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Abstract: The Project ICME (Integrated Coastal Monitoring of Environmental Problems in Sea Region and the Ways of Their 
Solution) aims at developing innovative tools for the monitoring and management of sea regions with pilot 
implementation in four countries (Greece, Georgia, Armenia and Turkey). In Greece, the study is focused on 
Thermaikos Gulf area with a two-fold target: the design and implementation of an environmental monitoring program 
in the coastal and sea area of the Gulf, on one hand, and the development of an operational modeling and management 
platform of the area, on the other hand. The monitoring phase includes monthly and bi-monthly campaigns in 15 
sampling stations located in the coastal and sea area of Thermaikos Gulf for the determination and monitoring of the 
environmental status of the study area. The modeling phase includes the development and coupling of a 
meteorological model (WRF ) with a hydrodynamic model (ELCOM) through a web-GIS Platform, for the creation of 
an operational tool capable of forecasting the conditions in the Gulf and the results and impacts of various scenarios at 
real time mode. 
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1. INTRODUCTION 

This study presents the Project ICME and its implementation in the Inner Thermaikos Gulf area. 
In particular the Project ICME (Integrated Coastal Monitoring of Environmental Problems in 
SeaRegion and the Ways of Their Solution) aims at developing innovative tools for the monitoring 
and management of sea regions, with pilot implementation in four countries (Greece, Georgia, 
Armenia and Turkey), with Thermaikos Gulf being the study area in Greece. The Project has a two-
fold target: the design and implementation of an environmental monitoring program in the coastal 
and sea area of the Gulf, on one hand, and the development of an operational modeling and 
management platform of the area, on the other.  

This study is a presentation of the pilot implementation of the project’s targets in the area of 
Thermaikos Gulf. 

2. MATERIALS AND METHODS 

2.1 Study area description 

The study area of the Project ICME is the Inner Thermaikos Gulf in Northern Greece. 
Thermaikos Gulf is the biggest gulf of the Aegean Sea, with a width ranging from 5 km (inner part 
near Thessaloniki) to 50 km (at its southern-most part). A number of rivers discharge in the Gulf, 
including Axios, Aliakmon, Loudias and Gallikos River. Human activities in the coastal and sea 
areas of the Gulf include agriculture, farming, industry, tourism, fisheries and aquaculture (mainly 
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mussel farming). 

2.2 Environmental monitoring program 

For the better environmental monitoring of the study area, two monitoring systems were 
designed and deployed in the area. The first at the coastal zone of the Gulf and the second at the 
offshore environment of Thermaikos Gulf. The two systems complement each other and provide a 
complete and detailed data collection grid for the survey of the current environmental status of 
Thermaikos Gulf. These systems are described in the following chapters. 

2.2.1 Coastal area monitoring system 

The coastal monitoring system consists of seven (7) monitoring sites in the study area, covering 
the entire area of Thessaloniki Gulf, from Aggelochori village to the East (CMS1), to Kalochori 
village to the West (CMS7) (Figure 1). The selection of the monitoring sites guarantees the proper 
investigation of the various anthropogenic and natural conditions in the area. 

 

Figure 1. Coastal area monitoring sites. 

Monthly monitoring campaigns are conducted in the coastal monitoring system, with in situ 
measurements of water temperature, conductivity, dissolved oxygen, pH, total dissolved solids and 
salinity. 

2.2.2 Offshore monitoring system 

The second monitoring system consists of seven (7) monitoring sites in the offshore part of 
Thessaloniki Gulf and Inner Thermaikos Gulf, of which five (5) are located in the open sea, while 
the other two (2) are located at the main discharges into the Gulf (Figure 2). 

The offshore monitoring system includes bi-monthly monitoring expeditions in the sites, with in 
situ measurements of temperature and conductivity throughout the water column using a CTD, total 
dissolved solids, pH, and dissolved oxygen and collection of water samples for the determination of 
chlorophyll-a concentration. 
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Figure 2. Offshore monitoring sites 

2.3 Environmental modeling program 

The main components of the environmental modeling program are presented in Figure 3 and are 
described in the following chapters. 

 

Figure 3. Structure of the operational modeling system. 

2.3.1 WRF meteorological modeling 

The meteorological component of the operational modeling system developed for the simulation 
of hydrodynamic conditions in Thermaikos Gulf is based on the state-of-the-art numerical weather 
prediction (NWP) Weather Research and Forecasting (WRF) model, version 3.5.1 (Skamarock et 
al., 2008). The operational implementation of WRF is carried out on a three one-way nested 
modeling domains (Figure 4) with horizontal grid resolutions of 18 km (DO1; mesh size of 
100x90), 3 km (DO2; mesh size of 85x85) and 500 m (DO3; mesh size of 103x103). The outermost 
DO1 domain is used for simulating large-scale atmospheric circulation, while the inner DO2 
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domain is used for representing regional meteorology. The innermost DO3 domain focuses on the 
study area. 

 

Figure 4. The WRF domains used in the operational modeling system. 

For the parameterization of shortwave and longwave radiation, the Dudhia (Dudhia, 1989) and 
RRTM (Mlawer et al., 1997) schemes are used, respectively. Mirco-physic processes are 
parameterized with the Thompson scheme (Thompson et al., 2008), while the Mellor-Yamada-
Janjic (Janjic, 1994) parameterization is employed for the planetary boundary layer. Convection is 
parameterized only for DO1 domain, using the Kain-Fritsch scheme (Kain, 2004). 

Each day, WRF is initialized using the 0.5ox0.5o spatial resolution and 6 h temporal resolution 
operational atmospheric surface and upper-level data, provided by the Global Forecast System 
(GFS) of the National Centre for Environmental Predictions (NCEP). High-resolution sea-surface 
temperature (SST) analyses, obtained from NCEP, are also used during the initialization. The 
duration of the WRF simulations is set to 84 h, allowing for a 12 h warm-up period and a 72 h 
forecast period. Model data are provided at hourly intervals. 

2.3.2 ELCOM hydrodynamic modeling 

The hydrodynamic modeling of Thermaikos Gulf was conducted using the Estuary and Lake 
Computer Model (ELCOM), a three-dimensional numerical model developed by the Centre for 
Water Research at the University of Western Australia (Hodges and Dallimore, 2001). This model 
has mostly been used to simulate the hydrodynamics of lakes and reservoirs, but it has also been 
applied for the modeling of buoyancy fluxes and geophysical flows in large-scale enclosed basins, 
estuaries and coastal seas, as the Persian Gulf (Alosairi et al., 2011), Northern Adriatic Sea 
(Spillman et al., 2007) and the Red Sea (Barry et al., 2009). In North Aegean Sea, Kamidis et al. 
(2011) has successfully validated the ELCOM-produced transport and diffusion of Nestos River 
plume water with field datasets. Further, Sylaios et al. (2013) utilized the above model-validated 
results to assess the along- and cross-shore circulation and the stratification-destratification 
processes in the shallow and elongated Thassos Passage (Thracian Sea). 

ELCOM solves the Reynolds-Averaged Navier Stokes equations, using both the hydrostatic and 
the Boussinesq approximations by applying a semi-implicit formulation on an Arakawa-C grid 
stencil (Hodges, 2000). Horizontal grid spacing is fixed, whereas the vertical spacing may vary as a 
function of depth, but should remain horizontally uniform. Free-surface evolution in each grid cell’s 
column is solved through the vertical integration of the conservation of mass equation for 
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incompressible flow, applied to the kinematic boundary condition. An adapted TRIM numerical 
scheme is followed (Casulli and Cheng, 1992), with modifications for scalar conservation, 
numerical diffusion, and implementation of a mixed-layer turbulence closure (Hodges et al., 2000). 
Convective terms are calculated with a third order Euler–Lagrange scheme (Hodges, 2000; Wadzuk 
and Hodges, 2003), while the ULTIMATE-QUICKEST scheme is used for the advection of scalars. 
The model produces the dynamics of stratified water bodies with external environmental forcing, 
such as tidal forcing, wind stresses, surface thermal forcing as well as inflows and outflows 
(Hodges and Dallimore, 2001) and seems appropriate for the modelling of Thermaikos Gulf. Heat 
exchange through the water’s surface is governed by standard bulk transfer models corrected for 
non-neutral atmospheric stability effects (Imberger and Patterson, 1990). The model adopts a 
unique mixed-layer model for computing the vertical mixing of momentum and scalars (Laval et al., 
2003) that is particularly proper for stratified water bodies. 

The model domain extends from 39.8o N to 40.6o N and from 22.5o E to 23.4o E, thus covering 
both the inner and outer parts of Thermaikos Gulf. Bottom bathymetry was digitized in a 
Geographic Information System (MapInfo v10.0), to develop a Digital Elevation Model (DEM) 
from the Hellenic Navy 1:200,000 bathymetric chart. Model’s computational grid was developed 
using a spatial mapping tool (Vertical Mapper for MapInfo) and the application of linear 
triangulation interpolation. The modeled area was discretized into a uniform high resolution 
horizontal grid consisting of 500m × 500m orthogonal cells (153×144 cells), allowing the accurate 
representation of area’s complex bathymetry and topography. The water column at each horizontal 
cell was divided into 16 exponentially stretched layers, thus producing in total 352,512 rectangular 
finite-volumes in the computational domain. Surface layers were thinner (1.5 m), with thickness 
increasing gradually towards the bottom layers, reaching 82 m depth. Vertical configuration was 
consistent to that of myOcean platform, providing daily initial and boundary conditions for the 
operational modeling. A Python computational algorithm (ver. 2.7.6) was developed for the 
operational coupling of the meteorological and hydrodynamic model. Initial conditions of water 
temperature and salinity are provided daily by the myOcean platform at 7 km × 7 km grid cells. 
These netCDF files are automatically transformed into simple ASCII files and a krigging spatial 
interpolation algorithm is followed to assign this information to the hydrodynamic model grid. 
Similarly, at the southern grid boundary (39.94οΝ, 22.72οΕ to 39.94οΝ, 23.37οΕ), the myOcean 
netCDF datasets are automatically downloaded containing daily values for each depth-layer in 
parameters as water temperature, salinity, horizontal velocity and sea-surface height. The 
forecasting model OGCM is used to obtain daily and over the period of the following 5 days the 
above datasets. This routine is fully automated using a series of batch files and Matlab algorithms. 
The process is graphically described in Figure 5. 

 

Figure 5. The modeling process of the operational system. 
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2.3.3 Web-GIS integration  

A web-GIS application is being developed for the integration and the operational function of the 
modeling processes. The application is based on open and modular architecture with the use of 
relational database management systems and a user-friendly interface for the interaction with the 
users (Figure 6). 

A number of software and techniques are used for the development of the web-GIS application, 
which includes PostgreSQL, PostGIS, GeoServer, GeoWebCache and GET-SDI Portal. In general, 
the application consists of a main dynamic map, a left menu panel and a toolbox at the top, a layout 
that offers a versatile way for the user to interact with the models. 

 

Figure 6. The web-GIS interface of the operational system. 

3. RESULTS AND DISCUSSION 

3.1 Results from the environmental monitoring program 

The implementation of the two monitoring networks started in August 2014 and was concluded 
in October 2015, covering a period of over a year. In total, 13 monitoring campaigns in the coastal 
monitoring program and 7 campaigns in the sea monitoring program were conducted and 14 
parameters were investigated (Temperature, Dissolved Oxygen, pH, Conductivity, Salinity, ORP, 
Total Dissolved Solids, Chlorophyll-a, NO2

-, NO3
-, NH4

+, PO4
3-, Total Organic Carbon, Fats and 

Oils). 
The monitoring program produced field data of the current environmental status of Thermaikos 

Gulf and their analysis provided time series and water column profiles of nutrients concentrations 
and physicochemical parameters in the monitoring sites. 

The analysis of the field data obtained by the monitoring program and their comparison with 
historical data and studies revealed that in general, during the last 20 years, NO3

- concentrations do 
not present significant temporal and spatial variations in the study area. Further, NH4

+ 
concentrations are at the same levels with previous measurements in the area (Gotsis-Skretas and 
Friligos, 1990), while P-PO4

3- concentrations are at the same levels with other similar areas, like 
Pagasitikos Gulf (Michalopoulou et al., 1988), North and South Euboean Gulf (Friligos, 1985). 
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Figure 7. Time series of T and DO concentrations in the coastal area monitoring sites. 

  

Figure 8. Time series of PO4
3-, SiO4

4-, NO3
-, NO2

- concentrations at indicative Monitoring Sites of Thermaikos 
Gulf. 

3.2 Results from the operational modeling program 

During the operational phase of the modeling process, the two models (the WRF meteorological 
model and the ELCOM hydrodynamic model) provide a 3-day forecast and simulation with an hour 
time step for the following parameters: air temperature, wind (speed and direction), sea water 
temperature, currents (speed and direction), water density, salinity, sea-level height. 

The following Figure 9 presents indicative results of the model and the way in which they 
presented in the Web-GIS platform. In particular, distribution of sea surface currents speed, sea 
surface density, sea surface salinity and sea surface temperature are depicted in the respecting 
figures. 

  

    
Distribution of sea surface currents (speed and 

direction) 
 Distribution of sea surface density.  
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Distribution of sea surface salinity  Distribution of sea surface temperature  

Figure 9. Indicative modeling results  

Due to its operational characteristics, the modeling system which was designed, developed and 
implemented in the framework of the ICME Project in Inner Thermaikos Gulf, is a powerful and 
versatile tool that can significantly attribute to the integrated environmental management of the 
area. 
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