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Abstract—Water balance components for the territory of the Volga basin and Caspian Sea water area have
been analyzed using the results of climatic simulation under CMIP6 Project for reproducing the modern
(1859–2014) and preindustrial (~1850) climate, as well as the climate of Holocene optimum (6 thousand
years ago) and the Last Glacial Maximum (21 thousand years ago). Volga runoff for the modern and prein-
dustrial periods has been reproduced by models close enough to its actual values, while its components (pre-
cipitation and evaporation) have been overestimated. The analysis of the distribution functions of precipita-
tion and evaporation in the Caspian Basin has shown the f luctuations of precipitation to contribute more to
the natural variability of the Caspian level. A probability distribution function of possible f luctuations of the
Caspian Sea was derived based on the theory of Brownian motion.
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INTRODUCTION

The climatic models (Earth system models) are
complex mathematical constructions describing the
thermodynamics of the atmosphere and ocean, cryo-
sphere, land properties, biogeochemical cycles, and
vegetation cover.

The world community regularly compares different
climate models. The best known project is CMIP
(Coupled Model Intercomparison Project), the sixth
phase of which (CMIP6) [17] is being implemented
now, including coordinated experiments following
common protocols.

Such experiments are used to assess the operation
quality of models in reproducing the modern climate
and the sensitivity of the models to changes in bound-
ary conditions. The following experiments are obliga-
tory for each participant:

a test experiment, aimed to reproduce the prein-
dustrial state of the climate (corresponding to the mid-
XIX century);

a historical experiment, reproducing the climate of
the period 1850−2014;

an experiment with an instantaneous fourfold
increase in carbon dioxide concentration relative to
the preindustrial level, the duration is 150 model years;

an experiment with an increase in carbon dioxide
concentration by 1% per year relative to the preindus-
trial level, the duration is 150 model years;

experiments with prescribed state of the ocean, sea
ice distribution, and the gas composition of the atmo-
sphere, which are specified based on observation data
for 1979−2014.

Many other experiments are also used to study the
sensitivity of models to different forcings, reproducing
possible scenarios of future climate changes, the cli-
mates of the past, aimed to assess the operation quality
of individual components of the climate model.

In this study, data of some CMIP6 experiments are
used to study the water balance of the Caspian Sea and
its level variations. In any climate model, the module
describing the properties of land is based on a regular
grid consisting of cells covering the entire Earth land
surface, with cell sizes varying from one (in regional
models) to tens of kilometers. Each cell is character-
ized by the hydrophysical parameters of its surface,
describing, as a necessary element, the properties of
the land associated with the presence of water bodies
(lakes) in them. Some lakes, which are relatively small,
lie within the cell, while the description of larger lakes
requires coordinated data in several cells. The descrip-
tion of lakes is required primarily to adequately char-
acterize the effect on the atmosphere due to water
vapor and heat f luxes and the surface roughness and
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albedo. In some cases, parallel to the incorporation of
the contribution of lakes to the state of the atmo-
sphere, the problem of reproducing the properties of
the lake itself is also solved.

The problem is complex because of the number of
lakes being large and their sizes varying within wide
limits. This requires their detection by grid databases
with cells of different sizes [12, 15]. The overwhelming
majority of lakes are not reproduced in climatic mod-
els as individual objects with unique natural and
hydrological characteristics. In most cases, the prop-
erties of the surface, specified in a database, reflect
cells (or their parts) occupied by water (with a constant
storage not reflecting variations in the lake water bal-
ance). This is enough to describe water evaporation
within land massifs and to reproduce the specifics of
heat exchange with the atmosphere. In some cases, the
water body is supplemented by a simple algorithm to
account for the two-layer structure of deep lakes to
better reproduce the specifics of the thermal regime of
their surface.

However, the problems of simulation are due not
only to the identification of water bodies, but to errors
in the reproduction of their characteristics by atmo-
spheric models. The fact is that the quality of simula-
tion is strongly dependent on the size of the object.
This is due to the natural effect of a decrease of the
error at summing model data over large areas. There-
fore, an extended object, represented by many model
cells, can be reproduced in a numerical experiment
much better than a small object [25]. This implies that
the analysis of the largest water objects on the land is
in principle more reliable. The Caspian Sea is such an
object. Note that, in the relatively recent geological
past, the Black Sea was an analogous object, when,
during glaciation maximum (21 thous. years ago) and
in the post-glacial period, its level was several tens of
meters below the Bosporus, a fact which, at level drop
in the World Ocean, led to the isolation of the basin
and its transformation into a drainless water body with
the appropriate regime of level variations [21].

When water bodies as large as those are simulated,
the consideration of their internal dynamics may be of
importance. Far from all climatic models specify the
Caspian Sea as the sea in the configuration of grid cells
and use the appropriate oceanic calculation module.
However, even if such description is included in the
model (as it was made in the models of Laplace Insti-
tute (France), Institute of Numerical Mathematics
(Russia), and others), the size of the model sea is not
controlled by water balance and the level remains con-
stant.

Under such conditions, the problem of level varia-
tions in the Caspian Sea (a sea that is not presented in
the model) can be solved only by an indirect method
through the calculation of all water balance compo-
nents in the drainage area and the sea water area,
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implying by the latter the group of cells which rep-
resents its water surface in the model.

Experiments and Models
The object of analysis was the model data of cli-

matic experiments carried out under CMIP6 and
available from [19] for four experiments: a control
experiment (piControl), a historical experiment, as
well as experiments aimed to reproduce the climate of
mid-Holocene (midHolocene) and the conditions of
the so-called maximum of the last glaciation (Last
Glacial Maximum). For brevity, they are denoted
below as PI, H, mH, LGM.

The protocol of the experiments is given in [16]. PI
is among the basic experiments in CMIP6, in which
the boundary conditions and the parameters corre-
sponding to the preindustrial epoch are specified
unchanged for the entire calculation period (data for
1850 are used). In the case of H, simulation from 1850
to 2014 is made with a varying parameter set (the solar
constant, the concentrations of greenhouse gases and
aerosols, including the volcanic aerosol), based on
data of measurements for this period.

The experiments mH and LGM, involving the
reproduction of past climates (CMIP6-PMIP4), are
described in detail in [20, 29]. They are aimed to sim-
ulate the sections 6 and 21 thousand calendar years
ago, which are canonic for paleoclimatology and char-
acterize the conditions in the interglacial and glacial
epochs. To do this, the gas composition of the atmo-
sphere and the orbital parameters are specified in both
experiments in accordance with the data of recon-
struction, resulting in a change in the distribution of
solar energy reaching the surface. In the experiment
mH, this exhausts the specified external effects. The
results of this experiment are reviewed in [13]. The key
features of the experiment LGM include the simula-
tion of climate as a response to a decrease in CO2 con-
centration, the overall increase in the volumes of gla-
ciation, the appearance of sheet glaciers in the terri-
tory of Eurasia and North America, a drop in the
World Ocean level (down to –115…–130 m below sea
level), and change of the land/sea configuration.

Note that the experiments PI, mH, and LGM con-
sisted in calculations aimed to study the steady, equi-
librium state, while the experiment H is a nonstation-
ary experiment made to reflect the current response of
the climate system to background changes, primarily,
to the increase in greenhouse gases in the atmosphere.

The problems in this study were solved with the use
of data of four models (Table 1), for which the data-
base contains all required simulation results. The thing
is that CMIP6 is still not completed and the content of
the database is extending.

Volga runoff, as well as the evaporation and precip-
itation in its basin were calculated using the modern
configuration of the Volga basin interpolated into
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Table 1. Brief characteristics of climate models

* According to [19].

Model name Short denotation
in the article

The number of cells along 
longitude × the number

of cells along latitude
Experiment duration, years* References

AWI-ESM-1-1-LR awi 192 × 96 piControl—100
historical—165
midHolocene—100
lgm—100

 [30]

INM-CM4-8 inm 180 × 120 piControl—531
historical—165
midHolocene—200
lgm—200

 [31]

MIROC-ES2L miroc 128 × 64 piControl—500
historical—165
midHolocene—100
lgm—100

 [18]

MPI-ESM1-2-LR mpi 192 × 96 piControl—1000
historical —165
midHolocene—100
lgm—100

 [28]
model grids. The characteristics of apparent evapora-
tion (the difference between evaporation and precipi-
tation) over the Caspian water area were calculated
with the use of the cells where the option sea was cho-
sen in the land/sea mask for the territory under con-
sideration. In the miroc model, the Caspian Sea was
not specified in model mask as sea; therefore, the cells
belonging to it were chosen by the authors from the
total data by the large evaporation sums that were sev-
eral times greater than the values in the neighboring
cells.

Analysis of the Averaged Values and the Probability 
Distribution Functions of Water Balance Components

We will start the analysis of the simulation data by
comparing the mean values of water balance compo-
nents (averaged over the basin and over the period of
computer experiment). First, we compared the data of
experiments, which, by their nature, could be com-
pared with the climatic (modern) data. Based on
paleogeographic concepts and the conditions of the
implementation of experiments PI, Mh, and H (as
mentioned above), the data that refer to the modern
climate and the mid-Holocene are to be in general
agreement as they refer to the interglacial stage. The
differences that can be seen, for example, in the Blytt–
Sernander paleogeographic scheme are much less
important than the difference between glacial/inter-
glacial epochs.

As can be seen from Fig. 1, all four models demon-
strate similar behavior: the model precipitation and
evaporation over the Volga basin are considerably
overestimated (by 25–60 and 60−100%, respectively)
compared with the modern data; however, despite
these discrepancies, the runoff values were close to the
hydrometric runoff values (the scatter was ±30%).
This fact causes contradictory impressions. On the
one hand, the absolute value of river runoff is repro-
duced more or less adequately. On the other hand, this
is the result of the incorrect reproduction of precipita-
tion and evaporation by the model because of the
incorrect simulation of the features of the regional cli-
mate regime. This fact reduces the level of confidence
in the simulation results, because the observed incor-
rect reproduction of the runoff-formation mechanism
does not guarantee the correctness of the results under
climate conditions other than the modern ones. As far
as the products of global modeling are involved, theo-
retically, the situation can be improved by reanalysis
or, moreover, current data of weather forecast (see
below), the use of which always “forces” the model
onto the correct evolution trajectory.

Comparing the precipitation and evaporation over
the Volga Basin, as well as the apparent evaporation,
we note that the probability distribution functions can
be very well approximated by the normal distribution.
One can clearly see that the variation ranges are differ-
ent and the variations of precipitation are much greater
(Fig. 2).

To control the runoff value, directly calculated by
the models, it was compared with the so-called cli-
matic runoff, which is also calculated by model data.
The latter value is calculated as the difference between
precipitation and evaporation over the basin, which is
averaged over the entire observation period. Consider-
WATER RESOURCES  Vol. 48  No. 6  2021
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Fig. 1. Comparison (by data of observation and simulation) of data on precipitation, evaporation, and runoff (km3) over the Volga
basin by data of climatic models. Observation data: runoff, evaporation, and precipitation [2, 4] are plotted successively on the
abscissa. 
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Fig. 2. Integral distribution functions of the recurrence of precipitation and evaporation, averaged over Volga basin, as well as
apparent evaporation from sea surface (10–3 km3) for experiment mpi_PI and the appropriate functions of normal distribution. 
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ing the algorithm used for the model calculations, we
can expect the equality of the runoff and the climatic
runoff; however, as can be seen from Table 2, some
moisture accumulations/losses are possible in the soil
layer. Overall, the deviations never exceed 2%, except
for one case corresponding to experiment inm_LGM.
However, the excess over the climatic runoff in this
case is due to the incorporation of the additional
WATER RESOURCES  Vol. 48  No. 6  2021
amount of water that penetrates into the Volga Basin
because of melting of the Scandinavian Glacial Sheet.

Equation Describing the Dynamics of Caspian Sea Level

The water balance is described by the equation:

(1)in out.
dV Q Q
dt

= −
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Table 2. Comparison of the runoff Q calculated by the models
with the climatic runoff 

Observations
and experiments , km3

obs 5 0.021
inm_PI 1.1 0.004
miroc_PI –3.4 –0.015
mpi _PI –2.2 –0.007
awi_PI –2.2 –0.013
inm_H 0.3 0.001
miroc_H –5.5 –0.023
mpi _H –2.7 –0.008
awi_H –3.4 –0.017
inm_mH 2.3 0.009
miroc_mH –5.5 –0.026
mpi _mH –3.0 –0.011
awi_mH –1.3 –0.008
inm_LGM 11.0 0.079
miroc_LGM –3.5 –0.017
mpi_LGM –3.0 –0.019
awi_LGM –2.4 –0.015

cQ

cQ Q− ( )c cQ Q Q−
The input component of the budget is determined
by river f low (the subsurface component is <10% (in
fact, 1% [9]). On the average, ~80% (90% is possible
for some stages) of river runoff is due to the Volga
River runoff Q, i.e., , k = 0.8, , i.e.,
the difference “evaporation minus precipitation” for
water surface. This also includes water inflow into
Kara-Bogaz-Gol Bay and its further evaporation.
Observations show that, on the average, the inflow
and the outflow values are similar; therefore, the vari-
ations of water volume (sea surface area and level) are
commonly a result of a minor disbalance. When the
background values of water balance components
change, the sea tends to find new equilibrium level and
area [1]. Under such stationary conditions, we have
from (1)

inQ Q k= outQ e≡
Table 3. Ratios of the apparent evaporation and Volga runof

Model, experiment

mpi_H 0.9
mpi_mH 1.4
mpi_PI 0.9
miroc_H 0.9
miroc_mH 1.6
miroc_PI 1.0

0 0e Q
(2)

Let us check whether the condition (2) holds for
model data. Clearly, this condition is fictitious in this
case as the water cycle does not have to be balanced.

First, we choose for checking the data taken from
numerical experiments H, PI, mH. Table 3 compares
the ratios  for data of the analyzed models.
According to (2) this ratio is to be 1.25. The model data
yields ~1 with a minor scatter. In fact, this means that
an important relationship exists between water balance
components, namely, we can assume that in the mod-
els mentioned above the “absent” water balance in the
Caspian Sea is supported by the contribution of the
Volga alone. The ratio for awi model is on the average
~1.9. This means, under the same assumptions, that
the contribution of the Volga accounts for only ~50%
of water losses through evaporation from water sur-
face, i.e., here we see an underestimation of the Volga
runoff contribution, while the first three models men-
tioned above overestimate its role.

As to the period of the last glaciation, the situation
is more complicated. The thing is that, according to
paleogeographic data, a very deep regression was
observed in that period [27]. A study of its causes,
based on the analysis of simulation data, revealed the
leading role of the decrease in the Volga runoff [26].
Among the models considered in this study, two mod-
els―mpi and inm―gave analogous quantitative
results. Other two models―miroc and awi―demon-
strated no decrease in the Volga f low, notwithstanding
the considerable decrease in precipitation over Volga
Basin because of the parallel decrease in evaporation.

If we exclude from the Caspian Sea water area its
northern part, thus trying to take into account the fact
of the decrease in the Caspian Sea area during the lat-
est glaciation, this will lead to a decrease in the ratio

, calculated by model data: it will be ~1, though
the scatter in data of different models will be much
greater.

Note that under real conditions, the volume of
evaporation from sea surface depends on level varia-
tions, because, for example, at its considerable
increase relative to the present state, the area of shal-
low zones increases appreciably, leading to greater

0
0.Q e

k
=

0 0e Q

0 0e Q
WATER RESOURCES  Vol. 48  No. 6  2021

f averaged over the period of experiment

Model, experiment

inm_H 1.0
inm_mH 1.1
inm_PI 1.0
awi_H 1.7
awi_mH 2.0
awi_PI 1.9

0 0e Q
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evaporation. However, the analysis of the hypsometric
curve shows that this effect becomes significant start-
ing from the level excess of ≥10 m relative to the pres-
ent values [10]. However, if the range of level varia-
tions is not as large as that, this feedback is not signif-
icant.

Now we add expressions (1) and (2) (implying that
, h is sea level,  is sea area) to obtain

(3)

The changes of the area as a function of the level
can be described as  (with a zero reference
point at –28 m), though the coefficients of this equa-
tion are somewhat different in the ranges h ≤ –5, –5 <
h < 0, h ≥ 0 m.

However, direct calculations show that, for exam-
ple, at deviations by ±5 m, the deviations of the area
from its mean are ≤10%. Therefore, we assume that

 and after integration, we obtain

(4)

For the present-day values,  0.8 m/year.
The obtained relationship shows that sea level

anomalies appear due to the successive accumulation
of relative anomalies of river f low and apparent evap-
oration. According to the data of simulation, the effect
of the first factor is dominant, while the contribution
of the second summand reaches 20% only in some
periods of numerical experiments. This opinion has
been repeatedly emphasized [7, 8, 24]. However, stud-
ies appeared in which the apparent evaporation was
evaluated by reanalyses (GFS, ERA-Interim, JRA,
NCEP/NCAR, and NCEP/DOE), as well as by data
of real-time weather forecasts [3, 14]. These results are
so far contradictory: the use of some bases yields com-
parable and even dominating role of variations of
apparent evaporation, while others do not allow any
conclusions to be made at all.

Now, we can use the simulation data to calculate
the cumulative sums of the Volga runoff and apparent
evaporation and to interpret these results as level vari-
ations, supposing (taking into account the assump-
tions made) that the factor in (4) is close to unit.

The Dynamics of the Caspian Sea Level Retrodicted 
by Data of Runoff and Apparent Evaporation Variations

First, we consider the data of experiment Н
(Fig. 3). All models showed the model regime to be
sensitive to the progressive rise of the environmental
temperature in the ХХ–XXI. However, the effect of
this factor was found to be not sufficient to control
atmospheric circulation and the hydrological cycle in
European region and the adjacent Asian territory, with
the result that the model curves are not similar and do

dV fdh= f

0 0 0

0 0

.Q Q Q e edhf
dt k Q e

 − −= − 
 

f a bh= +

0dV f dh=

0 0 0
0

0 0 00

.
t

Q Q Q e eh h dt
k f Q e

 − −− = − 
 


0 0Q kf ≅
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not agree with the real behavior of the Volga runoff.
This demonstrates a typical feature of climate model-
ing, i.e., the loss of phase agreement. At the same
time, we can note that the range of the curves is similar
to the variations that have taken place in the Caspian
Sea in the recent one and a half century. All curves
show epochs of long-term changes with a rate of level
rise/drop of 0.4–1.0 m/10 years. More abrupt changes
can also be seen. Thus, the awi model demonstrates a
decrease in sea level near the mid-XX century, the rate
of which is 2.5 times greater than the estimates given
above. In this case, variations, including those with
large differences between the values, are mostly typical
of runoff variations and are mainly due to changes in
the precipitation onto the Volga Basin territory. Such
variations in the apparent evaporation are much rarer.
The importance of such anomalies in the context of
the analysis of individual dry years (as, for example,
under the conditions of the catastrophic anomaly of
the summer 2010) was mentioned in [11]. At the same
time, the comparison of the probability distribution
functions (Fig. 2) clearly demonstrates that the varia-
tion range of the apparent evaporation is much nar-
rower than the variation range of precipitation.

Note that, compared with CMIP5 data [23, 24],
the results of CMIP6 considered here show somewhat
wider (by 15–20%) variability, which is closer to the
real f luctuation range.

However, the interval of 165 years in experiment H
(from which the first and the last ~20 years, i.e., the
characteristic transition times of the Caspian Sea
dynamics, are to be excluded before the analysis) is too
short to study the behavior of such an inertial object as
the Caspian Sea.

In this context, more informative will be the results
of long-term simulation PI, the more so that PI exper-
iment was carried out to obtain the steady state. The
analysis used the data of three models, because the
data for awi model are available only for 100 model
years. Their analysis generally confirms the conclu-
sions regarding the length and rates of Caspian level
variations, which have been made above in the analysis
of the results of experiment H.

Integral-difference curves show different behavior
over time. Typical for all models are f luctuations of the
values 30–50 years in length with a characteristic
range of ~2 m. Slower trend-type variations extend
over many decades and feature the rates of level varia-
tions of ~0.6 m/10 years. In this case, the main contri-
bution to level variations is again due to river f low,
though deep anomalies can also be seen (although
much rarer) in the variations of apparent evaporation.

Let us consider in greater detail the longest,
1000-year series of mpi_PI (Fig. 4). It can be clearly
seen to be inhomogeneous. Thus, first, long epochs
~250 years long were taking place against the back-
ground of low sea level, during which the level first was
decreasing and next increasing, but later this gave
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Fig. 3. Integral-difference curves of Volga runoff by data of experiment Historical and observation data. 
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place to rhythmic variations with a period of
~200 years. The empirical histogram (Fig. 5) for such
conditions appears to consist of two distribution func-
tion.

This type of irregular behavior of the model climate
regime (which could be supposed to contradict to the
procedure of experiment PI, meant especially to
reproduce a stationary regime) resembles random
fluctuations, the regime of which showed a transfor-
mation near about the middle of the model experi-
ment. Nothing can be said about the nature of this
transition regime but a general note that it could be an
effect of the secular volatility of the regional climate,
existing under globally equilibrium regime.

At the same time, the interpretation of calculations
by (4) can be wrong. To prevent this, we can try to
avoid using , but take into account the variations of
sea area along with its level variations. Such correction
can be introduced in the following way.

If we interpret Caspian level variations as a realiza-
tion of a random walk of the type of Brownian motion
[6], their variance is to be described by the expression

(5)

0f

2
2

  .q q
h st

τ σ
σ =

λ
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Fig. 5. Empirical histogram of standardized anomalies of
Volga runoff (Fig. 4), dimensionless values. 
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This is a stationary state in which the amplitude of
anomalies remains statistically constant.

We assume that the characteristic time of changes
is the same as that corresponding to the modern mea-
surements, i.e., we take  = 2 year to avoid year-to-
year correlation. The function in the denominator is
related, in particular, with the features of the hypso-
metric curve. In the intervals where the sea level falls
below –5 m (measured from –28 m),  =
0.01 1/year; in the interval from –5 m to zero,

= 0.05 1/year, and at higher levels,  =
0.02 1/year. The last factor in the nominator in (5)
combines the variances of the f luctuations of f low and
apparent evaporation. For the case of the model
series under consideration, these are 0.0025 and
0.0045 (m/year)2, respectively; therefore  =
0.007 (m/year)2. Note that the variance of f low fluc-
tuations is an order of magnitude less than that derived
from modern observations [5]. In the first ~500 years
of experiment mpi_PI it is reasonable to assume  =
0.01 1/year, while in the next ~500 years, we take the
mean value between  and , i.e., 0.035 1/year. With
such assumptions, we have  2.5 m for the first
interval and  0.7 m for the second one.

We will use these values to standardize the anoma-
lies of sea level. After that, the characteristics of the
first and second 500-year intervals becomes more
similar (Fig. 4), i. e., the incorporation of the morpho-
logical features of the basin somewhat reduced the
heterogeneity of the series.

We go further along this line and pass to the con-
struction of the probability density for the f luctuations
of Caspian Sea level. Its theoretical form was obtained
under the assumption that the level dynamics is
described by an equation in which the assimilation of
incoming water and the evaporation from water sur-
face are taking place in a basin of a certain shape,
determined by the hypsometric curve [22]

qτ

1λ = λ

2λ = λ 3λ = λ

2  qσ

λ

2λ 3λ
   h stσ =

   h stσ =
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(6)

Here  characterizes the variance:  (see
formula (5)),  m and  = 0 m are inflection
points on the hypsometric curve: the values of , cor-
responding to intervals of , are given below. The con-
stant  is determined from the expression

(7)

Let us return to experiment mpi_PI. For the series
consisting of standardized values D = 1, and the aver-
age value for the entire 1000-year series is  –1.1 m.
An analytical expression for integrals in (7) cannot be
obtained; therefore, their values were calculated with
the use of the well-known “Tables of the Values of
Laplace Function.” The calculations yielded  0.4,
and the function sought for represents a nearly sym-
metrical single-mode curve.

The empirical hystogram (Fig. 5) differs from it by
a characteristic skew toward negative anomalies. This
is due to the above-mentioned heterogeneity of the
initial model integral-difference series (Fig. 4), which
has been reduced but not eliminated completely.

CONCLUSIONS
Data of climatic simulation were used to analyze

level variations of the Caspian Sea in different epochs.
Such estimates can be obtained only indirectly,
because the sea is not described in the models as an
object of water balance of river runoff and apparent
evaporation, but is represented in the territory by cells
covered by water. The result was the forced assumption
that level variations are directly described by integral-
difference curves of Volga runoff and apparent evapo-
ration.

As the result, it was found that climate models
reproduce the variations of the decade and secular
scale with an amplitude close to the actual one; how-
ever, the comparison of the simulated and observed
phases of these variations (for the recent 165 years)
showed their complete disagreement (this is also true
for the difference between the models). In this case,
while the values of the Volga runoff are reproduced by
the model with at least some similarity, the runoff
components (precipitation and evaporation averaged
over Volga basin) are largely overestimated. This sug-
gests that the characteristics of atmospheric circula-
tion, the regime of precipitation, evaporation, and
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snow accumulation, reproduced by the models are far
from reality. Taking this into account, we note that the
prospects of forecasting Caspian Sea level to the XXI
century based on data of climate simulation CMIP are
very poor.

An important feature of the long 1000- or 500-year
experiments PI was the heterogeneity of the level
regime, reconstructed by the data of variations of the
Volga runoff and apparent evaporation. This hetero-
geneity manifests itself in long epochs (~500 years)
with different behavior of the simulate characteristics.
This is somewhat surprising, because the experiment
PI has been especially organized with external impacts
specified constant all over its duration in order to
obtain a reproduction of stable climate regime. Such
procedure seems not to guarantee the stationarity of
the regional climate regime. It is also not clear how
long is to be the model experiment to ensure such sta-
tionarity, and whether such stationarity is achievable
in principle.

This fact demonstrates that there are no reasons to
expect that relatively short model experiments mH
and LGM provide reliable data on decade and secular
variations of regional climate. At the same time, the
data of paleosimulation convincingly demonstrate
that there were no conditions for the formation of
superlarge anomalies (with Caspian level amplitudes
of several meters). Therefore, their genesis lies beyond
the common climatic–hydrological f luctuations, and
specific factors are to be taken into account.
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