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1. INTRODUCTION

The recent rise in Caspian Sea levels has been well documented in a number scientific papers.  These are not reviewed here, but notable and significant contributions have been published by UNEP (1997), and by UNESCO (1995).  These documents provide essential background to the problems. In addition, significant background material has also be summarised and presented by Goluptsov (1995), where a number of key issues have been identified.  Goluptsov (1999b) has also investigated the possible impacts of climatic change on Caspian Sea levels.

Much of the previous work on the water balance of the Caspian Sea has been based on annual water balance models.  The models developed in these previous studies reproduce water levels extremely well, and a number of reliable data sets have been created.  For the purposes of the present studies it was considered necessary to build up a better understanding of the seasonal response of the system, however.  The operation of any measures to mitigate sea level rise will be operated seasonally, and in order to investigate the feasibility of these it is necessary to model the water balance of the sea on a monthly basis.  A monthly water balance model has been developed for the Caspian Sea by Dr R B Wardlaw during a two week input to the project.  Development of the model is described in the following sections.  The model has been used to assist in data quality control, and to develop an understanding of the response of the system to changes in fundamental inputs.

2. THE MONTHLY WATER BALANCE MODEL

2.1. The Water Balance Equation

The water balance equation is unaffected by the time step on which calculations are carried out, and in any time step may be written as:
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where,


VI
=
volume of inflow in time period


E
=
net evaporation in time period


A
=
sea area at the start of the time period


(A
=
change in sea area over the time period


VKBG
=
volume of outflow the to the Kara-Bogaz-Gol


(S
=
change in storage of the sea over the time period

For the Caspian Sea, and working on a monthly time step, the most appropriate units to work in are kilometres.  Sea areas and changes in areas can be related to sea levels.  Elevation – area characteristics have been published by Shiklomanov (1995), and by UNEP (1997), although neither publication gives the original source of the data, and minor discrepancies exist between them.  The data published by Shiklamanov is presented in Table 1, and that published by UNEP in Table 2.  The data are presented in graphical form in Figure 1.  Elevations are relative to the Baltic system.  The data presented in Table 1 do not include the Kara-Bogaz-Gol (KBG).  There is a minor discrepancy between the data, but this is not significant.  It will be noted from Figure 1 that the area most vulnerable to se level rise is in the northern part of the sea.

Table 1

Elevation – area characteristics of Caspian Sea (after Shiklomanov, 1995)



Areas(km2 * 1000)



Elevation
North
Central
South
Total







-25.97
111
138.6
151.4
401

-26.97
104
138.2
149.9
392.1

-28
90.3
137.7
148.5
376.5

-29
72.8
137.3
146.9
357

-30
62.8
137
145.3
345.1

Table 2

Elevation – area characteristics of Caspian Sea (after UNEP, 1997)


Areas (km2*1000)

Elevn.
Sea Area
KBG Area
Total

-24.0
433.9
(18.7)
452.6

-24.5
426.7
(18.7)
445.4

-25.0
419.5
(18.7)
438.2

-25.5
412.4
(18.7)
431.1

-26.0
405.1
18.7
423.8

-26.5
398.6
18.3
416.9

-27.0
392.6
18.0
410.6

-27.5
386.4
17.8
404.2

-28.0
376.3
17.5
393.8

-29.0
357.0
17.0
374.0

-30.0
345.1

345.1

-31.0
329.6

329.6

-32.0
314.2

314.2

-33.0
305.2

305.2

[image: image21.wmf]Figure 1
Caspian Sea elevation-area characteristics (Shiklomanov, 1995, & UNEP, 1997)

The elevation-area characteristics for each region may be described as piece wise linear relationships, and the elevation change in any interval described as:
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where,


(h
=
change in elevation for a particular change in level

Sea level is a recorded variable, and by substituting for (A in equation 1, the water balance equation may be re-written as:
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If inflows, evaporation and water levels are known, equation 3 can be used to compute a balance closing error.  Alternatively, with inflows and sea levels known, it can be used to determine historical evaporative losses.   It may also be solved for (h if inflows, outflows and net evaporation have been estimated.

The storage term included in the equation does include groundwater storage around the perimeter of the sea, which may be significant. 

2.2. Model Data Sets

2.2.1
River Flows

Mean monthly river flow data have been collected by the project from riparian states for the Kura, Samur, Sulak, Terek, Volga and Ural rivers.   The mean annual inflows recorded for these rivers, 1936-96 are summarised in Table 3 below.

Table 3 Recorded mean annual inflows to the Caspian Sea

River
Mean Annual Inflow (km3)
% of Total

Kura

Samur

Sulak

Terek

Volga

Ural

Total
16.6

1.7

4.2

6.8

228.6

8.4

266.3
6.2

0.6

1.6

2.6

85.8

3.1

No data are available at present for the Iranian rivers, which in combination with other smaller rivers are thought to contribute about 10 km3 per year (Golubtsov, 1999).  Golubtsov (1999) cites many references to the estimation of groundwater contributions to the sea.  Although some of these vary widely, there does seem to be consensus on a figure of about 4 km3 per year.  On the basis of the 1936-96 period, the mean annual inflow to the sea would be 280 km3/year.

Continuous data sets were available to us for the period 1936 to 1996.  With the exception of the Ural river, the data sets incorporated delta losses, and the records used are estimate of inflow to the sea  The data, as used in input to the monthly water balance model are included in Appendix A.  Mean monthly total inflows from the above six rivers, and from the Volga are presented in Figure 2.  The Volga is clearly the dominant input to the sea.  In order to drive the water balance model, account has been taken of the unmeasured inflows and of groundwater.  The combined recorded inflows have been multiplied by a factor of 1.0376 and have had 4 km3 added for groundwater, when used in the water balance model.
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Figure 2
Mean annual inflows to the Caspian (recorded)

2.2.2
Historic Sea Levels

Monthly historic sea level data were available from January 1900 to 1999.  The data as used in the model are presented in Appendix B.  These data are understood top relate to Baku.  There is a distinct seasonal variation in sea levels.  Figure 3 presents mean monthly sea levels.

2.2.3
Historic Evaporation

Sea evaporation data are being estimated from meteorological parameters as a part of this study, but the final results are not presently available.  The model has been used therefore to imply evaporation, and these data compared with computations from land based and sea based meteorological observations.
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Figure 3
Mean monthly Caspian Sea Levels
2.2.4
Historic Rainfall

Historic rainfall on the sea has been computed from the global 0.50 gridded data set prepared by the University of East Anglia (Hulme et. al. 1998).  Data were extracted from the gridded data set for all grid points around the coastline of the sea.  Thysen poygons were then assigned to these points, and weightings calculated for each point to determine average monthly rainfalls over the north, central and southern parts of the sea.  These computed data sets are included in Appendix C.  Figure 4 presents mean monthly precipitation averaged over the entire sea.
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Figure 4
Mean monthly precipitation over Caspian Sea
2.3
Representation of the Kara-Bogaz-Gol

The Kara-Bogaz-Gol may be represented in the model either as a sink, to which outflow is defined as a function of Caspian Sea level, or as a separate evaporative area, in which the water balance can be monitorred and water levels computed.  At the time of preparing this report potential evaporation estimates for the KBG were not available, and the area has been modelled as a sink.

A number of relationships have been developed to quantify inflows to the KBG.  Mamedov (1996) presents the following relationship (attributed to Sheremetievskoi):
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where,


QKBG
=
annual inflow to the KBG (km3)


H
=
average annual sea level at Baku (cm)


QC
=
annual inflow to the Caspian Sea (km3)

Golubtsov (1999) attributes a similar relationship to Zaykov (1941), although coefficients were not given:



[image: image8.wmf](

)

H

f

Q

Q

C

KBG

=









…….5

It is not clear why the above relationships use inflows to the Caspian Sea as a variable.  It is to be expected that inflows to the KBG would be a function of relative levels in the Caspian and in the KBG, as local inflows to the KBG will be negligible.  The following relationship was given by UNEP (1997), and has been adopted for use in the present modelling studies:
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This gives annual inflow the to the KBG, but has been used in the present studies to compute monthly inflows also.  The equation is only valid for the period up to 1982, prior to closure of the KBG dam.

The model permits the estimation of controlled discharge to the KBG, and also the use of historical data.

2.4
Operation of the Model

The model has been set up to run with data for the 1936-96 period.  This period can of course be easily changed.  The model source code (Fortran) is given in Appendix D, along with descriptions of the principal input data and output files.  The current version of the model runs in a DOS window, and offers the user a series of prompts as to the type of model run to be carried out.  These prompts are generally self explanatory.

There are four basic options with the model:

i)
to compute a water balance closure error assuming that all components of the water balance have been estimated by other means;

ii)
to compute evaporative losses as the dependant variable in the balance;

iii)
to compute sea levels, given a set of inputs of inflow, evaporation and precipitation on the sea, and a sink relationship for the KBG;

iv)
to compute inflows to the KBG.

It will generally be the case that the model will have been run initially to compute an implied historical evaporation series.  The user is then given the choice to use this, or to use evaporation data estimated from meteorological parameters.

Some historical monthly inflows to the KBG have been estimated by the State Oceanographic Institute, and these cover the period of closure and subsequent re-opening of the KBG.  These data  are available for the period 1976 to 1998, and may be used with the model in conjunction with the rating equation to simulate historical conditions.  The user is given an option to select use of historic inflows.

An option is then given to permit adjustment of inflows to the Caspian Sea.  This has been provided to permit scenario generation.  If selected, historical inflows can be factored.  A similar option permits adjustment of evaporation data used by the model.  This is again useful for scenario generation.

The final option permits modification of KBG inflows.  There are two methods by which this can be done.  The first is by specifying a fixed monthly discharge rate to the KBG.  The second permits the coefficients of equation 6 to be modified.

It is possible to modify the year in which the model starts, and to modify the starting sea level.  These options are particularly useful in determining sensitivity of the sea to various alternative scenarios. 

A specification has been prepared for an interactive front-end, and for post-processing routines for the model.  With completion of these the model will be more accessible for people with an interest in sea level response.

2.5
Model Verification

The model has been verified by firstly using it to compute historical implied evaporative losses from the sea, and then using these as input to ensure that the model has no balance closure, and could reproduce the historical sea levels.  When this was done, the model had no balance error and only a very minor cumulative balance closure error on the first test, and on the second was able to exactly reproduce historic sea levels.  The model structure is therefore concluded to be satisfactory.

2.6
Assessment of Water Balance Components

An assessment has been made of the basic water balance components on a monthly basis.  The principal components are of course inflow to the sea, and evaporation from it.  Figure 5 shows mean monthly inflows to the sea, and Figure 6 the mean monthly implied evaporation from the sea.

The mean monthly inflows are adjusted for the Iranian and smaller river inflows, and incorporate a groundwater component.  The implied evaporation data presented in Figure 6 are particularly interesting.  A very high evaporation is required on average in May in order to close the water balance.  This is clearly unrealistic when put in the context of implied evaporation in April and June.  The reason must be either a consistent error in water level observation, or a systematic error in river flow measurement.  The implied evaporation data for individual years are presented in Figure 7.  Clearly there are some years in which input data errors lead to inconsistent results, but the pattern indicated in Figure 5 is generally consistent, with the May peak.  The inflow data for individual years are shown in Figure 8.  There is considerable variability in April, May and June inflows, but in other months the variability is low, and consistent with controlled releases for hydro-power generation on the Volga.

It is considered that the most plausible explanation for the very high implied evaporative loss in May is an over-estimation of river flow in the Volga for this month.  Evaporative losses are presented in volume terms in Figure 9.  From Figure 9 it is apparent that there is an average error of 25 km3 in inflows in May.  This implies a 35% error in Volga flows in May.  It is possible that there is significant ice breakup in the Volga in May, and consequently accurate streamflow measurement in this month could be difficult.  It is also likely that there is significant out of bank flow in the lower reaches of the Volga and its' delta, and that much of the runoff goes into storage.  It is clearly important that investigations be carried out to determine if this is a plausible explanation for the apparent error in implied evaporation.  If errors are systematic, then it would be important to correct historic data.   

Another interesting feature of the implied evaporation from the sea is that the peak is indicated to be in September and October, when air temperatures and solar radiation are declining.  On the basis of meteorological parameters, the peak in evaporation would be expected in July.  The situation with regard to sea evaporation is very complex, however, being complicated by upwelling of colder waters and by other features of circulation.  Work by Panin (personal communication) indicates that when sea temperatures are taken into account, the peak evaporation will occur in September and October.  This work on sea evaporation is being reported by Panin. 

The computed mean monthly changes in storage in the sea are presented in Figure 10.  These are very much as one would expect on the basis of the inflows and evaporative losses shown in Figures 5 and 9.
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Figure 5 
Mean monthly inflows to Caspian Sea as modelled
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Figure 6
Implied sea evaporation from water balance
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Figure 7
Variability in implied monthly evaporation
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Figure 8
Variability in monthly inflows to the Caspian Sea
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Figure 9
Mean monthly evaporation expressed in km3
[image: image15.wmf]Changes in Storage

-40.0

-30.0

-20.0

-10.0

0.0

10.0

20.0

30.0

40.0

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Storage change (km3)


Figure 10
Mean monthly changes in storage in the Caspian Sea

2.7
Non-stationarity in Balance Components

A great deal has been written about the variability in Caspian Sea levels, and the likely causes of significant changes.  Some investigation has been carried out here with the water balance model in order to determine the relative importance of variations in inflow and in evaporation.

Figure 11 shows a mass plot of cumulative normalised evaporation, and cumulative normalised inflows.  It is apparent that changes of slope occur after 1976.  These changes occur in both evaporation and in inflow.  Evaporation is apparently reduced after 1976 and inflows are at an increased rate.  The double mass plot of Figure 12 demonstrates more clearly the combined influences of reduced evaporation and increased inflows.
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Figure 11
Cumulative inflows and cumulative losses (evaporative) 
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Figure 12
Double mass analysis of inflows and losses

The change in conditions clearly occurs in 1976.  From an inspection of the historical water levels, it is apparent that conditions were relatively stable after 1955.  Prior to this filling of reservoirs and other water resources development may have had a stronger inflluence on flows.  The post 1955 has therefore been taken as a period on which to base comparative evaluations of water balance components.  In the period 1955-75, the implied average annual evaporation from the sea was 984 mm.  For the period 1976-96, the average annual implied evaporation from the sea was 908 mm.  This represents a reduction in evaporation of about 8%.  The average annual inflow to the sea for the 1955-75 period was 271.4 km3, and for the 1976-96 period was 297.5 km3.  This represents an increase in inflows of 9.6%.  These influences are of a similar order of magnitude and there combined effect has been a significant sea level rise.

3. SENSITIVITY OF SEA TO CHANGING INPUTS

3.1. General

The water balance model has been used to determine the sensitivity of the sea to a range of changes in inputs.  The effects of the mode of operation of the KBG has been investigated, as has the impact of changing start levels for the sea at the beginning of a simulation run.


3.2
Influence of the KBG

The influence of the KBG has been investigated through a series of simulation runs of the model with implied evaporation based on the initial water balance:

Run_1:
historical operation of the KBG;

Run_2:
KBG operation according to historic rating;

Run_3:
KBG closed;

Run_4:
KBG accepting constant inflow of 1.5 km3/month;

Run_5
KBG accepting constant inflow of 2.2 km3/month.

The results of the above simulations are presented in terms of Sea levels in Figure 13.  There is very little difference between runs 1 and 2.  Closure of the KBG influenced levels by no more than 200 mm by the end of the 1980's, and levels are now back to where they would have been, had no changes been made to the KBG.  The KBG is, however, very influential in regulating long term water levels in the Sea.  Run 3 demonstrates the effect that compete closure of the KBG since 1936 would have had on levels.  Sea levels would have been 750 mm higher than they now are.  It is of interest to note the very long time that the sea takes to reach a new equilibrium – of the order of 40 years.  

Run 4 presents simulated levels on the basis that 1.5 km3/month could be diverted to the KBG, which is higher that historical inflows (with the KBG at –27.0 m the area is 18,000 km2 and only 830 mm of evaporation is required).  This would have the long term effect of maintaining sea levels about 500 mm lower than they would be with  the historical flows to the KBG.  This level of discharge is achievable, although in practice a more sophisticated rule would be applied.  There are other potential evaporative areas in the north east of the sea (Sors of Mertvy Kultuk and Kaidak, SMKK), which could possible evaporate up to 0.7 km3/month on average, although pumping would be required.  The impact of including these areas has been represented in Run 5 by increasing the outflow to the KBG to 2.2 km3/month.  The long term effect of this would be to maintain sea levels about 1 m lower than they would otherwise be.

Clearly there is scope for reducing sea levels by operating the KBG and the SMKK for long term regulation.  The feasibility of this should be further investigated; it will be essential in the light of potential future sea level changes.
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Figure 13
Simulated Casian Sea levels, runs 1 – 5

3.3
Inertia and Self Regulation

There is a great deal of inertia in Caspian Sea levels as a result of the vast storage that exists in the sea.  This is demonstrated in Figure 14, which shows the impact of changing the starting levels in 1936:

Run_6:

as in Run_2, but starting level set to –26.0 m;

Run_7:

as in Run_2, but starting level set to –28.0 m.

It is clear from these runs that it takes over 50 years for the sea to return to an equilibrium condition, following some significant disturbance.  This makes regulation of the sea extremely difficult, requiring accurate predictions of likely future trends in Sea inflow and evaporation.
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Figure 14
Simulated Casian Sea levels, runs 2, 6 and 7

3.4
Influence of Continued High Inflows

The influence of continued high inflows and low evaporative losses has been investigated by running the model from 1976, but starting from the current sea level of –26.98.  The results are shown in Figure 15.  If there is a repeat of the inflows and evaporation of the last 20 years, and if the KBG operates according to the historic rating, then sea levels could rise by a further metre (Run_11).  If the KBG and SMKK were operated to remove 2.2 km3/month, then the sea level rise of one metre in the period could be reduced by about 500 mm.
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Figure 15
Simulated Caspian Sea levels, runs 11 and 12

4. REQUIREMENTS FOR FURTHER WORK

4.1. General

There are a number of areas in which further work is required to improve the water balance model, and to help develop mitigation strategies.  The areas in which further work is required include:

Sea evaporation estimation.

Volga river flows.

Improved elevation-area classification for the sea and areas at flood risk.

Improved elevation-area classification for the KBG and SMKK.

Regulation studies using the KBG and SMKK.

Future climate and scenario building.

Creation of a homogenised rainfall data-base.

Hydrological and system simulation modelling of catchment area.

Flood alleviation studies.

4.2. Sea Evaporation Estimation

Sea evaporation is a fundamental control on the water balance.  The indications are that this has declined in the past 20 years, and that the seasonal distribution is rather unusual.  If appropriate mitigation strategies are to be put in place, a clear understanding of the evaporation processes from the sea and of the spatial variability of these is essential.  Evaporation estimates are required for each of the main zones of the sea (north, central and south), but a long term aim might be to link evaporation estimation with a hydrodynamic model of the Sea, from which gridded estimates of evaporation may be possible.  Inflows to the sea probably are an important part of the heat balance, and modelling the changes that they induce in circulation is likely to be important.  The work of Panin should be central to future developments in this area, and tied closely to the water balance studies.

In addition to evaporation estimation from the Caspian Sea, it is important to determine potential evaporation from the KBG and from the SMKK.  Potential evaporation will strongly influence the way in which these areas can be operated for regulation of Sea levels.

Assessments are reqruied of the likely impact of global climate change on evaporation from the Caspian Sea.  The indications are that a reduction in evaporation has been responsible for almost half of the Sea level rise observed since 1976.  The development of scenarios of likely future evaporation must have a high priority.

4.3. Volga River Flows

The studies carried out here have indicated a possible problem with Volga flow records in the month of May.  It has not been possible to investigate this anomaly as part of the present study.  The indications are the Volga inflows in May could be over-estimated by as much as 35%.  Two possible reasons for this are:

i)
that the actual river flows are over estimated at this time because of complications associated with ice break up and jamming;

ii)
that flood plain storage in the delta is under-estimated and that delta losses may be higher than assumed.

The real situation may be a combination of the above and other causes.  There is, however, clearly a gap in understanding and an inconsistency in the hydrological data-base that must be resolved.  A study of Volga flow records, and of delta loss estimation must be given a high priority in follow up studies.  The magnitude of the error is significant, amounting to 20 km3 although this might be redistributed during the summer months.

4.4. Improved Elevation-Area Characteristics

The origin of the elevation-area characteristics currently being used in water balance models is unknown to the author, and it is of importance that definitive and reliable characteristics be prepared from the most accurate up-to-date topographic mapping available.  The most important area in which to improve elevation-area characteristics is in the northern part of the sea, where the greatest areas of inundation exist.  It is important to have a clear definition of the source data for elevation-area characteristics, and of the accuracy of the topographic and bathymetric data on which it is based.  There may be areas in which additional survey is required.

It is likely that the KBG and SMKK will play a significant role in mitigating future sea level rise.  In order to assess accurately the manner in which these additional evaporation areas may operated, it is important to have reliable elevation-area characteristics for them.  At present some data are available for the KBG (UNEP, 1977), but the origin of this and its accuracy are unknown.

4.5. Regulation Studies

Both water balance and hydraulic studies are required in order to assess the feasibility of using the KBG and SMKK more effectively in regulating Caspian Sea levels.  It is necessary to determine effective rules under which operation may be carried out that are robust and will not lead to increased long term risks of very low Sea levels as well as very high levels.  Studies can be carried out using the historical data-base, but in real time operation, accurate predictions of inflows and of evaporation will be required.

The engineering feasibility of controlling inflows to the KBG either hydraulically or by mechanical control needs to be investigated.  Surveys will be required of the inlet conditions, and of the mobility of bed material, as well as of geotechnical conditions for any structure that might be considered.  

For the SMKK, pumping would be required and the financial and economic costs of utilising the area require full investigation.  Means of providing energy, the range of pumping lifts required, and appropriate intake design must be considered.

These studies will be dependent upon better descriptions of elevation-area characteristics for both areas.

4.6. Future Climate

Interpretations are required of GCM outputs to assess the reliability with which they forecast parameters that are of significance to the Caspian Sea water balance.  Precipitation over the Volga catchment is probably the most important parameter, but precipitation is considered to be poorly represented in GCMs.  The accuracy of rainfall estimation by the GCMs must be investigated for the Volga basin, and if appropriate, means of forecasting rainfall from other parameters output by the models investigated.   The nature of the precipitation is important (snow or rain) as is the ability to hydrologically model changes that may occur as a result of global warming.

Estimating potential evapotranspiration changes for different parts of the catchment area of the sea is of importance.  There may be changes in future water use induced through climate change, as well as changes in hydrological response.

Sea evaporation will be affected also, and changes in parameters likely to influence Sea evaporation must also be forecast.  

In carrying out these studies, inputs from experienced climatologists will be very important.

4.7. Creation of a Homogenised Rainfall Data-base

It has been pointed out by Mesheskaya (1999) that there have been two interuptions to the homogeniety of rainfall records.  In the early 1950s, raingauges were replaced by precipitation gauges, which reportedly catch 10%-30% more precipitation that the older raingauges.  A second change occurred in 1966 when wetting corrections were introduced to observations, which resulted in measured precipitation being increased by up to a further 10%.

It is not clear that these systematic changes in measurement have been incorporated in the global gridded data sets prepared by the University of East Anglia, or to what extent adjusted historical series have been created in Russia.  Mesherkaya has prepared homogenised records as part of her work, and there would be considerable advantage in making these records more widely available and perhaps extending her work to cover more stations.  It is important that homogeneous records are used in any hydroloical analysis that is carried out, and that inputs to the grid model being prepared by IoH and the State Institute of Hydrology are based on adjusted records.

4.8. Hydrological and System Simulation Modelling

Modelling future water use in the Caspian Basin will require a more sophisticated approach than is generally available within hydrological catchment models.  Hydrological catchment models are seldom able to deal with irrigation or reservoir system operation satisfactorily.  Combination of a catchment model with a systems simulation model that can represent irrigation systems and variability in their cropping and seasonal demands is desirable.  Feedback loops could be provided between this and the catchment model.

4.9. Flood Alleviation Studies

There are probably three basic approaches to flood mitigation on the shores of the Caspian Sea:

i)
utilisation of the KBG and SMKK to enhance evaporation;

ii)
provision of local flood protection to high value infrastructure;

iii)
inter-basin transfers, perhaps to the Aral basin.

It is generally appropriate to address all identified options and to initially evaluate them on a similar basis, narrowing down alternatives objectively on the basis of economics, environmental impact and technical feasibility.  Economic analysis must weigh up benefits and costs, integrated over a defined project life.

Evaluation of potential flood damages requires estimates of water level frequency.  In the north, this will be the result of combining surge with base sea levels.   Expressing flood damages in monetery terms is not easy, but there is a body of international experience that can be drawn on.

Estimating the costs of alternative mitigation measures is relatively straight forward, requiring only preparation of outline designs and recent construction rates.
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