Heavy precipitation in the department
of Gard, southern France
on 8th/9th of september 2002

Introduction
Heavy thunderstorms affected the southeastern part of France and especially the Gard between the 8th
and 9th of September 2002. The peak of this heavy rain and thunderstorm event occurred during the
night from the 8th to 9th of September (Figure 1). The torrential rains caused flooding, large amounts of
damage and 24 deaths. This article presents a short synoptic study of the meteorological situation and
the Météo-France warnings. This article presents a short synoptic study of the meteorological situation
and the forecast and warnings of Météo-France with the vigilance procedure, our new colour graphics
warning system.

Synoptic study
The synoptic situation is relatively classical for this type of heavy rain event over the southeastern part
of France.
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Figure 1: This picture shows the localization of heavy precipitation: the major part of northern Gard
received more than 300 mm with a maximum of more than 600 mm near Anduze between Nîmes and
Arles. In comparison, the mean yearly rainfall in Nîmes is 762 mm.
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Mid-tropospheric fields
At 500 hPa, a southwesterly flow on the forward side of an upper vortex south of Ireland prevailed over
France. The winds turned to the west across the Gulf of Lyon on Monday afternoon (9th) as the large
scale trough swung forward (see Fig. 2).

Figure 2: Sequence of 500hPa height
and temperature

Low levels
Simultaneously at low levels, the southerly flow from the Mediterranean Sea strengthened and increasingly warm air was pushed towards Herault and Gard: the wet bulb potential temperature at 950 hPa
reached 19.5 °C after 18Z Sunday and convergence between the southerly flow from the Balearics and
the southeasterly flow increased (see Fig. 3).
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Figure 3: (above) Sequence of winds and 950hPa wet-bulb potential temperature charts.

Precipitations
The 24 hour forecast precipitation
chart from the fine mesh model
Aladin (Fig. 4) shows an area of
heavy rainfall with more than
100 mm centred over the hills
from the northern part of Gard to
Ardeche. Note that these forecast
amounts are very far from the
observed amounts and aren’t
unusual for this type of event
close to the Mediteranean Sea.
Figure 4: Forecast rainfall totals
from Aladin for the period
8/9/02 06 UTC to 9/9/02
06 UTC (local time is UTC+2).

24 hours rainfall
from Aladin model
from 8/9/02 06 UTC
to 9/9/02 06 UTC

Green:
more than 50 mm
Yellow:
more than 100 mm
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IR imagery
The huge amounts of precipitation were produced by thunderstorms that remained quasi stationary on
the northern Gard during the night from Sunday 8th to Monday 9th. The enhanced IR pictures show the
position of the meso convective system (MCS) at the southern flank of the cloud pattern with its typical
V shape feature and colder cloud tops overshooting (see Fig. 5). Forecasting such MCS’s will be a great
challenge for numerical models in the next few years.

Figure 5: False colour IR imagery during
the early part of 9th Sept.

The arrows show the base of the MCS where thunderstorms regenerated,
the high cloud plume extended far to the north

Water vapour imagery
The water vapour images with superimposition of the 1.5 PVU dynamic tropopause height show the different short wave troughs (or PV anomalies) during the event which enhance deep convection. The contrasts between dark (dry) and white (wet) areas are well correlated with PV anomalies.
An interesting feature should be noted during the night from Sunday 8th to Monday 9th of September. The
MCS remained very active in spite of the synoptic subsidence behind a PV anomaly. In fact, the strong
subsidence moved a little bit to the north of the MCS whereas over the MCS itself, subsidence in midtroposphere was weak and insufficient to compensate for the strong low level convective potential. In
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Figure 6: Sequence of water vapour
images with model 1.5PVU
height superimposed.

some cases, this dry intrusion in the
mid troposphere could induce a
worsening of deep convection as
potential instability can be released.
The quasi-stationary MCS can be
explained by the wind shear conditions that forced new convective
cells to form upstream due to the
outflow of previous cells, giving the
MCS ensemble the appearance of
being stationary.

Meteo France warnings
The first warning (orange) for heavy thunderstorms and large accumulations of rain was
issued on Sunday morning for five subdivisions
administered by a prefet (French departments):
Herault, Gard, Lozère, Aveyron and Tarn. At
twelve o’clock local time, the orange vigilance
was extended to the west to Ardèche, HauteLoire, Vaucluse and Bouches-du-Rhône (see Fig.
7a).
Due to the quasi-stationary MCS, the chief and regional forecasters decided to turn Gard to red vigilance
(level 4) during the night from Sunday to Monday (see Fig. 7b). They should be congratulated for this decision because it allowed the Civil Protection Service to anticipate the consequences by sending helicopters.
The red vigilance remained unchanged on Monday morning and then was scaled down on Monday
afternoon when the perturbation moved to the east.

Figure 7a: Météo-France issued vigilance charts highlighting the risk areas.
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Figure 7b:
Subsequent
vigilance
charts as
forecasters
anticipated
a higher risk.

Meteorological decisions
Fig. 8 (above) shows the hourly (green) and total (red) accumulated rainfall at Générargues during the
event. Note that the orange vigilance was issued well in advance of the event. The red vigilance was
more or less a nowcasting decision and was issued just before the peak of the event marked by hourly
totals of around 100 mm.
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Figure 8: Hourly
rainfall totals and
accumulations
at Générargues,
Gard. Note that
local time = UTC +
2 hours.
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Conclusion
This event became extreme due to quasi-stationary thunderstorm activity. The decisions made by forecasters on shift led to the upgrade of vigilance from orange to red and alerted the authorities and public
to the severity of the weather.

Bernard Roulet
Météo-france
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