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1. Summary And Conclusion

The present work has been based on interviews and literature collected during a short-term input by the Consultant.

The Caspian Sea is suffering from environmental stresses, damage and rapid deterioration due to a combination of increased population pressure and uncontrolled economic develop​ment in the region. 

The environmental problems in the Caspian Sea comprise general eutrophication, oxygen depletion in the bottom waters and contamination with phenols, agrochemicals, heavy metals and oil constituents originating from agricultural, domestic and industrial pollution sources along the coastline. 

The controlling factors for the water quality of the sea include a range of complex oceanographic and hydrodynamic elements - elements that need to be taken into consideration when evaluating the water quality of the sea.

To manage and control the Caspian Sea Environment, the riparian countries need a holistic planning and management instrument covering the entire Caspian Sea Basin. In order to utilise the power of environmental management by mathematical modelling the Consultant proposes a decision support system consisting of integrated environmental models. 

The design of the proposed mathematical modelling system has been made to reflect the present environmental condition of the Caspian Sea and to analyse the environmental impact of prevention, reduction and control of pollution. 

The proposed model design comprises the following:

· Three-dimensional Caspian Sea Model with an integrated modular structure for hydraulics, oceanography and ecology

· A flexible and open modelling system with a dynamic grid nesting facility able to handle

· Oceanographic circulation and stratified flows

· Ice formation and its impact on the water circulation

· Water quality and ecosystem aspects including fish and eutrophication dynamics, spread and fate of heavy metals, oil products and bacteria.

· Adjustment of the environmental process description corresponding to ecosystem structure of the Caspian Sea

· A proposal for establishment of a pilot model for the Caspian Sea, addressing the above-mentioned environmental issues, can be found in Appendix 4.

Introduction

The present analysis is undertaken by Jesper Dørge, VKI Institute for Water Environment Denmark, on behalf of the Caspian Centre for Pollution Control (CCPC). The work has been implemented through the Co-ordinator of CCPC, Ms. Latifa Guseynova, and the Centre’s Team Leader, Mr. Niels Thygesen, VKI. Contact details are given in Appendix 1.

The study forms part of the Caspian Environment Programme, Facilitating Thematic Advisory Groups in Azerbaijan, Kazakhstan, Russia, & Turkmenistan, which has been financed by the EU TACIS programme. The reports prepared by the Caspian Centre for Pollution Control is presented in Appendix 2.

A list of persons met can be found in Appendix 3.

Environmental issues in the Caspian Sea are complex and include fish and ecosystem structure, eutrophication, coliform bacteria, hydrocarbons and toxic inorganic and organic pollutants such as heavy metals and xenobiotics. Some of these issues can be addressed individually through source control and management strategies, i.e. pollution control. For example, pollution from oil spills and discharge of toxic chemicals, including heavy metals, require a strategy that focuses on the reduction of these releases and continued monitoring, in parallel with specific management efforts. Other issues, in particular those related to ecosystem structure and eutrophication, are inherently more complex because of their interrelationships with the Caspian Ecosystem and hence will require alternative pollution control strategies.

Furthermore, the controlling factors for the water quality of the sea include a range of complex oceanographic and hydrodynamic elements - elements that need to be balanced with the environmental aspects.

The long-term objective of the Decision Support System is:

· To establish an environmental management system for the Caspian Sea, which can be applied by the riparian countries in consensus to make wise, sustainable land and water management decisions for the economic benefit of people in the catchment.

The short term or immediate objective of the present activity is:

To design a conceptual model for the environmental condition of the Caspian Sea,  apply the model for Environmental Impact Assessments of prevention, reduction measures and to  develop cost efficient pollution control strategies for the Caspian Region.

The below described project proposal has been based on the experience obtained and described in the report: Assessment of the overall impact of the Caspian Sea. A demonstration of a Decision Support Tool. EU Tacis February 2000.

Description Of A Decision Support System For The Caspian Environment

In order to utilise the power of environmental management by mathematical modelling the Consultant proposes a decision support system consisting of integrated environmental models.

1.1. The Environmental Condition of the Caspian Sea

The Caspian Sea is suffering from environmental stresses, damage and rapid deterioration due to a combination of increased population pressure and uncontrolled economic develop​ment in the region. 

The environmental problems in the Caspian Sea comprise general eutrophication, oxygen depletion in the bottom waters and contamination with phenols, agrochemicals, heavy metals and oil constituents originating from agricultural, domestic and industrial pollution sources along the coastline. 

Pollution with radionucleides from nuclear power plants has also been reported. Poor hygienic standard of the bathing waters, decline in the commercial fish stocks and a general degradation of the biodiversity in the Caspian Sea are some of the direct results of the pollution.

The pollution sources consist of contaminated river inflows from the Catchment basin (especially Volga, Ural, Kura, Terek, Sulak and Samur), diffuse agricultural run-off, domestic and industrial wastewater and activities in connection with oil development.

1.2. Existing Models

Based on interviews and available literature, the below listed models were identified to be among the existing models for the Caspian Sea. The list is not complete and probably several other scientific related models have been developed. For the purpose of this study focus is on the most recent models; i.e. models developed during the 90’es. 

It should, however, be mentioned that many of the people interviewed referred to models developed during the 60’ies, 70’ies and 80’ies. In Appendix 5 a more technical and historical description of these models can be found.

The existing models for the Caspian Sea include:

1.2.1 Institute of Geography, Academy of Science, Baku, Azerbaijan

Using the Princeton Ocean model Prof. Mamedov and his group have elaborated a water exchange model for the Caspian Sea Basin. The model has been used to test the global transport mechanisms in the sea based on the Monte Carlo principle.

1.2.2 Institute of Numerical Mathematics, Russian Academy of Science, Russia & Institute of Marine Sciences, Middle East Technical University, Turkey

The Caspian Sea water circulation was analysed based on numerical experiments with a 3D primitive equation model covering the entire sea /3/. The modelling study included sensitivity analysis of the wind stress and river discharges on the flow dynamics.

1.2.3 Caspian Sea Study Laboratory, KazNIIMOSK, Kazakhstan & Danish Hydraulic Institute (DHI), Denmark

In connection with the UNDP funded project “Atyrau Oblast Flood Warning and Protection System”, carried out in Kazakhstan, DHI established a 2D hydrodynamic model covering the entire Caspian Sea and a more detailed model for the Northern basin /4/. The model has been transferred to Caspian Sea Study Laboratory, KazNIIMOSK, Almaty.

1.2.4 Commercial models

Based on interviews with the people listed in Appendix 3, it was found that the local industries had carried out various modelling studies covering waves, water levels and the fate of oil spills in bays and larger coastal areas. No commercial basin-wide models have been identified.

2. Model approach

In the light of the objective of the Decision Support System, and considering the nature of the task, a truly interdisciplinary approach is needed. The Consultant therefore propose to initiate the process of interdisciplinary modelling and in addition design data collection programs fitted to utilise the power of environmental management by mathematical modelling.

Modelling in the present context amounts to formulating and solving equations of conservation of momentum, water volume, energy and materials. The hydrodynamic module concerns the conservation of momentum and water volume. If we add a conservative material dissolved or suspended in the water we have what is often called a transport-dispersion module. For simplicity, this module will be referred to as the ‘hydrodynamic module’ in the following.

One of the preconditions for modelling the environmental condition of the Caspian Sea is to establish a hydrodynamic module, which is able to resolve the significant currents and transport mechanics in the sea. Several hydrodynamic models for the Caspian Sea exist and various initiatives have been taken to implement models that represent the-state-of-art for hydrodynamic modelling. For the purpose of creating a holistic model for the sea, the environmental modelling should, to the highest degree possible, be built on the results and knowledge created with these hydrodynamic models. Likewise, the results created through the environmental modelling should be transferred to the hydrodynamic models, thus giving information about e.g. current patterns that are important to the ecology of the sea.

Traditionally, the hydrodynamic module is considered an integral part of the water quality or ecological modelling as illustrated in fig 4.1:
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Figure 4.1 The ecological module integrated with the hydrodynamic module

Ecological modelling is a much younger discipline, which so far has received less attention. It deviates fundamentally from hydrodynamic modelling since the materials (elements) can take different forms. For this reason it is necessary to operate with networks of interacting subsystems exchanging the material (element) in its different forms with other subsystems within the control volume and with systems outside. 

Ecosystem structures are networks with specified properties in which flows of e.g. nitrogen, phosphorus, and oxygen are coupled in a unique way. Thus, for example if one of the flows in the nitrogen network is changed, all other flow of nitrogen, phosphorus, oxygen, and carbon change. In terms of complexity and challenge, ecological modelling therefore by far exceeds hydrodynamic modelling and one could argue that figure 4.1 should be turned on its head.

The ecological modelling requires a suite of ecological modules covering various aspects of water quality and ecology, including ecosystem structure, eutrophication, oil transport and transformation processes, oxygen depletion and heavy metal pollution. A modelling system including the most important environmental aspects relevant for the Caspian Sea – in addition to the controlling hydrodynamic driving forces – should be chosen. The holistic approach.

2.1. Model Design

The below presented design for an environmental management model was made taking the following aspects into consideration:

1) The oceanographic and hydrodynamic complexity of the sea

2) The different and many environmental problems in the sea (variability in time)

3) The local contra sub-basin or basin scale problems (variability in space)

Re. 1

Climatic wind stress, river discharge, precipitation and evaporation drive the Caspian Sea circulation. There is no outflow from the sea. The seasonal variability in these forcing objects, together with the elongated geometry and strong topography of the basin, result in baroclinic effects leading to spatial and temporal currents in the Caspian Sea /1, 2/. Stratification and upwelling phenomena also control the water dynamics. In the Northern basin ice formation occurs during the winter. Storm surges are also observed in the shallows of the Northern Caspian Sea, where, in extreme cases, the water rises an extra 3-4 m. In the middle and Southern areas of the Caspian Sea there are fewer non-periodic fluctuations in the sea level. However, these fluctuations may also be significant.

Re. 2

The present and potential environmental problems comprise poor hygienic standard of the bathing waters (hour-to-hour scale), poor water quality close to dense populated and industrialised areas (day-to-day scale) and eutrophication along the coastline (year-to-year scale) as well as decline in the commercial fish stocks (year/decade scale). The sturgeon population dynamic is of special concern. Access to spawning areas in the rivers (chemical and physical barriers), fishery pressure and food web changes are some of the factors that could change the sturgeon population resulting in an economic catastrophe for the people in the whole region.

Re. 3

Local scale problems comprise discharge of municipal and industrial wastewater resulting in poor water quality in bays and coastal areas, near major cities and in industrial areas along the shoreline. Heavy metal polluted sediment and oil constituents have been reported near industrial areas. Oil spills and the potential environmental damages hereof are observed near oil exploration activity. Sub-basin and basin problems include eutrophication and the impact on fish population, nutrient transport mechanism and changes in ecosystem structure.

Based on the above listed considerations the Consultant proposes a model design comprising the following features:

· Three-dimensional Caspian Sea Model with an integrated modular structure for hydraulics, oceanography and ecology

· A flexible and open modelling system with a dynamic grid nesting facility able to handle

· Oceanographic circulation and stratified flows

· Ice formation and its impact on the water circulation

· Water quality and ecosystem aspects including fish and eutrophication dynamics, spread and fate of heavy metals, oil products and bacteria.

· Adjustment of the environmental process description corresponding to ecosystem structure of the Caspian Sea

The proposed model set-up shown in figure 4.2 illustrates the dynamic grid nesting facility suggested by the Consultant. The 3D Caspian Sea Model will run the sub-basin and local models with boundary information and the selected resolution of the local models should be chosen taking the environmental problem to be analysed into account. The grid spacing should range from 10 km in the coarse large-scale models down to 100 m for the local models requiring a fine resolution.
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Figure 4.2
Example of model areas
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Appendix 1 List of Contact Persons - Azerbajian

Caspian Center for Pollution Control

Coordinator:

Latifa Huseynova

Address:

3 Khudu Mamedov st., 370123 Baku, Azerbaijan

Tel.:


(99412) 47 27 88

Fax:


47 27 89

E-mail:


caspian@control.baku.az
EU TACIS Team Leader:
Niels Thygesen

Address:

VKI, Kryzywickiego 9, 02-078 Warszawa, Poland

Tel.:


+48 22 825 98 86

Fax:


+48 22 825 98 86

E-mail:


nit@vki.dk or vkinit@it.com.pl
Deputy Team Leader Arne Jensen

Address:

VKI, Agern Alle 11, DK 2970 Horsholm, Denmark

Tel.:


+45 45169200

Fax:


+45 45169292

E-mail:


aje@vki.dk
Decision Support Expert

Name:


Jesper Dorge 

Address:

VKI, Agern Alle 11, DK 2970 Horsholm, Denmark

Tel.:


+45 45769555

Fax:


+45 45762567

E-mail:


jed@vki.dk
Appendix 2 Reports prepared by the Caspian Centre for Pollution Control
3. General reports

/1/ Scope of Work of CCPC. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/2/ Data Collection Scheme, Pollution Load Database and GIS Development. Caspian Centre for Pollution Control. EU Tacis. April 2000. 

/3/ Summary Findings. Caspian Centre for Pollution Control. EU Tacis. May 2000.

4. Supporting Technical reports

/4/ Oil Contamination of the Caspian Sea. Caspian Centre for Pollution Control. EU Tacis. February 2000.

/5/ Domestic Wastewater. Load Inventory and Abatement Scenarios. Caspian Centre for Pollution Control. EU Tacis.  February 2000.

/6/ Industrial Survey Part I Pollution Loads. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/7/ Industrial Survey Part II Assessment of Environmental Performance and Pollution Prevention Measures. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/8/ Pollution Load Inventory of the Caspian Sea. A Demonstration of a Decision Support System. Caspian Centre for Pollution Control. EU Tacis. February 2000.

/9/ Design of a Decision Support System for the Caspian Sea. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/10/ Assessment of Data Availability of Ambient Monitoring Data of Sea and Rivers. Caspian Centre for Pollution Control. EU Tacis. May 2000.

5. Country reports

/11/ Assessment of Pollution Control Measures Azerbaijan. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/12/ Assessment of Pollution Control Measures I. R. Iran. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/13/ Assessment of Pollution Control Measures Kazakhstan. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/14/ Assessment of Pollution Control Measures Russia. Caspian Centre for Pollution Control. EU Tacis. May 2000.

/15/ Assessment of Pollution Control Measures Turkmenistan. Caspian Centre for Pollution Control. EU Tacis. May 2000.

Appendix 3 List of People met

· Mr. Bayaramov Nadir, State Committee for Ecology and Consultant for CEP, Baku

· Pr. Mamedov, Institute of Geography, Academy of Science, Baku

· Mr. Mansimov Mirzakhan Rzakhan Oglu, Vice-Chairman, State Committee on Hydrometerology and Head of National Centre on Climate Change of the Azerbaijan Republic, Baku

· Mr. Ronald Dyce, Project Manager for the WB funded project on developing a Sewer Master Plan for the greather Baku area , Montgomery Watson, Baku

· Mr. Michael L. Barnes, Vice-President, North Absheron Operating Company (NAOC), Baku

· Mr. Terry Evans, Leader of the CRTC for Water level Fluctuations, Almaty

· Mr Robin Wardlaw, Hydrologist for CRTC for Water level Fluctuations, Almaty

· Mr. Derek Clark, Specialist in evaporation, CRTC for Water level Fluctuations, Almaty

· Ms. Svetlana Shivareva, Head of the Caspian Sea Study Laboratory, KazNIIMOSK, Almaty

· Ms. Natalya Ivkina, Caspian Sea Study Laboratory, KazNIIMOSK, Almaty

· Ms. Tatyana Stzoyeva, Caspian Sea Study Laboratory, KazNIIMOSK, Almaty

· Mr Maarten Gischler, Project Manager for the Baku Bay Clean-up Project, IWACO, Baku

Appendix 4 Proposal for establishment of a pilot model for the Caspian Sea

1. Background

The Caspian Sea is suffering from environmental stresses, damage and rapid deterioration due to a combination of increased population pressure and uncontrolled economic develop​ment in the region. The environmental problems in the Caspian Sea comprise general eutrophication, oxygen depletion in the bottom waters and contamination with phenols, agrochemicals, heavy metals and oil constituents originating from agricultural, domestic and industrial pollution sources along the coastline. Pollution with radionucleides from nuclear power plants has also been reported. Poor hygienic standard of the bathing waters, decline in the commercial fish stocks and a general degradation of the biodiversity in the Caspian Sea are some of the direct results of the pollution.

The pollution sources consist of contaminated river inflows from the catchment basin (especially Volga, Kura, Terek, Supan, Kuma), diffuse agricultural run-off, domestic and industrial wastewater and activities in connection with oil development. The cause-effect of these pollution sources on the Caspian Sea environment as well as the magnitude of each of the mentioned environmental problems are, however, still unknown.

As part of the Caspian Environment Programme (CEP) an inventory of the pollution sources along the coastline has been established by the Caspian Centre for Pollution Control as well as data on the ecological state of the Sea. However, in order to make detailed analysis of the pollution control and to develop cost-effective mitigating measures for the pollution sources (pollution control strategies) to the Caspian Sea environment, an ecological computer model for the combined water circulation and water quality is strongly needed.

2. Objectives

The long-term objective of the project is:

· to establish an environmental management model for the Caspian Sea

The short-term or immediate objective is the following:

· to set-up a pilot environmental model for the entire Caspian Sea and selected local coastal zones (hot spot areas)

· to analyse the controlling factors for the environmental conditions in the entire sea and local coastal zones

· to analyse the impact from pollution abatement scenarios

3. Outputs

The project’s aim is to create overviews of the major controlling factors for the Caspian Sea environment by means of a mathematical model. The model will be able to calculate the environmental impacts of the distributed pollution load by simulating water circulation, spread of pollutants and self-purification processes in the water column as well as in the sea sediment. The model set-up will consist of a coarse regional model covering the entire sea and 3-5 local models for selected coastal zones, which will be run by the regional model. The modelling work will be carried out in the riparian countries by a joint team of EU and local specialist. The model set-up will be based on existing data and to a great extend build upon the work performed by the Caspian Centre for Pollution Control supplemented by other CRTSs. Transfer of the established model software and training of the local staff will also be carried out. The implementation of the modelling should be a joint effort between the Caspian Centre for Pollution Control and the Caspian Centre for Pollution Monitoring.

The following outputs are expected from the project:

· A pilot environmental model for the Caspian Sea describing the cause-effect relationship between the pollution load and the water quality conditions, including organic pollution, eutrophication and xenobiotic compounds, e.g. heavy metals, phenols, pesticides and oil

· Identification of the major controlling factors for the water circulation and the present water quality in the Caspian Sea based on model results

· Rough assessment of the impact from pollution reduction scenarios

· Transfer of the established computer model and a well trained staff
4. Activities

The project will be carried out at the Caspian Centre for Pollution Control at the Caspian Inspectorate, Baku or at another suitable location. Co-ordinating activities with the others CRTCs and the PCU will however also be made. Special concern should be given to co-ordinating activities with the Caspian Centre for Pollution Monitoring.

The following activities will be carried out:

4.1. Project start-up and data collection

Data for setting-up a mathematical model will be collected from relevant institutions and authorities in the riparian countries. During this activity the 3-5 coastal zone areas to be modelled with the local models will be identified based on the relevance for detailed modelling and the available data.

Data for bathymetry, meteorology, currents, water levels, salinity and water quality (e.g. oxygen, BOD, Chlorophyll, nitrogen, phosphorous, E. Coli, heavy metals, phenols and oil) in the sea will be collected as well as data relevant for making estimates of the pollution load from domestic and industrial sources. The latter will, to a high degree, be supplied from the Caspian Centre for Pollution Control.

4.2. Set-up of pilot model for present conditions

The pilot model will be set-up in two steps:

· Hydrodynamic sub-model. Simulation of currents within the modelled area based on variations in the sea water level, bathymetry, wind and river inflow

· Water quality sub-model. Simulation of concentration distributions of water quality components based on the established hydrodynamic sub-model, pollution load inventory and ecological processes

The model will be rough calibrated; i.e. model coefficients will be adjusted (within a realistic range) until an acceptable accordance between simulated and measured values exists. At present the amount of data available for the purpose of calibration is unknown. In case it is not possible to calibrate the model due to lack of data a sensitivity analysis of the model will be carried out in order to identify the controlling parameters of the model.

4.3. Evaluation of model results
The results of model simulations for the present conditions will be evaluated and specific environmental problems will be addressed. The major water circulation processes will be identified and analysed with the hydrodynamic sub-model. Based on the modelled water quality, areas with poor water quality will be identified and the origin of the pollution will be analysed via model simulations with different loads.

4.4. Pollution reduction scenarios

The impacts of various pollution reductions will be modelled with the established model. It is anticipated that 2-4 relevant scenarios for each of the local models will be selected and studied in details. Estimates for pollution reduction will be based on available data, the pollution load inventory and discussions with local environmental authorities and institutions.

4.5. Reporting, model transfer and training

The collected data, their availability and suitability for the modelling will be documented in a separate Data Report. In the Final Report the results of the ecological assessment with the model as well as the results of the pollution reduction scenarios will be presented.

On-the-job-training will be given to the local staff throughout the project period and two training courses in the modelling software will be held, one in the use of the hydrodynamic model and one for the ecological model. A workshop with participation of representatives from all riparian countries will be arranged in the final phase of the project in connection with the transfer of the modelling complex.

Time Schedule

The project will be carried out over a period of 10 months:
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Budget
Breakdown of prices





ITEM
Unit
Unit Rate (ECU)
No. of Units
Amount (ECU)

A: FEES





EU Specialists





Category I in EU
man-day
615
15
9225

Category I in CIS
man-day
450
60
27000

Category II in EU
man-day
570
10
5700

Category II in CIS
man-day
420
240
100800

Local Specialists





Specialists in Azerbaijan and Kazakhstan
man-day
50
480
24000

Specialists in Russian Federation
man-day
60
240
14400

Specialists in Turkmenistan 
man-day
45
240
10800

Support Staff





Translator
man-month
400
10
4000

Drivers
man-month
250
10
2500

Total A



198425







B. PER DIEM





Per diem EU specialists in NIS [1]
Day
135
300
40500

Per diem local specialists in NIS [2]
Day
50
30
1500

Total B



42000







C. DIRECT EXPENSES





Accommodation
Month
3600
10
36000

Telecommunications
Month
2250
10
22500

Regional travel
Month
450
10
4500

Vehicle rental
Month
700
10
7000

Total C



70000

TOTAL A+B+C



310425







D. REIMBURSABLE EXPENSES





Air tickets Europe-NIS [3]
round trip
1400
12
16800

Air tickets within NIS [3]
round trip
400
12
4800

Workshop [4]
Budget
 

5000

Contingencies [5]
Budget
 

10000

Computer equipment in NIS [6]
Budget
7500
1
7500

Software [7]
Budget
45000
1
45000

Total D



89100

TOTAL A+B+C+D



399525

[1]
The official 1999 rate for the country visited will apply

[2]
Y-class. Indicative rate. May vary within the given amount

[3]
Against signed presence sheets

[4]
Detailed cost breakdown to be submitted to the Contracting Authority for prior written approval

[5]
Only to be spent with prior written approval of the Contracting Authority

[6]
Estimated price for computer workstation and colour printer. Detailed cost breakdown to be submitted to the Contracting Authority for prior written approval

[7]
Estimated price for the required model and data processing software. Detailed cost breakdown to be submitted to the Contracting Authority for prior written approval 

Appendix 5 Brief description of mathematical models of the Caspian Sea

By R.M. Mamedov, Institute of Oceanography, Azerbaijan

5. History

N.M.Knipovich [1921] proposed the first scheme of currents in the Middle and Southern Caspian, however he did not regard this scheme as comprehensive. Based on analysis of all available data A.M.Mikhailovski [1931] gave his own scheme of currents in the Caspian Sea. In this scheme, like scheme of N.M.Knipovich and A.M.Mikhailovski greater outer cyclonic circulation of the Middle and Southern Caspian waters, and smaller internal circulation in the Middle Caspian were established. Unlike the scheme of N.M.Knipovich, two cyclic circulations were identified. Both studies were based on field survey over directions and velocities of currents, information about the winds over the Caspian Sea and also information on geographical shape of the coastal line and relief of the sea bottom.

According to the scheme of A.M.Mikhailovski, water of Volga river is divided into two flows in the Northern Caspian: one part goes to the south-west, then along the western coast of Middle Caspian, while the second  flow turns to the north-east and, going along the northern, eastern and southern coast of the Northern Caspian forms anti-cyclonic circulation of water in the eastern area. It follows from this scheme, same as from the scheme of N.M.Knipovich, that major part of the flow near the eastern coast of Middle Caspian turns to the west, closing water circulation in the Middle Caspian, another part of the flow goes to the north-west, and turning once more forms the second cyclonic circulation in the Middle Caspian.

The scheme proposed by V.A.Zenin [1942] does not differ significantly from the scheme of N.M.Knipovich. Currents in the Southern Caspian on the scheme prepared by V.A.Ledenev [1942], differ from those on the schemes of both N.M.Knipovich and A.M.Mikhailovski. Currents in the Northern Caspian on V.A.Ledenev’s scheme are opposite comparing to the mentioned two schemes.

F.G.Bakhmalov [1968] using dynamic approach estimated geostrophic circulation of water in this aqueous basin and identified the following: during the winter-spring season one cyclonic circulation covers Middle Caspian and two anti-cyclonic circulations are observed in the Southern Caspian. In summer currents in the Middle Caspian are directly opposite to those in winter. A.N.Kosaryov and G.M.Mamedov were especially successful with application of dynamic method to calculation of currents in the Caspian Sea [1967]. As a result of their studies, these authors prepared a series of dynamic maps plotted based on materials of quasi-synchronous hydrologic survey that were carried at different times for different seasons. These studies were continued by A.N.Kosaryov [1975].

Hydrological conditions in the Caspian Sea are such that the field of actual currents in summer might be approximated by geostrophic currents with higher probability than in winter. This can be explained by the fact that in summer, in the upper layer, barocline, geostrophic currents make large input into the real field of currents. Baroclinicity in winter is weak, velocity of geostrophic currents is low and wind impact on  formation of the current field is strong. Thus, using dynamic method for calculation of current velocities one could get best results for the summer season.

G.M. Mamedov [1967] investigated effect of Coriolis force on distribution of current velocities in the Caspian Sea. Current velocities calculated accounting for this effect agree well with velocities of drift currents obtained as a result of measurements on the section Zhiloy island - M.Kuuli.

When modelling water circulation processes in the Caspian Sea used dynamic and other linear stationary models were not adequate enough to answer key question: what winds and time period are responsible for characteristic circulation systems in the sea. Recently attempts have been made to investigate the processes of formation of Caspian water circulation within the frame of integral, non-stationary and non-linear model.

A.V. Badalov carried out diagnostic calculations for circulation of Caspian Sea water based on averaged density field with the wind and in the absence of wind [1986]. Three-dimensional model of circulation of the active upper layer of the Caspian Sea has been proposed by A.V. Badalov and D.G.Rzheplinski [1986]. Using improved diagnostic model, based on complete, non-linear equations of geophysical hydrodynamics I.O.Akhverdiyev and Yu.A.Lemin [1990] calculated structures of synoptical currents in the Caspian Sea during summer season. 

Field of currents obtained in this case is much more complicated than in all previous cases. The reason is obvious - joint effect of use of full, non-filtered hydrodynamic and detailed initial data. Especially complicated structure has been received for the field of vertical velocity.

Analysis of observations over the currents in the coastal zone of the Caspian Sea demonstrated their good correlation with wind, especially in the surface layer [R.M.Mamedov, 1982; N.D.Klevtsova, 1967].  Secondary effect of wind action is reflected in the water pileup in the northern and southern areas of the sea, and as a result - origination of gradient current directed against the blowing wind. However, in some cases, besides winds, temperature difference in some parts of the sea, morphology of the sea bottom near the coast could also have significant effect on velocities of currents in the Caspian Sea.

Having combined all results of studies devoted to the dynamics of currents in the Caspian Sea we concluded that there are no constant currents in the Caspian Sea, such as e.g. Gulf-stream in the Atlantic Ocean or Curoshio in the Pacific. Considered models and schemes are to some extent “artificial”, they might represent general resulting water transfer during certain relatively long time period. At the same time, summarizing results we can say that mezo- and synoptical scales are key time scales of variation of water circulation in the Caspian Sea, with duration from several hours to several days [R.M.Mamedov, 1997].

Any contaminant brought into the sea by one or other means will be transferred with averaged velocity fields existing here (advective transfer). This was one of the key tasks when analyzing specific character of current velocities in the Caspian Sea. However, besides mean current, “pulse” additives will be necessarily imposed on propagation of the introduced substance, these additives are related to variability of hydrophysical fields (turbulence), especially current velocities. At the same time it is known that statistical and spectral analyses [R.M.Mamedov, 1986] are most efficient ways of study of the turbulence study.

Any model used for calculation of propagation of foreign substances (contaminants) in the sea consists of two main parts. In the first part of these models velocity field in the sea being major carriers of contaminants are determined: this block is usually called hydrodynamic block. Our review given above is based on these key points.

Two practical methods of calculation of contaminants in the sea are known:

· numerical calculations of concentration of contaminants based on semi-empirical equation of turbulent diffusion;

· wandering particles method, or Monte-Carlo.

Shkudova made calculations of propagation of admixtures/contaminants in the Caspian Sea using the first method. Calculations were based on finite-difference analog of stationary diffusion equation including two horizontal advection members and member of horizontal diffusion of admixture and also members accounting for nonconservation of admixture. Field of velocities was found by solving simplified system of equations of water dynamics with the members corresponding to vertical viscosity, Coriolis force and pressure gradients. As a gradient conditions for this system tangent of wind friction on the sea surface and absence of current velocities at the bottom were taken. Rivers inflow into the sea was also taken into account. Absence of admixture concentration in the sea water was an initial condition in diffusion equation. At some sections of the coastal line flowrate of admixture was taken as an input, at remaining coastal sections - absence of flow or certain value of concentration. Diffusion equation was approximated with finite-difference formulae with the first-order accuracy in time, and second-order accuracy - by space. Calculations were implemented for the Northern Caspian Sea at dominating north-eastern winds over the aqueous area and sources of admixture of continuous and instantaneous action.

Analysis of results of calculations has shown that transfer of contaminants in the sea takes place mainly under the action of advective factors.

We carried out calculation of propagation of contaminants using wandering particles, or Monte-Carlo method [V.V.Zhurbas, R.M.Mamedov and T.M.Tatarayev, 1977]. In this case trajectory of movement of discrete particles (which we called markers) that does not differ from velocity of surrounding fluid is described by the system of equations. Averaged components of current velocity are determined in the nodes of calculation grid. Pulse components are determined on the assumption of normality of their distribution (Gaussian distribution). Components of turbulent velocities of currents were described by random-number generator, distributed according to normal laws with known dispersions. Coastal line was approximated by broken polygonal line.

In 1998 we developed  [R.M.Mamedov, K.A.Kortenko] new self-consistent model for calculation of propagation of contaminants that has been successfully used when making prognosis on emergency oil spill in the Caspian Sea.

6. Hydrodynamic models of the Caspian Sea

Development of hydrodynamic models of the Caspian Sea began at the same time when general interest to this basin arose. N.M.Knipovich [1921] proposed the first scheme of currents in the Middle and Southern Caspian, however he did not regard this scheme as comprehensive. Based on analysis of all available data A.M. Mikhailovski [1931] suggested his own scheme of currents in the Caspian Sea. In this scheme, like scheme of N.M. Knipovich and A.M. Mikhailovski greater outer cyclonic circulation of the Middle and Southern Caspian water, and smaller internal circulation in the Middle Caspian were established. Unlike the scheme of N.M. Knipovich, two cyclic circulations were identified. Both studies were based on field survey over directions and velocities of currents, information about the winds over the Caspian Sea and also information on geographical shape of the coastal line and relief of the sea bottom.

According to the scheme of A.M. Mikhailovski, water of Volga river is divided into two flows in the Northern Caspian: one part goes to the south-west, then along the western coast of Middle Caspian, while the second flow turns to the north-east and, going along the northern, eastern and southern coasts of the Northern Caspian forms anti-cyclonic circulation of water in the eastern area. It follows from this scheme, same as from the scheme of N.M. Knipovich, that major part of the flow near the eastern coast of Middle Caspian turns to the west, closing water circulation in the Middle Caspian, another part of the flow goes to the north-west, and turning once more forms the second cyclonic circulation in the Middle Caspian.

The scheme proposed by V.A. Zenin [1942] does not differ significantly from the scheme of N.M. Knipovich. Currents in the Southern Caspian on the scheme prepared by V.A. Ledenev [1942], differ from those on the schemes of both N.M. Knipovich and A.M. Mikhailovski. Currents in the Northern Caspian on V.A. Ledenev’s scheme are opposite comparing to the mentioned two schemes.

Contrary to V.B. Shtokman [1937] who was of the opinion that use of dynamic method when investigating currents in the Caspian Sea  could not be successful, F.G. Bakhmalov [1968] estimated geostrophic circulation of water in this aqueous basin using dynamic approach and identified the following: during the winter-spring season one cyclonic circulation covers Middle Caspian and two anti-cyclonic circulations are observed in the Southern Caspian. In summer currents in the Middle Caspian are directly opposite to those in winter. A.N. Kosaryov and G.M. Mamedov achieved especially impressive results when using dynamic method for calculation of currents in the Caspian Sea [1967]. As a result of their studies, these authors prepared a series of dynamic maps plotted based on materials of quasi-synchronous hydrologic survey that were carried at different times for different seasons. These studies were continued by A.N. Kosaryov [1975]. Analysis of dynamic maps generated by this author demonstrated that geostrophic circulation in the upper layers of the Caspian Sea varies significantly from season to season. It is most intensive in summer and mush poorer in winter due to general baroclinicity of the sea. In summer circulation is concentrated in the thin upper layer, and in the area of thermocline large vertical shifts of velocity are observed. Decrease of velocity with depth is more uniform in winter. Velocities dominating in the surface layer - 10-20 cm/sec, and at horizon 100-150 m they in average do not exceed 35 cm/sec.

In winter circulation is characterized by large-scale rotations of different signs - cyclonic in the middle part and anti-cyclonic - in the southern part of the sea. In summer in the Middle Caspian individual rotations with different signs can be identified in the structure of geostrophic currents, and in the Southern Caspian anti-cyclonic movement of water remains, more intensive in the western area.

Hydrological conditions in the Caspian Sea are such that the field of actual currents in summer might be approximated by geostrophic currents with higher probability than in winter. This can be explained by the fact that in summer, in the upper layer, barocline, geostrophic currents make large input into the real field of currents. Baroclinicity in winter is weak, velocity of geostrophic currents is low and wind impact on formation of the current field is strong. Thus, using dynamic method for calculation of current velocities one could get best results for the summer season.

G.M. Mamedov [1967] investigated effect of Coriolis force on distribution of current velocities in the Caspian Sea. Current velocities calculated accounting for this effect agree well with velocities of drift currents obtained as a result of measurements on the section Zhiloy island - M. Kuuli.

When modelling water circulation processes in the Caspian Sea used dynamic and other linear stationary models were not adequate enough to answer key question: what winds and time period are responsible for characteristic circulation systems in the sea. Recently attempts have been made to investigate the processes of formation of Caspian water circulation within the frame of integral, non-stationary and non-linear model.

A.V. Badalov carried out diagnostic calculations for circulation of Caspian Sea water based on averaged density field with the wind and in the absence of wind [1986]. Three-dimensional model of circulation of the active upper layer of the Caspian Sea has been proposed by A.V. Badalov and D.G. Reneplinski [1986]. Using improved diagnostic model based on complete, non-linear equations of geophysical hydrodynamics I.O. Akhverdiyev and Yu.A. Lemin [1990] calculated structures of synoptical currents in the Caspian Sea during summer season. Field of currents obtained in this case is much more complicated than in all previous cases. The reason is obvious - joint effect of use of full, non-filtered hydrodynamic and detailed initial data. Especially complicated structure has been received for the field of vertical velocity.

Researchers studied reasons of water circulation in the Middle Caspian independently of each other, based on geography and hydrology conditions. F.I.veller and I.G. Yegorov [1980] studied dominating transfer of water in the Middle Caspian. Analyzing characteristics of the transfer vectors the authors indicated to stable south-eastern transfer area in the western section near the mouth of Volga River, with quite high residual velocities 5-8 cm/sec. The second region with increased resulting velocities 2-4 cm/sec was registered at the remote east of the Northern Caspian. Here the current flows along the coast and is directed to the south, south-east.

The last scheme of currents developed by us in 1998 was included into the Complex Hydrometeorological Atlas of the Caspian Sea (Ali-zade, Budagov and Mamedov).

Yu.I. Kompaniyets [1973] developed schemes of dominating currents confined to the key wind fields over the aqueous area of the Northern Caspian, N.A. Skriptunov - schemes for the western part of Northern Caspian. In general both schemes agree well. According to Yu.I. Kompaniyets, currents of the south-western (25,2 %) and north-eastern direction (15,6 %) are characterized by maximum recurrence interval, currents of the south-eastern (5,2 %) and north-western direction - minimum recurrence period. This agrees well with repetition of wind blowing over the aqueous area of the Northern Caspian.

Later N.A. Skriptunov developed a scheme of general directions of currents for a wind stable in direction and increasing to a maximum (for main 8 points) and carried out analysis of repetition of schemes of currents according to key wind directions. It was found that total repetition of currents for established schemes for 8 points is 42 %. V.B. Baklanovski et al. [1990] investigated numerical modelling of the effect of wind variations, configuration of the shoreline and Volga inflow on circulation of water in the Northern Caspian.

Despite large number of works devoted to theoretical calculations of currents in the Caspian Sea specific features of velocity field are not studied enough, in the first place due to insufficient long-term observations with the use of instruments. Already in 1934 V.V. Shtokman mentioned that theoretical calculations for the shallow zones of the sea are not efficient as here we deal with the combined flow, due to simultaneous drift, solenoid field and action of water pileup and run-off. If in the shallow sections of the sea effect of solenoids is negligible, effects of morphology of the sea bottom and shape of the coastal line act instead. Thus, we can conclude that there are no constant currents in the Caspian Sea. Considered models and schemes of currents are to some extent “artificial”, they might represent general resulting water transfer during a certain, relatively long time period, however quite deep in the sea, rather than at the surface.

Results of field studies of current velocities in the sea are very important both from scientific point of view and practical applications. V.B. Shtokman [1941] was the first to recognize necessity of measurements in the open sea due to random character of hydrological fields. This researcher already in 1935 carried out special study of currents in the Caspian Sea. Shtokman suggested instead of surveys over the large areas of the ocean to carry out long-term, repeated (even continuous) measurements of the investigated parameter in one or several close lying points of the ocean (on "polygon"). Summary of results of observations over the current velocities at different times are given below. 

Currents along the western coast of the Caspian Sea have been studied relatively well. According to data of field investigations [Klevtsova, 1968] it follows that high stability of south-eastern currents along the western coast is mainly related to the wind. At the section between Makhachkala and Apsheron peninsular the current is directed to the south-east, i.e. along the coast. The core flow follows izobath 50-70, with velocities 30-40 cm/sec, maximum velocities can reach 80-100 cm/sec. Long and strong south-eastern winds result in water pileup in the Northern Caspian and at the section Makhachkala-Chechen, and subsequently favor origination of gradient flow facing the wind. This, in turn, stipulates high percent of recurrence of south-oriented currents.

Maximum velocities are observed between Zhiloy island and Oil Rocks, here stability of south-oriented currents is especially high. Southern current dominates with all directions of the wind, except southern, inducing flows to the north. Currents directed to the south are not only stable, but also strong - to 80 at the surface and 50-60 cm/sec near the bottom.

N.D. Klevtsova [1966 a, b; 1967; 1968], R.M. Mamedov [1982, 1989, 1996] carried out thorough survey over the currents, using recorders BPV-2 from the vessels and fixed platforms in the areas of middle and southern Caspian. Results of these studies demonstrated that near the southern coast of Apsheron peninsular in 70-80% of cases the currents are induced by wind, except southern. In the area of Baku archipelago and shore of Kura south-directed currents prevail. Closer to the shore currents are north-oriented (50-60%).

Thus, investigations during many years show that south-eastern current along the western contour of middle Caspian is one of the large-scale elements of water circulation in the Caspian Sea. This current can be seen both on the schemes of dynamic topography and when calculating currents with the purpose of forecast.

Characteristic feature of currents between the Apsheron peninsular and mouth of Kura River, despite dominating northern winds, is existence of local anti-cyclonic rotation. It was established by A.N. Tsiparevich [1967] based on analysis of survey over the currents during 1961-1965.

Near the eastern coast of the Caspian Sea the character of current distribution is more complicated than near the western coast, which is probably related to the clear seasonal variations in dominating winds. Besides, currents in this part of the sea are influenced by strongly cut coastal line: numerous noses, bays. M.S. Choban-zade wrote about the complicated current pattern near the eastern coast [1965].  Prevailing direction of surface currents along the eastern coast of the sea is southern. Highest recurrence of it is observed during the warm months (April - September). In cold months (October - March), besides southern currents, currents with northern component are most frequent [Klevtsova, 1967].

Analysis of observations over the currents in the coastal zone of the Caspian Sea demonstrated their good correlation with wind, especially in the surface layer. Secondary effect of wind action is reflected in the water pileup in the northern and southern areas of the sea, and as a result - origination of gradient current directed against the blowing wind. However, in some cases, besides winds, temperature difference in some parts of the sea, morphology of the sea bottom near the coast could also have significant effect on velocities of currents in the Caspian Sea. At the same time, summarizing results we can say that mezo- and synoptical scales are key time scales of variation of water circulation in the Caspian Sea, with duration from several hours to several days.

Any contaminant brought into the sea by one or other means will be transferred with averaged velocity fields existing here (advective transfer). This was one of the key tasks when analyzing specific character of current velocities in the Caspian Sea. However, besides mean current, “pulse” additives will be necessarily imposed on propagation of the introduced substance, these additives are related to variability of hydrophysical fields (turbulence), especially current velocities. At the same time it is known that statistical and spectral analyses. Doctor thesis of R.M. Mamedov was devoted to investigation of these characteristics of current velocities in a wide space-time range.

Having combined all results of studies devoted to the dynamics of currents in the Caspian Sea we concluded that there are no constant currents in the Caspian Sea, such as e.g. Gulf-stream in the Atlantic Ocean or Curoshio in the Pacific. Considered models and schemes are to some extent “artificial”, they might represent general resulting water transfer during certain relatively long time period. At the same time, summarizing results we can say that mezo- and synoptical scales are key time scales of variation of water circulation in the Caspian Sea, with duration from several hours to several days.

Any model used for calculation of propagation of foreign substances (contaminants) in the sea consists of two main parts. In the first part of these models velocity field in the sea being major carriers of contaminants are determined: this block is usually called hydrodynamic block. Our review given above is based on these key points.

Two practical methods of calculation of contaminants in the sea are known:

1. numerical calculations of concentration of contaminants based on semi-empirical equation of turbulent diffusion;

2. wandering particles method, or Monte-Carlo.

Shkudova made calculations of propagation of admixtures/contaminants in the Caspian Sea using the first method. Calculations were based on finite-difference analog of stationary diffusion equation including two horizontal advection members and member of horizontal diffusion of admixture and also members accounting for nonconservation of admixture. Field of velocities was found by solving simplified system of equations of water dynamics with the members corresponding to vertical viscosity, Coriolis force and pressure gradients. As a gradient conditions for this system tangent of wind friction on the sea surface and absence of current velocities at the bottom were taken. Rivers inflow into the sea was also taken into account.  Absence of admixture concentration in the sea water was an initial condition in diffusion equation. At some sections of the coastal line flow rate of admixture was taken as input, at remaining coastal sections - absence of flow or certain value of concentration. Diffusion equation was approximated with finite-difference formulae with the first-order accuracy in time, and second-order accuracy - by space. Calculations were implemented for the Northern Caspian Sea at dominating north-eastern winds over the aqueous area and sources of admixture of continuous and instantaneous action.

Analysis of results of calculations has shown that transfer of contaminants in the sea takes place mainly under the action of advective factors.

We carried out calculation of propagation of contaminants using wandering particles, or Monte-Carlo method [1977]. In this case trajectory of movement of discrete particles (which we called markers) that does not differ from velocity of surrounding fluid is described by the system of equations. Averaged components of current velocity are determined in the nodes of calculation grid. Pulse components are determined on the assumption of normality of their distribution (Gaussian distribution). Components of turbulent velocities of currents were described by random-number generator, distributed according to normal laws with known dispersions. Coastal line was approximated by broken polygonal line.

In 1998 we implemented modelling of propagation of thermal water from the Hydro-electric station Severnaya (GRES Severnaya) in the coastal zone of Apsheron peninsular (Journal "Oceanology", 1998, No 6).

Simulation of spread of the oil leak in case of emergency is carried out at present, however such works are confidential. That is why no information is available.
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