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Abstract: The morphological evolution of the fluvial relief in the lowland areas is
determined by the dynamic of the lateral channel migration process. River meandering and
lateral channel migration represent continuous, dynamic and complex processes, which
intensity modifies alluvial plains. Accordingly, it is a current topic observed from the
domain of various scientific disciplines and practices, including the geographical aspect of
the study. Directly or indirectly, variations of natural and anthropogenic processes affect
changes in the lateral migration intensity, which is later manifested through permanent
consequences for the environment. The aim of this paper is to investigate the process of
lateral channel migration, through the review and interpretation of theoretical and
methodological concepts and results of contemporary scientific literature. In this paper, on
specific sections of the South Morava River (Serbia), the values of maximum lateral
migration over different time periods are determined. Three representative river sectors
were singled out, spatial and temporal dynamic was determined, while the process of
lateral channel migration was presented quantitatively and graphically. Based on the
obtained data, a comparative analysis showed significant riverbank changes for the
observed meanders, within the period 1924-2020. Special emphasis is on the analysis of
the lateral channel migration in the last decade of the mentioned period. The obtained
results can be further used in order to develop and implement plans of water and land
management, environmental protection and socio-economic development strategies.
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Introduction

Lateral channel migration is a continuous and dynamic process of meandering rivers
characteristic for lowland terrains (Bertalan et al., 2018; Sylvester et al., 2019). The
intensity and variation of this process control the dynamics of the fluvial relief
development of lowland terrains and the appearance of a different fluvial formations — cut
banks and point bars (Hooke, 2007; Bufe et al., 2019). Land loss due to lateral erosion is
permanent, so the effect of this process is more significant (Yousefi et al., 2017). Although,
the formal definition of riverbank stability is not specified in the scientific literature, the
context in which this term is used implies that the bank is stable if it does not change
within a defined time framework (Das, 2014).

When examining lateral channel migration, the analysis of the channel evolution and
recent state of the fluvial process is especially important. Depending on the available data,
lateral channel migration studies are based on different spatial and temporal scales. Most
of them (Yao et al., 2011; Bertalan et al., 2018; Yang et al., 2018) follow the channel
morphodynamic through time sequences up to 50 or 100 years. The importance of these
research is reflected by the possibility of using the obtained results for the development
and implementation of water and land management plans, environmental protection and
socio-economic development strategies (Cunha et al., 2017). Several scientific studies deal
with the degradation of riverbanks of the world's largest rivers (Ahmed & Fawzi, 2009;
Sarma & Acharjee, 2012; Tho, 2019) in which basins, numerous inhabitants and economic
activities are concentrated. In these areas, the process of intensive lateral channel
movement is an important factor of the environmental transformation. Consequences,
caused by the processes of lateral migration and riverbank erosion, can be grouped into
socio-economic (land loss and land use changes, impact on population, settlements and
economic activities), hydrological (velocity and discharge variations), ecological (impact
on habitats), geopolitical (when the meandering river represents the state border)
(Dragicevié et al., 2013; Palmer et al., 2014).

Lateral channel variations are caused by the spatial and temporal dynamic of natural
and anthropogenic factors, their indicators and interactions. The most effective agents are
hydrological indicators, which are determined by oscillations of the average annual,
seasonal and daily values of river discharges, appearance and intensity of maximum or
minimum discharges, frequency and volume of flood waves etc. During floods, significant
amounts of water and sediments are transported by river, intensifying the processes of
lateral migration - riverbank erosion on the one hand and sediment deposition on the
other (Grecu et al., 2016). The correlation between the lateral channel migration and the
occurrence of maximum daily and seasonal discharge values is in the focus in many
studies (Carrol et al., 2004; Blanka et al., 2011; Giardino & Lee, 2011; Lotsari, 2014,
Dragicevic et al., 2017). The link between extreme hydrological phenomena and intensive
lateral channel migration has been proven by Carrol et al. (2004) (Carson River, USA)
and Dragicevic et al. (2017) (Kolubara River, Serbia). They pointed out that only one
large-scale flood is responsible for about 85% of eroded banks in a unique time period. In
a broader context, variations of hydrological indicators reflect the climate indicator
changes, primarily precipitation and air temperature (Darby et al., 2013). In the modern
scientific literature (Gholami & Koheleth, 2013; Bertalan et al., 2018; Yang et al., 2018),
special attention is on the significant role of biogeographical factors in changing the
riverbank zone characteristics, specially through the function of vegetation in riverbank
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stabilization and river velocity reduction. The impact of anthropogenic activities on the
riverbank morphodynamic is manifested in two ways - directly, in the form of regulation
works, artificial cut-offs, gravel and sand exploitation, dam constructions, etc. and
indirectly, in the form of deforestation, human and economic activities in the river basin,
land use changes, anti-erosion works (Depert, 2017). Variations of natural processes can
progress slowly and be particularly imperceptible, while intensive human activities can
indirectly impact more dynamic changes of natural processes, which may cause an
extreme intensification of lateral erosion (Hai et al., 2019). Tripathy & Mondal (2019)
singled out many problems related to lateral channel migration process, specially focusing
on its impact on primary economic activity.

Lateral channel migration is the most important geomorphological process in the
alluvial plains in the Pannonian Basin and its southern rim, which is evidenced in several
scientific papers (Petrovszki & Timar, 2009; Blanka & Kiss, 2011; Nadudvari & Czajka,
2014; Tosic et al., 2014; Bertalan et al., 2018; Bertalan et al., 2019). The results showed
the river course sinusoidal changes and more intensive lateral channel migration in the
last few decades, especially after the period of intensive regulation works. Determination
of the lateral channel migration rates and their impact on the surrounding area does not
have a broad research past on the territory of Serbia. However, it is possible to single out
scientific papers (Roksandic et al., 2011; Dragicevié et al., 2013; Dragicevic et al., 2017)
that manage the mentioned issue (rivers Kolubara, Danube, Drina) and studies which
treat lateral channel migration process from different aspects.

The aim of this paper is to investigate the process of lateral channel migration, to
review contemporary foreign and domestic scientific and professional literature, as well as
to present their results in relation to a given topic. Special emphasis is the study of lateral
channel migration of the South Morava River in the Republic of Serbia. Three
representative sectors were singled out, spatial and temporal changes were determined
(in the period 1924-2020) and the results were presented quantitatively and graphically.

Material and methods

Lateral channel migration studies and their methodological procedure implies the
application of different concepts based on the spatial and temporal approach. The
qualitative and quantitative understanding of the process, and the perception of the
fluvial relief transformation under the influence of lateral channel migration, is of a
particular interest (Giardino & Lee, 2011). Briaud et al. (2007) explained the three most
common approaches - the emphasis is on the determination and evaluation of the lateral
migration rate through the application of empirical and field methods, spatial and
temporal dynamic approach and modeling approach to predict future trends in process
development. Depending on available data, determined goals and established
methodological procedure, the investigation of the lateral channel migration is based on
examining the evolution and contemporary annual and seasonal changes of the
riverbanks, correlation with possible causes and consequences on the environment.

Riverbank location changes in history can be monitored and determined by using a
database that includes many projects and studies, aerial and orthophoto images, and
cartographic materials from different time periods (Jautzy et al., 2020). The oldest source
of data used in this research are maps (1:25,000) from 1924 ("Section for investigating the



Morava River" within the General Directorate of Water). Topographic maps from 1971
(1:25,000) and orthophotos from 2013 and 2020 were used in order to obtain the
shoreline position in the given time sections. Digitization of the left and right shoreline
was performed using GIS software Geomedia Professional. After that, using a comparative
method, the spatial and temporal changes between all observed periods were determined.
Finally, a general picture of the riverbank morphodynamic was considered, by comparing
the states of the initial and final year within a 96-year time period. In order to determine
the annual dynamic in the last decade, a special technique of the Google Earth, "Historical
Imagery" was used, which enabled display and change of certain time sections.

The various local terrain conditions caused the use of a specific method for detecting
shorelines (Winterbottom, 2000; Richard et al.,, 2005). For riverbanks that are not
covered with forest vegetation, but with grass cover or agricultural crops, the shoreline is
clearly visible. For meanders bordered by forest, the shoreline is drawn along the edge of
vegetation and fragmented parts of the bank formed during the high waters. At the
locations where the sediment accumulation and formation of point bars occurs, the
shoreline is established as the border between the vegetation zone and the bar zone, while
at the places where the trees are located on the riverbank, the line is drawn through the
center of the tree canopy.

Study area

In this paper, the South Morava River was chosen as a study area due to specific terrain
characteristics and its morphodynamic. South Morava River is formed by merging two
rivers - Binatka Morava and PreSevska Moravica at an altitude of 392 m, near Bujanovac.
It is characterized by composite valley which consists of several gorges — Grdelica
[Grdelicka klisura], Pecenjevce [Pecenjevacka klisura], Mezgraja [Mezgrajska klisura],
Stala¢ [Stalacka klisura] and valleys — Vranje [Vranjska kotlina], Leskovac [Leskovacka
kotlina], Brestovac [Brestovacka kotlina], Ni§ [Niska kotlina], Aleksinac [Aleksinacka
kotlina]. South Morava River Basin covers an area of 15,469 km2, with smaller parts in
Bulgaria and Northern Macedonia (FaBpunoBuh & [lykuh, 2014; Borisavljevic &
Kostadinov, 2012). The total length of the South Morava River is 234.3 km (2013) with a
slightly shorter left bank (232.7 km) compared to the right (235.9 km). Compared to the
riverbank length from the 1971 (average 248 km), it is noticeable decrease for about 4.5%,
which is direct consequence of conducted regulation works. The South Morava River
Valley can be divided into several morphological units, which are often referred to as the
upper, middle and lower course. The most intensive changes of the lateral channel
migration rates have been registered in the lower and middle part of the South Morava
River, downstream from the Grdelica Gorge [Grdelicka klisura].

Due to the terrain predisposition and configuration, a significant number of
meandering sectors are located along the course of the South Morava River. For the
purpose of this paper, in accordance with the defined goals, the sectors, on which
regulation works were performed in the form of artificial cut-offs, were excluded from this
research. During the 20t century, and especially in the 1960s, several important river
meanders were cut. Petkovi¢ (1995) singled out 11 larger cut-offs that were performed in
the period 1924-1994 on the South Morava River, all in the lower part of the course.
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Fig 1. Locations of the three representative sectors on the South Morava River

Several sectors that are characterized by the most unstable river channel (those that
in the historical and modern period have intensively changed the morphometric
characteristics of their banks) are Dunis-Ljube$ Zone, TeSica-Aleksinacki Bujmir Zone,
the area around the NiSava River confluence and the Grdanica-Donja Lokosnica Zone
(upstream and downstream from the confluence of the Jablanica River). In order to
present the lateral channel migration rates, in this paper, three representative sectors
(Fig. 1; Tab. 1) with seven significant meanders have been singled out. All meanders are
located in the range from 31 to 123 river kilometer for covering a wide range of local
physical-geographical and socio-geographical features.

Tab. 1. Main morphometric indicators of meanders within the three representative sectors

R (km) Left riverbank length (m) Right riverbank length (m)
from to 1924 1971 | 2013 | 2020 | 1924 1971 | 2013 | 2020
M1 31.6 | 33.2 | 1,255 | 1,828 | 1,842 | 1,844 | 1.228 | 1.665 | 1.713 | 1.721
M2 | 332 | 34.7 | 1,016 | 1,221 | 1,244 | 1,249 | 1.034 | 1.424 | 1.478 | 1.501
I M3 | 583 | 58.9 | 572,9 701 757.3 | 805.1 | 726,1 | 729,3 | 797,6 | 836
M4 | 589 | 60.1 | 1,471 | 1,163 | 1,407 | 1,493 | 1,561 | 1,265 | 1,316 | 1,325
M5 | 120.1 | 1208 | 683.2 | 779.8 | 1,018 | 1,020 | 737.9 | 744.4 883 889
III | M6 | 120.8 | 122.2 | 907.2 | 1,068 | 1,433 | 1,454 | 863.6 | 1,176 | 1,528 | 1,555
M7 | 122.2 | 1229 | 745.9 | 795 799 814 913 823 749 756
S — Sector; M — Meander; R (km) — River kilometer;
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Results and discussion

Considering the textual and cartographic literature of the South Morava River,
representative sectors with noticeable riverbank changes during the observed period
(1924-2020), have been singled out. Seven meanders were registered and were taken into
consideration and quantification of the lateral channel migration process (Tab. 1). The
first sector is located in the lower part of the South Morava River along the sections where
the regulation works were done, which influenced on the dynamic of riverbanks (for
protecting local settlements around meander 1, the bank stabilization was made). About
20 km upstream the second sector is located, which also consists of two meanders with
riverbanks mostly bordered by agricultural land and shrub vegetation. The third, most
upstream sector, is characterized by three meanders, with left sides limited by forest-
shrub vegetation, and the right sides by arable land. Analyzing the data from Tab. 1,
significant changes in the shoreline’s length can be noticed (1924-2020). The biggest
changes were recorded on meander 1 (first sector) — enlarge by 32%, on meander 3
(second sector) - an increase by 28% and meanders 5 and 6 (third sector) — increases by
32% and 37%. These data support the fact of a pronounced process of lateral channel
migration. That the process is actual in the last decade of the observed period is shown on
the meander 3 (second sector), where an increase of almost 40 m was registered in seven
year period (2013-2020), i.e. an average 5.7 m/year.

Tab. 2. Maximum lateral migration of the representative meanders (South Morava River)

1924-2020 1971-2020 2013-2020
S M MLM ALM MLM ALM MLM ALM
(m) (m/year) (m) (m/year) (m)) (m/year)
I M1 304.5 3.2 10.6 0.2 1.2 0.1
M 2 507.4 5.3 16.5 0.3 1.6 0.2
I M3 136.5 1.4 93.9 1.9 15.2 2.2
M4 465.9 4.8 239.2 4.8 36.3 5.2
M5 380.7 3.9 146.5 2.9 20.5 4.2
111 M6 448.5 4.7 223.9 4.6 8.1 1.2
M7 370.5 3.9 159.1 3.2 35.2 5.0

S — Sector; M — Meander; MLM — Maximum lateral migration; ALM — Average lateral migration;

The representative sections of the South Morava River are graphically presented on
Fig. 2. Meanders evolution, according to previously explained and cited data sources, can
be traced back to the period of almost 100 years (1924-2020). On the downstream sector
(Fig. 2a), the values of maximum lateral migration were recorded in the range from 304 m
(meander 1) to 507 m (meander 2) for the entire observed period. Average annual values
of maximum lateral migration ranged from 3.2 to 5.3 m/year. High values of lateral
migration rates were registered on meander 4 (Fig. 2b) (second sector), average 4.8
m/year, while on meander 3 the lowest values (1.4 m/year) were recorded for the entire
observed period. On the third sector (Fig. 2¢), on all three meanders, the maximum lateral
channel migration values were recorded in the range from 370.5 m (meander 7) to 448.5
m (meander 6). The average annual riverbank changes ranged from 3.9 m/year to 4.7
m/year. Based on the obtained values, it is possible to point out the appearance of very
dynamic sections on the South Morava River, with riverbank location changes on average
373 m (3.8 m/year) in the period of 96 years, and that certainly had influence on the
existing fluvial relief transformation.



For a clearer understanding of the results, in this paper, the changes that occurred in
smaller time cycles - 1971-2020 and 2013-2020 were also presented. The period 1971-
2020 is especially important, because most of the regulation work on the South Morava
River was conducted in the 1960s, which have had influence on the natural lateral process
trends on the meanders located downstream. On the first sector (Fig. 2a), the minimum
values (0.2 and 0.3 m/year) of the average maximum lateral bank movements are
understandable, as a consequence of the construction of the bank stabilization and other
artificial regulation on the South Morava River, on both meanders. On the second
investigated sector (Fig. 2b), the values of the maximum lateral migration are slightly
higher after the 1970s compared to the previous period 1924-1971 (especially on meander
3 where an increase for over 50% was recorded). Unlike the first two sectors, on the third
investigated section (Fig. 2¢), in two cycles 1924-1971 and 1971-2020, the values of the
lateral channel migration rates are approximately the same - e.g. meander 6 - 4.7 m/year
(47 years), or 4.6 m/year (49 years).

Fig. 2. Graphical view of the spatial and temporal changes of the South Morava River — a) first
sector (meanders 1, 2), b) second sector (meanders 3, 4) and c) third sector (meanders 5, 6, 7)

Considering that the focus is also on recent changes, the last period (2013-2020) is
finally given in order to point out current trends of the maximum lateral migration values.
Most meanders of the second and third sector are characterized with the highest recorded
values of the average annual migration, from 4.2 m/year to 5.2 m/year. This data
instructs very intensive dynamics of riverbanks in the last decade. An interesting example
represents meander 77, which has achieved an average change of 3.9 m/year for almost



100 years, while in the last seven years that value was as high as 5.0 m/year. In contrast,
on meander 6, a lower intensity of riverbank movements were registered - 1.2 m/year
compared to 3.9 m/year in a 96-year period.

Due to different local physical-geographical and socio-geographical characteristics,
the riverbank morphodynamic, on the investigated sectors, had a different rate. Using the
Historical Imagery technique within Google Earth, it is possible to identify the positions
of riverbanks in the last decade and thus determine the lateral channel migration
intensity. The second sector was chosen as an example, with meanders 3 and 4 (previously
largest changes in the last period were determined). In the period of 32 months
(September 2013-April 2015), significant values of lateral channel migration were
registered on both meanders (meander 3 - 13.2 m, and meander 4 - 31.9 m) (Fig. 3). The
obtained values represent on average 85% of the total intensity of the lateral changes
during the third analyzed period (2013-2020). Therefore, the main disadvantage of this
indicator is that it does not give a realistic state of the annual lateral movements, but only
the annual average changes for the entire time period. In a short time period, of even a
few days, it is possible to reach a lateral migration values proportional to the value for a
longer period of time, as evidenced by some of the previously mentioned studies (Carroll
et al., 2004; Dragicevic et al., 2017).

Fig. 3. Graphical view of the South Morava River lateral channel migration (2013-2015) on the
second sector

What is the main reason for the intensive lateral migration of the South Morava River
in the observed period of 32 months? As mentioned earlier, various natural and
anthropogenic factors influence lateral channel migration rates, with special emphasis on
the occurrence of maximum discharge values. Based on previous researches, a declining
trend of mean annual discharge values of the South Morava River was registered (based
on the Mann-Kendall test, the trend value was -1.2), which is in accordance with the most
rivers in Serbia (Langovi¢ et al., 2017). Analyzing by seasons, a slightly increasing trend of
river discharge values can be determined only during the spring season (trend value of
0.5), which is an important characteristic, considering that the maximum daily discharge
most often occurred during the mentioned season. The year 2015 was singled out as one
of those in which significant values of mean annual and maximum discharges were
recorded at the nearest hydrological stations Korvingrad and Mojsinje in the 50-year
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period (1968-2017) (Langovi¢, 2019). The same year, based on the classification of years
by wateriness, was singled out as very rich in water, with an average annual discharge of
137 m3/s, compared to the average annual discharge for the entire period of 87 m3/s at the
station Mojsinje (32% higher value). The maximum river discharge value in 2015 was
1,050 m3/s (Mojsinje station) and 821 m3/s (Korvingrad station), which in the last 20 year
represents the highest recorded value (after 2010 when the maximum river discharge was
1,200 m3/s at the station Mojsinje). The intensive precipitation in the South Morava River
Basin, in the period from March 30 to April 2, 2015, resulted in the formation of a more
intense flood wave in the lower part of the course. The mentioned phenomena could be
one of the key factors for the registered lateral channel migration rates in a given period of
time. Succeeding research should be directed towards a more detailed analysis of climatic
and hydrological conditions during the observed period, in order to justify the accuracy of
this hypothesis.

Fig. 4. Active meander 4 (second sector) and example of river bank erosion on meander 3 (second
sector) on the South Morava River (Source: Author)

Conclusion

The study of the lateral channel migration process is an actual and contemporary research
topic, as evidenced by a large number of scientific papers and studies in which this
concept is viewed in an interdisciplinary manner. In this type of research, the spatial-
geographical aspect comes to the expression especially when considering historical and
recent changes related to lateral channel migration and later placing registered changes in
a correlation with variations of physical-geographical and socio-geographical indicators.
In the area of the Pannonian Basin and its southern rim, on the territory of Serbia, where
the lowland relief is dominant, lateral channel migration is the most significant
geomorphological and fluvial process, and therefore represent an excellent base for
research of this type. Through this paper, the fundamental base of spatial and temporal
study of riverbank dynamic of the South Morava River, is given, by determining the
position of shorelines in different time sequences (1924-2020) and by their comparison.
The ultimate goal of the paper was to calculate the values of the maximum and average
lateral channel migration of the South Morava River on three representative sectors. The
maximum lateral migration values ranged up to 507 m for the period 1924-2020
(meander 2), while in smaller time cycles the value of the average annual movement was
even more significant (5.2 m/year for a period of seven years - meander 3). The obtained
data could serve as a basic for detailed explanation and analysis of the causes that led to
historical and recent changes, and later for quantitative and qualitative study of the
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consequences on the environment and the surrounding area. In future research, it is
necessary to elaborate this process in more detail and complexity, to calculate the rates
along the entire course of the river, and to explain with facts and results every change that
has been registered. The importance of knowing all the obtained data and results is the
possibility of their usage for developing plans and strategies of different content, for the
spatial analysis, for the environmental protection, socio-economic development, spatial
planning, etc.
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HNCTPAZKHNBAIBHE ITPOLLECA JIATEPAJIHOI IIOMEPAIDBA
OBAJIA HA ITPUMEPY PEKE JY2KHE MOPABE (CPBUJA)

Ancrpakr: Mopdosomka eBonyiuja ¢GiyBujasHOr pesbeda HHU3UJCKUX IMPOCTOpA
JleTepPMHUHICAHA je IUHAMUKOM IIPOIleca JIaTepaHOT IIoMepamba peyHux obasna. Murpanuja
peuHux obaja U IojaBa MeaHApPUPama Cy KOHTUHYMPAHU, JUHAMHYHU M KOMIUIEKCHU
TIPOIECH, YMjU UHTEHBWUTET U JIjCTBO YTHYY Ha MOAM(DUKOBame aJMyBHjaJIHUX PABHHU U
obasickor mojaca. CXoZHO TOMe, ped je O aKTyeJIHOj TEMATHUIH IOCMAaTPaHO] U3 JOMEHa
Pa3JIMYUTUX HAYYHHUX JIUCIUIUIMHA U TIpakce, Ykbydyjyhu u reorpadcku acmekT
npoydaBama. J[MPEKTHO WJIM WHJUPEKTHO, Bapujaliyje HIPUPOAHUX M AHTPOIOTEHUX
mpolieca ¥ 1ojasa, yTu4dy Ha IpoMeHe MHTEH3UTeTa JIaTePaIHOr moMepama obasa, ITo ce
KacHUje MaHHdecTyje Kpo3 IepMaHeHTHe IOCJIe/IUIE 110 OKPY)KEHhe U JKUBOTHY CPeJIUHY.
[Iwp pajga mpejcraB/ba HCTPAXKUBAIbE IIPOIECA JIATEPATHOT IIOMepama o00aya, Kpo3
TperJies; ¥ 00pajy TEOPUjCKUX U METOIOJIONIKUX IIOCTABKU U Pe3yJITaTa cCaBpeMeHe HayJIHe
nurepatype. Y pajy €y, Ha IpuMepy crieuduIHIX [eoHuIa peke JyxHe Mopase, onpeljene
BPETHOCTH MaKCHMaJIHe JIaTepaIHe MUTPAIMje 10 Pa3JINYUTHM BPEMEHCKUM IIEpUOANMA.
V3aBOjeHa cy TP pelnpe3eHTaTUBHA CEKTOPA Ha KOjUMa je yTBpl)eHa IPOCTOPHO-BpEMEHCKA
JINHAMUKA, T0K je Ipoliec moMepama obasa KBAHTUTATUBHO U rpad UKy npejcrasbeH. Ha
OCHOBY /100WjeHUX MO/aTaKa, U3BPIIEHA je KOMIIApaTHBHA aHAJIN3a, KOja je ykazajia Ha
3HayajHe MPOMEHe I0JI0XKaja 00aICKHUX JIMHUjA HA [TOCMATPAaHUM MeaH/PHUMa y HEPUOAY
1924-2020. IlocebaH Harjacak je Ha aHAJIN3U WHTEH3UTETA MOMeEpama y IOCIEAHO]
JIelleHUjU HaBe/IeHOT mepuoja. J[oOujeHn pe3yaTaTu ce Aa/be MOTY KOPHUCTUTH Y LIHBY
u3paje U HMMIUIEMEHTaldje IJIAHOBA O YIPaBJbalby BOJAMa U 3€MJBMIITEM, 3aIITHUTE
JKMBOTHE CPEe/IHE U CTPATErHja COI[HO-€KOHOMCKOT pa3Boja.

K/byuHe peumn: jaTepajiHa Murpaiyja, eposuja obasa, Jyxxua Mopaa, Mmeanjap

tmarkolangovic@yahoo.com (ayTop 3a KOpeCOHAEHIIH]Y)
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JlaTepasHo moMepame peyHHx obasia Ipe/cTaB/ba KOHTUHYHUPAH U JUHAMUYAH HPOLEC
MeaHpupajyhux peka u cBojcTBeH je Husujckum Tepenuma (Bertalan et al., 2018; Sylvester
et al., 2019). IHTEH3UTET U BapHjallyje BPeJHOCTH OBOT IPOIieca KOHTPOJIUIILY JUHAMUKY
pasBoja diyBujasHOr pesbedpa HU3UJCKUX TepeHa U II0jaBy AWBEP3UTETA PA3TIMIUTUX
(dryBUjaTHIX TBOPEBUHA — pylIeBHUX obasa u cupyaosa (Hooke, 2007; Bufe et al., 2019).
I'yburak 3eMJBHIITA JIeJIOBalbeM O0UHE epo3Hje je IepMaHeHTaH, 11a je caMuM TUM epexar
sHavajEuju (Yousefi et al., 2017). Mako ¢opmanHa aeduHHIHja CTAOMITHOCTH PEYHUX
obasa HUje NpenusUpaHa y HAYYHOj JIUTEPATYPH, KOHTEKCT y KOjeM Ce OBaj TEPMUH
KOPHCTH UMIUIMIIAPA Ha TO J1a je 0baa cTabMIHA YKOJIHKO Ce HE MeEha IIPUMETHO Yy OKBUDPY
JebUHHCAHOT BpeMeHCKOT okBupa (Das, 2014).

IIpUINKOM HCIHUTHBAaKa TEMATHKE JIATEPAJHOT IMOMepama, IMOoceOHO je 3HavajHa
aHaIM3a €BOJIyTHBHOT pa3Boja M yTBPHMBame PeleHTHOr crama (IIyBHjaTHOT [polieca.
HcrpakiBama OBOT IpOIleca 3aCHOBAaHA Cy HA Pa3JIHYUTHUM IIPOCTOPHO-BPEMEHCKUM
cKajlama, y 3aBHCHOCTH O7I IOCTYIIHUX Iojiataka. Hajeehu 6poj cryamja (Yao et al., 2011;
Bertalan et al., 2018; Yang et al., 2018.) eBosiyTuBHH pa3Boj MopoguHAMUKE TPATH KPO3
BpEMEHCKEe CeKBEHIle /10 50 WIH 100 rojuHa. 3Hauaj OBUX HUCTPAKUBAMA Ce OIJIe/a Y
MoryhHocTH kopuithema HO0OUMjeHHX pesysTaTa IPIJIMKOM H3pajie M MMILIEMEHTAIlMje
IJIAHOBA O YIIPaBJbalby BoJlaMa U 3eMJBHUINTEM, 3aIITUTE JKUBOTHE CPEIMHE U CTpaTeryja
COIMO-eKOHOMCKOT pa3Boja (Cunha et al., 2017). ¥ cxiany ca Tum, ozpeljer 6poj HayIHIX
HCTpaKMBaba 6aBU ce JerpaialiijoM peuHux obasia Hajsehux cBeTckux peka (Ahmed &
Fawzi, 2009; Sarma & Acharjee, 2012; Tho, 2019) y 4ijuM CJINBOBHMA je KOHIIEHTPUCAH
BeJIMKY OPOj CTAHOBHYIKA U IPUBPEIHUX JIEJIATHOCTH, T/I€ IIPOIEC HHTEH3UBHE JIaTEpaTHE
MUTpallFje MpeJcTaB/ba BaxkaH (dakrop TpaHchopMalije okpyxema. Ilocienune, Koje
Ipolec moMepama obaja M3a3uBa, MOTY Ce TPYIHCATH Y COIMO-eKOHOMCKe (IyOuTak
3eMJBUIITA ¥ IPOMEHA HaMEeHe HeroBor Kopuirherma, yTUIaj Ha CTAHOBHUIIITBO, HACeba U
€KOHOMCKE JIeJIATHOCTH), XU/IPOJIoliKe (MpoMeHe BPeIHOCTH MIPOTUIaja 1 6p3uHe BOJE),
eKoJIoliKe (YTpoKEeHOCT CTaHUINTA OWOAMBEP3UTETA), TeONMOJUTHYKe (Y CIydajy Kaza
MeaHipupajyha peka mpezcTaBsba ApskaBHy rpanuiry) (Dragicevié et al., 2013; Palmer et
al., 2014).

Bapujanuje y MmopdoarHAMULIM peYHUX 00ajla yCIOB/bEHE Cy IPOCTOPHO-BPEMEH-
CKOM JMHAMUKOM TIPUPOJHUX U AHTPOIIOTeHUX (AKTOpPAa, HUXOBHUM IIOKa3aTe/bUMa U
y3ajaMHUM JiesoBambeM. Kao Haj/ieIOTBOpHUjU areHcH, KOju IUPEKTHO YTUIY Ha IPOMEHe
moJio’kaja peuHux obasia, M3/Bajajy Cce XHUJIPOJIOIIKU IMOKa3aTesbU, KOju cy ofapelheHu
ocIMyIaIIjaMa BPEJHOCTU CPENHETOUIIUX, CE30HCKHX U THEBHUX IIPOTHUIAja, I0jaBOM
Y VHTEH3UTETOM MAKCUMAJIHHUX IIM MHUHHUMAJIHUX IPOTUIAja, AEjCTBOM M OOUMOM
KHUIIHUX [TOBO/IEbA UTH,. TOKOM MMOIUIABHUX TaJIAca BEJIMKA KOJIMYKHA BOJE U CeUMeHaTa
TPAHCIIOPTYje Ce PEeKOM HHTEH3MBHUPAjyhul mpoliece JiaTepasHOT IOMepama - epo3uje
obasia ca jefiHe CTpaHe U aKyMyJialidje ceAnMeHaTa ca apyre crpaHe (Grecu et al., 2016).
Kopenanuonu oxnoc n3amelly MopdoauHaMuKke pedHuX obasa U IOjaBe MaKCUMAaJTHUX
JHEBHUX U CE30HCKUX BPEIHOCTHU MPOTHUIIaja ¥ HOKyCy je MHOrUX HcTpakuBama (Carrol et
al., 2004; Blanka et al., 2011; Giardino & Lee, 2011; Lotsari, 2014, Dragicevic et al., 2017).
ITocrojame Bese u3Mel)y eKCTPEMHUX XHUAPOJIOUIKKX I10jaBa U WHTEH3UBHOT MOMEpPama
obasta fokasaiu cy Carrol et al. (2004) (Kapcow, CAT) u Dragicevic et al. (2017) (Kosty6apa,
Cpbuja), yrkasyjyhu Ha YnIbeHHUIIE [1a je caMO jeIHA MOIUIaBa Behux pa3Mepa O/Ir0OBOPHA 32
ok0 85% epoaupaHnx obaja y BHUIIETOAMIIHEM BPEMEHCKOM IEepHOAy. Y UINPEM

14



KOHTEKCTY, Bapujalfje XHAPOJIOIIKUX II0Ka3aresba, OJ[pa3 Cy IIPOMEHAa BPEIHOCTU
KJINMATCKUX eJleMeHaTa, IIpe CBera KOJIMYUHe [1a/JaBUHA U TeMIlepaType Basayxa (Darby et
al., 2013). Y caBpemenoj HayuHoj suteparypu (Gholami & Khaleghi, 2013; Bertalan et al.,
2018; Yang et al., 2018) nocebHa nakesa mocsehena je 3HauajHOj y03u 6roreorpadCKux
¢akropa y U3MeHH CBOjCTaBa 0OAJICKOT Iojaca, HAPOIUTO Kpo3 (YHKIH]Jy BereTaiuje y
MpoIIeCy CTabWIN3alMje peYHIX 00aia ¥ pe/lyKOBamba Op3uHe BoJle. YTUIIA] AHTPOIIOTEHUX
aKTHBHOCTH Ha MOpPGOJUHAMUKY pedHHx obanra MaHHdeCTyje ce ABOjaKO — JIUPEKTHO, y
BUJIy PEryJalliOHUX PaJioBa, Ipoceliarha MeaH-7japa, eKCIUIoaTalje IUbYHKA U IIecKa,
KOHCTpyKIje OpaHa WTA., ¥ UWHAWPEKTHO, y BWAy WHTEH3WBUpama Iporeca
JIedopecruzanyje, eEKOHOMCKUX 1 HACEOOMHCKUX aKTUBHOCTH Y CJIUBY, IPOMEHA Y HAMEHH!
KopuIihema 3eMJBHINTA U AHTHEPO3UBHUX pazioBa (Depert, 2017). Bapujauuje BpenHoctu
rmokasaTejba IPHUPOJHUX IIpOIleca MOIY HAMpPeZOBATH CIOPO W OWTH IPAKTUYHO
HEIIPUMETHE, 0K JbYJCKE AaKTUBHOCTU HWHAUPEKTHO MOTY YTUIIATH Ha ,E[I/IHaMI/ILIHI/Ije
IIpOMEHe TPEH/OBA IPUPOAHMUX IIpOIeca, INTO MOXKE Pe3YJATHPATH KPajEbuM
WHTEH3UBHUPAEM JIaTEPATTHOT IToMepamsa obasa (Hai et al., 2019). Ha 6pojuae npobieme
KOJH HAaCTajy MWIpaIjoM pevyHHx obana ykasanu cy Tripathy & Mondal (2019), ca
moceOHUM (POKyCOM Ha MOCIIEAUIE TI0 IPUMAPHU CEKTOP IETATHOCTH.

JlaTepasiHa MuTpanyja MPEACTaB/ba M Haj3HAYAjHUju TeOMOPQOJIOIIKA IIPOIEC
JIyBUjTHUX paBHU peka y [[aHOHCKOM GaceHy U FherOBOM jy?KHOM 00071y O YEMY CBEIOUU
Behu 6poj pagoBa (Petrovszki & Timar, 2009; Blanka & Kiss, 2011; Nadudvari & Czajka,
2014; Tosic et al., 2014; Bertalan et al., 2018; Bertalan et al., 2019). Pe3ysratul 0BUX CTyHja
[MOKA3aJIH Cy MOCTOjatbe MPOMEHE CHHYCOWJHOCTH PEYHOT TOKA U WHTE€H-3UBHOT GOYHOT
[MOMepama y HOCJEeJbUX HEKOJIUKO JlelleHHja, HApOUNUTO HAKOH epuoja ojapaljeHux
peryJalioHux pasioBa. YTBpljuBatbe HHTEH3UTETA JIATEPATHOT IIOMeparba U yTHIaja Ha
OKOJIHM IPOCTOP HeMa IMIMPOKY UCTPAKUBAYKY MPOLLIOCT Ha Teputopuju Cpbuje. Mnax
moryhe je eBumenTrpanu HaydHe pamoBe (Roksandic et al., 2011; Dragicevi¢ et al., 2013;
Dragicevic et al., 2017) koju TpeTupajy nomeHyTy npobsemaruky (peke Kosybapa, JlyHas,
JlpuHa) ¥ CTyZfje KOju TEMaTUKY JIaTepaTHOT ToMepama 00asia TpeTHUPajy ca pa3THIUTUX
acriekaTa.

ITuse OBOT pazia MpeJICTaB/ba UCTPAXKUBAKGE MPOIleca JIATEPATTHOT [IOMepama obara,
Iperiesl caBpeMeHe MHOCTpaHe u foMahe HaydHe JINTEpAType, KA0 U IPEJICTABIbAIbE
IbUXOBUX Pe3yJITaTa y Be3U ca JJaToM TeMaTtukoM. [locebaH akieHaT y pajy je CTaB/beH Ha
IIpOy4YaBama JaTepaiHe MUTparuje obana Ha npumMepy peke Jyxae Mopage. 3/1BojeHa cy
TPHU peNpe3eHTAaTHBHA CEKTOpa Ha KOjUMa Cy YTBpl)eHe IPOCTOPHO-BpEMEHCKE IIPOMEHE
(1924-2020.), 0K je mpoliec moMepama 00ajia KBAaHTUTATUBHO U rpadUyIKY IIPE/ICTABIbEH.

Marepujai u MeTo U

MeTOZOIOMIKK TOCTYIIAK HCTPAKUBAKA JIATEPATHOT IIOMEpama peYHux obasia
o/ipa3yMeBa MPUMeHY Pa3IMIUTHUX KOHIENTA 3aCHOBAHUX Ha MIPOCTOPHO-E€BOJIYTUBHOM
mpuctyny. Of moceGHOT HHTepeca je KBAJIWUTATUBHO U KBAHTUTATHBHO DPa3yMeBarbe
mpolleca M carvie/iaBambe TpaHchopmanuje ¢uyBujasHOr pesbeda MO YTHIAjeM
JlaTepasHor moMmeparba obasa (Giardino & Lee, 2011). Briaud et al. (2007) ¢y uszasojwim u
objacHwIu Hajuernrha TpU HPUCTYIIA IPIIMKOM [IPOYyUaBara MPOobIeMaTUKe JIaTePATHOT
momeparba peuHor Toka. Hajeehu axiieHar je craB/beH Ha BpEIHOBAEbE CTOIIE ¥ MATHUTY/IE
momepara 06ajia Kpo3 IpUMeHy eMIIMPHjCKOT ¥ TEPEHCKOT METO/[a, IIPUCTYIIA IIPOCTOPHO-
BpeMeHCKe AMHAMIKE U IIPUCTYIIa MOZeJIOBama y Wby npeasulama 6yayhux TeHeHnmja
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pasBoja mporeca. Y 3aBUCHOCTU O] JAOCTYIIHHX II0JlaTaKa M MaTepujajia, MOCTaB/beHUX
oubeBa W 3aJaTaka H yTBpheHOI‘ METOJAOJIOIIKOT IIOCTYyIIKa, TeMaTHhKa JiaTepaJiHe
MHTpalyje ycMepeHa je Ka IpoydyaBamy WCTOPHjCKOT pa3Boja 00aJICKOT IIojaca,
CaBpeMEeHUX TOJIMIIBUX U Ce30HCKHX IIPOMeHa IIoyIokaja obaia, Kao M Kopejanuje ca
MOTryhuM y3poIma u mocaeiuiaMma Koji 0Baj IPOoIeC HMa Ha OKPYKEEbE.

Hcropujck pas3Boj MOMepama pPeYHHX obaia MOXKe Ce INPATHTH U YTBPIUTH
kopuihemeM 6asze mozaraka Koja yKpydyje OpojHe mpojexte u enabopare, aepodoTo u
oprooTo CHHUMKe W KapTorpadcke Marepujayie U3 PasJIMIUTHX BPEMEHCKHX IEpHoja
(Jautzy et al., 2020). Kao Hajcrapuju M3BOp IojiaTaka, y pafy €y KopuirheHe KapTe
(1:25.000) u3 1924. roguHe ("Ceknuja 3a UCIUTHBarbe peke Mopase" y okBupy I'eHepasiHe
nupeknyje Boga). Tonorpadcke kapre U3 1971. roguHe (1:25.000) ¥ 0pTOGOTO CHUMITH U3
2013. ¥ 2020. TOANHE KOPHUIINEeHHN cy 32 00ujarbe IoIoXkaja obasna y JaTIM BpeMEHCKAM
npecenuMa. JIuruTann3oBame JieBe W JiecHe obasie, M3BpIIeHO je kKopuirhewem I'MC
codptBepa Geomedia Professional. HakoH Tora cy ymotpeboM KOMIIapaTHBHOT METOa,
yTBpI)eHe ITPOCTOPHO-BPEMEHCKe IIPOMeHe M3Mel)y CBHX IoCcMaTpaHuX Ieproja. Ha kpajy
je carjeziana reHepasiHa cvkKa MOpQOAMHAMUKE PEYHHX 00asia, yIopeluBameM crama
IIOYETHE W Kpajibe TOIUHE Yy OKBUDPY QO6-TOAMIIIEr BPEMEHCKOT LUKIyca. Y I[WBY
YTBpl)UBarba rO/IUIIIEbE JMHAMUKE Y TOCIIENHIX HEKOJIMKO Io/IHa, KopuinheHa je nocebHa
TexHHKa mporpama Google Earth, "Historical Imagery", xoja je omoryhuia mpukasuBarbe
U Memame o/[pel)eHIX BpeMEeHCKIX IIpeceKa.

[ocrojathe PA3IHMYUTHX JIOKAJIHHUX YCJIOBA TEpeHa YCJIOBWIO je KOopHIhemne
cnernudUUHe METOM0JIOTHje 3a JIeTeKTOBame obayckux Juauja (Winterbottom, 2000;
Richard et al., 2005). 3a obane Koje HHCy HOKpHBEHE IIIYMCKOM BereTamujoM, Beh
TPaBHATHM MMOKPUBAYEM IUIM IMOJPOIPUBPEHUM KyJITypama, 00ajicKa JIMHUja MeaHjpa
jacHo je yousbua. Kog MeaHijapa OMBHUEHUM IIIyMCKOM BETeTANMjoM, 06ayicKa JIMHU]A je
U3ByY€HA N0 MBUIM Bereranuje v (GparMeHTHCAHUX JIeJoBa 00ajie, KOje HACTajy TOKOM
mmojaBe BeJHKHX Boja. Ha MecTuMa mojaBe akymysiaijije MaTepHjaja y BHAY CIPYAOBa,
obaJicka JIMHUjA je YCTAaHOBJ/beHa Kao rpaHuYHa U3Mel)y Iojaca BereTalje u Cupyza, 0K
je Ha Jiokanujama T7e ce apBehe Hanasu Ha camoj 06asTH, IMHKUja U3BYYEHA KPO3 IIeHTap
KpoIsu apBeha.

IIpocmopHu okeup ucmpajicusarsa

3a noTtpebe HCTpaXKUBaba MIPoIieca JIATEPATHOT IIoMepara 06ajia y 0BOM pajy, ogabpaHa
je peka JyxHa MopaBa, unju je TOK, 300T KapaKTEPUCTUKA TepeHa U MOP(OANHAMUKE,
IOro/IaH 3a IIpoy4yaBame. Jy:kHa MopaBa Hacraje crajaseM bunHauke MopaBe u
ITpemeBcke MopaBulle Ha HAAMOPCKOj BUCUHU 0] 392 m, Hezpasieko of, Byjanosna. Hhena
JIOJIMHA je KOMIIO3UTHA U CACTOjU ce U3 BUIle KiHcypa U cyxema (I'paenmuka wincypa,
ITeuemeBauko u Me3srpajcko cyxkewe, Cramahka xiucypa) u koriuHa (Bpambcka,
JleckoBauka, bpecroBauka, Humika u AsiekcuHauka). [ToBpiinHa cauBa Jyxue Mopase
HU3HOCH 15.469 km2, 071 KOjux ce Marbu JieJIOBU Hala3e Ha Teputopuju Pemybiiuke Byrapcke
u CeBepHe Maxkenonuje (FaBpwiosuh & Jlykuh, 2014; Borisavljevi¢ & Kostadinov, 2012).
VYxkynna gy:xuna JyxxaHe Mopase usHocH 234,3 km (2013. roausa) ca Herrro kpahom jieBom
obasom (232,7 km) y oxHocy Ha gecHy (235,9 km). ¥ mopehemy ca gy:xkunama obana
JI00MjeHrM Ha OCHOBY Mepeba ca Tororpadcke kapTe u3 1971. roaute (y mpoceky 248 km)
Moryhe je KOHCTaTOBAaTH CMAbEHE 32 OKO 4,5%, IITO je IOCIeAUIa PETrYIANNOHNX PaIoBa
npocenama Meagaapa. JlonuHa JyxkHe Mopase MOXe ce IIOZIeJINTU HA BUILIE PA3IAYUTHX
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MOP(}OJIOMIKUX LETHHA KOje ce Hajuelrhe 03HAYaBajy Kao TOPEHH, CPEEHH U JOEH TOK.
HajuHTeH3VBHUje pelleHTHEe BapHjalHje I0JI0XkKaja 00ayia perucTpoBaHe Cy yV JOHEM H
cpeniibeM Jely Toka JykHe Mopase, HU3BOJHO Off I'paesnnuke KiIucype.

Ca. 1. JIoxayuje mpu penpesdeHmamueHa cexmopa Ha moxy Jysxcne Mopase (cmp. 5)

360r MMpeIMCIOHNPAHOCTH U KOHGUTYpaIrje caMor TepeHa, Ha TOKy Jy:kHe Mopase
JIOIMpAH je 3HauajaH Opoj MeaHzpupajyhux CeKropa Ha KOjuMa je MOCTOjaH IPOIEC
JIaTepaJIHOT IOMeparha PEYHOT TOKA. 3a ToTpebe U3pajie pasia, ay CKIazy ca e nHUCAHUM
[UJBEM, U3 UCTPAXKHBAIba Cy M3Y3€TH CEKTOPH Ha KOjHMa Cy BPIIIEHH PeryJIalliOHN PaioBU
y BH/Iy IIpocenama Meanzapa. TOKOM 20. BeKa, 8 HAPOUUTO 1960-HX TOANHA, U3BPIIEHO je
ITpocename HEKOJIMKO BAKHUX PEYHUX KPUBHHA Ha TOKy JyxxHe Mopase. Petkovi¢ (1995)
je u3aBojuo 11 Behux mpoceka Ha JyxkHO0j Mopasu, JIONUPAHUX Y TOHEM JIEJTy TOKA, KOJU CY
U3BPIIEHHU ¥ IEPUOAY 1924-1994. TOAUHE..

Tab. 1. OcHo8HU MOPPHOMeMPUjCKU NOKA3AMedU MeAHOAPA Y OK8UPY MPU penpe3eHmamueHa

cexmopa
P (km) Jly>kuHa sieBe obajcKe JUHUje JyxuHa ecHe obajicKe JUHUje

C M (m) (m)
on o 1924. | 1971. | 2013. | 2020. | 1924. | 1971. | 2013. | 2020.

M1 | 31,6 | 33,2 | 1.255 | 1.828 | 1.842 | 1.844 | 1.228 | 1.665 | 1.713 | 1.721
M2 | 33,2 | 34,7 | 1.016 | 1.221 | 1.244 | 1.249 | 1.034 | 1424 | 1.478 | 1.501
M3 | 58,3 | 58,9 | 572,9 | 701 | 757,3 | 805,1 | 726,1 | 729,3 | 797,6 | 836,7
M4 | 58,9 | 60,1 | 1.471 | 1.163 | 1.407 | 1.493 | 1.561 | 1.265 | 1.316 | 1.325
Ms5 | 120,1 | 120,8 | 683,2 | 779,8 | 1.018 | 1.020 | 737,9 | 744,4 | 883.8 889
I | M6 | 120,8 | 122,2 | 907,2 | 1.068 | 1.433 | 1.454 | 863,6 | 1.176 | 1.528 | 1.555
M7 | 122,2 | 122,9 | 745,9 | 795 799 814 913 823 749 756
C — cextop; M — meannap; P (km) — peunu kmwiomerap;

IT

HekouKO ceKTopa KOju Cce OJUTUKYjy HajHEeCTaOWIHHjOM TPacOM PEUHOT ToKa (OHH
KOJHU Cy Y UCTOPU]CKOM ¥ CaBPEMEHOM IEPUOly UHTEH3UBHO Memain MopdomMerpujcke
KapaKTepPHUCTHKe CBOjuX obasa) cy mojac Bywuuc-Jbyber, Termuia-AnekcuHauku Byjmup,
30Ha 0Ko yirha peke Humage u nojac I'pranuna-/losa Jlokomrauna (y3BOAHO ¥ HU3BOAHO
ox yirha peke Jabsanuiie). 3a moTpebe MpUKa3a WHTEH3UTETA JIATEpAIHE MUTpaIKje,
OBOM pajly Cy U3/iBojeHa Tpu pernpe3entatuBHa cekropa (Ci.1; Tab. 1) ca cemam 3HaYajHUX
MeaHjapa. 300r MOKpPUBAma IMIHPEr JUjalla30HA JIOKATHUX (DU3UUKO-TeorpadCKuX U
JIPYIITBEHO-Teorpad)CKUX O/JINKA, MEAHIPH CY JIOIHPAHU y PACIIOHY OZ 31. 710 123. PEYHOT
KIJIOMETpA.

Pe3ysiTraTu U AUCKycHja

CaryieaBambeM U pa3MaTpameM TeKCTyayiHe U KapTorpadCcke JIUTEpaType O JYyXKHO]
MopaBu, U3[BOjEHU Cy DPENPe3eHTATUBHU CEKTOPH Ha KOjUMa Cy YOUJbHBE IIPOMEHE
mojiokaja peyHux obajla TOKOM IocMaTpaHor mepuoza (1924-2020.). Ha muma je
PETHUCTPOBAHO CelAaM MeaHJApCKUX KPUBHHA KOje Cy Yy3€Te y pas3Marpame u
KBaHTH(HUKOBabE MPOI[eCa JIaTEPATTHOT IIoMepama obasa (Tab. 1). [IpBu ceKTop JIomupaH
je y momeMm geny Toka JyxHe MopaBe u3Mmelly meoHuIia Ha KojuMa cy 0OOaBJbeHHU
peryJylaiiioHU PaIoBU IpOCeIamha MeaH/1apa, IITo je YMHOTOMe YTUIAJIO U Ha JUHAMUKY
KpeTama peyHuX obana (360r 3allTHTe JIOKAJHHUX Hacesba OKO MeaHzpa 1 ypaheHa je
obanoyrepzaa). Oxo 20 km y3BO/{HO JIOIIMPAH je IPYTH CEKTOP, KOjH ce TaKolje cacToju ox
JIBa MeaH/Ipa yuje cy o6aje MaxoM OUBUYEHE ITOJbOIIPUBPEIHUM 3€MJBUIITEM U HUCKOM
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skOyHacToM BereranujoM. Tpehu, Hajy3BOAHU]U CEKTOP, KAPAKTEPUIILY TPU MEaH/IapPCKe
KPUBHHE UUje Cy JIeBe CTPaHe OrpaHUUYEHe IIYMCKO-KOYHACTOM BEreTanujoM, a JeCHe
OpaHWYHUM MOBpIIVHaMa. AHanu3upajyhu nogarke us Tab. 1. MOTY ce yBUIETH 3HAYAjHE
MpOMeEHE Yy Jy:KUHU ODICKUX JIMHHja MOCMarpaHux meaHzapa (1924-2020.). Hajsehu
HWHJIEKCH TPOMeEHA JIy’KHuHe 00ajicKe JIMHUje 3a0esieyKeH! Cy KOJI MeaHJ[pa 1 Ha IPBOM
CEKTODY, I7ie je 3abeseskeHo nosehame Iy KuHe 3a yak 32%, measzapa 3 (Apyru cekTop) ca
moeeharem 071 0k0 28% u Mmeanapa 5 u 6 (tpehu cexrop) ca 32%, ogHocHO 37%. HaBenenu
TIO/IAIY Uy Y IPHJIOT YHE-EHHIIH O TIOCTOjathy U3PA3UTOT IIPOIIECa JIATEPATHOT IIOMepama
obasia. [la je mporiec akTyeJIaH U y HOCJIEN0] AelleHUjH TOCMaTPAaHOT IIEpUO/a, TOBOPU
TO/IaTaK O IyKUHU MeaHApa 3 (ApYrH ceKTop) Ha KOjeM je perucTpoBaHo nopeharbe o7
TOTOBO 40 m 3a cesilaM roAnHa (2013-2020.), 0THOCHO Y IPOCEKY 5,7 m/god.

Tab. 2. MaxcumanHa aamepanua muepayuja Jyxcre Mopaee Ha penpeseHmamueHum mMeaHopuma

1924-2020. 1971-2020. 2013-2020.
C M ALM ALM ALM
MLM (m) (m/god) MLM (m) (m/god) MLM (m) (m/god)
I M1 304,5 3,2 10,6 0,2 1,2 0,1
M2 507,4 53 16,5 0,3 1,6 0,2
I M3 136,5 1,4 93,9 1,9 15,2 2,2
M4 465,9 4,8 239,2 4,8 36,3 5,2
Ms 380,7 3,9 146,5 2,9 29,5 4,2
111 M6 448,5 4,7 223,9 4,6 8,1 1,2
My 370,5 3,9 159,1 3,2 35,2 5,0

C — cextop; M — meanzmap; MLM — makcumasiHa jiatepaida murpanuja; ALM — npoceyHa jlaTepasHa
Murparuja;

Opnabpane neonune toka JyxkHe MopaBe u3/iBOjeHe Cy U TpadUUKU IPEACTABIbEHE
(Co1. 2). EBosyTHBHU pa3Boj MeaH/iapa, 0 paHuje 00jallthbeHUM U HaBeJleHUM M3BOpUMa
I0/1aTaKa, MOKe ce IPATUTH Y BPEMEeHCKOM HU3Y 0J1 CKOPO 100 roguHa (1924-2020.). Ha
HajHu3BoAHUjeM cekTopy (Ci. 2a) 3abeserkeHe Cy BPETHOCTH MAaKCHMAaTHe JaTepasiHe
MUTpaIdje y pacrmoHy of] OKo 304 m (MeaHzap 1) m0 507 m (MeaHzap 2) 3a YUTaB
rmocMaTpaHu repuo/i. [IpoceyHe rofiuime BpeAHOCTH MaKCUMAaJTHE JIaTepaIHe MUTpAIje
KpeTasie ¢y ce of 3,2 1o 5,3 m/god. Bucoke BpemHOCTH WHTEH3UTETA JiaTe-PaJIHOT
oMeparba PerucTpoBaHe cy Ha Meanzapy 4 (Ci. 2b) (mpyru cexTop), y mpoceky 4,8 m/god,
JIOK Cy Ha MeaH/py 3 3abesiexkeHe HajHIDKE BpeTHOCTH (Y IpOCeKy 1,4 m/god) 3a yuTaB
nocMarpanu nepuoji. Ha Tpehem cextopy (Ci1. 2¢), Ha cBa TpH MeaH[ipa, 3abeJekeHe cy
BPEIHOCTH MaKCHMAaJIHOT HOYHOT IIOMepama y PacloHy of 370,5 m (MeaHzap 7) 10 448,5
m (meanzaap 6). [IpoceuHa rouiiiba moMepama obaa ¢y ce Kpetania of 3,9 m/god 0 4,7
m/god. Ha ocHOBY fi06ujeHUX BpeqHOCTH, MOryhe je yka3aTu Ha II0jaBy BpJIO JUHAMUYHUX
ZIeoHuna Toka Jyxkae Mopage, Koje ¢y 3a EPHOJ OZ 96 TOAMHA, ¥ IPOCEKY MEHase CBOj
moJ10aj 3a oko 373 m (3,8 m/god), 1rTo je 3acurypno umasio epekra Ha TpaHchoOpMaIujy
nocrojeher ¢uyBujamHor pebeda.

3a jacHuje pazymeBame JOOUjeHUX pe3ysITaTa, IPUKA3aHe Cy U MPOMEHE KOoje Cy ce
JIOTOZIVIE Y MAKbUM BPEMEHCKUM IIMKJIycuMa (1971-2020. U 2013-2020.). 3a IpoydaBame
JlatepanHor nmomepama Jy:kHe Mopase noceOHO je 3Ha4yajaH BpEMEHCKH IepHoj, 1971-
2020., jep je BehuHa peryjianvoHHX pajioBa HAa HEHOM TOKY H3BpIIEeHA 60-UX TOJMHA
MIPOIILIOT BeKa, IIITO je yMHOTOMe YTHUIAJIO U Ha TPEH/I IPUPOAHOT JIATePAJIHOT IIpolieca Ha
MeaHJIpUMa KOju cy JounupaHu Hu3BojgHo. Ha mpBom cextopy (Ci. 2a) eBHAEHTHE cy
MUHUMaJHe BpegHocTH (0,2 M 0,3 m/god) MPOCEYHOr MAKCHMAJHOT JIATEPATTHOT
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momepara obasia, Kao MoCaeUulle KOHCTPYHCatha 00aI0yTBpAA U aHTPOIIOTEHOT ypelerha
Toka Jy:kHe Mopase Ha 00e peune kpusute. Ha pyrom ucrpaxusanom cextopy (Ci. 2b)
BPEHOCTH MaKCHMAJTHOT JIATEPAJTHOT ITIOMEPAarha Cy HEIITO BUIIE HAKOH 70-UX TOJIUHA Y
O/THOCY Ha IIPETXOHU EPUOJ, 1924-1971. (ToceOHO HAa MeaH [Py 3 Ha KOjeM je 3a0eJIerKeHO
moeeharbe 3a Bulie 071 50%). 3a pasIuKy O] IIPBa J[Ba CEKTOPA, Ha Tpehoj UCTPasKUBAHO]
neonunu (Ci. 2c), y ABa BpeMeHCKa IUKIyca (1924-1971. UM 1971-2020.) BPEAHOCTH
HMHTEH3UTETA JIATEPATTHOT TIOMeparba Cy NMPUOJIMEKHO MOJy[apHe — HITPp. MeaHaap 6 — 4,7
m/god (3a mepuoz o1 47 ro/rHa), OMHOCHO 4,6 m/god (3a mepuos of1 49 roauHa).

Ca. 2. I'pagpuuru npuxas npocmopHo-8pemeHcKUX npomeHa moxa JyscHe Mopase — a) — npsu
cexmop (MeanOpu 1 u 2), b) dpyau cexkmop (meandpu 3 u 4), ¢) mpehu cexkmop (meauopu 5, 6 u 7)
(cmp. 7)

Y3umajyhu y 063up 712 je GoKyc pasa u Ha peleHTHUM ITPOMeHaMa, Ha Kpajy je AaT
TOCJIE Y BPEMEHCKY TIEPUO/T Y IyKUHHU Of] ceJiaM To/irHa (2013-2020.) Aa 6U ce yKka3ajo
Ha caBpeMeHe TPEH/IOBE Y BPeTHOCTMA MaKCUMAJTHOT JIaTePATHOT IoMeparba obasa. Ha
BehuHM MeanHzapa JApyror u Tpeher cekTopa MOXKEMO YOUWTH HajBehe 3abesexeHe
BPEIHOCTH IIPOCEYHOT TOUIILET IIOMePama, 011 4,2 m/god /1o 5,2 m/god. OBakas nmojartak
yKa3syje Ha MOCTOjalbe BeOMa WHTEH3UBHE IMHAMUKE PEYHUX 00asia Y TMOC/IEIHbUX JIeCET
rojivHa. VIHTepecaHTaH je MpUMep MeaH/pa 7, KOjU je 3a TOTOBO 100 TOJIMHA OCTBAPHO
TPOCEYHO TIoOMepame o7 3,9 m/god, ZOK je y MOCIEeNbUX celaM TOAWHA Ta BPEIHOCT
u3HOCWIA 4Yak 5,0 m/god. CympoTHO HeMy, Ha MeaHApPY 6 DPErHuCTpOBaH je HIDKU
WHTEH3UTET IoMeparma obasa — 1,2 m/god Hacmpam 3,9 m/god y 96-rouIImheM IEPHOY.

3060r pasIHYUTHX JIOKATHHX (GUBHIKO-Teorpadckux u pyIITBeHO-reorpadCckux
KapaKTepUCTHKa, MOPhOJUHAMUYKY Pa3B0oj 06aia Ha UCTPAKHUBAHUM CEKTOPHUMA KPETA0
ce pazimuntuM TemnoM. Kopumnthemem texuuke "Historical Imagery" y okBupy mporpama
Google Earth, moryhe je umenTHduKOBaTH MOJIOXKAje OOATICKUX JIMHHUjA Y TOCIIENIHO]
JIELIEHUj U ¥ TUME O/IPEAIUTH BPEIHOCT MHTEH3HUTETA JIATEPATHOT [TOMeparba. 3a MPUMeD je
y3€eT JIPYTU CEKTOp, U MeaH/Ipu 3 U 4, Ha KOojuMa cy paHuje yrBpheHe HajBehe mpomene
moJIoKaja obayicke JTMHUje y TOCTEeIbUX ceflaM ToAnHa (2013-2020.). Y mepuozy o 32
mecena (cermremMbap 2013. - aIpUI 2015. TO/{UHE) PETUCTPOBAHE Cy M3PA3UTE BPEAHOCTH
moMeparba obajicke JIMHHUje Ha oba MeaH/pa APYror cekropa (MeaHmap 3 — 13,2 m, a
meaHzap 4 — 31,9 m) (Ci. 3). JloGujeHe BpeHOCTY MaKCHMAITHOT JIATEPAJIHOT IIOMEPamha
IIPE/ICTaBJbajy y MPOCceKy 85% 0] YKYITHOT MHTEH3HUTETA IIOMEPaa TOKa TOKOM Tpeher
aHAIM3MpAHOT mepuoza (2013-2020.). [Ipema ToMme, [IaBHH HEIOCTATaK MOKa3aTesba
[IpOCeYHe TO/UIIELe BPEAHOCTH JIaTEpAIHE MUTPAIVje PEUHOT TOKa, je Taj IITO He Jaje
peayiHy CJIMKY TO/MIINIbEr MOMEpara TOKa, Beh caMo TOJUINEbM HPOCEK 3a YUTAB
BPEMEHCKH [epUoJl. Y MUHUMAIHOM BPEMEHCKOM OKBHPY, O7] YaK HEKOJIUKO ZjaHa, Moryhe
je moctuhu BPEAHOCT JIaTEpASHOT MOMEparha MPOIMOPIMOHAIHY BPEIHOCTH 32 Y:KU
BPEMEHCKH MTEPUOI, LITO Cy IOKa3aJIe  HeKe O/f IPETX0/IHO oMeHyTHX cryauja (Carroll et
al., 2004; Dragicevic et al., 2017).

Ca. 3. I'paguuxu npuxas aamepante muzpayuje Jyxce Mopaee (2013-2015.) Ha npumepy
MmeaHndapa Opyzoz cexkmopa (cmp. 8)

Koju je pazsyior uHTeH3UBHe MUTrpanyje peuHux obana JyxHe Mopase y nocMaTpaHoM
neprony on 32 Mecena? Kao mTo je paHuje HallOMeHYTO, PasjIMYUTH IPHUPOJHUX U
aHTpororeHy GaKTOpH yTUUY Ha BapHjarfje JaTepaTHor moMepamba 0basa, ca moceOHIM
HaIJIaCKOM Ha II0jaBy MAaKCHUMaJIHUX BpeAHOCTH Iporuraja. Ha ocHOBy paHHjux
HCTPKUBAha, PETMCTPOBAH je onazajyhu TpeH/ CpeAberoIuIIhUX BPEIHOCTH IPOTHIAja
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Jyxxue Mopase (Ha ocHoBy Mann-Kendall Tecra BpeaHoCT TpeH/a je u3HOCHIA -1,2), KOjU
je y ckmamy ca BehmHoM peka Ha Teputopuju Cpb6uje (Langovié et al.,, 2017).
Ananmsupajyhu mpema ce3oHama, MOXKe Ce YTBPAWTH 6Jiar mopacTt TpeHAa MPOTHIaja
jenuHo TOKOM mposiehHe ce3oHe (BPEIHOCT TPEHAA Of 0,5) IITO IPEACTaB/ha OUTHY
KapaKTEPHUCTHKY, C 003MPOM Ha TO /ia Cy Ce MAKCHMAa/IHH JIHEBHU IPOTHUIAjU Hajyelrhe
jaBJpasii TOKOM HaBesieHe ce30He. [oiHa 2015. je U3/IB0jeHa Kao je/Ha O/ OHHX Y KOjoj cy
3a0esie)keHe 3HAYAjHUje BPEAHOCTU CPENI-ETOJIUINbUX U MAaKCUMATHUX HPOTHIAja Ha
HajOJIMDKIM XHUJIPOJIOIIKUM cTaHuiaMa KopsuHrpaza u Mojcuibe y 50-TOAUIIIEEM ITEPUO]TY
(1968-2017.) (Langovi¢, 2019). Hcra roauHa je, HA OCHOBY PaHTHpama TOJIMHA IpeMa
BOJIHOCTH, M3/[BOjEHA K0 BPJIO BOJIHA Ca BPEAHOIINY CPeIherOIMIIIELET TPOTHIIAja O 137
m3/s, HACIIpaM CPEeIHErO/INIIELEe BPEHOCTH 34 YNUTAB IEPHOJ Koja M3HOCH 87 m3/s Ha
cranunn Mojcume (3a 32% Beha BpemHocT). MakcMMaiHa BPEQHOCT MPOTHUIAja 2015.
roJIvHe, U3HOCIIIA je 1.050 m3/s (ctanuna Mojcume) u 821 m3/s (cranuna KopBuHrpan),
IITO Y TIOCTIENAHEM 20-TOIUIIHLEM MEPHUOAY MpEACTaB/ba HajBehy 3abesierxeHy BPEIHOCT
(HaKoH 2010. TOAWHE Ka/a je PErucTpoBaHa BPEJHOCT Off 1.200 M3/s Ha CTAHWIH
Mojcume). IHTeH3MBHA KOJIMYWHA M1aJIaBUHA Y CJIUBY Jy:kHe Mopase, y mepHozy 30. MapT
— 02. anpui 2015. roguHe, I/IMa.T[aje 3a rnocsieauny CrBapame I/IHTeH-BI/IBHI/IjeI‘ IIOIIJIAaBHOT
Tajlaca 1 usyinBae Jy:kae Mopase y I0sheM JIejTy TOKa. YIIpaBo Ou MOMEHYTE [I0jaBe MOTJIE
OuTH jesaH o] KJby4HUX (haKTOpa PErMCTPOBAHOTr MoOMeparsa obasa Jyskue Mopage y gatom
nepuosy. HapeHa ucTpakuBama je MOTPEOHO YCMEPHUTH MpeMa JeTabHUjO] aHATIU3U
KJIMMATCKUX U XHUJIPOJIOIIKIX CTarha TOKOM IIOCMATPAHOT [IEPHUO0/ia, KaKo OU ce oIpaBzaia
TaYHOCT HaBeZICHE XUIIOTE3E.

Ca. 4. I[Ipuxa3 akmueHoz meaHopa 4 (0pyau cexkmop) u npumep epo3suje obanra meanopa 3 (Opyau
cexmop) pexe Jysxcne Mopage (H38op: aymop) (cmp. 9)

3axpyuak

ITpoyuaBame Ipolieca JIATEPATHOT IIOMepama PEeYHHX obayia IpeJcTaB/ba aAKTYETIHY U
caBpeMeHy UCTPaKUBAYKy TEMATHKY, O UeMy CBelouH Behu Opoj HayYHO-UCTPAKUBAYKIX
U CTPYYHUX PaJIoBa, CTyAMja U elabopaTa y KOjuMa je oBa KOHIIENIMja caryieZlaHa Ha
WHTEPUCIUIIINHAPAH HAYWH. Y OBAKBOM THILy HCTPKHBAMKa MPOCTOPHO-Teorpadcku
ACIIEKT /I0JIa3H NMOCEeOHO 10 U3pakaja MPUINKOM CarielaBarha NCTOPH]CKUX U PELIEHTHUX
IIpPOMeEHA ¥ Be3H €a MUTPALMjOM PEYHUX TOKOBA U KACHUjE IOCTAB/bAIE PETHCTPOBAHUX
IpOMeHA Y KOPeJIauoHU OJHOC ca BaprjarujaMa Gu3nIKo-reorpadCKux U JIPYLIITBEHO-
reorpadckux nokasarespa. Ha mpocropy ITaHOHCKOT 6aceHa U HeroBOT jy:KHOT 06072, Ha
tepuropuju Cpbuje, y KOjeM je JOMHUHAHTAH HUBHJCKHU pejbed, JIaTepaJIHO IIOMEPALE je
Haj3Ha4YajHUju reoMopdosomKky u ¢GJIyBHjaTHU MPOIEC, TE€ CTOTA IIPEICTABIbA OJIJIMUHY
6a3y 3a HcTpaKUBarbe 0Be mpobiiemMaruke. Kpos oBaj paz aate cy byHAaMeHTaTIHE OCHOBE
IIPOCTOPHO-BPEMEHCKOT MPOYyYaBama AMHAMIKE PeUHUX 06aia, Ha IPUMepPY peke JyxKHe
Mopage, ogpehuBambeM HUXOBOT IOJIOXKAja V PA3IMIUTAM BPEMEHCKHM CEKBeHIlaMa
(1924-2020.) u wmehycobHom kommapaijom. Kpajibu /b paza MoJpa3yMeBao je
U3payyHaBamke BPEJHOCTH MAaKCHMAJIHOT U IIPOCEYHOT JIATEPAIHOT IMOMepama obasia
Jy:kHe MopaBe Ha TPH pellpe3eHTATUBHA CEKTOPa. BpeIHOCTH MaKCHMaJlHE JIaTepaiHe
MUTpaIyje cy ce Kpetase u 7o 507 m (1mepuoy 1924-2020.) (Meanzaap 2), 10K je y MalbuM
BPEMEHCKUM IIMKJIyCHMa BPEIHOCT IIPOCEYHOT TOIUIITIHET IoMepara OrIa joIl 3HaYajHuja
(5,2 m/god 3a mepuop on cemam roamHa — MeaHzaap 3). JHoOujeHH pe3yaraT MOTy
TIOCJIY?>KUTH Ka0 OCHOBA 33 HAKHA/IHO O0jalImaBabe U aHAIN3Y Y3POKa KOjU Cy JOBEJIH JI0
HCTOPUjCKUX ¥ PELEHTHUX IPOMEHA, a KaCHUje U 332 KBAHTUTATUBHO U KBAJIUTATHBHO
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Mpoy4aBarbe MOCIEAUIla [0 KUBOTHY CPEIMHYy U OKOJHHU mpoctop. Y Oyayhum
HCTpaKUBabUMa OTPeOHO je ZleTa/bHIYje U KOMILJIEKCHU]E Pa3paJIUTH 0Baj IIPOIIEC HA TOKY
Jyxxne Mopase, carsiefaTé BPEJHOCTH HHTEH3WTETAa MOy>K UYHTAaBOI TOKA peKe, U
YHIeHUIIaMa U pe3ysaTaTiMa 00jaCHUTH CBAKy IPOMEHY KOja je perHcTpoBaHA. 3HAUAj
[MO3HAaBama CBUX JIOOMjEHHX TI0/IaTaKa U Pe3yJITara je y MOTYNHOCTH EHXOBE IIPHMEHE Y
HU3paj IJIAHOBA U CTPATervja pasIuduTor CaApIKaja, 3a NOTpebe MPOCTOPHUX aHAJIN3a,
3AIITUTE }KUBOTHE CPEIHE, COIIMO-eKOHOMCKOT Pa3Boja, IVIaHUPakba U ypeljema mpocTopa
UTH.

3axsaarHuya

OBaj pax mpencTaB/hba ZIe0 pe3ysITaTa HCTPLKHMBAaIKa Ha INPOjeKTy O6poj 176017, Koje
¢uHaHCHpa MUHHCTAPCTBO IPOCBETE, HAYKe M TEXHOJIONIKOT pa3Boja Pemy6sike Cpbuje.
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