the ability of the ensem-
turbations (increased moisture and temperature) favour théle to discriminate precipitating events which are below the
development of deep convection over the sea, but no experithreshold from those which are above the threshold. An area
ment succeeds in simulating a MCS located near the coasbf 0.5 indicates no discrimination, whereas an area above
Nevertheless, large discrepancies occur regarding both th@.7 is considered as usefByizza et al. 19993. The ROC
intensity and location of the event, stressing its high sensicurves have been computed for the different Gaédadlt
tivity to small perturbations in the initial conditions. ensembles and Fid.3 represents the area under the ROC
The time evolution of the spatially averaged hourly pre- curve of the four ensembles (E1, E2, E3 and E5) as a function
cipitation is plotted on Fig8g. In the morning the model of the precipitation threshold. On this figure the dashed-line
response exhibits strong correlation between the low-levetefers to the control experiment. In the control case, the area

1000—500hPa Wind (m.s—1)

45°N

43°N

42°N
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E3  TEMP1000-500hPa spread (C)
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Fig. 12. Comparison of the 12:00 UTC, 20 October temperature spread for the GaadiHcase between the microphysical perturbation
ensemble E3 (left) and initial perturbation ensemble E5 (right).

20/10/08 00 UTC — 21/10/08 00 UTC of an ensemble forecasting strategy suited for the convective
1.0 7\ TR R RS R R SC8.|e
E E1l [ e .
0.9 1 - 4.2 Later initial time

E2
087 The question arises whether the poor skill of the Gard-
Hérault simulations (obtained whatever perturbations are ap-
plied to the microphysics or in the local initial conditions)
could be more related to poor synoptic initial conditions than
model errors or local initial condition errors. This hypothe-
: sis is further supported by the fact that previous studies of
50 this case Ardilouze, 2009 have shown much better results
Precipitation threshold (mm) for the deterministic forecast when the model was initialised
at 06:00 UTC. Therefore, an E3-analog ensemble was repro-
Fig. 13.Area under the ROC curve as a function of the precipitation duced starting from the 06:00 UTC analysis. It will be re-
threshold obtained for the 24 h precipitation of the E1, E2, E3, andferred to as E6. Lead time of the simulations is then reduced
E5 ensembles (Gardédault case). The dotted line corresponds to to 18 h but comparison between 24-h rainfall and 18-h rain-
the deterministic forecast. fall is still possible because the actual MCS occurred within
the last 18 h.
Figurel14 (top row) shows the 18 h accumulated precipita-
tion for all E6 perturbed members. Itis clear that a substantial
below the ROC curve is built from a single point defined from improvement is achieved. For all members, the high precip-
the hit and false alarm rates, whereas for the ensembles thigation pattern is displaced southward and moved from the
curve is built from hit and false alarm rate probabilities sam- southern Aréche to the northern Gard. This tends to indicate
pled from 0 to 1 with a 1/9 increment (s&ehwartz et a).  that the 00:00 UTC ARPEGE global analysis (from which
2010 for a more complete description of the use of ROC derives the large-scale information of the AROME analysis)
curves for probabilistic forecasts). From these curves, it carcould have missed important features for the onset and main-
be seen that E5 clearly outperforms the other ensembles, E2nance of convection over the plains.
and E3 give roughly the same results, whereas E1 shows only The time evolution of the spatially averaged hourly pre-
a slight improvement compared to the deterministic forecastcipitation is plotted on Figl5a. In this experiment the MCS
However, all four ensembles provide added value to the deonset is much better forecast. The peak of convection is an-
terministic forecast almost up to the 30 mm threshold. Thesdicipated by 2 to 3 h but the strong underestimation has dis-
results further indicate that microphysical errors might haveappeared. As for the experiment starting at 00:00 UTC, the
less impact than initial condition errors but are not negligible spread between the members is mainly seen in the decaying
and should, in addition, probably be considered in the desigmphase. The accumulated precipitation amount is close to the

ROC area

0.7

0.6

0.5 -
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20,/10/08 06 UTC — 21/10/08 00 UTC
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Fig. 14.18 h accumulated precipitation computed for the Gaédedlt case for the E6 (top) and E7 (bottom) ensembles. The rectangle
indicates the location of the inner computational domain used in the E7 ensemble.
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In a final experiment, the horizontal resolution was increased
/ to 500 m. This was achieved by running the model on two
1 / interactively 2-way nested domainStéin et al, 2000 with
1 /\J the inner domain centred over the Gard department. In this
o 4+ 8 12 16 20 2 s 1z 16 e 2 new ensemble referred to as E7, perturbations on three mi-
fime (1) fime (1) crophysical tendencies were applied on both domains. As
for E6, the E7 simulations started at 06:00 UTC and were
run for 18 h. To avoid comparing precipitation fields of dif-
ferent resolutions (and the double penalty issues associated
with an increase in resolution), the precipitation analysis was
17\ performed using the coarse grid results which, thanks to the
AP SR AR AR AT AT AP ARSI AR 2-way nesting, could be considered as an upscaled version of
fime (h) fime (h) the fine grid results.
Fig. 15.As in Fig8 but for the ensembles E6 and E7. Figure14 shows the 18 h accumulated precipitation for all
E7 perturbed members. Globally, the results are much better
and now give the right location for the precipitation core. The
recipitation maxima are also significantly higher and reach
he observed amount. This clearly indicates that a good fore-
ast of this event requires not only good initial conditions
ut also a better spatial resolution. As for the previous en-

experiment are plotted on Fit)6 (top row). Both maxima are mbles. the location of the precivitation maximum d not
shifted southward and are now located over the Gard depart§e €s, the location oTthe precipitation maximum does no
vary much between the members. The impact of the pertur-

ment. Despite a larger value for the mean, the spread max-_° ) S L
P 9 P )i)atlons is more seen on the precipitation pattern, which is

imum did not increase dramatically (80 mm as compared to i i .
the 60 mm of E3). As opposed to the former ensembles thdnore or less widespread (especially northwards) depending

area of large spread is now co-located with the area of stroné) nTtE: {?n?;ng\%lsﬁtion of the spatially averaged precipitation
precipitation. The Taylor diagram indicates that the correla- P Y ged precip

tions globally improved. They are of the order of 0.3 as com—rate (Fig. 15c) S_hOV.VS a more gradual increase during _the
pared to 0.2 in E3. As for E3, the perturbations have moreMCS onset, which is in better agreement with observations

impact on the standard deviation and rmse than on the corret—)Ut as in E6 the precipitation peak still occurs two hours

lations, indicating that none of the members induce a stroni}00 early. However, it can be noticed that the different mem-

displacement of the precipitation core. However, the sprea ers start to diverge earlier and that significant spread is still
between the different members as reflected by the Taylor di-present atthe end of the simulation.

agram appears more significant in E6 than in E3.
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observations and show little variation between the member
(Fig. 150).
Maps of the ensemble mean and standard deviation for thi%
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Fig. 16.As Fig. 10 but for the 18-h accumulated precipitation of the E6 and E7 ensembles (@&aaditcase).

_The ensemble mean and standarc_i deviation are _shown in 20/10/08 06 UTC — 21/10/08 00 UTC
Fig. 16. The maximum spread is still co-located with the L

maximum of the precipitation. Compared to E6, the area
of large spread is enlarged and its maximum value exceeds

80 mm. The improvement provided by E7 is clearly seen on o ]
the Taylor diagram. The rmse variation range is about the § 0.8
same as in E6 but the correlations vary from 0.6 to 0.85 (com- © ]
pared to 0.2 to 0.3 for E6). From these figures, it seems thatas & 0.7 -
the resolution is increased, the microphysical perturbations ™ ]
are more efficient in modifying the precipitation pattern. 0.6

To better assess the relative value of the three micro- ]
physical perturbation-based ensembles, Efgzompares the 0.5

area under the ROC curves obtained for E3, E6, and E7,
and for the precipitation accumulated from 06:00 UTC to
24:00UTC. This flgur'e evidences a clear improvement fromFig. 17. Area under the ROC curve as a function of precipitation
E_3 to E_6 and further improvement from E6 to E7. When thethreshold obtained for the 18 h accumulated precipitation. Compar-
simulations start later (E6), the ROC area exceeds 0.5 Up Ungon of the E3 (blue), E6 (green) and E7 (red) ensembles. The dotted
til the 50 mm threshold, compared to only 20 mm for E3. The |ines correspond to the deterministic forecasts.

improvement obtained with both later initialisation and in-

creased resolution is even more remarkable with ROC area

values exceeding 0.85 for all the thresholds. As in B§.  added value (as estimated from the departure of the ensem-
the results of each corresponding deterministic forecasts arble curve to its corresponding deterministic forecast curve)
reported on the figure. They indicate that each ensemble praseems to be superior when the resolution is increased.

vides valuable information when it is compared to its respec-

tive deterministic forecast. However, it can be noted that the

Precipitation threshold (mm)
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5 Conclusion and discussion condition ensemble. This latter ensemble was found to in-
duce a larger spread than any of the ensembles with perturbed
In autumn, southeastern France is often affected by heavynicrophysics. These results indicate that cloud physics pa-
precipitation events which may result in damaging flash-rameterisation errors may have less impact than initial con-
floods. These events usually hit thé@nnes mountainous dition errors. However, as shown by the Relative Operating
area when an upper-level trough directs a warm and moisCharacteristic curves, the cloud physics parameterisation er-
flow from the Mediterranean towards the topography. Alter-rors are not negligible and should also be considered in the
natively, these events can also result from a quasi stationdesign of an ensemble strategy at the convective scale.
ary mesoscale convective complex which develops over the The multi-process perturbation ensemble was reconducted
Rhone valley. These two types of events exhibit a contrastfor simulations starting 6 h later, carried out first with the
ing level of predictability, i.e. the former being usually better same resolution and then with an increased resolution. Ac-
forecast than the latter. The 20 October and 1 November 20100rding to the Relative Operating Characteristic curves, the
can be considered as archetypes of these two situations. added value brought by the ensemble appears to be larger
Control experiments performed with the Meso-NH model when the resolution is increased. These results suggest that
run with a 2.5km resolution illustrate these predictability there is a greater potential for use of ensembles based upon
issues. The deterministic forecast of the November cas@erturbed microphysics at the resolution of a few hundred
(Cévennes) is found to be much more skilful than the onemetres.
of the October case (Gardé&rault plain). For this latter case, This study is a very preliminary investigation of the prop-
additional experiments show better results for a simulationagation of cloud physics parameterisation uncertainty at the
starting 6 h later and further improvement when the resolu-convective scale. Our results tend to indicate that the sen-
tion is increased to 500 m. sitivity to cloud physics parameterisation errors is probably
These two situations have been used to investigate the setess important than initial condition errors but is significant
sitivity of the model to cloud physics parameterisation uncer-enough to deserve to be taken into account. However, the
tainties. Three 9-member ensembles were constructed. In thmethodology used to account for these parameterisation er-
first one, the rain distribution intercept parameter was variedors is questionable and many issues remain open. In this
within its range of allowed values. In the second one, ran-study, following past results obtained with academic tests,
dom perturbations were applied to the rain evaporation rateit was assumed that warm rain processes provide the main
whereas in the third one random perturbations were simultasource of uncertainty. This point needs to be further investi-
neously applied to the cloud autoconversion, rain accretiongated for real case studies. In particular, several studies (e.g.
and rain evaporation rates. Gilmore et al, 2004 Van Weverberg et gl2011 Fiori et al,
Results were assessed by comparing the time and spa@911) have underlined a large sensitivity of supercell simu-
distribution of the observed and forecast precipitation. Forlations to snow and/or graupel characteristics. The amplitude
the Gard-Herault case, it was shown that none of the ensem-of the microphysical perturbations rises another issue. It is
bles were able to drastically improve the skill of the forecast.likely that locally the microphysical tendencies can be wrong
The location of the most intense precipitation core was foundoy more than 50 %. Although it is now admitted than limited-
to vary over distances greater than 50 km but remained losize ensembles are able to capture most of the spfaack(
cated too far north with the intensity of the event also under-et al, 2011), the small size of the ensembles presented in this
estimated by all members. Taylor diagrams, which synthesisavork is an issue that also needs further investigation. The
different statistical parameters reveal that the microphysicabutlook of the work will be to refine the ensemble forecast-
perturbations did induce some spread in the results but muchg system planned for the HyMeX 2012 SOP which focuses
more in the root mean square error than in the correlatiorso far on initial and boundary condition uncertainti®$&
coefficient, indicating that the microphysical perturbations et al, 2011, 2012.
were more efficient in modulating the rainfall intensities than
in altering their localization. Among the three ensembles, the

multi-process perturbation ensemble. was fpund to yield theAcknowledgementsThis work was carried out in the framework
largest spread for most parameters, in particular for the spass the MEDUP project (Grant ANR-07-VULN-06-001), funded
tially averaged accumulated precipitation and the standargy the “vulnérabilie Milieux et Climat (VMC)’ programme
deviation from the ensemble mean of the accumulated preof the National Research Agency (ANR). Computer resources
cipitation. In contrast, the results of th&@@nnes case exhib- were allocated by Grand Equipement National de Calcul Intensif
ited almost no sensitivity to the microphysical perturbations.(GENCI, project 90569) and Calcul en Midi-Ryees (CALMIP,
These results clearly show that the usefulness of an ensembfgoject P1247).
prediction system based upon microphysical perturbations is o
case dependent as suggestedtsnsrud et a(2000. Edited by: G. Molinie

For the Gard-Krault case, the perturbed microphysics en- Réviewed by: two anonymous referees
semble was compared with an upstream perturbed initial
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