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q  to improve our understanding of the water cycle, with emphases on the predictability and 
evolution of intense events by monitoring and modelling the Mediterranean coupled system 
(atmosphere-land-ocean), its variability (from the event scale, to the seasonal and interannual 
scales) and characteristics over one decade (2010-2020) in the context of global change 

q  to evaluate the societal and economical vulnerability to extreme events and the adaptation 
capacity 

 

HyMeX main objectives (see Drobinski et al., BAMS, 2014) 

Future climate 
simulations 

•  LOP Long Observation Period over the whole basin (2010-2020) 
•  EOP : Enhanced Observation Period over 3 régions (2011 - 2015) 
•  SOP1 - SOP2 : Special Observation Periods over the North-Western Mediterranean region (2012 and 2013)  

Observational and modeling strategies 



Critical water resources and droughts 
Two reasons to investigate the Mediterranean water cycle ... 

Source: Plan Bleu (2002) 

Water related issues the Mediterranean 

Ø  Demand multiplied by 2 since 1950 
Ø  60 million inhabitants lacking water  
Ø  20 million inhabitants without access to drinkable water  



Heavy precipitation and floods 

Ø Alger, nov. 2001: ~260 l/m2 

 886 deaths; 4 000 M€ damages 

Between1990 and 2006 
- more than 175 flood events 

- more than 29 140 M€ damages and 4 500 deaths 

Ø Gard, Sept. 2002: ~700 l/m2 

 20 deaths; 1 200 M€ damages 

Between 1990 and 2006 à 175 
flood events: Over 29,140 M€ and 

4,500 casualties 

Water related issues the Mediterranean 

Source: C. Llasat 



Source: Giorgi (2006) 

Ø  Strong regional response to climate change 

Ø  Projections: significant warming (between +1.4 et +5.8°C in 2100), 
decrease of the mean annual rainfall and increase of rainfall variability 

Regional climate change index (20 models, 3 scénario) 

… in a global climate change context 

Water related issues the Mediterranean 

Source: EPA 
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  Flood Drought 
Hazard High rainfall, sea storm, ice melting,… 

Geomorphological features of the basin, 
hydraulic infrastructures, etc. 

Water scarcity (low precipitation, high 
temperatures, 
negative water balance, etc. 

Vulnerability Occupation of flood-prone areas, 
imprudent activities, warning systems, low 
educational level of the population, 
poverty, etc. 

Water resources planning, increase in 
individual use, 
new uses (private swimming-pools), etc. 

Risk Casualties, damages to  infrastructures 
and cars, injured people, agricultural and 
economic losses, etc. 

Restrictions in water supply, environmental 
and agricultural losses, impact in tourism, 
economic losses,etc. 

Perception Mass-media information 
Previous experiences with floods, interest 
for protection measures, education and 
sensibilization, identification of risk zones 

Mass-media information 
Participation of the population (campaigns 
on environmental education), orientation of 
the articles in mass media, confidence in 
authorities (in the context of political 
discussions) 

Llasat et al. (2009)  

Risk, hasard and vulnerability 
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Drought within HyMeX 

Bottom-up approach: social vulnerability monitoring 
Top-down approach: Land-surface processes, drought and climate 

–  Underground water. 
–  Vegetation. 
–  Soil moisture. 
–  Human influence (dams and irrigation). 
–  Estimation of the total runoff towards the Mediterranean Sea. 
–  LSM intercomparison. 

Drought, fires and water cycle 

MARCO 
proyecto 

HyMeX is improving land-surface models at 
different scales. 

–  Taking into account anthropogenic processes like irrigation and 
dams are key in the Mediterranean area. 

New EO products are a great opportunity. 
–  Reconstruction of the Mediterranean water cycle. 
–  Validation. 
–  Data fusion. 

Improvement of RCMs 
–  Fully coupled system (with river flows) 
–  High resolution (up to 12 km). 
–  This should improve extremes. 

Drought 
–  The HyMeX land-surface community is planning to focus on 

droughts and their impact on water resources. 
Towards a model inter-comparison 

–  Different projects related to HyMeX are doing model inter-
comparison in different sites. 

–  We are systematizing and putting together this simulations in a 
LSM intercomparison. 

–  Future GLASS-GHP project within GEWEX 

Specific objectives 

Global objectives 



Analyzed more than 14,000 news for the period 1981-2010 and introduced in an 
ACCESS database 

Code   Type and description  

1 Flood: Heavy rainfalls, floods and landslides 

2 Wind storms: Storm, gale, tornado, hurricane, dust storm 

3 Snow and cold: Snowfalls, cold waves, snow avalanches 

4 Agrometeorological risks: Forest fires, drought,  hail, heat 
waves, frost  

5 Sustainable development: Climatic change, pollution 

6 Alert chain: Training, statistics, alerts, forecasts 

7 Others: Earthquake, volcanoes 

Press news database 1982-2007 

Drought within HyMeX 
Press and droughts in Catalunia 



Drought within HyMeX 
Press and droughts in Catalunia 

Importance of meteorological risks as perceived by the population 
(1st and 2nd), evaluated by conducting questionnaires in (a) 

Zaragoza (urban area),( b) Alcañiz (rural area) 
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The societal perception of the drought in rural areas is 
higher than in urban areas. 



SPI drought index compared to the press database 
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The correlations (-0.520) found between the 
number of articles published and SPI is 
significant to a level of 0.05  

Drought within HyMeX 
Press and droughts in Catalunia 



•  Uneven spatial distribution of water availability. 

•  High temporal variability (seasonal and interannual). 

•  High pressure on water resources.  

•  Water scarcity. 

•  Long tradition of hydraulic works. 

•  Nowadays, Spain is the fifth country in the world 
with the highest number of large dams 

•  The problem is aggravated by climate change. 

Estrela and Vargas (2012) 

Water exploitation index in Europe by river basin. 

Mean Precipitation 

Drought within HyMeX 
Underground water and drought in Spain 

HyMeX case study: Ebro basin 
Funding: FP7-eartH2Observe, ANR REMEMBNER, MARCO 



Soil moisture in 
the exp. with 
groundwater 

By wetting the soil from below the water table pattern is reflected in the soil moisture pattern: wetter soils where 
the water table is shallow 

The water table evolves slowly 

Water table depth 

Soil moisture in 
the exp. without 

groundwater 

Without groundwater, soil moisture depends only on climate, soils dry too much in summer  

Groundwater persistence translates to soil moisture memory 

Drought within HyMeX 
Underground water and drought in Spain 



Memory introduced into the soil moisture by groundwater 

Large yearly precipitation anomalies are “remembered” 
for 1-2 years into the future by the water table 

Drought within HyMeX 
Underground water and drought in Spain 



•  Remote sensing is a very valuable source of data related to vegetation. 
•  LSMs are improving and are able to simulate more vegetation related processes. 
•  Data assimilation is a powerful tool in order to improve LSM simulation using remotely sensed data. 
•  We still do not understand well what will be the impact of human activities on vegetation… and how this 

will affect drought. 

Drought within HyMeX 
The role of vegetation in drought processes 

Climate impact on vegetation is still poorly simulated 

LAI interannual variability (std/mean) over 
the 1991-2008 period: SURFEX & 

ORCHIDEE vs. satellite data 

Szczypta et al. (2014) 
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Integrating satellite observations into models improves the monitoring of extreme events 
Spring drought of 2011 in France: sequential assimilation of LAI and surface soil moisture into SURFEX 

10-daily soil moisture change rate (m3 m-3) 
	  	  
            Barbu et al. (2014) 

Enhanced drought onset 

Drought within HyMeX 
The role of vegetation in drought processes 

10-daily GPP change rate (m3 m-3) 
	  	  
            Enhanced description of the impact of 

vegetation growth on drought onset 



Vegetation/atmosphere feedbacks 
Spring drought of 2003 in France and its impact on summer 2003 heatwave 

Stéfanon et al. (2012) 

Drought within HyMeX 
The role of vegetation in drought processes 

Damping effect of 
interactive vegetation in 

June 2003 

Amplifying effect of 
interactive vegetation 

in August 2003 

Early vegetation growth caused by 
springtime meteorological drought 
à more evaporation and weaker 

temperature anomaly 

Vegetation senescence due to soil 
moisture drought à less evaporation 

(less NPP; Ciais et al., 2005) and larger 
temperature anomaly 

Two integrations with WRF/ORCHIDEE 
One with prescribed LAI (CTL) 
One with interactive vegetation phenology (MORCE) 
 
 Δx =15 km; 2 years (2002-2001) runs 
Boundary condition: ERA-Interim 
In the CTL run the LAI of 2002 is repeated in 2003 



Modes of fire propagation 

Drought within HyMeX 
Droughts, fires and water cycle 

Burnt area (ha) 

Longitude (degrees E) 
La

tit
ud

e (
de

gr
ee

s N
) 

0 20  40  

50 

45 

40 

35 

     EAST 

     MED 

10 year  cimatology of  MODIS burnt areas 

EA
ST

 
ME

D 

Hernandez et al. (2014, 2015) 

2 modes No mode: increase 
with wind 

No mode: increase 
with wind 

No mode: increase 
with wind 

Impact of long-term water cycle 

FIRE-REF over Portugal 

Probably linked to the 
heat-wave/drought 
magnitude 



•  Several LSMs are being used in several projects (eartH2Observe, ANR REMEMBER, MARCO) in order to 
simulate land-surface processes in the Mediterranean. 

•  Opportunity for model intercomparison. 
•  Better understanding of our capability to properly simulate different key physical processes 
•  Integration of irrigation and dams: 

–  Irrigation 
•  Requires a good understanding of the water demands of crops. 
•  Remote sensing is a key data source. 

–  Dams 
•  Simple dam operation rules can be introduced in the river routing schemes as a first step. 
•  This requires to maintain a very close contact with water managers and other stakeholders. 

•  A first step towards a GEWEX/GLASS-GHP project 

Drought within HyMeX 
Towards a LSM intercomparison models 

Ebro basin 
Accounting for human influence in LSM models (irrigation 
and water regulation): 

•  Water management intensely affects the water cycle on most 
Mediterranean basins. 

•  Dams and irrigation have impacts as important or even more 
important as climate change. 

•  Our understanding of the Mediterranean water cycle must 
include the effects of water management 

 
 



Model Forcing Resolution Period length Time-step Project 
SURFEX (OE) Safran 5 km 10y, 30y 3h E2O, Marco. 
SURFEX (OE) E2O (50km) 5 km 10y or 30y  3h E2O 

SURFEX (MF) E2O 50 km 30y ? E2O, REMEMBER 
LeafHydro Safran 2,5 km 10y 1h? E2O 
LeafHydro E2O (50km) 2,5 km 10y or 30y 1h? E2O 
Orchidee Safran 5 km 30y 1h Marco, REMEMBER 
Orchidee E2O 50 km 30y 1h E2O, REMEMBER 
Jules E2O 50 km 30y 1h E2O 
HTESSEL E2O 50 km 30y 1h E2O 

Offline simulations 

•  Simulations performed during 2015, 2016 and 2017.  
•  Design of the intercomparison setup in 2015. 
•  Analysis of the results in 2016 and 2017 (some simulations might be finished in 2017) 
•  Comparison with coupled simulations (HyMeX/MED-CORDEX). 

Drought within HyMeX 
Towards a LSM intercomparison models 



Drought within HyMeX 

THANKS FOR YOUR ATTENTION 


