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Abstract: Zapadna Morava River basin covers a surface of 15850 kmz2, which is
approximately 18% of the territory of the Republic of Serbia. In its basin, 38 active surface
stations are registered. The goal of this paper is the trend analysis of the mean annual river
discharges in the Zapadna Morava River basin and their noticing in a longer series of time,
as well as determining their intensity. Fifty years period of time (1965 — 2014) is taken for a
time series. Because there is no empirical data for mean annual discharge values for all
stations for the given period, the number of the hydrological stations, which are processed
in this paper, is reduced to 21. Mann-Kendall test has been used for noticing the trend, Sen
test has been used for estimating the curves inclinations of the linear trend, while Pettitt’s
test has been used for determining the turning point of change. Also, classification of the
years by water richness has been performed in this paper in order to determine wet and dry
periods. For the needs of identification of medium watery, wet and dry years, the combined
method has been used on the data examples from representative stations in the basin.
Based on the processed data and the obtained results, it has been established that the most
rivers in the basin of the Zapadna Morava River have a slightly decreasing trend of the flow
values, whereby the change of the trend is not significant. On the most rivers, the change
period has begun in the early eighties of the past century. On a large number of profiles,
the watery period was appearing in the beginning of eighties, while the dry season is
characteristic for the period from 1990 to 1994.

Key words: trend, Zapadna Morava, Mann-Kendall test, wateriness, classification of the
years by water richness
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Introduction

Availability, quantity and quality of the water resources have been one of the most current
global and scientific themes in the last decades. A numerous problems of the global
character, which are related with the water resources, are appearing: on the one side, the
number of victims and material damage is getting bigger because of extreme floods, and
on the other side, the always actual and open question: "Is there enough water for the
total world’s population?” (Kovacevié-Majki¢ & UrosSev, 2014). Catastrophic floods in
particular parts of the world, followed by long and heavy droughts, are the consequences
of the variability of climate elements and factors, as well as a bigger anthropogenic
influence and anthropopression of the population on the natural environment and the
living space (Yazid & Humphries, 2015).

Observing and noticing the changes in a longer hydrological time series is important
for the scientific and practical research (Liang & Liu, 2014), especially for the needs of
solving the water management problems, designing the objects of the water management,
water use etc. When we are using the time series data in a hydrological analysis, it is
important to fulfill three assumptions: homogeneity, stationary and independency of the
time series (Jeneiova et al., 2014).

The mean annual discharge (Qsr), as a basic indicator for studying the water regimes
of the river courses, represents the main indicator which is used for noticing the trends of
the river regimes in a longer period of time. In addition to deliberation about the presence
and importance of the trend, the perennial watery and drought cycles are also analyzed in
this paper. The analysis has been conducted on the values of the mean annual river
discharges in the Zapadna Morava River basin for the period of fifty years (1965 — 2014).
The goal of this paper is to present that a time interval is very important for the trend
analysis (Stojkovi¢ et al., 2014), as well as the changes which happened within the series
and identification of the exact years of the change.

The trend of mean annual discharges has been researched in many global and
domestic studies, but the methodology applied in this study is different and therefore may
have significant effect on drawing conclusions. The method which has been used in this
paper is recommended by numerous worlds’ authors: Gao et al., 2011; Meysam et al.,
2012; Jeneiova et al., 2014, etc. Statistical analysis of the mean annual and seasonal flows
was also the object of the hydrological studies in Serbia: Jynwuh et al., 2006; Mustafi¢,
2012; Stojkovi¢ et al., 2014; Kovacevic-Majki¢ & UroSev, 2014; Bokuh, 2015; Cumuh,
2016, etc.

Material and methods

The basin of the Zapadna Morava River encompasses a surface of 15850 kmz2. On the
north it borders the Kolubara River basin, on the west Drina River basin, on the south Beli
Drim River basin, while on the east the basin leans on the Velika and Juzna Morava River
basins. Zapadna Morava represents the left component of the river Velika Morava and it is
formed by the rivers Detinja and Golijska Moravica in the Pozega Valley, on the altitude of
302 m. From this place to the confluence with Juzna Morava, it is 210 km long. River
Zapadna Morava receives a large number of tributaries, especially on the right side: Ibar
(8059 km?2), Rasina (981 km?2), Bjelica (376 kmz2), etc. On the right side, the coming rivers
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are: Gruza (622 km?), Cemernica (625 km?), Kamenica, etc (I'apmnouh & Jykuh,
2002).

In the basin of the Zapadna Morava River, 38 active hydrological stations of the
surface water are registered. However, because there is no empirical data for the taken
time period of fifty years (1965 — 2014), the data from 21 hydrological stations have been
used (which are obtained from the hydrological yearbooks of the RHMS Serbia) — profile
Jasika (1) (Zapadna Morava), profiles Batrage (2) (Ribarice)2, Raska (3), Usce (4) and
Lopatnica (5) (Ibar), profiles Novi Pazar (6) and Raska (7), profiles Mlanca (8), Deviéi (9)
and Usce (10) (Studenica), profile Biljanovac (11) (JosSanica), profile Bogutovac (12)
(Lopatnica), profile Ribnica (13) (Ribnica), profile Pozega (14) (Skrapez), profile Arilje
(15) (Moravica), profile Guca (16) (Bjelica), profile Prijevor (17) (Kamenica), profile
Preljina (18) (Cemernica), profile Guberevac (19) (Gruza) and profiles Brus (20) and

Bivolje (21) (Rasina) (Fig. 1).
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Fig. 1. Zapadna Morava River basin with denoted hydrological stations whose data

were used in this paper

2Until 1979, the hydrological station was located in the rural area of the village Ribarice, and after the
construction of the Gazivode reservoir on the Ibar River, the new station "Batrage" started its work in
1980, more upstream. Dates from both stations are connected in a single time series, since the
differences in the river flows are negligible.
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For determining the existence of a trend in changing the flow values, we used the
Mann-Kendall test, on which many trend analyses of the meteorological and hydrological
parameters are based (Douglas, 2000; Blain, 2016; Sun et al., 2016). This test is non —
parametric, i.e. it does not require the normal data distribution and it is based on
comparison of all data in a time series (Kendall, 1962). It is a test that identifies the trend
of series, based on comparison of the relative magnitudes of the data change. If the trend
value is less than 0, then a decreasing trend exists in the time series, but if the trend value
is bigger than o, it represents a growing trend (Yue & Wang, 2004). The Mann-Kendall
test goes by the assumption that time series are independent (Mustafi¢, 2012). However,
in many cases, it happens that annual series of flows do not fulfill that condition.

The zero hypothesis of the Mann-Kendall test works under the assumption that there
is no monotony trend in a time series. For the zero hypotheses testing, control statistics
are used (Kendall, 1962). If the value Z (level of the significance) is bigger than 1.96 (what
corresponds to the significance level of 0.05), we are concluding that the monotony trend
exists in the time series. Otherwise, if the value is smaller, the trend does not exist. Often,
the trend analysis can lead to the wrong conclusion, because of non-stationary time series,
particularly because there are multi-year watery and drought cycles in the series.
Therefore it is necessary to use several full cycles of the time series, in order to make a
representative trend (Stojkovi¢ et al., 2014). The Sen Estimate test allows us to estimate
the curves of the linear inclination (the curves of the linear trend) (Hannaford & Buys,
2012). The value of the Sen Indicator represents an average increase/ decrease values of
the annual flow.

Certain statistical methods deal with determining points of the change in some time
series. In this research we are using a non-parametric test - Pettitt’s test. The test
determines a significant change in a data series. It is similar to non-parametric Mann—
Whitney test (Gu et al., 2016). Tests of the homogeneity, among which is Pettitt’s test,
show that the data is homogenous and that important points of interruption in a data
series may be identified.

In geographical and hydrological studies of the water regimes and trends, an
important method which is often used is Classification of the years by water richness,
which indicates a trend of the multi-annual regimes wateriness in one flow. Based on the
trend of dominant flow in the basin we can determine the wateriness of the total basin, or
smaller sub-basins. Then we can separate the years or the time series, which were
distinguished by average wateriness, watery or dry, very watery or very dry, and
catastrophically watery or dry years. In the Zapadna Morava River basin there is a
fluctuation of the flow values on annual level. Thus, one of the most important tasks in
this study is to evaluate how much the annual discharge values vary from the expected
average values, i.e. it is necessary to determine whether it is more likely for less or more
watery rich years to occur, and which are more expressed (Boxuh, 2015). The question is
how to execute classification of the years by water richness in a period of time. For that
purpose, several allocations may be applied, whereby the most famous are: Gumbel, GEV,
Person type, Streamflow Drough Index (SDI), combined method (which is used in this
study) and others.

22



Results and discussion

The non-parametric Mann-Kendall test has been used for determining the existence of
the mean annual discharges. Of 21 researched hydrological stations in the Zapadna
Morava River basin, the growing trend of the mean annual discharges was noticed at
19.04% of profiles (4 stations), while the decreasing trend was noticed at 76.19% of
profiles (16 stations). Declining trend of discharge values, which is not statistical
significant, was noticed at 66.67% of profiles (14 stations), while the increasing trend
without statistical significance was registered on all profiles with growing trend. The
remaining 9.52%, i.e. two stations, have statistically significant decreasing trend. At one
station (4.76%) trend stagnation was determined, i.e. there were no changes in the flow
values in the studied time series. Test results showed that values of the main annual river
discharge have a dominant decreasing trend, which is in accordance with most river flows
on the territory of Serbia.

By analyzing the smaller parts of the basins, sub-basins, we can notice certain
differences in dominance of the growing and decreasing trend. On Ibar River, on the
profiles Raska, Us¢e and Lopatnica, a mild decreasing trend was noticed, while on the
Batrage profile the trend is a little more expressed. The average rate of decreasing ranges
from 0.001 m3/s/year on the Lopatnica profile to 0.12 m3/s/year on the Raska profile. On
the Batrage profile level of significance is 0.001 (0.1%), which indicates high significance.
On the Batrage profile Z has the value — 4.09, which indicates a significant decreasing
trend of river flow value, on a given level of significance (Tab. 1).

Tab. 1. Results of Mann-Kendall test for selected stations in the Zapadna Morava River basin
(1965-2014)

. Qsr Z — value of B — Sen a — level of
Profile River (m3/s) trend estimate significance
1. Jasika Z. Morava 101.6 -1.06 -0.276 -
2. Batrage 8.55 -4.09 -0.122 HEE
3. Raska 37.52 -0.93 -0.12 -
< Ibar
4. Usce 43.33 -0.76 -0.08 -
5. Lopatnica 54.22 -0.04 -0.001 -
6. N. Pvazar Ragka 4.01 -0.44 -0.004 -
7. Raska 7.27 0.70 0.014 -
8. Biljanovac Josanica 3.38 -1.11 -0.008 -
9. Devici 2.92 -1.05 -0.007 -
10. Mlanca Studenica 4.78 -0.27 -0.004 -
11. Usce 7.01 -0.09 -0.001 -
12. Bogutovac Lopatnica 1.89 -0.50 -0.003 -
13. Ribnica Ribnica 1.38 0.95 0.003 -
14. PoZega Skrapez 4.68 -1.52 -0.025 -
15. Arilje Moravica 10.57 -0.87 -0.026 -
16. Guca Bjelica 2.32 -0.02 -0.001 -
17. Prijevor Kamenica 1.91 0.02 0.001 -
18. Preljina Cemernica 3.95 0.57 0.007 -
19. Guberevac Gruza 1.37 0.00 0.00 -
20. I}mg Rasina 2.38 -1.99 -0.015 *
21. Bivolje 7.24 -0.83 0.021 -

Source: Hydrological yearbooks of RHMS of Serbia, 1965 — 2014)

#** _ level of significance of 0.001 (0.1%); * - level of significance of 0.5 (moderate statistical
significance); - level of significance higher than 0.1 i.e. does not indicate any significance in this
parameter change
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For determining compliance between the research results of the trend on Ibar River
profiles with the long-term changes of the main annual flows in the whole basin, the
trends on profiles of its bigger tributaries have been researched. On 75% profiles in Ibar
River basin a decreasing trend has been noticed, with average rates ranging from 0.003
m3/s/ year on the profile Bogutovac to 0.008 m3/s/year on the profile Biljanovac, which
indicates that a mildly decreasing trend is dominant. On two profiles, a mildly growing
trends of discharge values have been noticed - in the lower course of the Raska River
(profile Raska) with 0.7 and on the middle course of the Ribnica River (profile Ribnica)
with value of 0.95. Average annual growing rates had values between 0,003 and 0.014
m3/s/year. All registered changes of the trend in the Ibar River basin do not show
significance at any level, i.e. significance is defined with the value of a > 0.1.

The rest of the Zapadna Morava River basin shows similar trends as Ibar River basin.
On more than a half of the profiles (66.2%) a mildly decreasing trend has been noticed
with minimal values on the profiles Guéa (Bjelica) and Arilje (Golijska Moravica), and
with some higher values on the river Skrapez (-1.52) and on a very course of river Zapadna
Morava (-1.06). On profiles of the left tributaries of the Zapadna Morava River, a mildly
growing trend of flow values has been registered - profile Prijevor (Kamenica) with an
average annual growth of 0.001 m3/s/year and Preljina (Cemernica) with an annual
growth of 0.007 m3/s/year. On the profile Guberevac on the Gruza River, a stagnant type
of the trend has been registered, i.e. Z has the value 0. The regulation of the river’s water
flow by discharging the water from the Gruza accumulation is one of the reasons for the
presence of the stagnant type on Gruza River. This process compensates the potential
water reduction. A general conclusion is that the left tributaries of Zapadna Morava River
show a solid stable level of the mean annual discharge values. From all other profiles, only
on the Rasina River (Brus) a temperate significance on the 0.05 level exists, which means
that in the time series of fifty years a significant decreasing trend of discharge values
exists (Tab. 1).

A long term changes of the trend are graphically presented for the selected profiles on
Fig. 2. Based on the values of the trend, obtained by the Mann-Kendall test, a
classification of the trends into a five categories has been performed: expressively
declining trends, mildly declining trends, stagnant trends, mildly growing trends and
expressively growing trends.

A stagnant trend has been registered on two profiles (9.52%) - on the profiles
Lopatnica (Fig. 2a) and Guberevac. The largest group consists of rivers with a mildly
decreasing trend, which encompasses 47.6% of the profiles, with profile Usée on the Ibar
River, as an example (Fig. 2b). A group with expressively decreasing trend include 19.04%
of the examined profiles, from which only a half is statistically significant - profile Batrage
(Fig. 3c). A group of mildly growing trends contains about 19.04% of the researched
profiles - examples: profiles Preljina (Fig. 2d) and Ribnica where the highest growing
trend from all researched rivers and stations has been noticed. A group of extremely
growing trends was not registered in the framework of research stations in the Zapadna
Morava River basin, for the studied period.
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By the Pettitt's test, significant changes in the data series have been determined,
when the point of change was not clearly defined. By the test, the points of change have
been determined in the observed period of fifty years, and only on two profiles the change
was significant. On the Batrage profile (Fig. 3a), the year 1981, when a negative change
occurred (a decreasing trend), and was determined to be the point of change. Considering
the fact that the level of significance is less than 0.05, an alternative hypothesis is
accepted and it can also be concluded that the observed time series are not homogeneous.

After 1981, the discharge values decreased for almost 50%.

a) Profile Batrage
20
H
12
1981
5
1 -
12 - - »
g‘ A \ A /\
10 \ \ [\
WY * d |
s ©F A | e
> 1 /
s - Y
a . -
2
°
1560 1590 1580 1500 2000 2010 2020
e 12 7833333333338 mul=11845 mu2 = 6671 |
b) Profile Brus
as 1
. It 1981
I .
3s A\ - |
B s | 'q_ e e . |
(=4 T Ny AN . |
25 | \ < ) — |
* Yoo [ Y \ f
2 W - / N \Y} v {
4 ! ) ¥ LN \ |
15 { L] . -
~
p |
1580 1590 1580 1m0 2000 2010 20
| e 2 306EEEEEEEEEET - mul=2868 mu2 = 2138 ‘
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A similar trend has also been noticed on the Brus profile (Fig. 3b), where the
significance level also had a value under 0.05, and 1981 was established to be the ground
breaking year. Before the point of the change, the average value of the mean annual
discharge was 2.869 m3/s, while after the change the value was 2.138 m3/s. The series that
are not homogeneous, as well as breakpoints for both profiles, are graphically presented
in the Fig. 3.

On all other profiles (Tab. 2), the point of change has been identified, followed by a
decrease or increase of the mean annual river flow values. The level of the significance has
a value greater than 0.05, which indicates that the changes are not statistically significant,
and that the observed time series were almost homogeneous. In more than a third of the
profiles (38.1%), the breaking point was in 1981, after which, in most cases, there was a
decrease in the discharge value. An average annual discharge values are expectedly
distinguished by a decreasing trend and the points of change of that trend have been
noticed predominately in the eighties of the last century (Boxuh, 2015).

Tab. 2. Results of the Pettitt’s test for representative stations in the Zapadna Morava River basin
(1965-2014)

Qsr (before Qsr (after Point of
. p — level of - .
Profile River . the point of point of change
significance

change) change) (year)

1. Jasika Z. Morava 0.095 101.75 - 1987
2. Batrage 0.0001 11.945 6.671 1981
3. Raska Ibar 0.0898 37.617 - 1981
4. Usce 0.1084 43.381 - 1981
5. Lopatnica 0.3707 54.308 - 1981
6. N. Pvazar Ragka 0.1410 3.988 - 1982
7. Ragka 0.1227 7.270 - 1995
8. | Biljanovac JosSanica 0.0049 3.389 - 2006
9. Devici 0.5207 2.913 - 1989
10. Mlanca Studenica 0.7469 4.771 - 1984
11. Usce 0.4875 7.013 - 1981
12. | Bogutovac | Lopatnica 0.6701 1.894 - 1987
13. Ribnica Ribnica 0.5528 1.386 - 1994
14. Pozega Skrapez 0.1445 4.713 - 1986
15. Arilje Moravica 0.515 10.53 - 1987
16. Guca Bjelica 0.421 1.312 - 1981
17. Prijevor Kamenica 0.213 2.142 - 1986
18. Preljina Cemernica 0.7623 3.985 - 1981
19. | Guberevac Gruza 0.414 3.331 - 1986
20. Brus . 0.0061 2.689 2.138 1981

T T Rasina
21. Bivolje 0.0934 7.254 - 1982

Source: Hydrological yearbooks of RHMS of Serbia, 1965 — 2014)

Factors that have determined the quantity of the water and its flow in the riverbed
and their dynamics are: precipitation that is excreted in the basin, air temperature
through evaporation of the water (Buri¢ et al., 2012), slope of the terrain, a geological
composition and pedological cover, vegetation cover and anthropogenic influences
(Bokuh, 2015). Many studies of the similar type, on the European river profiles, have
shown that the variability of the flow values is the result of atmospheric circulation, which
has influenced the distribution of precipitation on the planet. This phenomenon causes a
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decrease of precipitation and mean annual discharge values on the rivers in the southern
Europe (Stojkovic et al., 2014), which is reflecting in dominantly decreasing trends of
river discharges in Serbia. When exploring trends of mean annual and seasonal river
discharges in the European countries, Stahl et al. (2010), indicate that one third of
researched rivers have mildly decreasing (negative) trend. In their research, two such
regions have been pointed out: Spain and southern France on one side, and central and
southeastern Europe on the other side. A large number of studies has confirmed the
previous assumptions that rivers with a decreasing trend of discharge values belong to the
Mediterranean and Black Sea basins, while those belonging to the North Sea and the
Atlantic Ocean basins are characterized by a stagnant or positive trend.

Of the previously mentioned factors, the amount of precipitation has the greatest
impact on the changes of the river discharge values in the Zapadna Morava River basin,
through its intensity, shape and pluviometric regime. The most expressive and most
significant trend in the change of the mean annual flow rates, in the conducted analysis,
has been noticed on the profile of Batrage (Ribariée) on the upper flow of the Ibar River.
The question is what influenced the reduction in the flow value of 4.09 m3/s for a period
of fifty years? In order to determine the exact period of intensive reduction in the
discharge values, 25-year cycles have been tested during the fifty years studying period. A
stronger reduction of the mean annual discharge values has occurred in the first cycle
(1965-1989), which can be noticed by observing Fig. 2c. Based on the fact that the amount
of precipitation is the most important factor which influences the change in the discharge
values, the relationship between the annual rainfall amount and the mean annual
discharges for the Batrage station has been explored. The data from the rainfall stations
located in the nearest environment, in the upper part of River Ibar basin, for the cycle
1965-1989 have been used: Ribarice, Brnjak and Pridvorica stations. A high coefficient of
determination has been noticed (over 0.85 for the Ribarice station), which shows us, that
the changes in the flow values on the profile of Batrage, were caused by a change in the
amount of precipitation. Also, the Mann-Kendall test has been applied on the annual
values of precipitation, which are obtained from the Ribariée station, where the value Z
was determined (-2.64), and where the average annual decrease of the value of
precipitation was -0.232 mm/year.

On the other station where a significant decreasing trend of flow has been registered,
Brus (Rasina), a positive correlation to the amount of precipitation was also established,
thanks to the data of the annual amount of precipitation on the stations: Brus, Vlajkovci
and Kriva Reka, which are found more upstream in the Rasina River basin. Along the
climatic factors, use of water has also influenced the dominant decreasing trends in
discharge values, especially because of the water supply of the settlements of the
Kopaonik region (Paljevstica system). Water supply system Paljevstica exists from 1971,
but in the early 1980s, it was significantly expanded by joining other settlements of the
Brus municipality to this water system (settlements Kobilje, Paljevstica, the part of Brus
around industrial zone etc.). Zelenakova et al. (2012) state that the most frequent
anthropogenic cause of decrease of flow value, besides the construction of reservoirs, is
the use of the water in the river's sources for water supply. In the period 1961-1985,
Rasina River had about 1.36 times more water per year, than in the period 1985 — 2009
(Stricevié¢, 2015).
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For a longer period of time, there have been certain differences in the discharge
values on the same river profiles. Some river flows are extremely rich in water, while the
same flows, in the certain years, hardly had enough water for covering the riverbed. For
this reason, in the hydrological and geographical studies, the method Classification of
years by water richness has been used, which indicates a trend in the multi-year flow
regime of a single river course. For the mentioned purpose, for all processed courses (for
which there are empirical data of the mean annual river discharges for 50 years), a
combined method has been used, applied in many global and domestic studies (Cumuh,
2016). On the basis of the mean annual value of the flow rate, for the observed series and
its standard deviations, the classification of years by water richness was done in
accordance with:

Qsr + § - a medium watery year
Qsr + 28 - a watery /dry year
Qsr + 36 - a very watery / very dry year

For the classification of years by water richness, the period 1965-2014 has been
considered, for several hydrological profiles located in the basin of the Zapadna Morava
River and the Ibar River (Jasika, Lopatnica, Raska, Batrage, Biljanovac, Ribnica, Arilje,
Pozega and Brus). From the histograms of mean annual values of flow (Fig. 4), it can be
noticed that some years are very rich with water, but others are poor. Because of the large
surface that Basin of Zapadna Morava River covers, there are regional differences in the
years that are rich/poor in water. In the first analyzed profile on the Ibar River — Batrage
(Fig. 4a), 1976 was pointed out as particularly rich in water, when the mean annual
discharge value was 19.63 m3/s (2.5 times higher than the average for the observed period
— 8.55 m3/s), while the poorest in water was 1991 with 3.94 m3/s. On the second analyzed
profile of the Ibar River (Raska), 1976 (Fig. 4b) was the year with highest waters (2 times
more than the average value).

On the Jasika profile (Fig. 4c) the year 1970 was especially watery, with a Qsr value of
157.62 m3/s, while the 1994 was the least watery (1.5 times less than the average). A
particularly watery year on the river Skrapez (Fig. 4d) was 1975 (with values of more than
twice of the average), while on the Rasina River (Fig. 4f) it was in 1970 - the year when the
highest values of flows have been noticed. On the Ribnica profile (Fig. 4e), the least
watery year coincides with the Ibar river - 1994, since it represents a tributary that gives
Ibar River large amount of water. Because of the large amount of precipitation in May
2014, which affected the basin of the lower Ibar, the most watery year on the Ribnica
basin was 2014, the year in which the value of the annual discharge was twice as high as
the average.

Based on the histograms analysis of all studied profiles, it can be concluded that there
are lower average flows, than those with higher average values. For all profiles, during the
examined period, the discharge value was above the average value for 22 years (44%) and
under the average value for 28 years (56%). These results are in accordance with the
general tendency of predominately decreasing trends of mean annual discharge values,
which were determined by previous statistical tests.
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Fig. 4. Histograms of mean annual flows (Qsr) for representative profiles — Batrage (a), Raska (b),
Jasika (c), SkrapeZ (d), Ribnica (e), Brus (f)

Based on the water richness, most of the years belong to the medium watery years, in
all observed rivers, which are certainly the regularity of all flows in Serbia (Ounokospuh,
1994). However, due to the size and shape of the basin, the various climatic and
topographic conditions of the terrain, there are disproportions in the number of years
belonging to a certain category.

In the whole Zapadna Morava River basin, the medium watery years are most
frequent, always over 50% of the total number of years, but their participation varies from
profiles. They are appearing, on average, every second year, on most of the examined
profiles. The most dominant are the medium watery years in the upper flow of the Ibar
River, on the profile of Batrage — 76.5% and on the profiles Jasika, Raska and Biljanovac—
70.6%. The smallest share of medium watery years has been noticed on the profile of
Lopatnica — 56.9% and on the Brus profile (Rasina) — 58.8%. The longest period of
medium waters in continuity has been noticed on the profile of Batrage (Ibar) with a 13
years long period (1995-2007), when it was replaced by one drought year. The shortest
periods of appearance of medium waters characterize the sector of Lopatnica, where they
lasted for a maximum of four years continually (1964-1967; 1972-1975; 1977-1980).
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Tab. 3. Classification of years by water richness for three representative profiles (1965 — 2014)

Years
Rank Qsr (m3/s) Year (Num.)
5 Very dry <176 - -
2
n Dry 1,76-5,15 1985,1990,1993,1994,2008,2011 6
% 1965,1966,1967,1968,1969,1971,1972,
g 1973,1975,1977,1980,1981,1982,1983,
< Medium 1511 1984, 1986,1987,1988,1989,19911992,
A watery 51571194 1 1995,1996,1997,1998,1999,2000,2001, 39
= 2002,2003,2004,2005,2006,2007,2009,
e 2010,2012,2013,2014
A Watery 11.94-15.34 1970,1974,1978 3
Very watery >15.34 1976,1979 2
= Very dry <0.91 - -
£ Dry 0.91-3.12 1983,1985,1988,1990,1993,1994,1998, 1
) 2008,2011,2012,2013
=4 1965,1966,1968,1969,1970,1972,
* Medium 1973,1974,1977,1978,1981,1982,1984,
£ watery 1.65-3.12 1986,1987,1989,1991,1992,1995,1996, 29
2] 2000,2001,2002,2003,2004,2005,2006,
é’ 2007,2010
o Watery 3.12- 3.86 1967,1971,1975,1976,1979,1980,1999, 9
& 2009,2014
Very watery >3.86 1970 1
Very dry <46.75 - -
! Dry 46.75 — 74.1 1983,1990,1991,1993,1994,2011 6
_§ « 1965,1966,1967,1968,1969,1971,1972,
3 3 Medium 1973,1974,1975,1977,1979,1982,1985,
= 5 wate 74.1-128.9 | 1986,1987,1988,1989,1992,1995,1996, 35
s Ty 1997,1998,2000,2001,2002,2003,2004,
L= 2005,2007,2008,2009,2012,2013,2014
£ N 1976,1978,1980,1981,1984,1999,2006
A Watery 128.9 — 156 ’ ’ ’ 201(; ’ ’ ’ 8
Very watery > 156 1970 1

Source: Hydrological yearbooks of RHMS of Serbia, 1965 — 2014)

In the observed period, watery years occurred at least on the profiles of Batrage and
Usce (six times), than on profile Raska (eight times), on profiles Jasika and Arilje (nine
times), on the profiles Brus and Biljanovac (ten times), on the profile Pozega (11 times)
and the most on the Loptanica profile (twelve times). Watery years had the greatest share
in the time series, while there were significantly fewer very watery years. The fact that
there was little catastrophic watery years on every researched profile, coincides with the
general decreasing trends of the flow values, for all flows in Serbia. Their largest number
has been noticed on the Pozega profile (3 times - 1970, 1975 and 2014) and profiles of
Batrage and Raska (2 times - on the first - 1976 and 1979, and on the second - in 1977 and

1999).

The share of the drought years is in the balance with share of the watery years on the
Batrage profile (11.6%). For other profiles, the number of drought years, in a wider sense,
is lower in relation to the watery ones, except on the Brus profile (where we can notice one
additional drought year) and the profile of Us¢e (with even three additional drought
years). A very/catastrophic drought year has been noticed on two profiles - Biljanovac
(2011) and Usce (1990) (Tab. 4).
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Tab. 4. Numerical and percentage share of years by water richness on other researched profiles

(1965-2014)

Profile Pozega Arilje Lopatnica Rasgka Biljanovac Usce
Rank Y % Y % Y % Y % Y % Y %
Very dry - - - - 1 2 1 2
Dry 8 16 6 12 10 20 7 14 6 12 8 16
Medium watery | 31 | 62 | 35 | 70 | 28 56 | 35 | 70 | 33 66 35 | 70
Watery 8 16 8 16 11 22 6 12 9 18 5 10
Very watery 3 6 1 2 1 2 2 4 1 2 1 2
Summary 50 | 100 | 50 | 100 | 50 | 100 | 50 | 100 | 50 | 100 | 50 | 100

Source: Hydrological yearbooks of RHMS of Serbia, 1965 — 2014)

Based on the classification of years by water richness, the following conclusions may
be drawn:

e  The difference in the proportion of all ranks is not expressed among profiles,
which indicates that there is an agreement in terms of the number of years
according to the characteristics of their values, i.e. it can be concluded that there
is a certain cycle of chronological replacement of dry and wet periods on the
entire surface of the basin;

e In the upper flows of the rivers (Zapadna Morava, Ibar, Rasina), the number of
years with medium and large waters is higher compared to the lower flows -
which is a consequence of higher precipitation in mountainous areas of the
basins, as well as reduced anthropogenic activity;

e The years that have been distinguished as very watery in some basins are in a
positive correlation with the high average annual precipitation that has occurred
in those years.

Conclusion

Studying the changes of series of hydrological data in a long time series, and the
observation of trends, are significant data for the consideration of the global state of
wateriness in the river basin of a particular river. In this research, the values of the mean
annual discharges of the rivers in the Zapadna Morava River basin have been used as a
basic hydrological indicator. By non-parametric tests, it has been shown that most rivers
are characterized by a slightly decreasing flow discharge (about 50% of the profiles),
which is in accordance with the majority of the rivers of central and southern Serbia. On
only two profiles, the change that took place was significant, i.e. there was a more
intensive decline in the flow rate in the period 1965 - 2014: Batrage (-4.09 m3/s) and Brus
(-1.99 m3/s). The factors that influence the decreasing trends the most are: climatic
(amount of precipitation and annual temperature) and anthropogenic factors.

Based on the applied tests and methods, it has been established that the water level of
the Zapadna Morava River is decreasing. The point of change in the main annual
discharge values, on the most hydrological profiles, has been noticed at the beginning of
the eighties (from 1980 to 1984), which coincides with the reduction of annual
precipitation. The high degree of determination coefficient, on most of the examined
profiles, indicates that changes in flow values are caused by changes in the amount of
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precipitation. According to all this, the knowledge of the change in the annual discharge
value is significant because it helps us perceive the state of wateriness on the entire
surface of the basin. Further research must include, first of all, an analysis of seasonal
flow trends in order to determine an exact season when there was a major
decrease/increase of discharge values, as well as, a more complete analysis of the factors
that have influenced this state.
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TPEH/1I0OBU CPEAIBLUX I'OJJUIIIBUX ITPOTHUIIAJA PEKAY
C/INBY 3AITA/IHE MOPABE

Ancrpakr: Cius 3anasne Mopase 3axBata MOBPIIMHY 07 15850 km2, omHOCHO 0KO 18%
Teputopuje PemyOiuke CpOuje. Y IHEHOM CJIHBY PErHCTPOBaHO je 38 axKTUBHHX
NMOBPUIMHCKHUX XWUIPOJIOMIKKUX craHuna. [up oBor pasa je aHaauM3a TpeHJI0Ba
CPeerOIUIIIBbUX IPOTHIAja peKa y cyIUBY 3anaHe Mopase, IbUXOBO YOUABAE Y AYKUM
BPEMEHCKUM cepHjaMa 1 ofjpeliBambe IhUXOBOT HHTEH3UTETa. 32 BDEMEHCKY CEepHUjy y3€T je
TeZieceToroAnIIkY epuofi (1965-2014). 360T HENOCTOjakba €MIHUPUjCKUX II0/IaTaKa O
BPEAHOCTHMA CPEI-ETO/IUIIHFUX IPOTHIAja HA CBUM CTAaHWIIAMAa 3a JIJaTH MepHoj, 6poj
XHUIPOJIOIIKKX cTaHWIA obpaljeHHX y oBOM pajy cBezleH je Ha 21. 3a yodaBame TpeHJA
kopuirhen je Mann-Kendall Tecr, 3a oneHy kpuBuHe Haruba jrHeapHOT TpeHga CeHOoB
TECT, JIOK je 3a yTBphuBame mpejoMHe Tauke mpoMeHe Kopuihen Pettitt's Tecr. ¥ pajy je
WU3BPIIEHO U paHTHParbe FOANHA [0 BOAHOCTH PaJIi I€TEPMHUHICAbA BIQKHUX U CYIITHUX
nepuojia. 3a moTpebe U3/[Bajarma Cpefithe BOAHUX, CYIITHUX U BOJHUX TONHA KOpHIITheH je
KOMOWHOBAHM METOJ, HA IIPUMepy I0JjaTaka pelpe3eHTAaTHBHUX CTaHUIA y ciauBy. Ha
ocHOBY obpaljeHux nozaraka u no6ujeHux pesyarara yrepheHo je na Behuny peka y ciuBy
3anaznne Mopase kapakrepuiiie 6;1aro omnazajyhu TpeH 7 BpeIHOCTH MIPOTUIIAja, IPU YEMY
perucTpoBaHa MpoMeHa TpeH/a Huje 3HavajHa. Koy BehuHe peuHux TOKOBa, 10 IpoMeHe
BPEHOCTH IIPOTHIAja JOLLIO je MOYeTKOM 80-HX TOAMHA MpouuIor Beka. Ha Benmkom
6pojy mpodwuia moceOHO BOJHU IIEPHOZ HACTYIIHMO je IOYEeTKOM 80-UX TOAMHA, JIOK je
BeOMa CyIIIHU KapaKTEPUCTHYAH 3a [EPUoJ] 1990-1994.

K/byune peuun: TpeHn, 3amazxa Mopasa, Mann-Kendall Tect, BozHOCT, paHruparbe
TOIMHA TI0 BOJTHOCTH

t mlangovic@gef.bg.ac.rs (ayrop 3a KOpeclOHEHIIH]Y)
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JeqHy o7 TOCEOHO aKTyeJIHHMX CBETCKHX M HAyYHUX TeMa, IOCIEIIbHX JEleHU]ja, Mpel-
CTaB/ba JIOCTYIIHOCT, KOJIMYMHA K KBAJINTET BOJAHHUX pecypca. BpojHu mpobiemy,
I7100aJTHOT KapaKTepa, jaBJbajy ce Y BE3H ca BOAHUM PECYPCHMA: Ca je/IHE CTPAHE CBe je
Behu 6poj KpTaBa U MaTepUjasiHE IITETE KOje Y3POKYjy €KCTpEMHE IIOIIaBe, a ca JApyre
CTpaHe YBEK aKTyeJTHO U OTBOPEHO IUTake: "Jla I uMa JOBOJFHO BOJIE 32 YKYIIHY CBETCKY
momynanujy?” (Kovalevié-Majkic & UroSev, 2014). Karactpodanne mnomiase y
ompehenum penoBuMa cBera, mpaheHe AYrUM U TEIIKUM CyllaMa, IOCTIERUIE CY
BapujabMIHOCTH KIUMATCKUX ejeMeHaTa U (akTopa, ain U cBe Beher aHTPOIOTEHOT
JlejcTBa U AaHTPOIO-TIPECHje CTAHOBHUILTBA HA IPHUPOHO OKPYIKEHE U JKUBOTHHU IIPOCTOP
(Yazid & Humphries, 2015).

ITocMmatpatbe 1 youaBame [MpoMeHa Y AYKUM XUZPOJIOUIKUM BPEMEHCKUM CepHjaMa
je BayKHO 3a HayYHa U IPAKTUYHA ncTpakuBama (Liang & Liu, 2014), moce6HO 3a oTpebe
pelllaBamba BOJOIIPUBPEAHUX IIPOOIEMa, IIPOjeKTOBame objeKaTa BOJOIPUBPENE, KOPHU-
uthey Bozia UTA. Y XUAPOJIOMIKUM aHAIM3aMa, IPUJINKOM KOpHIIhema BPEMEHCKUX
cepuja mojaraka, Hajuenrhe ce MOpajy MCIYHUTH TPH IPETIOCTaBKE: /] TOCTOjU XOMOTe-
HOCT, CTAllHIOHAPHOCT U HE3aBUCHOCT BpEMEHCKUX cepuja (Jeneiova u ap., 2014).

Cpenmu roguiibu npotunaj (Qsr), ka0 OCHOBHU IOKa3aTesb MPOyYaBamkha BOJHUX
pEeXXMMa pEYHHX TOKOBA, IPE/CTaB/ha IJIABHM HHUKATOP KOpHUIMheH paju yodaBarba
TPEHJI0BA PEYHUX PEXHMMa y AYTOPOYHOM BPEMEHCKOM mepuoxy. OcuM pasmaTpara o0
MPUCYTHOCTH M 3HAYAJHOCTH TPEHAA, Y PAAY CY aHAIM3UPAHU U BUIIETOAUIIN BOOHU U
CYLIHH IUKIyCH. AHajn3a je CIPOBeAEHA HAJA BPEAHOCTHMA CPEIUX TOLUIIUX
MPOTHIAja peka y cauBy 3anaiae Mopase 3a mepuo/i o/ 50 roauHa (1965-2014). Pag numa
3a LW [ja IPHKAXKe: /14 je BpeMEHCKY HHTEPBAJ jaKO Ba)KaH YMHIUIALL 33 aHAJIU3Y TPEH/IA
(Stojkovi¢ u ap., 2014), 3aTM IPOMEHE KOje Cy C€ Yy OKBHUPY CepHja MOTOAUJE, Kao U
Y3/1Bajare TAYHUX FOAMHA IIPOMEHE.

TpeH/| CPeEbETOMUIITELUX IIPOTHUIAja KCTPAKUBAH je Y MHOTUM CBETCKUM U JJoMahum
CTyAMjaMa, aJld MeTO/I0JIOTHja Koja je IPpUMEemhHBaHa je Pa3INYUTa, Te CTOTa MOXKe UMaTH
3HauajaH yTUIAj HA IOHOIIEEe 3aK/byuaka. MeTome KopulitheHe y pajy mpernopydeHe cy
orn OpojHUX cBeTCKUX ayTopa: Gao u zip., 2011; Meysam u zip., 2012; Jeneiova u zip., 2014
uty. CTaTHCTHYKA aHAJIM3a TPEH/I0BA CPEIHETOIUIIHIX U CE30HCKHUX MPOTUIlaja Ouiia je
TpeMeT MHOTHX XHUIPOJIOIIKKMX IIpoydyaBara Koz Hac: Jymuh u ap., 2006; Mycradwuh,
2012; CrojkoBuh u 1p., 2014; KoBaueBuh-Majkuh & VYpoiues, 2014; Bokuh, 2015;
Cumuh, 2016, uts,.

Marepujas 1 METOAH

CnuB 3anamae MopaBe 3axBaTa HOBpIINHY of 15850 km2. Ha ceBepy ce rpanmuu ca
cuBoM KosyGape, Ha 3amazny ca cimBoM peke /IpuHe, Ha jyry ca cimBoM besor [Ipuma,
JIOK ce Ha UCTOKy Hacjama Ha cyuBoBe Besnmke u JykHe Mopase. 3anmangna Mopasa
IpesicTaBjba JIEBY cacTaBHUIY Besmke Mopase, a HacTaje criajartbeM hBerume u Tomujcke
Mopasure y IToxemkoj KOJIMHE, HA HAZIMOPCKOj BUCHHU o7, 302 m. Of Tor Mecra /10
ctaBe ca Jy:kHoM MopaBoMm gyrauka je 210 km. 3anagna MopaBa nmpuma BeJHKH 6pOj
MPUTOKA, TToceOHO ca iecHe crpane: M6ap (8059 km2), Pacuna (981 km2), Bjenuna (376
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km?) wutn. Ca seBe crpane mputuuy joj I'pyxa (622 km?2), Yemepnumna (625 km?),
Kamenwuna uty. (Faspuiosuh & dykuh, 2002).

VY cnuBy 3amasHe MopaBe perucTpoBaHO je 38 aKTHBHUX XHAPOJIOMIKUX CTAHUIA
MOBPIIMHCKHUX BoZa. MehyTtum, 300r HemocTojarba E€MIHPHjCKUX II0JIaTaKa 3a Y3€TH
BpPEeMEHCKH HHU3 0]1 50 roauHa (1965-2014), KOpUIThEeHH Cy TOAAIHA ca 21 XUPOJIOIIKE
cranure (mobujeHn n3 XuApOJOWKUX rogumrmaka PXM3 Cpbuje) - mpodun Jacuka (1)
(Bamamna Mopasa), npobwin bBartpare (2) (Pubapuhe)?, Pamka (3), Ymhe (4) u
Jlonatuuna (5) (M6ap), npobunin Hosu Ilazap (6) u Pamika (7) (Pamka), mpoduin
Mnanua (8), Hesuhu (9) m Yuthe (10) (Crymenuna), npodwn bBumanosam (11)
(Jomranuna), mpodun Boryroary (12) (Jlomatauia), npodpun Pubnuna (13) (Pubuuma),
npodwun IMoxkera (14) (Ckpamnex), mpodun Apube (15) (Tonujcka Mopasuiia), mpodua
I'yua (16) (bjenuna), mpodun IlpujeBop (17) (Kamenuma), mpodun Ilpessuna (18)
(Yemepnuria), npodun I'ybepesar (19) (I'pyxa) u nmpoduiu Bpyc (20) u Buposse (21)
(Pacuna) (Ci. 1).

Ca. 1. Caue 3anadue Mopase ca 03HaveHuM XuOpOAOWKUM CMAHUYAMA Yuju ¢y nodayu
xopuwhenu y pady (cmp. 21)

3a yTBphHuBame IOCTOjalba TPEeHJla MPOMEHe BPETHOCTH IPOTHIlaja KOpUIIheH je
Mann-Kendall mecm, Ha KoMe Cy 3aCHOBaHe MHOTe aHAJIU3€e TPEHA METEOPOJIOIIKUX U
xuaposomkux mapamerapa (Douglas, 2000; Blain, 2016; Sun u ap., 2016). OBaj TecT je
HellapaMeTapCKH, OZHOCHO He 3aXTeBa Jia Mojall Oy[y HOPMAaJIHO AUCTPUOYHpAaHU, U
3aCHHUBA Ce Ha mopeljerby CBUX Mo/laTaKa y BPEMEHCKO] CEPHjH ca MoJAIiMa KOju CIIee Y
Bpemeny (Kendall, 1962). Peu je o TecTy Koju uaeHTH(]HKyje TPeHJ HU3a HA OCHOBY
mopeljerba pesIATHBHUX MAarHUTYAA IPOMEHE IIO/IaTaKa. YKOJIUKO Ce IOKaxe Ja je
BPEIHOCT TPEHZla Marba O O, TaJla Y BPEMEHCKO] CEpPHjU IOCTOju omamajyhu TpewHz, a
VKOJIMKO je BpemHOCT TpeHza Beha ox 0, koHcraTtoBaH je pactyhu tpena (Yue & Wang,
2004). Mann- Kendall Tect mosia3u oj; IpeTIiocTaBKe fia Cy BpEMEHCKe CepHje He3aBUCHE
(Mustafi¢, 2012). Mehyrum, y MHOTUM cCIy4ajeBuMa, [ellaBa Ce [Ja TOIUIIEbE CEPHje
MPOTHIAja Taj YCIOB HE UCITYHaBajy.

Hynra xunoreza Mann-Kendall Tecra je mocraB/beHa IIOJ] IIPETIIOCTABKOM Ja y
BPEMEHCKO] CEepHjU HeMa MOHOTOHOT TPEH/A. 3a TeCTUpaibe HyJITE XUIIOTE3e KOPHUCTH Ce
koHTpostHa cratuctuka (Kendall, 1962). Ykosuko je BpenHocT Z (HMBO 3Ha4ajHOCTH) Beha
ox 1,96 (IITO oxroBapa mpary 3HA4ajHOCTH OF 0,05), 3aK/bY4yjeMO Ja Y BPEMEHCKOj
Cepuju MOCTOjU MOHOTOHH TPEHJI, a Y CYIPOTHOM YKOJIMKO je Marmba BPEIHOCT, TPEH/| He
MOCTOjH. AHAJIM3a TPEHAA MOXKE YeCTO Ja JOBeJle 0 IOrPENIHOr 3aKJbydka 360r
HECTAIIIOHADHOCTH BPEMEHCKUX CEPHja, OZHOCHO 360r IOCTOjarba BUIIETOAMIIEHIX
BOJHUX U CyIIHUX ITUKIIyca y cepujama. VI3 Tor passiora HEOIIXOZHO je 3a OLeHYy TPeHAA
Y3€TH HEKOJINKO IIyHUX ITUKJIyca BpeMeHCKe cepHje Kako Ou TpeH]| 610 penpe3eHTaTHBaH
(Stojkovi¢ u np., 2014). Sen estimate mwiam CeHOB TecT IpolleHE HaM oMmoryhasa
TpouekrBambe KpuBuHe (Haruba) kpuse yimHeapHOT TpeHaa (Hannaford & Buys, 2012).
Bpegnocr CeHoBOr IIOKasaTesha IIPENCTaB/bA IIPOCEYAH IIOPACT/Iaj], BPESHOCTH
CPeETOUIIHUX IPOTULIA]jA.

2 J1o 1979. ToANHE XUAPOJIOLIKA CTAHUIIA Ce HAJIla3WIa y atapy Hacesba Pubapuhe, a HakoH U3rpaze
akymynanuje I'asuosie Ha HI6py, HoBa cranuna 'bBarpare” ormouena je ca pajom 1980. ropuHe
HelTo y3Boguuje. Ilozamu ca obe cTaHUIlE Cy CIOjeHe y jeIHy BPEMEHCKY CepHjy, jep Cy pasyuke y
JIOTOKY ¥ IIPOTOKY BOJIE 3aHEMAapJbUBE.
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Onpehene cratuctuuke Merozne OaBe ce ofpehuBambeM Tayaka MpOMeHa y HEKO]j
BPEMEHCKO] cepuju. ¥ OBOM pajly KOpHIIheH je joIl jelaH HemapaMeTapCKd TeCT —
Pettitt’s mecm. TectoM ce oznpeljyje curnubukaHTHA IpOMeHa y HU3Y mojiaTaka. Ped je o
Bep3uju Hemapamerapckor Mann—Whitney Ttecta (Gu wu gp., 2016). TecroBu
XOMOreHoCTH, Mel)y KojuMa ce Hayasu u Pettitt’s test mokasyjy /a ¢y mopamy XOMOTeHU U
Jla ce MOTy W/IeHTH()DUKOBATH 3HAUYAjJHE TauKe IPEKHU/IA Y CEPUjHU ITO/jaTaKa.

V reorpadcKuM ¥ XUAPOJIOIIKUM HCTPAXKUBAIbUMa BOJAHUX PEXXHMa W TPEHO0Ba
BaOXKaH MeTOx je Paueupawe 2o00uHa no @odHocmu, KOjU HaM yKasdyje Ha TpeHZ Y
BUILIETO/IMIIEEM PEKUMY BOIHOCTH jeZTHOT ToKa. Ha 0CHOBY TpeH/1a JOMUHAHTHOT TOKA Y
CJIUBY, MOKEMO YTBPAMTHA W BOJHOCT IIEJIOKYIIHOT CJIMBA WJIM MamUX CyOCIUBOBA, a
3aTHM HU3/[BOJUTH TOJMHE WM BPEMEHCKE HU30BE KOJU Cy CE€ OJIMKOBAJIHN CPEAHUM
BO/IaMa, BOAHMM WJIM CYIIIHMM, BEOMa BOJAHHUM WIM CYIIHMM M KaTacTpO(MasHO BOAHUM
WIN CyIIHUM Boiama. Y cauBy 3amagHe MopaBe IOCTOjU Kojiebarbe BPEeTHOCTH
MPOTHIIAja Ha TOAMIIELEM HUBOY. IIpema ToMe, jeZlaH 0/ BAKHUJUX 3a/jaTaka OBOT PaJia je
Jla ce BUIM U KOJIUKO TOUIIEGE BPEAHOCTH IIPOTHUIIAja OMCTYIAjy OJf HEKE IIPOCEYHE,
OYEeKHUBaHe BPEJHOCTU, OHOCHO IOTPEOHO je YTBPJUTHU Jia JIK ce uelrhe jaBibajy Marbe
BOZ[HE WJIM BHIIIE BOJAHE TOAMHE U Koje cy uspaskenuje (Boxuh, 2015). IlocraBba ce
MHUTalbe KaKO U3BPIIMTHA PAHTHPabe FOAMHA [IPeMa BOAHOCTH Y TOKY HEKOT BPEMEHCKOT
mepuosia. Y Ty CBPXY e MOKE IMPUMEHUTH BHIIE PACIIOZiesia Off KOjUX Cy Hajlo3HaTHje:
Gumbel, GEV, Person type, Streamflow Drough Index (SDI), koMOGMHOBaHU METOJ
(kopurrheH y pajzy) ¥ IpyTH.

Pe3yJjTaTu U AUCKyCHja

3a yrBphuBame mOCTOjarba TPEHAA CPEAHMX TOAMINIbUX MPOTHIAja KopuirheH je
Hemapamerapcku Mann-Kendall mecm. On 21 ucTpaskMBaHE XUPOJIOIIKE CTAHWIE Y
cnuBy 3anagHe MopaBe, TOpacT TPeH/A CPEIbUX TOJUIIBUX MPOTUIIja, 3a0eJIeKeH je
Ko/ 19,05% mpoduiia (4 craHuile), JOK je maj TpeHaa youeH koj 76,19% npoduna (16
cranuna). Ilag TpeHZa BpPEAHOCTH IWIPOTHIIAja KOjU HHje CTATUCTHYKUA 3HAYajaH
KOHCTaTOBaH je Ha 66,7% mnpodwuia, 0K je mopacT 6e3 CTATUCTHUYKE 3HAYAJHOCTH
MPUCYTaH HAa CBUM NMPOQIINMA HA KOjUMa je U perucTpoBaH. Ocranux 9,5%, OJJHOCHO JIBe
CTaHUIIE, OJIJIUKYjy Ce CTATUCTHYKU 3HAYajHUM 1aJ0M TpeHa. Ha jenHoj cranunu (4,8%)
yTBpleHa je CTarHaHTHOCT Y TPEH/Y, OAHOCHO HUje OMJIO IpOMeHe BPEIHOCTH MIPOTHUIaja
y IIpOy4aBaHO] BPEMEHCKO] cepuju. Pe3ysnTaTH Tecra cy IOKa3ald Jia HAa HHUBOY
CPeJETOIUIIHUX BPETHOCTH, IIPOTUIAj UMa JOMHHAHTAH TPEHJ ONaJarka, IITO je Y
carJIacHOCTH ca BehmHOM TOKoBa Ha mpocropy Cpbouje.

Ananmuzupajyhu 1o MamuM LejlnHaMma, cybciIrBOBHMMA, youdaBajy ce onpeheHe
pasjimKe y JOMHHAHTHOCTU pacTyhux win omaznajyhux TpeHzoBa mpoTuiaja. Ha peru
Wbap, Ha npodunma Pamka, Yirhe 1 JlonaTHHIIA, KOHCTaTOBAH je 6J1ar TPeH| ONaamha,
JIOK je Ha mpodwiry barpare TpeHx HeITO W3pakeHHjH. IIpocedHa cTOma CMamema
HU3HOCHU 0 0,001 m3/s/god Ha mpodwry JlomatHuna, o 0,12 m3/s/god Ha npodury
Pamka. Ha npodwry Barpare HHBO CUTHU(DHUKAHTHOCTH H3HOCH 0,001 (0,1%) mITO
yKasyje Ha BUCOKy curHudukantHoct. Ha npodrty Barpare Z numa BpegHOCT — 4,09, IITO
yKadyje Ha 3HAYajaH TpEeHJ, ONaJama BPEAHOCTH IIPOTHUIAja, HA JAaTOM IIpary
3HAYajHOCTH.
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Tab. 1. Peayamamu Mann-Kendall mecma 3a odabpatre cmanuye y caugy 3anadxe Mopase

(1965-2014)
Qsr Z- B — Cenosa o — HHBO
Tpocun Pexa (ms3/s) BpeAHOCT IIpoLieHa 3HA4YajHOCTU
TpeH/A
1. Jacuka 3. Mopasa 101,6 -1,06 -0,276 -
2. Barpare 8,55 -4,09 -0,122 FEE
3. Pamka 37,52 -0,93 -0,12 -
4. Yurhe H6ap 43,33 -0,76 -0,08 -
5. JlonaTHUIIA 54,22 -0,04 -0,001 -
6. Hosu ITazap Pamxa 4,01 -0,44 -0,004 -
7. Pamka 7,27 0,70 0,014 -
8. BuspaHoBaig JomaHuna 3,38 -1,11 -0,008 -
9. Hesuhu 2,02 -1,05 -0,007 -
10. | Muanua Crynennna 4,78 -0,27 -0,004 -
11. | Ymrhe 7,01 -0,09 -0,001 -
12. | BoryroBarg JlonaTHHUIIA 1,89 -0,50 -0,003 -
13. | PubHwuia PubHuna 1,38 0,95 0,003 -
14. | IToxera Ckpanex 4,68 -1,52 -0,025 -
15. | Apwmbe I'. MopaBuna 10,57 -0,87 -0,026 -
16. | I'yua Bjesnnna 2,32 -0,02 -0,001 -
17. | IpujeBop Kamenuna 1,91 0,02 0,001 -
18. | IIpespuHa YemepHuna 3,95 0,57 0,007 -
19. | T'ybepeBan Tpyxa 1,37 0,00 0,00 -
20. | Bpyc Pacuma 2,38 -1,99 -0,015 *
21. | buBospe 7,24 -0,83 0,021 -

(Xuzposnouku rogumbanu PXM3 Cpbuje, 1965 — 2014)
#¥* - HMBO 3HAYajHOCTU OZ 0,001 (0,1%); * - HUBO 3HAYAJHOCTU O] 0,5 (YMEpeHa CTAaTHUCTUYKA
3HAYAjJHOCT); - O3HAYaBa HUBO 3HA4YajHOCTH Behu 07 0,1 Tj. He yKa3yje Ha MKAKBY CUTHHU(UKAHTHOCT
y IPOMEHH Iapamerpa

3a yrBphuBarbe CKIaHOCTH u3Mel)y pesysiTaTa HCIUTHBaba TPEH/IA HA poduInma
peke Mbap ca AyropouHMM IpOMEHaMa CPENIETOAMIIIGUX MPOTHIAja y IEJIOM CIIUBY,
WCIUTHUBAHU Cy TPEHIOBY Ha mpodwinMa meroux Behux npuroka. Ha 75% npodwuna y
cuBy VOpa KOHCTATOBaH je TPeH] Olajjarba ca MPOCEYHOM CTOIIOM CMarbera off 0,003
m3/s/god Ha mpoduy Boryrosar, 70 0,008 m3/s/god Ha mpoduny BupaHosal, IITO
yKasyje /a ce paau o 6JaruM TPeHJ0BMMa omajara. Ha 1Ba nmpoduiia ¢y KOHCTATOBaHU
0JIaKU TPEHIOBU MOPACTa BPEIHOCTH IIPOTUIAja — ¥ J0MeM TOKy peke Parke (mpodwut
Pamka) ox 0,7 ¥ Ha CpefitbeM TOKy peke PubHuie (mpodun PubHuna) ca BpegHouhy of
0,95. IIpoceune roaMise CTONE IOpacTa UMaje Cy BpemHocT uaMmelly 0,003 u 0,014
m3/s/god. CBe perucrpoBaHe TpOMeHe TpeHJa y CIUBy peke Mb6ap, He TNOKa3syjy
curHUGUKAHTHOCT HHU Ha jeJHOM HUBOY, OJHOCHO 3HAYajHOCT je AeduHHCcaHA ca
BpenHouhy a > 0,1.

Ocratak ciuBa 3amaane MopaBe mokasyje clnyHe TPeH0Be Kao U cydoctus H6pa.
Ha Bume ox mosnoBuHe mpodmia (66,2%) 3abenerxkeH je Onaku maj TpeHZa, ca
MUHUMAaJIHUM BpefHOcTHMAa Ha mpodminma I'yua (Bjenuma) u Apwne (Tonmjcka
Mopaguiia), u ca HelTo Behum BpemHoctuMa Ha penu Ckpamex (-1,52) B CaMOM TOKY
3amasue Mopase (-1,06). Ha mpodwinma JseBux mnputoka 3amagne Mopase
perucTpoBaHu cy 6yiaru TpeHA0BU Iopacrta BpenHoctd - nmpodui IIpujesop (Kamenuna)
ca MPOCEYHHUM TOAMIILUM TOpacToM of 0,001 m3/s/god u Ilpessuua (UemepHuia) ca
MPOCEYHNM TOAMIIEBLUM TIopacToM o7 0,007 m3/s/god. Ha mpoduiy 'ybepesar Ha peiu
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I'pyku perucTpoBaH je CTarHAHTAaH TUII TPEHAA, OAHOCHO Z nMa BpeaHocT 0. Kao jenan ox
pasjiora TIojaBe CTarHAHTHOT THIIA, jecTe U pPETYJIHCAame IPOTOKA BOZE PEKOM,
HCOYIITalheM BOZle W3 akymyaanuje I[pyka, YuMe ce HAJOMeEIITaBa €BEHTYaJIHO
cMameme. OIIITH 3aK/bydak je Jia JieBe HpuToke 3. MopaBe, MOKa3yjy COJIMJIAH HUBO
CTaOMITHOCTH Ka/ia Cy Y IUTaky BPeHOCTH npotunaja. O CBUX OCTAIUX MPOodIUIa jeAHO
Ha Penn Pacunu (Bpyc) mocroju ymepeHa 3Ha4ajHOCT HA HUBOY 0,05, IIITO 03HAYABA /1A Y
OKBHUDY BpPEMEHCKE cepHje O/ 50 TOJUHA, HOCTOjH CTATUCTUYKHM 3HAYAJHO CMAaMEeHhe
TpeH/1a IPOoTHUIIaja.

JlyropouHe mpomeHe TpeH/ja rpaduyKy Cy mpecTaB/beHe 3a ofabpane mpoduie Ha
Cin. 2. Ha ocHOBY BpeZHOCTH TpeH[1a, AobujeHor momohy Mann-Kendall Tecra usBpiena
je xiacuduKamnmja TpPeHJ0Ba Ha IEeT KaTeropuja: u3pasurto omazajyhu Tpewz, 6s1aro
omnazajyhu TpeHs1, CTaTHAHTHH TPeH, 6J1aro pactyhu TpeH A U U3pa3uTo pacTyhu TpeHs.

ToTOBO CTarHAHTAaH TPEH/I PETMCTPOBAH je Ha /iBa npodwia (9,52% - 2 craHule) — Ha
npodwy Jlonatuuna (Ci. 2a) u I'ybepepan. Hajopojuujy rpyiy unHe peke ca 6jaro
omazajyhuM TpeHIOM KojuMa mpumaza 52,38% mpoduia (11 craHuia), ca TPUMEPOM
npodwia Yiurhe Ha peru M6ap (Ci. 26). Y rpymy peka ca U3pa3uTo omajiajyhum TpeH oM
craga 19,05% mnpoduna (4 cramHuie), of KOjUX je IOJOBHHA CaMO CTAaTHUCTUYKH
curaudukauTHo — Hip. mpodun Barpare (Cia. 2B). 'pymy 6Gsiaro pacryhux TpeHmoBa
cavyrbaBa OKo 19,05% ucnutanux npoduia (4 cranuie) — Hip. npodunu [Ipessuna (Ci.
2r) u PubHuIa Ha KOjuMa je 3abeJierkeH HajBUIIN TPEH/ IOPacTa Off CBUX UCTPAKUBAHUX
peka u cranuna. ['pyma u3paswro pacTyhux TpeHOBA HUje PErMCTPOBAHA Y OKBHUDY
WCTPAKMBAUKKX CTAHUIIA Y CIMBY 3anazHe Mopase 3a IOCMaTPaH! IEPHO/.

Ca. 2. — I'paguuxu npuxa3 cmasnaumuoe (a), 6aazo onadajyhee (6), uspasumo onadajyhee (8) u
6aaz0 pacmyhee mpenoa (2) (cmp. 25)

Pettitt’s mecmom oxpehene cy curHupuKaHTHE NMPOMEHE y HU3Y IofaTaka, OHZA
Kaza Huje jacHo oxmpeljeHa Tauka mpomene. Tecrom cy yTBphleHe Tauke IpoMeHa y
mocMaTpaHOM IEPHOAY Of 50 TOAWHA, a Ha caMo JBa mpodwuaa ca 3Hauajuomrhy. Ha
npodwty BaTtpare, kao Tauka mpoMeHe, je u3/BOjeHAa 1981. roJvHA, Ka/ia je AOILIO 0
HeraTuBHe mnpoMeHe (maza y TtpeHay). C 003uMpoM Ha 4YHEHHUIy Ja je HHUBO
CUTHU(HUKAHTHOCTH MamU Of 0,05, MPUXBaTa Ce aJTEPHATHBHA XHUIIOTE3a M MOXKE ce
3aKJBYYUTH Jla [OCMAaTpaHe BpPEMEHCKe cepuje Hucy xomoreHe. HakoH 1981. rogune
JIOIILJIO je 10 CMakberha BPETHOCTH MPOTHIAja 3a TOTOBO 50%.

Ca. 3. — I'padpuuxu npuxka3 mpenda u mauke npeaoma 3a 0ea usabpava npoguaa (cmp. 25)

Cnuuas TpeH[ je 3abesiexxeH u Ha podwiay Bpyc rie je HUBO 3Ha4ajHOCTH Takohe
HMao BPEZHOCT HCHOZ 0,05, 2 Kao IpeJiOMHA roAnHa u3JaBojeHa je 1981. Ilpe Tauke
IIPOMEHe, IPOCeYHA BPEAHOCT CPeJber FOAUIIbEr IPOTHIIaja U3HOCHIA je 2,869 m3/s,
JIOK je HAaKOH IIPOMEHe BpEeIHOCT u3HOcwiIa 2,138 m3/s. Ha Cn. 3 rpabuukm cy
TIpEe/ICTaB/beHN HU30BU KOjU HUCY XOMOTEeHH, a Takol)e M3/[BOjeHe Cy U IPEJIOMHE TauKe
Ha oba mpodrra.

Ha cBum ocramum mnpodrunma, yTBpheHe cy Tauke IpPOMEHE HAKOH KOjUX je
VCIEAWIO CMaberhe WIN IOPACT CPEeNIbUX BPEIHOCTH BPEZHOCTH mpoTtunaja. Huso
curHU(UKAHTHOCTA MMa BpeIHOCT Behy o7 0,05, ITO yKa3yje Ha TO /ia IPOMEHe HUCY
6uIe CTAaTUCTUYKY 3HA4YajHe, a 1a Cy ToCMaTpaHe BpeMeHCKe Cceprje rOTOBO XOMOreHe. Y
Buile o7, TpehuHe mpodmia (38,1%) kao Tauka IpesoMa je U3JBOjeHa 1981. TOIUHA,
HAaKOH Koje cy y HajBeheMm Opojy ciydajeBa 3abejieXKeHH Ia/I0BU BPEIHOCTU IPOTHUIAja.
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IIpoceuHe TOAUIIbE BPETHOCTH IPOTUIIAja Ce OUEKUBAHO OJIUKY]y TPEHZOM OIaJarbha
BPEAHOCTH, a TaUKe IIPOMEHE TaKBOT TPEH/IA jaBJbajy Ce YIJIABHOM OCaMECETHX TOAMHA

nporwutor Beka (hokuh, 2015).

Tab. 2. — Peaynmamu Pettitt’s mecma 3a odabpaxe cmanuye y causy 3anadte Mopase (1965-2014)

— HUBO Qsr mpe Qsr HaKOH
IIpodun Peka cl;Ianq)H- Ta‘-IKIE)B Tauke Topuna
poMeHe
KAHTHOCTH IIPOMEHEe IIPOMEHEe
1. Jacuka 3. Mopasa 0,095 101,75 - 1987
2. Barpare 0,0001 11,945 6,671 1981
3. Pamka U6ap 0,0898 37,617 - 1981
4. Yurhe 0,1084 43,381 - 1981
5. JlonaTHUIIA 0,3707 54,308 - 1981
6. Hosu ITazap Pamka 0,1410 3,988 - 1982
7. Pamika 0,1227 7,270 - 1995
8. BupaHoBaig JommaHuna 0,0049 3,389 - 2006
9. Jesuhu 0,5207 2,913 - 1989
10. | Mianya Crynenunna 0,7469 4,771 - 1984
11. | Ywrhe 0,4875 7,013 - 1981
12. | Boryrosar JlonmaTHHUIIA 0,6701 1,894 - 1987
13. | Pubnuna PubHuma 0,5528 1,386 - 1994
14. | IToxkera Cxkpanex 0,1445 4,713 - 1986
15. | Apwmbe T'. Mopasuna 0,515 10,53 - 1987
16. | I'yua Bjenuma 0,421 1,312 - 1981
17. | IIpujeBop Kamenuna 0,213 2,142 - 1986
18. | ITpespuHa YemepHuIa 0,7623 3,985 - 1981
19. | I'ybepeBarg I'pyxa 0.414 3,331 - 1986
20. | Bpyc Pacuma 0,0061 2,689 2,138 1981
21. | BuBosbe 0,0934 7,254 - 1982

(Xugposoniku roguiimaiy PXM3 Cpbuje, 1965 — 2014)

DakTOpH KOjU CY YCJIOBIJIM KOJIMYUHY U IIPOTOK BOZE Y PEYHOM KOPHUTY U IHHXOBY
JVHAMHKY Cy: KOJMUYMHA NaJJaBUHA KOja ce M3JIydd Ha IOBPUIMHY CJIHMBA, TeMIlepaTypa
Baszlyxa IpeKo ucrnapasama Bojie (Bypuh u ip., 2012), Harub TepeHa, Te0JIOIIKH CACTaB U
IIe/IOJIONIKY TTOKPHBAY, BETeTAIIMOHN OKPUBAY U aHTponoreHu yrunaju (hokuh, 2015).
MHore cTyauje CJIMYHOT THUIA Ha IpominMa eBpOICKHX peKa IoKazajle cy Ja
BapUjabMIHOCT BPEAHOCTU NIPOTHUIIAja NIpe/icTaBsba Pe3ysTaT aTMocdepcKe IUpKyalyje,
KOja je yTUIlaja Ha paclofiely IaflaBuHa Ha I1aHeTu. OBaj ¢heHOMEeH y3poKyje cMamemne
MaJlaBUHa U CPEIbUX TOAMIIIbUX MPOTHUIAja peka y jyxkHoj EBpomu (Stojkovié u ap.,
2014), IITO ce OIJIe[ila ¥ Y IOMUHAHTHO omnanajyhuM TpeHzoM mpotuiaja peka y Cpouju.
ITpunuKoM UCTpaXKUBamka TPEH/I0BA CPEAHUX TOJUIIHUX U Ce30HCKUX IIPOTUIIaja peKa y
npkaBama Eporre, Stahl u ip. (2010) ykasyjy a TpehuHy ucTpakxuBaHUX peKa YUHE OHE
ca 6iaro onazajyhum (HeraTHBHUM) TPEHZOM. Y CBOM HCTPaKUBAaIy U3/BOJIJIM Cy /1BA
TakBa peruoHa: Illmanuja u jy:xHa PpaHiycka ca jeAHe U LieHTpaJHA U jyrOMCTOYHA
EBporma ca sipyre crpaHe. Benuku 6poj CTyzAvja HOTBPAMIIO je IPETXOHE IPETIIOCTABKE /1A
peke ca HeTaTUBHUM TPEH/IOM BPeIHOCTHU IIPOTHIaja IpHunazaajy cauBy CpeziozeMHOT U
IIpHor MoOpa, [OK OHe Koje Impumnazajy ciuBy CeBepHOr Mopa U ATJIAHTCKOI OKeaHa
6eseske cTarHAHTAH WJIX IIO3UTHBAH TPEHA.

On mperxomHO HamoMeHyTHx (akropa, HajBehu yTHIlaj HA NIPOMEHE BPETHOCTH
poTHIaja y ciuBy 3anasHe MopaBe Ma KOJIMYMHA NTaZIaBUHA, IPEKO CBOT HHTEH3UTETA,
00JIMKA ¥ IUTyBUOMETPHjCKOT peskuMa. Hajuspasutuju u Haj3sHAYAjHUjU TPEH/, IPOMEHE
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BPEAHOCTH CPEAbUX TOAMIIUX IPOTHIAja, Y CIPOBEIEHO] aHAIN3H, 3a0ejIelKeH je Ha
npodwminy Barpare (Pubapuhe) Ha ropmeM ToKy peke Mb6ap. [TocTaspa ce mUTame IITA je
YTULIAJIO Ha CMaberbe BPeHOCTH IMPOTHIAja 0] 4,09 m3/s, 3a mepuoj of 50 roauHa. Jla
06U ce YTBpAMO TavyaH MEPUOJ] MHTEH3UBHOT CMambemha BPEJHOCTH MIPOTHUIAja TECTHPAHU
Cy U 25-OTOIUIIHU IUKIYCH Yy OKBUPY MPOYYABHOT Ieproza of, 50 roguHa. lo jauer
cMarbermha CPEIEbEerOAUIIbUX MPOTUIH]jA IOIILIO je ¥ IPBOM IUKIyCy (1965-1989), mITO ce
MOXKe youuTH u mnocMmarpameM Ci. 2B. C 003UpOM Ha UYHMIbEHHIL Jia je KOJIMYMHA
MaJ]JaBUHA HajBaXKHUjU (HAKTOP KOjU yTHUEe HA IPOMEHEe BPEAHOCTU IIPOTHUIAja, IPOBEPEH
je U omHOC CyMe TOAMINIGUX IAJJABUHA W CPEIIbETOAUIIHUX MPOTUIAja 33 CTAHUILY
Batpare. Kopumnthenu cy momamu ca KHIIIOMEPHHX CTaHUIA KOje Cy JIOIHpaHe y
HajO/IIKeM OKpPYXKeHy, Y CJIUBY TOopwer Toka M6pa, 3a mukiyc 1965-1989: Pubapuhe,
Bpwak u [IpuaBopuna. YTBpheH je BUCOK KoepHUIHjeHT AeTepMuHanuje (mpeko 0,85 3a
crauuny Pubapwuhe), mto mokasyje /ja cy IpoMeHe BPEIHOCTH MPOTHIaja Ha MPOQHIy
BaTtpare ycioB/hbeHe MPOMEHOM y KOJHMYHHM NafaBuHa. Takohe, Mann-Kendall tect
TIpUMEEH je Ha BPEAHOCTU TOAUIIbE KOJUYHHE MajlaBuHA JOOHjeHUX ca CTaHUIEe
Pubapuhe, rze je yrBphena BpeHOCT Z 071 -2,64 U I7ie je IPOCEYHO TOIUIIHE CMAHEHE
BpPEIHOCTH IaJJaBHHA U3HOCUJIO -0,232 mm/god.

Ha gpyroj cTaHHUIM, Ha KOjOj je peruCcTPOBaH 3HAYAjHUJU MaJ] BPETHOCTH IIPOTHIAja,
Bpycy (ua Pacunu), Takohe je yTBpheHa NO3UTHBHA KOpeJallhja ca KOJIUIUHOM
MaJIlaBUHA, 3aXBaJbyjyhu mojanuMa O TOAUIIG0j KOJIMYMHY IaJlaBUHA HA CTAHUIIAMA:
Bpyc, BnajkoBuu u Kpusa Peka koje ce Hanaze y3BozHHje y ciuBy Pacune. Ha cmameme
BPEAHOCTH TPOTHIAja MOpEeA KIUMATCKUX (aKTOpa YTULAIO je U KopHIlhewe Boje
ropmer Toka PacuHe 3a BomocHabneBarbe Hace/ha KomaoHWUYKOr Kpaja (cucrem
MasseBmTuna). BomoBoguu cucrem IlasbeBINTHIA, MOCTOJU O 1971. TOAUHE, AU je
MOYETKOM 80-MX TOAWHA, 3HATHO IPOIIMPEH HPUK/BYYHBAEM K JPYTUX Hacesba
ommTuHe Bpyc Ha cucrem BojocHabzieBama (Kobwbe, IlaspeBiTuiia, aeo Bpyca oko
WHAyCTPHjCKe 30He UTH). Zelenakova u ap. (2012) HaBo/e /1a je Hajuenrhu aHTPOIIOTEHH
Y3POK CMameiha BPeTHOCTH MPOTHIIAja, TOPES U3TPajibe aKyMyJaalija, Kopuiheme Boia
y U3BOPUIIITHMA PeKa 3a MOTpebe BOOCHAOIeBama. PacHOM je y mepuony 1961-1985 y
TPOCEKY TOUIIEbE MPOTEKIIO OKO 1,36 IMyTa BHIE BOJe HEro y mepuoay 1985-2009
(Crpuueswuh, 2015).

Y TOKy Ay»Ker BPEMEHCKOT IIepHOAa IIOCcToje ofpeleHe pasjuke y BPEAHOCTHMA
TMPOTHUIAja HA UCTUM peyHUM mnpoduauMa. Heku peuyHU TOKOBU Cy M3Y3e€THO Goratu
BOJZIOM, ZIOK Cy HCTH TOKOBH OfipeljeHHX TOAMHA jefBa MMalM JOBOJBHO BOZE Jia Ce
TMpeKpHje peyHo KopuTo. V3 Tor pasjora, y XWAPOJOIIKAM H Treorpadckum
IIpoyJaBamUMa KOPHUCTH ce MeToj| PaHeuparse 200uHa no 600HOCMu KOju HaM yKasyje Ha
TPEH/ Y BHUIIETOJUIIEM PEKUMY BOAHOCTU jeIHOT TOKA. 3a MOMEHYTY CBPXY, 3a CBe
obpaljeHe TokoBe (3a Koje MOCTOje EMITUPHUjCKU TOAAIN CPENBbUX TOAUIIBUX IPOTUIAja
3a 50 ToMHA) KopuilheH je KOMOMHOBAHU METOJ, TPUMEIHHUBAH Y MHOTUM CBETCKUM U
momahum cryamjama (Cumwuh, 2016). Ha OCHOBY mpoceuHe TOMAMINEGE BPETHOCTH
MPOTHIIAja 3a IIOCMATPAaHU HU3 U HHErOBEe CTAaHJApHE /eBHjalllje, W3BPIIEHO je
paHTHparbe TOIMHA TI0 BOAHOCTH, TI0 IIPUHITHILY:

Qsr + 8 — cpenmbe BoZHA TOAMHA
Qsr + 28 — BoaHa / CylIHA TOAMHA

Qsr + 38 - Beoma BoziHa / BeoMa CyIlIHa TOAMHA
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3a paHrupame rojiHa 10 BOJHOCTH pa3MarpaH je MepHUoj 1965-2014 Ha HEKOJIUKO
XHIPOJIOIIKUX Mpodmia Koju ce Hamasze y oruBy 3amagHe Mopase u MOpa (Jacuka,
Jlonatuuma, Pamika, Bartpare, BusbanoBan, PuGuuma, Apusbe, Ilokera u Bpyc). Ca
XHCTOTPaMa CpeJllbUX TOAHIIBUX BpenHoctu mportunaja (Cia. 4), Moke ce yOUUTH Aa Cy
HEKe TO/IMHE BeoMa (orare BOZOM, a Apyre cupomaiiHe. 360r BEJUKE MOBPIIHHE KOjy
CJIUB 3axBaTa IIOCTOje perHoHajIHE pasJyiMKe y ToJuHaMa Koje cy Oorare/cupomarliHe
BomoM. Ha mpBoM aHanmaupaHoMm mpodriy Ha penu Mbap — Barpare (Ci. 4a), kao
moce6HO GoraTa BOIOM H3/IBOjeHA je 1976. TOAHHA, Ka/ia je CPeibU TOAUIIbN IPOTUIIR]
HM3HOCHO 19,63 m3/s (2,5 myTta Behu of mpoceuHor 3a mocMaTpaHu mepuoj — 8,55 m3/s),
JIOK je HajMame Gorata BozoM OmWiaa 1991. roAuWHa ca 3,94 m3/s. Ha gpyrom
aHaymusupaHoM mpodwty peke Mbap (Pamika), HajboraTuja BojloM Takohe je O6mta 1976.
roguna (Ci1. 46) (2 myTa BuIlle 0] IPOCEYHE BPEAHOCTH).

Ha npodwuty Jacuka (Ci1. 4B) moce6GHO BofHa 61Ia je 1970. TOAMHA ca BpeqHOCTH Qsr
o711 157,62 m3/s, IOK je HajMama 6orata Omia 1994. roauHa (1,5 IMyTa Mamba OJ IIPOCEUHE).
IToce6HO BoaHa roguna Ha penu Ckpamnesx (Ci1. 4r) je 6una 1975. roguHa (ca BpeJHOCTH
npoTuIaja Aymwio BehuMm oz mpoceure), A0k je Ha peru Pacunu (Ci. 44) To 6mna 1970.
ToJIMHA KaJia cy 3abeJieskeHe HajBuUIlle BpeHOCTH npoTuiaja. Ha nmpoduny Pubnuna (Cir.
47) HajMarbe BOJHA TOAMHA ce IOKJIama ca pekoM M6ap — 1994. rojuHa, jep OHAa
IpeTcTaBjba IMPUTOKY Koja MOpy monocu Behy xonumumny Bojie. 360r BeHKE KOJIUUHHE
MaJlaBUHA y Majy 2014. TOJIMHE, KOja je 3aXBaTujIa CJIUB Jomer V6pa, HajBOTHUja TOAMHA
y ciuBy PubHuIe OGuiia je 2014. TOAWHA, Ka/ia je BPEHOCT CPEIhErOUIIEbET TPOTHIIAja
OuJIa AyIUIO BUINA O IPOCEYHE.

Ha ocHOBY aHaIM3€e XHUCTOTpaMa CBUX UCTPAKUBAHUX MPOdIUIa MOXKe ce 3aK/byUYUTH
Ja cy OpOjHMjH HHXKU IIPOCEUHH MPOTHUIAjU O] OHUX KOJHM Ce Hajla3e W3HAJ IPOCcedHe
BpeHOCTH. Y TPOCEKY 3a cBe IMpoduie, TOKOM HUCIUTHBAHOT IEPHO/A, IIPOTHUIIA] je 610
W3HAJ, MPOCEYHE BPEAHOCTH 22 rofuHe (44%), a ucmoxa mpoceka 28 roguHa (56%).
OBakBM pe3yJaTaTH y CKJIagy Cy ca OIIIITOM TEHJEHIUjoM IojaBe IMpeoraalyjyhe
omaziajyhux TpeHJ0Ba BPEAHOCTH CPENIbUX TOAUIIEGUX IPOTHIAja, yTBpheHHX
MPETXOHUM CTATUCTUYKUM TECTOBHUMA.

Ca. 4. Xucmoepamu cpedrezo00uwirbux gpedHocmu npomuyaja (ms/s) aa odabpare npogune —
Bampaee (a), Pawka (6), Jacuxa (8), Ckpanedc (2), Pubnuya () u bpyc (h)

IIpema BopmHOCTH HajBehm Gpoj roguHa crmasa y Cpefibe BOAHE TOAMHE KO CBHX
IIOCMAaTpaHUX peKa, IITO je CBAKaKO M IIPAaBWJIHOCT KOJ, CBUX TOKOBa y CpOuju
(Ouokospuh, 1994). Mehytum, 360r BesIMUrHE U 00JIUKA CJIUBA, PA3TMUUTHX KIIMMATCKUAX
u TomorpadcKUX ycJIOBa TepeHa jaBipajy ce AMCIporopuuje y Opojy TOAWHA Koje
TIpUIazAjy ofpel)eHoj KaTeropuju.

VY nenom ciuBy 3anagHe MopaBe Haj3acTyIUbEHHje CY CPelbe BOLHE TOJUHE, YBEK
TIpeKo 50% OJl YKYyIHOT Opoja TOMHA, ¢ THM Jia FbUXOBO ydemrhe Bapupa of npodua.
OHe ce jaBipajy y IpOCEKy CBake JApyre roguHe, Ha BeNWHHM HCHUTHBAHUX NpOoduUIia.
HajooMuHaHTHYje Cy cpefiibe TOANHE y TOPIEeM TOKY peke M6ap, Ha nmpodrty barpare —
76,5% u Ha npodunuMa Jacuka, Pamka u buspaHoBarn — 70,6%. Hajmamu yaeo cpenme
BOJIHUX roziHa 3abesiexxeH je Ha npodwry JlonatHumna — 56,9% u Ha mnpodmty Bpyc
(Pacuna) — 58,8%. Hajny»u nepuoj; cpelbUX BOAA Y KOHTHHYUTETY 3abesiekeH je Ha
npodwty Batpare (6ap) ca BpeMeHCKUM TpajambeM O 13 roguHa (1995-2007), Kaja je
cMemeH jeAHOM cymHoM roxuHoM. Hajkpahu mnepuozm mojaBe cpenmux Boaa
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KapaKTEPUCTHYHH Cy 3a ceKTop JIomaTHUIA, TAe Cy Tpajaju HajBUIIE YeTUPH TOJUHE Y
KOHTHHYHUTETY (1964-1967; 1972-1975; 1977-1980).

Tab. 3. Panzupare 200uHa no 600HoCcmMu 3a mpu penpeseHmamugHa npoguna (1965 — 2014)

bp.
Panr Qsr TogumHa rox
, Beowma cymina <1,76 - -
0 Cymraa 1,76-5,15 1985,1990,1993,1994,2008,2011 6
s 1965,1966,1967,1968,1969,1971,1972,
5 a 19§3,19§é197g,198§é198é,1982,1983,
] 1964, 1966,1967,1966,1969,19911992,
E g | Cpemmesomma | 515711,94 1995,1996,1997,1998,1999,2000,2001, 39
2 2002,2003,2004,2005,2006,2007,2009,
a 2010,2012,2013,2014
= Bonna 11,94-15,34 1970,1974,1978 3
Beoma BojiHa >15,34 1976,1979 2
Beoma cymiHa <0,91 - -
1983,1985,1988,1990,1993,1994,1998,
S Cymna 0,91-3,12 2008,2011,2012,2013 1
E o 1965,1966,1968,1969,1970,1972,
- 1973,1974,1977,1978,1981,1982,1984,
E 5 Cpenme BosHA 1,65-3,12 1986,1987,1989,1991,1992,1995,1996, 29
= éf 2000,2001,2002,2003,2004,2005,2006,
a 2007,2010
= Boaua 3,12- 3,86 1967,1971,1975,1976,1979,1980,1999, 9
2009,2014
Beoma BojiHa >3.86 1970 1
Beoma cymiaa <46,75 - -
; Cymina 46,75 — 74,1 1983,1990,1991,1993,1994,2011
: < 1965,1966,1967,1968,1969,1971,1972,
g 8 1973,1974,1975,1977,1979,1982,1985,
- g Cpenme BogHA 74,1 —128,9 1986,1987,19088,1989,1992,1995,1996, 35
E s 1997,1998,2000,2001,2002,2003,2004,
S5 2005,20087,2%08,2209,2;)12,2013,20;4
4 1976,1978,1980,1981,1984,1999,2006,
é Bogna 128,9 — 156 5010 8
Beoma BojiHa > 156 1970 1

(Xugposoriku roguiimaiy PXM3 Cpbuje (1965-2014)

¥ nmocmaTpaHOM Iepuoy BOZHE TOAVHE jaBHJIE Cy ce HajMame IIyTa Ha IpoduIy
Barpare u Yurhe (o 6 myra), 3atTum Ha npodruty Pamka (8 myra), Ha npoduinMa Jacuka
u Apwpe (9 myTa), mpodrinma Bpyc u Buspanosarn (10 myrta), mpodruty IToxera (11 myra)
u HajBuIe Ha npodwiry Jlonarauna (12 myrta). Hajsehu yneo y BpemeHckoj cepuju umae
Cy BOJIHE TOZIHE, JIOK je U3Pa3uTO Mare OWUJI0 BeoMa BOAHUX roAvHA. UWbeHHUIa Ja je
BeoMa M KaTacTpodaysHO BOAHHUX TOAWHA OWJIO0 Majao Ha CBAKOM HCTPAKHUBAHOM
npoduiay, MOKJIama ce ca OINIITHM CMamelmeM TpPEHJA BPEAHOCTH IIPOTHUIAja 3a CBe
TokoBe y Cpbuju. FbuxoB Hajehu Opoj 3abenexeH je Ha mpodruty Iloxkera (3 myra —
1970, 1975 u 2014) u npodwinma batpare u Parnika (2 myra — Ha IpBoM 1976 u 1979, a Ha

APYToM 1977 1 1999).

Y1eo CymHUX TOJIMHA je Y PAaBHOTEXKH ca BOJHUM rojmHama Ha npoduiay Barpare
(11,6%). Kon ocranux mpoduia O6poj mojaB/bHUBama CyIIHUX TOJUHA, Y IIUPEM CMHUCILY,
MamH je y OfIHOCY Ha BOJHe, ocuM Ha npodwiy Bpyc (re je 3abenexeHa jeaHa CylrHa
roauHa Bulle) u npodrty Yirhe (4ak Tpu cymHe ronuse Buine). Beoma/KaTtactpodanno
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cylIHe rofuHe 3abejiexeHe Cy cBera Ha ABa mpodmia — Brwbanosar (2011. roguHa) U
Virhe (1990. roguua) (Tab. 4).

Tab. 4. Bpojuaxu u npoyeHmyanHu yoeo 200UHA Npema kamezopujama 800HOCMuU 3a ocmane
ucmpaxcugae npogune (1965-2014)

IIpoduin IToxera Apupe Jlonmarauna Pamka bubanosan Yurhe
Panr T % r % T % r % T % T %
Beoma cymHa - - - - 1 2 1 2
Cymraa 8 16 6 12 10 20 7 14 6 12 8 16
CpenmeBomHa | 31 | 62 | 35 | 70 28 56 35 | 70 33 66 35 | 70
Bogna 8 16 8 16 11 22 6 12 9 18 5 10
Beoma BogHa 3 6 1 2 1 2 2 4 1 2 1 2
YKymHO 50 | 100 | 50 | 100 | 50 100 | 50 | 100 | 50 100 | 50 | 100

(Xugposorniku roguiimaiy PXM3 Cpbuje (1965-2014)

Ha oOCHOBy W3BpIIEHOr paHTHUpama TOAWHA II0 BOAHOCTH MOLY C€ W3JBOjUTH
onmpelieHn 3aKIbyIIN:

e Passiuka y yaeny cBUX paHToBa HUje uspaxkeHa Mel)y mpodrinma, IIITo yKasyje
Ha TO Jia TOCTOjU CarJIaCHOCT y TIOrJIeAy Opoja TOAMHA IO KapaKTepHUCTHKaMa
IUX0BE BPEAHOCTH Tj. MOXKE Ce 3aK/bydyUTH Ja IOCTOjU OApeheHu IUKIyC
XPOHOJIOIIKOT CMEIbUBaha CyITHUX W BIAXKHHUX MEPHOZA Ha I1eJ10j HOBPIITHHU
CJTUBA;

e ¥V ropwmuM TOKOBHMMa peka (3amagna Mopasa, M6ap, Pacuna) 6poj roauHa ca
CpeImUM M BEIUKMM BogaMa je Behu y OJHOCY Ha [IOHe TOKOBE — IITO je
nocyeauna Behe KoquunHe maZaBuHa y IJIAHWMHCKKUM JIeJIOBMMa CJIMBOBA, KAo U
CMarbeHe aHTPOIIOTEHe aKTUBHOCTH;

e Topune Koje Cy y MOjeQUHHUM CJIMBOBMMA H3ZBOjeHE KaOo BeoMa BOJHE, Yy
MO3UTHUBHOj KOPEJIAIUji Cy Ca BEJMKOM CPEIEbOM TOAHUIINHOM KOJIMUYUHOM
Ma/IaBUHA KOja Ce jaBUJIa TUX TO/IMHA.

3axspyuak

IIpoyuaBame MpoMeHa HU3a XU/IPOJIOIIKKX I10/IaTaKa y y>KUM BPEMEHCKHUM cepHjaMa, 1
youaBarbe TPEH/I0Ba MPe/ICTaB/bhajy 3HaUajHe MOJJaTKe 3a carjie/laBambe TJI00aTHOT CTamba
BOHOCTH Y CIUBY ozipeleHe peke. Y pajy cy KopuiheHe BPeHOCTU CPEAHUX TOMUTIIEHIX
MPOTHUIIAaja PeKa y cauBy 3amazHe MopaBe, Ka0 OCHOBHOT XH/IPOJIONIKOT IOKa3aTesba.
HemapameTrapckuMm TecToBMMa yTBpheHO je 7ia BehuHy peka KapakTepuiie 6J1aro
omazajyhu TpeH/T BpeAHOCTU MpoTHUIaja (0ko 50% mpoduiia), MITO je Y carjJacHOCTH ca
BehuHOM peka neHTpanHe u jyxHe Cpbuje. Ha cBera asa mpodmia, mpoMeHa Koja ce
Jlorojiuia je CMrHUGbUKAHTHA, OTHOCHO JIOIILIO je 10 HHTEH3UBHUjET OMaJlatha BPETHOCTH
mporuriaja (3a mepuoz 1965-2014): Batpare (-4,09 m3/s) u Bpyc (-1,99 m3/s). Kao
dakTopu KOjU Cy HajBHUINlEe YTULAJINW HA ONa/lathe TPEHIOBA H3/ABOjEHU Cy KIUMATCKH
(konMunHa TaZIAaBUHA U TEMIIEpATypa Ba3zyXa) U aHTPOIIOTEHH.

Ha ocHOBy mpuMemeHHX TeCTOBa W MeETO/a YTBPHEHO je Ja ce BOJHOCT CJIMBA
3amnanne Mopage cmamyje. Tauka mpoMeHe IIPOCEYHIX BPEAHOCTH MIPOTHIIAja HA BehuHU
XUJIPOJIOIIKKX Ipodua je 3abee)keHa IIOYETKOM ocaM/ieceTHx roauHa (o 1980 — 1984.
TOZIMHE), IITO Ce MOKJIAMa Ca CMAamemheM TOJUIIbe KOJIMINHE MafaBuHa. Bucok creneH
KoeduIyjeHTa JAeTepMuHaIyje, Ha BehnHM ucnuTHBaHUX mnpodwuia, ykasyje Aa cy
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NIpOMEeHe BPEAHOCTH IPOTHIaja Yy HajeheM 6pojy yCiiOB/beHe MpOMeHaMa Y KOJUIHMHU
najaBuHa. [IpeMa cBeMy peueHOM, IO3HaBame IIPOMEHA BPENHOCTH MPOTHIAja HA
TOJIUIIIEbeM HUBOY je 3HauajHO, jep ce THMe yBulja CTarbe BOAHOCTH Ha IIeJI0j MOBPIIUHHU
cmuBa. KacHuja wmcrpakuBama MOpajy OOYXBaTHTH, IIpe CBera, aHAJIM3y TPEH/IO0Ba
CE30HCKHUX MPOTHIlAja Jja OU ce yOUHJI0 TauHO TOAMIINERE 100a Kajia je mouwuio o Hajpeher
mmajia/mopacra BPEIHOCTH IPOTHIAja, Ka0 U MOTIYHUjy aHanu3y GakTopa Koju Cy
VTULIAJIA HA TAKBO CTAIbe.

JIurepartypa (orienatu y eHIJIECKO] BeP3HjU TEKCTA)
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