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The relationship between cloud-to-ground
(CG) lightning activity and precipitation has
been investigated in South of France, with a
close insight in the Cévennes-Vivarais,
region of interest for the SOP1l.n of the
experiment. This study has a two-fold goal:
(1) identify the areas where lightning
activity could bring valuable information for
high-precipitation-event prediction and where
instrumentation should be deployed during

» The studied area centered on (4.5° E; 44° N)  » Provided by the operational METEORAGE CG > Precipitation records are studied based
ranges from -100 km to 120 km in the East direction  detection network, seasonal and monthly on 1-h rain accumulation provided by
and from -50 km to +140 km in the North direction.  lightning activity is analyzed in terms of CG METEO-FRANCE rain gauge network.
The whole data set covers 5 months (August to flashes, days with CG flashes, and percentage of
December) over 17 years (1992 to 2008) positive CG occurrence (relative to the total CG
- activity) on a regular 1-km mesh grid.

Rain
SOP1.n; = gauge
@ anglyze_the mf_lu_ent_:e of the r_el'ef _on - Spatial distribution of the rain gauges. Colors
the CG lightning activity in connection with detection - - and symbols are altitude related as indicated
P Locations of the events with the highest sensor Locations of the Météorage in the legend (altitude in km).
precipitation. daily accumulation (1969-2009). network sensors.
Sl date: 654987 CG flashes; 54345 G flashes (83%01 CG) 596 dayswithCG flashes CG lightning spatial distribution:
o} :

» The distribution of the CG lightning activity covers the valley located between the Central Massif (West) and Alps
(East) with a more pronounced presence along the eastern slopes of the Central Massif.

Relationship between CG lightning and relief:

» CG lightning hot spots in the SOP1.n area (top figures beside): around Aubenas (1), Alés (2), Nimes (3), and the
Mont Ventoux (4). Except for the Mont Ventoux, all spots are located in the valley and at the foothills of the
Cévennes-Vivarais, at a height lower than or close to 500 m.

» Log scale 2D histograms of CG vs. altitude (bottom center figure beside): the most frequent features correspond to a
higher CG activity at low altitude (100-200 m) and a secondary relative maximum around 1000 m. Impacts of the
relief on the dynamics and electrical activity should be evaluated through a series of case studies or through hourly
and seasonal statistical analysis of the lightning spatial distributions.

» A systematic study of the terrain slopes in every pixel (not shown here) did not show any privileged behavior of the
CG lightning activity. The variety of configuration of the relief doubtless prevents from highlighting any specific
behavior of the CG activity. This led to focus on the more homogeneous region of Cévennes-Vivarais (see below).

Relationship between precipitation and relief:
Top left : relief of the studied domain. Top center : distribution of the number of CG flashes per km? (all years, all months) N . ) . . . .
with the outline of height 500 m. Top right - distribution of the number of days per km? with CG flashes (all years, all months) | > FOr @ given altitude (amount): 1-h rain accumulation more often recorded at lower amount (altitude) (bottom right

with the umlpe of height 500 m. Bottom left : histogram and cuzmu\allve distribution of the 1-km x 1-km pwxe\alutgde; figure beside). In September, most heavy rainfalls (> 15 mm, bottom right figure beside) decrease of a factor 10
Bottom center : 2D histogram of the number of CG flashes per km? (all years, all months) vs. altitude. Bottom right : height- ) N . N 5
1-h rain accumulation distribution from rain gauge records (all years, all months) and diurnal cycle of precipitation records for between the lowest and intermediate levels, and about of a factor 5 between the intermediate and the highest levels.
September (all years) for 4 different accumulation ranges and 3 different altitude ranges. Like CG activity, heavy rainfalls seem to be inhibited on the higher relieves.

Global data: 181 563 CG flashes 14 597 +CG flashes (8.0% of CG) 633 days with CG flashes  Reliel: between 65 and 1603 m
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Relationship between CG lightning and relief:

» Number of CG flashes and number of days with CG flashes weaker on the North-West
half of the domain, over the higher relief (Figure 1).

» Homogeneous feature on the domain (Figure 3, left and center): global CG lightning
activity remains high as long as the altitude is lower or equal to 45% (about 500 m) of

1 l the maximal height of the average profil of altitude, beyond it decreases sharply with
3 » . p the altitude. The transition seems to vary according to the month.
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4 - i i » After the transition, the number of CG decreases more rapidly than the number of
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days with CG, giving evidence that the electrification mechanisms are less efficient.
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Relationship between precipitation and relief:

Figure 1: Top, from left to right : definition of the reduced domain; altitude; number of CG flashes; percentage of +CG flashes;

and number of days with CG, with the outline of 500 m in black line. Bottom : number of CG flashes from August to December. » Low 1-h rain accumulation are predominant (at the rain gauge locations) whatever the
altitude while high 1-h rain accumulation more present at low altitude (under 650 m,
CG lightning spatial distribution (Figure 1 above): Figure 3, second plot from the right).
» CG flashes and days with CG flashes distributions very similar. No specific behavior of the Relationship between CG lightning and precipitation:

posmve_ cG flash_es. HOt sppt_s n°1 and 2 mainly associated to August and September, » High 1-h rain accumulation often recorded with lightning nearby whatever the altitude
respectively. CG ligthning activity strongly decreases after October. (Figure 3, first plot from the right) while less than 10% of 1-h rain accumulation
Precipitation data (Figure 2 below): between 1 and 10 mm are associated with lightning around (whatever the altitude).
» Increasing number of rain gauges on the domain, especially above 1000 meters in height.
Only 1% of the events correspond to a 1-h rain accumulation > 20 mm; and about thirty
events correspond to a 1-h rain accumulation > 80 mm.
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S oAk du Adiday A Figure 3: Left : 144 profiles along the 72 km long traces from South-East to North-West of the altitude (top), the number of CG flashes (center), and
. Ak el = = b i W L] the number of days with lightning (bottom), with the average profiles of altitude (black line), and CG and days (purple lines).
Eaumemdsnian) Center : normalized profile of the average altitude (black line, normalized to 1130 m); normalized profiles of CG and days (purple lines, normalized to
Figure 2: From left to right _: locations the rain gauges for each year of the study in the focused area; time series of the number of rain 12.1 CG and 8.3 days, respectively); profiles of CG and days in function of the month relative to the normalized profiles of all CG and days.
gauges available, daily rain accumulation in the study area and daily number of 1-h rain accumulation records; histogram and Right: height-1-h rain accumulation distribution for all rain records (left) and for rain records with only lightning within a range of 5 km (sensed during
cumulative distribution of 1-h rain accumulation in the focused area with rain in linear and scales one hour). Note that the percentage is given relatively to the number of precipitation records within a given range of rain accumulation and altitude bin.
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