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ALEXANDER V. CHEREDNICHENKO, R. I. HALPERIN, S. K. DAVLETGALIEV,
ALEXE] V. CHEREDNICHENKO, V. S. CHEREDNICHENKO, R. G. ABDRAHIMOY,
A. S. NYSANBAEVA

SRI of Biology and Biotechnology Problems. Almaty. Kazakhstan

IMPACT OF CLIMATE CHANGE ON RUNOFF IN THE REPUBLIC
OF KAZAKHSTAN

The dynamics of surface runoff in Kazakhstan under the impact of climate change temperature and
precipitation analvzed. It is shown that in the absence of synchrony and coherence in the climate changes in
temperature and precipitation throughout the territory of the Republic for the forecast of climatic changes in
surface runoff it is necessary to analvze the climatic changes and the dynamics of runoff for each basin
separately. For example the analysis of the dvnamics and the constructed scenario runoff changes for the period
up to 2040 for basin Ural River (Zhaivk) was fulfilled. The high sensitivity of surface runoff of rivers of the arid
zone to climate change was received.

Introduction. The Republic of Kazakhstan is situated in the center of Eurasian continent
and ranked ninth in the world in the area of its territory (about 2.72 million km?) and
approximately the sixteenth largest in terms of surface runoff on square unit only [1]. The
cause of this is a significant distance from the oceans, primarily from the Atlantic (over 5000
km), and particularities of the General atmospheric circulation, promoting the removal of dry
tropical air during the warm period and the influence of the Siberian anticyclone during
winter, it is also not conducive to the cloud and precipitation.
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Figurel — Location of the Republic of Kazakhstan in the Northern hemisphere.

As a result, only in the extreme North-West and the North of the territory the rainfall
reaches 400 mm/y or more, the some time evaporation exceeds 800 mm/y throughout all
territory of the Republic. Only for the foothill and mountain areas of the South-East of the
territory and the Kazakhstan Altai is characterized precipitation exceeding 400 mm/y [2]. As a
result of shortage of rainfall and regular movement to the territory of the Republic of dry
tropical air masses, the share of deserts and semi-deserts accounts for up to 58% of the
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territory. About 10% of the territory is occupied by mountain systems: Altai in the East,
Zailiyskiy and Dzungarian Alatau in the South - East. The Central part of the territory is
occupied by the Kazakh low hills, and in the North-West South Ural 1s located with its
continuation to the South as Mugodzhary ridge with a maximum elevation of 700 m [1].

The total average annual surface runoff amounts to 100.5 km?®. Of these, only 56.5 km?
are formed on the territory of the Republic, and the remaining 44 km? come from neighboring
areas of China, 18.9 km?, from Uzbekistan-14.6 km’®, Kyrgyzstan 3.0 km?, Russia 7.5 km’ [3].
Interannual variability of surface runoff is large. It is in wet years can be two times higher
than normal, while in the dry year is three times below the norm. In addition, there is a large
mtra-annual and asymmetry in the distribution of runoff. Up to 90% of runoff of steppe rivers
refers to spring, while 70% of the runoff of mountain rivers - to the summer. The specific
water availability in Kazakhstan is about 6 thousand m?® per one citizen per year. This is the
lowest supply among all the countries on the territory of the former USSR. In fact, all
branches of economic activity in the Republic lack of the water, and for some, e.g for
agriculture, water scarcity is a limit to development. Security of the population, agriculture
and industry by water of required quality is a strategic priority for the state.

According to estimates made by the Russian science hydrological institute at the
beginning of the nineties of the last century, average long-term runoff was estimated at 126.0
km?®, of which the local runoff accounted for 66.8km?® and 59.8 km? as cross border runoff.
Consequently, surface runoff has decreased over this time by approximately 25.3 km’ of
which the local flow has decreased by 10.3 km?® and transboundary — by 15.2 km?[3]. The
reason for this change of flow is considered as the intensification of economic activity,
especially in foreign countries, and climate change. This shows that the assessment of
possible changes in runoff in the coming decades on the territory of the Republic in
connection with climate change is very important. Our study problem is devoted to this
problem.

Seemed most expedient to adhere to the following order of studies:

- on the example of the Ural river basin to analyze climate variability time series of
temperature and precipitation over the past centwry and to assess the sensitivity of surface
runoff to such oscillations, find the matching quantitative relationships;

-then to build a scenario of climate change temperature and precipitation for the coming
decades for the basin of the Ural river, as an example of similar calculations for the other
basins;

- further, to construct scenarios of changes in temperature and precipitation for the whole
territory of the Republic;

- to assess in principle the possibility of predicting surface runoff for the whole territory
of Kazakhstan;

- based on expected climatic changes in temperature and precipitation to draw General
conclusions regarding the dynamics of surface runoff under climate change.

Materials and methods. Dara. Used 1n the work, first of all, official data of the National
hydro meteorological service of Kazakhstan on the average monthly temperatures and rainfall
tor the stations in Kazakhstan during the twentieth century to the present. In General when we
studied problems in addition to Kazakhstan data were used data for the South of Western
Siberia and the southern Urals. All inputs are passed strict technical and critical controls.
Were also used data from several field studies performed in the basin of the Ural River on the
territory of Kazakhstan, and kindly provided to us.

Methods. In the study of the temporal dynamics of temperature and precipitation we have
approximated our ranks by a polynomial of the sixth degree, which is good on the one hand
smoothes the time series, retaining, however, climatic extremes, and on the other, the
polynomial 1s quite sensitive to the sign change of the dynamics in just several vears.
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Simultaneously approximating a time series by a polynomial of the sixth degree, we widely
used harmonic analysis of series, which, as we know. involves the decomposition of the
original time series into trigonometric functions [4].

If a sixth-degree polynomial smoothes a time series, quickly responding to trends in
dynamics, harmonics characterize the internal structure of the series. Each of the harmonics,
at least basic ones, usually interpreted as the result of exposure to a particular group of
factors. There is no reason to believe that the factors that existed during the formation of
climate before, suddenly disappears.

The coincidence of the directions of the approximating lines and the dynamics of the
sums of the amplitudes of the main harmonics shows whether the approximated changes
random or they are caused by the major harmonics.

The results of studies in the Ural river basin. The hdrological regime. In recent
decades. when determining natural runoff of the Ural River and its components, the
challenges are considerable, due to the influence of the magnitude of human economic
activity. Therefore, the restoration of natural runoff of the Ural River on the border with the
Russian Federation represents to the Republic of Kazakhstan of critical importance in
addressing issues of joint use of water resources of transboundary rivers under consideration
[5-71.

Restoration of the natural runoff of the Ural River i the Orenburg station was carried out
by us by adding to the observed domestic flow values of water intake for economic needs in
the basin, in the amount of 25 m*/s per vear according to [5], etc.

The total water inflow from Russia by the Ural River is estimated as the sum of runoff of
the river Ural — Orenburg, Sakmara — S. Keragala (Sakmara), Shagan and others. Average
value of the discharge of these tributaries is still 8674 million m?, of which 4510 million m?
act on the Ural River and 3312 million m* on the river Sakmara, respectively. During the
period of global warming, i.e. since 1980, water resources of the study area increased to an
average of 10.8 km?/year or 10% compared to the period of 1936...1977. On the territory of
Russia is formed about 8.5 km?/year of runoft, and within the Republic of Kazakhstan — up to
1.6 kin®/year.

The flow period of 1974...2007 is not very different from many years value. In slow
runoff vears 75 % probability the flow of water from the territory of Russia is reduced to 6024
million m3 respectively. In very dry years (97 % availability) these resources are at these
points in time are 2349 and 3280 million m? respectively [5, 6].

On untributary 587 —kilometer strip from post Kushumto post Makhambet runoff value
with probability 50% reduced 24%, i.e. on average by 4% per 100 km. and an average of
6500 million m?. In dry vears. the runoff decreases with the availability of 75 % to 5456
million m? and security 97 % —3006 million m* [7]. On the 118-kilometer stretch from post
Makhambet, to post Guryev (Atyrau) runoff decreases by only 3...4%.

In regulated river flow to establish the relationship between the amounts of precipitation
falling in her watershed and runoff is very difficult. Reservoirs smooth out the natural
fluctuations of the flow. Therefore, a thorough analysis was subjected to a period of not
regulated flow. Over a period of runoff of the Ural River is considered to be a series until
1958, when it started filling the Trikla reservoir of long term regulation, which ended in
1966.The total reservoir capacity is about 3.26 km’ and useful is 2.8 km2. Long-term flow
regulation 1s ensured with a guaranteed return of water to 0.5 km®/year or 15.1 m?/s. Later
were built also Verkhneuralsk and Magnitogorsk reservoirs of smaller capacity. In numerous
reservoirs on the territory of Russia accumulates up to 3.5 km®.

We have found that in the context of global warming there has been a marked intra-
annual redistribution of runoff and increased runoff in autumn and winter, which significantly
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reduced the annual variability of its values. The variability of runoff in the district of
Orenburg was previously estimated C,=0.86, and now we got a value of 0.55.

In the alignment post Kushum average of the annual maximum discharges has decreased
by about half, and the standard deviation is almost 2.5 times. The presence of Iriklia reservoir
1s not the only reason for the decrease of maximum runoff. From the middle of the seventies
of the twentieth century global warming has begun and it affected the runoff of the rivers of
the Ural Mountains.

With the introduction of Irikla reservoir, the transformation of the maximum water flow
has become even greater. Calculations show that in the period after 1974, i.e., the filling of
the reservoir, the maximum flow security 1% on the strip Kushum-Topoli is declining at a
rate of approximately 11% per 100 km of channel. On the strip from the post Topoli to Atyrau
(118 km) average decrease of maximum of runoff is only 3.3%.

After 1974, the maximum water levels along the river declined, in some areas the
reduction is greater than 2 m, and the valley was inundated much less frequently. To estimate
the width of the river was used the data of gauging stations and data of number of forwarding
surveys of the floodplain. The width of the flooding depends on the morphology of the
floodplain. Below Atyrau. the river-bed widens from 200 m to 300...500 m at the present
time, although according to the data obtained up to the seventies, in the lower reaches, the
floodplain was flooded for 6-8 km, and sometimes up to 15 km [7].

The creation of Irikla reservoir has significantly changed the maximum levels and water
flows in the lower reaches of the Ural River, reducing the threat of flooding. The maximum
water flow rates with decreased 1.5..2.0 times. It has also been affected by the warming
climate, manifested mainly through evaporation loss and infiltration along the river, and also
n increasing water intake and subsequent losses.

Analysis of climatic factors. Temperarure and precipitation. In the study of the
dependence of runoff from climatic conditions seem necessary to first try to find a link
between the precipitation falling on the areas of runoff formation and runoff. For this, we
tried to attract data stations of Ufa, Sverdlovsk (Yekaterinburg). Magnitogorsk, ete. located in
areas of runoff formation. Such data, i.e. time series of temperature and precipitation for the
twentieth century are available, but for various reasons they contain gaps. Therefore, for
analysis we used data from two stations Uralsk and Kostanay, located on the territory of
Kazakhstan, but close to the regions of runoff formation. Ural station is situated close to the
Western catchment and the station Kostanay — to the East one. Since the station Uralsk and
Kostanay are close enough to areas of the watershed, they should be good enough to reflect
large-scale meteorological conditions of runott formation to the West and East of the southern
Urals. For the analysis we chose the period from 1932 to 1958, when the drain of the Ural
River has not been regulated. Then calculated the annual amount of precipitation at the two
stations, after which was built the correlation graph of the relationship between total rainfall
and runoff of the Ural River in the area of post Kushum (Uralsk), 1.e. on the territory of
Kazakhstan, below the confluence of the right tributary of Sakmara (Figure 2).

From figure 2 we can see that between the curves of cumulative rainfall and runoff of the
Ural River there is a good agreement, especially in the years of maximum runoff. Therefore,
the selection of stations for precipitation, which we studied processes in both areas of runoff
formation, was successful.

The maximum flow occurs when at both stations the greatest amount of precipitation.
The rule works that after a small amount of precipitation in the basin, and their sharp growth
it does not lead to the same imcrease of runoff because of the precipitation goes mto soil
moisture, the filling of lakes, depressions etc [8].

It 1s also noticed that the sharp decrease in precipitation after max leads to the same
decrease in runoff, because accumulated earlier water supportsrun off. The linear trend of the
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total precipitation at the stations Uralsk and Kustanai indicates that there is a noticeable
growth (regression equation shown in Figure 2). This is consistent with studies [5], according
to which the drain is also increased.
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Figure 2 — Comparison of total annual precipitation values article Uralsk and Kostanay and water flow of
the river Ural (Kushum post).

The dynamics of the flow It was further investigated the relationship between the time
series of precipitation and temperature in the Uralsk region, on the one hand, and fluctuations
of the runoff of the Ural River on the other.

The time course of water flow at the station Kushum, located almost at the entrance of the
Ural River on the territory of Kazakhstan shows that during the period 1921...2007 values, the
annual consumption of water varied from 89.1 to 800.0 m*/s (Figure 3 and 4).
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Figure 3 — The time course of the water flow of the Ural River and the average air temperature for the
warm period in meteorological station Uralsk, calculated over a rolling five-year period.
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We can notice a large variability from vear to year. especially before 1973, while the
polynomial trend shows that about 1930 and 1977 took place the climatic minima of
precipitation, and about1950 and 1998 - climatic maximums. In the period from 2003 to 2007
there was a decrease in water consumption.
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Figure 4 — The time course of the water flow of the Ural River and the annual amount of precipitation for
the meteorological station Uralsk. calculated over a rolling five-year period.

Excluding the beginning and end of the rows, we can conclude that throughout the range
of water flow replicates the time course of rainfall. Therefore, we can conclude that the time
series of rainfall, as well as time series of temperature reflects the time course of the drain and
tasks for the assessment of runoff changes under the influence of global climate change, at
least at the level of General assessments, these data can be used without recourse to other
information.

Purely qualitatively analyzing the time course of water flow and temperature (figure 3),
as well as water flow and precipitation (figure 4), it should be noted that in the first case, there
1s a good negative, and the second positive connection. In this regard we tried to assess the
correlation between the smoothed time series of water flow and temperature and flow of water
and precipitation.

Corresponding values of parameters were taken us with smooth curves. In this case, the
coefficient of negative correlation between water flow rate and temperature of the air in
Uralsk increased to — 0.68, and the coefficient of positive correlation between water
consumption and precipitation increased to 0.87. The coefficients of determination equal to
0.46 and 0.66. respectively. So at the decreasing (increasing) of climate temperature on
0.5°Cthe water consumption increases (decreases) by approximately 60 m3/s. and at the
decreasing (increasing) rainfall at 10mm/year water consumption decreases (increases) by 20
m’/s.

Thus, it is possible to see that, despite the relatively low correlation of annual water
discharge, with annual values of air temperature and precipitation, the correlation of the
smoothed speed of the water flow temperature and especially precipitation in Uralsk 1s high.
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Since climate variations is considered to be smoothed deviations from the average within
8...10 years that we have received thus quite suitable for use in climate assessments.

Obvious, therefore, there is high sensitivity of runoff, even from weak climatic
fluctuations of temperature and precipitation. It was possible to calculate quantitatively the
value of communication: when decrease (increase) climate temperature 0.5°C the water
consumption increases (decreases) by approximately 60 m®/s, and decreasing (increasing)
rainfall at 10mm/year water consumption reduced by 20 m?/s. the Extreme in the averaged
time series of precipitation and runoff in the zone of its formation are observed almost
simultaneously.

A similar analysis of the relationships between air temperature and runoff, rainfall and
runoff, we performed also for the station Atyrau, located in the delta of the Ural River, but
this water consumption was assumed at the Makhambet station located near Atyrau
(Figure 5).
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Figure 5 — the time course of the runoff of Ural River water and average air temperature for the warm
period for the Atyrau station, calculated over a rolling three year period

We can see that the time series of annual runoff in Atyrau 1s very similar to the course of
flow in Uralsk. This confirms the thesis that in the area from Uralsk to Atyrau are only some
of the flow losses through seepage and evaporation, estimated by us above, without impacting
significantly on the time course of the flow.

A joint analysis of the time course of temperature and precipitation in Atyrau and Uralsk
shows that the extreme they are not the same, especially precipitation (Figure 6). The
maximum ramnfall took place m Uralsk i 1948, 1965 and 1994. In Atyrau, the maximums
barely visible ware m 1942, 1952, 1963. So in Atyrau time series of temperature and
precipitation do not correlate with the magnitude of runoff. It was interesting to find out why.
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Figure 6 — The time course of the runoff of Ural River and annual amounts of precipitation for station
Atyrau. calculated over a rolling five-year period

In [9-11] was done typification of the whole territory of Kazakhstan on the specifics of
the temporary speed climate temperature. Northwest referred to the second type, and the
South-West, where is Atyrau to fourth. Thus, there were fundamentally different changes in
climatic temperature in these areas. A similar result was obtained in [12] for Almaty.

From the theory of the General circulation of the atmosphere [13, 14] it is known that the
precipitation to the North and to the South of 50 ° N.L. varies greatly. as along this latitude
the axis of the ridge the climate pressure is situated. Accordingly, to the north of 50 ° N.L. the
maximum precipitation occurs in summer and to the South (Atyrau) — in the spring [4].
Secular variations of the position of the axes of troughs and ridges form the position of the
temperature extreme in the time course, but these extremes in different regions occur at
different times. and recorded in the division of the territory into types in [9-117]. Thus, climatic
variations in temperature and precipitation to the South of the fiftieth latitude on the runoff of
the Ural River have virtually no effect because areas of its formation located to the north of
the 52 North latitude to the East and West of the Southern Urals.

The connection of the runoff of the Ural River with the forms of circulation. We
carried out the search of relationships between runoff and types of macro-processes using
typification of G. J. Vangengeim [13].

Analysis of the extreme of water flow of the Ural River have shown that a minimum flow
mn the thirties was at the prevailing macro-processes W(9) + E(15),the type C(-26) had the
lowest repeatability (table 1).

High runoff in the fifties took place at prevailing processesC (+9) + E(18). The frequency
of occurrence of type W(-19) was very low. The fact that the East of the southern Urals with
the increased frequency of occurrence of type E is formed the conditions for precipitation
above the norm was reported in [14].

Second minimum of flow in the 70-ies — 80-ies took place in the epoch of E when there
was the predominant frequency of this type of E(64), with about the same frequency type(-
25). Type W(-37) was expressed too weakly. Hence, having two minimal runoff of the Ural
River was observed at quite different combinations of types.
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Table 1 The relationship of the magnitude of the runoff of the Ural river with the forms of circulation

(days)*
Types of circulation
Extremums Years Types for extremums | Types on Wangenhaim
of runoff (epochs)
min 1928-30 W (9), C(-26), E(15) E
max 1949-58 W (-19), C(+9), E(18) E+C
min 1970-1984 W(-37), C(-25), E(64) E
max 1998-2002 W(41), C(-14), E(-26) W

Remark: in brackets is done the average deviation of days from norm during a year

A maximum at two-thousand years occurred during the prevalence of the type W(41),
low-frequency types C (-14) and E(-26). Consequently, the maximum runoff of the Ural River
can take place at a rather different combination of types of circulation (table 1).

We can see therefore that the conclusions obtained [8], and our in general have a good
agreement. Since there are essentially two catchments, one on the East and the other on the
West of the Southern Urals, and the loss conditions of extreme rainfall in each watershed
different, the combination of two types of macro-processes that provide the extremes of the
precipitation and flow, is the expected situation. The minimum flow with maximum
frequency of occurrence of type E with a low frequency of occurrence of type C and type W.
High runoff occurs in type C or W with a fairly high frequency and low frequency of
occurrence of type E. However, the relationship between the annual fluctuations of runoff and
number of days per year a certain type of circulation was often weak, that we noted during the
analysis. The vears of highest and lowest water content are prepared for a long period and
come usually at the end of the epoch, which determines the most favorable or unfavorable
conditions for the formation of runoff in the area. These terms are formed including in the
dynamics of the frequency of values and combinations of types of macro-processes

Expected changes in temperature, precipitation and runoff of the Ural River in the
future. Temperature. We have performed the harmonic analysis of time series of temperature,
precipitation in the river basin and the runoff of the Ural River. Figure 3 shows the time
course of temperature approximated by a polynomial of the sixth degree for the station
Uralsk, and Fig.7 - the results of harmonic analysis of the same number respectively
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Figure 7 — Ural station. Harmonic series of temperature.
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The fitted curve is, in fact, the result of the addition of the main harmonics of the time
series of temperature for the observation period. We can see (figure 3) that during the
analyzed period was as warming and climate cooling. Harmonic analysis of a time series
(figure 7) shows that the main harmonics are secular (208y), as well as harmonics of the 38,
23 and 13 years. The addition of the main harmonics selection and trend records carried out
by the method of Babkin A.V.. which is widely used in hydrology for the construction of
scenarios of runoff changes [15].

The amplitude of first three harmonics is about the same in both stations Uralsk and
Kostanay: 1.2-1.4, 0.8-1.2 and 0.5°C, respectively.

Analyzing the time course of the harmonics of the temperature, we can see that since
2005-2006, 38 - and 23-year-old harmonics reaching a maximum, started to decrease in
amplitude. Their minimum 1s expected in 11 to 19 years, 1.e. from 2016 to 2024 consequently,
until approximately 2016, a temperature reduction will occur pretty quickly under the
influence of two harmonics, and then, to 2024, under the influence of only one 38-year-old
harmonica.

The total temperature decreasing will be approximately 2.1°C, i.e. it will be equal to the
sum of the amplitudes of the two harmoniecs. Eight-year-old harmonica had the max i 2013,
after which its amplitude decreases to a minimum in 2017, however, the amplitude of this
harmonic does not exceed 0.41°C and its conftribution to the temporal course of the
temperature is weak.

It is similar to the analysis of time series of temperature for the station of Kustanay. In
view of the similarities of the results drawings are not given. Because in Kostanaj the
amplitude of the fundamental harmonic is the same as in Uralsk, and the time of occurrence
of their maxima (2005) coincide, we should expect the same speed of temperature lowering as
in Uralsk. i.e. decreasing in the next one or two decades at 1-1.5°C and 1.0°C, respectively.

Therefore, the background temperature in the catchment area of 15-25 years will be lower
than at present and the loss of moisture evaporation will also be lower than at present.

Precipitation We next consider the time series of precipitation and its harmonics for
station Uralsk (Figure 4 and 8) and for station Kostanay.
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Figure 8 — Uralsk. The results of harmonic analysis of time series of precipitation
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Figure 4 shows that in the time series of precipitation were the climatic extremes. In the
tume series of precipitation of station Uralsk there are harmonics with duration of 43, 18 and 8
years, the amplitude of the 100, 70 and 45 mm, respectively (Fig.8). In the tume series of
precipitation in Kostanay 38-, 23-, and 8-year-old harmonics with amplitudes of 55, 50 and 25
mm have a place respectively. However, the amplitude of the main harmonics in Uralsk
almost two times more than in Kostanay [11, 16]. Accordingly, the conditions of runoff
formation in the regions will be different.

Harmonic analysis series showed that in precipitation at stations Uralsk, Kostanay and
almost the entire territory of Kazakhstan there is no a century harmonic, so it 1s difficult to
build scripts. To the West of the southern Ural (the station Uralsk) the maximum 43-year-old
harmonica took place about 1998 and 2020, its amplitude will decrease. Its decline from 2008
largely compensates growth of 18-year-old harmonica, and since 2013 — and 8-year-old
harmonica. As a result, to the end of the decade, the amount of precipitation can fall in the
range of 10 mm, and in the next decade we should expect a growth up to 50 mm due to the
growth of the main 43-year-old harmonica, which will start at the beginning of the third
decade.

At the station Kostanaj a maximum of 38-year-old harmonica took place about 1998 and
2020, 1ts amplitude will decrease. This decreasing from 2012 largely will compensate rising
of 23-year-old harmonica, and since 2013 — 8-year-old harmonica. As a result, to the end of
the decade, the amount of precipitation can fall in the range of 10 mm. At the same time, due
to the expected decreasing in air temperature, evaporation from the surface of the catchment
will decrease, which should compensate decreasing in precipitation. Accordingly, the runoff
of the Ural River should remain near the present values.

In the next decade we should expect a growth of precipitation up to 50 mm due to the
growth of the main 38-year-old harmonica, which will start at the beginning of the third
decade. Comparing the amplitude of harmonics and the time of occurrence of the extreme, we
can see that the decreasing in precipitation in the current and next decade will be about 25
mm. After 2030, the precipitation will begin to increase.

According to the calculations for two catchments it is follows that in the third decade it
should be expected to increasing of rainfall in the Eastern part of the catchment area to 25-30
mm and in the West area to 40-50 mm at the reduced temperature background compared with
the present period. As a result, the runoff of the Ural River should increase.

Our analysis of recent temperature trends, however, showed that the climate warming
trend in the region ceased. This result will be test in nearest three to five years and if the trend
1s confirmed, then no adaptive steps will be required. However, since this region, including its
Northern part, belongs to the zone of risky agriculture, adaptation steps not to climate change,
and to the great interannual variability of precipitation and drought, would be very desirable.

How can you apply the results obtained for the basin of the Ural river, to the assessment
of the expected changes in surface runoff throughout the territory of Kazakhstan? You need to
know how climate change temperature and precipitation throughout. In [9-11] we have shown
that synchrony in change these settings there. We therefore consider more specifically how
these parameters have changed i the past and what changes are expected in the coming
decades.

Climatic variations of temperature and precipitation in the past century on the
territory of Kazakhstan and a scenario of expected changes to 2050. The problem is quite
thoroughly described in the work of one of the authors [11]. We restrict, therefore, only a
summary of the result based on the data of the table 2.
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Century harmonica has the maximal amplitude - 2.7 — 1.5°C. The amplitude of the
second harmonic is everywhere less. The time of occurrence of the extreme of the century
harmonics are remarkably different.

There were settle links for each of the cases of climatic cooling and warming with
characteristics of the General atmospheric circulation [11].

It was interesting to consider intra-annual structure of the current cold snap. The first
signs of cooling appeared in December 1995 and to the end of 2010, the total cooling of this
month was 3°C. In January, the cold came just a year later, in 1996, but by 2010 1t was 9°C.
In February. the cold start recorded only since 2000, 1.e. five vears after its first appearance in
December, and to 2010 amounted to 6°C. In March, the cold began only in 2006 and made up
2.5°C to deadline. In April, the cold began to report only from 2007 and up to 2010 only 0,
2°C.

Table 2 — The amplitude of the climatic fluctuations of temperature (°C)

Years of exstremums
Stations max min max min max hgszgl?iia 0.5 cent.
30-40 40-50 | 65-75 | 80-90 2003 harm., years

Uralsk 0,7 0.8 0.3 0.3 1,2 2,2 60
Trgiz 0.3 0.5 0.1 0.3 0,7 2.0 54
Karaganda 0.3 04 0.4 0.4 1.1 1.5 51
Dzhezkazgan 0.6 0,6 0,2 0.3 0,1 2.4 53
Semipalatinsk 1.0 1,0 0,1 0,1 1,5 1,5 51
U-Kamenogorsk 1,2 1.0 0,3 0.2 1,0 1,2 50
Kzylorda 0.9 0.9 0.1 0.2 0,3 2.3 50
Aral Sea 0.6 0,5 0.1 0.1 1,0 2,7 50
Pavlodar 0.2 03 0.1 0,1 1,3 1,9 42
Balchash 0.3 - 0.3 - 0.1 1.4 -

Kostanay 0.8 0.9 0.3 0.3 0,7 2.4 54
Astana 0,2 0.3 0,2 0.3 0,8 2.1 54
Taldykorgan 0.4 0.5 0,3 0.2 0,7 2.2 52
Chimkent 1.0 0.6 03 04 0.3 1.8 50
Fort Shevchenko 1.0 09 04 0.6 0.3 1.7 60

Thus, in the period from December to April cold, first appeared in December 1995,
gradually extended to subsequent months up to April inclusive for 12 years. During this time,
the most significant temperature drop occurred in the winter months in December (3°C),
January (9°C) and February (6°C). In the remaiming months of the year, the cold was
distributed without the expressed laws.

Scenario of expected temperature changes for the period up to 2050. According to
the results of harmonic analysis of time series of temperature and precipitation at stations of
Kazakhstan identified the most significant amplitude of harmonies with periods exceeding 10
vears, and based on them built scenarios of changes in temperature and precipitation by 2050.
The temperature will fall almost throughout the 1.1-:3.0°C, down to the level of the sixties of
the XIX century.

Using the information contained in our [11], we performed such calculations based on the
harmonic analysis under the assumption that detected in time series of temperature and
precipitation are the main harmonics will remain.
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In Figure 9 presents a map of the spatial distribution of average annual values of
temperature (the numerator) and the expected value of changes in average annual temperature
since the start of the cooling, 1.e. m about 40 years (denominator). It i1s constructed by the
method of [15], which is based on the assumption that having the harmonics will continue in
the future.

You can see that in all the territory of the Republic the temperature decreases. Downside
should be expected in the range of from 1.0 to 3.0°C. Values correspond roughly to the cold
snap in recent decades the warming [11]. This is natural because the main contribution to the
temperature fluctuation makes the age-old harmonic (about 110 years), the maximum of
which took place about 2000. Accordingly, the most significant cold up to 3°C expected n
the area of Turkestan and in the South-East of the Republic, 1,5-1,8°C. The same size of the
cold expected in the North-East in the district of Astana-Pavlodar-Semipalatinsk. Over the
Central and Western regions is expected to be less temperature decrease 1.1-1.3°C.
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Figure 9 — The script changes the temperature field on the territory of Kazakhstan by 2050

Average annual air temperature 2050y to fall to the norm calculated for the observation
period preceding the rising temperatures in the late twentieth century.

Climatic variations in precipitation in the past century and a scenario of expected
changes to 2050. Table 3 presents the time of occurrence of precipitation extremes in
comparison with the extremes of temperature.

From table 3 we can see that the extremes of temperature and precipitation for the
territory of the Republic among themselves not associated with time of onset of any trend.

Table 4 shows the results of harmonic analysis of time series of rainfall for some stations
i Kazakhstan. Data is given for the three main harmonics. First of all, you can see that in
time series precipitation century harmonic is missing. For the first harmonic the characteristic
period of 33 to 48 years which is known as Brickner's cycle. The period of the second
harmonic is equal to 23 years. The amplitudes of the first and second harmonics close, from
20 to 90 mm of precipitation. The period of the third harmonic is unstable through the
territory and varies from 8 to 18 mm, the amplitude of this harmonic is slightly less than the
first two.
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Table 3 — The alternation of extremes of temperature (t) and precipitation (Q) (years of the last century)

Stations | . Extremums . .

Maxt |MmQ mint MaxQ Maxt |[MinQ mint MaxQ [Maxt
Pavlodar 39 - 54 64 74 - 85 98 0.2
Uralsk 35 48 44 48 68 72 88 99 98
Turkestan 37 37 52 59 69 84 84 05 06
Dzharkent 42 41 57 58 76 78 91 92 06
Astana 39 - 49 60 72 85 88 03 05
Kuigan 42 40 58 70 38 06
Samarka 42 36 59 56 - 82 88 98 03
Atyrau 38 37 51 51 72 76 89 02 06
Karaganda 40 39 51 59 3 81 88 04 04
Dzhambul 40 38 54 58 74 82 88 03 06
U-Kamenogorsk 42 37 58 68 77 92 92 07 06
Kostanay 35 42 43 56 66 76 84 00 04

Table 4 — The main harmonics (period. years) in the ranks of precipitation and their amplitude (mm)

L The first harm. The second harm. The third harm.
Stations - - : - : -
period | amplitude | period | amplitude period amplitude

Kuigan 43 10 23 20 13 18
Almaty 42 25 27 30 18 18
Dzharkent 68 20 28 40 18 40
Taldykurgan 33 30 23 35 -
Dzhambul 38 105 23 30 13 30
Turkestan - - - - - -
Shimkent 38 65 - - - 5
Kazalinsk 36 15 21 10 15 20
Aral Sea - - 28 30 8 40
Kzylorda 33 25 - - 13 30
Samarka 53 60 23 40 13 30
Katon-Karagai 48 100 23 90 8 90
U-Kamenogorsk - - 23 35 - -
Ajaguz 33 50 - - 18 40
Karaganda -- 80 - - 13 55
Martuk 38 60 - - 13 40
Novosibirsk 43 120 23 65 8 20
Temir 33 60 - - 18 40
Aktobe 38 35 - - - 75
Fort Shevchenko 48 30 28 30 8 35
Atyrau 33 30 - - 18 20
Uralsk 43 65 - - 18 63
Bajanaul 38 45 - - 8 15
Pavlodar - - - - 15 38-50
Shcher,bakty 33 30 - - 8 20
Astana 43 50 23 40 8 40
Kokchetav - - 28 65 18 65
Kostanay 38 35 23 35 8 15
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Let us make a brief conclusion. For the time series of precipitation are characteristic
harmonics of half a century, in a half and a third of half a century. The century harmonic with
a period of 100-120 years for the time series of precipitation, in contrast to the time series of
temperature, is not typical.

The amplitude of the harmonics can be analyzed basing on the data of table 4. The
highest amplitude has only 50% of the first harmonics of the stations. In the remaining 50%
stations the largest amplitude has the second harmonic or the third one. This fact significantly
reduces the accuracy of predictive scenarios for the future,

The connection of fluctuations in precipitation rows with the types of macro-processes
and harmonics in their ranks was settled [9-11].

Scenario precipitation change fields for the future Changes in precipitation to 2050 is

ambiguous (Figure 10).
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Figure 10 — Scenario precipitation change field by the 2050

Here in the numerator the norm of precipitation 1s given, and in the denominator - the
expected changes by 2050. As can be seen from fig. 20, the amount of precipitation will
undergo opposite changes. To the North, East and South-West of the Republic precipitation
will mcrease by 20-30mm and in the West and South-East of the territory they are about the
same will decrease. On the East of the country rainfall will increase by 10-
S0mm.approximately the same increasing in precipitation is expected over Northern
Kazakhstan, 20-40mm. In the area of the Aral-Kzylorda precipitation will also increase by 10-
25 m.

In the band Pavlodar-Shymkent changes in precipitation are not expected. In the West of
the Republic and in the South-East 1s expected decreasing in precipitation by 20-35mm/year.

Only not great part of the territory of Kazakhstan amount of precipitation to 2050 will
change by more than 10% of normal. In the North-West of the Republic of the expected
decline will exceed this share. In the main agricultural area, Northern Kazakhstan,
precipitation will even increase. Thus, the conditions for agricultural activity will remain as
currently, they will not deteriorate.
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Discussion. The result is that on the territory of Kazakhstan began cooling, is not entirely
unexpected. At least since 2011 the national weather service of the Russian Federation fixes
the beginning of the cold snap in the North of the European part of Russia, and also in the
South of Western Siberia and South-East of Eastern Siberia in winter [17]. A few less cooling
noted on these same areas in spring and summer, only in autumn there was no it. We noted,
and this is confirmed by most researchers that the bulk of warming occurred in winter. The
beginning of a noticeable cooling in this season compensates for the occurring warming.

In our research we excluded from the analysis of the mountain areas, as it requires other
approaches. However, in [18] it 1s shown that the glacier Tuyuksu in the Zailiyskiy Alatau
Mountains (South-Eastern Kazakhstan) also started cold. The some time there was an
mcreasing in the amount of precipitation i the solid phase there.

In studies of Zandi Rahman, a thesis which we have acted as opponents, it is shown that
in Tran in the Khuzestan province, in the cold season temperature rising is stopped [19]. There
are a number of other studies, confirming the tendency to cooling on the Eurasian continent.

As we have shown, the onset of the cooling oceurs mostly m winter and against the
background of rising secular zonal harmonic transfer (type W). It is known that strengthening
a zonal transfer usually leads to the outflow of warm masses from the ocean to the continent,
which should contribute to warming. In fact, the zonal migration leads to the intensification of
cyclogenesis, but the cyclones move along the 65th parallel, carrying out the removal of warm
air in the Arctic and Siberia. In the rear of these cyclones, however, comes the cold air in
temperate latitudes, where it seftles down Kazakhstan [20]. Specific mechanisms for the
implementation of wave fluctuations are not considered. As stated in the same [20], "the
Question of the physical causes of these fluctuations remains open".

The sensitivity of the rivers in the arid region to climate changing is very high. Runoff is
highly sensitive to minor climatic fluctuations of temperature and precipitation in the zone of
runoff formation. Human impact on environment components in the river basin can give it the
most adverse effects.

In [21]. the authors, studying the climatic changes in air temperature and precipitation on
the territory of the Middle and southern Urals in the twentieth century, concluded «the
ambiguity of trends of changes of climatic characteristics in the twentieth century in the
Urals. Installed features rhythmic changes in air temperature and precipitation”. To the
authors the results are similar to our own; we can only add that on the territory of Kazakhstan,
adjacent to the watershed of the Ural River, and in the Kazakh part of the basin up to the
Caspian Sea, we recorded also only fluctuations of climate. We and authors of [21] used
different methods of analysis so we fixed the "rhythms" of different durations: a century,
close to half a century (Brickner's), and shorter. The century cycle which has the greatest
amplitude. over, and in the analyzed area ends, but due to the shorter harmonics and here the
climatic temperature trend has become negative. In other regions of Kazakhstan climate
cooling started earlier [11 and others].

In [22] using modeling techniques they studied the effect of global climate change on the
hydrological system of the Aral Sea, located essentially in the center of Eurasia. Despite the
fact that the area of flow formation is at a distance of about a thousand ki from the sea, and
the metering system of the consumed water in this area is unreliable, the authors have shown
that the impact of climate change on the processes in the Aral Sea basin is significant. The
water objects of the arid zone are sensitive to the slightest climatic changes in temperature and
precipitation.

In [23], the authors studied the effect of climate change on underground rivers in the UK.
And, although the UK is outside the arid zone, they are received, that such dependence exists.
This indicates a rather strong dependence of surface runoff due to climate variability of
temperature and precipitation regardless of the natural area. Existing balance between
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precipitation and temperature on the one hand and surface runoff on the other, being
sufficiently stable for the time interval from one to several years, is very sensitive to climate
change, 1.e. to changes 1 the time period up to 10 years.

In [24] analyzed not only the temporal but also the spatial variation of the rainfall to the
runoff of the Yangtze River over a period of 40 years. The obtained results confirm that the
sensitivity of water systems to climate change high even outside the arid zone. There are a
number of other works dealing with the problem, but with similar patterns.

Our results for the basin of the Ural River in broad outline confirm obtained for other
river basins General conclusions. However, due to the presence of several features in addition
to the andity of the climate, such as the existence of two regions of runoff formation,
separated by mountains, are fundamentally different conditions for the formation of extreme
precipitation in each of them. We got their special connection and the expected scenarios of
runoff changes in the future.

Currently, there are enough reliable data on water consumption by hydrological posts
along the Ural River, and virtually no data on the abstraction of water for agricultural and
household needs. Basm-wide accounting of water used and its quality control, in fact,
missing. It 1s difficult to assess the anthropogenic impact on the runoff. At the same time, 1t is
obvious that the system is sensitive to such influences. The solution of this problem is ahead
yet.

Conclusions. As a result of the studies of the dynamics of flow in the context of climate
change in Kazakhstan obtained the following:

1. Climatic fluctuations of temperature and precipitation:

-climatic fluctuations of temperature and precipitation that generates surface runoff, was
not only currently, but in the last century. Such changes never occur simultaneously on the
entire territory of the Republic. They appear anywhere on its border, and then gradually over
several years spread to the entire territory;

- between the climatic fluctuations of temperature and precipitation not detected
synchronism or coherence. Therefore, the construction of scenarios of change for the whole
territory of the Republic is possible only individually and quotas by region;

- for the reasons stated above,the construction of scenarios of impact of climate change
on runoff is possible only for each river, i.e., watershed;

- observed in recent decades, the temperature increasing at the beginning of the twenty-
first century have ceased. The cooling started in the North-East at 2010, has covered the
whole territory;

- in time series of temperature have taken place a century and half-century and quarter-
century harmonics, which select up to 95% of the dispersion. The maximum amplitude up to
2.1°C, the amplitude of successive harmonics decreases rapidly. These harmonics can serve
as a basis for developing scenarios of temperature change for the future;

- ahalf of century harmonicas, and harmonics of a shorter durationtake placein time series
of precipitation. The amplitude of the first harmonic does not depend on the length. The first
four harmonics choose to 90% of the variance and can serve as a basis for developing
scenarios;

- while maintaining the basic harmonic series of temperature and precipitation
constructed scenarios of expected changes in temperature and precipitation to 2050. The
temperature will drop and it will reach by the time the level of the minimum observed near
the thirties of the last century. The amount of precipitation will fluctuate, remaining on most
of the territory around the norm. Interannual variability of precipitation will remain
significant.

Our results, primarily the results of harmonic analysis and analysis of spatial-temporal
shifts in climatic extremes in temperature and precipitation are in good agreement with the
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results of studies of the General circulation of the atmosphere and also with the results of
analysis of atmospheric dynamics on spectral models.

2. Basin of the Ural River:

-by us as an example evaluated the sensitivity of flow in the Ural River basin to climatic
changes in temperature and precipitation obtained the following:

-water flow of the Ural River is very sensitive to even small climate variations. At the
decreasing (increasing) climate temperature on 0.5°C the water consumption increases
(decreases) by approximately 60m?/s, and decreasing (increasing) rainfall at 10mm/year water
consumption reduced by 20 m?/s. For this reason, it is possible to speak about a particular
relationship of temperature and precipitation on runoff value;

- the presence of reservoirs on the territory of Russia while in any way does not impair
the flow of water to Kazakhstan. Moreover, in dry years is supported by relatively high water
consumption. This flow over the years the reservoir has never dropped to the minimum,
which often took place before the construction of reservoirs in the 20-ies — 50-ies of the last
century;

- our analysis of recent temperature trends have shown that climate temperature rising in
the region ceased. In the coming decades we should expect a gradual lowering of the
temperature at 2.1°C. The Amount of precipitation may decrease up to 2025 within 10 mm.
At the same ftime, due to the expected decreasing in air temperature, evaporation from the
surface of the catchment will decrease, which should compensate for the decreasing n
precipitation. Accordingly. the drain of the Ural River should remain near the present values.
By the end of the third decade is expected increasing ofprecipitation up to 50 mm/year and
the increasing in flow on the background of decreasing air temperature.

3. The forecast runoff for the territory of the Republic as a whole:

-despite the fact that the prediction of surface runoff is only possible in specific basins,
some General conclusions on the basis of this work possible:

- as climatic variation and temperature and precipitation for the territory of the Republic
do not occur synchronously and at the same time to expect the simultaneous climate fall or
rise of runoff should not be:

- onset of climatic temperature drop throughout the territory of Kazakhstan will
contribute to a slight increase in climatic runoft;

since climatic variations of temperature and precipitation at the site is small, the inter-
annual variability of runoff would be significantly greater than the climatic one. So the
forecast of annual runoff in a particular basin will be the main task in this area for
hydrologists.

The work is executed at support of the Ministry of education and science of the Republic
of Kazakhstan, grant 0493/GF-4 (Climate Change in Kazakhstan and its influence on runoff,
ecological systems and agricultural activities).

REFERENCES

[1]  Nacional'nyj atlas Respubliki Kazahstan. Tom 1: Prirodnye usloviya 1 resursy. —Almaty. 2010. —150
Pp.

[2] 2 Nauchno-prikladnoj spravochnik po klimatu USSR, Seriyva 3, Mnogoletnie dannye, Chasti 1 —
6. Vypusk 18, Kazahskaya SSR. Kniga 2 -L.: «Gidrometeoizdat», 1989 — 440 pp.

[3] Veodnye resursy Kazahstana v novom tysyacheletii. Astana. 2008.-35 pp.

[4] Sneyers R. On the statistical analysis of series of observations. WMO. Technical Note, 143, 1990.-
190 pp.

[5] Cycenko K.V. Vodnye resursy bassejna r. Ural 1 ih izmenemiya / K.V. Cycenko
Gidrometeorologiya i ehkologiya. Almaty. - 2011.- Ne 1. - P. 75-82.

[6] Davletgaliev S.K. Poverhmostnye vodnye resursy rek Ural-Kaspijskogo bassejna v granicah
Respubliki Kazahstan / S.K. Davletgaliev // Gidrometeorologiya i ehkologiva. Almaty. —2011.-Ne 1. - P. 56-65.

109



International Scientific-Practical Conferance

[7] Gal'perin R.I.. Kolcha T.V.., Avezova A. RekaZHajvk (Ural): ugroza navodnenij v mizhnem techenii
v sovremennyh usloviyah / R.I. Gal'perin, T.V. Kolcha. A. Avezova // Gidrometeorologiya 1 ehkologiya.
Almaty.- 2008.- Ne 4.- P, 155-165.

[8] Shklyaev A.S. Osobennosti raspredeleniya osadkov i stoka na srednem i yuzhnom Urale i ih svyaz's
atmosfernoj cirkulyaciej / A.S. SHklyaev // Uchenye zapiski Permskogo gosudarstvennogo universiteta im. A M.
Gor'kogo.- 1961. - Ne 112.-P. 108-123.

[9] Cherednichenko A.V. Izmenenie klimata Kazahstana i vozmozhnosti adaptacii za schet dostupnyh
vodozapasov oblachnosti.-Bishkek.: Ilim. 2009.-260 pp.

[10] Cherednichenko A.V. Tzmenenie klimata Kazahstana. kak otklik na ego global'nye izmeneniya /
A.V. CHerednichenko // Gidrometeorologiya i ehkologiva. Almaty.- 2009. -Ne 3.-P. 5-14.

[11] Cherednichenko A.V. Dinamika klimata Kazahstana. Nachalo ehpohi poholodaniya.-Almaty, 2015.-
237 pp.

[12] Alexander Cherednichenko. Alexey Cherednichenko. V.S. Cherednichenko. EN. Vilesov Climate
change in the City of Almaty during the past 120 vears./ 2015, Quaternary International journal // homepage:
www.elsevier.com/locate/quaint.

[13] Girs A.A. Mnogoletnie kolebaniya atmosfernoj cirkulyacii i dolgosrochnye meteorologicheskie
prognozy. L.: Gidrometeoizdat. 1971.-280 pp.

[14] Bajdal MH. Dolgosrochnye prognozypogody i kolebaniva klimata Kazahstana. — L.
Gidrometeoizdat, 1964. — CH. 11 2. — 446 pp.

[15] Babkin A.V. Metodologiya ocenki periodichnostej izmenenij urovnya 1 ehlementov vodnogo
balansa Kaspijsko gomorya // Meteorologiya i gidrologiya. 2005, Nell, P.63-73.

[16] Wremennye ryady temperatury i osadkov. Statisticheskij analiz. / Aleksandr V. Cherednichenko.
Alekse) V.C Herednichenko. V.S. CHerednichenko. — Almaty, 2013. — 365 pp.

[17] Ob osobennostyah klimata na territorii Rossijskoj Federacii za 2011 god. M.: Rosgidromet, 2012.
www.meteorf.ru

[18] Eriskovskaya L. A. Izmenenie kontinentalnosti klimata za poslednie gody (na primere lednika
Tuyuksu)//Gidrometeorologiva i ekologiya. Nel. 2015.-P.29 — 35.

[19] Zandidaragaribi Rahman. Pyl'nyeburi v Huzestane 1 ihizuchenie s pomoshch'yuradarov v usloviyah
sovremennyh klimaticheskih izmenenij./Avtoreferat dissertacii na soiskanie uchyonoj stepeni kandidata
geograficheskih nauk. Rossiva. Kazan'. 2015.-23pp.

[20] Babkin A.V. Metodologiva ocenki periodichnostej izmenenij urovnya i ehlementov vodnogo
balansa Kaspijskogo morya // Meteorologiva 1 gidrologiya, 2005, Nell. P.63-73.

[21] Sazonov B.I. Surovyezimy 1 zasuhi. Leningrad. Gidrometeoizdat.1991.-240 pp.

[22] Shklyaev V.A.. Shklyaeva L.S. Ocenka izmenenij temperatury vozduha i osadkov Srednego i
Yuzhnogo Urala v XX wveke. / V.A. Shklyaev, L.S. Shklyaeva // Vestnik Chelyabinskogo gosudarstvennogo
universiteta. Vyp.5. -2011. - P.61-69.

[23] Beek AT..Vos F.. Flotke M. (2011) Modelling the impact of global change on the hydrological
system of the Aral Sea basin/ Physics and Chemistry of the Earth 36: 684-695 pp.

[24] Herra P.M.. Hiscok K.M. (2008) The effects of climate change on potential ground water recharge
in Great Britain. Hydrological processes 22: 73-86 pp.

[25] Jiang T.. Su B.D.. Hartman H. (2007) Temporal and spatial trends of precipitation and river flow in
the Yangtze river basin. 1961-2000/ Geomorphology 85: 143-154 pp.

110



International Scientific-Practical Conferance

CONTENT

Abishev 1.4., Medeu A.R., Malkovskiv I M., Toleubayeva L.S. Water resources of
Kazakhstan and their Use ..

Alamanov S.K. Water resources of Kyrgyz Republic and theiruse .....................

Alimkulov S.K., Tursunova A.A., Saparova A.A., Zagidullina A.R. Water resources
of river runoff of the Southern regions of Kazakhstan: retrospective state, patterns and
diStIIDWHON - ..

Alimkulov S.K., Tursunova A.A. Talipova E.K., Birimbaveva L.M. Modern water
regime of rivers of the Ile-Balkhash basin in the view of Climate Change ................

Amirgaliev N.A., Askarova M.A4. Persistent organic pollution in the water of
trasnboundary basins of Kazakhstan ...
Babkin A.V., Butchart-Kuhlmann D., Rainchik S.E. Intra-annual variations of river
runoff m southern Africa ...

Barandun M., Saks T., Hoelzle M., Azisov E., Kronenberg M., Ghirlanda A.,
Denzinger F., Machgut H.,, Moldobekov B., Petrov M., Salzmann N., Tarasov Y.,
Usulbaliev R., Zemp M. Re-establishing of long-term glacier monitoring as an
important baseline of hydrological predictions and capacity building in Kyrgyzstan
and UzbeKIStan ... ... e

Beimivaz B., Kenshiniov A. Information about the activities of the executive board
of the International Fund for Saving the Aral Sea in Kazakhstan (EB IFAS) m 2015...

Bekturganov N.S., Akivanova F.Z., Arvkbayveva Z.K., Togzhanov O.4. The quality
of the domestic and drinking purposes water along the affected area of Eurasian transit
through the territory of Kazakhstan ................. ...,

Bréthaut C. Transboundary governance of the Rhone River, through integration,
monofunctionality and polyeentricity. .. .. ..o

Burchi S. Domestic water laws for effective governance and for compliance with
mternational COMIMITIIEIITS . .. ... ... . e e e e

Cherednichenko A.V., Halperin R.I, Davietgaliev S., Cherednichenko A.V.,
Cherednichenko V.S., Abdrahimov R.G., Nyvsanbaeva 4.S. Impact of Climate Change
on change of runoff in the Republic of Kazakhstan ..o,

Conrad C., Schénbrodt-Stitt S., Abdullaev I, Dimov D., Ibrakhimov M., Kndfel P.,
Leinich M., Morper-Busch L., Schorcht G., Solodky G., Sorokin A., Sorokin D., Stulina
G., Toshpulatov R., Unger-Shavesteh K., Zaitov S., Dukhovny V. Remote Sensing and
GIS for Supporting the Agricultural Use of Land and Water Resources in the Aral Sea
BasIIL Lo

Despotovic J.Z., Jankovich Lj. The Integrated Water Resources Management at
the River Basins ...

Dostai Zh.D., Dostaveva A. Zh. Resources of river runoff of Kazakhstan ............

Dostai Zh.D., Alimkulov S.K., Saparova A.A., Myrzakhmetov A.B., Baspakova
G.R. Assessment of renewable water resources of the Kazakhstan’s part of the

284

66

67

90

91

92

111

122
129



Water Resources of Central Asia and Their Use

Syrdariya river basin ...
Gevinian S. Groundwater Cooperation 147

Harshadeep N. R., Fields D. Modemizing Information, Institutions, and
Investments for Water Resources Management: Global Good Practices .................... 148

Khamravev Sh.R., Rakhimov Sh.Kh. Water resources management in the republic
of Uzbekistan in order to increase their productivity ... ... 149

Malkovskyi I.M., Toleubaeva L.S., Sorokina T.E., Tairov 4.7Z., Puzikov E.M.,
Tolekova A., Abdibekov D.U., Dolbeshkin M.V., Povetkin R.D. Method of simulation
for a dynamic-stochastic modeling of Kazakhstan’s water supply system .................. 158

Mammadov R.M. Climatic Changes and water resources of Southern Caucasus..... 167

Medenw A.4A. Economic assessment of water resources m the context of water

ChaT N g .. 174
Medeu A.R., Blagoveshchenskiv V.P., Kirenskava T.L. Mudflows m Ile Alatau
AdUring recent 25 VEAIS ...ttt e 184
Medeu A.R., Malkovskiv IM., Toleubaeva L.S. Principle of water resources
management in Kazakhstan ... 189
Medeu A.R., Skorintseva 1.B., Basova T.4. Water supply to agriculture of
Kazakhstan i the context of Food Security ... ... 202

Mukhabbatov H.M. Problems of formation and use of water resources of 212
Tajikistan
Nikiforovskaya V.S. Numerical simulation of water and thermal regimes m lake-
river systems under the influence of water management ........................oo 218
Normatov P., Armstrong R., Normatov I, Markaev B. Interstate water resources
risk management: towards a sustainable future for transboundary river basins of
CemTAl ASIA Lottt e e e 227
Nysanbavev Ye.N., Medeu A.R., Tursunova A.4. Water resources of Central Asia:
calls and threats, the problem of use ... 242

Pintus F. Mechanisms for water allocation for irrigation in arid countries:
Decision support systems, data sharing and interactive scheme. Examples from the
Mediterranean region and Central Asia ... ... 247

Shahgedanova M., Afzal M., Usmanova Z., Kapitsa V., Mayr E., Hagg W,

S

Severskiv I, Zhumabavev D. Impacts of Climate Change on river discharge in the

Northern Tien Shan: results from long-term observations and modeling ................... 248
Sharipov S.D. Central Asia bilateral and multilateral agreements on water

BV T U 1<) 1 | 259
Tignino M. Joint ownership of water infrastructure in international law ............... 273

Wehrli B. Water quality standards: their implementation, their monitoring and
effective INTEIVENTION ... ... e 274

Zaurbek A.K., Atshabarov N.B. By the establishment of economic optimal and
ecologically safe level water in Syrdarya basin ... ... 275



