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Abstract: The paper is concerned with identifying changes in the time series of discharge (Q), suspended
sediment concentration (SSC) and sediment load (Qs) of the Velika Morva River. The catchment area on
farthest hydrological profile LjubiGevski most on Velika Morava River is approximately 35,496 km®. In this
profile were carried out daily measurements of flow and concetration of silt in the period from 1967 to 2007.
Average perennial transport of suspended sediment is 2.57%10° t (72.4 t/km*/yr) and ranged from 0.17x10° t
(4.8 t/km*yr) to 10.02x10° t (282.2 t/km*/yr). Trends determined for Q, SSC and Qs are statistically obtained
using the non-parametric Mann-Kendall test. Results of Mann-Kendall test show that Q has a slight declining
trend of annual values which do not show statistical significance. Decline in trendline SSC and Qs is a
significant at the level of 0.01. Calculating the standardized regression coefficients, it was found that the
relative impact of SSC on sediment load is 3.1 time higher than the impact of discharge. From 1967 to 2007
the average decrease in sediment load at the mouth of the Velika Morava into the Danube was 3.1 t/km*/yr.
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Introduction

Erosion and sediment transport processes are sensitive to changes in climate
and land cover and to a wide range of human activities (Walling D.E., 2006).
Anthropogenic influence includes: forest cutting and land-clearance, the expansion of
agriculture, land use practices, mineral extraction, urbanization and infrastructural
development, sand mining, dam and reservoir construction, soil and water conservation
and sediment control programs (Walling D.E. and Fang D., 2003; Walling D.E., 2006).
The significance of studying the trends of suspended sediment in rivers is manifold,
depending on the aspect observed. From a global perspective, changes in erosion rates
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have important implications for the global soil resource, especially for changes in global
biogeochemical cycles, since sediment plays an important role in the transport of
nutrients (Walling D.E., 2009). Soil erosion is integrally linked to land degradation, and
excessive soil loss resulting from poor land management has important implications for
crop productivity and food security — and thus for the sustainable use of the global soil
resource (Montgomery D.R., 2007). At the regional and local levels, changes in erosion
rates can have important implications for the sustainability of agricultural production,
water quality, channel morphology and the aquatic ecosystems and habitats supported by
the river (Walling D.E., 2009).

Determining temporal variation in suspended sediment transport on the Velika
Morava at the regional level is significant for the studying of sedimentation processes on
the River Danube upstream from the Iron Gate I reservoir. The influence of this reservoir
on sedimentation processes in Serbia should be emphasized. Namely, this reservoir traps
about 80% of the total sediment transport of the River Danube and it is probably the
greatest sediment storage reservoir in Europe (Petkovi¢ S. et al., 1999). It has been
estimated that the overall amount of sediment which goes into the reservoir downstream
from the Velika Morava is comprised of 41% of the sediment coming from the Danube,
26% from the Tisa, 21% from the Sava and 12% from the Velika Morava (Babié-
Mladenovi¢ M., 2007). Namely, from the aspect of sedimentation and sediment transport
in the zone of the reservoir, especially in the lowest section of the mouth, this is largely
influenced by the ratio between the water flow and sediment discharge of the Velika
Morava.

The Main Characteristics of the Velika Morava River Basin

The Velika Morava basin covers an area of 37,561 km?, which is 42.5% of the
territory of the Republic of Serbia. The basin is comprised of three hydrographic
sections: immediate catchment of the Velika Morava River basin (6,242 kmz), the Juzna
Morava basin (15,469 km®) and the Zapadna Morava basin (15,850 km?) (Gavrilovi¢ Lj.,
Duki¢ D., 2002). The river regime of the Velika Morava is mostly determined by the
river regimes of its tributaries. As a result, the Velika Morava receives most water from
the Zapadna Morava (45.7%), as well as from the Juzna Morava (43.4%), while the
Velika Morava River constitutes only 10.9% of the total drainage basin (Gavrilovi¢ L.,
2006). About 21% of the Velika Morava basin is affected by excessive and strong
erosion, 27.4% by moderate erosion, while 51.3% is affected by mild or very mild
erosion (Kostadinov S. et al., 2000).

According to the Integral Vulnerability Map of the Natural Hazards in the
Territory of Serbia (Dragicevi¢ S. et al., 2011), the part of the Velika Morava River
Valley from Stala¢ to its mouth on the Danube is a potentially floodable area. Flooding
on the Velika Morava River and its tributaries is mostly of the torrential kind, which can
have devastating consequences on the environment. For instance, during the great floods
in 2002, 2006 and 2009, between 10,000 and 30,000 ha of arable farmland was under
water (Milanovi¢ A. et al., 2010). The destructive power of catastrophic floods is
reflected in the fact that the period from 1950 to 2010 has seen loss of human life at five
locations and severe material damage at 28 locations on the Velika Morava River and its
immediate tributaries. Most of the main tributaries of the Velika Morava exhibit
maximum water discharge whose frequency is dependent on a particular season. The
period from May until the first half of June is known as the primary maximum, while
another critical period is at the end of winter (from February until the first half of March)
(Risti¢ R., 2000; Risti¢ R. et al., 2009; Risti¢ R. et al., 2012). The Great Morava River
has the widest fluctuations in water discharge. The annual coefficient of variation is
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0.30, which depends on the continental precipitation regime, high evaporation levels and
the precipitation regimes of its tributaries (Ocokolji¢ M., 1994).

Data Settings and Methodology

The data used for the purposes of this paper regarding daily water discharge (Q)
and suspended sediment concentration (SSC) were collected by the Republic
Hydrometeorological Service of Serbia for the period from 1960 to 2007 based on the
hydrological profile of the Ljubicevo Bridge (F=35,496 km?). Consequently, suspended
sediment transport (Qs) can be obtained from the following equation:

Qs (t) = Q (m%/s) x SSC (g/l) x 86.4

Monitoring the changes in suspended sediment transport rates on a long-term
basis has been done by performing a simple analysis of trends, together with the
application of linear regression in order to determine trend lines and form cumulative
mass plots (Walling D.E., 2006). Based on long-term observation, the trend lines for Q
and Qs have been determined. By linking the cumulative values of Q and Qs within a
cumulative double mass plot, it is possible to observe the extent to which the value of
suspended sediment transport is in accordance with the values of water discharge, while
it is also possible to identify the points at which changes have occurred.

Based on the obtained change points, the decomposition of time series has been
performed. By introducing partial elasticity coefficients (pke) and standardized elasticity
coefficients (P coefficients) into the equation, through the analysis of time series, it has
been determined how one variable can affect another, i.e. to what extent the dependent
variable follows the changes of the independent variables.

The statistical significance of the established trends for Q, SSC and Qs has been
obtained through the use of the nonparametric Mann-Kendall test.

Results

The average perennial water discharge of the Velika Morava on the Ljubicevo
Bridge hydrological profile for the period from 1960 to 2007 is 220.3 m’/s, which means
that the value of the specific runoff is 6.2 1/s/km’. The average minimum annual water
discharge is 101.1 m’/s (2.85 ls/km?®), while the average maximum annual water
discharge is 348.9 m’/s (9.83 I/s/km®). The average suspended sediment concentration is
0.2173 g/1, and it ranges from 0.0466 g/l to 0.6909 g/l. The average perennial suspended
sediment transport is 2.57x10° t (72.4 t/km’/yr), and it ranges from 0.17x10° t (4.8
t/km*/yr) to 10.02x10° t (282.2 t/km?/yr). When it comes to intra-annual distribution,
sediment transport is highest in springtime: during March (18%), in April (17.9%), and
in May (11.7%), which constitutes almost half the annual sediment transport. Sediment
transport is usually at its lowest at the end of summer and in the fall. To be specific,
September contributes 2.1%, August 2.4%, October 2.8%, and November 2.9% to the
total annual distribution.

The established longitudinal trends for Q and Qs are presented in Figure 1. As
seen from the given diagrams, the suspended sediment transport trend line is in sharp
fall, while water discharge is on a slight downward trend. The statistical verification of
the trends is performed with the Mann-Kendall test (Table 1). The results of the Mann-
Kendall test show that the midyear values of Q exhibit a mild downward trend, which
does not seem statistically significant. The average decline rate of Q is 0.82 m’/s/yr. The
fall of SSC and Qs trend lines is considerable and statistically significant for both
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parameters equaling 0.001. The average decrease in suspended sediment concentration is
0.0096 g/l/yr, while the average decrease in suspended sediment transport is 111,094.5
t/yr, which means that the specific average decrease rate is 3.13 t/km*/yr.
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Fig. 1. Recent change in the annual water discharge (a) annual suspended sediment load (b) and
associated double mass plots (c) in time series 1967-2007 in hidrological profile Ljubicevski most (Velika
Morava river).

Through a comparative analysis of inter-annual values of Q and Qs, established
on the cumulative diagram, dramatic changes in the trend lines of water discharge and
sediment transport are visible for the years 1976, 1989 and 2000 (Fig 1c). Based on the
changes in the relation between water discharge and suspended sediment transport, four
time series have been isolated for the periods 1967-1976, 1977-1989, 1990-2000 and
2001-2007.

As demonstrated by previous research (Wang H. et al., 2007; Peng J. et al.,
2010), the interannual variation rates of Qs can be best observed by establishing a point
of reference, which can serve as a benchmark for the arising changes. The period from
the beginning of suspended sediment measuring until the first change point was taken as
a reference point for this research, which is the period from 1967 to 1976 (Table 2).
From Table 2, it is evident that the isolated time series exhibit a decrease in Q, SSC and
Qs values. And while the water discharge values are decreased by 8.6% (1% period), 22%
(2™ period) and 3.8% (3" period), the decrease in suspended sediment concentration for
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the respective periods is 67.7%, 84.9% and 70.3% with regard to the reference point.
The exceptionally high percentage of decrease is characteristic of suspended sediment
transport, which is decreased with regard to the reference point by 64.5% in the first, by
87.1% in the second and by 66.9% in the third period.

Table 1. Results of the Mann-Kendall test for water discharge (Q), suspended sediment concentration
(SSC) and sediment load (Qs)

. Q SSC Qs
Period 3
b (m’/s/yr) Z a b (g/llyr) Z a b (t/yr) Z a
Annual -0,82 -0,75 0 -0,0096 -4,14 0,001 -111094,5 -4,21 0,001

e —
Legend: b - San's slope estimate; Z - significance testing; o - significance level

Table 2. Stepwise decrease in annual water discharge (Q), suspended sediment concentration (SSC) and
sediment load (Qs). The average Q, SSC and Qs (1967-1976) are used as the reference levels (100 %)

Period Q (m’/s) SSC (g/) Qs (10°¢t)

1967-1976 ; reference level 2429 D 100%  0,4966 D 100% 57 D 100%
1977-1989 ; I period 221,9 21,0 -8,6 0,1603 -0,3363  -67,7 2,0 -3,7 -64,5
1990-2000 ; 1I period 189,5 -534 22,0 00749 -04217 -849 82 -50 -87,1
2001-2007 ; 111 period 233,7 92 3,8 01477 -0,3490  -703 19 -3,8  -66,9

Legend: D - decrease of annual Q, SSC and Qs from the reference level

For the purpose of determining the influence of water discharge and suspended
sediment concentration on suspended sediment transport rates, partial elasticity
coefficients (pke) and standardized elasticity coefficients (B coefficients) have been
introduced into the statistical analysis. Defining the relation Qs=f(Q,SSC) quantitatively
through pke shows a change in percentage of Qs when Q and SSC are changed by 1%.
On the other hand, establishing the potential influence of the given parameters on
suspended sediment transport can be observed through B coefficients. The values of pke
and P coefficients are given in Table 3.

Based on the pke of water discharge as a factor in the decrease of suspended
sediment transport, it can be concluded that the change of Q by 1% causes the decrease
of suspended sediment transport by merely 0.87% (Table 3). The decrease of suspended
sediment transport defined by the relation Qs=(pke Q) is given in Table 4. From Table 4,
it can be deduced that the decrease rate of suspended sediment transport is considerably
higher in comparison with the rate defined by pke with respect to all isolated time series.
As aresult, in the first period the decrease in suspended sediment transport was 7.6 times
higher than predicted by the decrease in water discharge using pke, while in the second
and third period, the decrease of Qs was respectively 3.5 and 19 times higher than the
predicted values.

On the other hand, the decrease in suspended sediment transport defined by the
relation Qs=(pke SSC) shows similar values corresponding to its actual decrease. This
indicates that the decrease of suspended sediment concentration is not determined by the
decrease of water discharge, but rather demonstrates that its decrease is determined by
other factors from the geographic environment.
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Table 3. Regresioni model zavisnosti Qs =f(Q,SSC) sa parcijalnim koeficijentima elasti¢nosti (pke)
i standardizovanim koeficijentima elasti¢nosti (8 koeficijenti).

Regresioni model R* pkeQ pkeSSC fpq JBSSC

Qs =-2000243+10093xQ+10693914xSSC 0,93 0,87 0,90 0,27 0,84

Table 4. Stepwise decrease in annual sediment load (Qs, %) prema prema pke Q i pke SSC

Period Decrease Decrease Decrease
Qs (%) =f(ref. level) Qs (%) =f(pke Q) Qs (%)= f(pke SSC)

1967-1976 ; reference level 100 %

1977-1989 ; 1 period -64,5 -17,5 -60,9
1990-2000 ; 11 period -87,1 -19,1 -76,4
2001-2007 ; 11T period -66,9 -3,3 -63.3

The fact that the downward trend of sediment discharge Qs is not under direct
influence of natural factors, interpreted in this case as water discharge, can be observed
from the following example. Generally speaking, the estimated influence of water
discharge on suspended sediment transport can be seen from the following relations:

AQs = f(AQ) —  AQs=aAQ=b

This kind of linear relationship, in fact, represents how the annual values of the
variables Q and Qs deviate from their average value. The illustration of this relation is
best shown on the Moran scatter plot (Walford N., 2011) (Figure 2). The given data can
be viewed in terms of two categories: the decrease of suspended sediment transport
together with the decrease of water discharge, and the increase of suspended sediment
transport together with the increase of water discharge. When it comes to strong linear
relationships, the majority of data should be situated in quadrants I and III. The data in
the first quadrant indicate an increase in suspended sediment transport with an increase
in water discharge, while the data in the third quadrant indicate a decrease in suspended
sediment transport with a decrease in water discharge.

The influence of water discharge on suspended sediment transport is illustrated

by a relatively weak linear relationship between the interannual variability of Q and Qs
(R2=0.29). Namely, the scattering of data from quadrant I into quadrant IV suggests that
suspended sediment transport does not follow the rate of increase of water discharge. An
amount of data present in quadrant II indicates that suspended sediment transport has a
considerably higher value than water discharge, while the significant deviation from the
trend line in quadrant I reveals marked variability of suspended sediment transport in
relation to the increase of water discharge. The B coefficients of Q and SSC indirectly
point to the influence of other factors. By calculating B coefficients, i.e. standardized
elasticity coefficients, it has been established that the relative influence of SSC on
sediment discharge is 3.1 time higher than the influence of water discharge (Table 3).
This implies that sudden changes in suspended sediment concentration (which would not
be determined by precipitation), rather than the same changes in water discharge, would
have a greater effect on changes in suspended sediment transport
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y=1,732x - 8E-14
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Fig. 2. Moran scatter plot diagram. The relationship between annual variability of flow (AQ)
and transport of suspended sediment (AQs) in the period 1967-2007

The evident interannual downward trends of suspended sediment concentration
and suspended sediment transport in relation to the water discharge trend can be
accounted for by different aspects of anthropogenic influence. These are, first and
foremost, the effects of anti-erosion activities conducted in the drainage basins of the
Zapadna and Juzna Morava in the second half of the 20th century, as well as
hydrotechnical works on the riverbed of the Velika Morava River and its tributaries
(Petkovi¢ S. et al., 1995; 1996). On the other hand, in the mountainous parts of the
drainage basin, there have been changes in land use practices, which include
abandonment and grassing of arable land. These changes are a result of negative
demographic and socio-economic development tendencies. The rapid demographic
recession in the last 50 years has resulted in the continual process of depopulation,
demographic depletion and reduction of the rural settlement, population ageing and
spontaneous rural-urban migration (Martinovi¢ M., 2012), causing a 15 to 17-fold
decrease in agrarian population per unit area (Martinovi¢ M., Matijevi¢ D., 2006). These
changes have led to the decrease of soil erosion rates and the production of sediment by
25-30% (Mustafic¢ S. et al., 2008).

Conclusion

This paper has examined the temporal variation of suspended sediment
transport on the most downstream hydrological profile of the Velika Morava. From the
presented research, the following can be concluded:

e The average perennial suspended sediment transport for the period from 1967
to 2007 is 2.57x10° t (72.4 t/km?/yr), ranging from 0.17x10° t (4.8 t/km®/yr) to
10.02x10° t (282.2 t/km?/yr).

e The average decrease of suspended sediment is 3.1 t/km*/yr.

e A marked interannual downward trend of suspended sediment concentration
and suspended sediment transport in relation to the discharge trend.

e A decrease in SSC and Qs is evident in all isolated time series and it is several
times higher than the decrease of discharge.
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e The significant downward trends of suspended sediment concentration and
suspended sediment transport can be explained by the changes in land use
practices, negative demographic development tendencies (depopulation of rural
settlements), conservation works in the drainage basin and hydrotechnical
works on the riverbed of the Velika Morava.
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TPEH/ ITPOHOCA CYCIIEHAOBAHOI' HAHOCA HA BEJINKOJ MOPABH
Y IIEPHOAY 1967-2007

CABA MYCTA®UR', [TIPEJIPAT MAHOJJIOBIUR', MUJIEHA HUKOJINR?,
1
TABA JOBPOCABJLEBIR

1
Ynuepsumem y Beozpady — I'eozpagpcku paxynmem, Cmyoenmcxu mpe 3/3, 11000 Beozpao, Cpouja
Vnusepszumem y Huwy — Jlenapmman 3a 2eoepadujy, Huw, Cpouja

Caxerak: Pax ce 6aBu nHAeTH(HKOBamEM IIPOMEHA y BPEMEHCKUM cepHjaMa npoTunaja (Q), KoHIeTparuje
cycniennioanor Hanoca (SSC) n npouoca cycnensiosanor nanoca (Qs) na Bemikoj Mopasu. Bennka Mopasa
Ha HajHI3BOHHjEM XHAPOJIOMKOM Tipoduty Jby6HuaeBCcKH MOCT 3aXBaTa MOBPIMMHY cIiBa of 35496 km . Ha
TOM npohuily BpLICHA Cy CBaKOJHEBHA MCPEHba IIPOTHLAja M KOHLCHTpaLyja cuita y nepuoay oa 19672007
rofute. Cpeiibi BHLICTOAMING TPAHCIIOPT CYCHCHIOBAHOI HAHOCA M3HOCH 2,57*106t (72,4 t/km/god), a
KpETao ce y pacloHy of 0,17‘10ht (4,8 t/km/god) mo 10,02‘10ht (282,2 t/km/god). YTBphenn Tpenou 3a Q,
SSC u Qs cratuctuuku cy nobujenu xopunrhemem Hemapamerapckor MannKendall tecra. Pesynratu Mann-
Kenpmamn tecta mokasyjy aa Q mma Giar TpeHI omajama CPEAHETOJUIIBIX BPEAHOCTH, KOje HE MOKa3yjy
CcTaTHCTUUKY 3HauajHocT. [Tax muuuje Tperaa SSC i Qs cTaTUCTHYKM je 3HAdajaH Ha HuBOY ox 0,001. V
neprofy 19672007.roa. mpocevHO oOmajame MpoHOca HaHoca Ha ymhy Bemmke Mopase y [lynas je 3,1
t/km /god.

KibyuHe peus: TpeH] MpOTHIIAja, KOHLEHTPALKja CYCIEHIOBAHOT HaHOCA, IPOHOC HaHOca, Bennka Mopasa,
Cpbuja

YBog

Eposuja u mpouecu TpaHCIOpTa CeUMEHaTa HajBUINE 3aBHCE O] KIMMATCKUX
MIPOMEHa, MPOMEHa y Kopuinhemy 3eMJbHIITa U Jbynckux aktuBHoctH (Walling D.E.,
2006). Aurponorenn ytuuaju odyxsarajy (Walling D.E. and Fang D, 2003, Walling,
2006): ceuy myma u oroiuheme 3eMJBUINTA, HIMPEHE IOJHONPHUBPENE, MPOMEHE Y
HaMEHHM 3eMJBHILTA, HCKONaBame pyne, ypOaHm3auujy ¥ HHOPACTPYKTYpPHH DPa3Boj,
eKCIIoATalNjy Necka, OpaHe M BelITauka je3epa, KOH3epBalWjy 3eMJbUINTa M BOJE U
nporpame KOHTpoJIe CeJMMeHaTa. 3Hauaj IpoyJyaBama TPEHI0Ba CyCIICHJ0BAaHOT HaHOCa
y peKaMa je BHIIECTPYK, y 3aBHCHOCTH ca KOTI' acrekra ce rnocmarpa. V3 riobanne
MIEPCIIEKTHBE, IPOMEHE HHTEH3NUTETA epO3Hje NMajy 3HaUajHEe UMIUTHKAIIHjE Ha TII00aTHe
3emsbuIIHE pecypce. IloceOHO Ha TpoMeHe y TI00aTHIM OMOXEMHjCKUM IHKIyCcHuMa,
MIOIITO CEAMMEHTH WTPajy BaXKHY YJIOTY Yy TpaHCIOpPTY XpaHJbMBUX MaTepuja (Walling
D.E., 2009). Epo3uja 3eMJbHIITa je HHTETPAIHO TIOBE3aHa ca JEeTPagalrjoM 3eMJBHUINTA,
a eKCIIeCHBaH I'yONTaK 3eMJBHIITA j€ TIOCIEINIIA JIOIIET YIIPaBJbaha 3eMJBUIITEM IITO CE
olpakaBa Ha MPOTYKTHBHOCT yceBa M CHUTYPHOCT XpaHe, a TUME W Ha OIPKUBO
kopuiheme 3eMipHIITa Kao rirobamHor pecypca (Montgomery, 2007). Ha perrnonannom
U JIOKaJIHOM HHMBOY IPOMEHE y WHTEH3UTETY €pOo3uje MOTY MMaTH Ba’KHE UMIUIMKAIH]je
Ha OJIPXKMBOCT TIOJHOIIPUBPEIHE IPOU3BOHE, KBAIUTET BOAA, MOP(OJIOTHjy KOPHTA, K0
U BOJICHHUX €KOCHcTeMa | cTanuIira nopen pexe (Walling, 2009).

V1BphHuBame BpEeMEHCKHX BapHjallfja y MPOHOCY CYCIICHIOBAaHOI HaHOCA Ha
Bennkoj MopaBu Ha perMoHaJIHOM HHBOY 3Ha4yajHO je 3a IpoydaBambe peknMa HaHoca
Ha cektopy [ynaBa y3BogHOo ox akymynammje XE "bepmam I". OBa akymymamuja
3agpxkaBa oko 80% yKymHOT TpaHCIOpTa ceauMeHnta Ha JlyHaBy H BEpOBaTHO
IpeacTaBiba HajBehm pesepBoap ckiamumrema cenumenata y Espomu (Petkovié S. et.
al., 1999). IlponemeHo je ma y YKYNHO] KOJNWYMHHA HAHOCA, KOJH yJa3d HA CEKTOp
aKkymynangje Hu3BoxHO o Benmmke Mopase, HaHOC Koju je mocmeo JlyHaBOM ydecTByje
ca 41 %, Tucom 26 %, CaBom 21 % u Bemukom Mopasom 12 % (Babi¢Mladenovi¢ M.,
2007). Haume, ca acmexkra mpoleca TpaHCIOpTa U Tal0oXKema HAHOCA y 30HU
aKyMmyJjianugje, oceOHO Ha HAjHIDKEM CEKTOpY YCIOpa, BEJIMKU YTHLA] MMajy OIHOCH
NIPOTOKa BOJIE U NMpOoHOCa HaHoca Bennke Mopase.
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OcHoBHe kapakTepucTuke Beauke Mopagse

2

CnuB Benuke Mopase 3axBara noBpiuHy ox 37561 km , mro ynnm 42,5 %

tepuropuje Pemyonuke CpOuje. CnuB ynHe Tpu Xuaporpadcke HeNMHE: HEMmoCpPEeIHU
2 2

cmuB Benuke Mopage (6242 km ), cnuB Jyxae Mopase (15469 km ) u ciouB 3amamHe
2

Mopage (15850 km ) (Gavrilovi¢ LJ., Duki¢ D., 2002). Bonau pexum Benmnke Mopase
yIIaBHOM je ofpelheH peknMOM H-CHHX cacTaBHHIA. Tako Hajuine Bone Bemmka
Mopasa nobmja ox 3amagae Mopase (45,7 %), 3atum ox Jyxuae Mopase (43,4 %) 1ok
HeTocpenHu neo ciauBa Bemmke Mopase ydectByje ca cera 10,9 % ykymHOr oTuiiaja
(Gavrilovi¢ LJ., 2006). Oko 21% mnoBpmmHe cinuBa Bemuke Mopaee 3axBalieHo je
MPOIIECOM CKCIIECUBHE H jake eposuje, 27,4 % je moj cpenmoM epo3ujoM, ok je 51,3 %
noz cinabom u Bputo ciadbom eposujom (Kostadinov S. i dr., 2000).

IMpema Kaprtu npupoanux xazapaa repuropuje Cpouje (Dragicevic et.al., 2011)
nomnHa Bemmke Mopase ox Cramaha mo ymha y JlyHaB mpumaga HOTSHIHjaTHUM
noruiaBHUM 30Hama. [lomnaBe y HemocpenHom zeny ciuBa Benuke MopaBe U HeHUX
MIPUTOKA CY YTJIaBHOM OyjHYapCKOT KapaKTepa, OCTaBJbajy CHa)XKHE MOCIIETUIIEC HA CTarbe
JKUBOTHE cpenuHe. Tako je TokoMm Benukux moruiaBa 2002., 2006. u 2009. romune
noruiaBibeHo n3menjy 10000 ha u 30000 ha nossonpuBpeanux nospumza (Milanovié A.
i dr., 2010). PazopHa moh karacTpodamHuxX HomiaBa Orjieia ce€ y YMIBCHHUIM JAa je Y
nepuoay 19502010. na Besnumkoj] MopaBu M HEHUM HENOCPEIHMM HpUTOKaMa
3abesexeHo 5 jokanuja ca ryOMTKOM JbYJCKHMX JKMBOTa M 28 JIOKaluja ca W3y3eTHUM
MarepujatHuM pasapamuma (Ristic et. al., 2012). Ha Behunan rmaBHuX mputoka Bemwke
MopaBge 1ojaBa y4ecTaqoCcTH MaKCHMAIIHOT MPOTHIAja MMa Ce30HCKH Kapakrtep. [lepuon
01 Maja TO IO TIPBE IOJIOBHHE jyHA O3HAYCH je Kao IpUMapHU MaKCHUMYM, JIOK j€ IpYyTH
KpUTHYaH Tepro] Kpaj 3ume (ox ¢pedpyapa no npse monosuHe Mapta) (Risti¢ R., 2000;
Risti¢ R. i dr. 2009., Risti¢ et. al., 2012). Benuka MopaBa je peka ca Hajehum
KosebameM npotunaja. ['oanmmy koepuuujent sapanjamuje nznocu 0,30, a yciaoBbeH
j€ KOHTMHEHTaJHUM PEXHUMOM IaJaBHHa, BEJIMKUM HCIApaBambeM U IUTyBHOHUBAHUM
pexxuMoM menux npuroka (Ocokoljic M., 1994)

ba3za nonaraka u MeTOIlOJ'[Ol“Plja

3a norpebe oBor pama kopumheHW cy HOJAaM O JHEBHHM BpPEIHOCTHMA
npotunaja (Q) u koHIeHTpanuja cycnengoBanor Hanoca (SSC) y mepuoxy 1960-2007.
roauHa Ha xuaposonkom npoduny JbyoudeBcku moct (F=35496 kmz), KOjU Cy MEepeHHU
ox crpane PXM3a. [Iponoc cycnienioBaHor HaHoca Qs u3pavyHar je npema GopMyJIu:

Qs (t) = Q (ms) xSSC (g/l) x86,4

[lpaheme mnpoMeHa y HWHTEH3UTETY IIPOHOCA CYCIIEHIOBAHOT HaHOCAa Ha
OYTOpOYHOM HHBOY H3BpIICHO je NPHUMEHOM jeJHOCTaBHE aHalHM3e TPCHOOBA, Y3
Kopumheme JIMHEApHE perpecuje 3a yCHOCTaBJbCHE JIMHUjE TpeHIa U (QopMHUpame
KyMyJlaTHBHHX Maciuior aujarpama (Walling D.E, 2006). Ha ocHoBy ayropodnux
ocMaTpama YCIocTaB/beHH cy TpeHnoBH 3a Q m Qs. IloBesuBameM KyMyJaTHBHUX
Bpeauoctd Q m Qs y KyMyJaTMBHH JABOCTPYKH MacIUIOT Jujarpam omoryheHo je
ceriefaBambe y KOJIMKOj MEpPH j€ BPEJHOCT MPOHOCA CYCIIEHAOBAHOI HaHOCa Y
CarJlacCHOCTH ca BPEIHOCTHMa IpOTHIaja, NMpU 4YeMy je omoryhena uieHtudukaimja
Tayaka HaCTaJIMX IIPOMEHa.

Ha ocHoBy pmoOujeHMx Tauyaka IpOMEHa, H3BpILICHA je JIEKOMIIO3UIMja
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BpPEMECKHX cepHja. YBoljemeM y MocTynak napiuujaitHux KoeuiurjacHaTa e1eCTHYHOCTH
(pke) u crangapam3oBaHMX KoeduiMjeHaTa enacTUYHOCTH (B KoeHUHMjeHTH), Kpo3
aHaJIM3y BPEMEHCKHX CEpHja, U3BPIICHO je yTBphUBIE KOJIMKO jeaHa BapHjadiia yTuie
Ha NPOMEHY Jpyre, OJHOCHO y KOjOj MEPH 3aBHCHAa KOMIIOHEHTa MpaTd IpPOMEHe
HE3aBHUCHHX BapHjalim.

CraTucTidka 3Ha9ajHOCT yTBpheHnx Tperaosa 3a Q, SSC and Qs mobujena je
kopumhemeM HenapameTapckor MannKendall Tecra.

Pesyararn ncrpaxuBama

Cpenmy BHIICTOMUINBGN NPOTHIAju Ha Benmkoj MopaBn Ha XHAPOJIOUIKOM
npoduny Jbydbndaercku moct y nepuoay 19602007. romuna uszHocu 220,3 m3/s, ITO Jaje
BPEIHOCT CHEUU(pUYHOT OTHIaja on 6,2 l/s/kmz. MuHuManHa cpeima TOAMIIbA
BPEJHOCT MPOTHUIIaja W3HOCHIIA je3101,1 m3/s (2,85 ;/s/kmz), a MakCHUMallHa Cpelba

rogumma  BpenHoeT 3489 m/s (9,83 l/s’km ). Ilpoceuna KoHIEHTpaiyja
cycrieHioBaHor Hanoca usnocu je 0,2173 g/l, a xpehe ce y pacmony ox 0,0466 g/l Llo

0,6909 g/1. CpezL}LI/I BUIIETOJUIIBY TPAHCTIOPT cycneHLLOBaHOF Haﬂoca u3HOCHU 2 57"10
t (72,4 t/km /god), a xperao ce y pacnony ox 0, 17"10 t (4,8 t/km /god) mo 10, 02*10 t

(282,2 t/km /god). Y yHyTaproauimoj pactoiesid Hajsehu MpoOHOC HAaHOCA OCTBAPH CE Y
npoxnehe: Tokom mapra (18 %), y anpuiy (17,9 %), y majy (11,7 %) mro unHM CKOpO
MOJIOBHHY TOJMIILET NPOHOCa HaHoca. Hajmamu nmpoHOC HaHOCa Be3yje ce 3a jeceH U
Kpaj aera. Tako centembap yuecrByje ca 2,1 %, aBrycr 2,4 % oxrobap 2,8 %, HoBemOap
2,9 % y yKyIHOj TOIUIIH0j PactoeHy.

VYcnocraBibeHH Tyropodynu TpeHaoBu 3a Q u Qs matu cy Ha rpaduky 1. Kao
IITO c€ MOJKE BHJIETH U3 MPHUIIOKECHUX Trpad)nka IpUCYTHA je U3pa3uTo omajaajyha ImHuja
TpEeHJa MPOHOCA CYCIIEHI0BAaHOT HAaHOCA, IOK JIMHUja TPEH/Ia IPOTHIIaja TI0Ka3yje BeoMa
cmabo wm3paxeH TpeHn mana. CrarucThdka BepudHKanuja TPEHIOBA JaTa  je
kopumthemem MannKendall tecta (tabena 1.) Pesynrarn MannKendall tecra nokasyjy
na Q wmma Oiar TpeHA oOmajama CPEImETONUINBbUX BpPETHOCTH, KOje 13{e MOKa3zyjy

CTaTUCTHYKY 3Ha4ajHOCT. [Ipoceuna croma cMamema Q m3nocu 0,82 m /s/god. Ilax
muauje TpeHaa SSC u Qs mokasyje BHCOKY CHTHU(HMKAHTHOCT, M 3a o0a mapamerpa
CTaTHUCTUYKU je 3HauajaH Ha HuBOY ox 0,001. IIpoceyno cmameme KOHLEHTpaIHja
cycnieroBaHor HaHoca uzHocu 0,0096 g/l/god, a mpoHOca cycneHJOBaHOT HaHOCA
1110294,5 t/god, omHOCHO cHenmM(UYHA TIPOCEYHA CTONA CMamema u3Hoch 3,13

t’/km /god.

I'padmux 1. lyropounu TpeHoBH nporunaja (Q, ms/s) M NPOHOCA cyclieHA0BaHor HaHoca (Qs, 106t/g0d)
MOBe3aHH KYMYJaTHBHHM MACIUIOT [AMjarpaMOM Ha HHBOY BpeMeHcke cepuje 19602007. na
xuapoJomkoM npoduiy Jbyéuuesckn moct, Beanka Mopasa.

KomnaparuBHoM aHanmu3om usMel)y mHTeproauimux BpemHoctd Q u Qs,
YCIIOCTABJHEHOM MPEKO KyMYJIATUBHOT AMjarpama, jaCHO C€ BHJC MPEJIOMHE Taudke
u3Mel)y BogHOCTH U mpoHoca Hanoca: 1976, 1989 u 2000. romuna. Ha ocHOBY Tauku
IPOMEHa y OJIHOCY M3Mel)y NmpoTHIiaja ¥ NpOHOCA CYCIIEHIOBAHOI HaHOCA M3]BOjEHE
cy 4eTHpH BpeMeHcke cepuje: 19671976, 19771989, 19902000 1 20012007. roauHa.

Kako panuja ucrpaxuBama mokazyjy (Wang H. et al., 2007; Peng. et al., 2010),
MHTEH3UTET WHTPEPTrOAMII-e BapujadmiHocTn Qs Haj0oJbe ce MOry carjenaTd
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YCIIOCTaBJhAKEM PEPEPEHTHOT HHBOA, KOjU he TMOCIYXHUTH Kao pemep HacTalux
npoMeHa. Y OBOM HCTpaXMBamy 332 peEepeHTHH HUBO Y3€T je HEpPHOJ OJ IOYeTKa
Mepema CyCIIeHJOBAaHOT HaHOCa J0 NpBE YCHOCTaBJbEHE TadyKe IMPOMEHE, OIHOCHO
nepuon 19671976. romuna (tabema 2). U3 tabenme 2 Moke ce BHAETH Ja jé Y CBUM
W3BOjEHUM BpPEMEHCKHM cepHjaMa gommio ga cMmamema Q, SSC m Qs. U mok cy
npotunaju cMamenu 3a 8,6 % (I mepmon), 22 % (II mepuon) u 3,8 % (III mepuon),
MIPOIICHTYaJTHO CMamemhe KOHIICHTpAlHja CYCIICHIOBAHOT HaHOCAa 3a WCTE IEePHOAC
n3Hocuo je 67,7 %, 84,9 % u 70,3 % y onHocy Ha pedepeHTHH HHBO. M3pa3uro BUCOK
NPOLICHAT CMabeHha KapaKTePUCTHUaH j€ 332 POHOC CYCIEHA0BAHOT HAHOCA, a y OJHOCY
Ha pedepeHTHH HUBO y | mepuony cMameH je 3a 64,5 %, y 1l nepuony 3a 87,1 %, a y 111
nepuony 3a 66,9 %.

Tabena 1. Pesynaratu MannKendall Tecta 3a nporunaj (Q), KoHIeHTpanujy cycneHA0BAaHOT HAHOCA
(SSC) u nponoca Hanoca (Qs)

Tabena 2. CrenmeHacTo cMameme Toauiimer nporunaja (Q), KoHuerpauuje cycneHI0BaHOT
HaHoca (SSC) u mponoca Hanoca (Qs). IIpoceune Bpeanoctn Q, SSC u Qs (19671976) cy
kopuurhene kao pegepentHu Huson (100 %)

VY muiby neTepMHHAHHUje YTHIAja IPOTUIaja U KOHIIEHTPAIMja CyCIICHIOBAHOT
HAaHOCa Ha WHTEH3UTET NPOHOCA CYCIEHIOBAaHOI HAHOCA, y CTATHCTHYKY aHAIH3Yy CY
yBEIEHN mapuujaiHu KoedunujeHTH enactudHoctd (pke) W cTaHAapIU30BaHU
koedunujentn enactuuHoctH (B koedunujentn). KBaHTuTaTMBHO neduHHCamE
3apucHOcTH Qs=f(Q,SSC) mpeko pke mokasyje mporeHTyanHy npomeny Qs ako ce Q
wim SSC npomene 3a 1 %. C npyre crpane, yrBphuBame HOTeHIMjaTHUX MoryhHOCTH
YTHIIaja HaBeICHUX MapaMeTapa Ha MPOHOC CYCIICHIOBAHOT HaHOCA carjieiaH je mpeKof
koedpunujeHTa. BpenHoctu pke u f xoedummjenrta natu ¢y y tabenu 3.

Ta6ena 3. Perpecuonn mojes 3aBucuoctu Qs =f(Q,SSC) ca mapumjannum koeduuujeHTHMA
ejacTuyHocTi (pke) M cTaHJapAM30BaHUM Koe(UIMjeHTHMA eJJacTHYHOCTH (P KoedpuumjeHT)

Ta6ena 4. CreneHacTo cMameme rouimber npoHoca Hanoca (Qs, %) npema pke Q u pke SSC

IIpema pke Q kao QakrTopa cMmamema IPOHOCAa CYCIEHIOBAHOT HaHOCA,
3aKkipydyje ce nma mpomeHa Q 3a 1 % yruue Ha cMameme MPOHOCA CYCIICHIOBAHOT
Hanoca 3a cBera 0,87 % (tabena 3). CMameme NpOHOCA CYCIIEHIOBAHOI HaHOCA
nedunucaHor mpeko 3aBucHoctH Qs=(pke Q) maro je y rtabenmn 4. U3 tabene 4.
NPOM3WIa3N Jla jé HUBO CMamemha NPOHOCA CYCIICHJOBAaHOI HaHOca 3HATHO BehM y
OJIHOCY Ha HHBO KOjH je JeuHMCaH NKEe W TO Ha HUBOY CBHMX M3/IBOjEHUX BPEMEHCKHX
cepuja. Tako je 3a I mepron cMamemne IPOHOCA CyCIIEHIOBAHOT HaHOca 3a 7,6 myTta Behe
HETO IITO je TpeaBueHO cMamemeM MpoTumaja npeko pke, a 3a I u III mepuox
cMameme Qs je 3,5, oqaocHo 19 myta Behe o npeaBul)eHUX BpeTHOCTH.

C ngpyre crpaHe, CMamCHE MPOHOCA CYCIIEHAOBAHOT HAHOCA Koje je
nedunucano npeko 3aBucHoctH Qs=(pke SSC) mokasyje nmpuONMKHE BPEIHOCTH KOje
0JIroBapajy HEroBOM pPEATHOM CMamemy. 10 yKasyje /a CMameme KOHLEHTpaluja
CYCIEHZIOBAaHOI HAaHOCA HHje JCTEPMHUHHCAHO CMamCHEM IpOTHLAja, Beh mocpenHo
NOKa3yje Jia je BEroBo CMambeHme JACTEPMHUHICAHO NPEKO NpYyrux (axropa reorpadceke
cpeauHe.

Jla Tpenn cMamema mpoHoca Qs HHje MOoA JTUPEKTHHM YTHIAjeM MPOPOTHUX
(axTopa, HHTEPIPETUPAHUX Y OBOM CIIy4ajy MPEKO BOJHOCTHU, MOXKE Ce cariieiaTH U Ha
cinenehem npumepy. I'enepaiiHo, mporeHa yTHIIaja IPOTHIaja Ha IPOHOC CYCIIEHAOBAaHOT
HAHOCa MOJXKE Ce IT0Ka3aTH MIPEKO 3aBUCHOCTH:
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AQs=f(AQ) — AQs=aAQ+b

Ha oBaj HaumH y3pakeHa JMHEapHAa 3aBHCHOCT, 3alpaBO, IIPEICTAaBIbA
OJICTyNamhe TOMUIILE BpeIHOCTH Bapujabmu Q m Qs y OAHOCY Ha HHUXOBY CpElImbY
BpeaHocT. Busyanuzanujy onHoca HajOoJbe je NMpHKazaTH NMpeko MopaHOBOI ckartep
wiot aujarpama (Walford N., 2011) (rpaduk 2). IlpencraBibeHu momauu mMory OuTh
IOCMaTpaHu KpO3 JIBE KaTeropuje: CMamemhe IPOHOCA CYCIEHAOBAHOI HaHOca ca
CMamelkEeM TMPOTHIAja, W ToBehame MpoHOca CyCHeHIOBaHOT HaHOca ca moBehemem
mpoTunaja. 3a jake nuHeapHe Be3e BehuHa momaTaka Tpeda 1a ce Haja3u y KBaJpaHTUMa
I u III. [lomarm y xBanmpanTy | yka3yjy Ha moeheme mpoHoca HaHOca ca moBehemem
mpoTHnaja, AoK mojamw y keamgpanTy III yka3yjy Ha cMmameme mOpoHOca HaHOca ca
CMameHhEeM MPOTHIaja.

I'paduk 2. MopaHoB ckaTep ILUIOT JUjarpaMogHoc u3Melhy HHTeproauimbe BapujadMIIHOCTH NPOTHLAja
(AQ) 1 npoHoca cycnieHioBaHoOr HaHoca (AQs) y nepuoay 1960-2007. roa.

VYTHumaj mpoTHnaja Ha MPOHOC CYCIIEHJOBAHOT HAHOCA IOKa3yje pEeTaTHBHO
2

cmaba nmHeapHa Be3a u3Mmel)y mHTeprommmme BapujadbmiaaoctTn Q m Qs (R =0,29).
Hamme, pacumame monartaka w3 kBagpanta | y kxBagpant IV ykasyje ma mpoHoc
CYCIICHJIOBAaHOT HaHOCa HE MpaTH TeMmro nmoBehama mporuiaja. Jeman Opoj momartaka
mpucytaH y kBanpanTy Il ykasyje ma je mpoHoc HaHOca 3HaTHO Behm y omHOCy Ha
BPEIHOCT MPOTHIAja, a BEJIUKH CTEIICH OJICTyIama U3HA] JUHHU]jE TPSHAA Y KBaIpaHTy |
TOBOPH O BEJIMKO] BapHjaOMIIHOCTH ITIPOHOCA CYCIIEHIOBAHOI HAaHOCAa y OJHOCY Ha
nosehame nporunaja.

Ha yrunaj npyrux ¢axropa mocpenHo ykasyjy P xoepunmjentn Q m SSC.
WzpauynaBamem [ KoepHIMjeHATa, OTHOCHO CTAaHAAPAM30BAHWX KOe(HIMjeHATa
€JaCTHYHOCTH, YTBpHEeHo je na je pemaruBHU yTHuraj SSC Ha mpoHoc HaHoca 3,1 myra
Behn y omHocy Ha ytumaj mportumaja (tabdema 3). To mocpemHo ykasyje ma Oum Harie
IIPOMEHE KOHIIEHTpaIfja CyCIIEHAOBAaHOT HaHoca (Koje He Oum Owie OeTepMHHHCAHE
MaIaBUHCKUM YCJIOBUMA), Y OJTHOCY Ha UCTE MPOMCHE MPOTHIIAja, 3HATHO BHUIIIC YTHIAIC
Ha [IPOMEHE y MPOHOCY CYCIEHA0BaHOT HAaHOCA.

Beoma u3paxeH HWHTCPrOAMINELM  TPEHI CMamelha  KOHICHTpAIHja
CYCIIEHZIOBAaHOT HAHOCa W IPOHOCA CYCIICHIOBAHOI HAHOCA Yy OJHOCY Ha TpPEH.X
MPOTHIAja, TCHEPATHO CE€ MOTY ce O00jaCHHUTH pazIHMYUTHM BUAOBHMA aHTPOIOTEHOT
yrunaja. To cy y mpBoM peay eheKTH W3BEJCHUX aHTHEPO3WBHUX PaZioBa y CIMBOBHMA
3anmanne u JyxHe MopaBe y Ipyroj MOJOBHHH XX BEKa, Ka0 M XUAPOTEXHUIKUM
pamoBuMa y pedHoM kopuTy Bemke Mopase u iennx npurtoka (Petkovi¢ S. i dr., 1995;
1996). C apyre cTpaHe, y INIAHUHCKUM JISJIOBUMA CIIUBA JIOILIO je IO M3BECHE MPOMEHE
y HayuHy KopHIIhema 3eMJBHINTA, KOje C€ Orjielajy y HamyliTamky O0OpaIuBUX
MOBpIIMHA W 3aTpaBjbuBamy HUCTHX. OBE MNPOMEHE pe3ynTarT Cy HETaTHBHUX
neMorpa)CKMx M COIMOCKOHOMCKHMX pa3BOjHMX TEHEJCHIMja. Ycien yOpsaHe
nemorpadcke perecrje y nocienmsux 50 roanHa, JOMUIO je 10 KOHTHHYHPaHUX IPOMEHa
KOje ce OrIeAajy y Mpolecy ACTOIyalyje, 1eMorpad)cKor MpaXxmemha U YCUTHABaba
Hacespa, IeMorpad)CKOT cTapema W CIOHTAHOT pacesbaBama cena (MaptuHoBuh M.,
2012), mTo je 3a MOCIEeIUIly MMaj0 CMamkemhe arpapHOr CTAHOBHHUINTBA HA jeIWHUIIH
noppimHe 3a 1517 myra (Martinovic M., Matijevi¢ D., 2006). OBakBe mpomMeHe y
MOjETUHAM JICJIOBUMA CJIMBA OJIPAa3HiC Cy CE Ha CMAmCHC WHTCH3MTETa CPO3UBHUX
npolreca U npoaykuujy Hanoca 3a 2530 % (Mustafi¢ S. et al., 2008).
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3akbydak

VY pany je pazmMaTpaHa BpeMEHCKa BapHjaOMIHOCT NPOHOCA CYCIIEHJO0BaHOT
HaHOCa Ha HajHU3BOAHHUjEM XWposomKoM npoduiny Bennke Mopase. 113 HaBenenux
UCTpaXXMBaha MOXKE Ce 3aKJbYUHTH cieaehe:
. Cpenmwu BI/IHIGFO,HI/IIHH,I/I TpchnopT CyCIIEHI0BAaHOI HAHOCA 3a HepI/IOIL 1967-

2007 H3HOCH 2, 57*10 t (72,4 t/km /god) a Kperao ce y pacmony of 0, 17"10 t (4,8
t/km /god) mo 10, 02"10 t(282,2 t/km /god).

2

. [Tpoceuno cmameme cycrieH1oBaHor HaHoca u3HocH 3,1 t/km /god.

. Beoma u3pakeH HMHTEPrOOWINEM  TPEHI  CMamelha  KOHIEHTpALija
CYCIICHIIOBAHOI HAHOCA W MPOHOCA CYCICHIOBAHOT HAHOCA y OAHOCY HA TPEHI
MIPOTHIIAja.

. Cmameme SSC u Qs eBUAHTHO je Y CBIM H3/IBOjEHUM BPEMEHCKHM ceprjama 1
BHIIIECTPYKO je Behe o7 cMamemha MPOTHIIAja.
. W3y3eTHO BHCOK TPEHJ CMambeia KOHLEHTpaIMja CYCIEHIOBAHOI HaHOCA U

IIPOHOCA CYCHEHIOBAaHOI HAHOCA, I'€HEpaHO Ce MOrYy ce O0jacCHHTH IpOMEHama y
HauuHy Kopuuhema 3eMJbHIITA, HEraTUBHUM JIeMOTpa)CKUM pa3BOjHUM TEHJCHIMjama
(memomynanuja pypaqHHMX Hacesba), KOH3EpBAllMjUCKMM paJoBUMa Yy CIUBY U
XUJIPOTEXHUUKUM pajioBUMa y peuHoM kopuTy Benuke Mopase.

Buneru nuteparypy Ha cTpanu 42



