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THE DYNAMICS OF THE FLOW OF THE RIVER URAL IN THE
CONDITIONS OF MODERN CLOBAL CLIMATE CHANGE

rof., Dr. of science Cherednichenko Alexandr
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ph.D. Cherednichenko Alexey

prof., Dr. of science Cherednichenko Vladimir
ph.D. Baichonova Tolkyn,

ph.D. Abdrachimov Rustam

GRI Of Biology and Biotechnology Problems. al-Farabi Kazakh National University, the
Republic of Kazakhstan

ABSTRACT

On the basis of data on the temporal dynamics of cross-border flow of the Ural River
and the dynamics of the climate in the region during the twentieth century, as well as
information about changes in land use and economic activity of surface runoff estimated
sensitivity to climate change. Changing of a climatic temperature within 0.50C and
rainfall of 10 mm results in a change of water flow rate of 110 m* / s flow and 20 m*/ s
accordingly. Clearly, therefore, the is a high sensitivity of runoff from even weak
climate variations in temperature and precipitation.

From the analysis of the time water flow row it follows that, despite the increase in
temperature in the region in recent decades, not only the runoff has not decreased, but
even slightly increased, which we attribute to a slight increase in rainfall in the
catchment area amid rising temperature. In the second half of the twentieth century in
the Ural River, it was built several large reservoirs. As a result, the interannual
variability of the spring and autumn runoff decreased significantly, which we view as a
positive factor. Water withdrawals for irrigation and evaporation and infiltration across
the bed of the river are mainly determined by the loss of a drain on the Kazakhstan site.

Keywords: transboundary Ural River, arid zone, climate change, sensitivity of runoff to
climate change, impact of climate change on runoff.

INTRODUCTION

The second half of the XX century was characterized by global warming, which was
accompanied by a slight increase in rainfall. However, in arid zones, which include the
Kazakh part of the basin of the Ural River, the increase in evaporation caused by rising
temperature, offset by a little increase in rainfall. Changes in the region occurred and are
occurring in the global warming that contributed to the deterioration of the environment.
It seemed therefore important to assess the sensitivity of the Ural River runoff to
climate change. Because of this assessment, it seems possible to construct scenarios of
flow of the Ural River, the next 20-30 years. The construction of such scenarios is quite
a challenge, as evidenced by a variety and diversity of the approaches described in the
literature. Without asking to describe these approaches, we note only that we would
have preferred an approach based on the physically understandable thesis that climate

https://doi.org/10.5593/sgem2017/41 613
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change in a specific region (but not in th i ;
! . e hemisphere) dete
general circulation of the atmosphere. P ) ned B

The region of studying. The field of res i

‘ : L earch is the Kazakh part
Ural. River (Zhaiyk), one of the four largest rivers in Kazakhstrz)m ar(:(fi t.he ¥
one in Western Kazakhstan (figure 1). e

o % s s

Figure 1. Location of the region studies (1) on the territory of Kazakhstan and the Ural
watersheds (2 and 3)

The Ure}l River has two catchment areas that are located on the territory of Russi
the main catchment area, situated to the east, and the second - to the west
Southern Ural Mountains. The main catchment area is situated of the east
Southern Ural and the second a little inferior is situated to the west, but the condil
of runoff formation in these watersheds, separated by mountains of, the Southern
substantially different.

t"{l'he site of the Ural River in Kazakhstan is a transit area where there is only the
ow.

In the second hglf of the twentieth century on the territory of Russia in the Ural
basin it was built several reservoirs, the largest of them Irikla reservoir, intera
regulation. As a result, the interannual variability of the spring and autumn U0
became smoother significantly.

In the ﬁfties.oi.~ the? last century on the territory of Kazakhstan, it was built Kushmv
channe?l for irrigation of farmland. Through this channel is taken annually on ave
600 million m3 of water. |
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Materials and methods

the work official figures of the National Hydro meteorological Service of Kazakhstan
average monthly temperatures and precipitation for stations in Western Kazakhstan

b the twentieth century to the present time were used. We also used data from

several research expeditions, kindly provided to us.

Methods. We abandoned the linear approximation of the time series because the linear
trends have great inertia time. So to go from pronounced positive temperature trend,
characteristic of the last decades, the negative takes more than 10 years since at the
expressed lowering of the temperature trend is a long time to reduce gradually the angle
of inclination to zero. Therefore, we approximated our rows by sixth degree polynomial,
which on the one hand a well smoothes the time series, retaining, however, climatic
extremes, and other polynomial of sufficiently sensitive to the dynamics of change in
the sign just a few years. The disadvantage of this method of approximation is that we
do not know how long it will remain the sign (direction) of the changes of the studied
parameters. Therefore, together with the approximation of the time series by a
polynomial of sixth degree, we made extensive use of harmonic analysis of the series.
Harmonic analysis, as is known, involves decomposition of the original time series to
trigonometric functions. In addition, each of the harmonic chooses its dispersion. The
faster the series, converge the fewer harmonics it can be submitted. In our study, at 95%
of the dispersion in temperature time series was replaced by three harmonics, and four
of precipitation, i.e. rainfall time series converge slower. In the text, however, we
appreciate the contribution of harmonics not shares of variance, but through amplitudes.
This allows us to use to measure the scattering in degrees and millimeters, respectively,

which is very convenient.

Ifa polynomial of sixth degree smoothes the time series, quickly responding to the trend
in its dynamics, then harmonics characterize us the internal structure of the series. Each
of harmonics is accepted interpreted as feedback certain groups of factors. There is no
reason to believe that the factors that existed in the formation of the climate in earlier
times suddenly disappear. This statement makes it possible to build a time-series change
scenarios for the future 20-30 years as the sum of its basic harmonics at each point of
the series, extended for the same period in advance.

Match directions approximating line and the dynamics of the main sum of the
amplitudes of harmonics indicates whether approximated accidental changes or they are

due course fundamental.

The paper used for typing macro processes by G.Y. Vangengeim, which is widespread
I Russia and in countries of the former Soviet Union [1]. This typology is based on the
localization of the Rossby waves, that is, on the location of troughs and ridges of the
8eopotential field in the middle troposphere over the region from the middle of the
Atlantic and to the longitude 100 ° E. If over the European part of Russia, i.e. west of
the Ura] Mountains, is trough, it is located to the east of the mountain ridge crest and
SUCh a situation is of type C (Mixed). In the reverse arrangement of troughs and ridges
S situation of the type E (East). The axis of the mountain ridge in such a situation can
Mix markedly to the east, to coincide with the axis of the mountain ridge.

htps://doi.org/10.5593/sgem2017/41 615

N
‘“ﬁ i
‘H‘ | N\‘h‘”\ﬂi‘

Il N‘ﬂ“ 1
| i
1t
M‘ \Nﬂﬂww
i
|
I
|
y\ul!‘w‘\hﬂ
HH\W‘N
I

| i“\i\\“‘
i
[
il
I m‘ﬂ‘u\ |

\
I

il
h

| M‘i‘}

| ‘WHN

i

|
|




17™ International Multidisciplinary Scientific GeoConfere,
nce SG

mm
1000,0
900,0
800,0
700,0
600,0 -
500,0
400,0
300,0
200,0
100,0 -
00

1936
1938
1940
1942
1944
1948
1948
1950
1852

Figure 2. Comparison of total annual precipitation values on meteorologi
Kostanay and water consumption r. Ural (post Kushum) '
i

From Figure 2 we can see that between the curves of the total am
and runoff r. Ural has a good coordination, especially during pea
runoff occurs when both stations falls maximum rainfall. It was al
?ftetz; a small amount of precipitation in the basin the sharp incre:
o the same increase in runoff since the precipitati

on |
lakes, valleys etc. il T

It. W.;J.S als(:i noted that the sharp decline in rainfall after the maximum

similar reduction in runoff since previously a j
lilar ccumul

maintained. b i i run‘?ﬁ

Thc? linear trend of the total amount of precipitation at stations Ur
mdlgates that t_he're has been a marked increase in their (the regressi
in Fig. 2). This is consistent with studies [3, 4], according to whic
increased.

Next, we in_vestigated the relationship between the time series of
temperature in western Kazakhstan, on the one hand, and the flow fl
Ural - on the other. '

The tirpe course of water flow at the station Kushum located on the n
Ural River at the entrance to the territory of Kazakhstan shows that in
2007 annual water consumption values ranged from 89.1 to 800.0 m/s

618
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— —— The time course of the annual
consumption of water of the river Ural

ST Flow fluctuations

s - o M WD Oy TN o v e ™Mo e Ol
neay93RaE B8 88E05858588¢84a8 rears

ime course of the annual consumption of water of the river Ural (station

F gure 3. The t
b Kushum).

- from year to year, especially until 1973. This
930, and climate 1977 occurred lows precipitation
riod from 2003 to 2007, it

ay notice a large variability
mial trend shows that around 1
ound 1950 and 1997 - climatic maximums. In the pe

ed a decrease in water consumption.
4 shows the time course of water flow . Ural and the average temperatur
arm period to the station Uralsk, calculated for a rolling five-year period.

¢ during

e river Zhaiyk rature of station Ural

= & Polynomial of th i
3 e flow rate of the polynomial

Tivi |
er Zhaiyk mperature station Ural AANE!

.:?x;\ d
- 0Lorg/10.5593/sgem2017/41 619
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Figure 4. The time course of water flow
warm period to the station Uralsk, calcul

i well reflects the time
it e gl -l as well as the time course of the temperature
ated for 4 rolling fiyaius rainfall

i i f
d the task of assessing changes in thf: flows under the mﬂt;)enczec:j
o ;m ge, at least at the level of overall estimates, these data can be used,
ange, ,
; a:i:g to other information.
it 1esO!

ualitatively the time courses of water flow and temperature (Flg}; i)é
urfll | qand precipitation (Fig. 5),we may note that in thehﬁrstlcats,}f we :rd
er flow . 2 sitive relationship. In this regard,
the same time, you may notice a certain asynchrony between g ! ﬁtinverse correlation, and the S;iﬁgdrel:tiiislhip between the smoothed time
temperature. From 1958 until 1977 against the background of an tried to assess the dloseaces g flow of water and precipitation.
temperature decreases water consumption, ' water flow and temperature an

Figure 4 shows that there is an i
temperature corresponds to a decrea

MIVerse correlation, name]
decrease in mean air temperature co

se i i
€ in water consumptie ; o
rresponds to an Increase jp

The calculated correlation bet
for the station Uralsk showed g

only -0.30. Note that when determining the correlation between th
of water and air temperature during the warm period have been 1

1930 y.) and last (2012-2014 y) of five years in order to o
uncertainty inherent in all time series. !

ween the drain and the ajr temperg

: th parameters of the COrreSpOIlding values were taken by us with smooth
i “th-is; €
that this relationship is Weak; the

i i In this
i inni f the series of approximately 5 years.
i the beginning and end o ) r
elim! natlfnfegative correlation between water flow fmd air temperature in Uril.lsi(l
I’ ratlO(()) 68, and the coefficient of positive correlation between‘ the. consump 10al
P t(Zl-ai'nfa’ll in Uralsk increased to 0.87. Coefficient of determination was equ.
ter and I

and 0.66 respectively.
Between the annual amount of

precipitation and water flow r. U
relationship, but a direct correlat

. o .
can see that, despite the relatively low correlation annual quantities of wate
we >
ion, which is quite natural,

he annual quantities of air temperature and rainfall cor.relatlon‘ s_mo_othe';d1
t(i’ )t r?mning water flow with a temperature, and especially with precipitation i
¢

! - high. . :
i e : portant to include climate change in the t.emperature within O.SOfCl(Ig crlri?aa;eﬂz:)n‘s
. e ‘ infall of 10 mm results in a change of climate in thf: water ﬂow ratef 0 L
m’ / s accordingly. Clearly, therefore, th§ hlgh sensitivity of runo
k climate variations in temperature and precipitation.

The time course of the annual amount
repeats the flow of water, eve
five-year period (Figure 5).

lar analysis of the relationship between air temperature and runoff, plreﬁqzltaztoer;
nnoff we performed for the station Atyrau, situated in the delta r. Ural, but w
ﬁmption data were taken us Makhambet station (near Atyrau).

ned out that in Atyrau time series of temperature an.d precipitation do not correlate
With the magnitude of runoff. It was of interest to determine the cause.

L[6-8] one of the co-authors of this paper 'made typmg the entire tcilrltri)}rl}‘;, e(;f
stan on the specifics of the time evolution of the climate tt?mperatu(rje. tho e

€d 1o the second type, and the south-west, where .the Atyrau is 51tufate - Z i jr;

SQuently, there were fundamentally different climate changes of temper:

: et
areas, which ware a consequence of the difference macro meteorologica
b Ui 85¢s in these regions.

the theory of the general circulation of the atmosphere [1.9] foll.ovlvs_tthgt IEZ
itation regime north and south of 50 ° N differs greatly, as along tohls atitude ¢
Of climate ridge pressure is situated. Accordingly, north Qf 50 N ma;(lml;
SCipitatiop occurs in the summer and to the south (Atyrau)_ - in the spring. Secular

; Uationg position axes troughs and ridges form the position of the temperature
Figure 5. The time course of water flow r. Ural and the annual amount of pi

MIE in the time course, but these extremes in different regio;ls not occur
‘;‘:l . . o . . S |
station Uralsk calculated over a rolling five-year period: ‘ uhaneOUSIy, which are fixed in the division of the territory into types [7]

- . the flow of the river Zhaiyk e preCipitation of station |
. @ polynomial of the flow rate of

’ mialprecipitati
the river Zhaiyk the polynomi 7

- nection between Ural River flow and macro circulation of atmosphere forms.
iS of ;
Excluding the start and end of the series, we can say that all through inter

; Syng €St not only to the amount of precipitation during the year,tb(ljn to $aac[:;
P iti i ipitati ated aim
flow follows the time course of precipitation. Therefore, we can conclud Dtic conditions under which these precipitation fell as we have separ

P 621
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research in this field how to predict such conditions. The aye
of macro circulation conditions are of little use for this Purpose.
precipitation data, which we united in cold and warm perio
included seven months from October to April inclusive, In
Kazakhstan, which carries out the analysis, the snow that fell "
coming out in the last decade of April, providing a spring flood [

ta precipitation and frequency types for the “norm «containing in table 1
L can see that the amount of rainfall "above the norm” observed at
S ‘Xieffereﬂt types of circulation than the "norm" during the cold period. In
" the cold and into the warm periods of the year rain "above norm" observed a
n, 1 se in the frequency of occurrence of type C (2.1 and 4.2 days,
£ ,ncre:nd a decrease in the frequency of occurrence of type E (up to 2.4 and 1.9
eczivtﬂY)- Repeatability of W type increased by 1.7 and 1.8 days, respectively.

infall was “pelow norm”, then in the cold and in the warm parts of the year
noticeable increasing of repeatability type E, 2.3 and 2.2 days, respectively.
1d part of the year, reducing the recurrence of type C and W in the precipitation
the norm” there, and in summer a decrease recurrence types C and W is 1.1

Based on the previously discussed the dynamics of flow, depeng
and precipitation seems appropriate to consider the Ural River
connection with the frequency as the macro-types of the general
of greater or lesser amount of rainfall in the catchment area, @
works devoted to the study of precipitation in the area of the p
surrounding area, highlight the work [5] as the most complete, co
amount of information about a connection to the rivers of Cent
Since then, the problem of communication between the fo,
circulation and the values of river flow Urals almost no one did.

the data for Kostanay (table 2). In the cold period of rainfall "above the norm"
in the W, E and C, equal to 11.0, 8.2 and 12.1 days, respectively. It marked a
e increase in C for 1.9 days, W - 2.2 days and reduced the frequency of
ence of E 1.9 days. When precipitation "below norm" circulation types of 8.6,
and 9.6 days, respectively. Repeatability types C and W very little decreased to
g has W — 8.2 days respectively, while type E increased by 12.0 days.

We have carried out search for links between the monthly prec
Uralsk and Kostanay and types of atmospheric circulation by G.Y.
shown, though at qualitative level that such communication exists.

To do this, we calculated the average rainfall during of cold and Ay

close to 22-32 mm / month cold and 37-46 mm / month for the w:  Types of circulation at the precipitation "below norm" and "above the norm", Kostanai.

stations. Next month's rainfall was divided into gradation of 10 Seasons

smaller directions from the "norm." For each of the gradatio; i ation Cold Warm

calculated average of each of three types including macro process 1 Precipitation, mm Precipitation, mm

four hours at [1]. <20 | norm >30 <20 norm >30
We got that, and for the warm and cold seasons, rainfall was weakl 8.6 8.8 11.0 11.9 9.0 7.9
changes in the frequency of occurrence of circulation types, if th

within a small range. We explain that it does not take into account o 10 82 123 L7 12.3
types of processes. : 9.6 10.2 12.1 6.2 9.7 10.0

Due to these features of the problem, we decided to change our anal
number of gradations of precipitation to two. Next, we consid
repeatability for macro-types when rainfall "above normal" and when
normal". The gradation, which gets “the norm”, we excluded from th
anomalies at all. Data normally only used in the assay for comparison.
will provide a large difference in the frequency of these types 0
presented in table 1 for the Uralsk station and in table 2 for Kostanay

* Kostanai rainfall "above the norm" in the warm season takes place at essentially
on tant_repetition of type C, but below the "norm" - with its significant decline. In the
period of the opposite: rainfall above the "norm" in the marked increase in type C
decreasing typeE, and below the "norm" - with almost constant repetition of type C
“Cdmarked increase in type E.

= Wesaw above, in Uralsk above “norm” precipitation during the warm period occurs
When a marked increase in C and at the same time fall type E. Precipitation type

Table 1. Types of circulation at the precipitation "below norm" and "above the orm" —have place with a marked increase of E and decrease C and W. In the
W 5 N
T}'Pe . Seasons . Pcmod between trends in the type of E is the same as in a warm and repeatability
Circulation Cold 3 and W in the precipitation "below normal" increases even more.
Precipitation,mm 1 azlmerestmg to consider further the conditions under which there is an extreme
<20  |norm >30 <20 oy 3 Ufé}l River, i.e. what combinations of types give extremely high and extremely
W 9.2 8.8 10.5 79 e ?Off In the catchment area of both parts simultaneously. Since the epochs - the
E 12.4 10.1 17 139 o sps IS very commonly, we specified the repeatability of each type of macro-
C 10.8 10.2 12.3 8.6 €S in the number of days of deviation from the normal type of recurrence only
,,.II| ‘// )
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for periods of extremes. From table 3 below, we can see that
more by macro processes combination, not only the types of ol

Analysis of extreme water flow r. Ural presented in figure 3 an
minimum flow in the thirties took place under the prevailing ma

9), the maximum in the fifties under the prevailing process W (9}

(-26) had the lowest recurrence.

The second minimum flow in the 70 - 80 years took place o
dominant E recurrence of this type E (64) at about the same fre b
type C (-25). Type W (-37) was expressed too weakly. Conseqy
minimum flow observed in the r. Ural are quite different co:ﬁ .,Ai"

minimum of 30-ies took place at a very low frequency of occurrence
a low prevalence of type W with a slight excess of the norm tus
eighties took place at a high excess rate of type E and a very low b
and C (Table 3). L

Table 3. Relationship of runoff r. Ural with the forms of circulation *

View extreme

Years

Types for periods
Extreme runoff

min

1928-30

W (9), C(-26), E (15)

Type Circulat

max

1949-58

W (-19), C(+9), E(18)

min

1970-1984

W(-37), C(-25), E(64)

max

1998-2002

W(41), C(-14), E(-26)

*Note: In brackets is given the average (annualized) deviation from the nos

recurrence in those days

Maximum flow in the fifties, there was above the threshold for a ce

type E (18) with repeatability below normal type W (-19). A maximum e
years has taken place with the prevalence of type W (41), a low recurrer

and E (-26). Consequently, the maximum runoff of r. Ural can take

diverse mix of types of circulation.

Section Air Pollution and Climate Change

hange in temperature, pre
¢!

L jouta harmonic a
: d‘ci)fthe runoff r. Ural. _
jal approximation by six

cipitation and runoff of r. Ural on the future.

nalysis of time series of temperature, precipitat.ion in the
Figure 6-7 presents the row of temperature station Uralsk
degree and harmonics in it accordingly.

i -
1930 1940 1950

1860 1970

1980

1890

2000

e Polyriomial approximation

= = = Temporal trend of the temperature station Ural

6. Uralsk. Temporal trend of the temperature. A polyn

2010 years

omial approximation of sixth

It can be seen therefore that the findings of [5] and we are generally in ¥
Since there are essentially two watersheds, one east and the other west 0 B
Urals, the combination of the two types of macro-circulation is the no .
Runoff minima occur at maximum repeatability of type E with a low rectt

and W, or high repeatability types W and C. The maximum flow occurs if .
and the fairly repeatable types of W or C. However, the relationship bet!
fluctuations in flow and number of days per year of a certain type O €

often weak, that we have noted in the course of analysis. The years © ; ¢
lowest water content are prepared for a long period and occur usually "‘t ;
period, which determines the most favorable or unfavorable condition
formation in the area. These conditions are formed including and ; ¢ s

macro-circulation of the atmosphere, and combinations thereof. PerhaPs. ; 1930 1950 190 1970 1980
repeatability micro types it makes sense to apply only to predict situaties

s 33

years

2000 2010 2020 years

1490

Figure 7. Uralsk. Harmonics in the row of temperature.

above normal" and "below normal” rainfall.
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Approximation line is in reality the result of summariz

row of temperature. It is obviously they formed Climati:;ng _th.e main 4 viou51y there where climatic minimums and maximums of precipitation in the
ob

temperature in the past. Additionally the fundamenta] hm ' (figure 9)-

accounting trend on the future decades where implementeq by :;lse |

A.V. [11]. There are harmonics in length 208, 38, 23 an
0f 2.6, 1.2-1.4, 0.8-1.2 and 0.50 C respectively.

The same harmonics isolated in Kostanay, however, instead of ha
there is a harmonic of 8 years with the same amplitude. The 4
fundamental harmonics of 208, 38 and 23y are in Uralsk, the same E
analyzing the time dependence of the harmonics of temperature, jt
starting from the 2005-2006, two centuries harmonics (with an ampli
C), as well as 38- and 23-year-harmonics after maximum begah
amplitude. Their minimum expected in 11-19 years, i.e. from 2016 t
up to about 2016 drop in temperature will occur fairly quickly unde;

d 13 years,

years
two centuries harmonics and two other harmonics, and then, until
influence of only one 38-year-harmonic. ' :
The total decrease in temperature is approximately 2.1- 2.60C, i.e. it wi
the amplitudes of harmonics. }
1926 1930 1945 1550 1560 1570 1986 1950 2008 2010 2525 years

Since the amplitude of the fundamental harmonics Uralsk same as Ko
time of occurrence of the maxima (2005) match, we should expect the

o e ; g Figure 9. Uralsk. Harmonics in the row of precipitation.
variation as Kostanay, i.e. decrease in the next one to two decades 1.2-

Consequently, the temperature pattern in the catchment area will be

i i i The ampli -year- ic i i i 11,
present, and moisture loss by evaporation will also be lower than today. Iie amplitude of the 8-year-harmonic increases in 2013, partially compensated a fa

ed by the first two harmonics. Comparing the amplitude of the harmonics and time
occurrence of extreme, not difficult to find the decline in rainfall in the current aqd
lienext decade will be about 25 mm. After 2030 the amount of precipitation will begin
lincrease.

We next consider the time series of precipitation and its harmonics for
(Figure 8-9).

- : lithe time series of precipitation occur station Uralsk harmonic length 43, 18 and 8
e Wt s vt { , the amplitude of which 70, 70 and 55 mm, respectively. 8-year-old harmonic had
imaximum in 2001 and currently has a tendency to decrease with a minimum of about

600 s ), 18-year-old harmonic had a maximum about 2001, and tends to increase with a
,': Mimum around 2018. Since the amplitude of these two harmonics about the same, in
500 :': " Past decade, they compensate each other. In Kostanay present and future decades
; 5 be in reducing the amplitude of the main, 38-year, and since 2012 - and 23-year-

400 ‘ |: fMonics amplitudes 55, 50, and 25 mm respectively.
“ »': : L 0 gt -'- i) ; S AN be seen that the amplitude of the fundamental Uralsk harmonics are higher than
v : ! Sénay. Maximum 43-year harmonic occurred around 1998 and until 2020, its
’\/." 5" iy ‘\ thUde will decrease. The decline since 2008 is largely compensated by the growth
oa ! hi{year-harmonic, and in 2013 - and 8-year-old harmonica. As a result, the end of the
© the amount of precipitation may fall in the range of 10 mm, and in the next

00

1930 1940 1950 1960 1970 1980 oo 2010 ﬂ.l:l _Should be expected to ir}crease up to 50 mm due to the'growth of the primary
~Mc of 43-year-old, who will start at the beginning of the third decade.

= = = Temporal trend of the precipitation station Ural s Pofynomial approximation X )
B, “ssion

ims Hivity of the rivers ion to climate change is very high. The drain
s o oy : roXima . e rivers in the droughty region to climate change is very high. The (

glgure 8. Uralsk. Temporal trend of precipitation. A polynomial 2pP ively reacts to very insignificant climatic fluctuations of temperature and rainfall
egree.

808/
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on border of a zone of formation of a drain. Anthr

: ' ( 1 Opogenic creation of scenarios of climate change and drain developed by us on
components in a river basin can make on it the most B

adverse effect, o roac‘l 40 years probably can be effective for similar calculations of change of a
In [12] methods of modeling influence of global climate change © “tﬁgr sivers of an arid zone because of climatic changes.

of the Aral Sea located, in fact, in the center of Eurasia wag studie f 0

that the area of formation of a drain is at distance about one an
from the sea, and the system of the accounting of the consumeq
unreliable, authors nevertheless received that influen
in Aral's pool significantly. Reservoirs of an arid zone are seng;

i ithi i i Its in a
imati ' i : - Jatic temperature within 0.50C and rainfall of 10 mm it resu :
e o o gl tlﬂncgh;}::;am the vgater flow rate of 110 m?® / s flow and 20 m* / s accordingly.
¢ 0

therefore, the high sensitivity of runoff from even weak climate variations in
;ture and precipitation.

: as averaging in the time series of precipitation and runoff observed
eZously in opposition. For this reason, it was difficult to separate the effect of
b re and rainfall on runoff in statistically significant limits.

cJusions

Jlts sugeest the following conclusions:

ce of climate

In [13] authors studied influence of climate change on undergroung ;
Great Britain. Though Great Britain is out of an arid zone, by authg
such dependence exists. It indicates quite strong dependence of 3
climatic fluctuations of temperature and rainfall irrespective of a
existing balance between rainfall and temperature on the one han
drain with another, being rather steady on a temporary interval of on

femperatu
is very sensitive to climatic changes, i.e. changes on a time span till |

sting connection between the types of Macro-processes and the amount otffru{“lﬁ‘ff
al connection could be used as a basts. for long-tem _forecast of runoff. is
fonship next: runoff "above normal" there is at a combination type of E + C or type
d the flow "below the norm" in the prevalence of type E.

he temperature increased in the last 30 years about 1.§OC and ra_infall in the
hment area even increased. There has been a slight increase in evaporation. Anal.y51s
ends in the expected temperature change (gradual decrease),. and some fluctuations
nainfall over the next 30 years based on harmonic analysis showed that abrupt
nges in the Ural river runoff should not be expected.

By the end of this decade should expect some decrease in rainfall - in the eastern part of
catchment area of 20-25 mm / year, and in the west part 10-15 mm / year.

At the same time, due to the expected decrease in temperature, evaporation from the
face of the catchment territory will reduce, which should compensate for the
ease in precipitation, accordingly runoff of r. Ural should remain around current
lues.

In [14] are analyzed not only temporary, but also spatial changes
precipitation at a river Yangtze drain size during 40 years. The recei
that sensitivity of water systems to climatic changes is high even out
There is a number of other works devoted to this problem, but with si

Our results for a river basin the Urals in general confirm the Jid
received for other river basins. However, we can see a number of fea
of climate. They are such as of essentially different conditions of form
runoff, the expected scenarios of change of a drain on prospect gave
regions of formation of a drain divided by mountains. ‘

The search of communications executed by us between a seas
precipitation and types of macro circulation appeared less success
expected. We consider that the reason consists in lack of quantitat
intensity of types of circulation and, perhaps, in insufficiently clear split
same time, the forecast on such basis of a seasonal amount of precip:

" " " 3 3 K ~ .
norm" and "below norm" it was quite successful. he following, the third decade we expect to increase rainfall in the eastern part of the

hment arca of 25-30 mm in the west - 40-50 mm under reduced compared to the
0d of the temperature background. Because of runoff of r. Ural should increase.

The communication found us between the main harmonicas in the gene
the atmosphere and climatic fluctuations explain the nature of these
same time it allows constructing scenarios of climatic changes Of
respectively, the scenario of change of a drain. Originality of our appro
scenarios it is defined by use for this purpose of results of the harmon
temporary ranks of temperature and rainfall. According to our calculatio
decades, the drain will remain within natural changes.

BTk presence of water reservoirs on the territory of Russia is in no way impairs the
of water to Kazakhstan. Moreover, in dry years, it supports a sufficiently h;gh flow
f This consumption during the existence of reservoirs never dipped to the minimum,
e often took place prior to the construction of reservoirs in the 20s - 50s of the last

Now there are rather reliable data on water consumption on hydrologic
Ural River and practically there are no data on a water intake for

economic needs. The basin accounting of the used water, and control of
fact, is absent. It complicates an assessment of anthropogenic impact ot
same time, it is obvious that the system is sensitive to such influences
such task still is necessary.

YMpletion of our analysis of the latest trends in temperature, however, showed tl_lat
Climate temperature increase in the region ceased. This result will require
tments in three to five years and, if the trend will confirm, no adaptation steps are
- 10wever, since this region, including its northern part, belongs to t.he zone of
agriculture, the adaptation steps is not climate change, and to a large interannual

ility of rainfall, still be very desirable.

s/ g
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STRACT

qmounding segmentation) w
ollutants in the air. Meteorological parameters are uncontrollable but we can change

1]
‘;‘E)
deals with monitoring of air pollution from road traffic and the influence of the noise

h‘p&//doi‘om
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SE BARRIER AT THE CONCENTRATIONS OF PMio

IN THE VICINITY OF ROADS

g EFF

oydan Jandacka, PhD.'
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uality is the set of activities leading to the discovery of the
onment and monitoring the evolution of air pollution in time. Knowledge of the
not the primary objective of monitoring, but a means of predicting its
ing sustainability measures. A clear statement of the
ves of monitoring is a vital precondition for the correctness of the decision about
aitoring pollutants, how and where they should be monitored and the accuracy and
ision required. Many factors impact air quality that determines its development and
s subject to the especially primary source of pollution (road
ly secondary influences (meteorological parameters, road
hich have a different impact on current concentrations of

ring the status of air q

onment is .
ner development and design

ges. Air pollution 1
fic) and consequent

d surrounding, for example by the construction of noise barrier. This contribution

ier on detected concentrations of selected pollutants and their dispersion. The
nitoring stations were placed in the vicinity of urban road with noise barrier and

e were monitored particulate matter PMio.

Keywords: particulate matter, road, traffic volume, spread of pollution, noise barrier

RODUCTION

1 : &
‘e dispersion of pollutants in the atmosphere is a complex process that is not only

b;ect to different yield sources producing this pollution. Of course, the source of
0Us pollutants is decisive for a number of substances that get into the ambient air.
isical factors influence the spread of emissions from the sources and determine the

=m;slon of pollutants into the environment. They are mainly meteorological
‘;swerae]ters’ the stability of the atmosphere and diversity of the surrounding terrain.

h tosmdles have processed the dispersion of pollutants in the Vlcln}ty of roads,
R some extent confirmed different levels of concentration of pollution given the

2‘051 of the monitoring station from the intended source [7], [4], [2]. A generally
n%mrqued relationship is the greater the di§tance from. the road lov_ver
k. ations of pollutants. However, th.IS may be Fhfferent fo_r different fragn_]entat_lon
o lmaround the rogd by natural or artificial bamgrs or specific pro_cess_of dlspers.xon
i tionams'-NO less important is the nature of stratification of pollution in the vertical

. Which shows a decrease with a greater height above the ground [1], [8], [5],

B,
! ). Therefore, we decided to perform measurements that would confirm or refute
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