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ABSTRACT
Results of an estimation of deviations of river runoff from their modern values within the 
Volga  river  basin  observed  during  the  period  of  the  Late  Atlantic  Optimum  of  the 
Holocene (5-6 thousand years ago) and probable at global climate warming in the XXI 
century caused by growth of atmospheric content of greenhouse gases of an anthropogenic 
origin are  presented.  A scenarios  of  climatic  changes  results  of  experiments on global 
models of the general circulation of atmosphere and ocean, included in the international 
programs  of  comparison  of  results  of  modeling  paleoclimate  (Paleoclimate  Modeling 
Intercomparison Project – PIMP) and future climate (Intergovernmental Group of Experts 
on Climate Change – IPCC) have been used. For estimation of hydrological changes the 
model  of  monthly  water  balance  developed  in  Institute  of  Geography  of  the  Russian 
Academy of  Science  [2,  3]  especially  for  estimation  of  hydrological  consequences  of 
global climatic changes in large river basins which can be related to a class of macroscale 
hydrological is used. 

MODEL OF MONTHLY WATER BUDGET
In the model version, which is considered in this paper, possible changes of river runoff 
forming on the surface and in the subsurface layer of soil ground as well as due to drainage 
of deeper underground horizons of active water exchange are estimated. The initial version 
of  the  model  and  its  subsequent  modifications  are  stated  in  detail  in  the  authors’ 
publications [2, 3]. Model is based on the equation of mean monthly water balance for 
river watershed for conditions of complete drainage of the zone of active exchange of 
surface and underground waters. In the model the main processes of hydrological cycle are 
described: infiltration and accumulation of moisture in soil, evaporation (on the basis of 
modified Tornthwite method [6], snow water equivalent accumulation and snowmelt by 
V.D.Komarov method [4], formation of surface and subsurface, groundwater runoff and 
total  river  runoff.  The  model  makes  it  possible  to  take  into  account  macro-scale 
heterogeneities of hydrometeorological fields and other characteristics of territory. Such 
approach provides the necessary degree of reliability of modeling of river runoff changes. 
In  the modernized version of  the  monthly water  balance  model  used  in  this  work  [3] 
changes of river runoff and other elements of water balance in river basins at knots of 
regular grid are estimated numerically, which makes attachment with experiments data on 
climate models easier.

METHODS OF CALIBRATION OF PARAMETERS
The  model  includes  10  parameters.  Four  of  them  were  selected  empirically  for 
“homogeneous” parts of Volga river basin. Parameters a, a1, b (parameters of evaporation 
calculations),  k  (coefficient  of  snow melting),  kf   (coefficient  of  vertical  filtration  into 
ground waters) and kgr (coefficient of ground runoff) were optimized. For identification of 
parameters of the model Rosenbrock procedure [3] of optimization was used, which is a 
method of coordinate descent with alternative change of axes. Optimization was fulfilled 
simultaneously  for  knots  of  calculation  grid  river  basins,  but  the  whole  process  of 
identification  of  parameters  was  divided  into  four  stages.   At  the  first  three  stages 
parameters a, a1, b, k, kf and kgr were optimized. And at the fourth stage all parameters were 
optimized at the same time, i.e. values got at the previous stages were put as the initial 
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values of parameters and rather narrow limits of their changes were given. Optimization 
was fulfilled by the data on runoff. 

DESCRIPTION OF THE DATA USED
Data on the present-day climate. Mean monthly values of air temperature and precipitation 
at  knots  of  regular  grid  of  10 x  10 from supplemented  global  archive  prepared  at  the 
International Institute of Applied System Analysis [1] were used. These data as well as 
data on river runoff and deviations of climatic elements were smoothed.

Data on river runoff. For preparation of data on mean monthly values of river runoff at 
knots of regular grid of (10 x 10)  for large river basin data on river runoff referred to 
average weighted center of representative sub-basins, and then was interpolated into knots 
of a regular grid. In calculations data on river runoff averaged over time periods exceeding 
30 years and referring mostly to time period between the 1930s-1940s and 1980s were 
used. 

Data on deviations of climatic elements from their present-day values. Results obtained on 
the basis of numerical experiments on global climate models were used. For estimation of 
river runoff characteristics in conditions of Late Atlantic Optimum of Holocene, (which a 
number of authors consider as an analogue of future conditions corresponding to change of 
average global annual air temperature by 10C) results of numerical experiments fulfilled on 
the  following  global  models  of  general  circulation  of  the  atmosphere  and  the  ocean 
(AOGCM) included in the PIMP program were used: MPI ECHAM3, GFDL CDG R30, 
UKMO HADAM2. Results of numerical experiments on models of general circulation of 
the atmosphere and the ocean included in the IPCC program (MPIfM ECHAM4/OPY3, 
HCCPR HadCM3 and GFDL-R30) were used as scenario estimations of climate changing 
in future.

Results of model experiments proceeding from A2 and B2 families of scenarios of global 
socio-economic changes in XXI from the last  improved SRES series of such scenarios 
accepted in the IPCC program were used. It was used the two periods (2010-2039, 2040-
2069)  for  calculation  of  deviations  of  the  mean  monthly  sums  of  the  atmosphere 
precipitation and air temperature from their present-day values (calculated for the period of 
1961-1990).

DISCUSSION OF RESULTS OF SIMULATIONS
Climatic conditions. 
Late  Atlantic  Optimum.  Model  reconstructions  of  deviations  of  mean  annual  air 
temperature  and  atmosphere  precipitation  of  this  period  from their  present-day  values 
obtained by MPI ECHAM3 model differ considerably from the corresponding results by 
another two models (GFDL CDG R30 and UKMO HADAM2). The main difference of the 
above-mentioned groups of reconstructions – is their distinction in the sign of deviations 
(Table 1). It especially concerns deviations of air temperature. According to calculations 
on MPI ECHAM3 model in the period of Late Atlantic Optimum Volga river basin was 
characterized  by  warmer  conditions  as  compared  with  the  contemporary  period.   In 
accordance with the other two reconstructions (obtained on the basis of calculations on 
GFDL CDG R30 and UKMO HADAM2 models)  5-6 thousand years ago a  bit  colder 
conditions  were  observed  on  the  whole  territory.  Reconstructions  of  deviations  of  the 
atmosphere precipitation in this basin fulfilled on MPI ECHAM3 and two other models 
also differ between themselves by sign, however on the average for basin they make a few
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Table 1. Deviations of climatic elements and river runoff in Volga river basin from their present-day values in the conditions
anthropogenic climate warming in XXI century and Late Holocene Optimum (5-6 thou. years BP).

∆Ty (0C), ∆Py (mm), ∆Hy (mm) – deviations of mean annual air temperature, annual sum of precipitation and river
runoff depth over a year correspondingly

River
basin

Obser-
ved 

mean 
annual 
river 

runoff 
depth, 
mm

AOGCM SRES experiments
GFDL-R30

USA
MPIfM ECHAM4/OPY3

Germany
HCCPR HADCM3

UK
2025 2050 2025 2050 2025 2050

A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 A2 B2

Volga 
river 
basin

ΔТy (0С)
ΔPy (мм)
ΔHy (мм)

ΔТy (0С)
ΔPy (мм)
ΔHy (мм)

187

1.4
37
9

0.9
29
9

2.5
91
23

2.1
57
30

1.3
8
6

1.2
14
6

2.2
20
12

2.3
27
17

0.7
-12
-11

0.7
-1
-10

1.4
-12
-16

1
18
-2

Paleoscenarios of Late Atlantic Optimum of the Holocene

GFDL CDG R30
USA

MPI ECHAM3
Germany

UKMO HADAM2
UK

-0.1
-22
-17

1.1
22
13

-0.5
0.3
2
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per cents of the present-day values by absolute value. The first model represents a bit more 
humid climate, whereas the two other ones – more arid. 

XXI century. According to all three scenarios under consideration in Volga river basin 
climate warming, more intensive  in the middle of XXI is expected (Table 1). Situation 
with  the  character  of  geographical  distribution  of  possible  changes  of  the  atmosphere 
precipitation is more complicated. According to the scenario based on simulations on the 
models of the Geophysical Laboratory of Hydrodynamics of the Princeton University, the 
USA and the Max Planck Meteorological Institute, Germany, it is expected that practically 
on the whole territory (excluding the part of Volga River basin lower the confluence with 
the Kama River) annual precipitation can be most evident in the middle of the century. 
Different situation with the atmosphere precipitation is possible in case of realization of 
scenario based on calculations by the model of the Hadley Center on investigation and 
forecast of climate, UK. According to calculations by this model on the average for the 
Volga river basin at both stages of climate warming we should expect decrease of the 
atmosphere precipitation excluding middle of XXI at B2 scenario. 

Hydrological conditions. 
Late Atlantic Optimum of Holocene. Mean annual river runoff. (Table 1). The decrease of 
river  runoff  in  Late  Atlantic  Optimum  of  Holocene  (proceeding  from  paleoclimatic 
reconstruction obtained by calculations on MPI ECHAM3 model), which close to 10% as 
compared with the contemporary period, was observed. Calculations of deviations of mean 
annual  river  runoff  based  on  paleoclimatic  reconstructions  by  the  GFDL and  UKMO 
HADFAM2 models testify to the fact, that in the Late Atlantic Optimum of Holocene in 
Volga  river  basin  mean  annual  river  runoff  was  higher  than  the  present-day  one, 
insignificantly, in case of  UKMO HADFAM2  model. 

Intra-year  distribution  of  river  runoff.  The  most  evident  differences  of  hydrological 
features of the two compared periods – the Late Atlantic Optimum of Holocene and the 
contemporary period – manifest themselves most pronouncedly in change of the character 
of  the  intra-year  distribution  of  hydrological  regime  elements.  Even  in  case  of  slight 
deviations of annual river runoff appreciable differences in its intra-year movement are 
registered.  Compact  transformation  of  flood  wave  by  way  of  redistribution  of  runoff 
between two main months of flood of the Volga river basin and its parts is observed; the 
peak of the flood shifts to earlier time period and decreases. 

XXI century. Mean annual river runoff. According to climatic scenarios of the Geophysical 
Laboratory of Hydrodynamics of the Princeton University, the USA and the Max Planck 
Meteorological Institute, Germany, in Volga river basin the most appreciable increase both 
of annual runoff and flood runoff can be expected (Table 1). The most significant increase 
can occur in the middle of the century.  Calculations based on climatic scenario of the 
Hadley Center on investigation and forecast of climate, UK, show that in the Volga river 
basin decrease of river runoff is possible, but less significant as compared with the ones 
considered above. Distribution of possible changes of river runoff over the territory of the 
Volga river basin is  characterized by evident heterogeneity.  The greatest  variability of 
scenario  estimations  of  river  runoff  changes   both  by  the  absolute  value  and  sign  is 
characteristic of the part of the Volga river basin situated lower the confluence with the 
Kama River.
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Intra-year  distribution  of  river  runoff.  According  to  all  climatic  scenarios  considered 
considerable  changes  of  intra-year  distribution  of  river  runoff  by  months  can  occur. 
Considered features of change of inter-year distribution of river runoff are similar both for 
Late Atlantic Optimum and future climate warming. But scales of changes of intra-annual 
river runoff distribution can be more significant in XXI. 

Investigations  were  fulfilled  under  support  of  the  Russian  Fund  of  Fundamental 
Investigations (grant No. 05-05-64499).
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INTRODUCTION

One of the problems of time series analysis is detecting of change points, i.e. those time 
moments  which  correspond  to  rapid  changing  of  the  signal  to  be  analyzed.  Another 
problem is seeking for the stationary time points, i.e. time moments, corresponding to local 
extremes (minimums or maximums).  It  is obvious that the type of the behavior of the 
signal depends on the time scale at which the signal is analyzed. The last means that the 
signal must be averaged within certain moving time window before analyzing. Thus, the 
properties  of  the  averaged signal  depend on  the  radius  of  the  averaging  moving time 
window or when using other methods of smoothing – on the efficient radius of “influence” 
of smoothing kernel function. This radius of smoothing is nothing else as the time scale of 
the signal analysis.  The time points  of local minimums, maximums and minimum and 
maximum values of the 1st derivative of the smoothed signal provide natural fragmenting 
of the signal’s behavior at the given time scale. Let us call these time points as the scale-
dependent extreme points of the signal. 

For  the  most  of  natural  time series  when the scale  value  is  small  the averaged signal 
possesses a lot of extreme points but with scale increasing this number decreases. When 
the scale value is increasing gradually we can perform the chaining of the extreme points 
of the smoothed signal of the same type i.e. separately points of local minimums, local 
maximums, points of maximums of the 1st derivative (maximum positive trends) and points 
of  minimums the  derivative  (maximum negative  trends).  Thus,  we have  four  types  of 
chains of extreme points on the plane of time-scale values. The most of these chains abort 
with  scale  increasing  rather  rapidly  but  some  of  them  have  a  very  large  length  and 
propagate from minimum scale values up to maximum possible scale values which are 
admitted for the analysis taking into account the finite volume of the time series sample.

The procedure described above is  known in the wavelet  analysis  as wavelet  transform 
modulus maximums (WTMM) analysis and the set of chains of WTMM-points is called 
the WTMM-skeleton [1].  At the same time an individual pattern of the signal is formed by 
longest chains of WTMM-skeleton, i.e. for scale values which are comparable with the 
length of time interval where the signal is defined. That is why let us leave for the analysis 
the longest chains of scale-dependent extreme points only. These longest chains form a 
characteristic  pattern  of  the  time  series  behavior  which  could  be  regarded  as  its 
“fingerprint”. The long WTMM-chains present the evolution of scale-dependent extreme 
points  in  time  and  in  scale  simultaneously.  The  time  moments  corresponding  to  the 
beginnings  of  long  chains  (for  the  smallest  scale  value)  indicate  the  most  significant 
extreme points among all others within the smallest scale level. Another interesting class of 
points is formed by the final points of the long chains of the local extremes which became 
close to each other on some rather big scale level. Let us call these points as bifurcation 
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points. At the vicinity of bifurcation time point the smoothed signal behaves approximately 
as a constant. From continuity of the smoothed curves it follows that long chains of local 
extreme  points  of  these  curves  could  either  connect  with  opposite  type  of  extremes 
(minimum with maximums) in the bifurcation points or “come to infinity”, i.e. go to some 
upper limit of possible scale values.

CASE STUDY

The purpose of this paper is an effort to characterize quantitatively the general behavior of 
16 annual  river’s  runoff  time series of  Volga,  Don and Dnepr  basins using their  long 
WTMM-chains. At this sense it is a continuation of the study [2] on detecting collective 
effects in annual variations of monthly runoff time series using multidimensional spectral 
approach. The Fig.1 presents graphics of all long WTMM-chains for Volga time series. 
The same graphics could be plotted for each of the signals. Let us calculate histograms of 
time  moments  separately  for  beginning  of  different  types  of  long  WTMM-chains  and 
bifurcation points. These histograms are plotted on the Fig.2. 
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Fig  1. (a)  –  long  WTMM-chains  of  maximums  (solid  lines)  and  minimum  (dashed  lines),  circles  – 
bifurcation points; (b) – long WTMM-chains of positive trends (solid lines) and negative trends (dashed 
lines); (c) – annual Volga runoff time series. Horizontal dashed lines at (a) and (b) present threshold for long 
WTMM-chains. 
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Fig.2. Normalized histograms of time moments corresponding to beginnings of long WTMM-chains for 16 
annual rivers runoff time series. 

It is necessary to emphasize an arrangement of the diagrams: at first goes histograms of the 
time moments of the beginnings of long local minima chains, then - chains of maximal 
positive  derivative,  further  -  local  maxima  and  finally  -  maximal  negative  derivative 
chains. This order is chosen not casually, because it  corresponds to the "natural  cyclic 
order": after a minimum - growth up to a maximum, and then - recession up to a minimum 
etc.  The  visual  analysis  of  the  diagrams  in  a  Fig.3  allows  easily  to  notice,  that 
approximately till  1950 the peak values of histograms are located in such the "natural 
cyclic order", but then this order is broken and at the end of an interval of supervision the 
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histograms' peaks arise uncorrelated with histograms' peaks of the moments of time of 
other types, that is there comes chaos.

This qualitative conclusion was confirmed be correlation analysis of histograms peaks at 
the Fig.2 with different mutual shifts from hypothesis of linear migration of these peaks 
with  different  slopes  of  migration  lines.  The  final  result  is  the  following:  the  typical 
regimes of annual rivers runoff time series of the European part of the former USSR are 
distinguished which have periods 4.5-7.5 and 12-13 years. Time intervals 1920-1940 and 
1950-1970  are  detected  as  the  change  intervals.  At  the  1st case  a  new  12-13-years 
periodicity occurs and at the 2nd case a chaotic regime took place without any periodic 
features. Time intervals 1903-1912 and 1923-1937 have the most intensive changes for all 
scales from 3 up to 18 years. 

REFERENCES

1.  Mallat  S.  (1998)  A wavelet  tour  of  signal  processing.  Academic Press.  San  Diego, 
London, Boston, N.Y., Sydney, Tokyo, Toronto. 577 p.

2. Lyubushin A.A., Pisarenko V.F., Bolgov M.V. and Rukavishnikova T.A. (2003) Study 
of General Effects of Rivers Runoff Variations –  Russian Meteorology and Hydrology, 
2003, No.7, pp. 59-68, 

115



Section 2

ESTIMATION OF REGIONAL CURVES OF DISTRIBUTION OF MAXIMAL 
WATER RUNOFF OF RAIN FLOODS USING THE METHOD OF PROBABILITY 
OF CUMULATIVE PROBABILITIES (THE CASE OF THE CASPIAN REGION).

Osipova N.V.
Water Problems Institute of the Russian Academy of Sciences, Gubkin st., 3, GSP-1,  
119991 Moscow, Russia

Conformity  of  theoretical  analysis  of  distribution  of  probabilities  to  empirical 
observational can be evaluated as visually (qualitative comparison of curves), as by well-
known  criteria  (Pirson,  kappa,  Fisher,  Kolmogorov-Smirnov,  etc.).  According  to  the 
researches of different Russian and foreign authors [1,2,4] all these criteria can be applied 
in  a  zone  of  average  cumulative  probabilities  of  runoff  series.  For  "tail"  parts  of 
distributions these criteria appear to be not enough sensitive due to insufficiency of data. In 
extreme zones it is recommended to apply curves of probability of cumulative probabilities 
to evaluation of behaviour of type of distribution [2, 3]. 

Such analysis allows to check conformity of obtained estimated values of extreme runoff 
observable in the environment for groups of hydrologically similar basins [1]. 

Let’s state, that we have independent observational series on several gauges, each with 
duration  n  years.  Than  let’s  choose  the  highest  value  in  each  series.  If  cumulative 
probability curves are constructed for the series, it is possible to find out theoretical annual 
probability  of  excess  attributed  to  it  for  each  extreme  value  using  them.  The  law  of 
distribution of these probabilities among the set of samples on n members is defined on the 
basis of a rule of multiplication of probabilities with the help of the dependence:

npP )1(1 −−= (1)

where P - probability of the fact that annual probability of excess of an extremum of the 
sample consisting from n of members, will exceed value of p. The curve adequating to this 
law can be named as the curve of probability of probabilities [1]. Comparing with it value 
of p, estimated on extrema of each sample, we obtain an opportunity to check up a degree 
of  conformity of  repeatability  of  extrema observable  in  the  environment  to  theoretical 
assumptions.

If  empirical  points  deviate  from the  theoretical  curve  to  one  side  it  specifies  regular 
deviation of the accepted law of distribution from reality. If points settle down above the 
theoretical curve of distribution it means that cumulative probability of observed maximum 
is regularly increased. If they lye below it is decreased.

It  is  necessary to  note,  that  this  criterion is  applicable,  when the lengths  of  series  for 
combined analyzed objects slightly differ from each other.

The error in estimations of theoretical probability of excess, caused by the distortion of 
estimations of parameters, is most strongly reflected in the estimation of repeatability of 
exclusively high maxima outstanding in all  ensemble of  combined investigated basins. 
Their probability is exaggerated, owing to what dispersion of probabilities of extrema is 
underestimated. It limits the opportunities to check conformity of upper parts of curves of 
distribution in the field of small probabilities of excess (the order 1/1000) using considered 
method [1]. 
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Above described criterion was used for checking of conformity of empirical and theoretical 
probability curves for allocated by means of thetechnique of combined analysis of data for 
homogeneous areas in the upper part of drainage basin of the Caspian Sea. In order to take 
into  account  genetic  distinction  in  the  formation  of  high  and  low  flood  runoff,  all 
calculations were made for samples truncated in median. The sketch map of regions is 
presented on figure 1. Data for these regions is resulted in table 1. 

Table 1. Data for the regions of upper part of the Caspian Sea drainage basin. 

Number of 
the region

Quantity of 
gauges

Observational period, years
(min-max)

Drainage area, km2 

(min-max)
1 19 30-63 667-46300
2 15 25-48 143-22600
3 27 29-98 353-48300
4 18 31-82 460-34300
5 25 28-85 185-27500
6 7 30-90 1230-4950
7 13 31-84 21,5-54400
8 11 32-98 375-549000
9 6 36-44 1060-27900

Studying  the  problem  of  the  choice  of  type  of  distribution  in  the  zone  of  extreme 
characteristics of runoff for regions 1-5,7,8 there was recommended to use generalized 
distribution of extrema (so-called GEV-distribution). For regions 6, 9 applying of GEV-
distribution shows bad conformity of theoretical and empirical curves. These conclusions 
were made on the basis of qualitative comparison of curves and were checked by means of 
criterion of probability of probabilities.

In  each  homogeneous  region  we  chose  maximal  values  of  water  runoff  for  each 
observational  point,  and  then,  using  formula  (1),  we  defined  the  probability  of  each 
member of sample using inverse dependence:

nPp /1)1(1 −−= , (2)

where

1+
=

b
mP (3)

b – a number of observational points in the region, n - average duration of observations on 
all points. 

Analyzing the combined probability curves it is possible to make the following conclusion. 
For areas 1, 2, 4, 5, 8 criterion of conformity of probability of probabilities is confirmed, 
points on the figure are situated close to theoretical curve and practically symmetric around 
it. Consequently, chosen theoretical law of distribution can be applied to use in the zone of 
extreme (maximal) values. (figure 2).
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Fig. 1. Division of the drainage area of the Caspian Sea basin into regions by homogeneity of variation coefficients of maximal runoff for series truncated in median 
using the technique of combined analysis.
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FIGA 2
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Sea.
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For  areas  with  small  duration  of  initial  data  series  (regions  6,  9)  the  opportunity  of 
application of the technique of combined analysis is rather conditional, and consequently, 
the  result  of  estimations  using  the  criterion  of  probability  of  probabilities  cannot  be 
unequivocal (figure 2).

Region 3 has one observational gauge where duration of observations is 98 years, and on 
the other gauges duration is vary from 29 to 52 years. It is visible in constructing curves for 
all tails that the point with maximal value essentially deviates from theoretical curve (fig. 2 
- region 3). Criteria of probability of probabilities is applicable only in the cases when 
lengths  of  series  are  approximately  identical.  So,  specified  gauge  was  excluded  from 
consideration. Obtained curves are presented on figure 2 (region 3). It is visible that the 
best conformity of probability curves and the criterion of probability of probabilities in this 
case is observed. It is true also for the region 7 (one gauge has length of observations 90 
years, the other ones have 30-42 years). 

Thus using of criterion of probability of probabilities allows to obtain reliable conclusions 
about  homogeneity  of  considered  territory  and  to  recommend  generalized  (combined) 
parameters of curves of distribution of maximal values of water runoff of rain floods.
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LONG-TERM FLUCTUATIONS OF RIVER DISCHARGE IN THE MOUTHS OF 
RUSSIAN RIVERS WHICH FALLS INTO CASPIAN SEA

V.F. Polonskiy, L.P. Ostroumova 
State Oceanographic Institute (SOI),  6 Kropotkinsky Per.,Moscow, 119034,Russia 
Vpolonskii@mail.ru

The regularities of change of water discharge are investigated in tops of mouth sites of 
Russian rivers which falls into Caspian Sea (Volga, Terek and Sulak) for all  period of 
supervision (80 - 120 years).  In the analysis, data were use on the observed flow, where 
anthropogenic changes were taken into account, and on restored natural flow. Restored 
flow for periods of supervision was calculated considering data of the State Hydrological 
Institute on total anthropogenic losses of flow [1, 2, 3]. It is assumed that before 1939 data 
on the observed and restored natural flows of Volga coincide. Joint analysis of difference-
integral curves of restored (Qfr, m3/s) and observed (Qfo,  m3/s) flows allowed revealing the 
relative role of climatic and anthropogenic factor in multi-annual variations of flow.  The 
climatic changes of a hydrological mode in these river mouths for all period of supervision 
are revealed with the help of a difference-integral curve of restored natural annual water 
discharge (FIG. 1,2,3). 
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Fig 1. Difference-integral curves of restored (1) and observed (2) annual flow in the delta apex of the Volga 
River (summary flow of Volga River main bed, Volga flood place and Akhtuba River near the settlement 
Verkhneye Lebyazhye) for 1881-2004

Here and further Кi– modular coefficient equal to ratio of water flow of i-th year (restored 
ore observed) to average for period restored flow; Сv – variability coefficient of restored 
natural annual flow.

The rate of restored natural flow of Volga in delta apex (Qfr, m3/s) constitutes 8050 m3/s. 
Using a difference-integral  curve of restored natural  flow, periods of the highest water 
were distinguished: 1923 - 1929 (Qfr = 9450 m3/s), 1978 - 2004 (Qfr = 8870 m3/s and Qfo = 
8500  m3/s),  and  period  of  the  lowest  water:  1930-1940 (Qfr =  6180  m3/s),  1971-1977 
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(Qfr=6850 m3/s and Qfo=6320 m3/s). At present from to 1978, considering 2005, a period of 
higher water in the Volga River goes on. In general trends of the Volga flow changes for 
1881-2004 both by data on observed flow and by data of restored natural flow coincide 
(FIG. 1). Therefore it  may be concluded that climate factor plays a dominating role in 
multi-annual  variations  of  the  Volga  discharge  regardless  of  significant  anthropogenic 
withdrawal of flow started in the second half of XX century. Analysis of multi-annual 
fluctuations of total flow of Volga in its delta apex, taking into account the data on hydro 
engineering constructions in the Volga River basin, allowed distinguishing several typical 
periods. The period from 1881 to 1940 is a period of natural flow regime. In that period 
two  sub-periods  are  distinguished  –  undisturbed  flow  regime  in  1881-1940  and  low-
disturbed flow regime in 1941-1955. Period of 1956-1960 is a period of filling in large 
storage reservoirs. During that time large storage reservoirs of the Volga-Kama cascade of 
110  km3 total  capacity  were  put  into  operation  which  started  functioning  as  powerful 
regulator  of  water  regime  in  the  Lower  Volga.  By  1961  the  main  volume of  storage 
reservoir of the Volga power station located at a distance 450 km from the Volga delta 
apex was filled in. Period from 1961 to date is called a period of regulated flow regime. 
Until 1955 total reduction of flow in the Volga basin as a result of economic activity did 
not exceed 7.3 km3/year, and in period of 1940-1955 it was 5.6 km3/year on average or 2.2 
% of normal flow in the delta apex. In 1956-1960 the flow withdrawal including for filling 
in storage reservoirs averaged 17 km3/year (6.7 % of rate of restored natural flow) having 
reached its maximum of 26 km3 in 1960 (10.2 % of rate).  In period of regulated flow 
regime,  anthropogenic  withdrawal  of  flow averaged 13  km3/year  (5.1  % of  rate),  and 
maximum withdrawal of flow in the Volga River basin was noted in 1983 amounting to 27 
km3/year. 
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Fig. 2. Difference-integral curves of restored (1) and observed (2) annual flow in the delta apex of the Terek 
River (the settlement Kargalinskaja) for 1924-2004

The rate of restored natural flow of Terek near the settlement Kargalinskaja constitutes 385 
m3/s. Using a difference-integral curve of restored natural flow, period of average flow 
1924 - 1946 (Qfr = 385  м3/с),  period of the lowest water 1947 – 1959 (Qfr  =320  м3/с), 
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period of average flow 1960 – 1976 (Qfr = 385 м3/с), period of the highest water 1977-2004 
(Qfr=433  м3/с)  were distinguished.  In  these periods  observed flow of Terek constitutes 
accordingly 323, 237, 247 and 259 м3/с. Anthropogenic losses constitutes accordingly 16, 
22, 36 and 45% of natural flow rate. Even in period of the highest water observed flow of 
Terek  was  on  33%  lesser  then  natural  flow  rate.  On  site  of  Terek  from  settlement 
Kargalinskaja to Caspian Sea anthropogenic losses of water constitutes near 5% in last 25 
years. 
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Fig. 3 Difference-integral curves of restored (1) and observed (2) annual flow in the delta apex of the Sulak 
River (the settlement Main Sulak) for 1925-2004

The rate of restored natural flow of Sulak near the settlement Main Sulak constitutes 176 
m3/s. During period of supervision before of building of Chirkeiskaya power station in 142 
km from sea (1974) two natural cycles of changes of low and high water periods (length 22 
– 24 years) are distinguished. From 1974 to 2000 average and low water restored flow 
prevailed. From 1925 to 2001 observed flow was lower then natural rate (except 1942, 
1944, 1963, 1968 and 1990). In 2002 – 2004 high water period began and observed flow 
exceeded the rate of restored natural flow. Average anthropogenic losses of flow in period 
1925 – 1947 constituted 15,7 м3/с (8,9% of restored natural flow rate), in period 1948 – 
1967 – 37,9 м3/с (21,5% of rate), in period 1968 - 2004 – 39,6 м3/с (22,5% of rate). 

In last 20 years, as a rule, there was a reduction of anthropogenic losses of a discharge 
entranced in mouths of Volga, Terek and Sulak. 

The consequences  of  building of  the  reservoirs  which have  rendered  strong regulating 
influence on a mode of the river mouths are appreciated. The building of big reservoirs is 
completed on Volga (the cascade of reservoirs higher of. Volgograd - 1960) (FIG. 4), on 
Sulak (Chirkeiskiy Reservoir - 1974) (FIG. 5). On Terek there are no large reservoirs (FIG. 
6). The most typical consequence of river discharge regulation is its seasonal redistribution 
- the discharge reduction during a high water and its increase during winter low water.
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Fig. 4.  Intra-annual distribution of water discharge by months (Q, m3/s) in the Volga delta apex in typical 
periods: 1 –1971-1977; 2 – 1978-2004; 3 – 2004; 4 –1941-1955
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Fig. 5.  Intra-annual distribution of water discharge by months (Q, m3/s) in the Sulak delta apex in typical 
periods: 1 – 1968-1974; 2 – 1975 – 1984; 3 – 2001-2004 
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Fig. 6. Intra-annual distribution of water discharge by months (Q, m3/s) in the Terek delta apex in typical 
periods: 1 – before 1946, 2 - 1947-1959, 3 – 1960-1976; 4 – 1977 – 1984
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HYDRODYNAMICS MODELLING OF THE NORTH PART OF CASPIAN SEA

E.A.Zakarin, L.A.Balakay, T.V.Dedova
"KAZGEOCOSMOS " JSC, 050040 Kazakhstan, Almaty, Manas str. 34а/8 ; balakay@kgc.kz

INTRODUCTION

The  unique  natural  planet  reservoir  is  Caspian  Sea.  It  occupies  a  large  and  deepest 
continental part of Eurasia. The level of it’s inconstancy is one of the main features of 
Caspian Sea. This factor is being explained as climatic conditions changes in the majority 
of  researches.  Recently  the  human  activity  is  applied  on  this  factor.  The  Northeast 
(Kazakhstan) coast as a part of Caspian lowland is especially sensitive during the rise of 
Caspian  Sea  level.  The  flooding  of  these  territories  also  occurs  due  to  wind  run-up 
processes.

FLOODING AND DRYING PROCESSES 

The Flooding and drying values on North Caspian Sea is influenced with such factors, as: 
wind velocity and direction, wind duration and also sea depth, bottom slope and relief, 
coast line configuration, vegetation, ice mode, inflowing rivers flux. In most cases storm 
run-up (flooding) is observed during the spring and autumn periods [8]. This is caused by 
very  strong  and  stable  winds  of  effective  directions  (for  northwest  part  of  Caspy  is 
southeast and east wind, for northeast part is northwest and west wind). The wind run-up 
duration ranges from several hours to several days. 

The effective method of  the flooding forecast  is  the modelling of  level  surface of  sea 
[2,3,5-7,9].  When  observation  data  is  not  enough  the  role  of  mathematical  modelling 
considerably  grows  and  allows  without  big  material  costs  to  carry  out  numerical 
experiments.  The  space  monitoring  of  a  coast  line  allows  to  model  verify.  Danish 
Hydraulic Institute (DHI) is developed MIKE 21software, including Spill Analysis module 
[4]. MIKE 21 is a professional engineering software package containing a comprehensive 
modeling system for 2D free-surface flows. MIKE 21 is applicable to the simulation of 
hydraulic and related phenomena in lakes, bays, coastal areas and seas where stratification 
can be neglected.

MIKE 21 DESCRIPTION 

МIКE 21 is used for calculation of currents in a coastal shallow part of the sea, calculation 
flooding-drying processes depending of meteorological conditions. The software consists 
of a lot of modules. 

The  HD  Module  is  the  basic  module  in  the  MIKE  21  package.  It  provides  the 
hydrodynamic basis for the computations performed in another modules. The HD Module 
simulates the water level variations and flows in response to a variety of forcing functions 
in  lakes,  estuaries  and  coastal  areas.  The  water  levels  and  flows  are  resolved  on  a 
rectangular  grid  covering the area of  interest  when provided with the  bathymetry,  bed 
resistance coefficients, wind field, hydrographic boundary conditions, etc.

The Spill Analysis module simulates the spreading and weathering of suspended substance 
in an aquatic environment under the influence of the fluid transport and the associated 
dispersion  processes.  The  substance  may  be  an  oil  pollutant,  defined  according  to  its 
distillation properties and chemical structure (alkane or aromatic).  The output from the 
model simulations includes: oil concentrations (8 fractions), emulsification, temperature, 
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evaporation, dissolution, light attenuation, exceedance frequency, time exposure, current 
velocity.

EXAMPLE

Calculation on HD MIKE 21 model was carried out for the period from June 16 till June 
21, 2005 on Northern Caspian Sea territory. The initial water level at modeling was set to 
the constants equal of 1,15 m. The 120-hour forecast of the wind and pressure fields for 
calculation  terms  were  given  by  KAZHYDROMET.  The  hydrograph  is  in  figure  1 
received as the result of  forecast  calculation water level changes on hydrological points 
Zhanbay (a green line), Peshnoy (a dark blue line) and Kalamkas (a red line). The Northern 
Caspian Sea map with hydrological points is included in the diagram.

The diagram shows the maximal level surface value is equal 1,4 m, and it will be observed 
on Kalamkas hydrological point at 17.06.2006 18:00. After statistic calculation for all area 
we receive that the maximum water level  will  be observed from 17.06.2005 23:00 till 
18.06.2005 14:00 on the east coast and it will make more than 2 m (is it storm situation). 
The  maximal  value  is  equal  of  2,19  m,  will  18.06.2005  05:00  (fig.  2)  in  point  53°
21’25,273" N. 46°7’52,649" E. 

The flooding and drying processes in Northern Caspian Sea area are rather often; therefore 
the risks map creation of coastal areas flooding is very actual. According to the risks theory 
it is necessary for this purposes:
1. To construct an environment uncertainty model (meteorological situations);
2. To define probability distribution (risks) on results set;
3. To choose the risk measure reflecting the preference relation according to the accepted 

hydraulic engineering constructions safety standards.
The simulated meteosituation set allows creating the risks map of flooding zones with the 
purpose of definition of maximum vulnerable Caspian areas.

Fig. 1 –The hydrograph of  water level for hydrological points Zhanbay, Peshnoy, Kalamkas.
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Fig. 2 – The statistic calculation results and the maximum level surface map.

THE SEA OIL POLLUTION RISK MAPPING
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Fig. 3 Sea oil pollution risk. The oil spill thickness less than 0.005 mm.
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The emergency oil spills are among the most dangerous industrial effects on coastal zones. 
The high risk of these situations is in areas where the flooded and badly inhibited wells are 
located and the oil fields or its transportation is conducted [1]. The oil spills; outflow of oil 
products can be the reason for ecological situation deterioration not only in flood area but 
in the nearest areas too. Thus the coast type and local climatic conditions define the oil 
spills behavior and its influence on environmental territory. For creation of risk maps the 
indeterminacy  environment  model  is  developed  as  a  first.  In  this  case  it  is  a  set  of 
hydrodynamical situations for the chosen region. In the next step the emergency oil spills 
are simulated and the sea oil pollution risk zones are calculated for meteosituations set (fig. 
3). 

Thus, the oil pollution risk maps are the informational environment that allows to make 
operatively the determination of priorities at spill liquidation, modeling and forecasting the 
process connected to oil spills and estimating the preliminary damage of oil emissions. 
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