Towards an Ensemble Prediction System
for the North-Western Mediterranean
S. Fresnay, D. Lambert and E. Richard
Laboratoire d'Aérologie, Université de Toulouse and CNRS, Toulouse, France

1. Abstract

3. Case of 10/20/2008: Observation and control experiment

During the last 15 years ensemble weather forecasting has made substantial progress and has proved its
skill in forecasting probabilities of relevant weather events. More recently, the development and growing
use of high-resolution, convection-permitting, models has significantly increased the potential of
atmospheric modeling.
In the framework of the French project MEDUP and in preparation of the forthcoming Hydrological Cycle in
the Mediterranean experiment (HyMeX, www.hymex.org), several preliminary studies have been carried
out aiming at a better understanding of the predictability of Mediterranean intense events and a better
quantification of their forecast uncertainties. Different methodologies have been investigated including
perturbed initial or boundary conditions and perturbed physical parameterizations. This presentation
focuses on the physical parameterizations and especially the parameterizations associated with the cloud
microphysics.
A first ensemble was designed by varying the tunable parameters of the microphysical scheme within their
admitted range of variation whereas in the second ensemble the tendencies of the microphysical
processes were randomly perturbed. The results are analyzed and assessed for an episode of heavy
precipitation which recently occurred over south-eastern France.
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A severe episode is well captured by the MESO-NH
simulation, both on precipitation and IR imagery,
indicating large scale environment seems to be
favourable to high precipitation

Domain: South-Eastern France (Fig 2)
Resolution: 2.5 km
Grid size: 288 x 288

Initial and Boundary conditions:
AROME* analyses
*Météo-France high resolution model
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2. Model set-up
Numerical simulation were performed on the French non-hydrostatic
mesoscale model 'MESO-NH', with following features:
– Anelastic formulation (acoustic waves filtered)
– Integration time step : 8 sec
– Microphysics: 6 species bulk scheme
– Convection: only shallow convection
– Land fluxes: ISBA model
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Fig 3a. Rainfall maps
(zoom on Languedoc region, see Fig 3b)
6-hour precipitation (mm) sequence from 10/20 00 UTC to
10/21 00 UTC
Comparison between MESO-NH simulation (filled areas) and
rain gauge observations (squares)

However, in the control experiment rainfall
mawimum and deep convection occur 100km
further north than in the observations This gap
highlights the sensitivity of convection to small
scale processes and may question the sensitivity
to microphysical processes.

Fig 2. SE France domain
Surface height (m)

4. Perturbation methods

5. Results (1)

In a previous study (Garnaud, 2009) all the tunable parameters of the microphysical scheme have been
systematically perturbed in a series of idealized simulations (isolated storms, squall lines) to investigate the
model sensitivities to the microphysical parameterizations. The highest sensitivities were obtained for
perturbations applied on the raindrops distribution and to a less extent snow distribution and graupel
characteristics. An alternative methodology, in which time tendencies of all the microphysical processes
were randomly perturbed, showed that the model results were mostly sensitive to the perturbation of warm
processess : rain evaporation, rain autoconversion and accretion.
Hereafter, 3 perturbations methods are assessed on the case of 10/20/2008. In each of them, the
perturbation is kept constant both in space and time.

Perturbation ensemble 1 (E1):
Change of intercept N0 in raindrop size distribution
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Raindrop size distribution in MESO-NH model fit the Marshall-Palmer
exponential law (Fig 4): N(D)dD = N0 e-λDdD
where D is the raindrop radius. Increasing (decreasing) N0 leads to smaller
(larger) raindrops.
In this study, N0 values are chosen to homogenously sample the
[0.4E7, 3.6E7] interval with 0.6E7 regular spacing.
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Fig 4. Marshall-Palmer
distribution

Perturbation ensemble 2 (E2): Change of evaporation rates
The raindrop evaporation rate is made larger or weaker at each step, multiplying by a factor β.
Following the perturbation method of Buizza et al. (1999), β values are randomly chosen to
sample the [0.5,1.5] interval (from 50% to 150%)

Perturbation ensemble 3 (E3): Multi-process perturbation
The Buizza et al. method is applied on 3 different processes at the same time : evaporation,
autoconversion and accretion rates. For each process, a random drawing of β is performed at initial
time.

6. Results (2)

E1

Fig 3b. Infrared imagery during the peak of convection
MSG ch.9 Brightness Temperature (K) at 14UTC. Satellite
observation (left) and MESO-NH simulation (right). Black box is
the Languedoc domain where statistics have been computed.

Fig 5. Ensemble panels for the 3 methods (see part 4)
24-hour precipitation (mm) from 10/20 00UTC to 10/21 00 UTC over the Languedoc domain.
exp refers to the experiment number. N0 and β values are defined in section 4.
Control experiment is recalled in the upper left corner.

Significant sensitivity can be noticed at small scale in location or intensity, underlining the key role of
microphysical processes in organization and life of convective cells. However, none of the members is able
to drastically correct the error in the precipitation location.
The third ensemble (E3) based on multiprocess perturbation, seems to provide the most different scenarii,
looking at the general pattern of precipitation, suggesting that an ensemble prediction system should play
with multi-process sensitivities.

7. Statistical analysis
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Spatial spread of 24-hour
precipitation (mm) over the
Languedoc domain
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Fig 7. Taylor diagrams for the 3
perturbation ensembles
Taylor diagrams map the distance of
each member to a reference (O) in
terms of standard deviation and
correlation.
E refers to the ensemble mean.

Time evolution of accumulated
precipitation (mm) from 0 to 24
hours of simulation
(average over the Languedoc
domain)
Up: Rain gauge observations chosen
as reference (control experiment is
labelled "C")

Time evolution of instantaneous
precipitation (mm.day-1) from 0 to
24 hours of simulation
(average over the Languedoc
domain)

• Most of the spread occurs in the last 12 hours of the simulation, during which deep convection develops.
• The spread is significally larger in E3 than in E1 and E2.

Down: Control experiment chosen as
reference

• The top row illustrates the poor quality of the forecast. The ensemble mean outperforms the control but
for all the members, the forecast still remains weak.
• The bottom row (which uses the control experiment as reference) provides a better vizualisation of the
spread in terms of forecast skill.
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