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1. INTRODUCTION

The Caspian Sea Water Balance Studies reported by Wardlaw (1999), indicated a number of potential inconsistencies in the data sets on which the water balance was based.  The water balance model developed had a monthly time step, and the most significant inconsistencies identified were that:

I. a very high and unrealistic sea evaporation was required in May to close the water balance;

II. the peak of implied evaporation was in September and October, when air temperature and solar radiation are declining;

III. implied evaporation in December, January and February was significantly higher than that in March and April, when air temperatures and solar radiation are increasing.

Figure 1 presents the implied evaporation distribution from the 1999 report.  Clearly the discrepancies in the implied evaporation are the result of errors in the water balance inputs, or the result of failure to represent significant processes influencing the input data.   This note presents the results of investigations aimed at addressing the discrepancies identified above.

[image: image1.wmf]Figure 1
Implied evaporation estimates presented in 1999 report (Wardlaw, 1999)

2. FEEDBACK FROM DR GEORGIYEVSKY

Valuable feedback on the 1999 report has been received from Dr Georgiyevsky of the Russian State Institute of Hydrology in St Petersburg.  He has made a number of important observations:

IV. mean sea level may be determined from the level data at four posts (Baku, Makhachala, Shevchenko and Krasnovodsk) for use in annual water balance studies, but for studies at a monthly time interval it is preferable to use a greater number of stations in order to account for hydrodynamic variablility resulting from seasonal wind and density differences;

V. estimation of precipitation on the sea solely from land based stations may result in under-estimation;

VI. in some years there may be some error in flow estimation in the lower Volga, but failure to model floodplain storage in the Volga Delta is identified as the principal reason for the very high implied evaporation in this month.

The above observations are addressed in model revisions which are outlined in the following sections.

3. REVISION OF MODEL DATA SETS

The primary data sets used in the water balance model are:

· historic sea levels

· historic rainfall on the sea

· historic evaporation from the sea

· historic inflows to the Kara Bogaz Gol

· historic inflows to the sea

3.1. Historic Sea Levels

In the 1999 report, sea level data were taken from a report by Bortnik.  These were understood to be end of month data for Baku.  It has now been possible to review mean monthly sea level data obtained from Roshydromet, and Dr Golubtsov.  The Roshydromet data are averaged levels for Baku, Makhachala, Shevchenko and Krasnovodsk.  These data are very similar to what had previously been assumed to be end of month data at Baku, but several anomalies have been noted that indicated that the data require more detailed quality control.  Differences in sea levels of up to 0.8 m were noted in some months, which is clearly not possible.  Such discrepancies were not noted to the same extent in the data previously obtained from Bortnik, and for the present purposes of improving the basic model structure, the Bortnik data has been retained, but used as mean monthly data rather than as end of month data in the model.  The data obtained from Roshydromet and Dr Golubtsov must now be more carefully quality controlled, and following this should be used in the water balance model.

3.2. Historic Rainfall on the Sea

For the 1999 report, rainfall data on the sea was estimated by extrapolating from the gridded rainfall data set produced by the Climatic Research Unit at the University of East Anglia.   A dataset of rainfall on the Caspian Sea has been prepared by Roshydromet, and this has now been incorporated directly in the model.  A comparison of mean monthly rainfall data from Roshydromet and that interpolated from the UEA data is presented in Figure 2. 

In terms of mean annual precipitation, the UEA data give a value of 240 mm.  The Roshydromet data give an annual mean of 222 mm.  The differences are not large, although the lower figures from Roshydromet in October, November and December will reduce implied evaporation in these months.  Quality control checking of the Roshydromet data should be carried out, and the basis of it’s determination documented.
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Figure 2
Comparison of sea rainfall estimates

3.3. Historic Evaporation From the Sea

For the 1999 report, evaporation data was implied initially from the water balance, and no direct estimates of evaporation were input to the model, although these were being computed by parallel investigations.  A data set of historical sea evaporation has now been obtained by Kasnimosk from Roshydromet.  This data set has been compiled using the Smirnova method, applied to sea surface temperatures for Baku, Makhachala, Shevchenko and Krasnovodsk.  The data may be used directly by the model, or it is possible to run the model with implied evaporation.

3.4. Historic Inflows to the Kara Bogaz Gol

The historic inflows to the Kara Bogaz Gol used in the 1999 report were obtained from Brodynk.  A data set has now been obtained by Kasnimosk from Roshydromet.  The data from both sources are almost identical, and Roshydromet data set has now been incorporated in the model.

3.5. Historic Inflows to the Sea

The historic inflows to the Caspian Sea used for the 1999 report were from Bortnik, and represented the combined inflows from all rivers, net of delta losses.  An almost identical data set has now been obtained by Kaznimosk from Roshydromet.  Figure 3 shows a comparison of mean monthly inflows from both data sets.  There are no significant differences in mean monthly discharges.  The data obtained from Roshydromet have been incorporated in the model.
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Figure 3
Comparison of mean monthly inflow estimates

There is clearly a need to carefully quality control the Roshydromet data.

3.6. Influence of Revised Data Sets on Model Results

The revised data sets obtained from Roshydromet are for the period 1925 – 1997.  In the 1999 report, a standard data period of 1936 – 1996 had been adopted.  Because of a requirement to further quality control the Roshydromet sea level data, and continued use of the Bortnik sea level data, the 1936 – 1996 period has been retained at present.

Figure 4 shows the comparison of  implied evaporation estimates made in 1999 with those made from the revised data and including a correction in the model to deal with mean monthly sea levels rather than end of month levels.  It is apparent that the revised data results in higher estimates of implied evaporation in June, July and August.  This is partly as a result of increased precipitation on the sea in these months in the revised data sets, but mostly to the shift introduced by classifying the sea level data as mean monthly rather than end of month data.  Figure 5 shows a comparison between the implied evaporation estimates using the revised data and (as in Figure 4) the 1999 data modified to include water level data as mean monthly levels rather than end of month values.  There is no significant difference between the plots.  The most significant impact comes from correcting the sea level data.  There is clearly still a problem with the implied evaporation for the month of May, and this must be resolved through the introduction of floodplain storage.
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Figure 4
Impact of revised data on implied evaporation estimates
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Figure 5
Effect of data set on implied evaporation

4. INTRODUCTION OF A DELTA STORAGE TERM

In the work carried out in 1999, it had been assumed that the monthly net inflows to the Caspian Sea had incorporated floodplain losses.  An interpretation of Figure 4 is that they clearly do not, and that the inflows in May should be attenuated and lagged into June and July.  A very simple storage function has been included in the model.  A threshold discharge is set for the delta, and at discharges above this, flow goes into storage.  A maximum of 30% of storage will be released in a month in which the storage and inflow exceed the threshold.  All storage is released when the sum of storage and inflows is less than the threshold.  This normally has the effect of storage influencing delta outflows in May, June and July.  The only parameter that needs to be set is the threshold monthly inflow above which floodplain storage becomes active. 

Figure 6 shows the effect of the function in terms of attenuation of inflows to the sea.  Figure 7 shows the impact of the function on implied evaporation from the sea with a threshold flow of 50 km3/month.  The previous peak of implied evaporation in May has been removed, and distributed into June and July.  When compared with the mean monthly evaporation estimates made from the Smirnova method, it is clear that the model is now approaching a better realisation of what is likely to be happening.
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Figure 6
Attenuation of inflows to the Sea
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Figure 7
Influence of delta storage on implied evaporation

From Figure 7 it is apparent that there is still an over estimation of implied evaporation in the months of December, January and February.  Sea surface temperatures are significantly lower in these months than in March and April, and it is inconceivable that evaporation could follow the pattern indicated.  If it is assumed that on average the average monthly water level records are reliable, and that flow records upstream of the deltas are reliable, then a physical explanation must be sought for the implied evaporation results.  It is considered that the only feasible physical explanation is the accumulation of ice and restriction of outflows in the deltas of the Volga and Ural rivers taking water into storage in the months of December through February, thereby reducing inflows to the sea during these months.  The accumulated ice storage would be released in March and April.  An assessment of a simple approach to representation of ice storage is given below.

5. IMPACT OF ICE STORAGE

From a brief assessment of differences between the implied evaporation of Figure 7 and the evaporation calculated by the Smirnova method, it has been crudely estimated that on average, the required transfers of river water into ice storage are:


December
30% (5 km3)


January

50% (8 km3)


February
12% (2 km3)

Representing a total storage of 15 km3.  It has been assumed that this would be released as follows:


March

40%


April

60%

The impact of introducing the above on average implied evaporation is shown in Figure 8.  The resulting implied evaporation is now similar in distribution to mean monthly evaporation calculated by the Smirnova method, and to mean monthly sea surface temperatures.  It would appear therefore that reasonable representations have been incorporated in the model to deal with floodplain storage and with ice storage.  The representation used for ice storage is extremely crude, and it is desirable that a more objective and deterministic approach be developed in which ice build up is related to flow and temperature.  Mean monthly air temperatures for Astrahan are shown in Figure 9, and support the distribution of storage adopted above.  The representation of individual years in a realistic manner will require a temperature related function.
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Figure 8
Implied evaporation with model incorporating ice and delta storages
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Figure 9
Mean monthly temperatures at Astrahan

6. REFINEMENTS REQUIRED TO MODEL AND DATA BASE

6.1. Inflow Data

The inflow data used in the model at present are net of delta losses, and equivalent gross inflow data are unavailable for the entire period of record.  It is understood that the delta losses relate primarily to the Volga, and are calculated on the basis of a very simple formula:



QL = 0.034Q+0.22

where,


QL
=
the delta loss (km3)


Q
=
volga flow downstream of Volgograd (km3)

The basis of this equation is unknown, and clearly it does not account for floodplain losses or for the impacts of ice storage as discussed above.  Given the approach that has been developed for floodplain storage and the need for an improved approach to ice storage, it is essential that the water balance model be driven by gross inflows to the delta regions, and that individual loss/attenuation and lag models be developed for the deltas of each of the major rivers.  It is not sufficient to reverse engineer the existing net inflow records to obtain gross inflows.  It is necessary to get back to original flow records at the head of each of the major deltas and to progress from there.  It is recommended that this work be progressed now through Kasnimosk.  It should incorporate data quality control also.

6.2. Rainfall Data

No assessment has been made of the Roshydromet rainfall data set for the Caspian Sea.  The data should be quality controlled, and ideally a normal distribution fitted to each month of data to help spot any potentially anomalous values.  

6.3. Potential Evaporation

It is believed that further work is required to be done on the assessment of potential evaporation from the sea.  In effect both rainfall and evpotranspiration are difficult to quantify, although with the introduction of new stations through HYCOS, estimates should improve.   It is likely that the Smirnova equation applied with temperatures from four stations underestimates evaporation.  A further review of potential evaporation estimation is required, and could utilise sea surface temperatures from satellite more fully.  A separate review of evaporation is under preparation.  For scenario modelling it is at present most appropriate to run the model with implied evaporation estimates.

6.4. Water Level Data

There is a requirement to quality control the Roshydromet sea water level data.  Average water level changes in any month are not expected to exceed about 0.05 m.  It is appropriate also to assess how well the four stations used to compute mean sea level do in fact represent mean sea level.  An attempt should be made therefore to study periods of concurrent sea levels for large groups of stations for the longest periods of continuous record that are available.  In this analysis, the records of each station should be normalised and expressed as a deviation from the mean of that station.  Profiles may be plotted on a monthly basis to identify the occurrence of significant shifts in slope, and for the entire record, the cumulative mean of the four stations normally used in sea level analysis plotted against the cumulative mean of all stations (this should be on the basis of normalised data at each station).

For the updated analyses presented here, mean monthly water level data have been used, and end of month data estimated as the average between successive months.  It is preferable to use actual end of month data although it is recognised that daily variability in levels may make this difficult in practise.  It considered desirable to try and use end of month data and to compare results with those obtained using monthly data.

6.5. Improvement of Ice Storage Estimation

An improved method of determining ice storage in the Volga downstream of Volgograd, and in the Ural downstream of the lowest gauging station should be developed.  Models for predicting ice thickness on rivers and open channels as a function of flow, hydraulic characteristics and cumulative temperature (degree days or similar) must have been developed in Russia and in Canada.  From a literature review it should be possible to identify an approach that would be appropriate for inclusion in the water balance model.

6.6. Incorporation of KBG Study Findings

The water balance model should be updated to include the evaporation estimates now available for the KBG, and to include the improved elevation area characteristics.  This will permit a more objective assessment of the actual capability of the KBG to regulate Caspian levels.  The water balance model could include revised discharge relationships for potential structural solutions.  It is important to consider the possibility of sediment inflow to the KBG, and the sustainability of maintaining storage within it.

6.7. Evaluation of the Sors of Mertvia Kultuk and Kaidak

Improved elevation area characteristics are required, and consideration given to the structural measures required to effect a closure 
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