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Abstract 53 

The Mediterranean countries are experiencing important challenges related to the water cycle including water 54 

shortages and floods, extreme winds and ice/snow storms that impact critically the socioeconomic vitality in the 55 

area (causing damage to property; threatening lives; affecting the energy and transportation sectors, etc.). There 56 

are gaps in our understanding of the Mediterranean water cycle and its dynamics, which include the variability of 57 

the Mediterranean Sea water budget and its feedback on the variability of the continental precipitation through 58 

air/sea interactions, the impact of precipitation variability on aquifer recharge, river discharge, soil water content 59 

and vegetation characteristics specific of the Mediterranean basin and the mechanisms that control the location 60 

and intensity of heavy precipitating systems which often produce floods. The HyMeX (Hydrological cycle in the 61 

Mediterranean Experiment) programme is a 10-year concerted experimental effort at the international level 62 

aiming at advancing the scientific knowledge of the water cycle variability in all compartments (land, sea and 63 

atmosphere) and at various time and spatial scales. It also aims at improving the processes-based models 64 

needed for forecasting hydro-meteorological extremes and the models of the regional climate system for 65 

predicting regional climate variability and evolution. It finally aims at assessing the social and economic 66 

vulnerability to hydrometeorological natural hazards in the Mediterranean and the adaptation capacity of the 67 

territories and populations therein to provide support to policy makers to cope with water related problems under 68 

the influence of climate change, by linking scientific outcomes with related policy requirements. 69 

70 



Capsule 71 

HyMeX strives to improve our understanding of the Mediterranean water cycle, its variability from the weather-72 

scale events to the seasonal and inter-annual scales, and its characteristics over one decade (2010-2020) with a 73 

special focus on hydro-meteorological extremes. It also aims to facilitate the multidisciplinary and seamless 74 

analysis needed to assess the social and economic vulnerability to hydro-meteorological hazards and the 75 

adaptation capacity of the Mediterranean territories and populations in the context of global change. 76 

77 



1. Motivation and major issues 78 

The countries around the Mediterranean basin face water problems including water shortages and floods that can 79 

impact food availability, cause epidemics, and threaten life and infrastructures. These problems are due to a 80 

combination of inadequate planning and management policies and of poor capability to predict 81 

hydrometeorological and climatic hazards (poor understanding of the processes and poor capability to model 82 

them). Indeed, the Mediterranean basin has quite a unique character that results both from physiographic and 83 

climatic conditions and historical and societal developments. Because of the latitudes it covers, the 84 

Mediterranean basin is a transition area under the influence of both mid-latitudes and tropical climate variability: 85 

to the north, a large part of the atmospheric variability is linked to the North Atlantic Oscillation (NAO) and other 86 

mid-latitude teleconnection patterns (Luterbacher et al., 2006), while the southern part of the region is under the 87 

influence of the descending branch of the Hadley cell materialized through the Azores High, with in addition El 88 

Niño Southern Oscillation (ENSO) influence to the east (Rodwell and Hoskins, 1996).  89 

 90 

[INSERT FIGURE 1] 91 

 92 

All these influences lead to a large variability at different scales, going from the multi-decadal scale to the 93 

mesoscale. Indeed, the complex geography of the region which features a nearly enclosed sea with high sea 94 

surface temperature (SST) during summer and fall, surrounded by very urbanized littorals and mountains from 95 

which numerous rivers originate (Fig. 1), plays a crucial role in steering air flow. The Mediterranean Sea acts as a 96 

moisture and heat source for the atmosphere through air-sea fluxes, so that energetic meso-scale features are 97 

present in the atmospheric circulation which can evolve to high-impact weather systems such as heavy 98 

precipitation and flash flooding (e.g. Alpert et al., 2002; Tarolli et al., 2012; Reale and Lionello, 2013), 99 

cyclogenesis and wind storms (e.g. Trigo et al., 1999; Lionello et al., 2012a) or heat waves and droughts (e.g. 100 

Hoerling et al., 2012; Stéfanon et al., 2012a). Also on the synoptic scale, a range of phenomena contribute to the 101 

genesis of hydro-meteorological extremes in the different parts of the Mediterranean. They include, for instance, 102 

cyclones in Gulf of Genoa and the lee of the Atlas mountains (e.g. Trigo et al., 1999; Horvath et al., 2006) over 103 

the Western Mediterranean, and "Tropical plumes/cloud bands" (Ziv, 2001), active Red Sea troughs (e.g. Kahana 104 

et al. 2002) and Cyprus Lows (e.g. Krichak et al., 2007) over the Eastern Mediterranean. Some of these 105 

phenomena also point to important tropical-extratropical interactions. In contrast to the Western Mediterranean, 106 

the Eastern Mediterranean is  strongly affected by several tropical processes as reviewed by Alpert et al (2005). 107 

The monsoon and Indian Ocean moisture sources (Krichak et al., 2000) as well as the Red-Sea trough (Krichak 108 

et al ,1997) play important roles. Another difference between the Western and the Eastern Mediterranean is the 109 

significant increasing recent 50-y trends in daily torrential rains in some Western Mediterranean regions while in 110 

the Eastern Mediterranean relatively high interannual variabilities prevent any trend to be significant (Alpert et al., 111 

2002). 112 

 113 

Heavy precipitation and flash flooding are among the most devastating natural hazards in terms of mortality 114 

(Jonkman, 2005; Doocy et al., 2013). They occur most often on the northern side of the Mediterranean Sea. Even 115 



if flash floods are usually small scale events, their suddenness and violence account for the high proportion of 116 

human losses. According to Jonkman (2005), the European and and African continents display the highest 117 

mortality rate due to floods or flash floods in the world. In France, over the last two decades, more than 100 118 

deaths and several billion of euros damage were reported (Huet et al., 2003; Delrieu et al., 2005). The mortality in 119 

Europe can reach values as high as 10% of the  population affected by the hydrometeorological hazards 120 

(Jonkman, 2005). This is consistent with findings reported by Viscus and Zeckhauser (2006) for a comparison 121 

between natural risks and car accident risks. These authors found that what characterizes natural risks is that a 122 

small fraction of the population accounts for a large percentage of the fatalities. Floods also occur at times on the 123 

southern side of the Mediterranean Sea as in October 2008 over the northeastern region of Morocco, in 124 

November 1968 in Tunisia or in Algiers on 10 November 2001 causing 886 victims. Regarding total costs of 125 

floods, Hallegatte et al. (2013) show that the most vulnerable 20 cities where the increase in average annual 126 

losses due to floods between 2005 and 2050 will potentially be greatest, are distributed all over the world, with a 127 

concentration in the Mediterranean Basin, the Gulf of Mexico and East Asia. Such events impact particularly the 128 

coasts. With its 46,000 km coastline with more than 146 million residents and another 100 million tourists in 129 

summer, the Mediterranean basin has one of the most crowded coasts in the world and is one of the most 130 

vulnerable regions to such hazards (Hinrichsen, 1998). Because the elements at risks are highly dispersed, the 131 

management of the flash flood risk by means of structural measures is difficult and often unsustainable in 132 

ecological or economic terms. Therefore there is a need in better understanding the social and natural dynamics 133 

of such events in order to improve the forecasting and warning capabilities of the exposed Mediterranean 134 

societies to increase their resilience to such extreme and frequent events. Droughts can also have very serious 135 

consequences for society with reduction of water availability, of the productivity of natural and cultivated 136 

vegetation (Ciais et al. 2005; Stéfanon et al., 2012b), and of energy supply due to water shortage (Fink et al., 137 

2004). 138 

 139 

Finally, because it is in such a transition area, the Mediterranean basin is very sensitive to global climate change 140 

at short (decadal) and long (millennial) time scales. Continental and marine paleorecords show that the climate 141 

and the sea state have widely varied in the past, sometimes very quickly (Combourieu Nebout et al., 2002). 142 

Regarding more recent periods, several authors have reported an increase of the mean annual temperature of 143 

about 0.005°C yr-1 (Quereda-Sala et al., 2000) reaching in summer the value of 0.01°C yr-1 for 1976-2000, one of 144 

the highest rates over the entire globe, and a decrease in annual precipitation (with different seasonal trends; e.g. 145 

Brunetti et al., 2000; Frich  et al., 2002;  Klein Tank  et al., 2002; Klein Tank and Können, 2003; Brugnara et al., 146 

2012; Barkhordarian et al., 2013). In the sea however the time series are too short yet to provide a reliable trend 147 

(Schroeder et al., 2013). Regarding the future projection of the Mediterranean climate in anthropogenic scenario, 148 

Giorgi (2006) defines the Mediterranean area as one of the two main “hot-spots” of climate change with an 149 

increase in inter-annual rainfall variability in addition to a strong warming and drying for 2080-2099, compared 150 

with 1980-1999. Regional water cycle has therefore been affected and will continue to be affected by decadal 151 

variations in addition to long term trends (Mariotti, 2010; Mariotti and Dell'Aquila, 2012). In this context, the 152 

exposure of the Mediterranean population may increase dramatically not only because of events conducive to 153 



floods and droughts may become more frequent (Gao et al., 2006), but also because of the demographic 154 

projections from the Mediterranean Action Plan suggesting an increase of about 22.6% until 2025. 155 

 156 

The ability to forecast such high-impact phenomena and predict their evolution and consequences in the present 157 

climate and in a context of global climate change is still low because of the contribution of fine-scale processes 158 

and their non-linear interactions with large-scale processes as well as not well known interactions between 159 

oceanic, atmospheric and hydrological processes. In detail, this is due to the large uncertainties in the 160 

quantification of the Mediterranean Sea water budget at various time and spatial scales which limit our capability 161 

to determine its feedback on the variability of the continental precipitation through air/sea interactions and to 162 

identify the processes controlling the evolution of the Mediterranean climate. The large daily/seasonal variability 163 

of precipitation impacts aquifer recharge, river discharge, soil water content and vegetation characteristics, the 164 

feedbacks of which to the atmosphere are still not well known. Hydrological and hydrogeological transfer 165 

functions are also characteristic of the Mediterranean basin, notably because of the specificities of the peri-166 

Mediterranean karstic and sedimentary aquifers. Progress in their understanding is of primary importance for the 167 

development of integrated management of the hydrosystems, and its adaptation to anthropogenic pressure and 168 

climate change. Indeed, a major issue is to quantify the impact of change of land use/land cover, surface states, 169 

soil degradation, and water demand on rainfall modulation and water resources with respect to climate change 170 

alone. Regarding heavy precipitation, progress has to be made on the understanding of the mechanisms that 171 

govern the location of the precipitating system as well as of those that occasionally produce uncommon amounts 172 

of precipitation. The contrasted topography, the complexity of the continental surfaces in terms of geology and 173 

land use, the difficulty to characterise the initial moisture state of the watersheds make the hydrological impact of 174 

such extreme rainfall events very difficult to assess and predict. 175 

 176 

Addressing these issues requires the production of a consistent database of all Earth compartments allowing a 177 

deeper insight in such coupled processes and the validation of a large variety of models, from fine-scale research 178 

and forecasting land-surface, ocean and weather models to regional climate system models. 179 

 180 

2. The HyMeX programme 181 

Gaps in our understanding of the Mediterranean water cycle, including the impact of a changing climate and 182 

human activity on extremes as well as on water availability are still important. The HyMeX (Hydrological cycle in 183 

the Mediterranean Experiment; http://www.hymex.org - See Table 1 for the list of acronyms) programme is a 184 

concerted effort at the international level aiming at advancing the scientific knowledge of the water cycle 185 

variability. It also aims at improving the processes-based models and the models of the regional climate system. 186 

Such models are needed for forecasting hydro-meteorological extremes, their frequency and severity and for 187 

planning adaptation strategies against the impacts of climate variability and change and human activity in the 188 

Mediterranean basin. Specifically, HyMeX aims to: 189 

1. improve our understanding of the water cycle, with emphasis on hydro-meteorological extremes, by 190 

monitoring and modelling the atmosphere-land-ocean coupled system, its variability from the weather 191 

event to the seasonal and inter-annual scales, and its characteristics over one decade (2010-2020) in 192 



the context of global change, 193 

2. assess the social and economic vulnerability to hydro-meteorological extremes and the adaptation 194 

capacity of the territories and populations, 195 

3. provide support to policy makers to cope with water related problems under the influence of global 196 

climate change. 197 

HyMeX complements previous research projects like MAP (Mesoscale Alpone Programme; Bougeault et al., 198 

2001) which focused specifically on hydrological and atmospheric process studies driving orographic precipitation 199 

over the Alps, oceanographic programs in the Mediterranean Sea like EGYPT (Eddies and GYres Paths 200 

Tracking; http://www.ifremer.fr/lobtln/EGYPT) and EGITTO (http://doga.ogs.trieste.it/sire/drifter/egitto_main.html) 201 

or CIRCE (Climate Change and Impact Research: the Mediterranean Environment ; Navarra and Tubiana, 2013) 202 

which aimed at performing regional climate model simulations over the Mediterranean region for impact studies in 203 

a future climate. The analysis of the water cycle in HyMeX emphasizes on key issues related to the water budget 204 

of the Mediterranean Sea which is a relevant proxy to investigate the regional water cycle at the various time 205 

scales with the integration of the contribution of all Earth compartments because of the large moisture source that 206 

the Mediterranean Sea represents for the region (Mariotti et al., 2002). It requires an accurate modelling of the 207 

thermohaline circulation, including dense water formation through intense air/sea interactions. It also requires the 208 

quantification of the fresh water inputs from the continent to the sea (rivers and groundwater flows). This issue 209 

implies a better understanding and modelling of all the components of the continental water cycle such as 210 

evapotranspiration,  groundwater discharge/recharge and streamflow, particularly when impacted by extreme 211 

flood events, or during droughts which are frequent in the region. Soil moisture is also a key variable for the 212 

continental surface - atmosphere interactions, and a key driver of the hydrological response during flood events, 213 

which should be improved. Spring and summer droughts alternate with periods in fall favourable to extreme 214 

precipitation and floods, the impact of which on the Mediterranean societies are addressed in HyMeX by 215 

monitoring vulnerability factors and adaptation strategies to accommodate the impacts of such extreme 216 

phenomena. A schematic of the five scientific topics of the HyMeX project which aim at addressing these open 217 

scientific issues, is shown in Fig. 2 and a comprehensive description of the HyMeX underlying science is provided 218 

in the International Science Plan (http://www.hymex.org). 219 

 220 

[INSERT FIGURE 2] 221 

 222 

2.1. A multi-scale data-modelling approach 223 

This long-term experimental program includes a series of large field experiments for process and predictability 224 

studies over specific areas, embedded in a 10-year period of data collection over the whole Mediterranean basin 225 

which allows to capture certain modes of variability and get a homogeneous observation network density as well 226 

as a good representativity of the measurements. It adopts a multi-disciplinary (oceanic, atmospheric, hydrological 227 

and social sciences) and seamless (from event scales to climate) strategy for both observation and modelling. 228 

 229 

2.1.1. Nested observations 230 



The HyMeX observation strategy is based on a three-level nested observation periods. The Long-term 231 

Observation Period (LOP) began in September 2010 and will continue until 2020. It spans the whole 232 

Mediterranean region to collect the long-term time series required to study the variability of the Mediterranean 233 

water cycle from the seasonal to the inter-annual scales. The Enhanced Observation Period (EOP) involves 234 

additional sites and/or instruments to increase the spatial and/or temporal resolution over three target areas (TA) 235 

during at least four years, in order to conduct both budget and process studies. The three target areas are 236 

(Fig. 3): 237 

1. The northwestern Mediterranean where all the intense hydro-meteorological phenomena of interest for 238 

HyMeX occur. Heavy precipitation systems and flash-flooding occur over the Spanish (Romero et al., 239 

2000), French (Ricard et al., 2012), and Italian (Parodi et al., 2012) coasts as well as islands (Barthlott 240 

and Kirshbaum, 2013) during fall (see Ducrocq et al., 2013 companion paper); The Gulf of Lions is one 241 

of the four major sites of dense water formation and deep ocean convection at the end of winter under 242 

the influence of the Mistral and Tramontana regional winds, and of the Gulf of Genoa cyclogenesis 243 

(Schott et al., 1996). 244 

2. The southeastern Mediterranean which covers  areas over Western Greece notorious for heavy 245 

precipitation events (Papagiannaki et al., 2013), Crete Island with a high pressure on water demand, the 246 

trans-boundary river basin of the Evros River (marks the Greek-Turkish border) that suffers from floods, 247 

as well as the Daliya, Besor (northern Neguev desert) and Qidron (Mount Scopus in Jerusalem) basins 248 

further to the east in Israel. This target area allows the study of intense rainstorms and flash floods in 249 

dryer climatic areas of the Mediterranean (Yakir and Morin, 2011). 250 

3. The Adriatic comprised of the Trentino-Alto Adige, Friuli Venezia Giulia and Veneto regions in Italy, and 251 

the Dinaric Alps in Slovenia and Croatia, which are target areas for the study of heavy precipitation 252 

events and flash-flooding (Vrhovec et al., 2004; Davolio et al., 2009). Mesoscale orographic perturbation 253 

in the area of Dinaric Alps also provide conditions for mesoscale cyclonic generation and the 254 

strengthening of local northeastern Bora and southeastern Jugo winds (Horvath et al., 2009; Jurcec et 255 

al., 1996). Dense water also forms in the North and South of the Adriatic sub-basin (Vilibić and Supić, 256 

2005). 257 

 258 
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 260 

The Special Observation Periods (SOP) were held in fall 2012 and winter 2013 over the northwestern 261 

Mediterranean target area to provide detailed and specific observations for studying key processes of the water 262 

cycle. In addition to the LOP and EOP observation frameworks, dedicated groundbased, shipborne, and airborne 263 

means were deployed during the SOPs. The collection of new data sets and the enhancement of observation 264 

means during HyMeX provides a unique opportunity to improve oceanic, hydrological and weather forecasts as 265 

well as regional climate simulations over the Mediterranean region. 266 

 267 

The long term observation strategy 268 



The  long-term observation strategy, including LOP and EOP, is a key component of the observation strategy 269 

since it allows one to put the events sampled during the SOPs in a climatological perspective It also allows the 270 

monitoring during a decade of the variability, enhancing, combined with other observational datasets and with 271 

climate modelling, our capability to detect possible trends of the different components of the water cycle over the 272 

whole Mediterranean in a context of global change. The LOP relies either on existing international operational 273 

and research networks (oceanic and hydro-meteorological observatories, radars, rain gauges, radiosoundings, 274 

surface weather stations, GPS, photometer and lightning networks, ...) or on platforms developed specifically for 275 

HyMeX. Over land, hydro-meteorological measurements are collected over 10 sites. They are the Catalan hydro-276 

meteorological observatory (CA), the Valencia site (VA), the Cévennes-Vivarais hydro-meteorological observatory 277 

OHM-CV (CV) (Fig. 4a), the Ligury-Tuscany site (LT) , the Central Italy site (CI), the Northeastern Italy site (NEI, 278 

incl. Trentino-Alto Adige, Veneto, Friuli Venezia Giulia), the Crete site (CR), the Israeli site (IS) and the Dinaric 279 

Alps (DA) (Fig. 3). The CV, NEI and IS sites have been labelled by the Global Energy and Water Cycle 280 

Experiment (GEWEX) of the World Climate Research Program (WCRP) (Drobinski et al., 2009, 2011). 281 

Atmospheric measurements are collected over 3 sites located in Corsica (CO; Corsican Observatory for 282 

Research and Studies on Climate and Atmosphere - ocean environment), Lampedusa (LA) (Fig. 4c) and Balearic 283 

islands (BA). These sites are complemented by multi-scale observations of the hydrological response over typical 284 

Mediterranean landscapes. This includes LOP local scale measurements of the surface energy balance focusing 285 

on evapotranspiration and soil moisture dynamics for water balance studies, such as the Crau-Camargue site 286 

(Fig. 4b). 287 

 288 

 [INSERT FIGURE 4] 289 

 290 

The measurements from the instrumented sites are completed with observations from operational or research 291 

networks measuring precipitation from radars (Fig. 5a), atmospheric  water vapour from GPS/GNSS (Fig. 5b) and 292 

photometers and lightning from 4 operational lightning detection networks, i.e. the two long-range networks 293 

ATDnet (UK Met Office) and ZEUS (National Observatory of Athens), the European operational network EUCLID 294 

and the LINET (nowcast GmbH) network (Fig. 5c). Indeed, a fundamental element that has been missing in past 295 

field experiments is nearly simultaneous measurements of the moist inflow as a function of time, height and 296 

along-barrier distance with measurements of the precipitation over the orography. The weather radar component 297 

of HyMeX, which involves research and operational radars, together with the GPS/GNSS and AERONET 298 

photometer networks represent the most ambitious field project to date in the endeavor to collect such basic, but 299 

hard-to-obtain information, to advance understanding of variability and predictability of precipitation. Even though, 300 

all data from these networks are still not accessible and effort is on-going to collect them, the available radar and 301 

GPS/GNSS data are post-processed for climate and process studies, water budgets computations, and 302 

verification with other techniques (radiosondes and satellite for water vapor; rain gauges for rainfall). Finally, one 303 

original aspect of HyMeX is to perform multi-scale and multiple-year intracloud and cloud-to-ground lightning 304 

detection for observational- and modeling-based multi-disciplinary studies of maritime and continental 305 

Mediterranean storms and analysis of the complex relationships between precipitation (dynamics, microphysics, 306 

http://www.gewex.org/
http://www.gewex.org/


interaction with aerosols), electrification and lightning occurrence. It encompasses all HyMeX observation periods 307 

(LOP, EOP and SOP).  308 

 309 
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 311 

Over the sea, observations are collected with a combination of platforms navigating, drifting or fixed. At the 312 

Mediterranean Sea scale, the LOP relies on the ARGO network for a permanent pool of floats 313 

(http://www.argo.ucsd.edu) and on the HydroChanges network of moorings (Schroeder et al., 2013). At the 314 

western Mediterranean basin scale, HyMeX made a major effort to develop autonomous systems to be used on 315 

ships of opportunity: the Sea Embedded Observing System developed by Météo-France measures and transmits 316 

the radiative fluxes, sea surface temperature, humidity, wind and precipitation; the TRANSMED system supported 317 

by the Mediterranean Science Commission (CIESM) measures and transmits hourly the surface temperature and 318 

salinity; a GPS system enables deducing the integrated water vapour content. To date the weekly service 319 

Marseilles - Algiers (Fig. 6c) is equipped, Rome - Barcelone is next. Hydrographic cruises are also carried yearly 320 

by an Italian companion program for a reference on the evolution of the water masses on the whole water 321 

column. At the northwestern part of the basin, observatories such as MOOSE (Mediterranean Ocean Observing 322 

System on Environment; http://www.moose-network.fr/) and SOCIB (Balearic Islands Coastal Observing and 323 

Forecasting System; http://www.socib.es/ ) provide a backbone to the HyMeX LOP. The network of gliders 324 

(submarine autonomous platforms piloted remotely and equipped with multiple sensors) documents the dynamics 325 

of the water column over ~1000m along two mains transects, complemented by the dense network of CTD 326 

(temperature and salinity) casts performed every 6 months by the MOOSE cruises. Off Nice and in the centre of 327 

the Gulf of Lions where deep convection occurs, the equipment of the 2 anchored buoys from Météo-France that 328 

record measurements in the atmospheric and oceanic surface layers was enhanced with sensors measuring 329 

radiation, salinity and precipitation at the surface, and a thermistor chain down to 250 m depth (Fig. 6b).  330 

 331 
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 333 

As part of the EOP, an effort is made at sea to deploy additional ARGO floats and gliders. Regarding EOP 334 

hydrological measurements, two main catchments (Gard and Ardèche) in the CV area, are instrumented in order 335 

to document the hydrological response during and between floods based on a nested-subcatchments strategy. 336 

Small catchments of a few km2 are instrumented to follow soil moisture dynamics and runoff response (both 337 

surface and sub-surface flow) during and between floods. This includes the Pradel site (Ardèche catchment), 338 

representative of lowland covered with vineyards and natural vegetation on limestones soils and the Valescure 339 

and Tourgueille sub-catchments (Gard catchment) representative of forested mountainous areas over granites 340 

and schist respectively. At an intermediate scale (10-100 km2), raingauges network such as the HPiconet network 341 

around Le Pradel site (Fig. 4a) and limnimeter netwoks measuring the water height dynamics and, for some of 342 

them, discharge dynamics have been installed to document the variability of the hydrological response associated 343 

with the variability of rainfall, land use and geology. The largest scale (100-1000 km2) is documented based on 344 

operational networks measuring rainfall and discharge data. In the context of the EOP, several post-flood surveys 345 



have been carried out after major flash floods in the Mediterranean area and will continue until 2015. Indeed, 346 

flash floods have spatial and temporal scales of occurrence which are difficult to observe with the conventional 347 

measurement networks of precipitation and discharge (Borga et al., 2010). These post-survey measurements will 348 

contribute to increase our understanding of the factors affecting the basin response to heavy rainfall, as well as 349 

the factors determining the consequences of Mediterranean flash floods, thus contributing to improving the risk 350 

assessment and the predictability of this hazard.  351 

 352 

The special observation period strategy 353 

The first SOP (SOP1) spanned 8 weeks (5 September - 6 November 2012) and was dedicated to documenting 354 

the heavy precipitating events (HPE) and associated flooding, in relation with the ocean heat content. In addition 355 

to the LOP and EOP measurements, their investigation involved dedicated platforms, including aircrafts (French 356 

Falcon 20 and ATR-42 and German Do128; see Fig. 7a,b), pressurized boundary layer balloons and the French 357 

buoy tender Provence.  Additional radiosoundings completed those performed in the Cévennes-Vivarais, Corsica 358 

and Central-Italy sites, with some launched at sea from the buoy tender Provence. During SOP1, 18 orographic 359 

or heavy precipitation events associated with floods were documented over France, as well as 11 over Italy and 6 360 

over Spain. The detailed objectives of SOP1 and specific means deployed are described in a companion article 361 

(Ducrocq et al., 2013). The second SOP (SOP2) spanned 6 weeks (1 February -15 March 2013). It was 362 

dedicated to intense air-sea interactions, mainly under strong winds in the Gulf of Lions that cause ocean 363 

convection process resulting in dense water formation. Luckily, dense water formation occurred in winter 2013, 364 

and was intense enough to reach the sea floor (~2500m). During the field campaign, the French research vessels 365 

Le Suroît (companion Marine Ecosystems Response in the Mediterranean Experiment - MerMeX), Tethys-2 and 366 

the buoy tender Provence (Fig. 7c) contributed to sampling the water column and the air-sea fluxes, 367 

complemented by Marisonde buoys SVP drifters, and ARGO profilers specifically modified to allow deeper and 368 

more frequent profiling when drifting in the area of oceanic convection. The French aircraft ATR-42 measured 369 

boundary layer fluxes and waves over the region of oceanic convection in synergy with pressurized boundary 370 

layer balloons measuring the temperature, pressure, humidity and wind along a quasi-lagrangian trajectory 371 

(Fig. 7d).  372 

 373 

[INSERT FIGURE 7] 374 

 375 

2.1.2. Modelling 376 

The  HyMeX modelling strategy has been designed to be consistent with the observation strategy. It aims, 377 

through an approach integrating numerical models of the atmosphere, ocean and land surfaces, to better 378 

simulate and predict the evolution of the environment at all scales of time and space, not only as separate 379 

processes within each Earth compartment, but as coupled mechanisms with feedback loops. This requires an 380 

approach that combines a variety of models ranging from small-scale models to models of the regional climate 381 

system. Small-scale models that represent more explicitly the oceanic, hydrological and atmospheric phenomena 382 

under scrutinity in HyMeX will be directly compared to the SOP measurements (see details in Ducrocq et al., 383 

2013 for SOP1) and will be used in the development of parameterizations of these processes in climate system 384 



models. This also requires the coupling of the models of the atmosphere, ocean and land surfaces, at different 385 

various resolutions to analyse how the fine scale feedbacks associated with air-sea-land interactions can 386 

substantially influence the spatial and temporal structure of the regional climate. Past European projects like 387 

CIRCE have initiated this approach with atmosphere-ocean regional climate modelling exercise over the 388 

Mediterranean (Gualdi et al., 2013). HyMeX aims at going one step further by increasing the horizontal resolution 389 

of the different models and by developing regional climate system models, which consists in complementing 390 

atmosphere-ocean regional climate models by tools representing other parts of the planetary makeup, as for 391 

example vegetation models and river routing schemes. 392 

 393 

This effort to improve the representation of processes in models is essential to better predict extreme 394 

hydrometeorological events, but also the variability of the water cycle at intraseasonal to interannual scales and 395 

its evolution in the context of global climate change. The modelling strategy therefore includes the set-up, 396 

validation and improvements of multi-components regional climate models dedicated to the Mediterranean area: 397 

ocean, atmosphere, land surface, hydrology in order to study interannual variability, past trends and future 398 

climate change. Basin scale regional climate modelling, a large part of the HyMeX activities is common with the 399 

MED-CORDEX program (Ruti et al., 2013; see http://www.medcordex.eu) which is the regional declination of the 400 

Coordinated Downscaling Experiment (CORDEX) program of the World Climate Research Program (WCRP) 401 

(Giorgi et al., 2009). The joint HyMeX/MED-CORDEX activity consists in the downscaling of ERA-Interim 402 

reanalysis (hindcast simulations including the HyMeX period between 2010 to present and until 2020) and CMIP5 403 

simulations at a horizontal resolution of 50 km or less (the resolution of the atmospheric model can be as low as 404 

12 km and the ocean components have much higher resolutions which can be as low as 6-7 km) for improving 405 

our knowledge of the variability of the hydrometeorological processes in the Mediterranean (e.g. Dubois et al., 406 

2012; Gualdi et al., 2013; Flaounas et al., 2013; Stéphanon et al., 2013). About 14 modeling groups contribute to 407 

the HyMeX/MED-CORDEX regional climate modeling activity including groups in Italy, Spain, France, Israel, 408 

Turkey, Germany, Tunisia and Serbia. Among them, 11 use regional climate system models coupling at least 409 

land surface/ocean/atmosphere models and some also including river runoff (Artale et al., 2009; Herrmann et al., 410 

2011; Kržič et al., 2011; Drobinski et al., 2012, L’Hévéder, et al., 2012). At present, 7 groups have already 411 

performed the simulations and 4 plan to do so. In addition, stand alone atmosphere, ocean and land surface 412 

models have been run or are planned to run in forced mode at various horizontal resolution for process studies. 413 

They also serve as reanalysis tools for land surface and ocean properties and help in delineating error 414 

propagation in atmosphere/land/ocean regional coupled models. HyMeX being a processed-based project, the 415 

analysis of the hindcast simulations together with HyMeX observations will also help for the improvement and 416 

uncertainty reduction of MED-CORDEX downscaling of CMIP5 simulations. As an example, Fig. 8 shows Taylor 417 

diagrams comparing rainfall from ERA-Interim reanalysis, ECA&D gridded dataset and HyMeX/MED-CORDEX 418 

simulations performed with WRF to the rainfall measured at three station observations at the Cévennes-Vivarais 419 

observatory in France, in Northeastern Italy and Israël for the period 2003-2008 (GEWEX labelled HyMeX 420 

stations). 421 

 422 

[INSERT FIGURE 8] 423 



 424 

Finally, regarding forecasting, the modelling strategy includes the refinement of convective-scale deterministic 425 

forecast systems to improve the prediction capabilities of Mediterranean high-impact weather event. The SOP 426 

data provide an unique high-resolution database to validate these new numerical hydro-meteorological prediction 427 

systems. It also aims at designing high-resolution ensemble modelling approaches coupled with hydrological 428 

models to issue probabilistic forecasts of the impact in terms of hydrological response and at developing new 429 

parameterizations, and novel data assimilation systems for the different Earth components. EOP and LOP data 430 

are also used to develop and improve models of the hydrological response at various scales and to propose a 431 

regional modeling strategy which will contribute to the improvement of hydrological forecasting and water balance 432 

models. 433 

 434 

2.2. Basin-scale monitoring of water cycle: from satellite to data assimilation 435 

Satellite data for Earth observation are an essential means of access to observations at time scales ranging from 436 

one day to several years throughout the Mediterranean basin, particularly over the Mediterranean Sea where few 437 

in-situ data are available. They allow to integrate in situ measurements and evaluate models used in HyMeX at 438 

various spatial and temporal scales (e.g. Claud et al., 2012). For the atmosphere, ocean and land surfaces, many 439 

satellite products are already available at various data centers (cloud classifications, air temperature and 440 

humidity, wind speed deduced from cloud motions, precipitation, temperature and wind at the sea surface, 441 

radiative fluxes, aerosols, soil water content, ...). However, some of these products are difficult to use over the 442 

coasts, which limits significantly the use of these data in complex terrain regions. Initiation of precipitating 443 

systems often occurs over the Mediterranean Sea which are also not well documented by ground observations 444 

(e.g. due to the limited quantitative range, 150 km, of coastal radars). Access to new satellite rainfall 445 

measurements by National Aeronautics and Space Administration (NASA)-Japan Aerospace Exploration Agency 446 

(JAXA) Global Precipitation Measurement (GPM; Hou et al., 2008) and improvements through ground validation 447 

over complex coastal and mountainous regions supported by HyMeX observations, constitute a major progress 448 

towards the quantification of Mediterranean water cycle. Indeed, GPM aims to provide global precipitation data at 449 

a quality and scale that can facilitate flood modeling and water management applications in the mountainous 450 

terrain of the Mediterranean region. The primary contribution from GPM over the currently available satellite 451 

rainfall observations is the core satellite (dual-frequency radar and radiometer) from which is expected to advance 452 

the detection and quantification of snow and light precipitation from space, which are in fact not trivial issues in 453 

the Mediterranean.  In addition to the core observations, GPM will facilitate advancements in the high-resolution 454 

merged products due to the availability of more frequent observations. 455 

 456 

To overcome the lack of reliable data or the existence of sparse data in space and time, satellite and in-situ data 457 

merging or assimilation is an essential action in the HyMeX project. It includes for instance improved assimilation 458 

of satellite radiance from IASI (Vincensini et al., 2012) or ozone data from GOME2 (Sbii et al., 2010) as well as 459 

background error modelling. Over the ocean, one objective is to build a high-resolution reanalysis of the 460 

Mediterranean Sea circulation. It will use the oceanic Mediterranean basin-scale NEMO-MED12 model (Beuvier 461 

et al., 2012), and the SAM2 assimilation scheme of MERCATOR Ocean. The horizontal resolution of the model is 462 



about 7 km, allowing the simulation of mesoscale patterns. The assimilated data will come from the 463 

Coriolis/MyOcean in situ database, altimeter data and satellite SST products. The in-situ data collection with 464 

peer-to-peer contacts with our European and African partners will also be enhanced. The reanalysis will be 465 

compared to independent datasets which are not assimilated (e.g. drifter trajectories, tide-gauges, HF radars, ...). 466 

A similar action is taken for land-surface properties. Vegetation variables and the surface soil moisture are now 467 

routinely produced from satellite observations, in near-real-time. Integrating these observations into land surface 468 

models (e.g. ORCHIDEE, ISBA-A-gs models) is a way to assess the modeling uncertainties and to consolidate 469 

monitoring systems able to describe land climate variables. The characterization of droughts requires the 470 

elaboration of a climatology of the land variables affected by droughts, such as surface soil moisture, leaf area 471 

index, the fraction of absorbed photosynthetically active radiation. Satellite-derived variables have been 472 

measured since the end of the 80s and are available through the HyMeX data base. A whole land data 473 

assimilation system over the Europe-Mediterranean area and coupled to river discharge model will permit the 474 

characterization of meteorological, hydrological, and agricultural droughts (Wilhite, 2000). Comparison with 475 

observations of river discharges and of soil moisture will allow the assessment of the added-value of the inclusion 476 

of the satellite products and of various versions of the land surface model and will contribute to the verification of 477 

long-term hindcast simulations. Finally, specific reanalyses will be conducted for the SOPs using the collected 478 

data. 479 

 480 

2.3 Social vulnerability and resilience 481 

The Mediterranean region is characterized by an increasing demography, leading to urban sprawl especially on 482 

coastal areas. In a context of climate change, the population is confronted with challenging environmental 483 

changes, such as short-time extreme events (heavy precipitation, flash-floods,...) and long-term modifications 484 

(change in access to water resources, droughts,...). Potential security problems and migrations produced as a 485 

consequence of floods, water scarcity and droughts are in the agenda of National and International 486 

administrations (i.e. European Commission, 2008, 2009). Studies on adaptation capacity from an economical and 487 

societal perspective are in progress at the international level (Adger, 2006; Bazermann, 2006; Berkhout et al., 488 

2006), but systematic observation of social vulnerability and resilience has still to be organized at a more local 489 

scale (e.g. Llasat et al., 2008; e.g. Ruin et al., 2008). The HyMeX program is in part dedicated to this aspect, 490 

focusing on the development of methods to integrate environmental and social dynamics across scales. The 491 

results of the HyMeX project will provide new achievements on the dynamics of the water cycle and its impact in 492 

population and economic activities, ecosystems and water resources, including the improvement of seasonal 493 

forecasting and future scenarios. On the other hand, the last IPCC report on extremes (IPCC, 2012; Hallegatte et 494 

al., 2013), has insisted in the important roles played by changes in vulnerability and exposure in the increasing 495 

flood impact detected in the last years. The HyMeX project deals with such issues and is expected to produce 496 

different kind of products that will have social benefit. Indeed, the improvement of the knowledge on 497 

Mediterranean storms and floods and their potential increase and synergies in future climate and the creation of 498 

databases and post event surveys will add to analyse the societal impact as well as the perception and resilience 499 

of population. Besides the own outreach activity of the project, this new knowledge and information can be 500 

integrated  in local and national strategies like Climate Change Adaptation Plans and Laws, updating European 501 



Water Directive and associated Directives on floods and droughts, and Civil Protection strategies, including 502 

warning channel improvement. 503 

 504 

The HyMeX approach consists in studying all factors that can influence the impact of such floods and droughts. In 505 

order to monitor social vulnerability to such extreme events and learn from continuously evolving adaptive 506 

capacity and resilience processes at various space and time scales, social sciences techniques (interviews, 507 

surveys, impact reports...) are used to collect behavioral, perceptual and disaster impact data. The aim is to build 508 

a database suitable for analyzing social processes in connection with natural dynamics ranging from short-fuse 509 

and small scale weather events (e.g. flash floods) to longer and larger scale events (e.g. water scarcity and 510 

drought). A flood database is also developed with special consideration to the societal impact (Llasat et al, 2013a, 511 

2013b). Starting from the work developed in MEDEX program (Mediterranean Experiment; Amaro et al., 2010; 512 

Llasat et al, 2010), the database focuses on four regions representative of the Northwestern Mediterranean 513 

Region (Catalonia and the Balearic Islands in Spain; Calabria in Italy; and Languedoc-Roussillon, Midi-Pyrenées 514 

and Provence-Alpes-Côte d'Azur in France). Besides the catastrophic impact of some flash floods, this database 515 

highlights the importance of minor but frequent events that produce casualties and damages, which increase as a 516 

consequence of land-use changes and enhanced vulnerability and exposure. Figure 9 shows an example of 517 

behavioral analysis for the 15 June 2010 flash-flood event at the beginning of the HyMeX LOP which occurred in 518 

the Var region in Southern France (Ruin et al., 2013). It shows that space-time sequences of actions, classified in 519 

five categories (usual, information, organization, protection, recovery) based on respondents narratives, 520 

mostly follow the pace of change of environmental conditions. During this event, most of the people 521 

avoided dangerous situations based on their own perception of environmental cues or thanks to unofficial 522 

warnings and emerging solidarity which took place locally and spontaneously. 523 

 524 

[INSERT FIGURE 9] 525 

 526 

3. International organization 527 

More than 400 scientists from over 20 countries from both sides of the Mediterranean Sea, Europe and the USA 528 

participate in HyMeX in atmospheric sciences, hydrology, oceanography and human and social sciences. They 529 

contributed to the working groups (WG) addressing the five topics of the HyMeX international science plan (ISP) 530 

which describes the scientific questions to be tackled and defines the general program strategy (Fig. 2). To 531 

implement the ISP, task teams (TT) have been set up to plan and put into operation specific types of instruments 532 

and modelling tools. Transversal task teams called task support (TS) coordinated the activities carried out by the 533 

TT. The TT and TS elaborated the international implementation plan (IIP). Such organization has therefore been 534 

set up at an international level as shown in Fig. 10 and is composed of:  535 

• an International Scientific Steering Committee (ISSC) which is responsible for the formulation of well 536 

defined and coherent scientific objectives and ensures the fulfillment  of HyMeX objectives.  537 

• an Executive Committee for Implementation and Science Coordination (EC-ISC) which ensures 538 

consistency and communication between the cross-cutting activities lead in the scientific WG, TT and TS 539 

as well as the link with the ISSC. It is composed of WG leaders and TS leaders for aircraft and ocean 540 



operations, major sites, and operation centers. Executive Committees at the national  level coordinate 541 

HyMeX activities in participating countries.  542 

• a HyMeX Project Office (PO) which provides support to the coordination and communication of the 543 

program by assisting the committees.  544 

 545 

The international HyMeX program benefits from several national and pan-national projects (e.g. HyMeX-France, 546 

HyMeX-Spain) or coordination at national level (e.g. Italy). HyMex has an inclusive approach, aiming at enlarging 547 

the contribution and participation to the south-eastern Mediterranean institutions. HyMeX fits into a large 548 

interdisciplinary international program MISTRALS (Mediterranean Integrated STudies at Regional And Local 549 

Scales) dedicated to the understanding of the Mediterranean Basin environmental process under the planet 550 

global change (http://www.mistrals-home.org). It aims to coordinate, across the Mediterranean Basin, 551 

interdisciplinary research on atmosphere, hydrosphere, lithosphere and paleo-climate, including environmental 552 

ecology and social sciences. The objectives are (i) to achieve a better understanding of the mechanisms shaping 553 

and influencing landscape, environment and human impact of this eco-region, (ii) to predict the evolution of 554 

habitable conditions in this large ecosystem, (iii) to meet the public policies concerning resources and 555 

environment, (iv) to anticipate evolution of the societies and (v) to propose policies and adaptation measures that 556 

would optimize them. 557 

 558 

[INSERT FIGURE 10] 559 

 560 

HyMeX is endorsed by the World Climate Research Program (WCRP)  and World Weather Research Program 561 

(WWRP) of the World Meteorological Organization (WMO). Within WCRP, HyMeX develops in association with 562 

MEDCLIVAR (Mediterranean Climate Variability; Lionello et al., 2012b) and GEWEX programs, and is at the 563 

origin of the "Mediterranean" component of the CORDEX program called MED-CORDEX. Within WWRP, it is 564 

also endorsed by the Observing System Research and Predictability Experiment (THORPEX). 565 

 566 

Acknowledgments 567 

HyMeX was developed by an international group of scientists and is currently funded by a large number of 568 

agencies. It has been the beneficiary of financial contributions from CNRS, Météo-France, CNES, IRSTEA, INRA, 569 

ANR, Collectivité Territoriale de Corse, KIT, CNR, Université de Toulouse, Grenoble Universités, EUMETSAT, 570 

EUMETNET, AEMet, Université Blaise Pascal-Clermont Ferrand, Université de la Méditerranée Aix-Marseille II, 571 

Université Montpellier 2, CETEMPS, Italian Civil Protection Department, Université Paris-Sud 11, IGN, EPFL, 572 

NASA, New Mexico-Tech, IFSTTAR, MERCATOR Ocean, NOAA, ENEA, TU Delft, CEA, ONERA, IMEDEA, 573 

SOCIB, ETH, MeteoCat, Consorzio LAMMA, IRD, National Observatory of Athens, Ministerio de Ciencia e 574 

Innovación, CIMA, BRGM, Wageningen University and Research center, University of Zagreb - Department of 575 

Geophysics, Split Institute of Oceanography and Fisheries, INGV, OGS, Maroc Météo, DHMZ, ARPA Piemonte, 576 

ARPA-SIMC Emilia-Romagna, ARPA Calabria, ARPA Friuli-Venezia Giulia, ARPA Liguria, ISPRA, University of 577 

Connecticut, Università degli Studi dell'Aquila, Università di Bologna, Università degli Studi di Torino, Università 578 

degli Studi della Basilicata, Università La Sapienza di Roma, Università degli Studi di Padova, Università del 579 



Salento, Universitat de Barcelona, Universitat de les Illes Balears, Universidad de Castilla - La Mancha, 580 

Universidad Complutense de Madrid, Meteo Swiss, DLR. It also received support from the the European 581 

Community’s Seventh Framework Research Programme (e.g. PERSEUS, CLIM-RUN). 582 

 583 

Such a project would not have been possible without very many people, from administrative staff to the directions 584 

of national agencies, universities and European and international programs. We would like to thank them all for 585 

their contribution to HyMeX and especially the EC-ISC, TT, TS and PO members. We also acknowledge the help 586 

from the staff and the crews of the maritime companies MARFRET (http://www.marfret.fr ) and Linea Messina 587 

(www.messinaline.it), for the installation of instruments on board their ships, and of the research aircraft service 588 

unit SAFIRE. 589 

590 

http://www.marfret.fr/
http://www.messinaline.it/


References 591 

Adger, W. N., 2006: Vulnerability. Global Environmental Change, 16, 268-281 592 

Alpert, P., C. Price, S.O. Krichak, B. Ziv, H. Saaroni, I. Osetinsky, J. Barkan, and P. Kishcha, 2005: Tropical tele-593 

connections to the Mediterranean climate and weather. Adv. Geosci., 2, 157-160  594 

Alpert, P., T. Ben-Gai, A. Baharad, Y. Benjamini, D. Yekutieli, M. Colacino,  L. Diodato, C. Ramis, V. Homar, R. 595 

Romero, S. Michaelides and A. Manes, 2002: The paradoxical increase of Mediterranean extreme daily 596 

rainfall in spite of decrease in total values. Geophys. Res. Lett., 29, doi:10.1029/2001GL013554 597 

Artale V. and co-authors, 2009: An atmosphere-ocean regional climate model for the Mediterranean area: 598 

assessment of a present climate simulation. Clim. Dyn., 35, 721-740. 599 

Amaro, J., M. Gayà, M. Aran, and M.C. Llasat, 2010: Preliminary results of the Social Impact Research group of 600 

MEDEX: the request database (2000-2002) of two meteorological services. Nat. Hazards Earth Syst. Sci., 10, 601 

2643-2652 602 

Barthlott, C., and D.J. Kirshbaum, 2013: Sensitivity of deep convection to terrain forcing over Mediterranean 603 

islands. Q. J. R. Meteorol. Soc., doi:10.1002/qj.2089 604 

Barkhordarian, A., H. von Storch, and J. Bhend, 2013: The expectation of future precipitation change over the 605 

Mediterranean region is different from what we observe. Clim. Dyn., 40, 225–244 606 

Bazerman, M., 2006: Climate change as a predictable surprise. Climatic Change, 77, 179-193. 607 

Berkhout, F., J. Hertin, and D. Gann, 2006: Learning to Adapt: Organizational adaptation to climate change 608 

impacts. Climatic Change, 78, 135-156 609 

Beuvier, J., C. Lebeaupin Brossier, K. Béranger, T. Arsouze, R. Bourdallé-Badie, C. Deltel, Y. Drillet, P. 610 

Drobinski, N. Ferry, F. Lyard, F. Sevault, and S. Somot, 2012: MED12, Oceanic component for the modeling 611 

of the regional Mediterranean Earth system. Mercator Ocean Quarterly Newsletter, 46, 60-66 612 

Borga, M.,  E.N. Anagnostou,  G. Blöschl and  J.D. Creutin, 2010: Flash Floods: observations and analysis of 613 

hydrometeorological controls. J. of Hydrology, 394, 1-3 614 

Bougeault, P., P. Binder, A. Buzzi, R. Dirks, R. Houze, J. Kuettner, R.B. Smith, R. Steinacker, and H. Volkert, 615 

2001: The MAP special observing period. Bull. Amer. Meteorol. Soc., 82, 433–462 616 

Brugnara, Y., M. Brunetti, M. Maugeri, T. Nanni, and C. Simolo, 2012: High-resolution analysis of daily 617 

precipitation trends in the central Alps over the last century. Int. J. Climatol., 32, 1406 – 1422 618 

Brunetti, M., L. Buffoni, M. Maugeri, and T. Nanni, 2000: Precipitation intensity trends in Northern Italy. Int. J. 619 

Climatol., 20, 1017–1031. 620 

Ciais, P., and co-authors, 2005: Europe-wide reduction in the primary productivity caused by the heat and 621 

drought in 2003. Nature, 437, 529–533 622 

Claud C., Alhammoud B., Funatsu B.M., Lebeaupin-Brossier C., Chaboureau J.P., Beranger K., Drobinski P., 623 

2012: A high resolution climatology of precipitation and deep convection over the Mediterranean region from 624 

operational satellite microwave data: development and application to the evaluation of model uncertainties. 625 

Nat. Hazards Earth Syst. Sci., 12, 785-798 626 

Combourieu Nebout, N., J.L. Turon, R. Zahn, L. Capotondi, L. Londeix, and K. Pahnke, 2002: Enhanced aridity 627 

and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events 628 

of the past 50 k.y. Geology, 30, 863-866 629 



Davolio, S., D. Mastrangelo, M.M. Miglietta, O. Drofa, A. Buzzi and P. Malguzzi, 2009: High resolution simulations 630 

of a flash flood near Venice. Nat. Hazards Earth Syst. Sci., 9, 1671-1678 631 

Delrieu, G., and co-authors, 2005 : The catastrophic flash-flood event of 8-9 September 2002 in the Gard region, 632 

France: a first case study for the Cevennes-Vivarais Mediterranean Hydro-meteorological Observatory. J. 633 

Hydrometeorology, 6, 34-52. 634 

Doocy, S., A. Daniels, S. Murray, and T.D. Kirsch, 2013: The human impact of floods: A historical review of 635 

events 1980-2009 and systematic literature review. PLoS Currents Disasters, doi: 636 

10.1371/currents.dis.f4deb457904936b07c09daa98ee8171a 637 

Drobinski P., Ducrocq V., Lionello P. and the HyMeX ISSC, 2009: HyMeX, a Potential New CEOP RHP in the 638 

Mediterranean Basin. GEWEX newsletter, 19, 5-6 639 

Drobinski P., Ducrocq V., Lionello P., V. Homar, 2011: HyMeX, The Newest GEWEX Regional Hydroclimate 640 

Project. GEWEX newsletter, 21, 10-11 641 

Drobinski P. and co-authors, 2012: Modelling the regional coupled earth system (MORCE): application to process 642 

and climate studies in vulnerable regions. Env. Modelling and Software, 35, 1-18 643 

Ducrocq, V., and co-authors, 2013: HyMeX-SOP1, the field campaign dedicated to heavy precipitation and flash-644 

flooding in Northwestern Mediterranean. Bull. Amer. Meteorol. Soc., submitted 645 

Ducrocq, V., O. Nuissier, D. Ricard, C. Lebeaupin, and T. Thouvenin, 2008 : A numerical study of three 646 

catastrophic precipitating events over southern France. Part II: Mesoscale trigerring and stationarity factors. 647 

Q. J. Roy. Meteorol. Soc., 134, 131-145. 648 

European Commission (2008). Climate change and International security.  Paper from the High Representative 649 

and the European Commission to the European Council S113/08. 14 March 2008. 650 

European Commission (2009). White paper. Adapting to climate change: Towards a European framework for 651 

action. COM(2009) 147 final. Brusselles, 1 April 2009 652 

Fink, A.H., T. Brücher, A. Krüger, G.C. Leckebusch, J.G. Pinto, and U. Ulbrich, 2004: The 2003 European 653 

summer heatwaves and drought – synoptic diagnosis and impacts. Weather, 59, 209–216 654 

Flaounas, E., P. Drobinski, M. Vrac, S. Bastin, S. Lebeaupin-Brossier, M. Stéfanon, M. Borga, and J.C. Calvet, 655 

2013: Precipitation and Temperature Space–Time Variability and Extremes in the Mediterranean Region: 656 

Evaluation of Dynamical and Statistical Downscaling Methods. Clim. Dyn., 40, 2497–2513 657 

Flaounas, E., P. Drobinski, M. Borga, J.C. Calvet, G. Delrieu, E. Morin, G. Tartari, and R. Toffolon, 2012: 658 

Assessment of Gridded Observations Used for Climate Model Validation in the Mediterranean Region: the 659 

HyMeX and MED-CORDEX Framework. Env. Res. Lett., 7, doi:10.1088/1748-9326/7/2/024017 660 

Frich, P., L. V. Alexander, P. Della-Marta, B. Gleason, M. Haylock, A. M. G. Klein Tank, and T. Peterson, 2002: 661 

Observed coherent changes in climatic extremes during 2nd half of the 20th century. Climate Res., 19, 193–662 

212. 663 

Giorgi, F., J. Colin, and A. Ghassem, 2009: Addressing climate information needs at the regional level. The 664 

CORDEX framework. WMO Bulletin, 58, 175-183 665 

Giorgi, F., 2006: Climate change hot-spots. Geophys. Res. Lett., 33, L08707, doi:10.1029/2006GL025734 666 



Gao, X., J.S. Pal, and F. Giorgi, 2006: Projected changes in mean and extreme precipitation over the 667 

Mediterranean region from high resolution double nested RCM simulation. Geophys. Res. Lett., 33, L03706, 668 

doi:10.1029/2005GL024954 669 

Gualdi, S., and co-authors, 2013: The CIRCE simulations: Regional climate change projections with realistic 670 

representation of the Mediterranean Sea. Bull. Amer. Meteorol. Soc., 94: 65–81 671 

 Hallegatte, S., C. Green, R.J. Nicholls, and J. Corfee-Morlot, 2013: Future flood losses in major coastal cities. 672 

Nature Climate Change, doi:10.1038/NCLIMATE1979 673 

Hémon, D., and E. Jougla, 2003: Surmortalité liée à la canicule d’août 2003. INSERM technical report, Paris 674 

Herrmann, M., S. Somot, S. Calmanti, C. Dubois, and F. Sevault, 2011: Representation of daily wind speed 675 

spatial and temporal variability and intense wind events over the Mediterranean Sea using dynamical 676 

downscaling : impact of the regional climate model configuration. Nat. Hazards Earth Syst. Sci., 11, 1983-677 

2001 678 

Hinrichsen, D., 1998: Coastal Waters of the World: Trends, Threats, and Strategies. Washington D.C. Island 679 

Press 680 

Hoerling, M., J. Eischeid, J. Perlwitz, X. Quan, T. Zhang, and P. Pegion, 2012: On the increased frequency of 681 

Mediterranean drought. J. Climate, 25, 2146–2161 682 

Horvath, K., S. Ivatek-Šahdan, B. Ivančan-Picek, and V. Grubišić, 2009: Evolution and structure of two severe 683 

cyclonic bora events: Contrast between the northern and southern Adriatic. Wea. Forecasting, 24, 946–964. 684 

Horvath, K, L. Fita, R. Romero, and B. Ivančan-Picek, 2006: A numerical study of the first phase of a deep 685 

Mediterranean cyclone: Cyclogenesis in the lee of the Atlas Mountains. Meteorol. Z., 15, 133-146 686 

Hou, A., G.S. Jackson, C. Kummerow, and C.M. Shepherd, 2008: Global precipitation measurement. In: Silas, 687 

Michaelides (Ed.), Precipitation: Advances in Measurement, Estimation, and Prediction. Springer Publishers, 688 

pp.131–164. 689 

Huet, P., X. Martin, J.L. Prime, P. Foin, C. Laurin, and P. Cannard, 2003: Retour d’expérience des crues de 690 

Septembre 2002 dans les départements du Gard, de l’Hérault, du Vaucluse, des Bouches du Rhône, de 691 

l’Ardèche et de la Drome. Report of l’Inspection Générale de l’Environnement, Ministère de l’écologie et du 692 

développement durable, 133 pp. 693 

IPCC (Field, C.B.; Barros, V.; Stocker, T.F et al. [eds.]) (2012). Summary for Policymakers. A: Managing the 694 

Risks of Extreme Events and Disasters to Advance Climate Change Adaptation  A Special Report of Working 695 

Groups I and II of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press, 696 

p. 1-19. http://www.ipcc.ch. 697 

Jonkman, S.N., 2005. Global perspectives on loss of human life caused by floods. Natural Hazards, 34, 151–175 698 

Jurcec, V., B. Ivancan-Picek, V. Tutis, and V. Vukicevic, 1996: Severe Adriatic Jugo wind. Meteorol. Z., 5, 67-75. 699 

Kržič, A., I. Tošić, V. Djurdjević, K. Veljović, and B. Rajković, 2011: Changes in climate indices for Serbia 700 

according to the SRESA1B and SRES-A2 scenarios. Clim. Res., 49, 73-86 701 

Kahana, R, B. Ziv, Y. Enzel, and U. Dayan, 2002: Synoptic climatology of major floods in the Negev Desert, 702 

Israel. Int. J. Climatology, 22, 867-882 703 

Klein Tank A. M. G., G. P. Können , 2003: Trends in Indices of Daily Temperature and Precipitation Extremes in 704 

Europe, 1946–99. J. Clim., 16, 3665-3680 705 

http://www.ipcc.ch/


Klein Tank, A. M. G., and coauthors, 2002: Daily dataset of 20th-century surface air temperature and precipitation 706 

series for the European Climate Assessment. Int. J. Climatol., 22, 1441–1453. 707 

Krichak, S. O., P. Alpert and M. Dayan, 2007: A southeastern Mediterranean PV streamer and its role in 708 

December 2001 case with torrential rains in Israel. Nat. Hazards Earth Syst. Sci., 7, 21-32 709 

Krichak, S.O., M. Tsiduko and P. Alpert, 2000: November 2, 1994 severe storm in the southeastern 710 

Mediterranean. Atmos. Res., 53, 45-62 711 

Krichak, S.O., P. Alpert, and T.N. Krishnamurti, 1997: Interaction of topography and tropospheric flow - A possible 712 

generator for the Red Sea trough? Meteor. and Atmos. Phys., 63,  149-158  713 

L’He  ve der, B., L. Li, F. Sevault, and S. Somot, 2012: Interannual variability of deep convection in the 714 

Northwestern Mediterranean simulated with a coupled AORCM. Clim. Dyn., doi:10.1007/s00382-012-1527-5 715 

Lionello, P., L. Cavaleri, K.M. Nissen, C. Pino, F. Raicich, and U. Ulbrich, 2012a:  Severe marine storms in the 716 

Northern Adriatic: Characteristics and trends. Phys. Chem. Earth, 40-41, 93-105 717 

Lionello, P., G. M. Gacic, D. Gomis, R. Garcia-Herrera, F. Giorgi, S. Planton, R. Trigo, A. Theocharis, M.N. 718 

Tsimplis, U. Ulbrich, E. Xoplaki,  2012b:  Program focuses on climate of the Mediterranean region. EOS 719 

Trans. AGU,  93,105-106 720 

Llasat, M. C., L. López, M. Barnolas, and M. Llasat-Botija, 2008: Flash-floods in Catalonia: the social perception 721 

in a context of changing vulnerability. Advances in Geosciences, 17, 63–70. 722 

Llasat, M.C., M. Llasat-Botija, M.A. Prat, F. Porcú, C. Price, A. Mugnai, K. Lagouvardos, V. Kotroni, D. Katsanos, 723 

S. Michaelides, Y. Yair, K. Savvidou, K. Nicolaides, 2010: High-impact floods and flash floods in 724 

mediterranean countries: the flash preliminary database. Advances in Geosciences, 23, 1-9  725 

Llasat, M.C., M. Llasat-Botija, O. Petrucci, A.A. Pasqua, J. Rosselló, F. Vinet, L. Boissier, 2013a: Floods in the 726 

North-Western Meditrerranean Region : presentation of the HyMeX database and comparison with pre-727 

existing global databases. La Houille Blanche, 1, 5-9  728 

Llasat, M. C., M. Llasat-Botija, O. Petrucci, A.A. Pasqua, J. Rosselló, F. Vinet, and L. Boissier, 2013b: Towards a 729 

database on societal impact of Mediterranean floods in the framework of the HyMeX project. Nat. Hazards 730 

Earth Syst. Sci., 13, 1–14 731 

Luterbacher, J., E. Xoplaki, C. Casty, H. Wanner, A. Pauling, M. Küttel, T. Rutishauser, S. Brönnimann, E. 732 

Fischer, D. Fleitmann, F. J. González‐Rouco, R. García‐Herrera, M. Barriendos, F. Rodrigo, J. C. Gonzalez-733 

Hidalgo, M. A. Saz, L. Gimeno, P. Ribera, M. Brunet, H. Paeth, N. Rimbu, T. Felis, J. Jacobeit, A. Dünkeloh, 734 

E. Zorita, J. Guiot, M. Türkes, M.‐J. Alcoforado, R. Trigo, D. Wheeler, S. Tett, M. E. Mann, R. Touchan, D. T. 735 

Shindell, S. Silenzi, P. Montagna, D. Camuffo, A. Mariotti, T. Nanni, M. Brunetti, M. Maugeri, C. S. Zerefos, S. 736 

De Zolt, and P. Lionello, 2006: Mediterranean climate variability over the last centuries: A review. In: The 737 

Mediterranean Climate: an overview of the main characteristics and issues. Lionello et al. (Eds.), Elsevier, 738 

Amsterdam, The Netherlands, pp. 27-148. 739 

Mariotti, A., and A. Dell’Aquila, 2012: Recent decadal climate changes in the Mediterranean region: roles of large-740 

scale forcing versus regional processes. Clim. Dyn., 38, 1129-1145 741 

Mariotti, A., 2010: Recent changes in Mediterranean water cycle: a pathway toward long-term regional 742 

hydroclimatic change? J. Clim., 23, 1513–1525 743 



Mariotti, A., M.V. Struglia, N. Zeng, and K.M. Lau, 2002:  The hydrological cycle in the Mediterranean region and 744 

implications for the water budget of the Mediterranean Sea. J. Clim., 15, 1674-1690.  745 

Navarra, A., and L. Tubiana, 2013: Regional Assessment of Climate Change in the Mediterranean, A. Navarra, L. 746 

Tubiana (eds.), Springer, Dordrecht, The Netherlands. 747 

Papagiannaki K., K. Lagouvardos, and V. Kotroni, 2013: A database of high-impact weather events in Greece: a 748 

descriptive impact analysis for the period 2001–2011. Nat. Hazards Earth Syst. Sci., 13, 727–736 749 

Parodi, A., G. Boni, L. Ferraris, F. Siccardi, P. Pagliara, E. Trovatore, E. Foufoula-Georgiou, and D. 750 

Kranzlmueller, 2012: The "perfect storm": from across the Atlantic to the hills of Genoa. EOS transactions 751 

American Geophysical Union, 93, 225-226 752 

Quereda Sala, J., A. Gil Olcina, A. Perez Cuevas, J. Olcina Cantos, A. Rico Amoros, E. Montón Chiva, 2000: 753 

Climatic warming in the Spanish Mediterranean: Natural trend or urban effect. Climatic Change, 46, 473–483. 754 

Reale, M., and P. Lionello, 2013:  Synoptic climatology of winter intense precipitation events along the 755 

Mediterranean coasts ,  Nat. Hazards Earth Syst. Sci., 13, 1707-1722 756 

Ricard, D., V. Ducrocq, and L. Auger, 2012: A Climatology of the mesoscale environment associated with heavily 757 

precipitating events over a northwestern Mediterranean area. J. Appl. Meteor. Climatol., 51, 468–488 758 

Rodwell, M.J., and B.J. Hoskins, 1996: Monsoons and the dynamics of deserts. Q. J. R. Meteorol. Soc., 122, 759 

1385-1404. 760 

Romero, R., C.A. Doswell, and C. Ramis, 2000: Mesoscale numerical study of two cases of long-lived 761 

quasistationary convective systems over Eastern Spain. Mon. Wea. Rev., 128, 3731-3752 762 

Ruin, I., B. Boudevillain, J.D. Creutin, C. Lutoff, S. Anquetin, M. Bertran Rojo, L. Boissier, L. Bonnifait, M. Borga, 763 

L. Colbeau-Justin, L. Creton-Cazanave, G. Delrieu, J. Douvinet, E. Gaume, E. Gruntfest, J.P. Naulin, O. 764 

Payrastre, and O. Vannier, 2013. Post-event field investigation: A Socio-Hydro-Meteorological approach to the 765 

15-16 June 2010 disastrous flash flood event in the area of Draguignan (Var, France). Weather, Climate and 766 

Society, in revision. 767 

Ruin, I., J. D. Creutin, S. Anquetin, and C. Lutoff, 2008: Human exposure to flash-floods relation between flood 768 

parameters and human vulnerability during a storm of September 2002 in Southern France. J. Hydrol., 361, 769 

199-213 770 

Ruti, P., and co-authors, 2013: MED-CORDEX Initiative for Mediterranean Climate Studies. Bull. Amer. Meteorol. 771 

Soc., in revision 772 

Schott F., M. Visbeck, U. Send, J. Fischer, L. Stramma, and Y. Desaubies, 1996: Observations of deep 773 

convection in the Gulf of Lions, Northern Mediterranean, during the winter of 1991/1992. J. Phys. Ocean., 26, 774 

505-524.  775 

Schroeder, K., C. Millot, L. Bengara, S. Ben Ismail, M. Bensi, M. Borghini, G. Budillon, V. Cardin, L. Coppola, C. 776 

Curtil, J. Delgado, A. Drago, B. El Moumni, J. Font, J.L. Fuda, J. García-Lafuente, G.P. Gasparini, H. 777 

Kontoyiannis, D. Lefevre, P. Puig, P. Raimbault, G. Rougier, J. Salat, C. Sammari, A. Sanchez-Roman, S. 778 

Sparnocchia, C. Tamburini, I. Taupier-Letage, A. Theocharis, M Vargas-Yáñez, and A. Vetrano, 2013: Long-779 

term monitoring of the hydrological variability in the Mediterranean Sea: the HYDROCHANGES network. 780 

Ocean Sci., 9, 301-324 781 



Sbii, S., M. Zazoui, N. Semane, Y. Michel, and P. Arbogast, 2013: Exploring the potential application of 782 

MetOp/GOME2 ozone data to weather analysis. International Journal of Computer Science Issues, 10, 260-783 

263 784 

Stéfanon, M., P. Drobinski, F. D’Andrea, and N. de Noblet-Ducoudré, 2012b: Effects of interactive vegetation 785 

phenology on the 2003 summer heat waves. J. Geophys. Res., 117, D24103, doi:10.1029/2012JD018187 786 

Stéfanon, M., F. D’Andrea, and P. Drobinski P., 2012a: Heatwave Classification over Europe and the 787 

Mediterranean Region. Env. Res. Lett., 7, doi:10.1088/1748-9326/7/1/014023 788 

Tarolli, P., M. Borga, E. Morin, and G. Delrieu, 2012:  Analysis of flash flood regimes in the North-Western and 789 

South-Eastern Mediterranean regions. Nat. Hazards Earth Syst. Sci., 12, 1255-1265  790 

Trigo, I.F., T.D. Davies, and G.R. Bigg, 1999: Objective climatology of cyclones in the Mediterranean region. J. 791 

Climate, 12, 1685-1696. 792 

Vilibić, I., and N. Supić, 2005: Dense water generation on a shelf: the case of the Adriatic Sea. Ocean Dynamics, 793 

55, 403–415 794 

Vincensini, A., A. Bouchard, F. Rabier, V. Guidard, N. Fourrié, and O. Traullé, 2012: IASI Retrievals Over 795 

Concordia Within the Framework of the Concordiasi Program in Antarctica. IEEE Transactions on Geoscience 796 

and Remote Sensing, 50, 2923- 2933 797 

Viscusi, W.K., and R.J. Zeckhauser, 2006: National survey evidence on disasters and relief: Risk beliefs, self-798 

interest, and compassion. Journal of Risk and Uncertainty, 33, 13-36 799 

Vrhovec, T., J. Rakovec, and G. Gregorič, 2004: Mesoscale diagnostics of prefrontal and frontal precipitation in 800 

the Southeast Alps during MAP IOP 5. Meteorol. Atmos. Phys., 86, 2004 , 15-29 801 

Wilhite, D.A., 2000: Drought as a natural hazard: concepts and definitions. In: Wilhite DA, ed. Droughts: Global 802 

Assessment. London: Routledge, 3–18 803 

Yakir, H., and E. Morin, 2011: Hydrologic response of a semi - arid  watershed to spatial and temporal  804 

characteristics of convective rain cells. Hydrol. Earth Syst. Sci., 15, 393–404 805 

Ziv, B., 2001: A subtropical rainstorm associated with a tropical plume over Africa and the Middle-East. Theor. 806 

Appl. Clim., 69, 91-102 807 

808 



Side bar: HyMeX data base 809 

The HyMeX database (http://www.hymex.org/database/) implemented by OMP (Observatoire Midi Pyrénées) and 810 

IPSL (Institut Pierre Simon Laplace) includes a meta-catalogue that gathers together information about historical, 811 

LOP, EOP, SOP, satellite and model data; a field data relational database; a database portal website including 812 

user registration and management, access to the data catalogue, dataset ordering thanks to a multicriteria data 813 

request interface. It is ruled by the HyMeX data policy which gives open access to the data for research activities 814 

once the 2-year period of exclusive access is over. For the LOP, the provision of data is sometimes performed by 815 

interoperability with data centers collecting observations or by the provision of metadata. The storage of the 816 

regional climate model simulations is performed at ENEA (Italian National Agency for New Technologies, Energy 817 

and Sustainable Economic Development) in the frame of MED-CORDEX (http://www.medcordex.eu) with 818 

interoperability with HyMeX database. The HyMeX database should foster collaboration between the scientists of 819 

the different disciplines (meteorology and climate, oceanography, hydrology, human sciences) and cross-cutting 820 

activities. Its general objectives are to provide the easiest possible access to all the data sets and their associated 821 

documentation that will facilitate their use for scientific studies beyond the HyMeX project. 822 
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Table 1: List of acronyms 826 
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Figure caption 828 

 829 

Figure 1: Mediterranean basin (also HyMeX/MED-CORDEX simulation domain; more details in the text) 830 

Figure 2: Schematic of the main scientific topics of the HyMeX project. 831 

Figure 3: Location of HyMeX target areas (ellipses). The long observation period (LOP) covers the whole basin, 832 

the enhanced observation period (EOP; 2011-2015) focuses on 3 regions of interest (TA target areas) 833 

(northwestern Mediterranean; Adriatic: Adriatic; southeastern Mediterranean) and the special observation periods 834 

(SOPs) were held over the northwestern Mediterranean region in fall 2012 and winter 2013. 835 

Figure 4: Examples of HyMeX LOP and EOP sites: Cévennes-Vivarais hydrometeorological observatory (a), flux 836 

tower deployed at the Crau-Camargue hydrological site (b) and Lampedusa atmospheric site. (Source: panel a: 837 

B. Boudevillain; panel b: S. Garrigues; panel c: A.G. Di Sarra). 838 

Figure 5: (a) Ground-based network of operational radar systems in the Mediterranean (dual-polarimetric 839 

systems are shaded). Permanent GPS/GNSS networks in North Africa and Europe as of Nov. 2011 and (b) ZEUS 840 

network observations collected on 26 October 2012 over the Mediterranean Sea. It must be noted that all the 841 

data from these networks are still not accessible and effort is on-going to collect them (especially in some 842 

Southern and Eastern Mediterranean countries). (Source: panel a: O. Bousquet; panel b: O. Bock; panel c: V. 843 

Kotroni). 844 

Figure 6: Gliders (a) and instrumented buoy (b) deployed in the Gulf of Lions in the frame of the HyMeX EOP 845 

and LOP. Instrumented commercial ship Marfret Niolon carrying the weekly service Marseilles-Algiers in the 846 

frame of the HyMeX LOP.  (Source: panel a: P. Testor; panel b: C. Dubois; panel c: I. Taupier-Letage). 847 

Figure 7: French (a) and German (b) aircrafts deployed during SOP1, R/V Le Provence operated during SOP2 848 

(c) and pressurized boundary layer balloons launched from Candillargues during SOP2 (d) (c). French ATR42 849 

(foreground) and Falcon 20 (background) were based at Montpellier airport and German Do128 was based in 850 

Corsica at Solenzara airport. (Source: panels a and d: P. Drobinski; panel b: C. Kottmeier; panel c: I. Taupier-851 

Letage). 852 

Figure 8: Taylor diagrams for winter and summer rainfall showing standard deviation (dotted black lines), 853 

centered root mean square difference (dashed grey lines) and correlation (diagram angle) of ERA-Interim 854 

reanalysis, ECA&D dataset and WRF model outputs with respect to three station observations at the Cévennes-855 

Vivarais observatory in France, in Northeastern Italy and Israël for the period 2003-2008 (GEWEX labelled 856 

HyMeX stations; Drobinski et al., 2009, 2011; Flaounas et al., 2012, 2013). Symbols in red stand for WRF and 857 

ERA-Interim. Red dot stands for the station observations; Black dot stands for the ECA&D dataset, X for ERA-858 

Interim; Star (*) and circle (o) for 2 configurations of WRF at 50 km resolution; Cross (+) and diamond (◊) for  2 859 

configurations of WRF at 20 km. (Source: E. Flaounas). 860 

Figure 9: Time evolution of the percentage of respondents by type of activity and corresponding areal rainfall 861 

intensity and time of peak flows over the Nartuby river basin (196 km2) in the Var area (southern France) during 862 

the 15 June 2010 flash flood event at the beginning of the HyMeX LOP. Time step is 15 minutes. (Source: I. Ruin 863 

et al., 2013). 864 

Figure 10: International organization of HyMeX. 865 

866 



CAPTIONED TABLE 867 

 868 

List of acronyms 
HyMeX-related acronyms 
EC-ISC Executive Committee for Implementation and Science Coordination 
EOP Enhanced Observation Period 
HyMeX Hydrological cycle in the Mediterranean Experiment 
IIP International Implementation Plan 
ISP International Science Plan 
ISSC International Scientific Steering Committee 
LOP Long Observation Period 
MerMeX Marine Ecosystems Response in the Mediterranean Experiment 
MISTRALS Mediterranean Integrated STudies at Regional And Local Scales 
PO Project Office 
SOP Special Observation Period 
TA Target Areas 
TS Task support 
TT Task Team 
WG Working Group 
 

International  projects and networks acronyms 
AERONET AErosol RObotic NETwork 
ARGO Observation system for the Earth's oceans- named after Greek mythical ship 
ATDnet Arrival Time Difference Thunderstorm detection system network 
CMIP5 Coupled Model Intercomparison Project – phase 5 
CIRCE Cilmate Change and Impact Research: the Mediterranean Environment 
CORDEX COoRdinated Downscaling Experiment 
EGITTO ---------- 
EGYPT Eddies and GYres Paths Tracking 
EUCLID EUropean Cooperation for LIghtning Detection 
GOME-2 Global Ozone Monitoring Experiment-2 
GPS/GNSS Global Positioning System/Global Navigation Satellite System 
GPM Global Precipitation Measurement 
IASI Infrared Atmospheric Sounding Interferometer 
LINET LIghtning detection NETwork 
MAP Mesoscale Alpine Programme 
MEDEX MEDiterranean Experiment 
MOOSE Mediterranean Ocean Observing System on Environment 
OHM-CV Observatoire Hydro-Météorologique – Cévennes-Vivarais 
SOCIB Balearic Islands Coastal Observing and Forecasting System 
TRANSMED Network of low-cost thermosalinometers in the Mediterranean (no aconym) 
ZEUS Lightning detection network- named after named after the mythological Greek God of Gods. 
 

International programs and panels acronyms 
CIESM Mediterranean Science Commission 
CLIVAR CLImate VARiability and predictability 
GEWEX Global Energy and Water Cycle Experiment 
IPCC Intergovernmental Panel on Climate Change 
THORPEX The Observing System Research and Predictability Experiment 
WCRP World Climate Research Program 
WWRP World Weather Research Program 
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Figure 1: Mediterranean basin (also HyMeX/MED-CORDEX simulation domain; more details in the text) 872 
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Figure 2: Schematic of the main scientific topics of the HyMeX project. 875 
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 877 

 

Figure 3: Location of HyMeX target areas (ellipses). The long observation period (LOP) covers the whole basin, 878 

the enhanced observation period (EOP; 2011-2015) focuses on 3 regions of interest (TA target areas) 879 

(northwestern Mediterranean; Adriatic: Adriatic; southeastern Mediterranean) and the special observation periods 880 

(SOPs) were held over the northwestern Mediterranean region in fall 2012 and winter 2013. 881 
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Figure 4: Examples of HyMeX LOP and EOP sites: Cévennes-Vivarais hydrometeorological observatory (a), flux 884 

tower deployed at the Crau-Camargue hydrological site (b) and Lampedusa atmospheric site (c). (Source: panel 885 

a: B. Boudevillain; panel b: S. Garrigues; panel c: A.G. Di Sarra). 886 
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 888 
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 (c) 

Figure 5: (a) Ground-based network of operational radar systems in the Mediterranean (squares indicate radar in 889 

operation, shaded squares indicate polarimetric radars and triangles indicate radars to be implemented; colors 890 

indicate the countries). (b) Permanent GPS/GNSS networks in North Africa and Europe as of Nov. 2011 (orange 891 

squares indicate the IGS network, yellow squares the EPN network, green diamonds the UNAVCO network, the 892 

red, green and blue dots indicate the EGVAP/IGE, IGVAP/SGN and IGVAP/ASI networks and gray crosses 893 

indicate North African stations). (c) ZEUS network observations collected on 26 October 2012 over the 894 

Mediterranean Sea. It must be noted that all the data from these networks are still not accessible and effort is on-895 

going to collect them (especially in some Southern and Eastern Mediterranean countries). (Source: panel a: O. 896 

Bousquet; panel b: O. Bock; panel c: V. Kotroni). 897 
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(a)  (b)  

(c)  

Figure 6: Gliders (a) and instrumented buoy (b) deployed in the Gulf of Lions in the frame of the HyMeX EOP and 900 

LOP. Instrumented commercial ship Marfret Niolon (c) carrying the weekly service Marseilles-Algiers in the frame 901 

of the HyMeX LOP.  (Source: panel a: P. Testor; panel b: C. Dubois; panel c: I. Taupier-Letage). 902 
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 905 

(a)  

(d)  

(b)  

(c)  

Figure 7: French (a) and German (b) aircrafts deployed during SOP1, R/V Le Provence operated during SOP2 (c) 906 

and pressurized boundary layer balloons launched from Candillargues during SOP2 (d) (c). French ATR42 907 

(foreground) and Falcon 20 (background) were based at Montpellier airport and German Do128 was based in 908 

Corsica at Solenzara airport. (Source: panels a and d: P. Drobinski; panel b: C. Kottmeier; panel c: I. Taupier-909 

Letage). 910 

 911 
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 913 

 914 

Figure 8: Taylor diagrams for winter and summer rainfall showing standard deviation (dotted black lines), 915 

centered root mean square difference (dashed grey lines) and correlation (diagram angle) of ERA-Interim 916 

reanalysis, ECA&D dataset and WRF model outputs with respect to three station observations at the Cévennes-917 

Vivarais observatory in France, in Northeastern Italy and Israël for the period 2003-2008 (GEWEX labelled 918 

HyMeX stations; Drobinski et al., 2009, 2011; Flaounas et al., 2012, 2013). Root mean square differences in all 919 

figures are plotted with 1 mm of interval. Symbols in red stand for WRF and ERA-Interim. Red dot stands for the 920 

station observations; Black dot stands for the ECA&D dataset, X for ERA-Interim; Star (*) and circle (o) for 2 921 

configurations of WRF at 50 km resolution; Cross (+) and diamond (◊) for  2 configurations of WRF at 20 km. 922 

(Source: E. Flaounas). 923 
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Figure 9: Time evolution of the percentage of respondents by type of activity and corresponding areal rainfall 926 

intensity and time of peak flows over the Nartuby river basin (196 km2) in the Var area (southern France) during 927 

the 15 June 2010 flash flood event at the beginning of the HyMeX LOP. Time step is 15 minutes. (Source: I. Ruin 928 

et al., 2013). 929 
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Figure 10: International organization of HyMeX. 933 
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