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Please report on the following: 

1. Panel activities 
The HyMeX (Hydrological cycle in the Mediterranean Experiment) programme is a 10-year 
international project (2010-2020) which  aims at: 

 improving our understanding of the water cycle, with emphases on extreme 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 in the context of global change,  

 evaluating societal and economical vulnerability and adaptation capacity to extreme 
meteorological and climate events. 

 
In particular, HyMeX aims at addressing key issues related to (1) the water budget of the 
Mediterranean basin, (2) the continental hydrological cycle and related water resources, (3) 
heavy precipitation and flash-flooding and (4) intense air-sea exchanges produced by severe 
regional winds and cyclogeneses. HyMeX aims also at monitoring vulnerability factors and 
adaptation strategies developed by different Mediterranean societies to accommodate the 
impacts of climate change and intense events. A schematic of the main scientific topics of the 
HyMeX project is shown in Fig. 1 and a comprehensive description of the HyMeX underlying 
science is provided in the project International Science Plan 
(http://www.hymex.org/?page=key_documents) and in an overview article published in BAMS 
(Drobinski et al., 2014). 
 

                                                           
1
 2 year mandate: 2008-2010 as vice chair; 2011-2012 as vice-chair and 2012-2013 as chair 



 
Figure 1: Schematic of the main scientific topics of the HyMeX project. 

 
2. Science highlights 

Series of coordinated observation periods are foreseen during the 2010-2020 time-window. 
They are based on measurement campaigns, the deployment of dedicated instrumentation, and 
the enhancement of existing operational systems. A comprehensive description of the HyMeX 
underlying science is provided in the International Science and Implementation Plans available 
at the HyMeX web site (www.hymex.org). Outcomes of the multi-disciplinary research 
conducted in HyMeX should be beneficial to the improvement of  

 observational and modelling systems, especially of coupled (ocean-atmosphere-land) 
systems,  

 the prediction capabilities of  high-impact events,  

 the accurate simulation of the long-term water-cycle, 

 the definition of adaptation measures, especially in the context of global change. 
 

3. Science issues 

The Mediterranean basin has quite a unique character that results both from physiographic and 
climatic conditions and historical and societal developments. Because of the latitudes it covers, 
the Mediterranean basin is a transition area under the influence of both mid-latitudes and 
tropical variability (Fig. 2): to the north, a large part of the atmospheric variability is linked to the 
North Atlantic Oscillation (NAO) and other mid-latitude teleconnection patterns (e.g. Xoplaki, 
2002), while the southern part of the region is under the influence of the descending branch of 
the Hadley cell materialized through the Azores High, with in addition El Niño Southern 
Oscillation (ENSO) influence to the east (e.g. Rodwell and Hoskins, 1996). 
 

 
Figure 2: Mediterranean basin (also HyMeX/MED-CORDEX simulation domain) 

 



Because in such transition area, the Mediterranean basin is very sensitive to global climate 
change at short (decadal) and long (millennial) time scales. Continental and marine 
paleorecords show that the climate and the sea state have widely varied in the past, sometimes 
very quickly (e.g. Combourieu Nebout et al., 2002). Regarding the projection of the 
Mediterranean climate in anthropogenic scenario, Giorgi (2006) defines the Mediterranean area 
as one of the two main “hot-spots” of the climate change with an increase in the interannual 
rainfall variability in addition to a strong warming and drying. Several authors have reported an 
increase of the mean annual temperature of about 0.005°C yr-1 in the Mediterranean basin. (e.g. 
Quereda-Sala et al., 2000) reaching in summer the value of 0.01°C yr-1 for 1976-2000, one of 
the highest rates over the entire globe. 
 
In such context, the vulnerability of the Mediterranean population may increase dramatically with 
an expected increase of precipitation variability during the dry (warm) season (Giorgi, 2006) and 
of probability of occurrence of events conducive to floods and droughts (Gao et al., 2006). 
Heavy precipitation and flooding are among the most devastating natural hazards in terms of 
human life loss along with windstorms. For instance, the storm flooding in Algiers on 10 
November 2001 caused 886 victims whereas in France, over the last two decades, more than 
100 deaths and several billion of euros of damages were reported. In September 2002, flash 
floods in France brought additional losses of 1.2 billion € (Huet et al., 2003). Droughts and heat-
waves can also have very serious consequences for society. A typical example is the summer 
2003 in Europe, which was at the origin of 70 000 extra deaths in 12 European countries and 
15 000 in France (Hémon and Jougla, 2003). This heat wave contributed to the reduction in 
productivity of natural and cultivated vegetation (Ciais et al. 2005), lower energy supply and 
electricity restriction (Fink et al., 2004), and an increase of air pollution (Vautard et al., 2007). In 
the context of global warming, heat waves and droughts may become not only more frequent 
but also longer and more intense (e.g. Gao et al., 2006). Climate change also leads to sea level 
rise through thermal expansion of the ocean and melting of ice sheets and glaciers. Global 
models project a global sea level rise between 190 mm and 590 mm by the end of this century 
(IPCC, 2007). Nevertheless, they do not agree on a trend for the Mediterranean Sea level 
change. It is thus of major concern to assess ongoing sea level change in the Mediterranean 
basin, whose tourism is fast becoming the dominant economy for coastal regions. With more 
than 146 million residents and another 100 million tourists in summer, the Mediterranean basin 
has one of the most crowded coasts in the world. Demographic projections from the 
Mediterranean Action Plan suggest that the urban coastal population could reach 176 million 
people and the number of tourists per year could grow up to 350 million by 2025. This 
continuing migration towards coastal areas makes the Mediterranean one of the most 
vulnerable region to risks inherent to rising sea level (e.g. coastal erosion, flooding).  
 
It is thus crucial to characterize how regional climate, and especially precipitation and floods, 
droughts and heat waves and sea level mean will respond to climate change, in order to make 
decision on development of adaptation strategies to face risks related to changing climate. 
However, because the region features a nearly enclosed sea surrounded by very urbanized 
littorals and mountains from which numerous rivers originate (Fig. 1), many interactions and 
feedback result between ocean-atmosphere-land processes which are largely variable both in 
time and space. The ability to predict such high-impact climatic events and their consequences 
is thus still low. 
 

4. New projects in place 

None with respect to the HyMeX international science and implementation plans. 

 

5. Workshops/meetings held  
The HyMeX programme organizes an annual international HyMeX workshop: 

 1st HyMeX workshop, Toulouse, France (~250 participants) : 9-11 January 2007 



 2nd HyMeX international workshop, Palaiseau, France (~200 participants) : 2-4 June 2008 

 3rd HyMeX workshop, Heraklion, Greece-Crete (~100 participants) : 2-4 June 2009 

 4th HyMeX workshop, Bolonia, Italy (~180 participants) : 8-10 June 2010 

 5th HyMeX workshop, Minorque, Spain (~180 participants) : 16-20 May 2011 

 6th HyMeX workshop, Primosten, Croatia (~130 participants) : 7-11 May 2012 

 7th HyMeX workshop, Cassis, France (~200 participants) : 7-11 October 2013 

 8th HyMeX workshop, Valletta, Malta (~130 participants) : 15-18 September 2014 
 
The ISSC meets twice a year (one meeting at the annual HyMeX workshop, and one through 
visioconference). Monthly video/teleconferences of the Executive Committee have been 
organized in 2012 and 2013 to prepare the special observation periods (September-November 
2012; February-March 2013). Now the Executive Committee meets via videoconference to 
discuss the coming year budget. Since 2013, the HyMeX organization has changed and is 
structured along science teams: 

 ST-IOPrain: Studies of IOPs (SOP1) - precipitation events [WG3] 

 ST-microphysics: Microphysics in precipitating systems [WG3] 

 ST-WV: Sources and transport of water vapour [WG3] 

 ST-lightning: Lightning and atmospheric electricity [WG3] 

 ST-flashflood: Flash-floods [WG3]  

 ST-airseacoupling: Air-sea fluxes, marine and ocean boundary  

 layers coupled processes [WG3/WG4]  

 ST-DWF: Dense Water formation and ocean mesoscale  

 processes [WG4]  

 ST- vulnerability – flash floods [WG5]  

 ST-medcordex: Regional climate modeling  

 (MED-CORDEX) [WG1/WG2/WG3]  

 ST-assimeps: Atmospheric convective-scale data assimilation  

 and ensemble prediction [WG3/WG4] 

 ST-WRD : water resources and droughts [WG2/WG5] 
The science team also meet more or less regularly (it depends on the Science Team). 
 
A cluster of HyMeX posters were presented at the WCRP Open Session Conference (24-28 
October 2011, Denver - session C4 “Meeting the Needs for Integrated Climate Science, 
Information and Capacity Building with Regard to Climate Variability and Change in Europe”; 
http://www.wcrp-climate.org/conference2011/Posters_C4.html). Some HyMeX-related posters 
were also presented at the 7th International Scientific Conference on the Global Water and 
Energy Cycle du World Climate Research Program (14-17 June 2014, The Hague, The 
Netherlands).  
 
The ST "Regional Climate Modelling" has organized the HyMeX/MED-CORDEX workshop in 
May 2014 (http://climserv.ipsl.polytechnique.fr/hymex-remember/hymex-med-cordex-meeting-
26-28-may-2014). 
 

6. Contributions to developing GEWEX science; fit to GEWEX imperatives  
The HyMeX programme can be seen as direct implementation of the GEWEX imperatives in the 
context of the Mediterranean region. Indeed, HyMeX aims at "developing improved 
observational, diagnostic, and modelling capabilities for measuring and predicting global and 
regional energy and water variations, trends, and extremes, such as heat waves, floods, and 
droughts, and provide the science underpinning climate services." (quote from the GEWEX 
imperatives). 
 



In details, HyMeX contributes to produce climate records of atmospheric and land variables over 
a decade (2010-2020) and to provide descriptions and analyses of these data. The data policy 
is available at www.hymex.org and the data base can be visited at 
http://mistrals.sedoo.fr/HyMeX/. HyMeX also aims at improving stand-alone and coupled 
atmosphere/land/ocean models for a better understanding and modelling the regional climate 
system models in the Mediterranean for better water-related risk prevention in the context of 
global change. Indeed risk prevention is addressed by including scientists from socio-economic 
sciences. Finally, since operational hydro-meteorological and climate services are partners in 
HyMeX, transition to operations is a key expected outcome of HyMeX. 
 

7. New projects and activities being planned, including timeline  

There is a clear objective to intensify the data collection in the Eastern and Southern 

Mediterranean (Fig. 3). Funding is sought to organize a Special and/or Enhanced Observation 

Period in Eastern Mediterranean in 2016-2017 (EU H2020 TEMPEST project submitted; 

ERANET-MED project in preparation). A Memorandum of Understanding (MoU) will be probably 

signed with the DESERVE project (which includes German, Isreali, Jordanian and Palestinian) 

for data sharing, as it is the case with the FP7-eartH2Observe project. Nothing is finalized and 

the risk that such activities fail to be funded is high. 

 

 
Figure 3: HyMeX timeline. The red arrow indicates where the project stands in 2014. 

 

8. Workshops / meetings planned 

The 9th HyMeX workshop will be held in Greece (Mikonos) in September 2015. Year 2015 is the 
HyMeX mid-term year. Therefore, the workshop will be dedicated to the review of the first 5 
years achievements, the identification of our success and failures and the adjustment of the 
scientific and implementation plan for the last 5 year period. A book will probably be edited 
based on this review prepared for the workshop. Otherwise, the ISSC is planned to meet twice 
in 2014. The Executive Committee will also meet in 2015 to discuss the HyMeX budget, as well 
as the Science Team to discuss the results from the collaborative work. 
 

9. List contributions to the GEWEX Grand Science Questions and plans to include 
these.  

 Observations and Predictions of Precipitation  
There are three HyMeX target areas (TAs) for the observation of heavy precipitation systems 
and flash-flooding (Fig. 3):  

1. Northwestern Mediterranean—Heavy precipitation systems and flash-flooding occur over 
the Spanish, French, and Italian coasts during the autumn. 

2. Southeastern Mediterranean—covers the Eastern and Southeastern Mediterranean area 
and consists of the western part of Crete Island, the transboundary river basin of the 
Evros River and three basins in Israel. This target area allows the study of intense 
rainstorms and flash floods in the dryer climate areas of the Mediterranean. 



3. Adriatic—comprised of the Friuli and Veneto regions in Italy, and the Dinaric Alps in 
Slovenia and Croatia. It is a target area for the study of heavy precipitation events and 
flash-flooding. 

 

 
Figure 4: Location of the 3 HyMeX target area (TA) (NW Med: Northwestern Mediterranean; Adriatic; SE Med: Southeastern 

Mediterranean) (Source: HyMeX International Science Plan 2010).  The "squares" indicate the locations of hydro-meteorological 
sites. 

 

Special Observation Period (SOP) were performed in the Northwestern Mediterranean target 
area. The first SOP (SOP1) spanned 8 weeks (5 September - 6 November 2012) and was 
dedicated to documenting the heavy precipitating events (HPE) and associated flooding, in 
relation with the ocean heat content. In addition to the LOP and EOP measurements, their 
investigation involved dedicated platforms, including aircrafts (French Falcon 20 and ATR-42 
and German Do128; see Fig. 4a,b), pressurized boundary layer balloons and the French buoy 
tender Provence.  Additional radiosoundings completed those performed in the Cévennes-
Vivarais, Corsica and Central-Italy sites, with some launched at sea from the buoy tender 
Provence. As a result were investigated 18 orographic or HPE and flooding over France, 11 
over Italy and 6 over Spain. The detailed objectives of SOP1 and specific means deployed are 
described in a companion article (Ducrocq et al., 2014). The second SOP (SOP2) spanned 6 
weeks (1 February -15 March 2013). It was dedicated to intense air-sea interactions, mainly 
under strong winds in the Gulf of Lions that cause ocean convection process resulting in dense 
water formation. Luckily, dense water formation occurred in winter 2013, and was intense 
enough to reach the sea floor (~2500 m). During the field campaign, the French research 
vessels Le Suroît (companion Marine Ecosystems Response in the Mediterranean Experiment - 
MerMeX), Tethys-2 and the buoy tender Provence (Fig. 4c) contributed to sampling the water 
column and the air-sea fluxes, complemented by Marisonde buoys SVP drifters, and ARGO 
profilers specifically modified to allow deeper and more frequent profiling when drifting in the 
area of oceanic convection. The French aircraft ATR-42 measured boundary layer fluxes and 
waves over the region of oceanic convection in synergy with pressurized boundary layer 
balloons measuring the temperature, pressure, humidity and wind along a quasi-lagrangian 
trajectory (Fig. 4d). 
 
 
 
 
 
 
 
 
 
 



 
 
 
(a) 

 

(d) 

 

(b) 

 

(c) 

 

Figure 5: French (a) and German (b) aircrafts deployed during SOP1, R/V Le Provence operated during SOP2 (c) and pressurized 
boundary layer balloons launched from Candillargues during SOP2 (d) (c). French ATR42 (foreground) and Falcon 20 (background) 

were based at Montpellier airport and German Do128 was based in Corsica at Solenzara airport. (Source: panels a and d: P. 
Drobinski; panel b: C. Kottmeier; panel c: I. Taupier-Letage). 

 
 



As part of the EOP, hydrological field 
campaigns have been carried on as 
well as Intensive Post event 
Campaigns (IPEC). The 
measurements are performed 
routinely and on alert each fall since 
2012 (sampling of flood events for 
geochemistry analysis, gauging of 
flooding rivers, soil moisture 
measurements, field observations of 
runoff). The hydrometeorological 
forecast is operational 7days per 
week from September to mid-
December (real time update of the 
HyMeX field campaign web site: 
sop.hymex.org). In 2014, many 
catastrophic events were documented 
(17-20 September,10-13 October, 3-
4, 14-15 and 27-29 November) 
(Fig. 6). 

 
Figure 6 : River flow measurement collected on October 11, 2014 over 

Claduegne river. 

 
During the IPEC, estimation of peak discharge is carried on over ungauged rivers. It includes (i) 
collection of rivers cross sections data with flood mark levels; (ii) interviews of eyewitnesses for 
info on dynamics of the flood and flood levels; and (iii) exploitation of videos for estimation of 
flow velocities (see IPEC 2013 in Sardinia in Fig. 7). 

     

 
Figure 7 : IPEC in Sardinia in November 2013: Precipitation: 469 mm/12 hours 

Estimated 1 billion €  damage. 

The HyMeX observation strategy is designed to serve the objectives of the modeling strategy. In 
the context of the SOP and EOP, it includes the improvement of convective-scale deterministic 
forecast systems to improve the capability to predict Mediterranean high-impact weather events; 



and the design of high-resolution ensemble modeling systems dedicated to the study of the 
predictability of Mediterranean heavy precipitation. These ensemble forecast systems are 
coupled with hydrological models to issue probabilistic forecasts of the impact in terms of 
hydrological response. Advances in the knowledge of the hydrological and hydraulic responses, 
as well as of the soil water content state before and during precipitation events should help to 
improve the initialization and process representation within the hydrological models used. In the 
context of the LOP, the data are used to analyze the long-term water cycle variability including 
extremes (wet or dry periodes), to improve its modelling in coupled regional climate system 
models and to perform projections in future climate. The data collection from in-situ site is made 
difficult especially with Southern Mediterranean countries. It is also due in large part to the 
absence of a large international funding which would impose a contractual commitment to 
deliver the data. Conversely, satellite monitoring becomes successful with the funding of the 
FP7 eartH2Observe project in which the Mediterranean case study is coordinated by HyMeX, 
and the future support of ESA to produce a dedicated satellite data fusion to close the water 
cycle in the Mediterranean region. 
 

 Changes in Extremes 
A Long-term Observation Period (LOP) began in September 2010 and will continue until 2020. It 
includes the whole Mediterranean region, and the data will be used in developing a long-term 
time series required to study seasonal and interannual variability in a context of on-going global 
change. It relies on the collection of data from existing research and operational oceanic and 
hydro-meteorological instrumented sites and satellite data. This data set is completed by 
historical data. As for the SOP, the LOP observation strategy is designed to serve the objectives 
of the modeling strategy, which includes the development of regional coupled systems (ocean-
atmosphere, land-atmosphere, ocean-land-atmosphere) to reduce uncertainties of the regional 
projections of future climate with a special focus on hydro-meteorological extremes (heavy 
precipitation, droughts and heat waves). This activity is conducted in the frame of HyMeX/MED-
CORDEX regional climate modeling activities. As an example, Fig. 8 shows the impact of SST 
sub-monthly anomalies on heavy precipitation in Northwestern Mediterranean and the derivation 
from a model-based indicator of this sensitivity to a satellite data based indicator. 
 

 
Figure 8 : Impact of SST sub-monthly anomalies on heavy precipitation in Northwestern Mediterranean (left column) and derivation 
from a model-based indicator of this sensitivity to a satellite data based indicator (middle and right columns). (Sources: Berthou et 

al., 2014a,b, 2015). 



Another example is shown in Fig. 9 which shows the impact of MED-CORDEX regional climate 
model resolution and scenarios on the trend of the runoff in the Makhazine catchment in 
Morocco. 
 

 
Figure 9 : Projected changes on runoff under scenarios 4.5 and 8.5 for the period 2041–2062 (the parameter set no. 1 is the one 

obtained when calibrating the hydrological model on all years, the parameters set no. 2 is the set obtained on calibration during dry 
years). (Source: Tramblay et al., 2013). 

 

 Water and energy cycles 
The HyMeX programme aims at monitoring and modeling the full water cycle in the 
Mediterranean with a special focus on the coupled processes between the different 
compartments (atmosphere/land/ocean) and at different time and spacial scales (from the 
extreme event, to the seasonal and interannual variability and trend). It includes routine 
measurements of the surface energy budget on various Mediterranean landscapes Fig. 10) to 
the different terms of the water cycle as processed from satellite data at the basin scale 
(Fig. 11). 
 

        
                                           (a)                                                                        (b)                                               (c) 
Figure 10 : Three flux stations over orchards, irrigated meadow and dry meadow  (coussouls). Source: (a) N. Bertrand, (b) and (c) S. 

Guarrigues. 

 



The modeling approach of the Mediterranean water cycle relies on a seamless approach which 
combines models of the different compartments of the Earth system at very fine scale (typically 
kilometer-scale) to models of the regional climate system at about 20 km resolution.  
 

 
Figure 11 : NOAA-15 climatologies: (left) mean state and (right) interannual variability computed as standard deviation of 

the monthly means over the period 2000–2007. (a,b) moderate rain frequencies (‰), and (c,d) deep convection 
frequencies (‰). (Source Alhammoudet al., 2014). 

 
More detailed can be found in the HyMeX international implementation plan (IIP). 
 

10. Other key science questions that you anticipate your community would want to 
tackle in the next 5-10 years within the context of a land-atmosphere project (1-3 
suggestions) 

The key questions identified in HyMeX that should be tackled in the context of a land-
atmosphere project are: 

 the role of the ocean in coastal areas on land-atmosphere feedbacks and especially 
precipitation (advection of moisture over the continent), heat waves (modulation of 
temperature extremes due to coastal mesoscale meteorology). 

 the impact of human activity (land-use, irrigation,...) on land-atmosphere feedbacks 
and their modelling 

 the monitoring of vulnerability and adaptation capacity to hydro-meteorological 
extremes in a context of global change 

 
11. Briefly list any specific areas of your panel’s activities that you think would 

contribute to the WCRP Grand Challenges as identified by the JSC (not covered 
under 9). 

 Provision of skillful future climate information on regional scales (includes 
decadal and polar predictability) 

The fourth IPCC assessment report (AR4) forecasts an increase in the Earth’s average 
temperature ranged between 1.4 °C and 5.8 °C over the 21st century, accompanied by a rise in 
sea levels between 190 mm and 590 mm (IPCC, 2007). This rapid change in the global climate 
may result in the modification of the frequency and intensity of extreme events and natural 



disasters (cyclones, droughts, floods, etc.) in certain parts of the world. This is indeed, 
particularly relevant for the Mediterranean region (Giorgi, 2006). These changes are also set to 
cause radical disruption to agriculture, large population movements as people abandon 
disaster-struck regions (such as flooded coastal plains and areas blighted by desertification) for 
less-affected areas, and heightened political tensions. 
 
The development of accurate regional climate system models is thus a key issue to investigate 
regional climate variability and trend, quantify extreme occurrences and magnitudes and 
evaluate population vulnerability and adaptation capacity in the context of global change in the 
Mediterranean region by providing relevant indicators. A number of regional climate model 
(RCM) have been developed during the last two decades in order to downscale the outputs from 
large-scale global climate model (GCM) simulations and produce fine scale regional climate 
change information useful for impact assessment and adaptation studies. To date, most RCMs 
have been mainly composed of an atmospheric component coupled with a land surface model 
(LSM) scheme which is generally designed to only simulate the exchange of surface water and 
energy fluxes at the soil-atmosphere interface. RCMs have also been driven over ocean areas 
by prescribed sea surface temperature. 
 
Although such RCM can be sufficient for many applications, there are cases in which the fine 
scale feedbacks associated with air-sea interactions can substantially influence the spatial and 
temporal structure of regional climates. Strong air-sea interactions also take place in the 
Mediterranean basin (e.g. Lebeaupin Brossier et al., 2009; Lebeaupin Brossier and Drobinski, 
2009). In order to explicitly resolve the two-way interactions at the atmosphere-ocean interface 
in the Mediterranean region, Somot et al. (2008) coupled the global atmospheric model 
ARPEGE with the regional ocean model OPAMED. A similar development was conducted by Li 
et al. (2011) with the global atmospheric model LMDZ with the regional ocean model OPAMED, 
by Artale et al. (2009) with the PROTHEUS system integrating RegCM3 and the MITgcm 
models and by Drobinski et al. (2012) with the MORCE system integrating WRF and the NEMO-
MED12 models as the atmospheric and oceanic component, respectively. Comparison of 
coupled and uncoupled experiments showed better simulated Mediterranean SST which is one 
factor responsible for significant differences in the regional climate simulation. 
 
However, the Earth system is the physical, chemical, biological, and social components, 
processes, and interactions that together determine the state and dynamics of Earth, including 
its biota and human occupants. Developing regional Earth system models, also referred as 
regional climate system models (RCSMs) has two primary motivations: (i) with respect to 
climate science, to improve modelling capabilities and better understand coupled processes at 
regional scales and (ii) to support stakeholders who aim to use climate information for 
regionally-specific impact assessment and adaptation planning. There is thus a need to develop 
what amounts to an enhanced Earth system simulator to improve our ability to anticipate 
impacts of a given set of human actions or conditions on global and regional climate and on 
biological, geochemical, and hydrological systems on seasonal to decadal time scales. Most 
current efforts to build state-of-the-art whole-Earth system models consist in complementing 
sophisticated geophysical kernels (AORCMs based on exact dynamical equations like Navier-
Stokes) by tools representing other parts of the planetary makeup, as for example vegetation 
models and river routing schemes. Indeed, the land surface plays a pivotal role in the Earth 
system through physical, biophysical and biogeochemical interaction with the atmosphere and 
oceans (e.g. Prentice et al., 2000). Land-atmosphere interactions include complex feedbacks 
between soil, vegetation, and atmosphere through the exchanges of water, momentum, energy, 
and greenhouse gases (e.g. Arora, 2002), as well as the emission/deposition of several 
compounds (e.g. Lathiere et al., 2006). This is true for the global Earth system simulator, but not 
fully achieved at regional scale, while it is needed to assess the potential impact of 



environmental changes on regional economic conditions, food and energy security, water 
supply, health and biodiversity. 
 
Within HyMeX, models of the regional climate system have been developed and used to 
produce stream 1 simulations for the MED-CORDEX project. These simulations are currently 
validated with the HyMeX data. Figure 12 displays the precipitation change (°C-1) for 3-hourly 
precipitation from surface weather stations, HyMeX/MED-CORDEX simulation ( MORCE-MED 
modelling platform) and interpolated SAFRAN analysis. 
 

 
Figure 12: Precipitation change (°C

-1
) for daily precipitation from surface weather stations (a), HyMeX/MED-CORDEX 

simulations (b) and interpolated SAFRAN analysis (c). The colorbar indicate the value of the slope between the logarithm of the 
3-hourly precipitation extremes (99

th
 centile) and the daily average temperature. 

 
It shows the spatial pattern of the slopes computed over the temperature range below the 12°C 
threshold corrected for the altitude (6°C/1000 m) and above the threshold using three-hourly 
precipitation data (left) and daily mean precipitation data (right). We observe a pattern strongly 
related to the main geographic features of the region and very similar in the SAFRAN analysis 
and the HyMeX/MED-CORDEX simulations. Let us analyze the SAFRAN pattern first for 
temperature below the threshold. Over the mountain ridges and especially the Massif Central 
which strongly drives the precipitation intensity in this region (Bresson et al., 2012), the slope is 
the highest and the closest to the CC-scaling. In the Rhône catchment which as a large source 
of water for the atmosphere and soil through irrigation, the precipitation extremes/temperature 
scaling is also high and close to CC-scaling. However, elsewhere in the plain, the slope is sub-
CC. Above the threshold, the slope is always sub-CC. This work is part of the GHP cross-cutting 
activities. 
 

 Regional Sea-Level Rise  
Climate change also leads to sea level rise through thermal expansion of the ocean and melting 
of ice sheets and glaciers. Global models project a global sea level rise between 190 mm and 
590 mm by the end of this century (IPCC, 2007). Nevertheless, they do not agree on a trend for 



the Mediterranean Sea level change. It is thus of major concern to assess ongoing sea level 
change in the Mediterranean basin, whose tourism is fast becoming the dominant economy for 
coastal regions. With more than 146 million residents and another 100 million tourists in 
summer, the Mediterranean basin has one of the most crowded coasts in the world. 
Demographic projections from the Mediterranean Action Plan suggest that the urban coastal 
population could reach 176 million people and the number of tourists per year could grow up to 
350 million by 2025. This continuing migration towards coastal areas makes the Mediterranean 
one of the most vulnerable region to risks inherent to rising sea level (e.g. coastal erosion, 
flooding). Mediterranean sea level is influenced by mass fluctuations (e.g. water input, salinity 
fluctuation), density variations (steric effect), changes in circulation, waves, atmospheric 
pressure variations and changes of the hydrographic conditions of incoming Atlantic water. 
These different components contribute to sea level change at different time scales, from daily to 
interdecadal. So far, the question about future sea level change in the Mediterranean remains 
open. Climate modelling attempts to assess future sea level change in the Mediterranean were 
unsuccessful. Global models do not agree on a trend, as shown in Fig. 13. The main reason is 
that their rather low resolution does not allow an accurate representation of important small 
scales processes controlling the sea level. Global models also parameterize water exchange at 
Gibraltar, influencing the circulation and sea level changes. Finally, the global steric component 
is often not included in global models (Marcos and Tsimplis, 2008). 
 

 
Figure 13: Yearly steric sea level averaged over the Mediterranean Sea under SRES A1B scenario for various global models. 

From Marcos and Tsimplis (2008). 

 
The strong socio-economic impacts of sea level change on the Mediterranean coasts raise the 
need to use high resolution regional climate models which could include all the contributing 
processes controlling the sea level which up to now are not represented (e.g. the outcome of 
the 2011 workshop hold by IMEDEA about the “Unresolved issues in Mediterranean Sea 
Level”2). In the framework of HyMeX (through the French project REMEMBER), the main goals 
are (1) to assess the existing reference products (in-situ, satellite, past reconstructions) used to 
evaluate the representation of the regional ocean model sea level, (2) to develop new reference 
products such as an ocean regional reanalysis and new datasets reconstructed from 
observations, (3) to include the various physical processes important for simulating the sea level 
variation in the models, (4) to evaluate the new ocean model configurations for multi-decadal 
hindcast simulations to improve the understanding of the past Mediterranean sea level 
variability at climate–scale (from monthly to multidecadal time scale). 
 

                                                           
2
 See http://imedea.uib-csic.es/proyecto/sealevel/index.html 

 

http://imedea.uib-csic.es/proyecto/sealevel/index.html


 Past and future changes in water availability (with connections to water 
security and hydrological cycle) 

In the Mediterranean region, water is a scarce resource, fragile, highly variable in time and 
unevenly distributed in space as shown in Fig. 14a. Water demand has doubled in the second 
half of the 20th century, reaching, in 2005, 280 km3 per year for all riparian countries. In many 
Mediterranean countries, water use approaches the limit of available resources as shown in 
Fig. 14b. The resource is for a large part designed to meet the needs for agriculture (agriculture 
accounts for 64% of the total water demand; Source Plan Bleu), causing water shortages, 
cyclical or structural. In 2005, the Mediterranean population with less than 1000 m3 inhab-1 yr-1, 
amounted to 180 million, including 60 million living with less than 500 m3 inhab-1 yr-1. Twenty 
million Mediterraneans do not have access to drinkable water, especially in countries in the 
South and the East. This is caused by overuse of a part of the renewable groundwater and the 
exploitation of non-renewable resources. Degradation and pollution of human origin further 
limits the possibilities of water use since presenting health risks. 
 

 
Figure 9: (a) Distribution of average precipitation in the Mediterranean basin and (b) ratio of water use to natural and renewable  

water availability in the Mediterranean basin (Source Plan blue 2004). 

 
In HyMeX, the work focuses on  the evaluation of the variability of the different terms of the 
water budget, of the the droughts and heatwaves in their relationship through coupled 
surface/atmosphere mechanisms and water resources (Stéfanon et al., 2012a,b,c). 
Representation in regional climate models of the variability of the water budget associated with 



river runoffs, relevant indicator for the study of droughts has significantly progressed (Szczypta 
et al., 2012). The analysis of satellite data and regional modeling also showed that drought 
leads to a few weeks shift of the phenological cycle that controls the development of vegetation 
and evapotranspiration (Szczypta et al. 2012; Stéfanon et al., 2012a, 2014) . Figure 15 shows 
the normalized anomalies (-3 to +3 standard deviations) of leaf area index in 2003 (year of 
exceptional drought and heat-wave in Europe), compared to the 10-year period 1999-2008. It 
shows a negative anomaly LAI first observed in the east (in May), and moving westward. The 
agreement between satellite observations (geoland2 product derived from SPOT-VGT 
instrument) and ISBA-A-gs and ORCHIDEE land-surface models that simulate photosynthesis 
and growth of vegetation in relation to climate and soil humidity is good except in October when 
a situation close to normal is observed, while the models show a persistent abnormality of leaf 
area index. This shows that it is possible to improve the representation of soil moisture models 
and satellite observations provide the opportunity to validate future versions of the models. 
 

 
Figure 15 : Scaled LAI monthly anomalies from May to October 2003. From top to bottom: GEOV1 satellite observations, detrended 

ISBAA-gs and ORCHIDEE simulations. Units are dimensionless and correspond to standard deviations. (Source Szczypta et al., 
2014). 

 
Water deficit in the soil during drought results in a modification of the hydrological cycle specific 
in terms of rainfall. This response differs between continental plains where surface temperature 
and evaporation are largely controlled by local convection, and coastal and mountain breezes 
where mountains and sea control the advection of cool, moist air and the formation of 
precipitation (Stéfanon et al., 2012b). In the Mediterranean, the occurrence of droughts is 
important and significant impact on water use. In HyMeX, the particular case of Crau-Camargue 
area is studied in detail, as this area has a variety of surfaces ranging from steppe zones (the 
Crau coussouls) to wetlands (Camargue) (Fig. 10). Environmental and societal issues related to 
the water sustainability of the Crau is closely related to the irrigation by the Durance and the 
salty coastal aquifer affected by rising sea level. A detailed representation of anthropogenic 
water flow (irrigation, domestic and industrial use) is underway in HyMeX and should allow a 
better understanding of the local water cycle. A number of flux stations have been implemented 
over a vegetation poorly described at this stage (steppe, orchards, wetlands of the Rhône 
delta). 
 

 Science underpinning the prediction and attribution of extreme events  
The core of the scientific objectives of HyMeX is a better forecast and projections in future 
climate of hydrometeorological extremes (heavy precipitation and floods, heat wave and 
droughts). This relies on models of the regional climate system developed and operated in 
HyMeX. The attribution of the extreme events is addressed (1) by conducting process studies 



(relying on observations performed during the LOP, EOP and SOP) which should help 
identifying the "key elements of the recipe" which produce extremes; (2) by improving the 
representation of these processes in parameterizations for the regional climate models and (3) 
by analyzing in the stream 2 HyMeX/MED-CORDEX simulations the origin of the modifications 
of the controlling processes in a changing climate. 

 
12. Cooperation with other WCRP projects (CLIVAR, CliC, SPARC), outside bodies 

(e,g. IGBP) and links to applications 
HyMeX is a programme which contributes to different WCRP projects: 

 GEWEX: HyMeX is an official RHP of GEWEX and also contributes to GLASS. Indeed, 
Pere Quintana Segui is the HyMeX representative in GLASS and at the last GLASS 
meeting has been proposed to become a member of the GLASS panel 

 CLIVAR: HyMeX aims at understanding the variability and trend of the regional climate 
in interaction with the Mediterranean Sea, and thus contributes to the specific 
MedCLIVAR program, chaired by Piero Lionello, member of the HyMeX ISSC. 

 CORDEX: The regional climate modeling group of HyMeX is at the origin of the selection 
of the Mediterranean region as an official domain of the CORDEX program. The 
coordinator of the MED-CORDEX project is Paolo Ruti, who chairs with Samuel Somot 
the HyMeX regional climate modelling group. 

HyMeX is also endorsed by WWRP and its subprogram THORPEX. Véronique Ducrocq, co-PI 
of the HyMeX programme, is the HyMeX representative at the WWRP scientific committee. 
 
The European FP7 project EartH2Observe has started in January 2014. This project aims to 
integrate available earth observations, in-situ datasets and models and construct a consistent 
global water resources re-analysis dataset of significant length (several decades). The resulting 
datasets will be made available through an open Water Cycle Integrator: the European 
contribution to the GEOSS/WCI approach. The available datasets will be analysed, and reliable 
EO data will be integrated with models and in-situ data to provide a holistic quantification of the 
available global water resources (the water cycle climatology). The results will be downscaled to 
regional and local levels and matched to metrics needed for water management decisions. The 
Mediterranean region is coordinated through the HyMeX program. 
 
Finally, an ESA call will be issued early 2015 to construct a satellite-based product closing the 
water cycle in the Mediterranean area for the HyMeX RHP (including the atmosphere, the land 
and ocean contributions to the water cycle). 
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and task teams. The HyMeX programme is structured as shown in Fig. 11. It is composed of a: 

 an International Scientific Steering Committee (ISSC) which is responsible for the 
formulation of well defined and coherent scientific objectives and ensures the fulfillment 
of HyMeX objectives. 

 an Executive Committee for Implementation and Science Coordination (EC-ISC) which 
ensures consistency and communication between the cross-cutting activities lead in the 
scientific working groups (WG), task teams (TT) and task support (TS) as well as the link 
with the ISSC. It is composed of WG leaders and TSs leaders for aircraft and ocean 
operations, major sites, and operation centers. Executive Committees at the national 
level coordinate HyMeX activities in participating countries. The mandate of the Task 
Teams ended after SOP2 in spring 2013. The scientific animation is now organized 
along Science Teams, the list of which is (in bracket the link with the HyMeX working 
groups/topics): 

o ST-IOPrain: Studies of IOPs (SOP1) - precipitation events [WG3] 
o ST-microphysics: Microphysics in precipitating systems [WG3] 
o ST-WV: Sources and transport of water vapour [WG3] 
o ST-lightning: Lightning and atmospheric electricity [WG3] 
o ST-flashflood: Flash-floods [WG3]  
o ST-airseacoupling: Air-sea fluxes, marine and ocean boundary  
o layers coupled processes [WG3/WG4]  
o ST-DWF: Dense Water formation and ocean mesoscale  
o processes [WG4]  
o ST- vulnerability – flash floods [WG5]  
o ST-medcordex: Regional climate modeling  
o (MED-CORDEX) [WG1/WG2/WG3]  
o ST-assimeps: Atmospheric convective-scale data assimilation  
o and ensemble prediction [WG3/WG4] 
o ST-WRD : water resources and droughts [WG2/WG5] 

 a HyMeX Project Office (PO) which provides support to the coordination and 
communication of the programme by assisting the committees. 

 



 

 
Figure 11: HyMeX programme organization. 

 

The list of the members of the different HyMeX committees (ISSC, Executive Committee, 

Project Office) can be found at the HyMeX web page: 

 http://www.hymex.org/?page=icoordination 

The committees have a two year mandate. 

 

The contributors to the different working groups and task teams of HyMeX can be found at the 

HyMeX web page: 

 http://www.hymex.org/?page=working_groups 

  


