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Introduction
This report presents a description of the physical and biogeochemical properties of the
Adriatic and Ionian basins provided by a multidecadal reanalysis of the Mediterranean
Sea. In particular, the present report describes the coupled physical-biogeochemical
reanalysis modeling system and focuses on the physical (i.e., hydrodynamic) aspects,
while the biogeochemical properties are presented in the companion report D 4.2.1. The
analysis is based on the Copernicus physical and biogeochemical reanalysis, which
covers the period 1999-2018. Data have a spatial resolution of 1/16o, while the vertical
discretization consists of 72 unevenly-spaced vertical levels (i.e., 3-5 m thick levels in the
first 50 m; ~10 m at 100-150 m depth and 20-50 m between 200 and 2000 m). The data
processed in the present report are available from the Copernicus Marine Environment
Monitoring Service (hereafter CMEMS, http://marine.copernicus.eu/). CMEMS provides
regular and systematic core reference information on the state of the physical and
biogeochemical properties of the oceans and European regional seas. It is part of the EU
COPERNICUS program finalized to establish an European capacity for the Earth
Observation and Monitoring. Mediterranean reanalysis data are provided by the
Mediterranean component of CMEMS (Med-MFC), which is an expert Centre for the
ocean analyses and forecasts for the Mediterranean Sea composed by OGS
(www.inogs.it), CMCC (www.cmcc.it) and HCMR (https://www.hcmr.gr/en/).
Data and figures of the present deliverable have been, respectively, reprocessed and
generated specifically for the Adriatic and Ionian basins, using original CMEMS raw data
downloaded from http://marine.copernicus.eu/services-portfolio/access-to-products/.
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The Copernicus reanalysis modeling system

The reanalysis of the physical-biogeochemical state of the Mediterranean Sea includes:
•

daily and monthly 2D fields of sea surface height and 3D fields of temperature,
salinity, meridional and zonal component of the currents, which covers the period
1987-2018

•

3D monthly fields of chlorophyll-a, nitrate (NO3), phosphate (PO4), dissolved
oxygen, phytoplankton carbon biomass, pCO2, alkalinity, pH and net primary
production, which covers the period 1999-2018

All these data have a horizontal resolution of 1/16° (ca. 6-7 km), which satisfies the
requirements of the other FAIRSEA project WPs relying on hydrodynamic and
biogeochemical output fields. In fact, this issue has been discussed among the partners,
which agreed on such a level of detail. As regards the vertical discretization, the model
domain features 72 unevenly-spaced vertical levels. The depths considered in the data
are (from surface to the bottom, in meters): 1.5, 4.6, 7.9, 11.6, 15.4,19.6333, 24.1, 28.9,
34.1, 39.7, 45.7, 52.1, 59.0, 66.4, 74.3, 82.8, 92, 101.7, 112.2, 123.4, 135.4, 148.3, 162.1,
176.8, 192.6, 209.4, 227.5, 246.8, 267.5, 289.6, 313.3, 338.6, 365.6, 394.5, 425.4, 458.5,
493.8, 531.6, 571.9, 615.1, 661.1, 710.3, 762.8, 818.9, 878.9, 942.8, 1011.2, 1084.1,
1161.9, 1245, 1333.6, 1428.2, 1529.1, 1636.6, 1751.3, 1873.5, 2003.8, 2142.7, 2290.6,
2448.2, 2615.9, 2794.6, 2984.7, 3186.9, 3402.1, 3630.7, 3873.8, 4132.1, 4406.5, 4697.7,
5006.8, 5334.648.
The physical reanalysis data are produced by the Mediterranean Forecasting System
(MFS), which is based on the hydrodynamic model NEMO (Nucleous for European
Modelling of the Ocean). MFS includes a variational data assimilation scheme
(OceanVAR) for the vertical profiles of temperature and salinity, and for satellite Sea Level
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Anomaly. The physical component of the Mediterranean Reanalysis is provided by the
CMCC team and it is described in the physical Quality Information Document (QUID):
http://marine.copernicus.eu/documents/QUID/CMEMS-MED-QUID-006-004.pdf
The biogeochemical data are produced by the MedBFM1 modeling system. MedBFM1
includes the 3DVAR-BIOv2.1 assimilation module, based on ocean color satellite data,
for the correction of phytoplankton functional type variables, the transport model
OGSTMv2.0 and the biogeochemical reactor Biogeochemical Flux Model BFMv2.1
(Lazzari et al., 2010, 2012, 2016; Teruzzi et al., 2013; Cossarini et al., 2015, and
references therein). The biogeochemical component of the Mediterranean Reanalysis is
provided by the OGS team and it is described in the biogeochemical Quality Information
Document (QUID): http://marine.copernicus.eu/documents/QUID/CMEMS-MED-QUID006-008.pdf

The Mediterranean Physical System

According to the Mediterranean physical documentation (QUID), the physical (i.e.,
hydrodynamic) component of the Mediterranean reanalysis is based on the NEMO-OPA
(Nucleus for European Modelling of the Ocean - Ocean Parallelise) version 3.2 and 3.4
(Madec et al 1998). The model uses primitive equations in spherical coordinates with a
domain including the Mediterranean basin (6°W-36.25°E and 30.1875°N-45.9375°N) and
part of the Atlantic Ocean (in order to better resolve the exchanges at the Strait of
Gibraltar). The model uses vertical partial cells to better fit the shape of the bottom and it
is nested in the Atlantic Ocean along the western boundary.
The model is forced by momentum, water and heat fluxes interactively computed by bulk
formulae using the 6-hourly/0.75° ERA-Interim reanalysis fields (Dee et al., 2011),
provided by the European Centre for Medium-Range Weather Forecasts (ECMWF). The
atmospheric variables used are: air temperature at 2 m, dew point temperature at 2 m,
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mean sea level pressure, total cloud cover, and 10 m wind (u and v components). Satellite
SST is used to correct interactively the computed heat flux at the air-sea interface with a
relaxation constant of 60 W/m2K. Water balance is computed as Evaporation minus
Precipitation minus Runoff. The evaporation is derived from latent heat flux data. Runoff
is provided by monthly mean datasets: the Global Runoff Data Centre dataset (Fekete et
al., 1999) for the Ebro, Nile and Rhone and the dataset from Raicich (Raicich,1996) for
the Adriatic rivers (Po, Vjosë, Seman and Bojana). Black Sea is not included in the
domain and the Dardanelles inflow is parameterized as a river input, with net inflow rates
based on Kourafalou and Barbopoulos (2003). Precipitations are derived from the ERAInterim reanalysis (6-hours frequency, 0.75° horizontal resolution).
The data assimilation system is the three-dimensional variational scheme called
OceanVar, set up by Dobricic and Pinardi (2008). The system allows to correct model
fields assimilating satellite sea level anomaly and in situ temperature/salinity profiles
(contained in different datasets such SeaDataNet European infrastructure and MedarMedatlas).
The model has been initialized on the 1st of January 1985 (with initial conditions of
temperature and salinity based on observations starting before 1987) and run until the
31st of December 2018, with the first two years of integration to be considered as a period
of model spin-up.
The QUID document provides also an assessment of the quality of the physical
reanalysis, based on the comparison of model results with observations, climatologies
and literature data. More specifically, for the simulated time-period (Table 1):
•

Sea Surface Temperature (SST): the evolution of SST error with respect to
observations shows a seasonal behavior, with errors increasing in summer with a
mean value of 0.42°C. Its quality might be considered comparable with satellite
optimally interpolated maps (Marullo et al., 2008).
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•

Temperature (T): the error with respect to observations along the water column is,
on average, equal to 0.34°C with a peak of 0.8°C at 30 m. Biases have maximum
positive values down to 150 m depth, where the seasonal thermocline evolves,
while below 150 m the values are negative.

•

Salinity (S): the error with respect to observations is on average equal to 0.09 psu,
with the maximum at the surface (0.3 psu), where the atmospheric and land forcing
play a crucial role. The biases are negative in the upper 400 m and positive below.

SST

MEAN BIAS

0.18 ± 0.25 °C

SST

MEAN RMSD

0.56 ± 0.13 °C

Temperature

MEAN BIAS

-0.02 ± 0.004 °C

Temperature MEAN RMSD

0.34 ± 0.02 °C

Salinity

MEAN BIAS

-0.01 ± 0.003

Salinity

MEAN RMSD

0.09 ± 0.01

Table 1 - Summary of the physical reanalysis performance for different parameters,
over the entire simulated time period

The Mediterranean Biogeochemistry System

According to the QUID biogeochemical documentation, the biogeochemical component
of the Mediterranean reanalysis system is based on the MedBFM1 system, which
includes the 3DVAR-BIOv2.1 assimilation module and the OGSTMv2.0 and BFMv2.1
models (Lazzari et al., 2010, 2012, 2016; Teruzzi et al., 2013; Cossarini et al., 2015, and
references therein).
The OGSTM model is a modified version of the OPA 8.1 transport model (Foujols et al.,
2000), which computes the advection, the vertical diffusion and the sinking terms of the
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tracers (biogeochemical variables). OGSTM is driven by horizontal and vertical current
velocities, vertical eddy diffusivity, potential temperature, salinity, in addition to surface
data for solar shortwave irradiance and wind stress. These forcing fields are provided to
OGSTM by the Med-Physical System.
The features of the biogeochemical reactor BFM (Biogeochemical Flux Model) have been
chosen to target the energy and mass fluxes through both the “classical food chain” and
“microbial food web” pathways (Thingstad and Rassoulzadegan, 1995), and to take into
account co-occurring effects of multi-nutrient interactions. Both these factors are very
important in the Mediterranean Sea, where microbial activity fuels the trophodynamics of
a large part of the system, for much of the year, and both phosphorus and nitrogen can
play limiting roles (Krom et al., 1991; Bethoux et al., 1998). The model presently includes
four plankton functional types (PFTs: diatoms, flagellates, picophytoplankton and
dinoflagellates), carnivorous and omnivorous mesozooplankton, bacteria, heterotrophic
nanoflagellates and microzooplankton. The BFM model describes the biogeochemical
cycles of 4 chemical compounds: carbon, nitrogen, phosphorus and silica through the
dissolved inorganic, living organic and non-living organic compartments. BFM is also
coupled to a carbonate system model (Cossarini et al., 2015), which consists of two
prognostic state variables: alkalinity (ALK) and dissolved inorganic carbon (DIC). DIC
evolution is driven by biological processes (photosynthesis and respiration, and
precipitation and dissolution of CaCO3) and physical processes (exchanges at the air-sea
interface and dilution-concentration due to the evaporation minus precipitation process).
Nitrate and ammonia are considered for the dissolved inorganic nitrogen. The non-living
compartments consists of 3 groups: labile, semilabile and refractory organic matter. The
last two are described in terms of carbon, nitrogen, phosphorus and silicon contents.
The temporal scheme of OGSTM-BFM is an explicit forward-in-time scheme for the
advection and horizontal diffusion terms, whereas an implicit time step is adopted for the

9

vertical diffusion. The sinking term is a vertical flux which acts on a sub-set of the
biogeochemical variables (particulate matter and phytoplankton groups). Sinking velocity
is fixed for particulate matter and it depends on nutrients for two phytoplankton groups
(diatoms and dinoflagellates).
The Med-biogeochemistry system includes the data assimilation of surface chlorophyll
concentration through a variational scheme (3DVAR-BIO, see details on Teruzzi et al.,
2013). The surface chlorophyll concentrations consist of satellite observations produced
by OCTAC based on the ESA-CCI data. The present version of 3DVAR-BIO assimilates
chlorophyll concentration over the whole domain including both open sea and coastal
areas (Teruzzi et al., 2018).
Initial conditions of nitrate, phosphate, silicate and dissolved oxygen for the BFM
biogeochemical model were initialised by using vertical profiles from a retrospective
reanalysis obtained from the MEDAR MEDATLAS 2002 data set (Crise et al., 2003). A
vertical nutrient profile was assigned to each of the eleven regions reported in Crise et al.
(2003). The other biogeochemical state variables were homogeneously initialised in the
photic layer (0–200 m) according to the standard BFM values, while lower values were
adopted for the deeper layers. The initial conditions of the variables of the carbonate
system (dissolved inorganic carbon -DIC- and alkalinity -ALK-) were derived from a
previous run described in Cossarini et al. (2015). Boundary conditions use seasonal
profiles of phosphate, nitrate, silicate, dissolved oxygen derived from climatological
MEDAR-MEDATLAS data measured outside Gibraltar. For ALK and DIC, the Atlantic
buffer profiles are obtained from the recent dataset (e.g. Huertas et al., 2009).
Atmospheric deposition rates of inorganic nitrogen and phosphorus were set according
to Ribera d’Alcalà et al. (2003), with different values for the western (580 Kt N yr−1 and 16
Kt P yr−1) and eastern (558 Kt N yr−1 and 21 Kt P yr−1) sub-basins. Nutrient loads from
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rivers and other coastal nutrient sources were based on the reconstruction of the spatial
and temporal water discharge variability estimated by Ludwig et al. (2009).
The model has been initialized on the 1st of January 1995 and four years has been run
without assimilation (spin-up period). The assimilation of the available satellite data
started in January 1st 1999, thus the official CMEMS products are available since that
date.
The QUID document provides also an assessment of the quality of the biogeochemical
reanalysis based on the comparison with independent data (observational in-situ
datasets), semi-independent data (satellite datasets) and literature estimates (more
details in deliverable D 4.2.1).

Physical characteristics of the Adriatic Sea and northern Ionian Sea
(GSA 17-18-19)
Data and methods

In this section we analyze the spatial patterns and temporal variability of the thermohaline
properties and ocean currents in the Adriatic and Ionian basins. We consider annual and
seasonal averages computed over the period 1999-2018. All the data elaborated in the
present

report

have

been

downloaded

from

the

Copernicus

portal

(http://marine.copernicus.eu/) using an ad-hoc account created specifically for the
FAIRSEA project by ASSAM (Agency for Agrofood Sector Services of Marche Region),
username: fperretta
We define the winter season as the period encompassing January-February-March
(JFM), spring as the period encompassing April-May-June (AMJ), summer as the period
encompassing July-August-September (JAS), fall as the period encompassing OctoberNovember-December (OND). The temporal averages have been computed for the four
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seasons and considering the following vertical averaged levels: 0-50 m, 50-100 m, 100200 m, 200-500 m and 500-800 m.

Temperature

Fig.1 shows the mean annual temperature computed at the five aforementioned depths,
while the corresponding seasonal averages are shown in Figs. 2, 3, 4 and 5.
The distribution of the surface temperature (0-50 m) clearly reflects the north-south
gradient that characterizes the distribution of temperature in the Mediterranean Sea and
the effects of the air-sea interaction and wind patterns over the domain, with higher
temperatures observed over the Ionian (i.e., at least 3-4°C warmer with respect to the
northern Adriatic). This gradient is even stronger in JFM due to the Bora wind blowing
over the shallow northern Adriatic, which causes severe surface cooling. The opposite
situation is observed in JAS, when the surface temperature in the northern Adriatic has
similar values to those observed in the Ionian. This is probably an effect of the relatively
shallow bathymetry of the area that, in presence of strong solar insolation, tends to favour
the stratification and higher temperatures at the surface.
The observed gradient tends to become weaker moving downwards along the water
column due to a less effective influence of the air-sea interactions and wind patterns and
due to the presence (below 200 m) of the Levantine Intermediate water, which has similar
values of temperature and salinity in the southern Adriatic and northern Ionian Seas.
Colder temperatures values are observed in the central part of the central and southern
Adriatic basins with respect to their coastal areas. This pattern delineates the cyclonic
circulation of the southern/central Adriatic Pits, characterized by mixing along the water
column and the uplifting of the isopycnals in the central part of the gyres.
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Figure 1 - Mean temperature (T, °C) for the period 1999-2018 in the layers between 0-50 m, 50-100 m, 100-200
m, 200-500 m and 500-800 m

Figure 2 - Same as Fig. 1, but for January-February-March (JFM)
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Figure 3 - Same as Fig. 2, but for April-May-June (AMJ)

Figure 4 - Same as Fig. 3, but for July-August-September (JAS)
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Figure 5 - Same as Fig. 4, but for October-November-December (OND)

Bottom temperature

Fig. 6 shows the mean annual and seasonal temperature at the bottom of the water
column for the Adriatic and Ionian basins. The bottom temperature is defined as the
temperature of the last water cell along the water column for each horizontal gridpoint.
The distribution of temperature follows the bathymetry of the domain, with relatively
warmer values along the coast of the Adriatic Sea and the northern Adriatic, and colder
values in the southern Adriatic and Ionian Sea. In JFM there is a clear cold water signal
in the northern Adriatic associated with shelf processes driving the deep water formation
in the northern part of the basin. On the other hand, the same area in JAS and OND is
characterized by warmer bottom temperatures due to the relatively shallow depth of the
area.
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Figure 6 - Mean and mean seasonal temperature (T, °C) at the bottom in the period 1999-2018

Historical timeseries of temperature

Fig. 7 shows the monthly time series of temperature at 0-50 m, 50-100 m, 100-200 m,
200-500 m and 500-800 m in the three sub-areas of the Adriatic-Ionian basins identified
as GSA 17 (ADR1), 18 (ADR2) and 19 (ION), also in their inshore (Fig. 8) and offshore
zones (Fig. 9), respectively. Inshore and offshore zones are delimited by the 200 m
isobath. At the surface, the three sub-areas show a similar inter-monthly and inter-annual
variability, with higher values of temperature in the Ionian with respect to both the Adriatic
sub-areas (GSA 17 and 18). Below 100 m the time series of temperature in the two sub-
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areas of the Adriatic Sea show a similar interannual and seasonal variability, driven by
the same ocean (Levantine Intermediate water) and atmospheric forcings (such as wind
stress and heat fluxes), with the water in GSA 18 slightly warmer with respect to GSA 17.
Comparing the inshore and offshores zones of the three sub-areas, temperature shows
similar inter-annual and seasonal variability, while the same signal tends to fade with
depth, due to the less effective action of the atmospheric forcings.

Figure 7 - Monthly timeseries of Temperature (T, oC) over three sub-areas of the Adriatic-Ionian Seas (ADR1:
blue, ADR2: red and IONIAN: green) in the in the period 1999-2018
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Figure 8 - Monthly timeseries of Temperature (T, oC) in the three inshore (depth less than 200 m) zones of the
Adriatic-Ionian Seas (ADR1: blue, ADR2: red and IONIAN: green) in the in the period 1999-2018
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Figure 9 - Monthly timeseries of Temperature (T, oC) in the three offshore (deeper than 200 m) zones of the
Adriatic-Ionian Sea (ADR1: blue, ADR2: red and IONIAN: green) in the in the period 1999-2018

Salinity

Fig. 10 shows the mean annual salinity computed at the five aforementioned depths, while
the corresponding seasonal averages are shown Figs. 11, 12, 13 and 14. The distribution
of surface salinity (0-50 m) reflects the impact on the coastal areas of the freshwater
discharge of the Po, the other northern Adriatic rivers and the Albanian rivers. The
presence of relatively fresh Atlantic water, which flows through the strait of Sicily into the
Ionian Sea, is also noticeable. The Adriatic Sea tends to be fresher with respect to the
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Ionian due to the mixing of surface water, influenced by river runoff, with the saltier
Levantine Intermediate water. These differences in term of salinity distribution between
the Adriatic and Ionian Seas tend to fade moving downwards along the water column,
due to predominant presence (below 200 m) of the Levantine Intermediate water.

Figure 10 - Mean salinity (S) for the period 1999-2018 in the layers between 0-50 m, 50-100 m, 100-200 m, 200500 m and 500-800 m
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Figure 11 - Same as Fig. 10, but for JFM

Figure 12 - Same as Fig. 11, but for AMJ
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Figure 13 - Same as Fig. 12, but for JAS

Figure 14 - Same as Fig. 13, but for OND
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Historical timeseries of salinity

Fig. 15 shows the monthly timeseries of mean salinity in the layers 0-50 m, 50-100 m,
100-200 m, 200-500 m and 500-800 m in the three sub-areas of the Adriatic-Ionian
domain, also in their inshore (Fig. 16) and offshore zones (Fig. 17), respectively. At the
surface layer, the three areas show similar variability on seasonal and inter-annual scale.
On the other hand, the behavior of salinity in the Adriatic Sea appears to be delayed with
respect to the Ionian probably due to the advection mechanism acting between the two
basins and involving the water at the surface.
A steady increase after 2010 (with a quite evident peak between 2012 and 2016) can be
recognizable in the sub-surface layers of the three sub-areas of the Adriatic-Ionian
domain. This behavior is similar to the one observed previously at the surface.
Finally it is worthwhile to observe a rather opposite behavior between the Adriatic and
Ionian basins after 2016 in the surface offshore areas, which is probably associated with
the variability of the position of Modified Atlantic Water in the northern Ionian basin (Reale
et al., 2016, 2017).
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Figure 15 - Monthly timeseries of salinity (S) over three sub-areas of the Adriatic-Ionian Seas (ADR1: blue,
ADR2: red and IONIAN: green) in the in the period 1999-2018
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Figure 16 - Monthly timeseries of salinity (S) in the three inshore (depth less than 200 m) zones of the
Adriatic-Ionian Seas (ADR1: blue, ADR2: red and IONIAN: green) in the period 1999-2018
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Figure 17 - Monthly timeseries of salinity (S) in the three offshore (deeper than 200 m) zones of the AdriaticIonian Sea (ADR1: blue, ADR2: red and IONIAN: green) in the period 1999-2018

Connectivity: current streamlines and velocity intensity

Fig. 18 shows the mean annual kinetic energy (KE) and the streamlines of the velocity
field at the five aforementioned depths, while the corresponding seasonal averages are
shown Figs.19 ,20 ,21 and 22. KE is computed as the sum of the square meridional (U)
and zonal (V) velocity components. The streamlines are defined as curves which are
instantaneously tangent to the velocity vector of the current field. These two variables can
be used as a proxy of the connectivity between different sites, by identifying areas joined
by streamlines with high KE values.
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The streamlines and KE show the existence of some strong features of the circulation in
the three sub-areas of the Adriatic-Ionian domain. More specifically, it is possible to
observe the intense cyclonic circulation of the middle/southern Adriatic Pits, the intense
northern Ionian Gyre and mid-Ionian Jet, the velocity field connecting at different depths
northern and southern Adriatic and southern Adriatic and Ionian Sea through the Strait of
Otranto. Still it is possible to observe the intense currents along the Italian Adriatic coast,
associated with a transport of relatively fresher waters from the northern Adriatic toward
the Otranto Strait (Western Adriatic Current - WAC). These structures are permanent
features of the Adriatic-Ionian domain associated with the bathymetry and atmospheric
forcing acting on the area. They tend to be more intense in winter and fall, when the wind
patterns blowing over the basin and heat losses are stronger.

Figure 18 - Mean kinetic energy (KE, filled contours, m2/s2) and streamlines (red) in the period 1999-2018 in
the layers between 0-50 m, 50-100 m, 100-200 m, 200-500 m and 500-800 m
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Figure 19 - Same as Fig.18, but for JFM

Figure 20 - Same as Fig.19, but for AMJ
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Figure 21 - Same as Fig.20, but for JAS

Figure 22 - Same as Fig.21, but for OND
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Dataset and file format of physical variables
The original data downloaded from the CMEMS portal have been processed as described
in the previous sections. The resulting statistics have been organized in NetCDF (Network
Common Data Form) files for the specific implementation of the integrated platform of
WP4. The chosen standard (NetCDF) allows for a widespread use of the results in all
FAIRSEA work packages. In fact, NetCDF files are self-describing (i.e., they include
information about the data they contain), architecture-independent (i.e., they can be
accessed by computers characterized by different ways of storing integers, characters,
and floating-point numbers), appendable (i.e., data can be easily appended to a NetCDF
dataset) and sharable (i.e., multiple users can simultaneously access the same NetCDF
file). NetCDF data can be browsed and analyzed through a number of software tools, like
NCO, IDL, MATLAB, PYTHON, cdo and ncl.
In the dataset some files are named as average_X.nc where X can be the Zonal (U) or
Meridional (V) component of speed, Temperature (T) or Salinity (S). Each file contains
the 3D annual (mean) and seasonal (mean_JFM, mean_AMJ, mean_JAS and
mean_OND) averages and the 2D annual and seasonal averages for X between 0-50 m
(for example mean_0m_50m), between 50-100 m (for example mean_JFM_50m_100m),
between 100-200 m (for example mean_AMJ_100m_200m) between 200-500 m (for
example

mean_AMJ_200m_500m)

and

between

500-800

m

(for

example

mean_AMJ_500m_800m). Each file has a size of 75 MB. Table 2 shows the dimensions
and variables included in the NetCDF files.
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Dimensions

VARIABLES

lon=144

NAME

DIMENSIONS

TYPE

lat=176

Lon

lon

Float32

depth=72

Lat

lat

Float32

Depth

depth

Float32

mean

depth,lat,lon

double

mean_0m_50m

lat,lon

double

mean_50m_100m

lat,lon

double

mean_100m_200m

lat,lon

double

mean_200m_500m

lat,lon

double

mean_500m_800m

lat,lon

double

mean_JFM

depth,lat,lon

double

mean_JFM_0m_50m

lat,lon

double

mean_JFM_50m_100m

lat,lon

double

mean_JFM_100m_200m

lat,lon

double

mean_JFM_200m_500m

lat,lon

double

mean_JFM_500m_800m

lat,lon

double

mean_AMJ

depth,lat,lon

double

mean_AMJ_0m_50m

lat,lon

double

mean_AMJ_50m_100m

lat,lon

double

mean_AMJ_100m_200m

lat,lon

double

mean_AMJ_200m_500m

lat,lon

double

mean_AMJ_500m_800m

lat,lon

double

mean_JAS

depth,lat,lon

double

mean_JAS_0m_50m

lat,lon

double

mean_JAS_50m_100m

lat,lon

double

mean_JAS_100m_200m

lat,lon

double

mean_JAS_200m_500m

lat,lon

double

mean_JAS_500m_800m

lat,lon

double

mean_OND

depth,lat,lon

double

mean_OND_0m_50m

lat,lon

double

mean_OND_50m_100m

lat,lon

double

mean_OND_100m_200m

lat,lon

double

mean_OND_200m_500m

lat,lon

double

mean_OND_500m_800m

lat,lon

double

Table 2 - Dimensions and variables included in the NetCDF files
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The dataset consists also of files named average_Xbottom.nc where X can be the Zonal
(U) or Meridional (U) component of speed, Temperature (T) or Salinity (S) at the bottom.
Each file contains the 2D annual and seasonal averages for X at the bottom (for example
mean_JAS). Each file has a size of 1 MB. Table 3 shows the dimensions and variables
included in these NetCDF files.

Dimensions VARIABLES
lon=144

NAME

DIMENSIONS TYPE

lat=176

Lon

lon

Float32

Lat

lat

Float32

mean

lat,lon

double

mean_JFM

lat,lon

double

mean_AMJ

lat,lon

double

mean_JAS

lat,lon

double

mean_OND lat,lon

double

Table 3 - Dimensions and variables included in the NetCDF files
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