Climate Change and Weather Forecast. Focus on the Atmosphere-Ocean
System in the Area of Balkan Peninsula.

 E. Stanev, N. Rachev, E. Peneva, A. Blagoev

Numerical simulation of atmosphere and ocean processes fed by observations through data assimilation techniques are the most powerful tool to estimate past and present states of the coupled atmosphere-ocean system. Furthermore, they give the only solution to the problem to predict the weather and future states of climate system. The basic methodology behind numerical simulations includes solving complex sets of partial non-linear differential equations written in finite-difference form. These equations are initialized using observations and are constrained at the open and solid boundaries by boundary conditions subject to other (large scale) models or independent observations.
Earth System models are among the most (if not the most) computer-resources demanding models ever known. This includes speed of computations, storage capacity and different interfaces (including visualization). The problem with available computing resources is getting even more difficult when addressing processes at regional scales, which need finner resolution in space and small time-steps, the former increasing the amount of information processed, the latter increasing the computational time.
The region of interest in this project (the Balkan Peninsula) is a typical example of one such region where atmosphere-ocean exchange (Black Sea, Mediterranean and Adriatic Sea) is very important.
Because addressing various scientific problems at regional scales requires high resolution simulations both in time and space, the quality and usefulness of the model output is to a great extent dependent upon available computing resources. The research team at the Department of Meteorology and Geophysics works on several problems where numerical experiments are massively involved:
1) Study of the climatic impact of the Black Sea over the surrounding area 

For this purpose a regional atmospheric climate model RegCM2 will be integrated for long periods (30 years) over an area with a central point in the Black Sea. Typical winter and summer months (January and July) are chosen and the produced monthly mean physical characteristics (temperature and wind fields and rainfall) and to indicate the interannual variability. Before making any assumptions the model skill to reproduce small scale processes (of the order of the model horizontal resolution 30 km) should be examined. The regions in the model area where the Black Sea causes pronounced climatic influence will be identified.
2) Study of the Black Sea circulation variability
The fine resolution results from the RegCM2 will be used as a high quality forcing for Black Sea circulation model. It is expected that doing so will improve the Black Sea model performance in the sense that the basic circulation and mesoscale eddies would be better represented. This would help our understanding about the heat and momentum exchange between atmosphere and sea
3) Study of the local Black Sea areas of interest
 The "nesting" technique in the atmosphere modeling is well known and widely applied. However it is still not the case in the ocean modeling. The problems of how to determine currents, residence time in small bays (like Bourgas bay), or to describe the mixing of waters with different origins (like Bosporus plume area) are not entirely answered yet. The main problem is that very fine spatial resolution is needed to cover reasonably the model area and the computations are rather expensive. However, the applications to model results of this type are numerous and they are of great interest to many end-users.
4) Study of the climate over North Adriatic Sea The collaboration with Istituto di Scienze Marine, Trieste, Italy, induced interest in performing climate simulations with focus on the Northern Adriatic Sea. The atmospheric model RegCM2 will be used to produce fine resolution data for air temperature and winds over this region.
5) Near-coastal operational oceanography. 

The research team is leading in the frame of EU IP-Project European COastal-shelf sea Operational observing and forecasting system (ECOOP) the work-package on: Synergy
between coastal forecasting and newly available data and methodologies (a step towards next generation forecasting systems). This European-wide recognition of the leading position of the research team needs to be supported by an adequate research infrastructure, including computing facilities.
6) Southern-European Seas: Addressing and Modeling Ecosystem Changes (SESAME). 

Here again the research team is a leader in FP6-Integrated Project just submitted for second stage evaluation. Its contribution is expected in the field of (1) Simulate and understand the past ecosystem variability and change, and (2) Predict ecosystem changes for the next five decades.



