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Data provider
HMCR is a highly active centre for marine research, created in 2003 from the merger of the National
Centre for Marine Research with the Institute of Marine Biology of Crete. The modelling team is led
by Dr George Triantafyllou.

Regional summary
The Mediterranean is a semi-enclosed sea, connected through the Strait of Gibraltar to the Atlantic
Ocean in the west and through the Dardanelles to the Sea of Marmara and the Black Sea in the
northeast. About 92% of the estimated natural riverine input of 15,000 m3/s is from the northern
shores. However the management of these inputs has significantly reduced their discharge
influencing large areas of the basin. In order to balance the approximately 3,250 km3/yr water loss
(Evaporation – Precipitation – Rivers – Black Sea) there is an influx of Atlantic waters through the
straits of Gibraltar (Bryden et al., 1994).

Mediterranean model domain and bathymetry. Major rivers and straits are indicated.

There are two distinct basins in the Mediterranean separated by the shallow Sicily Strait (~500m),
which limits exchange, thus decoupling hydrodynamic and ecological conditions (Crise et al., 1999).
The eastern basin, due to the anti-estuarine circulation and the relatively low terrestrial inputs, since
the construction of Aswan dam in Egypt in 1965, is one of the most oligotrophic areas of the world
(Azov, 1991), supporting very low primary productivity and characterised by a deep chlorophyll
maximum (DCM) deeper than 100m.
Phosphorous is thought to be the limiting nutrient for phytoplankton and bacterial growth with
decreasing concentrations from west to east (Krom et al., 2004).
The Mediterranean Sea is a region with significant atmospheric inputs, mostly composed by Saharan
dusts and anthropogenic inputs. In the Eastern basin, atmospheric inputs of nitrogen (mainly as
nitrate, NO3-, and ammonium, NH4+) and phosphorus (as phosphate, PO4-3) are believed to be an
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important source of nutrients in the euphotic zone of the open sea, other than the vertical mixing of
water during winter (Mara et al., 2009; Christodoulaki et al., 2012).
The primary production is mainly controlled by vertical mixing processes that supply the euphotic
zone with deep water nutrients, showing a maximum from December to March and a minimum from
June to September. The seasonal cycle is stronger in areas characterized by deep water formation as
the northwestern basin that is one of the most productive areas [Morel et André, 1991; Bosc et al.,
2004; Marty et al., 2002]. The stratified period is characterized by a deep chlorophyll maximum that
follows the evolution of the nutricline depth [Siokou-Frangou et al., 2010].
The concentrations of anthropogenic CO2 are much higher than those found in the Atlantic Ocean
(the minimum concentration at the DYFAMED site is 50 mmol.kg-1), and the temporal trend for
anthropogenic CO2 (carbon accumulates in the atmosphere since the beginning of the industrial era)
is decreasing, especially in the intermediate water (LIW) in the Ligurian Sea [Touratier and Goyet,
2009].
Fishing is a traditional human activity all over the Mediterranean basin and nowadays is an
important economic activity for several regions. Given the high biodiversity of the Mediterranean,
which is inhabited by more than 650 fish species, the number of commercial fish species exceeds
100. Mediterranean fisheries are mostly multi-species and the fleets are composed by vessels that
are usually having length less than 20-25m, being considered small in comparison to the vessel
exploiting the nearby Atlantic area. Numerous fishing gears are employed but most of the catches
are made by demersal trawlers, purse-seiners and artisanal vessels using various types of gillnets
and longlines. In the latest years, Mediterranean and Black Sea capture fisheries production is
around to 1.5 million tonnes corresponding to less than 2% of the world’s fisheries production.
Although, as already mentioned, the number of commercial species exceeds one hundred, few
species such as tunas, red shrimps, red mullet, hake, anchovy and sardine compose more than 70%
of the total landings. It should be noticed that only small pelagics (mainly sardine and anchovy)
compose around 40% of the total Mediterranean catch.

Justification of model selection
The Mediterranean Sea ecosystem is highly complex and as such it cannot be studied with shortterm campaigns. Considering the vast number of parameters and processes dynamically interconnected, it becomes rather evident that models are perfect tools to acquire new knowledge on
the structure and functioning of the ecosystem. As has been generally acknowledged models with all
trophic levels fully described by differential equations seem to be the only option in reproducing
major qualitative aspects of the experimental system (Thingstad et al., 1999). To achieve this, a
model is required which can consider the offshore gradients in vertical-mixing regimes, light and
nutrient availability, and grazing pressure on primary and bacterial production. The accurate
simulation of the spatial and temporal variability of the physical and biogeochemical characteristics
of the Mediterranean marine ecosystem is a fully coupled coastal-open ocean problem requiring the
solution of a fully three-dimensional density driven general circulation problem, together with the
appropriate description of ecological and biogeochemical processes. ERSEM is a comprehensive
model, describing with the necessary complexity the Mediterranean planktonic food web and
biogeochemical processes.
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Small pelagic fish play a key role in the ecosystem, being the primary consumers of plankton as well
as the main prey for fish higher trophic levels. Anchovy is the most important commercial fish in the
Aegean in terms of catch and biomass. Understanding the growth, mortality, reproduction and
transport patterns of small pelagic fish requires their coupling to hydrodynamics and lower trophic
level dynamics. The anchovy-IBM, being on-line coupled to the biophysical model provides an
integrated modelling framework to address issues related to the spatial and temporal dynamics of
fish stocks by taking into account the circulation patterns, as well as temperature and plankton fields
within a marine ecosystem.

Technical overview of models used in this region
Hydrodynamic model
A coupled hydrodynamic/biogeochemical model is implemented in the Mediterranean with 1/10 x
1/10 (~10Km) resolution. A higher resolution (1/15o x 1/15o) model is downscaled in the Aegean Sea
(see figure), using open boundary conditions from the basin-scale model. A high-trophic-level (HTL)
model (anchovy-IBM) is implemented in the Aegean.

Mediterranean basin-scale (left) and Aegean Sea (right) model areas.

The hydrodynamic model is based on the Princeton Ocean Model (POM, (Blumberg and Mellor,
1983)), which is a 3-dimensional, primitive equation, free surface and sigma-coordinate circulation
model. POM is a widely spread community model that has been extensively described in the
literature (e.g. Blumberg and Mellor, 1987; Galperin and Mellor, 1990; Mellor and Ezer, 1991) and
has been used in numerous applications (a comprehensive user's guide and an extensive list of
applications can be found at the POM home page:
http://www.aos.princeton.edu/WWWPUBLIC/htdocs.pom).

Lower Trophic level model
The biogeochemical model is based on the European Regional Seas Ecosystem Model (ERSEM),
(Baretta et al., 1995; Petihakis et al. 2002), a generic comprehensive model that has been
successfully implemented across a wide range of coastal and open ocean ecosystems, such as the
North Sea continental shelf (Pätsch and Radach, 1997), the oligotrophic Mediterranean (Petihakis et
al., 2002; Allen et al., 2002) and the Arabian Sea (Blackford and Burkill, 2002), among others. A
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basin-scale Mediterranean coupled model of 10Km resolution is currently operational as part of the
“POSEIDON” forecasting system (www.poseidon.hcmr.gr). ERSEM uses a “functional” group
approach,
where
biotic groups
are
distinguished
not by
species but by
their
functional role
in the
ecosystem
using
size as the
major
characteristic.

Schematic diagram of the ERSEM pelagic model

The pelagic model food web that has been slightly modified from the standard configuration in order
to better represent the Eastern Mediterranean system, consists of 4 phytoplankton groups: diatoms
(20-200μm, silicate consumers), nanoplankton (2-20μm), picoplankton(<2μm) and dinoflagellates
(20-200μm), bacteria and 3 zooplankton groups: heterotrophic nanoflagellates (feeding on bacteria,
picophytoplankton and nanophytoplankton), microzooplankton (feeding on nanophytoplankton,
heterotrophic nanoflagellates, diatoms and dinoflagellates) and mesozooplankton(feeding on
diatoms, dinoflagellates and microzooplankton) The pelagic model variables include also particulate
and dissolved organic matter (produced by the mortality, excretion and lysis of primary and
secondary producers and utilised by bacteria), along with dissolved inorganic nutrients (nitrate,
ammonia, phosphate, silicate). Carbon dynamics are coupled to chemical dynamics of nitrogen and
phosphate, as each group has dynamically varying C/N/P ratios. The uptake of dissolved inorganic
nitrogen and phosphorus by phytoplankton is regulated based on the difference between internal
and external nutrient pools, following a Droop kinetics formulation (Droop, 1974) to describe
nutrient limitation, allowing for luxury uptake. Since there is no internal storage of silicate, the
diatoms growth is further regulated by a Michaelis-Menten function of the external availability of
dissolved silica. As a closure term for mesozooplankton, a sigmoid density-dependent loss function
(Edwards and Yool, 2000) is adopted, parameterising top-predator mortality. Finally the benthicpelagic coupling is described by a simple ﬁrst order benthic return module, which includes the
settling of organic detritus into the benthos and diﬀusional nutrient ﬂuxes into and out of the
sediment.
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Higher trophic level models
The High Trophic Level (HTL) model that is implemented in the Aegean Sea is a full life cycle
(including all life stages from eggs to adults) individual-based (IBM) model for small pelagic species
(anchovy). The anchovy-IBM is on-line coupled to the Aegean LTL biogeochemical/hydrodynamic
model (1/15o x 1/15o) that provides the ocean currents, temperature and zooplankton as input. For
the representation of the entire fish population, the notion of the super-individuals (Scheffer et al.,
1995) is used. Each SI refers to a fish population or a “fish school” that shares the same attributes in
terms of growth, mortality, movement, reproduction etc.
A bioenergetics model (Politikos et al., 2011; Rose et al., 2007) is used to describe the anchovy
growth, taking account of the most important processes (consumption, respiration, excretion,
egestion, specific dynamic action, egg production), while the anchovy population dynamics are
controlled by natural, starvation and fishing mortality.
A Lagrangian model is used to simulate the anchovy SIs horizontal position based on movement
rules that take into account of several factors such as the ocean currents, food availability,
bathymetry and fish swimming speed. Since anchovy full life cycle is characterized by significant
ontogenetic differences and behaviours, the SI is categorized into the following stages: embryonic,
early larval stage, late larval stage, juvenile stage (age-0), adult stage (age-1), adult stage (age-2) and
adult stage (age-3). SIs that belong at the same life stage have identical characteristics in terms of
feeding preferences, mortalities and movement strategies.
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Main behavioural, feeding and population characteristics of the anchovy full life cycle.

Data Assimilation
The data assimilation biogeochemical data, will be based on the SEEK (Singular evolutive Extended
Kalman) filter approach. The models described here consider the SEEK filter and two of its variants,
the Singular Fixed Extended Kalman (SFEK) filter, assuming persistence of the error sub-space with
time, and its Ensemble version, the Singular Extended Interpolated Kalman (SEIK) filter, in which the
linearization used in the SEEK filter is replaced by linear interpolation (Triantafyllou et al., 2003).
Here, we briefly present the SEEK filter, adopting a notation proposed by (Ide et al., 1997). Full
details

Forcing and Boundary Conditions
Atmospheric Forcing
The atmospheric forcing for the hindcast simulation of the HCMR Mediterranean coupled
hydrodynamic/biogeochemical model was obtained from the regional climate model HIRHAM5
simulation (further details). The atmospheric forcing has been compared against ERA40 re-analysis
forcing over 1990-1999 period and net heat/fresh water budget estimates in the Mediterranean.
Boundary conditions
The Dardanelles water exchange is parameterized through a two-layer open boundary condition
(Nittis et al., 2006) with prescribed water inflow/outflow and salinity, adopting climatological data of
seasonally varying water inflow and dissolved inorganic nutrients (Tugrul et al., 2002) and annual
mean organic matter and ammonium concentrations (Polat et al., 1996; 1997). Average alkalinity
and dissolved inorganic carbon concentration of the inflowing BSW was adopted from CopinMontegut (1993).
Along the western open boundary near Gibraltar strait, the following boundary conditions are used:
•
•
•
•

Flather (1976) boundary condition, for the integrated (barotropic) velocity.
Sommerfeld radiation condition, for Baroclinic velocities.
Zero-gradient condition for free-surface elevation.
Upstream advection scheme for tracers (Temperature, Salinity, biogeochemical variables),
during outflow. During inflow, temperature and salinity are prescribed from MODB seasonal
climatology. Inorganic nutrients (phosphate, nitrate, silicate) are obtained from MEDATLAS
climatology, while total alkalinity and dissolved inorganic carbon are obtained from GLODAP
annual climatology.

For full details on models used in this region please refer to http://marineopec.eu/downloads/OPEC_D2.4.pdf
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