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Abstract: Water resources management that address various users’ demand at the River Basin scale is the very important topic 
that involves comprehensive evaluation and consideration of catchment characteristics, and general professional and 
scientific postulates. Contemporary water management incorporates number of criteria merged in a way to target 
economic development, social equity, and environmental sustainability. However, the most vital subject is water 
supply for different users with sufficient amount of water that responds to quality standards. Integrated water 
resources management principles are incorporated in Republic of Serbia Water Act. Thus, at the river basin and sub 
basin level allocation among different users and sectors that is sustainable and provides enough water of required 
quality has to be attained. Due to water management complexity, the potential allocation has to consider natural 
conditions, water resources quantity, environmental protection, foreseen development, measures, etc. In addition to 
assessment of natural features (drainage area, topography, land cover, hydrogeology, erosion, etc.), existing water 
management issues this paper introduces the prospects for improvement of water resources management and 
allocation among different sectors (drinking water supply, hydropower, agriculture, tourism, etc.) based on planned 
development within Djetinja River drainage area. Brief overview of natural water retention measures benefits and role 
of hydrologic ecosystem services that are complementary with existing and foreseen technical measures indicate 
necessity for their incorporation in decision making process. Selection of measures results from comprehensive 
analyses and assessment given the complexity of domain. More frequent monitoring and additional data are 
prerequisite for multipurpose NWRM preference so it can contribute to sustainable and integrated water resources 
management. 

Key words: Sustainable water resources management, integrated water resources management, water resources allocation, natural 
water retention measures 

1. INTRODUCTION  

Contemporary water resources management has to address development, social equity, and 
environmental sustainability. Since the Dublin Conference on water and environment (1992) the 
global community advocates for more comprehensive water resources management paradigm in 
order to accomplish sustainable development. This global shifts result in integrated water resources 
management (IWRM) doctrine incorporation in policy and legal framework at national, 
transboundary and global level. IWRM attempts to integrate prospects and processes of the 
hydrologic cycle, watershed features and economics, social interactions and policies (Mayfield et 
al., 2004) and to consider external impact (Climate Change, water allocation among different users, 
etc.). Serbia transposed (Water Act, Official Gazette of Republic of Serbia, 2010) but not fully 
implemented the integrated water management concept that includes harmonized water regime 
across Serbia’s territory, water management that maximize economic and social benefits in an 
equitable and sustainable manner, while honoring international agreements, constitutes a long-term 
strategic goal that requires considerable time (more than two decades, with a proper approach) and 
enormous spending ,e.g., about one billion € annually (Water Management Strategy of the Republic 
of Serbia, 2016). As stated by Miloradov (1992) the multipurpose water use in all human activities 
and the intensive development and urbanization generated considerable increase in water demand 
and water pollution and the water resources management practice around the world is challenged by 
serious problems (Simonović, 2008). While implementation of IWRM advanced for large 
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transnational river basins (Danube, Mekong, Sava, etc.) the action is still pending for sub-basins and 
their sub catchments. Given that, this paper presents prospects for sustainable water resources 
management for the Djetinja River Basin (Figure 1) located inside the region with largest share of 
internal fresh water resources in Serbia, namely Western Morava River Basin. Several significant 
water management issues in catchment are pinpointed by previous studies, e.g., flooding, water 
pollution, and erosion (Urošev et al., 2009; Milijašević, 2010).  

       

Figure 1. Djetinja River drainage area and existing hydrologic stations 

The main goal of study is to illuminate potential issues and challenges for IWRM for catchment 
with no water stress given its natural features, hydrology, water use and planned future development 
with main idea to scratch the surface of natural water retention measures (NWRM) and resulting 
hydrologic ecosystems services (ESS) that are complementary with existing and planned technical 
measures at the catchment level. Detailed analyses and modelling are beyond the scope of this 
paper. 

 2. NATURAL FEATURES AND HYDROLOGY 

The Djetinja basin Area is 1195 km2 and main course length is 78 km. It originates in Kremna 
Basin as a joint of Bratišina and Konjska River, and Užički and Tomića streams. According to 
available data average catchment rainfall, unit runoff and slope are 807.16 mm, 9.4 l/s/km2 and 
12.47%, respectively. Figure 3 depicts their uneven spatial distribution.  

 

 

 

 
 

 

 

Figure 2. Djetinja River rainfall, unit runoff and slope spatial distribution 
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The most significant high flows are observed in March and April, while low flows conditions are 
typical for August and September (Figure 3). The normalized values refer to average monthly low 
flow magnitudes at hydrological stations used in analyses divided by their contributing drainage 
areas. As presented in Figure bellow the low flows condition are almost similar for Kosjerić and 
Požega stations.  

 

Figure 3. Djetinja River normalized average monthly low flow values  

With runoff coefficient of 0.368 which is 50% higher than national average and 11.25 m3/s 
discharge of almost pristine, mainly mountain fresh water, the study area is very significant as the 
water source for different users. Djetinja’s catchment stretches across number of gorges with 
heterogeneous geological structure and has on average good permeability. Land use practices 
comprises of forests (43.14%) followed by land principally occupied by agriculture, with significant 
areas of natural vegetation (27.45%), complex cultivation patterns (15.8%) with small share of 
discontinuous urban fabric (1.50), mineral extraction sites (0.09%), Airports (0.09%), Industrial or 
commercial units (0.08%), Road and rail networks and associated land (0.03%). Erosion processes 
of different magnitude are presented due to natural features and hydrology. The summary for 
hydrogeology, erosion spatial distribution and land use practices, are exhibited in Figure 4. 

 

Figure 4. Djetinja River hydrogeology, erosion intensity and land use 
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3. EXISTING AND PLANED WATER RESOURCES MANAGEMENT 

The first hydroelectric power plant in Serbia was started as early as in 1900 in Užice on the 
Djеtinjа River, using a Tesla’s polyphase electric current system. After being out of operation for 
thirty years, today the facility is working well. The dam and reservoir Vrutci is developed in 1984 
for water supply of Užice and other habitats, for flood protection, downstream low flow 
management and tourism. Few years ago the small hydropower plant (Qinst = 1 m3/s) that use water 
from Vrutci reservoirs become operational. There is also reservoir on Skrapež River. Based on 
Divac et al. (2001), planned development of large complex multipurpose hydro technical system 
Lim - West Morava includes connection of Vrutci system with Rzav system. The proposed 
development scheme includes water transfer from Drina River basin to West Morava Basin to 
provide stable water supply for population and industry and other water use (irrigation, tourism).  

Several issues are significant from water resources management perspective. Despite the source 
water quality at the present, water quality issues exists in Vrutci reservoir. The largest polluters of 
the Djetinja basin are industries in the settlements of Užice, Sevojno and Požega. The water quality 
changes along the course. Although upstream of Užice, the water quality is high the catchment is 
being exposed to the pollution from agricultural activities, improper manure management, intensive 
pollution and partial self-purification from Užice to Požega. The degradation of the river 
ecosystems is noticeable through the town of Užice and downstream of it. Further use of the waters 
is in the close connection with the knowledge of water regime and protection from the pollution. In 
2009 extreme rainfall resulted in flooding of Užice, and downstream localities and villages. The 
Mokra Gora, Kosjerić located in the upstream part of catchment were severe affects by flooding. 
Finaly, erosion and torrents are present within the river basin, due to natural features and hydrology. 
Erosion processes exist along the main river course from the headwaters to confluence with its 
tributary Skrapež. Yearly sediment production is approximately 117050.84 m3 with suspended 
sediments accounts of 50.73% and 49.27% are chemically dissolved mineral matters. 

4. OVERVIEW OF POSSIBLE NATURAL WATER RETENTION MEASURES 

From the perspective of sustainable water management and IWRM Natural Water Retention 
Measures (NWRM) as the multi-functional approach have the potential to provide multiple benefits, 
including contribution to flood risk reduction, erosion management, water quality improvement, 
groundwater recharge, etc. The natural water retention capacity is the hydrologic ecosystem 
services (HYESS) that provides linkage among different sectors (water, agriculture, hydropower, 
environmental protection, etc) and is complementary with existing and foreseen technical measures. 

As presented in Figure 5 ecosystems influence on hydrologic services are beneficial. Thus, 
HYESS incorporate the benefits to people produced by terrestrial ecosystem effects on freshwater. 
According to Brauman et al. (2007), these services can be grouped into five broad categories: 
improvement of extractive water supply, improvement of in-stream water supply, water damage 
mitigation, provision of water related cultural services, and water-associated, supporting services. 
Evidences of positive effects of HYESS and NWRM that enlarge river basin natural water retention 
capacity and contribute to sustainable water resources management and IWRM exist; however their 
implementation in planning process is still pending. Better knowledge base and exchange of good 
practices are required. More data and information on the effectiveness of NWRM under different 
conditions and their (potential) additional benefits in comparison to other measures will facilitate 
the identification of contexts and conditions where NRWM may provide multiple benefits and be 
cost-effective, and hence may promote more widespread implementation of NWRM (EU policy 
document on NWRM, 2014).  

The establishment of connection of hydrology and ecosystem services is wicked problem given 
the complexity of each domain, and it becomes even more complicated when it comes to measures 
that are complementary with existing and planned technical measures. Given the natural features, 
water management practices existing issues (water quality, uneven flow distribution – temporal and 
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spatial, erosion, etc.) and planned development at the study area application of common decision 
making procedures will likely contribute to incorporation of NWRM that are multifunctional (e.g., 
buffer strips that decrease water pollution, trap sediments, etc.). Moreover, enhanced coordination 
between planning processes across different policy areas (e.g. River Basin and Flood Risk 
Management, nature protection, rural development and land use/spatial planning) is perceived as a 
pre-requisite for enhancing the chances of NWRM multiple benefits to be considered appropriately 
in management decisions.  

 

 Figure 5. Relationship of hydrologic ecosystem processes to hydrologic services 
 (Source: Brauman et al., 2007) 

 

Figure 6. Schematic of hydrology and ecosystem since connection  
(Source: STELLA Consulting – NWRM Final Report) 

5. CONCLUSIONS 

River Djetinja catchment natural features, particularly hydrologic are not enough analysed. Thus 
more comprehensive and detailed research is needed within the study area. Additional data and 
information will significantly contribute to sustainable water management of almost pristine water 
resources within the study area. The development of new reservoirs will contribute to low flow 
management during the critical periods to maintain ecological requirements. The comprehensive 
evaluation NWRM that increase catchment natural water retention capacity is need. Application of 
available tools will contribute in decision making process. The more frequent monitoring with 
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respect to different adverse effects (floods, erosion, water quality, etc.) will contribute to Djetinja’s 
catchment sustainable water resources management and nature protection. 
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