Mesoscale numerical study of heavy precipitating events
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Abstract: Starting from the 8-9 September 2002 paroxysmal Gard event configuration, high resolution numerical simulations are carried out in order to investigate the interactions between orography, low-level unstable flow and cold pool
that occur during heavy precipitating events over Southern France. Sensitivity tests are used by varying characteristics of
the incident flow (direction, shear, instability, moisture) that impinges the complex orography of the region.
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1.

INTRODUCTION

The western mountainous Mediterranean areas are prone to heavy precipitating events during the fall season. Most of them are associated with quasi-stationary frontal or mesoscale convective systems.
The French region Cévennes-Vivarais (southeastern of Massif Central) in particular experiences frequent
extreme events, like the September 2002 Gard flash-flood (Delrieu et al. 2005). Several studies (Ricard 2002,
Nuissier et al. 2007, Ducrocq et al. 2007) have focused on heavy precipitating systems over the CévennesVivarais region on a case study basis and have highlighted different contributions of the relief either direct
(Massif Central) or indirect through neighbourhood mountain ranges (Alps, Pyrenees): orographic lifting,
steering flow, interaction with cold pool... In most of the cases a south to southeasterly flow transports heat
and moisture supplied by a warm sea in the fall season and impinges the southeastern flank of Massif Central.
Moreover deflection by the Alps and Pyrenees creates convergence upwind of the coast that can release the
instability. In the case of a quasi-stationary system, convective cells are repeatedly triggered by local forcings
(convergence lines, orographic lifting...), which compensates the northward propagation of mature cells. A cold
pool can also appear under favourable conditions. In that case, the triggering of new convective cells is forced
at the leading edge of the cold pool, which can be blocked in the valleys.
The present study first investigates the effect of evaporation cooling on the stationarity of the system. Then
an idealized framework is set up and serves as a basis for further sensitivity tests. The effects of moisture,
instability, shear and direction of the flow on the evolution of the system are finally studied.
2.

EXPERIMENTAL SET UP

Simulations are carried out using the high-resolution non-hydrostatic MESO-NH model (Lafore et al.
1998). The first sensitivity test considers the sensitivity of the system, and particularly of its location, to
the evaporation cooling rate underneath the convective system. Two simulations of the 2002 Gard event are
performed in a two-way nesting configuration (grids of 10 km and 2.5 km resolution): the first one (called
REF) with a standard cooling due to evaporation of rainwater and the second one (called COLD) with a 50%
enhanced cooling over the precipitation area. The physical package used is the same as in Ducrocq et al. (2002).
Moreover, using mesoscale data (surface observations and humidity adjustment from radar data) (Ducrocq et
al. 2000) in the initial state of the simulations results in a more realistic simulation of the 2002 Gard event.
Then, an idealized framework is set up. Simulations with a single 2.5 km model are performed, allowing
more freedom in varying parameters for the further tests. The initial and temperature and humidity arise from
the sounding at Nîmes on the 8 September 2002 at 12 UTC (Fig. 1). Quite low temperature and very high
moisture of the low level are due to the fact that Nîmes was already in the cold pool at this time.

As regards the initial wind, a unidirectional southeasterly wind
at 15 m/s is uniformly imposed above 5000m. Below 3000m, wind
decreases from 15 m/s over a 100 km width southeast-northwest oriented band to 0 m/s on the edge. A transition zone links the levels
3000 m and 5000 m.
A set of simulations are then carried out. The first one (UNIHU)
has a low-level wind jet but a uniform moisture. The second one
(STGHU) focuses moisture in the low-level jet: moisture out of the
jet (and a transition zone) is less than 75% of its value within the jet.
Finally, the third one (MDGHU) is intermediate between UNIHU and
STGHU with a humidity modulation softer such as moisture out of
the jet is only less than 90% of its value within the jet.

3.
3.1

RESULTS
2002 Gard experiments

Figure 1: Sounding of Nîmes on 8
Ducrocq et al. (2007) have shown that the cold pool of the 2002
September 2002 at 12 UTC.
Gard convective system directly influenced on its location. By stopping the evaporation cooling that leads to the cold pool formation,
they have shown that the system forms far downstream and is not stationary. Here, we investigate the effect of an enhanced cooling. For
COLD, the cold pool presents colder temperatures near the surface
(an average of 1.5 degrees lower) and spreads over a larger area (Fig. 3). In particular the edge of the cold pool
is located more southeast. Nonetheless, the low-level forcing at the leading edge of the cold pool is not intensified in COLD. Indeed, low-level horizontal vorticity due to the buoyancy gradient (baroclinic generation) at
the nose of the cold pool is of the same order as in REF, as well as vertical velocity. As a matter of fact the
evolution of the cold pool for COLD looks like the one of the cold pool for REF, with just a one or two-hour
delay. The cold pool for COLD also emphasizes the trends of the cold pool for REF (cold pool pushings are
stronger) but stationarity is not noticeably improved.
Figure 2 presents simulated and observed temperatures at points A and B (indicated in Fig. 3). Simulated
temperature must be compared to observed one only after four of five hours so that the simulated system would
have had time to form the cold pool whereas in observations it is already present. Then, clearly we see that the
REF simulation has a temperature closer to the observations when the cold pool is over the region. COLD is
also colder by 1.5-2 ◦ C. Even with a colder cold pool, COLD does not succeed in maintaining the cold pool on
the west (point A) after midnight. Indeed, COLD barely postpones for one hour the northward propagation of
the cold pool and the precipitating system, which does not occur in the observations.
Thus, these simulations illustrate the fact that the stationarity of the system is not the direct consequence of
the sole cold pool strength.
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Figure 2: Simulated and observed temperature at points A (left) and B (right) as indicated in Fig. 3 between 12
UTC 8 September 2002 and 03 UTC 9 September 2002.

3.2

Idealized simulations

Figure 4 shows θe at 500 m, surface wind and accumulated rainfall after 24h for simulations UNIHU,
STGHU and MDGHU. The effect of focusing large humidity within the jet is quite obvious. An inspection of
CAPE (not shown) confirms that instability is also concentrated in the jet for simulations STGHU and MDGHU,
and is nearly zero out of it. This limits convection triggering and precipitation anywhere else. STGHU and
MDGHU (Fig. 4b and 4c) exhibit less numerous precipitation areas but stronger rainfall rate than UNIHU
(Fig. 4a) (up to 661mm in 24h for STGHU, 526mm for MDGHU and 420mm for UNIHU). Moreover, deflection
of the drier air on each side of the jet, principally leftward according to the coriolis force, results in a strong
convergence far upwind of the coast in simulation STGHU which releases the whole instability. The same
effect is found in simulation MDGHU, but weaker: the convergence zone is located more downstream, closer
to the coast. On the contrary in simulation UNIHU the unstable area reaches the coast.
In accordance to that, simulation STGHU presents convective precipitation near the the convergence zone
and rather stratiform precipitation on the Cévennes relief, whereas in simulation UNIHU, with a more uniform
humidity, most of the precipitation is situated on the southeastern flank of Massif central. MDGHU is a halfway
simulation with a large precipitation area spreading over land and sea. In particular, precipitation occurs over
the same part of the relief in MDGHU as in UNIHU.
As shown by figure 5, only the simulations with humidity focused in the jet are able to create a cold pool
under the system. In figure 5b one can see a large drier zone above the cold pool, in which a part of the
precipitation evaporates. This dry area is also present but less wide in simulation MDGHU. The occurrence of
a cold pool only in simulations with a humidity focused in the jet can be understood with figure 4. In simulation
UNIHU, the air upstream from the precipitation area is far moister than in simulations STGHU and MDGHU,
where drier air from out of the jet is transported and allows precipitation evaporation.
4.

CONCLUSION

The simulations of the Gard flash-flood have shown that the evaporating cooling strength cannot explain
alone the stationarity of the system. A cooler pool does not mean a longer stationarity of the MCS if it is not
balanced by the environment. The idealized simulations clearly illustrate the effect of humidity distribution
on the system location. Additional idealized simulations are currently carried out in order to achieve more
complete sensitivity tests. In particular the wind speed of the low-level also proves to have an impact on the
location of the system.
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Figure 3: θv at 600 m (color scale at right), 10 m AGL wind vectors, horizontal vorticity (lines, 10−2 , 1.2 10−2

and 1.4 10−2 s−1 , at 600 m) and vertical velocity greater than 2 m/s at 1200 m (red areas) for: a) Simulation
REF and b) Simulation COLD, 8 September 2002 at 21 UTC.
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Figure 4: θe at 500 m (color scale at right), 10 m AGL wind vectors and 24h accumulated precipitation (blue
lines, 50, 100, 200, 400 and 600 mm) for: a) Simulation UNIHU, b) Simulation STGHU and c) Simulation
MDGHU, 9 September 2002 at 12 UTC. The straight lines indicate the locations of the cross sections of Fig. 5.
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Figure 5: Hydrometeors (color scale at right), θv (thick black lines in K), vertical velocity greater than 2 m/s

(thin black lines) and relative humidity (stippling scale at right) for: a) Simulation UNIHU, b) Simulation
STGHU and c) Simulation MDGHU, 9 September 2002 at 12 UTC.

