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- A recurrent risk for the population
- Meteorological phenomenon
- Effects on rivers
- Role of the karst and the underground
- Effect on the sea and consequences
- Intense mediterranean rain, global 

warming and citizen issues at school

PART 2 : INTENSE MEDITERRANEAN RAIN
HYDROGEOLOGY AT SCHOOL

Bridge of the Maille, St Martin Vésubie (L. Lecourtier, 02/10/2020)

Vesubie valley (Pompier 06)

Vesubie valley (jaime Marrades)

Vintimiglia, Italia (Twitter UNMDOfficial)

Napoleon bridge, Nice (D. Dziadula)

Storm Alex 02/03 October 2020



1875, river Adour (South-west of France)

1890, river Ardèche (South of France)

Pictures of this slide :

LA MÉMOIRE
150 ANS D’INONDATIONS EN PHOTOGRAPHIES SUR L’ARC MÉDITERRANÉEN

PAR L’IMAGE

JM Décombe et G. Verrhiest-Leblanc

1907, river Le Gardon (South of France)

A RECURRENT RISK FOR THE POPULATION



Meteorological phenomenon

Fall 2014 Fall 2015 Fall 2016 Fall 2017 Fall 2018 Fall 2019 Fall 2020



Meteorological phenomenon

Temperatures 5cm above ground

Edumed.unice.fr à Data Center Meteo (Ventusky interface)

Temperatures at 3600 metres above sea level

01/10/2020 11:00 AM



Meteorological phenomenon

Summer Autumn Winter

Summer Autumn Winter

Tropospheric temperature

Mediterranean temperature

A meteorological
instability at each

autumn
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Meteorological phenomenon

Animation : ventusky interface in the EduMed data center

The Alex winter Storm
02 – 03 october 2020



Meteorological phenomenon

Summer Autumn Winter

Summer Autumn Winter

Tropospheric temperature

Mediterranean temperature

A meteorological
instability at each

autumn

Atmospheric
forcing

South

North

Continent

The air is cold at high altitude

The mediterranean water is hot



Meteorological phenomenon

Summer Autumn Winter

Summer Autumn Winter

Tropospheric temperature

Mediterranean temperature

A meteorological
instability at each

autumn

Atmospheric
forcing

South North

Continent

Orogenic forcing: an aggravating factor
The air is cold at high altitude

The mediterranean water is hot

Evaporation

Condensation

Precipitation

the air mass rises quickly above the mountains

Flash flood

A scheme used with my pupils



Meteorological phenomenon

How to measure rainfall ? Rain gauges

The EduMed website gathers data from weather stations 
installed in schools and research stations

Tipping bucket rain gauge



Meteorological phenomenon

Map : Pierre Brigode (10/2020)

How to measure intense rainfall ? 

Values are probably underestimated

700 -750 mm
Per square meter700-750 l



Meteorological phenomenon

700-750 l

Soil and underground

Water 700 -750 mm

700 -750 mm

At the scale of the drainage basin

290 km2 = 290 000 000 m2 X 700 liters = 203 billions of liters

Picture : EduMed Data Center



Effects on rivers

River

Water level
In rivers

DO YOU REMENBER DATA RECORDED BY
JEAN ROSTAND SCHOOL IN DRAGUIGNAN ?

Picture : EduMed Data Center

Flash flood event : with
the relief of Provence, 
water flows down the 

hillsides and concentrates
quickly in the rivers



Amount and intensity of 

rainfall

River flow
Water level

flow velocity

Water level variations not correlated with rainfall
Short period events
Different river responses to a same amount of rainfall

SOIL AND 
UNDERGROUND

Effects on rivers and streams



Effects on rivers and streams

River

Water level
In rivers

GROUNDWATER



Role of the karst and the underground

Rocbaron town
Air Pressure sensor

Planesselve underground river
Air+Water Pressure sensor

Pictures :
Google Earth

Geoportail
GAS-CDS83

(cavers)



Role of the karst and the underground

Rocbaron town
Air Pressure sensor

Planneselves underground river
Air+Water Pressure sensor

Pictures :
Google Earth

Geoportail
GAS-CDS83

(cavers)



M1

M2

M3

M4

M5

No circadian (day/night) 
cycle on groundwater

temperature

M = intense mediterranean
rain event

Méounes

Data analysis : water level and temperature

Cliché : F. Prévost (GAS-CDS83)

Role of the karst and the underground
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Water temperature Planesselve (°C)Water level Planesselve (°C)                              Rainfall intensity (mm/h)

S
Soil or 
Sponge

When they are 
dry, the soil and 

the epikarst
retain and then
slowly transmit 

rainwater.

R
Run-off

When they are very dry or 
totaly saturated, the soil 

and epikarst cannot
absorb water and it runs

off the surface very
quickly

R

Role of the karst and the underground

S
S



Role of the karst and the underground

City of Toulon
350 000 residents

Las river

From : Christiane Dufresne, Bruno Arfib, Loic Ducros, Céline Duffa, Frank Giner,
Vincent Rey (July 2020)



Las river

From : Christiane Dufresne, Bruno Arfib, Loic Ducros, Céline Duffa, Frank Giner,
Vincent Rey (July 2020)

In urban areas

Soil waterproofing increases the effect of 
runoff

And increases the risk of flooding



Aquifère

Springs
Run-off

Direct linkage

IN
FILTRATIO

N

Saturated
zone

Unsaturated
zone

Saturation 
level of 

rocks and 
soil

Beat 
area

Amount and intensity of 

rainfall

River flow
Water level

flow velocity

Drinking water

Consequences of
urbanization

Reserved flow
Biodiversity

Flood
hazard

Fabrice.mourau@ac-nice.fr

Groundwater

Piezometric surface 

Soil 
Bed Rock

KARST

The underground controls transfers between
the atmosphere and the hydrosphere

Collège Pierre de coubertin, Le Luc - France
CIV, Valbonne - France

Gimazija Metkovic, Metkovic - Croatia
Liceo Archimedeo, Acireale - Italia

Súkromná stredná odborná škola, Giraltovce - Slovakia

RS



Effect on the sea and consequences

High tide

Low tide

Alex storm tide

+ 20 cm

Continent

River à

Mediterranean Continent

River à

Mediterranean

upstream of the 
estuary, the 

hydraulic dam 
effect increases
the flood height

Sea levelFlood



Case study : Argens river valley and estuary

https://edugeo.ign.fr/carte/5538e68bfd44dcff1d797f41c0570031/Inondations+Puget+sur+Argens+

SIG EduGeo, Pouzin j. (2019) 

November 2014 
(Var Matin JMJ)

June 2010

23 dead,
2 missing,
€1 billion
in damage

November 2019 
(AFP/V. HAche)

2 dead,
4 missing

https://edugeo.ign.fr/carte/5538e68bfd44dcff1d797f41c0570031/Inondations+Puget+sur+Argens+


Intensity of extreme rainfall in the Mediterranean region
On a reference network for monitoring extreme rainfall
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Ratio of maximum annual cumulative daily rainfall to the 1961-1990 baseline
11-year rolling average

Intense mediterranean rain, global warming and citizen issues at school

Intensification of heavy
precipitation in the 
Mediterranean regions between
1961 and 2015:

+22% 
on annual maximum daily totals, 
with a very high interannual
variability, which explains the 
high uncertainty (from +7 to 
+39%) on the extent of this
intensification

Increase in the frequency of the 
strongest Mediterranean
episodes, in particular those
exceeding the threshold of 200 
mm in 24 hours.

Sce : MétéoFrance.com



Intense mediterranean rain, global warming and citizen issues at school

A Representative Concentration 
Pathway (RCP) is a greenhouse
gas concentration (not emissions) 
trajectory adopted by the IPCC.

Average relative change in 
2100 in daily precipitation
values with a 20-year return 
period for 102 Mediterranean
catchment areas for the 
RCP4.5 and RCP8.5 scenarios -
© Météo-France

1. Prevention to keep our
students safe

2. Raising awareness of 
future citizens to fight
against urban planning 

errors and the 
implementation of 
sustainable policies

Teachers and 
school



Intense mediterranean rain, global warming and citizen issues at school

1. Prevention to keep our
students safe

2. Raising awareness of 
future citizens to fight
against land planning 

errors and the 
implementation of 
sustainable policies

Flood hazard

Human issues

RISK

Teachers and 
school


