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PREFACE

This document contains the abstracts of technical papers published by the Caspian Centre for Water Level Fluctuations (CCWLF) during t Stages 1 and 2 of the Caspian Environmental Programme (CEP). The programme of work for the Centre as contained in the TACIS Invitation Document and the Consultant’s Proposal was not detailed. At the start of Stage 1 and continuing through Stage 2, a programme of work was formulated which was ambitious and aimed to cover as wide a range of studies as possible. Besides ensuring that the studies and conclusions relating to future Caspian Sea levels would be comprehensive and extensive, the aim was also to set up a sustainable centre which was capable of coordinating and providing information needed for development planning of the region by the industrial and the public sectors. The publications represent one side of the Information Centre set up in the CCWLF to complement different databases and Internet communication.

One problem facing both funding agencies and foreign experts working in the region at this time was that although there have been a large number of studies and scientific papers published on the Caspian Sea, the majority of these had not usually been translated into English. Through the letting contracts to local experts (88 in total) and foreign expert inputs, some 58 scientific and technical studies and reports have been produced. Written into these contracts was the requirement that reports were to be prepared in both languages. As a result most of the reports described here have been either translated into English or into Russian. It was not foreseen at the start of the CEP that such a large number of contracts and reports would be prepared within a single centre. Therefore, the funding for local contracts and in particular for translation was inadequate to provide for professional translations. Nor were there sufficient foreign expert inputs to ensure that all the translations into English were properly edited. It is an essential requirement that this level of presentation of the reports should be reached and adequate allowance should be made in the Stage 3 for this work to be completed.

Chapter 1. LOCAL CONTRACT PUBLICATIONS

Nr WLF 1L (contr 1)
Outline of Work Programme, Ahkmetov, S., (September 1998), 4pp, WLF, Contract l, English and Russian.

Brief outline of possible programme given under main headings of:

· Background to fluctuations of sea levels

· Perennial and seasonal water level fluctuations

·  Short term water level fluctuations 

· Water level fluctuations under influence of Tectonic factors

Nr WLF 2L (contr 3,4,11)
Information Catalogues on Water Resource Problems of the Caspian Sea and it's Basin, Gorkunova, G.G., Vetrova, Y. S. & Stroyeva, T. P., (December 1999), Vol. I Catalogue of Research Publications on Water Resource Problems of the Caspian Sea and it's Basin, 142 pp, Vol. II, Catalogue of Experts with information on the Caspian Basin, 62pp, Contracts WLF nos. 3, 4 & 11, English & Russia
Catalogues produced by the Kazakhstan Research Institute for Environmental Monitoring and Climate (KazNIIMOSK) within the framework of the Tacis Caspian Environmental Programme. Volume 1 contains a catalogue of some 1,500 research publications. Both Volume 1 and Volume 2 use Microsoft ACCESS-7 for Windows 95 and a search system enables the user to obtain information by surname of the author, a key word, or the year of publication. Volume 2 is a catalogue of experts holding information on water problems. The catalogue is based on information on the individual expert and contains the following data:

· Research area

· Data held

· Details of unpublished work

· Personal information, place of employment, position, contact address etc. 

Currently the catalogue holds 60 names.

Nr WLF 3L (contr 6)
Proposal for Improving the Water Balance of the Caspian Sea, Golubtsov, V.V., (December 1998), 38pp, WLF Contract 6, English & Russian.

The report contains a detailed review of the history of water balance studies of the Caspian Sea and an analysis of annual balance components. It is thoroughly referenced (38 in number). A programme of work was prepared which was divided into short term and long term tasks and included additional studies of the Kara Bogaz Gol, anthropogenic effects of water development and climate change, effect of oil films on the Sea's surface, and predictions of future levels. Also included are recommendations to extend the balance of the Sea back in time to the 16th century. The importance of publishing a bibliographic reference book and literature survey was emphasized. No mention was made of the need to reduce the sea balance to monthly time steps.

Nr WLF 4L (contr 7)
Proposal for Setting up a Real-time Flood Surge Warning System for the Caspian Sea, Shivareva, S.S. Ivkina, N. and Stoyeva, T., (December 1998), 10pp, WLF Contract 7, English & Russian.
The report contains a description of the existing weather forecasting systems in the Caspian Sea states and of the problem of wind induced surges. The importance of improving the observational network to provide real time information and recommendations for transmitting data by satellite is strongly recommended. Proposals are made for:

· A Flood Forecasting Centre

· A hydrodynamic model with on-line access to meteorological data

· Real time water level data

· Model validation

· Dissemination of flood warnings procedures.

Nr WLF 5L (contr 8)

Review of Hydrometeorological Data Collecting Stations adjacent to the Caspian Sea, Shivareva, S.S., Ivkina, N. and Stroyeva, T., (February 1999), 18pp, WLF Contract 8, English & Russian.

This report contains details of all the hydrometeorological stations around the Caspian Sea. From 6 stations operating in the period 1901 to 1910 to a maximum of 54 in 1951 to 1960, the number of stations has declined to 32 in the last decade of the 20th Century. Tables are presented detailing what measurements are taken at each station and where the records are kept.

Nr WLF 6L (contr 2)

Variations in the Components of the Water Balance of the Caspian Sea and its Levels, Golubtsov, V.V. and Lee, V., (December 1999), 40pp, WLF Contract 12, English & Russian.

The Report reviews past changes in Sea levels and analyses the different water balance parameters over time. Plots of cumulative departures of the ratio of annual inflow / mean annual flow divided by the coefficient of variation were used to highlight trends in inflows. Similar analyses were made of Volga flows, Volga runoff coefficients, Sea evaporation and effective Sea evaporation, runoff into the Kara Bogaz Gol, air temperatures and precipitation over the Volga Basin.
The Penman - Monteith equation was used to estimate open water evaporation using climatic data for Fort Shevchenko for the period 1936 to1998. The mean annual evaporation calculated was 1227mm with an annual range of between 1085mm and 1414mm. Extremes are often outliers caused by erroneous data although this is minimized by using the Penman equation by the large number of climatic parameters utilized. The reason for the high evaporation values obtained are explained in the report by D.Clarke (NrWLF 5E).

A review of research into the possible influence on evaporation of oil films on the Sea's surface, was made together with plots of calculated sea evaporation against net evaporation based on annual water balance calculations. No changes in slope were observed, which supports the hypothesis that any effect of oil films on the evaporation of the sea has not been significant.

Nr WLF 7L (contr 13)
Studies relating to the Up-dating and Extension of the KazNIIMOSK Surge Model, Shivareva, S.S., Ivkina, N. and Stroyeva, T., (February 1999), 89pp, Contract WLF 13, English & Russian.

The frequency of high wind speeds and directions were analysed for the Caspian Sea divided into 8 regions. The wind speed was divided into 8 sectors (45°) and 6 ranges of wind speed, l-5m/s up to > 25m/s. The model was validated on five high surge events and water levels simulated at 5 locations. Very good results were obtained. The CCWLF is in a position to forecast surges around the Caspian Sea, although the highest surges are to be found in the shallow seas in the north, 44 reaches were modeled around the sea for 10 m/s wind speed over a 72 hr duration. The analysis also provided an opportunity to determine critical wind directions for different coastal regions.

Nr WLF 8L (con 15)

12 monthly Caspian Sea Level Forecasts, Abouzyarov, Z. K., (October 1999), 14pp, WLF Contract 15, English & Russian.

This report reviewed the methods employed by Roshydromet to forecast Caspian Sea levels annually 12 months in advance. The forecasts, which are distributed widely, are based on known snow cover in the Volga catchment, the state of the reservoirs at the end of winter, the Volga flow in April, the forecast regulatory and planned releases from the reservoirs within the Volga catchment and estimates of the remaining water balance equation components. An introductory review of the Caspian Sea and its problems and of the CAPSAS Proposals was also presented. 

The history of the 12 monthly forecasts are described as is the need to update the original Kalinin method developed in the sixties because of the increased regulation of the River Volga. A new approach has been developed by Kalinin, Smirnova and Sheremetevskaya. The procedures were based on a monthly water balance, which is still in operation today. Forecasts are sent out each year in April. Because of the need to make forecasts in excess of 12 months, numerous attempts have been made to develop a satisfactory methodology but with limited success. Kalinin and Belinsky made use of a 12-year cyclic pattern between cyclones and anticyclones over the North Atlantic and non-synchronized rainfall over Russia. Smirnova developed this further by isolating two cycles of 5 and 18 years rather than 12 years and obtaining correlation coefficients of 0.80 and 0.95 for the 5 year and 18 year forecasts. It operated satisfactorily from 1951 until 1982 but in the 1970's the forecasts stared to deteriorate and from then, were suspended.

Roshydromet has recently developed a new methodology for making predictions for 5 and 18 years ahead, based on the relationship between Belinsky's pressure fields and sea levels using the method of orthogonal functions. Using autocorrelation and spectral analysis techniques the original series are smoothed to remove high frequency noise. The results appear to be extremely promising. The 18-year forecast suggests that the levels might continue to rise up to -26 meters by the year 2012 before falling. The old problem is still inherent in this method of predicting levels; that is until the physical cause of the synoptic change is understood, then any predictivedel is likely to fail. The only question is when.

Nr WLF 9L (cont l6)
Analysis of Synoptic Types over the River Volga Basin (1930 to 1995), Meshcherskaya, A., (May 1999), 21pp, WLF Contract 16, English & Russian.
This study contains a review of the current knowledge of the dominating weather systems over the Volga Basin, and their frequency of occurrence; which determines the variability of the hydrology (rainfall) of the region. Relationships were indicated between these weather systems and other synoptic features in the Northern Hemisphere, which may assist in evaluating outputs from General Circulation Models (GCM's) investigating future climatic change.

Descriptions were provided of the frequency of three circulation types according to the Vangenheim-Girs classification over the period from 1901 to 1995 and their mean distribution over the year. Relationships were also made between westerly circulation and Caspian levels. Correlation between 30 year periods of annual rainfall and westerly circulation were between r=0.7 and r=0.3. Somewhat higher negative correlation was obtained for the easterly circulation. A detailed review was made of the literature on the subject with 25 references provided.

Nr WLF 10L (contr18)

Review of Past Caspian Sea Flood Protection Studies in Kazakhstan, Isentayev, K.K., (November 1999), 50pp, WLF Contract 18, English & Russian.

This report reviewed the studies carried out in Kazakhstan in 1995 to evaluate the consequences of rising sea levels on the inhabitants, industry, economy, transport and agriculture of the region. Summaries of the damage to the economy are given for sea levels of -26m and -25m. The populations of the 111 settlements are tabulated and the levels at which they would be inundated given. The total population at risk was estimated to be 320,400. Two alternative protection schemes were investigated, both of which included embankment protection and the transfer of some settlements to higher ground. The first scheme proposed moving 72 settlements and the second 1 9 settlements.

Very preliminary outline engineering designs were prepared and costs estimated. Embankments were designed for 18 different locations and a sketch map of their locations provided. Flood damage estimates of t 1,225,000 million (April 1999) were calculated, which was about one half the cost of the recommended flood alleviation works.

Nr WLF 11L (cont. 20)

Evaporation from the Surface of the Caspian Sea Surface and its Long term Variability, Georgievskiy, V. (October 1999), 16pp, WLF Contract 20, English & Russia 

The objective of this paper was to investigate the apparent decrease in Caspian Sea evaporation that has occurred since the early 1960's. Hydrologists tend to accept that evaporation is relatively constant and when trends or extremes occur, they can usually be put down to unreliable data. There is therefore an inherent and natural doubt concerning this trend, which is quite pronounced and indicates a reduction of the order of 20% over the last 40 years. In this Study, comparisons were made between evaporation calculated by the State Oceanographic Institute and the State Hydrological Institute. The calculated values were based on a formula using vapour pressure and wind speed gradients over the sea's surface. There was a high degree of correlation between the two data sets and in particular in the reduction in evaporation over the last decades, although in this case the reductions started in the early 40's and early 50's respectively.

An extremely strong case is made to validate the reduction in evaporation. Plots were shown of CGI-3000 evaporation tanks in Russia, and wind velocity and air temperature data, and in all cases a falling trend was observed. Moreover, there was a rise in cloudiness and air humidity, which would also reduce evaporation. The evidence appears therefore, to be quite conclusive for the reduction and has additionally been confirmed by the current studies of Panin and Clarke. There still remains a difficulty in putting a firm value to the reduction in evaporation because of the sparse information on the climate over the sea’s surface.

The report also included a section on long-term changes in rainfall in the Volga basin and its relationship with changes in westerly circulation.

Nr WLF 12L (contr21) 

Weather Systems related to the Caspian basin precipitation and evaporation from the Caspian Sea, Panin, G. N., (May 1999), 27pp, WLF Contract 21, English & Russian.

A historical review of evaporation for the Sea was undertaken from the first estimate made in 1884. Some 23 independent estimates, apart from one apparent outlier, gave annual evaporation estimates within a range of between 911mm and 1,120mm. A theoretical discussion on the relative importance of wave action and wind speeds was given and the development of the Panin approach based on temperature and humidity gradients between the water surface and an air layer was explained. Spatial variability over the Caspian Sea of sensible heat and evaporation have been calculated by Panin and an explanation given of seasonal and spatial variations in evaporation over the sea's surface. These variations are described and related to changes in stable and unstable stratification of the sea surface and the air layer over different parts of the Sea. Data available for the analyses of evaporation are described and trends analysed. The apparent reduction in wind speed associated with changes in patterns of atmospheric circulation is shown to be one of the main causes for the apparent reduction in Sea evaporation.

Finally, the Vangengeim and Girs classification of weather systems is used to describe the reasons for the increase in precipitation that was the primary cause of the rise in Sea levels from 1978. Recommendations for further research were made

Nr WLF 13 L (cont 23)
Grid based Model of Caspian Sea Basin, Phase 1 Report), Tate, E. and Meigh, J., (December 1999), 48pp, WLF Contract 23, English & Russian.
The hydrological cycle represented in most general circulation models (GCM's) are crude and fail to represent the true movement of water on the land surface. One reason for this is the lack of understanding of the water developments and water use within catchments. The Caspian Sea basin is highly regulated. The proposed Grid Model has been set up partly to overcome this omission, but mainly to co-ordinate studies into climate change and water use and development in all the five countries: data inputs on a 0.5° latitudinal and longitudinal grid will ease the exchange of data between countries.

Surface flows are estimated using a conceptual rainfall-runoff model and runoff calculated for each cell and accumulated to route through the river system. Extensive use is made of GIS data bases for evapotranspiration, rainfall, elevation, soils, land cover, ground water aquifer characteristics etc. National information on reservoirs, water-use are all used spatially on a grid basis. The model will be interfaced with a monthly model of the Caspian Sea and operated to investigate the effect of changing climate, population changes and increasing and decreasing industrial and agricultural water usage. The model, which was developed by the UK Institute of hydrology, and is being set up in the State Hydrological Institute, Saint Petersburgh, will be transferred to all five countries once the setting up and calibration is complete.

Nr WLF 14L (contr 24)

Atmospheric Circulation and Climate and Civilization in Central Asia, Ilyushenko, M.A., (December 1999), 18pp, (part complete), WLF Contract 24, English & Russian
The theories of L. Gumelov are reviewed with respect to past climate changes in Central Asia and in particular the movement of civilisation in the last 1000 years in the coastal regions of the Aral and Caspian Seas. Evidence of correlation between atmospheric circulation and sea levels in the Aral and Caspian Seas are to be provided. A literature search is undertaken into the subject and relationships between other regions in the Northern Hemisphere and the climate fluctuations of Central Asia. This report is incomplete.

Nr WLF 15L (contr26)

The Use of Topological Techniques in the Prediction of Caspian Sea Levels, Makarenko, N.G., et al, (January 2000), 18pp, WLF Contract 26, English & Russian.

Using data on Caspian Sea levels observations up to 1943, they were trained using an artificial neural network technique to carry out sea level predictions up to the year 2050. As with all techniques relying solely on past records, they are all likely to fail because of the antropogenic climate change factors now influencing climate. 

Nr WLF 16L (contr 27)
Outline Document for Proposed Caspian Sea HYCOS Project, KazNIIMOSK, (January 2000), 11pp, WLF Contract 27, English & Russian.
This outline document was prepared by the CCWLF. The objectives of the project was to take a first step in starting to rehabilitate the hydrometric network of the Caspian Sea, which has declined seriously since the collapse of the USSR. The project is likely to install 25 to 30 data collection platforms (DCPs), which will transmit data via METEOSAT. The primary use of the data will be:

· to determine accurately the level of the Sea in real time

· to measure the inflow to the Sea for water balance studies

·  to provide water levels and meteorological data for real time flood forecasting of wind induced surges

·  to measure climatic parameters and sea temperatures for the calculation of evaporation of the Sea etc.

·  to monitor selected physical and chemical characteristics of sea water to assist in pollution and quality control

Nr WLF 17L(contr. 28)
Global Features and Caspian Sea Rainfall, Meshcherskaya, A., (January 1999), 45pp, WLF Contract 28, English & Russian.

Further to the initial report on synoptic changes over the Volga basin, this report reviews the most likely climatic and oceanographic global features that are correlated to rainfall over the Volga catchment. The objective being to try to establish indicators which might be used to predict whether the changes in atmospheric circulation which has accompanied the increase in rainfall over the Volga basin and apparent reduction in Sea evaporation are likely to continue. Additional studies on the relationships between current circulation indices of pressure systems in the Northern Hemisphere and cold season precipitation over the Volga catchment was also undertaken. Checks were made to see if it was necessary to reconcile the CRU global rainfall data set being used in the modeling, with data corrected to take into account in past changes in rain gauge equipment and wetting correction factors. The CRU data was found to be reasonably similar to the known corrected data sets.

Nr WLF 18L (contr. 35)

Further Caspian Sea Evaporation Studies, Panin, G. N., (January 2000), 15pp, WLF Contract 35, English & Russian.
Tables were prepared for evaporation calculated by the Panin formula from data collected by ships in the middle and northern Caspian Sea. A new modified formula was developed for use in the shallow waters of the Caspian Sea and the Kara Bogaz Gol. Estimates of evaporation were calculated for the period 1930 to 1995. The results contain some apparent anomalies that are not easy to reconcile. For example, the surface temperatures of the Kara Bogaz Gol are on average some 4o C higher than the temperatures of the northern Caspian but the results of the modified Panin equation indicate that the evaporation from the Northern waters are higher than form the Kara Bogaz Gol. 

Nr WLF 19L (contr. 36)

Revised Bathymetric Maps of Caspian Sea including Coastal Areas in Kazakhstan showing penetration of Surges, Shivareva, S.S., Ivkina, N. and Stroyeva, T., (March 2000), 188pp, WLF Contract 31, English & Russian.)

Topographical and bathymetric maps of Kara Bogaz Gol and the coastal regions at a scale of 1:500,000 were digitized and maps produced to define the areas flooded for catastrophic surge events occurring at Sea levels of- 27, -28, and -25 metres above mean sea level. Revised bathymetric maps were compiled at scales of 1:2,000,000 and 1:1,000,000

Catalogues of wind sets for past events were also compiled and their associated synoptic situations analysed.

Nr WLF 20L (contr. 40)

Modelling of Monthly Sea Levels on Water Balance Equation for 1925-1998, Golubtsov, V.V., (March 2000), 38pp, WLF Contract 40, English & Russian.
A statistical analysis is undertaken of the monthly components of the water balance of the Sea. Information is provided for in filling missing data from the Authors intimate knowledge of the subject.  Statistical parameters of means, standard deviations, coefficients of variation and correlation coefficients were calculated for all the monthly series and used to predict sea levels. Cumulative departures from mean plots, adjusted for the coefficient of variation was prepared.

NrWLF 21L
Work Programme for Water Level Fluctuation Centre, First WLF-CRTC Workshop Report, Almaty, 11-12 May 1999, KazNIIMOSK, (June 1999), pp51, Russian.
Summaries of the 11 papers presented at the Workshop are given together with the follow-up discussions. A description of the Workshop and of the Metaplan system is included in the report together with the results of the three topics selected for discussion:

· Causes of the Recent Sea Level Rise?

· What should be the Centre's Work Programme?

· Way's to improve the operation of the Thematic Centre?

Nr WLF 22L
CEP Water Level Fluctuation Centre, Report to Steering Committee Meeting, KazNIIMOSK, (March 2000), pp32, Russian.
A short report prepared on the activities of the Water Level Fluctuation Centre for the Steering Committee meeting held in March 2000

Nr WLF 23L (contr 23)

Grid based Model of Caspian Sea Basin, Intermediate Stage Report (Appendix to Stage 1), (December 1999), Tate, E., pp18, WLF Contract 23, English & Russian
Further studies were undertaken during the Bridging Period between Stages 1 and 2. During Stage 1 the model had provisionally been set up without any attempt at calibration or data checking. The primary aim of the additional 2-week input was some verification of baseline data, sensitivity analysis of model parameters, corrections to basin cell linkages and a first limited calibration of the model using selected sub-basin data. A number of modifications were made. These included globally reducing potential evapotranspiration, reconstructing the cell linkages for the whole of the whole of the basin with corrections to the river Sulak basin. Nine sub-basins of the river Volga were used in the calibration, with data of the river Ural at Kushum, river Volga at Volgagrad and tributaries of the river Kura.

The results obtained were very promising and should lead to a reasonable working model in Stage 2. Recommendations were made as to future possible improvements to the model that included:

· the inclusion of a more sophisticated reservoir sub model

· an improved snowmelt module

· Modeling glacier melt

· Increasing the recession of groundwater river inflow

· Introducing an improved evaporation data set

· Facility to allow for annual changes in catchment water use

Nr WLF 24 L (con 48)

Review of Availability of Flood Management Information in Kazakhstan, Kireev
M.A., (September 2000), pp25, WLF Contract 48, English & Russian.
This report was prepared to help the project evaluate the status and availability of flood information in each country. Four such reports have been produced. The exception was for Iran where although detailed studies are in progress but it proved difficulties prevented access to this information.

A description of National procedures for implementing flood alleviation schemes in Kazakhstan is provided. Following the steep rise in sea levels between 1978 and 1991an important meeting was held in Atyrau (Gurjev) between all the Soviet Caspian Sea littoral States in June 1991. A list of the 24 papers presented from the 140 delegates, together with a summary of the discussions and recommendations. This is followed by details of the Kazakhstan Government Bills passed to implement studies and flood alleviation works. 

A comprehensive report, comprising of several volumes and over 1000 pages, was prepared for the Government in September 1994.

A brief summary of the damage caused by the sea level rise during the 1980s
was presented which is described in more detail in the Centre report, WLF10L.  Details of Government authorities involved in flood alleviation with addresses and telephone numbers are given and the relevant maps available. The report concludes with a brief summary of the economy of the region. A number of interesting maps showing the location of oil fields and satellite based maps of flooded areas and aerial photographs of pollution areas are included.

Nr WLF 25 L (con 49,52,53)
Review of Availability of Flood Management Information in Azerbaijan, Russia and Turkmenistan, Individual Authors: Mansimov, M.R., Lebedeva E.S., and Lavrov, D., September, (December 2000), pp27, English & Russian.
1. A report for the littoral area of Russia was prepared under the following headings:

· Organisations involved in flood problems
· Background

· Socio economic summary of the Russian Republics of Dagestan, Kalmykia and the Astrakan area.

· Summary of the population,areas, industry, infrastructure, etc subjected to flooding 

· Hydrometeorological stations, and summary of pollution loads

· Problem of Sea level rise. A total damage figure of $2.9 billion dollars is quoted.

Finally an annex is attached describing the regulatory requirements for the environment of the Caspian for fish farming, extraction of hydrocarbons and their transportation, shipping, etc. A topic a little removed from flood alleviation but no doubt thought by the author to be information of interest to the Project. Although data on reductions in outputs in the economy of the region are included it is not possible to know how much is due to flooding and how much is due to a general turn down in the economy following the break up of the Soviet Union.

2.
This report provides detailed information on flood damage in Turkmenistan. Details of the basis for the design of flood protection measures are described. A design sea level of –25.4 m was estimated for 2015. Surge heights were calculated from extreme wind speeds and an inventory prepared for buildings and infrastructure lying with flood prone delineated zones. Some background information on the damming of Kara Bogaz Gol and the lead up to working designs prepared by the Institute of Turkmengiprovodskaya in 1992-1993 for flood protection based on flood damage saved. Details of these studies and and designs are held in this Institute. All the Caspian Sea littoral area lies within the Balkankskiy Veloyat. Population statistics are provided and 150,000 are estimated to reside in the areas, which are potential flooding. Potential flood damage totalling US$307 million, are listed and a details of the measures recommended to alleviated flooding are provided. The costs of these protective works amounted to US$667 million. The socio- economic statistics for the region are provided, with the emphasis on communications, fishery and agriculture, and government protected environmental reserves.

3. The report for Azerbaijan is short but contains a concise resume of the studies undertaken, their location and the location of flood maps

Nr WLF 26 L (contr 50)

Hydrological Studies of the Kara Bogaz Gol, Golubtsov, V.V. and Lee,V., (November 2000), pp14, English & Russian
This report includes some preliminary hydrological studies of the Kara Bogaz Gol. Specifically the report includes:

· an update of the elevation area volume curve for KBG from –22m to –35m

· a summary of the balance of the Sea (Eo unknown), 1921 to 1935 (Shyshov,1938)

· an attempt to undertake a water balance with approximate data for the period 1995 to 1998

· the calculation of Eo for both the KBG and the shallow northern Caspian based on sea surface temperatures obtained from satellite recordings

The following conclusions can be drawn from this study:

· the work of Shirov produces consistent results and his estimates of annual evaporation from the KGBof 1225mm appear realistic

· the poor estimates of inflow and out flow for KGB in recent years invalidates the balance equation for estimating recent Eo losses

· a first attempt was made to use satellite recorded sea surface temperatures(sst) to calculate surface Eo by the method of Penman-Monteith and Smirnova. The results were promising, although the errors introduced by using meteorological data from only a single station, Fort Shevchenko, eliminates any valid conclusions from being drawn. The assumption that satellite sst’s can be used to substitute for air temperatures in the shallower ares of the sea appears worthy of further investigation. The mean calculated evaporation for the 2years of sst data, 1997 and 1999, gave mean annual evaporation by the Penman-Monteith and Smirnova of 1105mm and 1010mm respectively for KGB and 965mm and 840mm for the northern Sea. Both sets of results are probably too low. The Smirnova evaporation equation was almost certainly derived from water balance studies for the whole of the Caspian Sea and evaporation estimates using this method would therefore be expected to be lower than those for the shallow KGB and the northern Sea and those calculated by the Penman equation. It is recommended that further studies using data from other meteorological stations should be undertaken with the Penman equation and comparisons made between thermometer recorded sea temperatures and satellite data to verify the latter values.
Nr WLF 27 L (contr 54)

Influence of Wind Induced Surges in the North-Eastern Caspian Region, Shivaryova,S., Ivkina, N. and Stroyeva, S., (December 2000), pp19, English  & Russian.

Water levels recorded at the Big Peshnoy hydrometeorological station, the only one on the north eastern Kazakh Caspian coast recording daily water levels, which had been presented in Report WLF19 were further analysed to provide information on flooded areas. 81 surge events were analysed between April 1961 and September 2000. The flooded areas were based on a level-area relationship derived from 1 in 500,000 scale mapping for levels between contours –30m to –24m for part of the Kazakh territory (which was not specified).  Between 1961 and 1984 the background sea level rose from  -29 to-28m and between 1985 and 2000 from –28 to –26.55m Some attempt was made to relate the frequency and magnitude of surge events at different background sea levels which was not conclusive. The maximum wind set up over the whole period was 1.72 m recorded in April 2000. 

Nr WLF 28 L (contr 55 & 67)
Reviews of the Caspian Sea Monthly Water Balance Models, Georgievskiy, V.Y.,(1) (December 2000), pp13, English & Russian. .(2),(April,2001), pp8, English & Russian.
1. Caspian Sea Monthly Water Balance Studies, Report (WLF 4E), Wardlaw R.B.

To assess the response of the NIS countries to the results of Wardlaw’s monthly water balance of the Caspian Sea, a review of his work was undertaken by Georgievsky , State Hydrological Institute, St Petersburgh, Russia.

It was confirmed that most of the previous studies had used results from annual water balances. Comments on the input data used by Wardlaw included recommendations: 1) that more than four hydrometic stations should be used to calculate mean Sea levels, 2) that corrections of up to 50% were sometimes needed to correct recorded precipitation measured on the northern coast and 3) warnings that the rainfall data base used may not have included wetness corrections or wind corrections made to most records after the early 1950’s (it is believed however, that they did). It was also pointed out that it was advisable in balance studies, where estimation of the evaporation of the Sea was the aim, to use recorded inflows into the Kara Bogaz Gol (KGB); available from 1921 to 1998.Useful information was provided on the hydrology of the Kara Bogaz Gol. It was emphasised that monthly and annual water balances of KGB had been found to contain large errors reflecting those in the water balance components. 

The anomalously high May sea evaporation found by Wardlaw was considered by the SHI to be due to storage in the delta of the Volga river and not due to errors in flow records taken at gauging stations, which had been analysed and checked extensively by SHI.
2
 Caspian Sea Water Balance Modelling, Consultants Report, Working Notes on Sea Surface Temperature and Evaporation, Water Balance Update, Miscellaneous Working Notes, WLF 8E, Wardlaw R.B., 

This, the second report by Wardlaw to be reviewed contains results of modifications to the monthly model in an attempt to remove anomalies found in the operation of the original model using the accepted input data. The reviewer agrees in principle with the modifications but gives two examples to demonstrate how the detention and release of flood water in the Delta is very much dependent on the size of the flood. The examples show how the flood wave peak is attenuated and the reviewer stresses that this is a subject worthy of more detailed research. In another publication by the Centre Dr Golubtsov (WLF 39) uses a formulae to estimate the level of storage in the Delata and derives a mean figure of 12 Km3 a figure well below the 25km3 estimated by Wardlaw to produce sensible evaporation values. A comparison is made between the estimates of evaporation by selected researchers and those of the author and considers that they are in reasonable agreement. The reviewer points out how a single evaporation figure for the whole Sea masks the tremendous spatial variations with minimum evaporation occurring during winter months in the North Caspian but in spring for the middle and southern regions

 Wardlaw also looked at the possibility of improving the implied evaporation calculated as the unknown in the balance equation. To modify winter inflow and so produce reasonable evaporation it was assumed that up to 15km3 went into storage as ice in December, January and February to be released in March and April. The reviewer believes that this figure is much too high and estimates it to be less than 1km3. It is also suggested that the main cause for the high implied evaporation in winter is likely to be the effect of high winds which are prevalent in the region during the winter months, on water levels. Even though this is thought to be the main cause the reduced storage as ice cannot be neglected. It might be added that it is not an easy matter to estimate the volume of water stored as ice in the delta. It should include small water courses and ground water, which during periods of falling levels would normally be discharging into the Sea. Of interest also is the information that Panin has estimated that the high wind speeds registered during winter may increase winter evaporation by up to 30-35%. It is suggested that the way forward is to improve the components of the water balance and in particular the records of water levels. And to use satellite data to estimate ice cover and temperature distribution.

Finally it is suggested that the work on the monthly sea balance by Wardlaw represent a considerable step forward in understanding the hydrology of the Caspian Sea.

Nr WLF 29L (contr 34,43&59)
Development of Information Systems for the Caspian Sea and it's Basin (User manual for meteorological and hydrological data base), Gorkunova, T., Vetrova, E., Nosireva I., Zatylkin E., & Chernichenhko, A., (December 2000), 107pp, Contracts WLF nos. 34,43&59, English & Russian
This is a detailed user manual for the operation of the hydrological and meteorological database developed as part of the CCWLF Studies. Initially it was designed primarily to store the hydrometeorological data that was for use in the studies of the Centre. However, its value soon became apparent. The information was of interest to the other centres and organisations and the database has been extended accordingly. 

The system is menu driven and is based on Microsoft Access-97 and ArcView GIS. The main menu is: 

· meteorological data (data, graphs, and reports)

· hydrological data (data, graphs and reports)

· Caspian Sea (data)

· Schemes (maps)

· Additional data (data)

The menu can be switched to into either Russian or English languages

As an example the second level menu for meteorological data is:

· Climate stations

· Air temperatures

· Solar radiation

· Precipitation

· Relative humidity

· cloudiness

The database contains many useful facilities for sorting data into daily, monthly and annual; daily mean, maximum, annual etc; exporting to Excel, creating a variety of graphs, editing, data processing, reporting, prohibiting data corrections, selecting groups of stations. A record of all the data entered into the dat base is referenced. Stations for selection can be located on maps before selection.

Records for around 150 climatological stations and 65 hydrometric stations are incorporated currently (October 2001) in the hydrometeorological database Some meteorological records go back to 1745 and the hydrological data back to 1830.

NR WLF 30 L (contra 57) 

Analysis of Global Features and Teleconnections to Caspian Sea, Meshcherskaya A., (April 2001), 64pp, WLF Contract 57, English & Russian.
This report was the third in a series whose primary aim was to investigate the relationship between climate of the region and precipitation over the upper Volga basin. In particular, it was an attempt to try to relate global or regional features, which in the past were found to be correlated with Caspian Sea levels. In this report the series of eight potential teleconnections with the Sea were cross-correlated with sea levels. It was hoped that this analysis would present an alternative to GCM predictions and possibly help fill in the gap  in intermediate forecasting for the periods of the order of 5 to 20 years when statistical analyses may be of more value than GCM analyses.(R, year 1to5)

· horizontal equator- polar lapse rates (R=0.28)

· North Atlantic Oscillation (R=0.4)

· Ice cover of the Barents sea and the North European basin (R=0.6)

· Vitels anti-cyclonicity indices in the Atlantic-Europe Area (R=0.5)

· Siberian High area, departures form mean pressure(R=0.55)

· Vangengeim and Girs circulation indices, Atlantic-European zone(R=0.7)

· Kats index of zonal and meridional circulation, Atlantic and European Zone(R=0.0)

· Indices of Southern oscillation(R= -0.3) 

 A too short a description of possible reasons for these relationships is provided. A literature review was also undertaken of forecasts made over the past 12 years. These have been grouped into 1) water balance commponents 2) General circulation features 3) Palaeo-analogues 4) Others. Summaries are given below:

Selection of recent published predictions of future Caspian Sea levels

	Authors
	Year
	Method
	year 
	Level(m)
	year
	Level

(m)
	year 
	Level

(m)

	Budyko etal
	1998
	Palaoeanalogues
	2000
	-28.1
	2020
	-27.1
	2050
	-22.4

	Labanov
	1999
	Palaoeanalogues
	2000
	-28.6
	2020
	-27.8
	2050
	-24.3

	Frolow
	1995
	Probability/ Palaoe
	2010
	-27 to –25, 90% probability
	

	Golitsyn
	1998
	Sea balance
	Most probable level –27 to –26 in 2000 (!)
	

	Klige
	1994
	Sea balance
	2005
	-26
	2010
	-25.5
	50% probability

	Golubtsov etal
	1995
	Sea balance -1556
	1995
	-26.5
	2000
	-26.3
	2010
	-26.2

	Rodionov
	1991
	Atmospheric circul.
	Not exceed -26
	
	
	

	Krenk & Popova
	1992
	Atmospheric circul
	Upper limit –25 to -26
	
	
	

	Droydov
	1990
	Lapse rates
	Continue rising until 2005
	
	

	Sidorenko et al
	1994
	Atmospheric circul
	Continue rising until 2010
	
	
	

	Kim & Nikulina
	1994
	North Atantic cirul
	9cm rise until 2040 ( ie 4.0 metres)
	

	Malinin
	1994
	Tele water-air temp
	2000
	-26.5
	2010
	-25.5
	
	

	Naidenov et al
	1993
	Statistical
	2 stable levels –25.5  & -27..9, unstable -26.4

	Shlyamin
	1963
	Solar cyclicity
	Rise to 2000, fall to 2020, rise to 2060,less than 2000 level

	Alishaev et al
	1993
	Solar cyclicity
	2025
	-25
	2050
	-25.3
	2100
	-27

	Sheko
	1993
	Solar cycle
	12cm rise to 1999 max, falling, at slower rare from 2005

	Duvananin
	1995
	Wolf numbers
	2025
	-25
	
	
	
	

	Getman
	2001
	Wolf / Belinski
	2002
	-25.3
	2006
	-25.55
	2012
	24.5


All the prediction results presented in the table use past levels to predict the future. If, as now seems likely, global warming, due anthropogenic influences, will over-ride the cuases of past natural fluctuations then these predictions will all be widely in error. Such studies are futile unless the rapid global warming is now with us is taken into accout. The use of palaoeclimates For example there is still not a conscensus of on whether the Caspian Sea rose or fell during past climate optimums.

Finally, a recent study by Getman relating solar activity (Wolf numbers) to Caspian Sea levels, Volga flows and characteristics of atmospheric circulation (based on the Belinsky index of Vitels regions) is described in detail. The correlation between Wolf numbers and and sea levels only reaches a maximum of 0.1 at a lag of six years; so really very little weight can be given to predictions based on Wolf numbers. Getman produced a regression equation for predicting levels based on Wolf numbers, 2no Vitels regions and a Belinsky coefficient. As a result reasonable estimates of levels were produced ranging of around 0.8 over the period 1923 to 1995. However, by introducing more parameters into the equation even higher correlation coefficients could be obtained. Even so, this is no guarantee that the equation will produce realistic values in the future, particularly when large lag times have to be introduced in order to obtain the high correlation, which have no physical meaning or justification. For interest only, the equation predicts rising levels from 2002-2006, a fall between 2006-2010, a rise between 2012-2018, a fall of between 2018- 2020 and a rise between 2020-2023. A final level in 2023 of 23.55 is predicted.

Nr WLF 31L (contr 67)
Review of WLF 26L on Hydrology and Evaporation Estimates of Kara Bogaz Gol (Golubtsov, V.V., and Lee,V., Nov 2000), Georgievskiy, V.Y., (April2001), pp5, English & Russian. 
Georgievskiy points out some of the problems associated with bathymetric data. A new level-area relationship provided by Lavrov is given, which has increased area at levels higher than  -28m than the newly prepared KazNIIMOSK values. It was also mentioned that between 1933 and 1956 (period of falling levels) the bed rose in shallow areas, where salt concentrations are highest, by a metre due to mineralization. With increased flows between 1993 and 1998 bed minerals were seen to go into solution, more than doubling the salinity of the Bay. The reviewer believes that the Bortnikov water balance estimates were the best currently available (Golubtsov and Lee had used the water balance values of Shyshov) . The average annual evaporation from 1931 to 1970 was found by Bortnikov to be 1020mm. (it might be added that this is close to the estimates for the Caspian Sea which is not consistent with the higher evaporation in the KBG due to higher ss temperatures). Bortnikov suggested, and his opinion shared by the reviewer, that the wide annual variations in the balance were within the limits of the precision of the calculations. It is stated that the data of Archpova indicated wide variations in sea temperatures and air humidity within the KGB. In the SE area where the Bay is highly saline evaporation was estimated to be as high as 1600mm and temperatures as high as 40oC have been recorded in areas of high mineralization. It would appear therefore that the effect of ss temperature on evaporation significantly exceeds any reduction due to higher mineralization. This would seem to conflict with the assumption of reduced evaporation rates with higher salinity contained in the analysis in WLF 12E. The use of satellite imagery to calculate sea temperature was fully supported.  

Nr WLF 32 L (contr 62)

Some Aspects of the Caspian Sea Balance: bibliography of papers investigating historical levels with brief abstracts, historical levels, Information on Volga flows, effective evaporation and inflow relationships and ice formation at Volga mouth, Golubtsov, V.V. and Lee,V., (March 2001), pp12, English & Russian.
This paper provides miscellaneous information of general interest to researchers and scientists working on the hydrology of the Caspian Sea.

Short abstracts of 16 technical papers dealing with Caspian Sea levels, are presented.

Monthy levels in the Caspian Sea for Baku from 1830 to 1900, compiled by Apollov(1956) together with mean sea levels dating back to 1500 based on historic and other information., are also tabulated. 

A relationship between river Volga water levels at Astrakhan and at Nizhni Novgorod was used to infill the Astrakhan data set to provide a continuous record of annual flows at Volgagrad from the 1792 to 1987. The following relationship between levels at Astrakhan and river Voga flows at Volgagrad was used:


Q(km3)=3.17H(m)3+143

The correlation between inflow to the Sea and evaporation from the sea’s surface was discussed. It was shown that during rapid declines in levels it was negative whilst during rising levels it was positive (in both cases high values of -0.6and +0.6) whilst over the whole period was zero. The significance of these relationships could be due to:

· Abrupt changes in atmospheric circulation leading to reduced sea evaporation during high Volga flows and vice versa.

· Storage in the system and in particular the delta regions, so increasing inflow during falling levels and reducing inflow during rising levels

· The change in regime of the Volga due to the almost complete regulation of flows by hydropower schemes so reducing peak flows in the lower reaches of the river

Finally, estimates were made of the amount of flow in the lower Volga going into storage as ice during the annual freeze up during the months of December to February. The total volume of the storage was estimated to be between 2 and 3.5 km3. This is considerably less than the 15km3 found by Wardlaw to needed to correct the sea balance to produce reasonable sea evaporation values for December to March. Georgievskiy estimated less than 1 km3 and suggested that constant strong wind during the winter were a more likely cause for the discrepancies.

Nr WLF 33 L (contr 60 & 61)
Setting up a real-time surge forecasting system for the Caspian Sea, Shivaryova,S., Ivkina, N., Stroyeva, S. and Koloskov, G. (February 2001), pp21, English  & Russian.

In this report an update of the bathymetry of the Caspian Sea to be used in storm surge forecasting is described. This is mainly improved depth information in the areas of Teren Uzek, Prorva, Komsomolets Bay and in the Kara-Bogaz-Gol Bay. Also a discussion on possible improved initial water level conditions to the operational storm surge model is given based on a water balance of the Sea.

The establishment of automatic procedures (Windows programs and scripts) for retrieving operational meteorological forecasts from UK, conversion into the MIKE 21 surge model format and finally to run the simulation is described.

Nr WLF 34 L (contr 64)

Data for input to Caspian Sea Basin Grid model, (May 2001), Ivkina, N., pp14, English & Russian.

The purpose of this report was to provide additional information for inputs to the IH GRID model following modifications to provide a more accurate realism in the simulation. The SHI has in its database, information on the river Ural. However, it is incomplete especially in more recent years, as the river is the boundary between Russia and Kazakhstan for much of its length and the lower reaches are in Kazakhstan. The following data was collected:

· The largest reservoir in the river Ural basin is the Iriklinskoye with a capacity of 3.3km3 and a suface area of 260km2. Daily operational data was collected for the period 1993 to 2000. The data for 1993 was presented in tabular form. Other data from the filling in 1986 is published in the hydrometeorological bulletins. The river Kushum has four main reservoirs.  There are  two main lakes within the Ural catchment, the Chekkar and the Inder with a combine capacity of  about 1.6km3 
· A description of the rivers and their hydrometric stations is included. 

· Details of the areas of arable land and irrigation areas within the Kazakh territory is provided. For the different political regions the total quoted is about 50,000 Ha. The areas under different crops and their sowing and cropping times are different crops are tabulated.

Nr WLF 35 L (contr 70 & 71)
 Real-time surge forecasting system (data –model interface and first results), Shivaryova,S., Ivkina, N., Stroyeva, S. and Koloskov, G. (June 2001), pp22, English  & Russian This report is a continuation of the report Nr WLF 33 L. 
This report describes the retrieval of meteorological forecasts from the European Centre for Weather Forecasting (ECWF) and the procedures set up on line to receive the information. Examples are produced for 26 forecasts and the results compared with recorded levels at the Bolshoy Peshnoy Island gauge

A change in resolution of meteorological data from 1.5 to 0.5 degrees was tested without significant improvements and initial forecast test simulations with the surge model are described.

Several future actions to be taken to check the forecasts and to improve the quality are listed. This includes daily comparisons with observations and calculations of improved initial background levels for the surge model.

Finally, improvements in the procedures to automatically execute a forecast are described.

Nr WLF 36 L (contr    )

Comparison between a monthly sea balance and the Roshydromet method for forecasting monthly Sea levels, Abouzyarov Z. K., (November 2001), 14pp, WLF Contract 58, English & Russian.
This is the second report providing information on the method Roshydromet employ to estimate sea levels at 7stations around the coast of the Caspian Sea. This report provides a more precise explanation of the method, possible error sources and a comparison between the Rosydromet method and the conventional water balance method for 1999 and 2000.

Roshydromet, the hydrometeorological Service of Russia, for almost half a century has annually published an official forecast of monthly Caspian Sea levels. The forecast starts in May and extends to April in the following year. Monthly mean and mean annual sea levels are based on data recorded at seven locations around the coast at Makhachkala, Baku, Chilov Island, Fort Shevchenko, Kuuli Mayak, Turkmenbashi, and Kara-Bogaz-Gol). Mean sea levels are computed as a simple arithmetic mean of these seven stations.

The forecast is based on the balance of river inflow, precipitation falling on the sea surface, underground inflow, sea evaporation and water flowing to the Kara Bogaz Gol Bay. The calculation is done on a monthly time step. It is not based however, on the solution of the water balance equation using the standard balance components. The results obtained in forecasting were exceptionally good and directly contrary to the solution of the monthly water balance which contains serious anomalies which has led to most scientists adopting the use of the annual balances of the Sea.

The highest Caspian Sea level is observed in June and July, when inflow is highest, and the level is lowest in February to March, when the inflow of the rivers is at a minimum. Evaporation from the sea surface reaches a maximum in August and September, when the temperature of the surface water is also at a maximum, and the river flow sharply decreases. At that time of year river inflow is much less then evaporation and the water level starts to fall.

The calculation method is briefly as follows:

· River inflow to the Sea for the coming year is based on an evaluation of the snow cover in the Volga catchment and reservoir storage in the river Volga and Kura hydroelectric power schemes at the end of the winter season. Forecasts of hydropower releases are provided for April, May and June. 

· Total annual flow is calculated based on the flow released from the hydropower reservoirs over these three months by a simple formula

· The flow for the remaining 5 months is assumed to be 38% of the annual forecasts, with a fixed monthly distribution. Forecasts of monthly flow volumes of Ural, Terek, Sulak rivers and the mean annual monthly flow of the Iranian coastal rivers (14km3) are then added to the estimated Volga flows to produce the forecast of monthly inflows to the Sea. 

· For the remainder of the year, average coefficients are used to estimate the surface area of the sea. The estimated monthly inflows are then used with the surface areas to calculate the rise in sea levels due to inflow only

· The next step is to adjust the level increments calculated for inflow alone to allow for the time of travel to the individual water level recording stations. For the two stations at Mahachkala and Fort Shevechenko, a lag of about 1 month is assumed. The remaining four stations are assumed to have a 2 month delay. 

· The average annual values of sea evaporation, precipitation and groundwater inflow over the past 10 years are used to complete the forecast. This in effect reintroduces the anomalies in the monthly distribution, so providing reasonable answers without having to understand how the anomalies arise. These adjustments are significantly larger than the calculated flow induced changes.

· If required the forecast is revised in August using the hydropower discharge forecasts for the remainder of the year.

The forecast method used although not scientifically robust does produce reasonable results, although the work recently undertaken in the WLF Centre now offers a more reliable procedure to be adopted.

A review of the errors in estimating sea levels, inflows (possible non-regulation releases from the Volgograd hydro-electric station) evaporation, and precipitation, Formulae for estimating delta losses, evaporation and precipitation are provided. The differences between the calculated water levels by the conventional water balance and the Roshydromet forecast were small. Perhaps it would be beneficial to change the method to a more transparent one which is more indicative of the hydrological processes involved and will highlight changes in the system when they occur.

Nr WLF 37 L (contr84)
Super Long-Range Forecasts of the Caspian Sea Meshcherskaya A., (December 2001), pp, WLF Contract 84, English & Russian.
The report describes the technique and to calculate the expected Caspian Sea level for the next 12-15 years with the help of two statistical methods developed by A.V.Meshcherskaya and M.P.Golod:

1. The technique for super-long-range forecast of the Caspian Sea level (CSL) is based on the characteristics of the atmospheric general circulation:The Project “Analysis of global features with teleconnections to the Caspian Sea level” was implemented in the first half of 2001. During implementation of the Project a number of climatic characteristics was found out which can be used as potential predictors. The results of calculating  the crosscorrelation functions between the potential predictors found out and CSL and multiple regression with orthogonalization of predictors  are supposed to be used.

2. The technique of multi-factor regression average (MRA). This technique was developed by A.V.Meshcherskaya and M.P.Golod for forecasting the monthly precipitation amounts and the monthly mean air temperature over the territory of the former USSR. It is characterized by the use of voluminous initial information including over 3000 potential predictors and therefore is referred to as multi-factor one. The method of multi-factor regression average includes calculations of the coefficients of correlation between predictants and potential predictors, the choice of significant predictors, solution of one-dimensional regression equations and calculation of a conventional average which is the prognostic value of predictant. The statistical method of multi-factor regression average is proposed to be used for forecasting the increments of the Caspian Sea level ((CSL) over 10-12 years ahead.

The contents of the study were:

3. The method for super-long-range forecast of the Caspian sea level using the characteristics of atmospheric general circulation and the results of calculating CSL by this method until 2015.

4. The Principles of the technique of multi-factor average as applied to super-long-range forecast of the increments of the Caspian Sea level. is the characteristics of a set of potential predictors. Calculation procedures taking into account the value of coefficents of correlation between potential predictors and (CSL, analysis of significant correlation relationships, the advance period of predictors, the method of calculating the conventional average and the value of runoff to Kara-Bogaz-Gol Bay.

· Estimations of the forecasts of CSL increments on the basis of independent materials for 1967-1996

· Forecasts of CSL increments by the method of multi-factor regression average for 2002-2014.

· Preparing the report (by 30.11.2001)

Nr WLF 38 L (contr 83)

Upper Volga Daily Rainfall Corrections (Golubev Procedure), Meshcherskaya A., (December 2001), pp, WLF Contract 83, English & Russian.

It is well-known that the technique for measuring precipitation is imperfect. At the present time in the former USSR only the corrections for the wetting of rain-gauges bucket are used, the other types of corrections are not made and as a result the amount of precipitation at stations is underestimated. (It should be mentioned that, unlike the monthly precipitation series, the corrections for wetting and wind are taken into account in the mean long-term monthly values of precipitation, and errors are removed. Failure to account of corrections creates problems for the hydrological modeling of the water balance on the Caspian Sea basin.

V.S.Golubev (SHI) has developed procedure for correcting measured precipitation amounts using Tretiakov’s rain gauge, which is installed on the territory of the former USSR.  The scientific basing of Golubev’s procedure is contained in several scientific publications. The complete model, together with a set of algorithms for the required calculations, is presented by the authors of the proposed MGO project. Drs Bogdanova E.G. and Ilyin B.M.also participated.

The V.S.Golubev’s procedure is today the most accurate method for correcting precipitation measured by Tretiakov’s rain gauge. But this method is highly labour-consuming since it includes a large number of meteorological parameters and calculation characteristics.

The series of precipitation daily amounts with all types of corrections can be prepared within the framework the proposed project for the period from the mid-50es (from the date of installing Tretiakov’s rain gauges) up to 1990 for 12 or more stations on the Caspian Sea catchment basin. Preliminary estimations show that the corrected amount of precipitation on the whole for a year is approximately by 30% higher than that measured.  This would enable calculating the most accurate norms of precipitation for the Caspian Sea catchment basin for the period recommended by the WMO (1961-1990), as well as forming the corrected series of daily precipitation amounts for this region.

The contents of the study are:

5. Selection of a network of stations on the Caspian Sea catchment basin (25 stations)

6. Preparing the program on PC for undertaking the Golubev’s procedure

7. Preparing and checking the series of initial daily data or 1955-1990: 

a) daily and fixed-time precipitation 

b) wind speed during precipitation fall;

c) snow cover depth from snow survey(decade data);

d) the duration of general snowstorm during each day;

e) the duration of surface snowstorm during each day. 

8. Calculation of corrected series of precipitation daily amounts for 12 or more stations on the Caspian Sea catchment basin for 1955-1990.

Nr WLF 39 L
Flow Losses in Lower Volga, Golubtsov, V.V. and Lee,V.V., (November 2001), pp8, English & Russian.
The differences the beween flows measured at the main gauging station at Volgograd and the inflow to the Sea are significant and traditionally have been estimated as Delta evapotranspiraton losses and channel and flood plain losses between Volgograd and Verkhnee-Lebyazhje, the lowest but less reliable gauging station. Moreover, Wardlaw (Nov1999), in monthly water balance studies of the Sea demonstrated that total storage in the Deltas of the order of 25km3 was required during the main flood month of May to produce sensible monthly sea balance numbers. Wardlaw (Dec2000) later showed that assuming May flow above above.50 km3 went into storage to enter the Sea in later months then realistic Sea evaporation was obtained. During the September 2001 Almaty Seminar, the need for a derived relationship between flows or levels at Volograd and inflow and outflow to and from the Delta was raised. Similarly, it would be beneficial to derive a relationship relating flows and Sea levels to Delta losses; this paper describes such a relationship.

The Authors make use of the studies by Shiklomanov & Kozhevnikov(1974) and Golubev & Styshenko(1995). The first paper covers the period 1936 to 1979 and the latter 1954 to 1990. The losses estimated by Shiklomanov for the Delta and floodplains are, respectively, some 10% and 17% lower than the estimates produced by Golubev et al. As Golubev et al used recorded data the authors chose to derive relationships from these data. 

Firstly, an exponential relationship was produced for calculating the area of delta using Caspian Sea levels. It is pointed out that the evaporation losses depend not only on annual flow but also on the magnitude of flows in previous years. The amount of soil moisture and standing water are important.  Since the construction of hydropower schemes on the river Volga has become almost completely regulated. As a result the spillage onto its floodplains and into the Delta have been reduced. Using the results of Golubev et al two formulae were derived; one for flood plain losses and the other for Delta losses. In both cases the variable used to estimate losses was the coefficient of variation of monthly flows in the year. 

Applying the three formulae, annual losses from flood plains and the Delta were calculated from 1917 to 2000. A mean annual floodplain and Delta loss of 2,93 km3 and 8.94 km3 respectively were calculated. An interesting plot of the losses graphically shows them increasing up to around 1950 before falling to the present date. This plot is very similar to that of annual sea evaporation (based on sea balance calculations), that shows a single peak around 1960, rising from 1910 before falling to the early 1990’s. The total losses range from a minimum of 6km3 to a maximum of 20km3. It could be speculated that part the implied changes in sea evaporation are due to the reduction in delta losses as a result of increased regulation of the river Volga. In addition, the inverse relationship observed between sea evaporation and sea levels may in part be due to storage in deltas, flood plain areas and ground water rather than actual true trends in sea evaporation. The rather spurious looking sea evaporation values could therefore be made up of these three components:

· true reductions in evaporation as indicated by recorded climatic parameters (Georgievskiy,Oct 1999), probably the most important factor;
· effect of regulation of river Volga flows by hydropower generation;
· an underestimation of the attenuating influences of Sea levels by groundwater and standing surface water in the coastal margins of the Caspian Sea.

Nr WLF 40L (contr 68)
A Review and critical analysis of the methods and results of the Caspian Sea level predictions developed for 5 to 10 years and 20 to 100 years time horizons, Georgievskiy, V.Y., (April 2001), pp20, English & Russian
This review provides an excellent up to date insight into the predictions of future Caspian Sea. The reviewer summarises the different method applied:

· direct relationship between levels and changes in solar radiation

· direct relationship between levels and changes in indices of atmospheric circulation

· analysis of cycles within the long term water level series

· analysis of the components of the sea balance equation and their statistical projection 

· The use of historical paleo-climatic analogues to compare with expected climatic change

· The use of GCM outputs to estimate changes in inputs to the hydrological cycle due to increases in greenhouse gases together with changes in basin water use. The changes are then extended using historical data or stochastically generated data to provide an assessment of the probability of the range of levels and to introduce the effect of storage in the Caspian Sea system.

Tables present a summary of the results of studies of future predictions of levels. The author points out the problems and failings of the so-called super- long-range forecasts. Only the use of GCM outputs are considered to have a scientific basis for making projections in view of the changing climate being experienced. The results of studies at the SHI are described and predictions made that sea levels are likely to fall by 2030 to between –27.6m and –28.9m in 2030 with a 68% probability.

Chapter 2. EXPATRIATE CONSULTANTS PUBLICATIONS

Nr WLF lE
Work Programme for Water level Fluctuation Centre, Evans T. E., (November 1998), 30pp, WLFC Consultants Input, English & Russian)

Prepared by the Centre Leader during his first 5-week visit to set up the Centre. It contains a fairly optimistic programme of what was required and what should be attempted. At that time there were doubts about the location of the Centre and indeed what was the scope of work would be. Included in the UNDP/GEF programme were items of work, which related to coastal management and the title was, 'Living with Water Level Fluctuations'. This programme had effectively been revised by the Project Manager in the Planning Report, where the emphasis was placed on hydrological investigations to determine the cause for the rise in levels, whether future movements could be predicted and what was the potential for short, medium and long term forecasting. To undertake this it was necessary to have an effective monitoring system, and have effective models of the hydrology of the catchment, the water development in the catchments and the water balance of the Sea. It was also necessary to determine whether or not it was possible to have a measure of control over levels by operation of regulation in the Basin or by the operation of the large natural storage areas around the Sea. The main items in the programme are listed below:

· Water balance model studies including surface-area-capacity, evaporation, rainfall and inflow.

· Wind surge studies

· Volga catchment modeling

· Development of a hydrological Grid based model for the Caspian Basin

During the initial visit of the Centre Leader, seven contracts were also let, many of them orientated towards determining available information and the work requirements of the Centre.

Nr WLF 2E
Work Programme for Water Level Fluctuation Centre, First WLF-CRTC Workshop Report, Almaty, 11-12 May 1999, Evans T. E., (July 1999) 79pp, WLFC Consultants Input, English.

Summaries of the 11 papers presented at the Workshop are given together with the follow-up discussions. A description of the Workshop and of the Metaplan system is included in the report together with the results of the three topics selected for discussion:

· Causes of the Recent Sea Level Rise?

· What should be the Centre's Work Programme?

· Way's to improve the operation of the Thematic Centre?

Nr WLF 3E

Review of Atmospheric circulation over the Caspian Basin and Surface Runoff,
 Wardlaw R.B., (November 1999), 22 pp, WLFC Consultants Input, English & Russian

Includes a review of the report of Meshcherskaya (May 1999). Use was made of the CRU global 0.5 degree grid precipitation data set to investigate the changes in rainfall over the periods 1931-60 and 1961-90. Significant increases in the latter period were found, particularly during the important cold season (which generates most of the surface runoff). Mershcherskaya has suggested that changes from rainfall gauges to precipitation gauges and the introduction of wetting correction factors might be contributing factors in the apparent increase.

Little correlation was found between the North Atlantic Oscillation and the rainfall over the Volga catchment and only weak relationships were found between Southern -Northern sea surface temperature anomalies and precipitation, although the correlation between Northern Hemisphere sea temperature anomalies and precipitation gave a correlation coefficient of R=0.5.
Nr WLF 4E 
Caspian Sea Monthly Water Balance Studies, Wardlaw R.B., (November1999), 67 pp, WLFC Consultants Input, English & Russian
An extremely interesting and significant contribution to the hydrology to the Caspian Sea has been produced by this short consultancy input of Dr Wardlaw. The most significant findings came as a result of setting up of a monthly balance model of the Caspian Sea. For practical purposes the model has been set up so that it can:

· Compute a closing error if all components of the balance equation are known or estimated

· Compute evaporation as the unknown component

· Compute Sea levels if all components of the balance equation are known or estimated

· Compute inflows to the Kara Bogaz Gol (KGB)

·  In addition flows and evaporation can be adjusted (factorised). KGB inflow can be obtained by formula or by inputting monthly values; the starting level of the Sea and the start year can both be selected, which is useful when investigating different scenarios.

The inflow data used was the same as that commonly accepted as the best available, although reservations on its reliability and completeness is accepted by researchers in this field.

The three most interesting findings were:

· Almost half the rise in Caspian Sea levels could be accounted for by increased Sea evaporation and the remainder by increased river inflow, with the qualification mentioned below.

· A very high consistent implied evaporation in May, which suggests an error of about 25 km3 in the evaporation (50%) and infers an error in sea inflow for that month of 35%. In addition there are unrealistically high evaporation rates during the winter months, particularly December and January, which again infers problems with the flow records. Summer flows are difficult to comment on due to the high level of regulation and controlled flows in the River Volga.

· By controlling the inflow to the KBG and the Sors of Mertvy Kuluk and Kaidak and passing an average of 2.2 km3 per month into storage, it is estimated that should the past 30 years be repeated now, then a future potential level of -26metres (a.m.s.l) could be reduced by a half.

It appears therefore, that there is scope for alleviation of flooding by the control and operation of natural flood storage, although any effective scheme is likely to be a combination of such flood storage and local protection of high value infrastructure. It is also clear that additional work is required to clarify the significant anomalies, which the use of a monthly model has brought to light before any flood alleviation investigations can be finalised.

Nr WLF 5E 

Review of Evaporation from the Caspian Sea, Clarke D, (December 1999), 70pp, WLFC Consultants Input, English

Monthly data sets were assembled for 24 sites around the coast of the Sea and used to calculate Penman Evaporation for the period 1930 to 1987, when the collection of wind speed data became unavailable. Sensitivity analyses were also made of Penman open water evaporation following the findings of Georgievskyi (12), where trends between 1930 and 1995 indicated a reduction of 16% in wind speeds and 1.5% in temperature and increases of 2.5% in humidity and 4.5% in cloudiness.

Preliminary results indicate:

· Annual totals of calculated Penman open water evaporation of between l,200 mm to l,300mm.Further studies are continuing into heat storage, spatial sea surface temperature variations and sea circulation, together with inputs from Prof. Panin and Dr Wardlaw, to explain the higher values obtained (the accepted value is around 1000 mm.

· Trends show falling sea evaporation accounted for by mainly reduced wind speeds, although the heavy reliance placed on a few stations throws some doubt on these conclusions.

· The monthly Penman results showed less variability than those of Panin 

· Work is also continuing on the sensitivity of evapotranspiration in the region to climate change

Nr WLF 6E 

Draft List and Abstracts of Reports and Papers Published within the CEP Water level Fluctuation Centre during Stage 1&2, Evans T. E., (December 1999 with latest update November 2001), 15pp,English & Russian

This document contains abstracts of all the main technical reports prepared by regional and foreign experts working for the CCWLF during Stages 1 & 2 of the Caspian Environmental Programme. Although some of the abstracts have summaries of results the reader should refer the actual reports before quoting the results.

Nr WLF 7E

CEP Water Level Fluctuation Centre: Progress during Stage l (presentation to SCM), March 2000, Evans T. E., (March 2000), 5pp, English & Russian

A summary of the work completed at the CCWLF Centre during Stage 1 and the programme for Stage 2. Prepared for the Steering Committee Meeting in March 2000

Nr WLF 8E
Caspian Sea Water Balance Modelling, Consultants Report, Working Notes on Sea Surface Temperature and Evaporation, Water Balance Update, Miscellaneous Working Notes, Wardlaw R.B., (December 2000), 35pp, English & Russian.
This Report contains the results of the work undertaken during this Consultants 10day input in December 2000. The Report includes the following items of work:

· Water Balance Report Update. In Report WLF 4E, Wardlaw found that his monthly water balance model produced high unrealistic implied evaporation particularly in May but also in winter and other seasons: one reason existing Caspian studies had concentrated on annual balances. To try to address this problem: data sets were reviewed, and the potential effect of storage in the Volga Delta and during winter freezing, in modifying inflows, were assessed. 

New data sets were available from Roshydromet and comparisons with Bortnik’s data, previously used, led to a revision in oversea rainfall estimates, a correction for differences between end of month levels and mean monthly levels and a general review of the data. The revised data sets improved the implied evaporation estimates somewhat, but major anomalies still existed. A review of the data sets available was recommended.

A simple storage term was introduced to allow for the effect of the Deltas on Sea inflow, which attenuated the unrealistically high May inflow. The implied evaporation resulting from this change removed the previous anomaly. Similarly, an allowance for river flow to go into, and out of, ice storage effectively removed the anomalies previously apparent during winter and spring months. The resulting implied evaporation was realistic and corresponded closely to a calculated data set based on the Smirmova method. 

· Since his previous report, information had become available on sea surface temperatures and an attempt was made to try to confirm evaporation rates by more direct methods than that implied from the Sea balance equation.

New studies had been recently undertaken, WLF 26L, to calculate Penman Evaporation for shallow seas, using sea surface temperatures.  Comparisons were made between records from those stations around the Caspian recording s.s. temperatures and air temperatures. The satellite derived s s temperatures, were plotted to demonstrate the monthly and seasonal changes over the sea surface. The distribution of cold spots and temperature gradients are interesting relative to the different seasonal evaporation rates over the surface of the sea.

· Information requirements for undertaking flood management studies of the coastal region are presented as working notes.

· A review is included of the report WLF 26 L by Golubtsov and Lee.

· A list of further water balance study requirements is included.
Nr WLF 9E
Operational Storm Surge Centre (Work Programme for Establishment), Consultants Report, Jensen H. R., (December 2000), pp22, English & Russian.

This report was prepared to provide detailed procedures and a work programme for local experts to establish an operational surge-forecasting centre within Kazniimosk. Meteorological data necessary to make daily forecasts have been purchased from the ECMF Centre in Reading, UK to transmit digital data for the last 12 months of Stage 2. The data will be received at 6-hourly intervals on pressure fields and surface wind data on a grid scale of 0.5 x 0.5 degrees for the region: the information required as input to operate the hydrodynamic model. Flood warning forecasts for periods from 24hours to 10 days will be possible.  During Stage 2 forecasts will be made but not distributed and after a suitable trial period an evaluation will be made. 

The objective of the report is to provide the required information for local experts, through local contracts where necessary, to set up an operational centre. The steps laid out in detail in the report to achieve this goal are summarised as follows:

· Establish automatic procedure for running trial operational forecasts. A contract has been let to write the software to download ECMWF meteorological data and convert it into surge model format.

· Run the model for a 3-month period.

· Update the existing surge model by revising bathymetry, extending the 2km grid to the eastern, western and southern areas subject to flooding, increasing the area of the model from levels of –22 m to –19 m in all countries, schematising the Volga and Ural deltas to provide sources of river inflow, and considering the inclusion of high resolution areas such at Atyrau at a grid scale of 500m. 

· Incorporate flow, precipitation and net precipitation and sea level as inputs to the dynamic model.

· Introduce effects of partial ice coverage into the model by introducing a wind stress factor varying from 1.0 for open water to 0 for full ice coverage.

Detailed descriptions were provided for the new software for interfacing the model with the digital meteorological data and specifications provided for the design of the Widows Dialogs.
Nr WLF 10E
Caspian-HYCOS Project Identification Report, Consultants Report, Pieyns,G. P., (December 2000), pp60, English &Russian.

This Report is in draft form and has been prepared to meet the format requirements of WMO. Background to the proposed project is explained and the Project proposals detailed. Specifically, the layout of chapters in the report is as follows:

· Summary

· Background

· Project

· Assumptions

· Implementation

· Factors ensuring sustainability

· Monitoring and Evaluation

· Conclusions and Proposals

Nineteen data collection platforms are proposed for measuring up to 13 variables of which, for the hydrological purpose, the pertinent ones are water level (flows at river stations), precipitation and climate variables to estimate evaporation. Six will be sea stations whose prime purpose would be to measure water levels, four would be dedicated to surge forecasting and nine would be installed on rivers, mainly for recording inflow into the Sea. The data transmission would be through the satellite Meteosat by arrangement through WMO. The overall costs of the Project is estimated at about $980,000 (65% of the cost is equipment) . The relative high cost is due mainly to the WMO requirement of providing adequate Technical Assistance: this will be in the form of training, support to the NHMSs, improvements to existing hydometric stations, support to a Pilot regional Centre (CCWLF) to integrate activities, attending Project Steering Committee meetings and general backup, including evaluation and monitoring. It is possible that through the parallel CEP operations some of these costs may be reduced

Nr WLF 11E
Climate Change in the Volga Catchment, Mitchell, T.D., and Hulme, M., (January 2001), 23 pp, English & Russian.

There were two elements to this study:

· To assess from GCM outputs predictor variables of global features which in the past showed some correlation  with Caspian Sea levels;

· To provide the latest estimates of temperature and precipitation changes over the upper Volga catchment based on the most recent GCM model outputs.

Unfortunately, the variables (16 identified) were either not immediately available from the Data Distribution Centre of the Intergovernmental Panel on Climate Change (DDC) or the difficulties in obtaining the information precluded their use within the time frame of this brief study. As a result none of the variables were evaluated. The authors indicated which of the variables might be possible to effectively analyse providing sufficient time were available, although they were generally very pessimistic that any useful predictions would be forthcoming from this type of approach.

Six GCM’s were used to calculate regional responses to greenhouse gas emissions over the middle and upper Volga catchments. For each GCM, the global-mean annual temperature and precipitation anomaly was calculated for the period 2070-2099 (the 1980’s) relevant to the base period 1960-1989 (30 years). Four climate variables were investigated, annual temperature and annual precipitation and winter and summer precipitation. To provide a range of possible scenarios, 12 combinations were calculated from 4  alternative greenhouse gas emission forcings and 3 possible climatic sensitivities (global temperature rise for a doubling in Co2 emissions).

There was a general consensus in the model results that there would be an increase in annual precipitation (8%) over the Volga catchment and that a significant part of this would fall during the winter period (15%) mostly as snow. Most of this increase in precipitation would therefore runoff during the spring thaw with only small losses. There is therefore evidence for increased Volga flows to accompany global warming. Future hydrological modelling studies will confirm whether this increase in river flow will be sufficient to offset the significant increases in evapotranspiration from the basin and from evaporation from the Caspian Sea.

Nr WLF 12E
Kara Bogaz Gol operated as a regulator of Caspian Sea Levels, Wardlaw R.B., (September 2001), 10pp, English.

The role of the KBG in the water balance of the Caspian Sea has been investigated in several recent studies, Golubtsov, 1999 & 2000, Wardlaw, 2000 and SHI, 2000. This report is an advance on previous studies, in that by developing a monthly water balance model of the KBG, which is nested within the Caspian Sea model developed by Wardlaw, 1999 & 2000, it enables the effects of regulation of inflow and outflow to and from the KBG to be studied within a single self contained model. .A critical factor in the water balance is evaporation from the Bay. 

Past studies, ( Shyshov ,1938) suggests an annual figure of around 1225mm  However, mineralisation influences the evaporation process and Bortnikov, 1991, has calculated that the KBG evaporation reduced from 1024mm to 779mm from the 1930’s to the 1970,s as a result of falling sea levels and higher KBG salinity levels. It can be noticed that the highest annual evaporation values calculated by Bortnikov are significantly lower than those calculated by Shyshov. As a relationship between KBG mineralisation and open water evaporation was not immediately available, the calculated monthly Caspian Sea evaporation was factorised according to the ratio of mean monthly Shyshov’s KBG evaporation to mean Caspian Sea evaporation giving an average annual KBG evaporation of 1225 mm. The calculated KGB monthly values were then further adjusted to take account of Bortnikov’s estimated effects of mineralisation.

In the balance studies an area elevation curve of the KBG developed by Lavrov and presented by Georgievskiy, 2001 was used. This diverged from the Kazniimosk curve (Golubtsov, 2000) at higher level flooding a larger area and increasing the storage volume.

A number of calibration runs were made. Very good calibration was achieved using the historical calculated inflow. However, of more interest is the use of rating curves. A trial, using a possible historic discharge rating curve (1946 to1982), interestingly indicated that the effect of closure of the KBG channel had no appreciable influence on Caspian Sea levels. However, at the high Caspian Sea levels there is not a natural control independent of Kara Bogaz Gol levels and a channel flow relationship is more appropriate.

A regulator to attenuate high Caspian Sea levels would need to transfer larger amounts of water to the KBG relatively quickly to enable the KBG water, with it’s higher surface temperatures and evaporation rates, to act as a sink. Clearly, the effectiveness of a regulator will depend on the rules set up for its operation. A scenario was tested whereby 2.25 km3 /month were passed into the KBG if the Caspian Sea levels were higher than 

-28.5m and levels had been rising for a consecutive 3 years. The simulation was run for the period 1936 to 1996 and produced a reduction in the recorded Caspian Sea levels of 0.4m. It would appear that a regulator on the KBG channel has good potential for moderating the extremes of the Caspian Sea. In addition to reducing high levels the potential also exists for raising low levels. With a structural regulator the environmental damages caused for example by the damming of the KBG channel in the 1980s could be remedied by appropriate operation of inflows and outflows. The operational sensitivities of a regulator to increased Caspian Sea inflows and KBG evaporation were also tested.

Finally, recommendations were made on:

· Future engineering feasibility studies;

· Developing regulation polices and rules

· Improving evaporation estimates

· Establishing hydraulic characteristics of the current inflow channel

· Establishing the benefits of regulation

Nr WLF 13E (cont 23)

Grid based Model of Caspian Sea Basin, Phase 1 Report), Tate, E. and Meigh, J., (December 1999), 48pp, WLF Contract 23, English & Russian.

The hydrological cycle represented in most general circulation models (GCM's) are crude and fail to represent the true movement of water on the land surface. One reason for this is the lack of understanding of the water developments and water use within catchments. The Caspian Sea basin is highly regulated. The proposed Grid Model has been set up partly to overcome this omission, but mainly to co-ordinate studies into climate change and water use and development in all the five countries: data inputs on a 0.5° latitudinal and longitudinal grid will ease the exchange of data between countries.

Surface flows are estimated using a conceptual rainfall-runoff model and runoff calculated for each cell and accumulated to route through the river system. Extensive use is made of GIS data bases for evapotranspiration, rainfall, elevation, soils, land cover, ground water aquifer characteristics etc. National information on reservoirs, water-use are all used spatially on a grid basis. The model will be interfaced with a monthly model of the Caspian Sea and operated to investigate the effect of changing climate, population changes and increasing and decreasing industrial and agricultural water usage. The model, which was developed by the UK Institute of hydrology, and is being set up in the State Hydrological Institute, Saint Petersburgh, will be transferred to all five countries once the setting up and calibration is complete.

Nr WLF 14E (contr 23)

Grid based Model of Caspian Sea Basin, Intermediate Stage Report (Appendix to Stage 1), (December 1999), Tate, E., pp18, WLF Contract 23, English & Russian

Further studies were undertaken during the Bridging Period between Stages 1 and 2. During Stage 1 the model had provisionally been set up without any attempt at calibration or data checking. The primary aim of the additional 2-week input was some verification of baseline data, sensitivity analysis of model parameters, corrections to basin cell linkages and a first limited calibration of the model using selected sub-basin data. A number of modifications were made. These included globally reducing potential evapotranspiration, reconstructing the cell linkages for the whole of the whole of the basin with corrections to the river Sulak basin. Nine sub-basins of the river Volga were used in the calibration, with data of the river Ural at Kushum, river Volga at Volgagrad and tributaries of the river Kura.

The results obtained were very promising and should lead to a reasonable working model in Stage 2. Recommendations were made as to future possible improvements to the model that included:

· the inclusion of a more sophisticated reservoir sub model

· an improved snowmelt module

· Modeling glacier melt

· Increasing the recession of groundwater river inflow

· Introducing an improved evaporation data set

Facility to allow for annual changes in catchment water use
Nr WLF 15 E 
Grid based Model of Caspian Sea Basin, Phase II Report, Meigh J., and Tate E., (December 2001), pp 93, English & Russian. Nr WLF 15 E 
Grid based Model of Caspian Sea Basin, Phase II Report, Meigh J., and Tate E., (December 2001), pp 93, English & Russian.
This report is central to almost all the studies undertaken at the CCWLF during both Stage I and Stage 2.and it is also central to understanding past and future water level fluctuations of the Sea. In addition it has enhanced co-operation between countries with the exchange of data and, with the installation of the model in all countries, set up the stage is for joint predictions of the effects of future water development in the Basin and climate change.

The report is divided into three parts. The first deals work completed in Stage 2. Appendix A details the work undertaken in the bridging period between Stages 1 and 2.. Whilst, Appendix B includes descriptions of the model and User Notes for running the model.during stage 2 modifications to the model were carried out which are described in the report. This included;

· a more accurate reservoir operation module

· a module to model flows derived from melting glaciers

· treatment of water demands for spatial and temporal distribution

Additional verification of the data was required to support the new modules. The new modified model was re-calibrated and run with selected climate change scenarios and projected water demands. The report would be more complete if a tables containing the water demand projections and the actual water demands over the base period for the main river basins were included. The table of the 16 major reservoir, which the revised model simulates, would benefit from the inclusion of their capacities to give the reader an idea of  a measure of their regulation on river flows.

For the purposes of calibration the total Basin was divided into three regions: the Volga basin, the Ural Basin and the South -West Basin of which the Ural Basin is by far the smallest. For a model that is based on a grid of 0.5 degrees spaced inputs, it is not to be expected that the smaller catchments would be modelled accurately. This was not the objective of the project The objective was to be able to simulate the hydrology of the Caspian Sea and its basin with sufficient realism to be able to predict the effect of climate change and changing water development in the Basin. The key to meeting this objective is to accurately model the flow of the river Volga. The modelled mean flow at Volgograd was within 1.6%, the river Ural entering the Sea within 0.4% and the South-West catchment within 13% of the observed flow over the base period 1961 to 1990. Overall the calibration catchments were modelled reasonably well with a few exceptions. Once the model is transferred to the individual countries these anomalies will no doubt be ironed out. However, the model sufficiently simulates the hydrological processes to achieve its objectives.

The effect on river flows of climate change and future water demands were investigated. Climate change outputs from three General circulation models were used:

· Had CM3 - UK Hadley Climate Prediction Centre

· CGCM1 – Canadian Climate Modelling Centre

· ECHam4 – German Climate Research Centre

Outputs of estimates of future estimated mean temperatures and precipitation for the 30year period, 2040 to 2069 was selected with emissions scenarios of 1% annual carbon dioxide emissions ( A2a and IS92a). A summary of the results is included in the table below.

Changes in Climatic Parameters for 2050 (total basin) estimated by CEH (Dec 2001) for a basin water demand increase of 13km3 (42%) and an emissions scenario of A2a/IS92a (1% CO2 increases annually), the medium climate scenario. Base runoff period 1961 to 1990 (29km3)




	
	
	
	
	
	
	
	
	

	
	Annual 
	Mean
	Potential 
	Runoff
	Runoff 
	Model 
	
	

	
	Precipitation
	Temperature
	Evaporation
	Estimated
	Change
	Sensitivity
	
	

	
	Change
	Change
	Change
	
	
	
	
	

	
	 (%)
	(0C)
	(%)
	(km3)
	%
	(0C)
	
	

	
	
	
	
	
	
	
	
	

	HadCM3
	+2.8%
	+3.5
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	+4.3
	+77%
	360
	24%
	2.6
	
	

	
	
	
	
	
	
	
	
	

	CGCM1
	+13%
	+4.5
	+24%
	393
	36%
	3.5
	
	

	
	
	
	
	
	
	
	
	


Details of the influence of climate change exerted on the individual sub-catchmentsprovided.The estimated inflow to the Sea over the period 1961 to 1990 was about 290 km3. It can be seen that the GCM, which is the most recent and sophisticated of the three model, indicates a reduction in flow to Sea which when combined with the a significant increase in Sea evaporation will lead to a rapid fall in levels. The extremely large difference in estimated runoff from the three models is being investigated further. The estimated total water abstractions from the Basin, before the rivers enter the Sea, is estimated to increase from 31km3 in the year 2000 to 44km3 in 2050. This is the medium demand scenario investigated, which ranged from no change in demand to 50km3.

This report is central to almost all the studies undertaken at the CCWLF during both Stage I and Stage 2.and it is also central to understanding past and future water level fluctuations of the Sea. In addition it has enhanced co-operation between countries with the exchange of data and, with the installation of the model in all countries, set up the stage is for joint predictions of the effects of future water development in the Basin and climate change.

The report is divided into three parts. The first deals work completed in Stage 2. Appendix A details the work undertaken in the bridging period between Stages 1 and 2.. Whilst, Appendix B includes descriptions of the model and User Notes for running the model, During stage 2 modifications to the model were carried out which are described in the report. This included;

· a more accurate reservoir operation module

· a module to model flows derived from melting glaciers

· treatment of water demands for spatial and temporal distribution

Additional verification of the data was required to support the new modules. The new modified model was re-calibrated and selected climate change scenarios with projected water demands were run with the model.

Nr WLF 16E
Operational Storm Surge Centre, Final Report, Consultants Report, Jensen H. R., (November 2000),25 pp, English.
A hydraulic model was set up In KazNIIMOSK by DHI for the Caspian Sea in the mid 1990s as part of a UNDP project. Since the start of Stage 2 of the CEP and the establishment of the CCWLF in September 1998, a series of studies and reports on the surge problem have been produced:

· WLF 4L, proposal for flood surge warning centre

· WLF 7L, update and extension of Surge model

· WLF  19L, revised bathymetric mapping of KGB and coastal areas

· WLF  27L,  analysis of surge events

· WLF 33L, setting up an automatic forecasting centre

· WLF 35 L, analysis of first real timeforecasting results 

· WLF 9E,Operational Storm Surge Centre,(Jensen, 2000)

This report is the final Consultants report at the end of Stage 2

Storm surges cause flooding and pollution problems in the Caspian Sea.The problems are especially severe along the Kazakh coastline in the shallow part of the north-eastern Caspian Sea due to the gentle slope of the coast resulting in flooding of large areas.

The surge modelling at CCWLF in Stage 2 has focused mainly on two aspects. The first has been to establish an operational storm surge forecasting centre at the CCWLF host institute, KazHydroMet in Almaty. The second has been to investigate the sensitivity of extreme surges due to changes in the Caspian Sea background water level.

To produce operational surge forecasts operational meteorological forecasts data are needed. An agreement was made with the ECMWF, UK, to provide the Centre with a 10-day lead-time daily digital data meteorological forecasts of wind and atmospheric pressure maps from a meteorological model, ECMWF. Using the DHI hydrodynamic model, MIKE 21, daily water level forecasts have been produced during a continuous test period of approximately 4 months. 5-days forecasts have been made for the whole Caspian Sea but with focus on the Kazakh area and especially the location, Peshnoy at the Ural delta due to the availability of observed water levels here. The obtained accuracy of the forecasts at Peshnoy has been in the order of 10 cm (RMS error) for a 24 hours forecast. It has been shown that improving the initial condition of the hydrodynamic model this error can further reduced. Local staff at the CCWLF have operated the model and are able to continue forecasting surges at the Centre if continued access to meteorological data can be assured.

In addition to the ability to make short term forecasts 5 days ahead it is also of interest to know the effect on surge heights of future rises and falls in the general background water level of the Caspian Sea. Access to a 25 year long period of ECMWF meteorological data were given by the UK Met. Office and the 18-years period, 1979 to 1996 were simulated with the surge model at different background levels. Monthly inflow and outflows of the Caspian Sea (river inflow, precipitation and evaporation) were included in the modeling to allow for seasonal variations but to exclude the long term historical changes in the background level.

Initially a annual maxima extreme series analysis using the Gumbel distribution for Peshnoy historical data (1961-9997) but ignoring the background sea level was calculated to give a 100 year surge level of 1.57m. From the 18-years long calculated time series of water levels at selected stations in the Caspian Sea, the yearly maximum water levels were extracted and applied in an extreme value analysis. The analysis showed an increase in the 100 year event (statistically highest storm surge level in 100 years) at Peshnoy of 26 cm, from 1.40 m to 1.66 m, if the background level decreases by 2 m from a level -26 m to -28 m (Baltic Sea Datum).

With the availability of the historical data, there are many additional valuable studies, which can be undertaken. These include

· estimates of maximum sea levels for climate change predictions

· estimates of maximum sea level for Roshydromet annual forecasts

· studies of monthly wind set ups at the main water level recording stations to establish the mean difference in levels due to predominating wind speeds and so evaluate possible unexplained differences due to incorrect gauge datum errors.

The report recommends that the Surge Centre, within the CCWLF, continues to operate and to prepare daily surge forecasts and that these be distributed to interested parties.  It will require an extension to the contract with ECMWF for the provision of the digital pressure and wind speeds 10day forcasts, which drive the hydraulic model. An extension to the contract to February 2002, has been arranged by the Consultants beyond the 6 December 2000, the end of contract for Stage 2.

Nr WLF 17E
Review of the Roshidromet Annual, 12-monthly Caspian Sea level forecasts, Evans T. E., (December 2001), pp English & Russian
Reports and information have been received on the 12-month forecast of Caspian Sea levels and reports prepared: WLF 8L and WLF 36L. Information, which had not been presented, included a set of the published forecasts from 1963 to 2001 (excluding a few years only) as well as a worked example of a forecast. This information was considered to be of value and worth presenting as a separate report. Moreover, the information offered the opportunity to analyse the accuracy of the forecasts and the recorded data for the seven gauges and provided a means of checking the reliability of the zero settings of the gauges.

The annual monthly sea level forecasts produced by Roshydromet are based on seven gauges located at Makhachkala, Baku, Chilov Island, Fort Shevchenko, Kuuli Mayak, Turkmenbashi, and Kara-Bogaz-Gol. By plotting the mean annual recorded levels over the period 1963 to 2001 against the mean on the 7stations and fitting regression equations, the error in the zeros of the guages can be estimated with a good degree of accuracy. The plots all have a correlation coefficient of greater than 0.99. Late in the project 6-hourly pressure field data and wind speed data for 18 years became available to the project from the European Centre for Medium Range Forecasting (UK). This data has been run through the project’s hydrodynamical model of the Caspian Sea to estimate the discrepancy in the datum at each of the seven stations. The results are given in the table below:

	Datum Error (cm)
	Fort Shevchenko
	Makhachkala
	KBG
	Zhilloy Island
	Baku
	Kuuli Mayak
	Turkmenbashy

	Recorded
	-0.7
	-4.3
	+8.3
	-0.8
	-11.1
	+2.3
	+3.9

	Wind setup
	-1.2
	+0.6
	-1.5
	+1.5
	+1.7
	-0.8
	-0.6

	True error
	+0.5
	-4.9
	+9.8
	-2.3
	-12.8
	+3.1
	+4.5


The “true errors” in the table represent the correction needed to be applied to the gauge zero. To correct it to the mean sea level. These results do not include for density changes due to temperature differences and salinity variations. These two corrections are of secondary importance and importance and will tend to cancel each other.

Over the 18-year period that wind setups were calculated the difference between the true mean sea level and the mean calculated using the 7 stations was 9mm.

Nr WLF 18E
Predictions of Future Caspian Sea Levels, Evans T. E., (November 2001), pp English & Russian

The predictions of the CEH Hydrological GRID model came available in the last few weeks of Stage 2 of the Tacis CEP project. The results presented by the Consultants were at variance with previous work made by SHI, even when though the same GCM models were used in some instances. Differences between the hydrological models particularly how they treat frozen catchments, differences in the time horizons, 2050 as opposed to 2030, differences in the base line climatic data from which climate changes were estimated and differences in the way the data has been presented by both organisations, has made it difficult to draw firm conclusions in the time available. This short note is presented in the form of comments to help resolved some of the possible reasons for the differences between the results generated by the two models. It is clear that the ice and snowpack created in the frozen catchment during winter months, winter precipitation and the length of winter season are the crucial elements in determining the increase in runoff, whilst predicted sea evaporation is fundamental to the determining whether there will be a rise or fall in sea levels. These aspects are discussed briefly in this paper.
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