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Abstract

In spite of huge improvements in numerical fore-
casts in the past twenty years, with a continuous
gain in resolution, some cases of missed events still
arise even in short range forecasts, especially for
intense convective phenomena. The forecaster has
therefore a crucial role in these cases to improve
the numerical forecast and to issue the appropriate
alert procedures for Civil Authorities.

This article is about such a situation on the 1st of
November 2011. The regional forecaster in charge
for the South-East of France issued an orange
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� Figure 1: 24 hour precipitation forecast from Arpege 0.1 (top left), Aladin (top right), Arome (below right) and the 24 hour
precipitation analysis (below left).

Vigilance for heavy precipitation for the Herault
Department, although the amounts of rainfall in the
numerical models were far below the usual warning
thresholds.

Observed and Forecast Amounts
of Rainfall During the Event

The 24 hour forecast amounts of precipitation from
the 00 UTC model on 1st November 2011 suggested
a moderate rain event, with an absolute maximum
of 77 mm found in the Aladin forecast (figure 1)
against a 280 mm observed maximum!
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It is surprising that both the hydrostatic models Arpège
0.1 (resolution 10km) and Aladin (resolution 7.5km) -
in spite of higher resolution than the non-hydrostatic
model Arome (resolution 2.5km) - forecast higher
amounts of precipitation. All these forecast precipita-
tion amounts are far below the threshold for orange
Vigilance for Herault, which a region is used to intense
rainyMediterranean events in autumn.

However the regional forecaster issued an orange
Vigilance as early at 8 o’clock on the 1st of
November and forecast up to 250-300mm of rain.
His comment for this event was “this rain event
should be monitored due to huge amounts of
precipitations over a short period and a high risk of
flash floods”. To make his decision, the forecaster
studied both synoptic and mesoscale features.

Synoptic context

The charts at 500 hPa (figure 2) show a general
southwesterly flow and the slow crossing of France
by a large trough. The thermal trough is more devel-
oped than the geopotential one. Therefore the forc-
ing is rather important for Mediterranean regions,
as shown on the geopotential 1.5 PVU charts
(figure 3). Ahead of this main trough, a preliminary
smooth trough already overhung the south of
France and started a precipitation event near the
Gulf of Lyon in an environment of energetic and
unstable low level layers. The main trough arriving
by the west would cause the intensification of the
rain event and at the end its decline.

The low-level chart at 950 hPa (figure 4) shows a
south-easterly flow coming from the Mediterranean
Sea, bringing warm and moist air onto land. A
cross-section in this warm advection indicates that
the low-level jet focusses a narrow, hot and wet
airstream into the eastern part of Herault, with drier
air to its right. An important fact is that this jet is
not too strong at around 20 to 25 knots.

At mid-level, the southwesterly flow perpendicular
to the low level flow brings dry and cold air above
the moisture advection. A vertical profile forecast at
06 UTC in the eastern Herault (figure 5) shows the
vertical structure of the air mass favourable to both
upward and downward movements due to this dry
air in mid-levels. Notice also the turning shear in
the vertical profile of winds.

� Figure 2
Analysis and 15 hour forecast ZT 500 hPa

Conceptual Model of the Heavy
Precipitation Event

The analysis of the synoptic and mesoscale features
of the situation builds in the forecaster’s mind a
conceptual model of this heavy rain event. The
synoptic forcing on the warm low-level air leads to
strong ascending currents and therefore to conden-
sation and heavy precipitation. In the mid-tropos-
phere, the south-westerly flow perpendicular to the
low-level moist jet carries the stratiform part of the
rain towards the north-east where it falls into much
drier air causing its evaporation and a cooling of the
air mass. The persistence of the drier south-easterly
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� Figure 5

Vertical profile in eastern Herault (little square on figure 4)
forecast on 2011/11/01 at 06 UTC (from Aladin)

� Figure 3
Analysis and 15 hour forecast of geopotential, wind at 1.5 PVU,
theta-w at 850 hPa

� Figure 4
Wind and theta-w at 950 hPa forecast at 06 UTC

advection to the right of the warm and moist low
level jet is an important fact to assure the continu-
ing of the cooling.

This long lasting cooling and its associated density
current sinks and extends to the surface, gradually
building a cold pool. A mountainous barrier to the
north blocks the extension of the cold pool in this
direction. It therefore extends preferentially south-
ward and is followed by the formation of a meso-
anticyclone. The low-level jet is not strong enough
to displace this cold pool. On the contrary, it tends
to overhang it and that enhances the strong convec-
tion whereas the vertical shear enables thunder-
storm regeneration by separating upward and
downward air parcels. The heavy precipitation
system can therefore remain stationary for a few
hours and cause significant accumulations of rain.

� Figure 6
Conceptual
view of the
quasi-
stationary
storm system

ma: meso-anti-
cyclone
md: meso-low
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First Observations and Comparison
with Models Data

Surface observations in Herault between 00 and 04
UTC (figure 7) show a progressive cooling starting on
the northeastern part of Herault and extending
toward the southeast. It appears clearly by following
the 14 degree temperature isoline. Notice also the

� Figure 7

Analysis of wind and temperature (shaded colours)
at 00 and 04 UTC

� Figure 8

Forecast reflectivity at 10 UTC from AROME 00 (left) and AROME 06 (right)

convergence between the moist south-easterly flow
coming from the sea and the drier east-north-easterly
flow generated by the spreading of the cold pool.

These features of winds and temperatures were
correctly forecast by the AROME mesoscale model
although it failed to forecast enough precipitation.

Monitoring of the Event and New
Model Data

Fortunately the 06 UTC run of AROME showed a
significant improvement of the forecast. First, the
convergence in low-levels is much stronger in the
06 run compared to the 00 run: there is an increase
of both southeasterly flow from the Mediterranean
Sea and easterly flow from land. As a result, the
simulated reflectivities in AROME 06 are stronger
than the reflectivities from AROME 00 (Fig 8).

The mesoscale model AROME shows a significant
improvement in the total amount of rain compared
to the large scale model ARPEGE, which paradoxi-
cally decreases the rainfall between its 00 run and
06 run (Fig. 9). This proves the ability of such
mesoscale models to gives alternative solutions
from their coupling model when convection is the
predominant phenomenon.

The reflectivities from AROME also suggest the
possibility of a slow-moving thunderstorm cell. In
reality, this cell is almost quasi-stationary (see
figure 10).
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� Figure 9

12 hour forecast amounts of rain from ARPEGE 06 (left) and AROME 06 (right)

� Figure 10

Radar reflectivity at 13 and 14 UTC (right) and forecast reflectivity from AROME 06 (left)

Conclusion

Even if the exceptional character of the precipitation
was missed by the numerical models, the forecaster
identified the potential for heavy rain from the
meteorological fields: the convergence in low-levels
and the synoptic forcing. The follow-up of the obser-
vations allowed him to recognize development of a

cold pool upstream to the relief, the first sign of an
evolution towards almost stationary thunderstorms,
and to make the good decision of the issue of an
orange vigilance level. This experienced forecaster
also recalled similar events of heavy rainfall on
Herault and Gard in 2007 and 2008. It is a good
example of the importance of keeping a human
factor in the process of meteorological alerts.
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