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1. REVIEW OF WORK ON CIRCULATION TYPES

A study was initiated as part of the Caspian Sea Levels studies to review monthly synoptic types over the Volga drainage basin.   This study was completed by Meshcherskaya (1999), and provides a comprehensive background to the literature on weather types in the basin.  It also investigates their relation to rainfall and Caspian Sea levels.  The objectives of studying synoptic conditions as part of the Caspian Sea Level project are considered to be as follows:


· to improve understanding of the weather systems that predominate in different parts of the basin, and there temporal variability;

· to identify relationships that may exist between weather system and rainfall, and other meteorological variables, that may influence the hydrological response of the basin and the water balance of the Caspian Sea;

· to assist in the possible development of models through which the impacts of climate change on the water balance of the Caspian Sea might be assessed.

This paper reviews the work of Meshcherskaya (1999) in the light of the above objectives.  It also presents some additional analysis and makes recommendations for additional work that would more explicitly address the links between weather systems and the hydrological response of the Volga catchment and the water balance of the Caspian Sea.

2. REVIEW OF SYNOPTIC TYPES OVER THE CASPIAN BASIN

2.1 General

From the work of Meshcherskaya (1999), it is clear that a number of classification systems have been developed, and are described in the literature.  Several synoptic classifications have been developed for Russia, the best known of which is apparently that developed by Vangengeim and is described by Girs (1975).   This classification has formed the basis of the work presented by Meshcherskaya (1999).  It comprises three basic circulation type classifications - W, E and C.  The zonal type W is associated with increased precipitation, warm winters and moderately hot summer conditions.  The type E is characterised by stable high pressure over the European Territory of Russia (ETR).  In winter this is accompanied by cold conditions, and in summer by very hot and cloudless conditions.  The type C is characterised by a trough over the ETR, resulting in cyclonic fields over the Volga drainage basin, and bringing precipitation and lower air temperatures.

Meshcherskaya (1999) has presented graphs showing the seasonal and inter-annual variations in the frequency of the three basic weather types.  Type E is most common, and interestingly since the mid 70’s when higher precipitation has been observed over the Volga basin, the frequency of this type has been above average.  The frequency of types W and C, with which most precipitation is associated, has been below average (see Figure 2 of Meshcherskaya (1999)).  From the seasonal plots (see Figure 1 of Meshcherskaya, 1999) it is apparent that type C occurs most frequently in summer, which is when the highest rainfall occurs over most of the basin.

The paper by Meshcherskaya (1999) also presents the temporal frequency of weather type by season.  This does not provide any insight to links with rainfall, however.  There is an interesting presentation of the annual frequency of weather type W with Caspian Sea level (Figure 4 of Meshcherskaya,1999), and an indication that a correlation exists between sea level and the frequency of type W.  This relationship may or may not exist, but what is clear is that it is not the frequency of type W that is causing the higher precipitation that results in higher inflows to the sea.  The frequency of this type is well below average in the period when the rate of sea level rise (and therefore increased precipitation) is highest.    

Belinsky and Kalinin (1946) found a relationship between circulation in the Azores, and precipitation over Volga.  The detail of this paper is not available, however, and if such a relationship does exist, then it ought to be possible to develop a relationship between synoptic conditions of the ETR and Volga basin rainfall.  As a part of the present studies, indices of the North Atlantic Oscillation (pressure difference between Iceland and the Azores) have been related to Volga catchment rainfall.  This is described in section 3.4.

The work of Vorobieva (1967) related seasonal precipitation in spring, summer and autumn, to circulation type.  The conclusion of this work was that with type W circulation, precipitation was 110 – 120% of the norm; with type E circulation, precipitation was 70-80% of the norm; and with type C circulation, precipitation was 110 – 130% of the norm.  It was stated that in other seasons similar patterns of variation in precipitation with weather type existed.  It is not clear, however, what these numbers actually mean.  The question remains as to what increase in the frequency of a particular circulation type, results in the above changes in precipitation.

It is also of interest to note that Chernova (1977) also studied the influence of circulation type on the spatial and temporal variability of seasonal precipitation over the Caspian basin.  The conclusion was that relationships did not exist.

Meshcherskaya (1999) has presented some further analysis in which annual average basin rainfall, in historical periods dominated by particular weather types, has been evaluated.  This analysis is inconclusive.  Basin rainfall using the last epoch of type E is significantly higher than in a previous type E epoch, and of a similar order to that observed in the a type W epoch.  It is difficult to see how this analysis can be applied to the present problems.

2.2 Influence of Seasonal Precipitation on Sea Levels
The influence of seasonal precipitation on Caspian Sea levels has been discussed by Meshcherskaya (1999).  Meshcherskaya (1997) had developed a model for forecasting Caspian Sea levels from meteorological data.  In developing this model, it was noted that winter precipitation had much less influence on changes in sea level than summer precipitation.  This is rather surprising since one would expect that almost all of the winter precipitation will appear as runoff, whereas in the summer period effective rainfall, in terms of producing runoff, will be a much smaller proportion of total precipitation.  It has been indicated that as a result of lower snow depths and increased thaw frequency, the influence of winter precipitation on sea level changes has reduced.  Some of the analysis carried out in support of the present review, and presented in section 3.3 indicates that changes in winter precipitation is in fact most likely to have been the cause of increased inflow to the Caspian Sea.  The model developed by Meshcherskaya (1997) appears to be based on accumulated precipitation in the 21 months preceding a forecast.  It is most likely based on multiple regression analysis, and probably ignores storage effects in the basin.  If this is the case, then the influence of storage in regulating runoff, and thereby inflow to the Caspian Sea, is likely to mask increased spring runoff.

Meshcherskaya (1999) has noted that there is no correlation between temperature and changes in sea level.  However, such an association is not appropriate in any case.  What should be sought is an association between temperature and potential evaporation.  This aspect is considered in further in section 4 in relation to the water balance investigations.

2.3 Variations in Spatial Response to Weather Type
 The work of Vorobieva (1967) has indicated that a particular weather type will result in different meteorological conditions in different parts of the Caspian Basin.  This is particularly true with type W, while with type E there is apparently more homogeniety.  The Caspian Sea does by itself have a significant influence on local weather conditions.  It may be concluded that if relationships are being sought between weather type and precipitation, or other meteorological variables, then it ought to be carried out on a sub-regional basis.

2.4 Influence of Weather Type on Potential Evaporation
Meshcherskaya (1999) has outlined a classification system defined by Madat-Zade (1959) which is appropriate for weather systems over the Caspian Sea.  Some description of the weather associated with these types is given, but it appears that the focus has been primarily on wind speeds, rather than on the estimation of parameters that might influence evaporation.  No quantitative analysis has been presented.

3. ANALYSIS OF RAINFALL AND CIRCULATION DATA

3.1
Introduction

A limited analysis of rainfall and of available circulation data has been carried out in order to better understand some of the processes that underlie the increased inflows to the Caspian Sea in recent years.  The sources of data available for this analysis were:

i) the global 0.5o gridded data set of precipitation and other meteorological parameters (1901-1996) obtained from the Climatic Research Unit (CRU) at the University of East Anglia (New et al, 1998) ;

ii) historical monthly rainfall data for a sample of raingauges in the Volga catchment obtained from Dr Golubsov (personal communication);

iii) average 5 year monthly frequencies of circulation types, expressed as a percentage of the long term mean frequency, obtained from the paper by Meshcherskaya (1999).

3.2
Changes in Rainfall Patterns

Figure 3.1 shows the distribution of mean annual rainfall over the Caspian Basin for the period 1931-60.  This clearly demonstrates the regional variability in precipitation, and has been prepared from the UEA gridded data set.  Figure 3.2 shows the locations of stations for which historic monthly rainfall data were available.  Time series plots of the deviations of annual rainfall totals from the long term mean have been prepared and are included in Appendix A.  At most stations a significant increase in precipitation is apparent after 1976.  Stations in the south do not exhibit as pronounced a trend as is apparent for those stations in the Volga catchment.  It is also apparent that the records of some stations are inconsistent.  Station 10 for example is inconsistent with the neighbouring stations 8 and 9.  There has not been time as part of the present study to investigate anomalies in data.
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Figure 3.1
Mean annual rainfall distribution
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Figure 3.2
Locations of raingauges used in analysis

Many changes in climate associated with global are presented in terms of changes between the 1931-60, and 1961-90 period.  Using the gridded data sets, changes in average precipitation between 1931-60 and 1961-95 periods have been determined.  Figure 3.3 presents the average annual increase in precipitation for the post 1961 period in mm.  Changes in rainfall are expressed in terms of standard deviations from an overall mean increase of 16 mm.  The standard deviation of the data is 21 mm.  It is clear that the most significant precipitation increases have occurred in the Volga catchment.  An assessment has also been made of seasonal rainfall changes.  Figures 3.4 and 3.5 present changes in winter (October – March) and in summer (April – September) rainfall respectively.  For these plots, the mean increases in rainfall over the entire plot areas are 8 mm in winter with a standard deviation of 16 mm, and 8 mm in summer with a standard deviation of 10 mm. Clearly over most of the basin, the most significant increases in rainfall have occurred in the winter period.  It is interesting to note that there has apparently been a reduction in rainfall in the north-western corner of the Volga basin.
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Figure 3.3
Changes in mean annual rainfall, (1961-90)/(1931-60)
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Figure 3.4
Changes in mean winter rainfall, (1961-90)/(1931-60)
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Figure 3.5
Changes in mean summer rainfall, (1961-96)/(1931-60)

3.3
Seasonal Changes in Rainfall

Figures 3.4 and 3.5 indicate that changes in winter rainfall have been more significant than changes in summer in rainfall, particularly in the Volga catchment. Seasonal changes in rainfall have been investigated further by considering the changes in monthly rainfalls observed at three representative locations from the UEA gridded data set between the 1931-60 period and the 1961-95 period.  The analysis has been based on three representative grid locations.  The locations of the grid locations are indicated in Figure 3.6.

Figures 3.7 and 3.8 show mean monthly rainfalls for the the 1931-60 and 1961-95 periods at each grid considered.  Grids 1779 and 1852 are both in the Volga catchment, and demonstrate a clear summer peak in rainfall.  Grid 567 is located south of Baku, and here spring and autumn rainfalls are higher than summer rainfall.  The pattern is clearly different.  The differences in monthly rainfalls between the two periods are presented in Figure 3.9.  It is clear that for the two selected grid locations in the Volga catchment, the most significant changes in precipitation have occurred in the winter months.  For the grid close to Baku, there is no significant change in the rainfall pattern.   It is clear from Figure 3.4 and from Figure 3.9, that it is increased winter rainfall that is most likely to have caused the increased runoff from the Volga catchment since 1976.  
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Figure 3.6
Grid points used in analysis

Figure 3.7
Mean Monthly Rainfall, 1931-60



Figure 3.8
Mean Monthly Rainfall, 1961-95



Figure 3.9
Changes in Mean Monthly Rainfall, 1961-96 - 1931-60

An attempt has been made to relate the observed increases in precipitation to changes in the circulation types.  Figure 3.10 shows the changes in frequency of the three weather types between 1931-60 and 1961-95.  Increased winter rainfalls may be associated with the increased frequency of type W and type C  in the winter months.  It is, however, difficult to be conclusive about this.  Figure 3.11 presents the changes in frequency of the weather types between 1931-75 and 1976-95.  The patterns are very similar to those of Figure 3.12.  From Figure 3.5 it will be observed that there have been increases in some areas in summer precipitation, and that this corresponds with increased frequency of type E in summer.  It is possible that the rainfall characteristics of particular weather types have been changing as a result of increased temperatures, and that the phenomena of increased precipitation is in fact unrelated to changes in circulation patterns.  More detailed analysis will be required in order to establish this.

Analysis of daily rainfall and weather type should be carried out for a number of locations across the Caspian Basin area.  The types of analyses required are considered to be as follows:

i) for each weather type and at each location, determine the probability of a rain day in each season;

ii) for each weather type on a rain day, determine the distribution of daily rainfall totals (mean and standard deviation probably sufficient);

iii) for each weather type determine its seasonal frequency, and the average seasonal rainfall associated with it;

iv) for each weather type determine if any changes have occurred in rainfall characteristics between the pre and post 1960 periods.
The analysis outlined above will permit a clearer understanding to be developed of the association of rainfall with weather type for different locations, and whether any significant link exists. 

3.4
Links between Rainfall and Other Climatic Indicators

The analysis undertaken has been broadened in order to determine if links exist between either the North Atlantic Oscillation (NAO) and precipitation over the Caspian basin, and between sea surface temperature anomalies and precipitatrion over the Caspian basin.  The North Atlantic Oscillation is an index of pressure differences accross the North Atlantic between Iceland and the Azores.  The time seriea of the NAO was obtained from the WWW site of eth Climatic Research Unit at the University of East Anglia.  Data on seas surface temperature anomalies was obtained from the UK Meteorological Office.



Figure 3.10
Changes in the frequency of circulation types, 1961-95 – 1931-60



Figure 3.11
Changes in the frequency of circulation types, 1961-95 – 1931-60

For the purposes of analysis, monthly rainfall for the Volga catchment was extracted from the UEA gridded database.  Data were extracted between 36oE 52oN and 52oE 60oN for the period 1930 – 1995.  Indices of the NAO were extratced for the same period.  Figure 3.12 shows a plot of normalised deviations of annual rainfall from the mean, against the NAO.  Clearly no relationship exists between these data.

Analysis was also carried out of temporal changes in the monthly NAO index between 1930-60 and 1961-95.  Figure 3.13 shows the variations between these periods.  It is difficult to draw any conclusions from this plot.  There has been an increase in the amplitude of variations since 1961, and there is a correlation between  the low indices in the summer and the higher occurrence of type E in this period.  There is no basis for a predictor between the NAO and weather type over the Caspian basin, however, and perhaps little use for such a relationship even if it did exist.  Further investigations were carried out in which rainfall for different seasonal groupings was lagged by different amounts behing the NAO index for the same groupings.  No relationships were observed.

It was thought that a relationship might be developed between sea surface temperature anomalies and rainfall over the Caspian Basin.  Such relationships have previously been shown to exist for the Sahel region of Africa.  Figure 3.14 shows sea surface temperature anomalies – southern hemisphere anomalies minus northern hemisphere anomalies expressed in terms of the 1961-90 mean.  This shows that northern hemisphere oceans have not been warming at the same rate as the southern hemisphere oceans in the post 1960’s period.  Figure 3.15 shows a plot of 5 year running means on SST anomalies, northern hemisphere SST anomalies and normalised rainfalls in the Caspian Basin between the longitudes and latitudes given above.  There is no correlation between basin rainfall and SST anomalies between the southern and northern oceans.  There is a weak correlation (r2=0.3) between basin rainfall and North Atlantic Sea surface temperature.  This is not sufficient to form the basis of any form of predictor.



Figure 3.12
Annual Rainfall in Caspian Basin and the NAO Index
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Figure 3.13
Mean monthly values of the North Atlantic Oscilation


Figure 3.14
Temporal Variations in Sea Surface Temperature  Anomalies between 

Southern and Northern Oceans, on 1961-90 mean
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Figure 3.15
Anomalies in Sea Surface Temperatures and Rainfalls

4.
CHANGES IN SEA EVAPORATION

4.1
General

Various water balance studies of the Caspian Sea indicate that there has been a reduction in net evaporation from the Sea coincident with the period of higher inflows since the mid 1970’s.  There are several possible reasons for the apparent decrease in net evaporation from the sea:

· reduced evaporation as a result of increased cloud cover, changes in wind speed or other meteorological parameter; 

· the effect of oil pollution on the surface of the sea;

· increased rainfall over the sea;

· changes in the systematic errors of measurement in Volga discharges, resulting in an under-estimation of inflows.

The latter of the above can and should be resolved through an investigation of flow measurements on the Volga to determine if any changes have taken place that could affect systematic errors.  The report on the Caspian Sea water balance produced as a part of this study indicates that there may be difficulties in estimating delta losses.  Any changes in, for example flood mitigation works in the lower reaches of the Volga could result in higher inflows than are being observed.

Determination of changes in evaporation from and rainfall on the sea is much more difficult.  It is, however, extremely important.  It is estimated that half of the recent changes in the water balance may attributable to changes in net evaporation.  In making these assessments, account was taken of precipitation on the sea estimated from shore based stations.  The indications from the water balance studies are that evaporation has been decreasing.

In order to gain some insight into changes that may have taken place, the temperature, cloud cover and rainfall global gridded data sets from the UEA have been investigated for the Caspian Sea area.  There is in fact little data over the sea area, and all that can be implied is from shore based observations.  

The temperature data indicate that there may have been a warming of the southern part of the sea by between 0.5 and 1.0oC.  In the middle part of the sea there has apparently been cooling on the west coast, and heating on the east coast, while in the north there may not have been much change.  Figures 4.1 shows changes in summer temperatures over the Caspian Basin.  The legend is in tenths of degrees centigrade. There is an indication that temperatures have been lower over the northern part of the sea and higher over the southern part of the sea over the last 30 years, but it should be borne in mind that there are no data over the sea.  The changes are small and less than half a degree generally.  Figure 4.2 presents changes in winter rainfall over the basin.  The changes in winter rainfall are presented in tenths of degrees again, and are generally more significant than changes in summer rainfall.  There appears to have been a general warming in winter.

Figure 4.1
Changes in summer temperatures in tenths oC, (1961-96)/(1931-60)
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There have been reports of increased cloud cover over the sea leading to reduced evaporation potential.  There is evidence of increased cloud cover which would support this argument.  Figure 4.3 shows changes in summer cloud cover over the basin between the two reference periods expressed in standard deviations from a mean change of zero with a standard deviation of 1 octa.  The indications are that summer cloud cover has reduced over much of the sea, although has increased in the north.

Neither of Figures 4.1 or 4.3 lend support to the argument for decreasing sea evaporation over the last 30 years.  

Figure 4.2
Changes in winter temperatures in tenths of oC, (1961-96)/(1931-60)
Figure 4.3
Changes in cloud cover (oktas), (1961-96)/(1931-60)
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4.2
Preliminary Results from Evaporation Studies

Studies of evaporation from the Caspian Sea are being undertaken by Prof. Panin of the _____, and by Dr Derek Clarke of the University of Southampton.  There work is ongoing (end of November 1999), but interesting results are already being produced. 

Calculation of evaporation from the sea from meteorological observations is difficult because of a lack of data over the sea itself, and because complex water movements, heat balances and regional variations within the sea.  An energy budget approach to the evaluation of evaporation is being applied by Panin, who is trying to assemble appropriate historical data sets incorporating ship based measurements.  The preliminary work of Panain (personal communication) indicates a monthly distribution of evaporation that is very similar to the one implied from water balance studies carried out by the CEP Water Level Fluctuation Centre (Wardlaw, 1999).  The preliminary data of Panin indicates a minimum evaporation in June, and a peak in September / October.

Preliminary results from Panin, showing monthly evaporation at Makhachkala and Kuli are shown in Figures 4.4 and 4.5.  These indicate the lagged peak in evporation, and a trend declining evaporation from the sea.  These results are consistent with those produced by the water balance model.
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Figure 4.4
Preliminary estimates of evaporation at Makhachkala (Panin & Clarke)
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Figure 4.5
Preliminary estimates of evaporation at Kuli (Panin & Clarke)

Work carried out by Clarke using shore based meteorological data and the Penman equation has also indicated that evaporation rates have been declining at a rate of about 2 mm per year.  This is thought to be primarily as a result of declining wind speeds.  These results of declining evaporation are consistent with the results of water balance studies, and of other researchers.  Georgiesky (___) has also found evidence of declining evaporation, and relates this to wind speed.

Further work by Golubtsov (1999) has also considered changes in sea evaporation, and the likelihood that this may be related to pollution and an oil film on the sea surface.  Following more detailed investigations of the heat balance components of the sea, it should be possible to identify the role that an oil film may or may not play.

4.3
Requirements for Further Evaporation Investigations

Many of the difficulties being experienced in quantifying sea evaporation relate to having insufficient data on sea temperatures and on meteorological conditions over the sea.  It is considered important that an observation system be established that will permit measurement of relevant parameters at a number of locations on a routine basis.  Moored bouyes would probably provide the best data collection platform with data reported through satelite links.  Consideration should also be given to the installation of sunken pans at selected locations to give more direct estimates of sea evaporation.  These data could help in refining and calibration heat balance models. 

The extent to which sea surface temperatures can be determined from satelite imagery should also be investigated.  While cloud cover may make such observations intermittent, data obtained may help in developing an overview of how sea surface temperatures change throughout the year.  Reference has been made in eth water balance studies (Wardlaw, 1999) of using a hydrodynamic model of the sea to model seasonal temperature changes.

It is important that the ongoing investigations by Panin and Clarke identify clearly what minimum data collection (in terms of new sea based data collection platforms) will be required to establish a reliable record of sea evaporation for future use.

4.4
Potential Evapotranspiration

Potential evapotranspiration over the basin is certainly likely to change as a result of global warming.  Changes may vary significantlt regionally, and the manner in which plant physiology will change with higher CO2 levels is still an area of active international research.   Changes in evapotranspiration will influence hydrological response in the basin, but perhaps more importantly, irrigation demands will change.  It is important to develop scenarios of possible changes in irrigation demands for different parts of the basin, as well as changes in potential evapotranspiration that will influence basin runoff.

5.
STORM SURGE FORECASTING

5.1
General

A hydrodynamic model that can be used for storm surge modeling has already been set up in KasNIImoskv with the assistance of DHI.  This model could be used in real time surge forecasting.  In order to do this it will be necessary to improve the digital elevation data for potentially flooded areas around the coast, and to improve the manner in which meteorological data are input to the model.  At present atmospheric pressure data, from which ground level wind speeds are generated, are input to the model by digitizing pressure maps.  This would not be an appropriate mode of operation in real time.  Clearly it would be preferable to receive data digitally.

Meteorological forecast data are presently obtained digitally by Hydromet from weather centres in Washington, Moscow and Reading.  These data are on a 5o grid, and are received every six hours for a number variables.  A 5o grid is, however, rather coarse for storm surge analysis on eth Caspian Sea, and at present meteorologists interpret the digital data to prepare synoptic maps for input to the surge model.

 The costs of obtaining data digitally from the European Centre for Medium-Range Weather Forecasts (ECMWF) have been investigated.  Information on ECMWF has been obtained from their web pages at http://www.ecmwf.int/.  
ECMWF have a number of products that are of interest, but for surge, it is expected that the following would be a minimum requirement:

· Mean sea level pressure (MSLP)

· 10m U-velocity (U10m)

· 10m V-velocity (V10m)

These data would be available on a 0.5o grid for the Caspian basin.  Considering the sea area only, then approximately 200 grid points would be requried.   Forecasts are updated every 6 hours, and are available at 6 hour intervals with a lead time of up to 10 days.

The UK Meteorological Office would be able to supply the data for KazNIImosk, at an annual cost of the order of 4,000 euro.  Data would be downloaded over the internet on a regular daily basis.

It is suggested that a pilot project be set up, in which the success of surge forecasting is evaluated over a one year project period.  No forecasts would be issued in this period, only evaluations made of the potential of the system, and of it's reliability.  In addition to receiving real time meteorological forecast data, it will be necessary to receive real time sea level data also.  This would be required to condition the model.  Advice should be sought from DHI on the minimum number of telemetering water level stations required for this, and the costs of setting up the stations.

Some consultancy input will be required to set up software for preparing meteorological forecast data in the correct input format for eth surge model.  This would not be a difficult task, although it would be advisable to permit sufficient staff input to ensure that computer programs developed had professional user interfaces in Russian.
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