over the Mediterranean basin: variability and trend

O Water budget of the « Mediterranean Sea » box
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The Water Budget of the Medit Sea is one of 5 scientific topics of HyMeX
e Why?
— It constraints the yearly deep water formation rate

— It constraints the density of the Med Sea and then the exchanges with the Atlantic ocean
through the Gibraltar Strait

— Some of the terms have an important feedback to the atmosphere: evaporation, water
vapor, SST, Mixed layer heat content

* Key points:
— Multi-compartments: atmosphere, sea, continental surface, vegetation, river
— Multi-time scales: from the daily events to the multi-decadal time scale
— Not very well known up-to-know
— Strongly depends on coupled processes (not only atmospherically-driven)
— Scale interactions, non-linearities
— Impacted by the climate change
 Frame of the PS1.1 « Water Budget of the Mediterranean Sea »:
— Climate scales (from monthly to multi-decadal)
— Dealing with the whole Mediterranean Basin (and/or large sub-basins)




—->What are the long-term mean estimates of the Med Sea Water Budget (MSWB)
components and associated uncertainties ?
—>Major key-issues: Evaporation and precipitation over the sea, Assess the fluxes at
the boundaries (Gibraltar Strait, Dardanelles Strait, Moisture atmospheric transport),
Measure all the straits togather, Underground water, River inputs
—->Reducing uncertainties, inconsistency
—>Cross-validation using different methods for a given term
—>Regionalisation of the water budget at sub-basin scale

—>What is the variability of the MSWB at interannual and decadal time-scales ?
—>Major issues: lack of long-term suitable dataset,
—>Find the way of quantifying the variability of the main components and deep waters
properties (observation-modelling coupled approach)

—->What are the impact of the spatially and/or temporally localized events on the MSWB ?
- Scale interactions

- Influence of intense events, intense air-sea interactions
—->Non-linearities: localized water mass formation, propagation, rapid shift

—->How will the Med Sea Water Budget evolve under future-climate conditions ?
—>Assessing the trends, early warning system
—~>Evolution of E-P-R, Water mass characteristics
~>Monitoring and understanding the response of the MTHC and Medit. Waters




—>radar, satellite, in-situ, river, ARGO floats

—->Experimental sites (ENEA Lampedusa, MOOSE, CNR site)

—->GPS and radiosounding network (moisture closure)

- INGRES spanish project (Gib. Strait)

—->Hydrochanges, CIESM (database planned)

—->MedGloss (Sea level),

—>Availability of the atmospheric buoy: Spanish, Italian, French, Greece, Croatia
—->GPM satellite data (land validation problem GPM-GV, what about sea validation)

—->MOOSE data and other on-going efforts

rivers, southern countries, national weather
services, national agency, regional agency, sea level (National organisation for sea
level, European Sea Level Service), european projects (MFSTEP, MOON, SESAME,
CIRCE)




—->Enhanced ARGO float effort (T, S, profils)

—>Adressing the problem of trapping of the ARGO floats (Mediterranean specificities)
—>Long-term strait monitoring (MOOSE, CIESM hydrochanges)

—>Long-term sea level monitoring

—>Satellite 2D data: SST, SSH, SSS

—>Moisture 3D closure: combinaison Raman, GPS, sounding
—>3D ocean-atmosphere-river observations: 3 SOPs within a year

—>Long-term 1D ocean-atmosphere coupled observatories (from the ABL to bottom
of the OML): part of MOOSE, MEDOC point, Aegean POSEIDON system (rain)
—>Evaporation over sea measurment: (Eddy-correlation methods, scintillometry)
—->Underground water ? (radon isotope)

—>Assess if we need specific sounding for the Mediterranean area (sensitivity)
—>Moisture 3D closure: combinaison Raman, GPS, sounding




- Reqgional Earth System Model development (atmosphere-ocean-land-hydrology)
- improve representation of the strait dynamics
- interactive rivers, coupling with socio-economic scenario (dam, irrigation)
- level of complexity of the river modelling ?
- sensitivity to the various coupling
- assess the impact of the localized events on the MSWB

—->Regional reanalysis (towards a coupled regional reanalysis)
— ocean reanalysis (INGV, MERCATOR)
—>regional atmospheric reanalysis (assimilation of meso-scale data)

—->Model validation and intercomparison (improve air-sea flux param.):
—->0n a short well observed period (SOP/EOP)
—->0n long-term fixed coupled observation points
—->0n multi-decaldal time scale

—->Modelling the variability and 21st century changes
—>Regional coupled model intercomparison project over the last decades
—>Coordinated studies
—>21st century scenario, ensemble simulation, ready for IPCC-AR5




Open discussions
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—>Close the Med Sea Water Budget:
—>Dealing with the uncertainties
—>Focusing on the Evaporation term

—>Find the inconsistency between the Gibraltar Strait measurment and the surface estimates
—>Assess the variability of the moisture convergence

—>Add the previously forgotten components: Black Sea, Dardanelles, underground water, Suez canal
- Cross-validation of the results by using different methods

—>Use of inverse methods: measures in the (Gibraltar) Straits, Water mass budget for T-S
—>Try to close the WB of the main sub-basins

—>Define, improve and manage a pool of observed data:
- Set-up and maintain a (meta-)database: in-situ, radar, lidar and satellite
—~>Need of longer periods, higher spatial and temporal resolution and availability of the data
—>The southern countries

—>Take into account the high-resolution, couplings and non-linearities of the system:
- Ocean-atmosphere-continental-river observations at the same time, same frequency
—>Defining a 1D eulerian sea point with long-term coupled observations (from top ABL to bottom OML)
—> Set-up high-resolution coupled models: Regional Earth System Models (+socio-economics ?)
—>Better understand the time-space scales of the water budget, scale interactions

—->Validation, Intercomparison and improvments of the regional coupled models:
- Parameterizations

—>Intercomparison project for the 1D long-term observation point (EOP or LOP)
—>Intercomparison project for short and well observed period (SOP)

—>Assess the variability and the future evolution of the Med Sea Water Budget:
—>Intercomparison for multi-decadal period: Ocean reanalysis, AORCM, « MEDMIP »
—>21st century scenarios, Uncertainties assessment, ensemble system ... feeding the IPCC-AR5




