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Abstract:  In many parts of the world, consequences of the observed changes in low flow regime accompanied with significant 
seasonal fluctuations in precipitation and runoff, emphases necessity for evaluation and analyses of the shifts. It is of a 
particular interest for areas where competition among the users and water shortage is perceived. The largest share of 
renewable internal fresh water resources in Serbia is located within the Zapadna Morava River basin in central part of 
Serbia. Despite of the favourable natural conditions and water resources abundance, in last few years noticeable 
shortage in drinking water supply is detected in some regional water supply systems within the river basin, in 
particularly during the peak seasons, namely summer and autumn. Established correlation among precipitation, 
runoff, and natural retention capacity as a result of land use practices indicated significant differences of season low 
flow conditions. Normalized probability introduced in this study is applied on data sets for 30 selected hydrological 
stations. Moreover, evaluation of land use and soil type provides better insight into natural retention capacity of 
significance for ground and surface water sources. Developed methodology enables low flow regime zones 
identification and delineation. The results presented in this paper manifest necessity of comprehensive regional 
hydrological low flow investigation for future drinking water supply infrastructure and other water management 
facilities to sustain sustainable water resources management at the river basin level. 
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1. INTRODUCTION 

Zapadna Morava River basin (15,796 km2) is mainly located within the Serbian territory, with 
only 2.8 % (446 km2) located in Montenegro. The Zapadna Morava drainage area stretches south – 
north direction with well-developed hydrographic network (Figure 1). The river originates in 
Požeška ravine at the 300 m a.s.l., as the confluence of Moravica (1,513 km2), Đetinja (1,210 km2) 
and Skrapež (630 km2) rivers. Ibar River is the main Zapadna Morava tributary with drainage area 
of 7,925 km2, followed by Rasina (990 km2), Čemernica (629 km2), Gruža (617 km2), etc.  

The upstream basin perimeter is located in the mountainous area (Kopaonik, Prokletije, etc.) 
with long winters and a lot of snow cover typical for alpine climate with significant number of 
foggy days in ravines. In the downstream part of river basin the climate is moderate continental 
with less fluctuation in temperature and higher yearly precipitation totals. The river basin climate 
regime during the year is favourable for water retention (Monography – Morava, 2006).  

Due to climate and natural features Zapadna Morava river basin (Figure 1) has the largest share 
of renewable internal fresh water resources in Serbia and it presents the most immense drinking 
water source reserves in the country. As a result, several large drinking water supply systems are 
developed, e.g., Rzav water supply system, Gazivode water supply system, Rasina water supply 
system, Đetinja water supply system, Kragujevac water supply system (Republic of Serbia Water 
Management Master Plan, 2001; Water for 21st Century, 1999) with main objective to provide 
steady supply with water quantity of good quality for number of cities and municipalities within the 
river basin. At the present, there are several multipurpose dams within the drainage area: Reservoir 
Gazivode (average flow 13.5m3/s) on river Ibar that serve for water supply, irrigation, hydropower. 
Ćelije reservoir results from damming of river Rasina and is utilized for water supply, flood control 
and sediment management. It has average flow of 5.9 m3/s and uniform environmental flow of 
approximately 0.56 m3/s, Vrutci reservoir located on Đetinja river main goal is city of Užice 
drinking water supply combined with flood control and environmental flow regulation for 
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downstream locations. With respect to different users’ water supply there are few large reservoirs, 
e.g., Ovčar Banja, Međuvršje, and Gruža for Kragujevac and Kraljevo drinking water supply. 
Finally, the regional drinking water supply system Rzav is located within the studied drainage area. 
Despite the abundance good quality of fresh water the water shortage during the low flow 
conditions is detected, very likely due to competition among different users (water supply, 
hydropower, agriculture, industry). Thus, assessment of low flows and natural retention capacity are 
of great interests given the noticeable shortage in existing drinking water supply systems located 
within the river basin.  

 

Figure 1. The Zapadna Morava drainage area with main tributaries and evaluated hydrological stations  

In addition, possible alteration in hydrological cycle (Houghton et al., 1996) and water resources 
will have adverse effects on sustainable water resources management. Multipurpose dams that serve 
many of the typical water management functions (Lindström et al., 2012) together with natural 
retention capacity as one the hydrological ecosystem service (UNEP, 2008; WWAP, 2009; 
Burkhard et al., 2014) advance water resources resilience to diverse pressures and changes. 
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2. APPLICATION OF THE NORMALIZED VALUES FOR LOW FLOWS ZONES 
DELINEATION  

At the present, 45 hydrological stations exist within the river basin. However, average monthly 
low flow data evaluation is applied on selected 30 hydrological stations (Figure 1) based on criteria 
for time series quality control, i.e., they are long enough (55 years on average) with no significant 
percentage of missing data (less than 5%), and hydrological regime at the selected stations fully 
portray Zapadna Morava drainage area hydrological regime diversity. The low flow assessment is 
based on criteria that 95% of average minimum monthly flows have to be maintained with purpose 
to set permit discharge limits downstream (Matić and Simić, 2016) of evaluated stations. 

Given the diversity of the climate, hydrological regime and size of Zapadna Morava river basin 
there is rationale to normalize statistical data series to make comparison feasible (Dodge, 2006). To 
provide more uniform approach in low flow zones delineation the following equation is applied at 
the each hydrological station:  

NQLF (1-30) = QLF (1-30) / A (1-30)  (1) 

where NQLF is the normalized low flow value, QLF is low flow derived from the observed datasets 
(l/s) and A is hydrological station contributing drainage area (km2). The summary results for all 
evaluated hydrological stations and months with detected water shortage during the low flow 
conditions are exhibited in the Table 1. 
 
Table 1 Normalized average monthly low flow values within the Zapadna Morava River Basin for hydrological stations 

Hydrological station Qyear 
(m3/s) 

Area 
(km2) 

NQLF 
(l/s/km2) 

June July Aug. Sept. Oct. 
(l/s/km2) 

Preljina 3.78 625 0.381 6.374 3.858 2.422 2.277 2.688 
Brđani 1.55 208 0.490 7.587 4.808 3.279 2.966 2.990 
Požega 4.97 630 0.632 7.919 6.046 3.170 2.786 3.686 
Guča 2.72 239 0.615 10.497 6.510 3.851 4.943 5.245 
Brus 2.37 208 0.714 13.618 9.025 4.605 5.480 5.650 
Bivolje 7.69 965 0.728 7.378 4.972 2.921 2.951 3.647 
Ravni 4.70 441 0.865 11.119 7.422 3.711 4.222 4.509 
Raška 39.47 6270 0.922 5.225 3.248 2.393 2.507 3.333 
Kraljevo˛M.Most 44.61 4658 0.996 9.353 6.500 4.101 3.915 5.054 
Kosjerić 1.49 166 1.046 9.214 5.516 3.419 3.278 4.303 
Trstenik 103.5 13902 1.108 7.287 4.877 3.382 3.335 3.979 
Ušće 46.26 6883 1.132 5.855 3.722 2.726 2.839 3.623 
Jasika 105.1 14721 1.134 6.947 4.543 3.054 2.977 3.665 
Lopatnički Lakat 57.21 7818 1.358 6.817 4.405 3.216 3.314 4.043 
K.Stena&G.Most 32.90 3077 1.433 10.469 6.990 4.480 4.444 5.695 
Ribarići 10.42 856 1.452 6.762 4.021 4.702 6.868 9.858 
Stapari 3.87 332 1.485 9.117 6.996 4.904 5.689 10.286 
Kruščica 4.19 281 1.526 12.848 8.590 5.427 7.928 8.801 
Ivanjica 6.76 475 1.609 14.996 10.695 6.450 6.150 6.556 
Arilje 10.52 830 1.661 14.200 9.064 5.569 5.098 5.804 
Arilje 7.91 564 1.628 14.986 9.523 5.968 6.106 7.899 
Kruščica 0.82 51 1.795 14.289 10.695 6.903 8.409 10.071 
Bogutovac 1.90 116 1.806 15.994 11.776 8.947 9.228 9.285 
Šengolj 5.80 511 1.877 9.423 7.190 4.711 5.284 8.300 
Roge/Radobuđa 6.09 432 1.875 14.493 9.431 6.028 6.692 8.308 
Novi Pazar 3.92 477 1.930 8.236 6.053 5.280 5.430 5.563 
Biljanovac 3.41 265 2.701 15.186 10.315 7.333 7.613 7.260 
Ušće 7.12 540 2.923 14.824 10.538 7.565 7.527 7.618 
Mlanča 4.75 310 3.166 17.424 12.222 8.723 8.589 8.544 
Devići 2.90 191 3.279 17.323 12.162 8.713 8.508 8.685 

 
According to results presented in Table 1 that exhibits results for average monthly low flows 

analyses at each location it is evident that highest values for low flows are observed from August to 
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October on River Lopatnica followed by upper part of River Ibar, etc. For the development of the 
normalized daily flow duration curves at each location the results are generated by application of 
the Equation 1 on the observed data sets for average daily flows at the selected hydrological station 
(Figure 2). 

 

Figure 2. Normalized daily flow duration curves for Zapadna Morava River Basin  

Figure 2 depicts graphically normalized daily low flow duration curves with 95% probability 
values assigned to every hydrological station.  

For selected localities observed flow data are fitted with theoretical distributions (Pearson, log 
Pearson, log Normal and Gumbel) to generate best fit curves for low flow probabilities. Equation 1 
is applied for computation of the normalized flow values and results are presented in Table 2. 

Based on graphically presented data for normalized average daily flow duration curves with 
95 % probability (Figure 2) values for each evaluated hydrological station, it is evident that 
presented curves for each location corresponds to results presented in Table 2 for normalized 
monthly low flow data sets for Zapadna Morava low flow zones delineation. Thus, the introduced 
methodology is suitable in the low flow zones overview evaluation and delineation even within the 
river basins with lack of observed daily flow data series.  

All derived normalized low flows (Table 2) in the Zapadna Morava River Basin are allocated in 
four categories based on following criteria:  

§ Zone 1: with NQLF, >2.5 l/s/km2 
§ Zone 2: 2.5 l/s/km2> NQLF>1.5 l/s/km2 
§ Zone 3: 1.5 l/s/km2>NQLF>1.0 l/s/km2 
§ Zone 4: NQLF < 1.0 l/s/km2 

and accordingly, Figure 3 presents summary of low flow regime delineation and mapping within the 
Zapadna Morava River Basin. 

The low flow regime evaluation results visualized on Figure 3 indicate that Zone 1 is located in 
the middle part of the study area which is quite surprising. It was expected that the largest reserves 
are located along the basins’ perimeters. Zone 2 is located within the Rzav catchment in western 
part and upper part of Ibar River catchment. Zone 4 is comprised of smaller rivers catchments 
located on the north part and main share of Ibar River on the south. The remaining part of Zapadna 
Morava basin is within the Zone 3. Given that based on available data and methodology the Zone 1 
has the largest water yield during the low flow conditions. 
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Arilje  2.358 Radobuđa  2.372
Šengolj  2.387 Roge  2.558
Ušće  3.457 Mlanča  3.815
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Table 2. Normalized average monthly low flow probability values for evaluated hydrological stations (l/s/km2) 

Hydrological 
station 

River Area Probability (%)  

 
(km2) 50 80 90 95 98 99 Zone 

Preljina Čemernica 625 1.237 0.725 0.522 0.381 0.245 0.168 4 
Brđani Dičina 208 1.361 0.793 0.606 0.490 0.394 0.000 4 
Požega Skrapež 630 1.441 0.913 0.740 0.632 0.538 0.490 4 
Guča Bjelica 239 1.708 0.998 0.763 0.615 0.486 0.416 4 
Brus Rasina 208 2.701 1.485 1.020 0.714 0.444 0.302 4 
Bivolje Rasina 965 1.647 1.085 0.872 0.728 0.594 0.519 4 
Ravni Rasina 441 2.202 1.365 1.063 0.865 0.686 0.588 4 
Raška Ibar 6270 1.669 1.241 1.057 0.922 0.788 0.708 4 
Kraljevo˛M.Most Z.Morava 4658 2.264 1.496 1.199 0.996 0.807 0.701 3 
Kosjerić Skrapež 166 2.227 1.513 1.236 1.046 0.867 0.765 3 
Trstenik Z.Morava 13902 2.115 1.503 1.266 1.108 0.950 0.863 3 
Ušće Ibar 6883 1.934 1.478 1.278 1.132 0.984 0.896 3 
Jasika Z.Morava 14721 2.009 1.494 1.284 1.134 0.989 0.903 3 
Lopatnički Lakat Ibar 7818 2.219 1.711 1.505 1.358 1.215 1.130 3 
K.Stena&G.Most Z.Morava 3077 2.596 1.892 1.620 1.433 1.255 1.153 3 
Ribarići Ibar 856 2.724 1.933 1.645 1.452 1.273 1.172 2 
Stapari Đetinja 332 3.067 2.148 1.761 1.485 1.218 1.062 2 
Kruščica Veliki Rzav 281 2.987 2.042 1.727 1.526 1.349 1.254 2 
Ivanjica Moravica 475 3.310 2.257 1.869 1.609 1.368 1.232 2 
Arilje Moravica 830 3.012 2.169 1.867 1.661 1.473 1.367 2 
Arilje Rzav 564 3.440 2.376 1.933 1.628 1.332 1.160 2 
Kruščica Mali Rzav 51 3.703 2.492 2.070 1.795 1.547 1.409 2 
Bogutovac Lopatnica 115.8 4.418 2.796 2.201 1.806 1.445 1.245 2 
Šengolj Đetinja 511 3.280 2.466 2.124 1.877 1.634 1.490 2 
Roge/Radobuđa Vel.Rzav 432 3.704 2.546 2.176 1.875 1.581 1.410 2 
Novi Pazar Raška 477 4.145 2.997 2.395 1.930 1.463 1.192 2 
Biljanovac Jošanica 265 4.759 3.562 3.061 2.701 2.347 2.136 1 
Ušće Studenica 540 4.635 3.581 3.188 2.923 2.676 2.537 1 
Mlanča Studenica 310 5.158 4.002 3.516 3.166 2.818 2.611 1 
Devići Studenica 191.4 5.221 4.001 3.559 3.279 3.044 2.927 1 

3. NATURAL CONDITIONS EVALUATION WITHIN THE DEFINED 
NORMALIZED LOW FLOW ZONES 

Introduction of the natural retention capacity is simplified by evaluation of main natural features 
within the four defined NQLF Zones e.g. precipitation, land cover, etc., with no intention to go in 
detailed assessment of it, since it is the beyond the scope of this paper. The four Zones natural 
characteristics located in Zapadna Morava Basin are summarized in Table 3 and Figure 4 exhibits 
graphically natural features, elevation, slope and land use practices, in a given order.  

 
Table 3. Zapadna Morava river basin low flow regime zones natural attributes 

  Zone 1 Zone 2 Zone 3 Zone 4 
Area (km2) 809 3234.0 4962.27 6790.8 
Precipitation (mm/god) 912.1 922.6 768.6 782.3 
Average basin elevation (m.a.s.l) 1123.16 958.30 545.48 687.34 
Average slope (%) 24.48 26.64 13.29 19.80 
Forest (311+312+313) 65.69% 53.84% 40.63% 45.70% 
Pedology distric 

kambisol 
(19) 

distric 
kambisol 

(19) 

distric kam. 
(19) and 

pseudogley 
(23) 

mix 
 
Broad-leaved forest (311) 

 
34.86% 

 
38.34% 

 
35.42% 

 
44.82% Land principally occupied by 

agriculture (243) 
11.91% 21.55% 20.23% 14.39% 

Complex cultivation patterns (242) 4.72% 6.41% 20.42% 14.52% 
Transitional woodland-shrub (324) 12.05% 9.33% 6.29% 6.04% 
Non-irrigated arable land (211) 0.25% 0.25% 5.73% 12.24% 
Mixed forest (313) 16.93% 6.79% 2.85% 0.51% 
Coniferous forest (312) 13.91% 8.71% 2.35% 0.37% 
Natural grasslands (321) 2.86% 4.84% 1.47% 2.76% 
Discontinuous urban fabric (112) 0.00% 0.73% 2.12% 2.62% 
Pastures (231) 2.00% 2.59% 1.38% 1.72% 
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Figure 3. Zapadna Morava river basin low flow regime zones  

    

Figure 4. Zapadna Morava river basin slope (%) and land use (CLC Corine, 2012) 
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Overview of data and information presented above indicates that the Zone 1 has the highest 
NQLF and natural retention capacity given the average precipitation of 912 mm during the low flow 
conditions, 66% land covered by forest and low urbanization. Although the Zone 2 have favourable 
values with respect to NQLF and natural conditions (54% land covered by forest) the shortage in 
water supply is observed there during the peak seasons (summer and autumn) likely due to highest 
percentage of agricultural activities (22%). Zone 3 is more urbanized in comparison to Zone 1 and 2 
and has less than 50% of forests in addition to lowest average precipitation. The outputs for Zone 4 
are quite interesting since the average precipitation, percentage of land covered by forest are higher 
than in Zone 3. 

4. CONCLUSIONS 

The study of low flows regime within the Zapadna Morava River Basin emphasizes existence of 
four zones with respect to normalized low flow (NQLF) regime. The findings indicated that the 
highest NQLF is observed in central part of the drainage area where in addition to precipitation other 
features relevant for natural retention capacity (land cover, low urbanization, the highest elevation) 
are not favourable. The quite interesting findings refer to Zone 2 in which water shortage exists 
during the peak seasons (summer and autumn). The general overview of potential natural retention 
capacity based on available data and information underlined necessity for its more comprehensive 
evaluation as a part of contemporary water resources management. It is of particular interest for 
drinking water supply, since it requires enough quantity of water that corresponds to high quality 
standards. The new drinking water supply systems within Zapadna Morava River should be located 
in the Zone 1 at the First place, followed by Zone 2, 3 and 4. Moreover, the environmental 
protection criteria should be the most inflexible in the Zone with highest NQLF and natural retention 
capacity.  

The methodology developed in this study that comprises of low flow regime analyses and natural 
retention capacity general overview is suitable for any large river basin. The more comprehensive 
and detailed analyses and evaluation are more applicable at the sub basins level and smaller river 
basins. Outcomes presented here are useful for strategical planning and delineation of the most 
significant locations for drinking water supply.  
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