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Abstract

A complete operational oceanographic forecasting and observing system has been developed in Cyprus, covering the coastal and open deep sea areas around Cyprus and the Levantine Basin, and has been operational since early 2002. The system is called CYCOFOS-Cyprus Coastal Ocean Forecasting and Observing System and integrates the main features, which are required in GOOS, EuroGOOS and MedGOOS design. CYCOFOS is a result of several years of oceanographic research activities carried out in the framework of EU projects such as the MFSPP, MAMA and MedGLOSS. The CYCOFOS at present consists of several modules that provide regular NRT oceanographic information, both to local and sub-regional end users in the Levantine Basin. 

Introduction

The sustainable development of the coastal and offshore sea regions of the Mediterranean and the marine economic activities depends crucially on the scientific knowledge of the marine system variability, particularly on our capability to monitor and forecast at the relevant space and NRT (near real time) scales. 

The challenge of sustainable development of coastal and ocean related economic activities has been addressed in several international fora. In the Agenda 21 of the United Nations Conference on Environment and Development in 1992, the establishment of a Global Ocean Observing System (GOOS) is addressed. The design, promotion and implementation of GOOS world-wide was given to the Intergovernmental Oceanographic Commission (IOC) of UNESCO in 1992. Marine monitoring and forecasting systems on global, regional (European) and local scales will play key roles in balancing the relationship between development and the environment. The development of an operational oceanographic monitoring and forecasting system certainly will support a better management of the marine environment, reducing environmental problems that arise from the various economic activities in the marine sector. The R&D of these systems will enable a continued sustainable improvement mitigating the effects of disasters and will benefit the economy, particularly that of the marine sector.

The GOOS consists of the following main operational modules: a) a network of remote sensing in-situ and satellite oceanographic systems to monitor the  marine environment, b) an integrated set of various oceanographic models that will provide NRT coastal and ocean forecasts, and c) a data network that connects the monitoring systems and the models, and provides updated information to oceanographic databases and to end users. 

Following GOOS, the EuroGOOS and the MedGOOS initiatives were established respectively in 1994 and 1999. The EuroGOOS supports the objectives of GOOS at the local and mainly the regional (European) level. In EuroGOOS there is a strong emphasis on the development and application of new and existing technology, which will allow more efficient use of the forecasting, observing and other related tools, with minimum cost and human resources (EuroGOOS 1997). 

Similarly, the objectives of MedGOOS are to link existing operational systems in the Mediterranean and to extend the area of operational oceanographic systems to the whole region. MedGOOS modules will be based on principles similar to the EuroGOOS ones. The development of a regional operational forecasting and observing system for the Mediterranean will contribute to the benefit of local users in all aspects of the marine sector.

In Cyprus, the main oceanographic institution of the country, the Cyprus Oceanographic Centre of the DFMR, undersigned the founded MOU for its participation in the MedGOOS co-operation framework and recently applied also for a EuroGOOS membership. Moreover, along with the Computational Oceanography Group of the University of Cyprus, has participated actively in numerous EU-funded research projects, jointly with other EU and Mediterranean partners, promoting operational oceanography mainly in the Mediterranean area.

Discussion

The promotion of the GOOS, EuroGOOS and MedGOOS, in Cyprus and elsewhere, requires the establishment of an infrastructure for operational oceanography, the participation in European and international activities for the development of common methodologies and tools to be used and applied by all the regional partners, and, finally, the development of derived applications to assist decision makers as well as end users. 

With regards to the infrastructure, the institutions developing/applying the scientific modules for the operational oceanography in Cyprus are : a) the Oceanography Centre at the DFMR-Department of Fisheries and Marine Research, which is the main institution for marine sciences in the country and b) the Computational Oceanography Group of the University of Cyprus. It is of worth to mention that the DFMR is a member of IOC, CIESM, UNEP, ESEAS and a founding member of MedGOOS.
At present, the existing oceanographic infrastructure related to coastal and open deep sea  monitoring and forecasting activities in Cyprus consists of :

1) the CYBO (Cyprus Basin Oceanography) project, a long-term monitoring at coastal and deep sea areas of Cyprus and SE Levantine basins. The CYBO project contributes to the updating of the Mediterranean database, particularly for the Levantine Basin, as was done for the new Medatlas oceanographic database 2002,

2) the Cyprus MedGLOSS coastal stations for long term monitoring on sea level and water temperature, as part of the MedGLOSS and ESEAS networks,

3) the CYCOFOS HRPT ground receiving station, capable of providing regular remote sensing SST at any part of the Eastern Mediterranean Sea, 

4) the CYCOM & CYWAM high resolution flow and offshore wave forecast models in the Levantine, and
5) the MEDSLIK & MEDPOL oil spill and  pollutant-dispersion models for the Levantine Basin.
The development and the promotion of the operational coastal/ocean monitoring and forecasting activities in the Mediterranean and European seas is carried out in the framework of several EU-funded research projects, which include: 

1) MFSPP - Mediterranean Forecasting System Pilot Project, a EuroGOOS activity aiming, among other objectives, at demonstrating the feasibility of establishing an operational ocean forecasting and observing system in the region.  

2) MAMA - Mediterranean network to Assess and upgrade Monitoring and forecasts Activities in the region,  a MedGOOS activity aiming, among other objectives, at establishing a network for preparatory design of an initial observing and forecasting system including all Mediterranean countries, 

3) MFSTEP - Mediterranean Forecasting System Towards Environmental Predictions, a EuroGOOS activity aiming, among other objectives, at the further development of operational forecasting and observing system in the Mediterranean, following the MFSPP, and, in addition, at demonstrating the usefulness and the benefits of the operational oceanographic products to end users via certain derived applications. 

4) MERSEA strand 1 - Marine Environment and Security for the European Area, a GMES activity, whose main objectives are to integrate existing satellite observations with data from in-situ monitoring networks through ocean modelling and data assimilation systems, and to deliver information products needed by users concerned with European marine environment and security policies.

5) ESEAS-RI - European sea level service research infrastructure, an ESEAS activity including also the MedGLOSS activities whose main objectives are to support the ESEAS research infrastructure and to facilitate pan-European coordination, and the upgrading and standardization of the network of observing sites in the European sea areas. 

Within the framework of the above EU research projects promoting operational oceanography, the CYCOFOS, an operational Cyprus Coastal Ocean Forecasting and Observing System, has been developed for the sea areas around Cyprus and the Levantine Basin, Eastern Mediterranean. The CYCOFOS at present provides NRT (near real time) operational forecasts of sea currents, water temperature, salinity, sea level, significant wave height and direction, as well as NRT operational in-situ observations of sea water temperature, sea level, atmospheric pressure, and remote satellite SST. In addition, the CYCOFOS provides to the system’s end users the MFSPP/ECMWF offshore wind fields in the Levantine Basin. 

The first module of the CYCOFOS system has been providing operationally  in-situ data since September 2001, while operational ocean forecasts have been provided on the system web page since March 2002. In the near future, NRT in-situ data will be provided by the MedGOOS-3 Ocean Observatory, as well as forecasts from specific environmental applications.

At present the CYCOFOS forecasting system consists of the following modules:

· data acquisition from the MFSPP system and pre-processing of the initial and boundary data for the flow and   wave models,

· the CYCOM model (an adaptation of the Princeton Ocean Model) used for high resolution hindcasts and forecasts of the flow, 

· the CYWAM model (an adaptation of the WAM) used for coarse- and fine-grid wave forecasts. and
· the VIOD interfaces for the visualisation of the model’s products.
At present, the CYCOFOS in-situ and remote sensing monitoring systems consist of the following parts:

· the MedGLOSS coastal station at Paphos for near-shore in-situ observations,

· the CYCOFOS remote sensing HRPT ground receiving station, and
· the MedGOOS-3 Ocean Observatory in the open deep Levantine Basin (this is actually under preparation for deployment).

MFS Cyprus Near Real Time ocean forecasts 

The CYCOM-Cyprus Coastal Ocean Model (Zodiatis et al., 2002) is a version of the POM (Princeton Ocean Model, Blumberg and Mellor, 1987), that has been used in the MFSPP project for climatological and operational coastal and regional flow simulations. The CYCOM model is a high resolution flow model and has been upgraded to operational status since early March 2002. The main characteristics of the CYCOM model are: non linear equation of momentum, sigma co-ordinate system, time splitting with external-barotropic model following the CFL stability conditions and internal-baroclinic mode with longer time step, Cartesian co-ordinates, an Arakawa C-grid for the flow and Arakawa A-grid for the scalar fields, Smagorinsky horizontal eddy viscosity and a Mellor-Yamada vertical eddy viscosity using a 2nd order turbulence closure sub-model. 
The CYCOM model with two open boundaries is nested operationally into the coarse grid of the MFSPP-OGCM Mediterranean model. In CYCOFOS, the data for the initialisation and the boundary conditions, both lateral and atmospheric forcing (ECMWF), are downloaded weekly from the MFSPP operational system. The CYCOM uses the  atmospheric forcing provided by the MFSPP-OGCM. The latter is based on the 6 hourly ECMWF analysis and forecast provided by Meteofrance of such parameters as: air and dew point temperature, mean sea level pressure, clouds, 10 m winds. The air-sea physics used to compute the MFSPP-OGCM ocean boundary conditions are the surface solar radiation, net longwave flux, sensible and latent heat flux, Hellerman and Rosensenstein wind stress, water flux and incude relaxation to Med-6 monthly mean climatology. The initial and boundary data used in CYCOM include the assimilation of weekly SST and SSH from satellites, provided also by the MFSPP system.  

The CYCOFOS flow model provides once a week for the forthcoming week, daily forecasts of currents, sea temperature, salinity and sea level. Within the frame of the Mediterranean Forecasting System Towards Environmental Predictions (MFSTEP), the flow forecasting system of the CYCOFOS will be upgraded and its resolution will be increased from 3 km to 1.5 km, providing more detailed information, of particular value near to the coast. 
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Cyprus Offshore wave forecasts in the Levantine Basin

The CYCOFOS use a WAM model (WAMDI group, 1988) for offshore wave forecasts in the Levantine Basin. The CYCOFOS WAM model was upgraded to operational status in August 2002. The fine resolution Levantine WAM model is nested entirely in a coarse Mediterranean WAM model. The Levantine WAM model provides high resolution forecasts of the significant wave height and direction. The CYCOFOS WAM models use the 6-hourly ECMWF wind forecasts obtained by the MFSPP system.
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The WAM wave model is a 3rd generation wave model, which solves the wave transport equation explicitly without any presumptions on the shape of the wave spectrum. The equation describes the variation of the wave spectrum in space and time due to the advection of energy and local interactions. The wave spectrum is locally modified by the input of energy from the wind, the redistribution of energy due to non-linear interactions and energy dissipation due to wave breaking and bottom friction. The adjective term is integrated with a first order upwind scheme. The source function is integrated with an implicit scheme, that allows an integration time step greater than the dynamic adjustment time of the highest frequencies in the model prognostic range. 
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MedGLOSS Cyprus Stations

The MedGLOSS Paphos station

Within the framework of MedGLOSS (Mediterranean network of global sea level observing system) a sea level station was set up late September 2001 at Paphos harbor, at the western coast of Cyprus, with the aim of promoting systematic sea level measurements in the Mediterranean. The primary purpose is long term monitoring of sea level rise caused by melting of polar ice as a result of global warming. The Cyprus MedGLOSS stations will contribute to the needs for setting up platforms for operational monitoring in the Mediterranean Sea. In addition, the Paphos MedGLOSS station contributes to the ESEAS network and to the EU ESEAS-RI project. The equipment of the station consists of a sea level, water temperature and atmospheric sensors, a GPS and a PC. The data are transmitted every 1 hour from the side of the Paphos MedGLOSS station to the OC-DFMR facilities for further data processing and interpretation. The equipment of the Paphos MedGLOSS station was donated by the CIESM and the tuning and the installation of the equipment by IOLR, which is coordinating the MedGLOOS activities.
 Expansion of the Cyprus MedGLOSS stations in the near future will include similar stations in the south and on the east coast of Cyprus.

The MedGOOS –3 Ocean  Observatory 

As part of the EU MAMA/MedGOOS project and to promote the open deep sea operational in-situ data collection and transmission in the Levantine Basin, the MedGOOS-3 Ocean Observatory is under preparation for deployment in the Eastern Mediterranean, off the southern coast of Cyprus. 

The MedGOOS-3  Ocean Observatory is scheduled for deployment jointly with Harris MCS (Maritime Communication Services), USA, who own this observing system. It is of worth mentioning that a similar Ocean Observatory, the MedGOOS-1, has already been deployed in the Western Mediterranean, off the coast of Sardinia jointly by International Marine Centre (IMC) and Harris MCS. 

The sampling strategy of the MedGOOS-3 Ocean Observatory includes data on: sea water temperatures, salinity, pressure, oxygen, currents from selected depths, as well air temperature, wind speed and direction. The MedGOOS-3 sampling rate is set to 10 minutes and transmits to the CYCOFOS site every 1 hour, through a satellite communication system.

Cyprus Ocean remote sensing

Since end of 2001, the CYCOFOS HRPT ground receiving station has been providing regular (almost daily depending on the cloud cover) remote sensing SST images of the Levantine Basin. A SmartTech HRPT, Professional Researcher model is operated by the CYCOFOS team, capable of covering quite well in one single capture, depending on the satellite’s orbit, the entire Eastern Mediterranean and the Black sea 2-3 times per day, with a spatial resolution of about 1 km. The limitation of resources and the need to minimize the demand for data processing, in view of the operational demands, the CYCOFOS module is at present set up to provide SST images only for the entire Levantine Basin.

A SmarTrack software for stand-alone data reception is used, while for the processing of the raw IR data an integrated software package specifically developed by the CYCOFOS collaborators is in use for auto mode rectification (geometric correction) of the images and the computations of the SST.

The computation of the SST in the CYCOFOS remote sensing module, is based on the algorithms recommended by NOAA, using IR channels 4 and 5. The CYCOFOS remote sensing system is set up to receive data only from night or early morning satellites passages. This strategy for capturing IR images is necessary in order to avoid the hot spots that usually appear during daily SST images of the Levantine Basin, most of the year except in winter.

As part of the EU MAMA/MedGOOS project the CYCOFOS was assigned to provide through the system’s web page remote sensing SST images in the Levantine Eastern Mediterranean, while a similar remote sensing system from Spain was assigned to provide SST for the Western Mediterranean. 

End users derived applications  

The environmental issues in the Levantine Basin, Eastern Mediterranean are connected to marine pollution and the eutrophication and other algae-growth related phenomena. On the other hand the commercial activities in the Levantine Basin are increasing, the most important being the growth in oil transfer, exploration and production, pelagic fisheries, shipping and yachting  and particularly coastal tourism.

In order to give a basis for any user derived application that tries to manage either the exploitation or the protection of the marine environment, it is necessary to offer an efficient and quality controlled estimate of marine state variables. The recommended procedure for responding, for example, to marine pollution incidents, that will assist the local and regional decision makers to take the appropriate actions, includes the application of operational models in order to provide predictions of the behaviour and movement of the harmful substances. Pre-requirement for such operational response serves the predictions of the sea water characteristics. In a similar way the same information is needed for many others marine activities. Thus the user community interested in ocean forecasting is connected to the exploitation of resources and the protection of the marine environment.

The exchange of the information derived from the operational forecasts, both within the scientific community and the end users, play a substantial role in response to certain marine environmental situations. In view of the above, the usage of the Visual Interface of Oceanographic Data (VIOD) tool and exportation of the CYCOFOS operational forecasts to the system’s web page supports operationally the derived end users applications in the Levantine Basin. Additional components of CYCOFOS may also be considered the MEDSLIK oil spill model and the MEDPOL general dispersion model that were developed especially for end-user-derived applications, employing the MFS, MERSEA and CYCOFOS products, to assist the end users and the decision makers in the Levantine Basin.

MEDSLIK oil spill model

The MEDSLIK oil spill model in pre-operational mode was first developed in 1997 to assist the objectives of the EU LIFE project “Subregional contingency Plan for Preparedness and response to Major Pollution Incidents in the Eastern Mediterranean-Levantine” 

The MEDSLIK algorithms are based on an earlier version of the OILPOL model that used for oil predictions during the Gulf  War in 1991. MEDSLIK is a 3D oil spill model designed to predict the transport, fate and weathering of an oil spill in the Levantine Basin, developed by the CYCOFOS team and has now been coupled to the MFSPP and CYCOFOS NRT operational forecasts,   (respectively used the OGCM and POM flow models). 

The MEDSLIK input requirements are the forecasting products from MFSPP Mediterranean basin scale model and CYCOFOS nested high resolution coastal ocean model in the NE Levantine basin, the atmospheric field from ECMWF used in MFSPP, as well in CYCOFOS. MEDSLIK incorporates REMPEC’s list of over 200 oils together with their physical parameters. Coarse and fine resolution bathymetry and coastline are used respectively for the Levantine Basin and of the NE Levantine. 

CYCOFOS potential end users

The potential end users of the operational CYCOFOS’s  products are : 
1) the National and Subregional contingency plan for preparedness and response to major pollution incidents in the Levantine between Cyprus, Israel and Egypt, in cases of oil spill emergency in the open sea.

2) the Cyprus search and rescue centre, Port Authorities, marine police, etc, for Search & rescue operations in the sea,
3) the local and offshore consortiums from the fisheries sector,
4) the fish farmers from the marine aquaculture industry,
5) desalination plants, telecommunications cable laying, oil & gas industry, and environmental agencies from  the coastal and open sea engineering sector, 

6) shipping companies & yachting clubs from the navigation safety sector,
7) tourism organizations, media, etc, from the coastal tourism industry, and
8) international organizations, research centers, etc.
Conclusions

The development and the operation of the CYCOFOS certainly contribute to the promotion of EuroGOOS and MedGOOS initiatives in the Mediterranean, following the objectives of the EU research projects MFSPP, MFSTEP, MAMA, MERSEA, as well those of ESEAS, ESEAS-RI and MedGLOSS.

At present the NRT operational forecasting & observational products of the CYCOFOS are available to the end users at the web page :  www.ucy.ac.cy/cyocean
Further developments of the CYCOFOS include end users applications using the CYCOFOS, MFS and MERSEA products, further downscaling of the prognostics models and the expansion of the ocean/coastal NRT observations. At this stage CYCOFOS supports a wide local and regional user community, in activities related to oil-spill pollution, pelagic fisheries, search and rescue operations, navigation safety, marine aquaculture, coastal management, tourist industry, etc.
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