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IMPLEMENTATION FRAMEWORK 
 
The project National Biodiversity Planning to Support the Implementation of the CBD 2011-2020 

Strategic Plan in Croatia is being implemented over a period of two years (from 1 July 2012 to 31 

December 2014). The Ministry of Environmental and Nature Protection, Nature Protection 

Directorate (MENP) is the government institution responsible for the implementation of the project 

and will act as the Executing Agency. The main implementing partner of the Ministry is the State 

Institute for Nature Protection (SINP), which is the central institution carrying out expert tasks of 

nature protection in Croatia.  

UNDP is involved as the GEF Agency for the project, and it is accountable to the GEF for the use of 

funds. The project is nationally implemented (NIM). 

The project National Biodiversity Planning to Support the Implementation of the CBD 2011-2020 

Strategic Plan in Croatia builds on the current status and achievements of Croatia with respect to its 

obligations vis-Ł-Ǿƛǎ ǘƘŜ /ƻƴǾŜƴǘƛƻƴ ƻƴ .ƛƻƭƻƎƛŎŀƭ 5ƛǾŜǊǎƛǘȅ ό/.5ύΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 

biodiversity planning and Convention reporting processes, and its commitment to implement, at the 

ƴŀǘƛƻƴŀƭ ƭŜǾŜƭΣ ǘƘŜ /.5Ωǎ {ǘǊŀǘŜƎƛŎ tƭŀƴ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ нлмм-2020. The concept of ecosystem services 

that is directly connected to the Aichi Targets 14 and 15 of CBD, as well as the EU 2020 Biodiversity 

Strategy, are still quite new for Croatia. Since 2013, three projects in Croatia were dealing with the 

economic valuation of biodiversity, where ecosystem services were used as a tool for sustainable 

management of nature protected areas (in Nature Park Vransko jezero and Nature Park Velebit), or 

for sustainable rural development. However, the ŎƻƴŎŜǇǘǎ ƻŦ άƴƻƴ-ƳŀǊƪŜǘ ŦƻǊŜǎǘ ŦǳƴŎǘƛƻƴǎέ have 

been used in the forestry sector from the 1990s, as concepts in which the ecological and social 

benefits of the forest ecosystem were recognized and used in order to ensure sustainable forestry 

management. This topic has also been indirectly integrated in NBSAP 2008, within the chapters 

dedicated to the protection of biodiversity and sustainable use of natural resources (strategic 

objectives and action plans for cooperation with the sectors of agriculture, forestry, hunting, fishing, 

water management and tourism).  

The Study for Freshwater Ecosystem Services (SFES), as a component of the project National 

Biodiversity Planning to Support the Implementation of the CBD 2011-2020 Strategic Plan in Croatia, 

constitutes the first institutional initiative related to the assessment of biodiversity values and 

economic valuation of ecosystem services. It should provide arguments for the protection of 

freshwater ecosystems, based not only on their biodiversity, but also on other benefits that such 

ecosystems provide for human society or for the stability of the global ecosystem. These benefits 

should also be evaluated from the perspective of the economy. 
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1. Introduction 

1.1. Concept of ecosystem services in ecosystem evaluation 

 

Increasing damage and devastation of natural ecosystems and the consequential loss of their 

functions, perceived as a disbalance of natural processes ς e.g. the hydrological cycle or nutrient 

cycles and loss of their productivity ς has led to increased awareness of the benefits that ecosystems 

provide to people. Since the Millennium Ecosystem Assessment (MA, 2005), awareness of the natural 

capital and efforts to sustain it grew exponentially. The question of economic feasibility of destroying 

an ecosystem in order to realise a development project has become increasingly insistent. 

Declining natural capital poses a direct threat to poor rural communities in developing countries, 

which directly depend on natural sources. But, ultimately, all humankind depends on nature; 

therefore, the sustainable use of nature's sources is a question of survival. Ecosystem services are the 

conditions and processes through which natural ecosystems, and the species that make them, 

sustain and fulfil human life (Daily, 1997). The concept of ecosystem services (ES) has been 

developed to help evaluate the natural benefits, and to strengthen the arguments for preserving the 

vanishing ecosystems that we depend upon. After spending a long time to fence off nature from 

people, conservation has a new vision that emphasises the importance of connecting nature and 

people (Everard, 2012). The economic perspective, which the ecosystem service concept has brought 

into the nature protection effort, may serve as a novel argument standing alongside the traditionally 

perceived values, such as, for instance, the intrinsic value of biodiversity. Such an evaluation 

becomes increasingly important in the decision-making processes related to development projects 

with a remarkable impact on ecosystems, or to resource or land use management, optimising the 

benefits of the ecosystem. 

ES evaluations often remain incomplete due to the fact that various services require different 

methodological approaches (Turner et al., 2008). Moreover, value is often not fully captured in 

monetary terms, since many evaluations of services are based on non-marketable products. Also, the 

quantification of processes and products, important for ES evaluation, is often laborious and costly; 

however, without those evaluations, ecosystem services are invariably undervalued or not valued at 

all ς by governments, businesses, and the public (TEEB, 2010). Promoters of development projects 

would prepare their own evaluations of project benefits, which can quite easily overlook the value of 

a lost or damaged ecosystem ς simply because its ecosystem services have not been evaluated. 

The ecosystem service agenda is an integral part of the European strategy to maintain and protect 

biodiversity. Pursuant to the EU Biodiversity Strategy to 2020 (Action 5), Member States are obliged 

to map and assess the state of ecosystems and their services on their national territories by 2014. 

The assessment of economic values of these services, and promotion of the integration of these 

values into accounting and reporting systems at the EU and national level, should be completed by 

2020. The Mapping and Assessment of Ecosystems and their Services (MAES) report includes 

indicators that can be used at the European and Member State level in order to map and assess 

biodiversity, ecosystem condition and ecosystem services, according to the Common International 
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Classification of Ecosystem Services (CICES v4.3). The completion of this task should consequently 

improve the knowledge about ecosystems and their services in the EU. One of the essential 

objectives of Action 5 and the MAES conceptual framework is to support the analysis of preserving 

the biodiversity benefits and maintaining or bringing ecosystems into a healthy condition for human 

well-being. These activities both advance the biodiversity objectives and integrate related policies, 

i.e. on water, climate, agriculture, forest, and regional planning, into the strategy of wise use of 

ecosystems. 

1.2. Values of floodplain ecosystems 
 

River floodplains are frequently analyzed for their multivariate values, functions and benefits. Haslam 

(2008), for instance, provides an extensive list of lower riverscape values, where numerous 

landscape, hydrological, chemical, biological, economic and social values are listed. As sites that can 

potentially mitigate extreme events in the hydrological cycle, floodplains are becoming increasingly 

important in connection with global climatic change. 

The classification of ecosystem services has not been unified yet. Within this study, we will therefore 

define each ES that will be evaluated, in order to avoid misunderstanding, given the fact  some 

alternative names of ecosystem services do not overlap entirely. Using the list of ecosystem services 

from the TEEB study (2010), floodplains are important for the following ecosystem services: 

¶ Provisioning services ς fresh water provision, wood production, agricultural production; 

¶ Regulating services ς moderation of extreme events (flood protection namely), waste water 

treatment (some authors also refer to this ES as water self-purification or nutrient retention); 

¶ Supporting services ς habitat provision; 

¶ Cultural services ς tourism. 

If floodplains are compared to other ecosystems (Costanza et al., 1989), their overall ecosystem 

services, expressed as monetary flow per hectare per year, are among the highest (Table 1). Costanza 

perceived floodplains with their average flow as the second most valuable type of ecosystem, 

providing ecosystem services in the value of 19,580 USD.ha-1.yr-1. According to his estimate, two very 

highly ranked ecosystem services contribute the most ς water supply (7,600 USD.ha-1.yr-1) and 

disturbance regulation (7,240 USD.ha-1.yr-1). Given the fact that floodplain ecosystems are also very 

productive due to the constant supply of river water, provisioning services are also important. 
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Table 1: Main Ecosystem services of world biomes, expressed as financial flow per ha per year.(Costanza et al., 1989, Nature 387.) 
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However, most regulating ecosystem services depend on the ecological state of the floodplain, 

namely on the extent of natural water pulses ς i.e. flooding (Table 1). The river regulation and the 

loss of connectivity between the river and its floodplain have a negative impact on habitat provision, 

flood mitigation and water self-purification. Deepening of the river bed and decrease of the water 

level result in drainage of underground waters, which has adverse effects on drinking water provision 

and wood and grass production. 

River floodplains have been settled as priority localities since ancient times. The rivers represented 

natural routes and ensured suitable transport conditions, and floods provided nutrient input while 

increasing the fertility of soils. For this reason, the harmonization of natural processes and human 

activities has always been a challenge, and history gives us many excellent examples of successful 

projects of that kind, such as the floodplain management in ancient Egypt. During the last two 

centuries, most European large floodplains (for instance Rhine, Odra or Loire) have been 

substantially altered in order to provide agricultural land protected against floods, transport routes 

and hydroelectricity. This transformation would always follow the same scenario: cutting meanders 

in order to shorten the river; bank embankments; building dykes to decrease the extent of floods; 

intensification of agriculture and introduction of settlements, with the loss of flood memory. 

With increased knowledge of ecological processes and threats stemming from climate change, 

people started to reconsider the floodplain transformations and to look for more balanced and 

harmonised approaches to floodplain management, which would also take into account a number of 

floodplain functions and services that are now scarce ς for instance, water self-purification and the 

removal of contaminants (Lair et al., 2009); mitigation of climatic extremes (Habersack et al., 2013; 

Pithart et al., 2010 and 2013); or providing refuge for biodiversity. In general, the role of European 

wetlands is being reconsidered, ƻŦǘŜƴ ǿƛǘƘ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘǊŜŀǘǎ ƻŦ Ǝƭƻōŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ό2ƝȌƪƻǾł Ŝǘ 

al., 2013). 

1.3. Background reasons for the ecosystem services study 

 

The background reason for the preparation of this study is a growing awareness of Croatian 

(floodplain) ecosystems' values, and the need to gain relevant information about them and their 

importance for the quality of life in this area, and, consequently, their economic importance. 

Croatian floodplains, same as floodplains in general, have always been a target of a variety of human 

activities, such as settlement, agriculture, transport or energy production. On the other hand, their 

potential to provide drinking water, flood protection, habitats for endangered species, hardwood 

timber, fish and game should be considered as well. In possible future decision processes, 

information about these values should be at disposal, and should be taken into account. 

The aims of the study and its scope are as follows: 

¶ Describe floodplain  ecosystems in the Drava, Sava and Danube basin; asses their state and 

relevant trends 

¶ Identify main threats to these ecosystems 

¶ Identify main ecosystem services which they provide 



   
 

9 
 

¶ Develop alternative  scenarios of future development in the selected pilot study area (PSA) 

¶ Evaluate ecosystem services for alternative scenarios in the PSA, together with the 

evaluation of selected ecosystem services in the entirety of the Drava, Sava and Danube 

basin floodplains 

¶ Identify governance environment and incentives in connection with economic activities that 

impact upon biodiversity 

¶ Prepare a set of key messages to decision makers, backed up by credible data from the 
results of the analysis 
 

2. Character, values and threats of Drava, Sava and Danube floodplains 

(DSDF) 

2.1.  Floodplain ecosystems of the Drava, Sava and Danube basin 

 

The rivers Sava, Drava and Danube and their floodplains in Croatia (Figure 1) represent a large, 

relatively ecologically preserved and interconnected complex of riverine and alluvial ecosystems in 

the European context (Schneider-Jakobi, 2004). These rivers and their floodplains remained relatively 

close to their natural state, unlike other large Danube tributaries such as ¢ƛǎȊŀΣ ±łƘΣ aƻǊŀǾŀ ŀƴŘ 

other rivers, or other parts of the Danube River (for instance in Austria or Slovakia). 

River beds of DSDF have undergone partial shortenings (cutting-off of meanders) and fortifications, 

but, apart from the Sava River in the Zagreb area, they have never been canalised to a large extent. 

Some 15% of the Drava River in Croatia has been fortified (based on an unpublished analysis by 

SINP). River beds still kept part of their dynamics, such as meandering, creating or changing side 

arms, and overbank flooding (Figure1). They have kept their connectivity for fish: downstream of 

Dubrava accumulation (rkm 160), the River Drava has no migration barriers all the way to its 

confluence with the Danube, and the same can be said for the Danube and Sava rivers within their 

entire stretches on the /Ǌƻŀǘƛŀƴ ǘŜǊǊƛǘƻǊȅ όaǊŀƪƻǾőƛŏ Ŝǘ al., 2006). 
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Figure 1: Typical Drava floodplain character and land cover in Gornja Podravina (Podravlje). Active floodplain 

1,5-2 km wide is partially delineated by dykes. Some meanders have ōŜŜƴ Ŏǳǘ ƻŦŦ όWŜǑƪƻǾƻΣ ǊƛƎƘǘύΦ ¢ƘŜ Ǌiver can 

still change its trace, braided channels are partly preserved and connected to the main river bed, and gravel 

bars are common. Location:  215-220 rkm, north of the wŜǇŀǑ ōǊƛŘƎŜΦ 

A large section of the northern continental part of the Croatian territory has been formed by this 

river system. Fluvial sediments (both Holocene and Pleistocene) contribute to its total area 

substantially (Figure 7). The original land cover of these areas was mostly consisting of soft floodplain 

forests (frequently inundated willow and poplar forests) and hard floodplain forests (less frequently 

inundated oak, hornbeam, alder and ash forests), but it was lost during the process of land 

cultivation and conversion of fertile soils to agricultural land (~ƻǑǘŀǊƛŏ, 2004). The core zones of river 

corridors remained covered by the soft floodplain forest along most of their stretches, although this 

zone is quite narrow at the Sava River. On the other hand, extensive areas, such as the Drava forests 

near Osijek, and also large complexes of hard floodplain forests, have been preserved and 

successfully managed: among others, we can mention the areas of Turopoljǎƪƛ ƭǳƎΣ {ǇŀőǾŀΣ ±ŀǊƻǑƪƛ 

ƭǳƎ ƻǊ wŜǇŀǑ ŦƻǊŜǎǘ in this context. In addition, valuable grasslands and other types of wetlands 

(standing waters, reed beds, tall sedges and others) remained relatively abundant, even though the 

dominant land cover type of the Drava, Sava and Danube floodplains is cultivated (and mostly arable) 

land. 

Due to the construction of dykes, the inundation zones of DSDF have been reduced substantially, but 

there are still massive retention spaces in the scale of tens of thousands of hectares, and billions of 

cubic metres (more on that in Section 5.2.1.1). Due to appropriate distance of the dykes from the 

active river bed, the River Drava has not lost its contact with the floodplain (also because of sections 

without any dykes). Hence, overbank flows may reach a width of approximately 1-2 km during high 



   
 

11 
 

waters (Figure 1). On the other hand, the Sava River, apart from Gornja Posavina, has been mostly 

cut off from the floodplain by dykes located quite close to the river bed, allowing only for a corridor 

up to 1 km wide ŀƭƻƴƎ ƛǘǎ ƭƻǿŜǊ ǎŜŎǘƛƻƴ ŦǊƻƳ DǊŀŘƛǑƪŀ ǘƻ the Serbian border (Figure2). 

 

Figure 2: Typical Sava floodplain character and land cover in Donja Posavina. Active floodplain is minimised by 

dykes, and intensive agriculture almost reaches the river banks. Location: east of Slavonski Brod. 

Under the spacious DSDF lowlands, aquifers of intergranular porosity of Pleistocene and Holocene 

ages were formed. The lithological composition of the aquifers is dominated by gravel and sand in 

the western parts of the Drava and Sava basins. Sandy aquifers are prevalent in the central and 

eastern parts. Groundwater accumulated in these aquifers constitutes the basis of the water supply 

in northern Croatia (Brkiŏ et al., 2010). 

The area around the Drava, Sava and Danube rivers contains a variety of wetland habitats, including 

some of the most threatened habitats in Europe: alluvial forests, wet grasslands, gravel and sand 

bars, islands, steep banks, oxbow lakes, stagnant backwater, abandoned riverbeds and meanders. 

They are surrounded by riparian forests and arable land with scattered pastures. The majority of 

terrestrial habitats of the core area and the buffer zone are covered by softwood or hardwood 

gallery forests, but there are also extensive grassland areas along the rivers. This variety of habitats 

provides shelter for a significant number of species (more on that in Section 5.2.2.1). 

The river and floodplain ecosystem is vital for the people who live there ς it provides them with a 

number of provisioning services, such as clean water, fish, firewood, timber, game, wood, sand, and 

gold (more on that in Section 5.2.3.), protects them from floods and droughts (more on that in 

Section 5.2.1.) and stabilises and maintains key vital cycles such as nutrient, carbon and water cycles. 
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2.2.  Sava, Drava and Danube floodplains and nature protection 

 

The state of rivers, their adjacent land cover types and habitats, partly preserved extensive 

management and good connectivity that enables the development of an abundance of plant, insect, 

bird, mammal and fish species and communities, have been recognised as an important issue both at 

the national and the international level; as a result, different categories of nature protection have 

been declared in the last decades (for detailed list, see Annex 1): 

¶ Along the Croatian sections of the Drava, Sava and Danube rivers, there are relevant 

ecological network sites (part of the EU ecological network Natura 2000)1 (Figure 3) 

¶ Three wetlands of international importance (Ramsar sites) 

¶ Furthermore, the Drava river and its floodplain are part of the core zone of the 

Transboundary Ub9{/h .ƛƻǎǇƘŜǊŜ wŜǎŜǊǾŜ ϦaǳǊŀπ5ǊŀǾŀπ5ŀƴǳōŜϦ ƛƴ /Ǌƻŀǘƛŀ ŀƴŘ IǳƴƎŀǊȅΦ2 

The Biosphere Reserve, together with the riverine areas of Austria, Serbia and Slovenia, will 

become the first worldwide pentalateral BR and Europe's largest river protected area 

¶ Regional Park Mura - Drava (Mura and Drava Rivers) 

¶ Nature PŀǊƪ YƻǇŀőƪƛ Ǌƛǘ ό5ǊŀǾŀ ŀƴŘ 5ŀƴǳōŜ Rivers) 

¶ Nature Park Lonjsko polje (Sava River) 

¶ 16 Significant Landscape Areas 

¶ 20 Special Reserves 

¶ 9 Natural Monuments 

¶ 5 Park Forests 

¶ 10 Horticultural Monuments 

                                                           
1http://natura2000.dzzp.hr/natura/ 
2 http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/europe-north-
america/croatiahungary/mura-drava-danube/ 
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Figure 3: The extent of Drava, Sava and Danube floodplains (DSDF), as they are delineated for this study (see 

Section 3.1.) and for the EU ecological network Natura 2000. SPA ς Areas of Conservation Important for Birds 

(POP, according to the Croatian legislation); pSCI ς Areas of Conservation Important for Species and Habitats 

(POVS, according to Croatian legislation3). See also: Annex 1. (Source: SINP, 2013). 

The proclamation of all these protected area categories is an integral part of the commitments of 

Croatia stemming from a number of international conventions in the field of biodiversity: the 

Convention on Biological Diversity (Rio); the Convention on the Conservation of the Wild European 

Flora and Fauna and Natural Habitats (Bern); Directive 79/409/EEC on the conservation of wild birds; 

Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora; the 

Convention on the Conservation of Wetlands of International Importance, Especially as Waterfowl 

Habitats (Ramsar); the Convention on the Conservation of Migratory Species of Wild Animals (Bonn). 

All these instruments are fully implemented in the Croatian Nature Protection Act (OG 80/13). 

2.3.  Evaluation of Drava, Sava and Danube floodplains 

 
The economic importance of DSDF has been recognised by different sectors in particular services, 

such ŀǎ ǘƛƳōŜǊ ǇǊƻŘǳŎǘƛƻƴ όtǊǇƛŏ ŀƴŘ WŀƪƻǾŀŎ, мффуύ ƻǊ ŦƭƻƻŘ ǇǊƻǘŜŎǘƛƻƴ ό.ǊǳƴŘƛŏ Ŝǘ ŀƭ., 2001; 

Schneider-Jakobi, 2004), although the evaluation mostly did not touch upon the monetary aspects. A 

complex or holistic evaluation is missing, which is why it is the subject of this study. 

                                                           
3Regulation on ecological network OG 124/13; SINP. 
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2.4.  Threats to Drava, Sava and Danube floodplains 

 

Among the major actual threats with a substantial impact on the ecological state and the ability of 

providing ecosystem services, one can mention the following: 

Canalising rivers for navigation 

The rivers Drava, Sava and Danube are already used for navigation4. The main water traffic corridor 

in Croatia is Corridor VII ς which includes the Danube River and the Sava River (Figure 4). The Agency 

for Inland Waters and Regular Maintenance provides measures for the maintenance of navigation 

corridors, such as the deepening of river beds (gravel and sand extraction); river embankment and 

structures for diverting the river flow (groynes); and shortening of the river trace by strengthening 

the curves. For instance, the lower Drava between Osijek and its mouth to Danube has been 

shortened from the original length of 32 km (in 1784) to the contemporary length of 21 km (in 1988) 

όYǳǎǇƛƭƛŏ Ŝǘ .Ŝƪƛŏ, 2004). These structures accelerate the ǿŀǘŜǊ Ŧƭƻǿ ŀƴŘ ŜƴƘŀƴŎŜ ŜǊƻǎƛƻƴ όYǳǎǇƛƭƛŏ Ŝǘ 

.Ŝƪƛŏ, 2004), and they also have various negative impacts on the ecosystem ς namely, they reduce 

the connectivity of the river and its floodplain. 

While the Drava River is not intended for the extension of navigation, plans to construct a new inland 

waterway, the Danube-{ŀǾŀ /ŀƴŀƭ ŦǊƻƳ ±ǳƪƻǾŀǊ ǘƻ ~ŀƳŀŎ όсм.5 km), are listed in the Croatian 

strategic documents5. This canal should be considered in relation with the Danube-Adriatic traffic 

corridor, which is a combined river-railroad corridor. This corridor includes the Danube-Sava Canal 

(61.5 km, Figure 4), the River Sava - IV Navigation Class (345.5 km), and a new Zagreb-Rijeka railroad 

(160 km). This project would turn 200 km of the Sava River into a reservoir. Scheider-Jacoby (2004) 

described the details and impact on the Sava river corridor, including the poor economic prospects of 

this development project. 

                                                           
4http://vodniputovi.hr/en/navigation/ 
5Strategija ǇǊƻǎǘƻǊƴƻƎ ǳǊŜŚŜƴƧŀ wŜǇǳōƭƛƪŜ IǊǾŀǘǎƪŜΣ мффтΤ LȊƳƧŜƴŀ ƛ ŘƻǇǳƴŀ {ǘǊŀǘŜƎƛƧŜ ǇǊƻǎǘƻǊƴƻƎ ǳǊŜŚŜƴƧŀ 
Republike Hrvatske, 2013; Strategija ǊŀȊǾƛǘƪŀ ǊƛƧŜőƴƻƎ ǇǊƻƳŜǘŀ ǳ wŜǇǳōƭƛŎƛ IǊǾŀǘǎƪƻƧ όнллуΦ ς 2018.);  {ǊŜŘƴƧƻǊƻőƴƛ 
plan razvitka vodnih putova i luka unutarnjih voda Republike Hrvatske (2009. ς 2016). 

http://vodniputovi.hr/en/navigation/
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Figure 4: Navigation routes and classes for the rivers Drava, Sava and Danube in Croatia (Source: Agency for 

Inland Waters, 2013). 

 
Eutrophication  

Eutrophication of rivers may adversely influence the water quality in permeable sediments from 

which the drinking water is abstracted, use of water for recreation, and the ecological status of 

riverine habitats. Moreover, the nutrient pollution in Danube has a strong impact on the Black Sea 

coastal ecosystems (UNDP, 2006). This nutrient transport and its reduction are perceived as a serious 

problem, and broad and coordinated international efforts have been made to improve the situation 

(more on that in Section 5.2.1.). According to Niemayer (1999), the principal sources of surplus 

nutrient inputs into the Danube basin rivers are the following: 

ω Insufficient wastewater collection and treatment at the municipal level 

ωInsufficient wastewater treatment of industrial enterprises 

ωWater pollution caused by intensive agriculture and livestock breeding 

ωInappropriate waste disposal sites 

Technical flood protection measures 

Technical flood protection measures are partly identical to the measures of support to navigation, 

described above. The construction of dykes (Figures 1, 2 and 5) and their position have a crucial 

impact on the extent of the active inundation zone (more on that in Section 5.2.1.). 

Fortifications, embankments and other forms of bank stabilisation with the aim of preventing bank 

erosion have been made on all three rivers (Croatian Waters). According to the internal SINP 

monitoring and field data collection, Drava has been fortified on 15% of its course (from Dubrava 

HEPP to the confluence with the Danube River). 
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The planned flood protection measures have a limited extent, and therefore cannot be taken as a 

major threat. However, they contribute to the overall negative trend in accelerating the river flows 

and erosion of the river bed. 

 

Figure 5: Flood protection dyke on the Sava River, Posavina. 

Hydroelectricity power plants with accumulations (HEPP) 

HEPP facilities in general represent a major impact both on the river corridor, its ecological status 

ό{ǄǊŜƴǎŜƴ, 2004), and the ability to provide ecosystem services. The usual consequences of 

constructing lowland-type accumulations (with low stratification of the water column) are as follows 

(Baxter, 1977): 

Å Destruction of the river and floodplain ecosystem in the locality. New freshwater ecosystem 
of the reservoir should be expected to have much lower biodiversity, when compared to the 
original river and floodplain ecosystem complex. The biodiversity would be lower even when 
compared to the most similar freshwater ecosystem ς the lake ecosystem. 

Å Due to the water level fluctuation needed to optimise throughflow and head (height 
difference between the reservoir level and the turbines), which is important for electricity 
production, but also for flood protection, the littoral zone crucial for biodiversity and fish 
populations cannot develop in full. 

Å Reservoir dam represents a barrier for fish, and permanent discontinuity throughout the 
river corridor. Fish passages can mitigate this damage, but cannot fully compensate it. 

Å Absence of driven material and reduction of flow fluctuations cause the reduction of natural 
river bed processes, namely of the accumulation of material, trapped in reservoirs. Typical 
consequences include increased erosion and deepening of the river bed down to the 
accumulation, with consequent changes in underground water levels. 
 

Numerous HEPPs on the Drava River (11 in Austria, 8 in Slovenia and 3 in Croatia) have a major 
impact on change patterns in all of the above mentioned characteristics and processes in river and 
floodplain ecosystems. Namely, the changes in bed load transport dynamics, resulting in river bed 
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deepening, seem to be the most serious threat to various vital ecosystem services. These impacts are 
explained and documented in the Section 3.2., dealing with the pilot study area, which is influenced 
in particular by the three existing HEPPs ƛƴ ±ŀǊŀȌŘƛƴ County. 
 

There are numerous plans to build new HEPPs in order to supply Croatia with electricity; especially 

on the Drava River, where the chain of proposed HEPPs (Molve 1 and 2 and VHS Osijek) is being 

planned in the most preserved and ecologically valuable sections of the river (Figure 6). Because of 

their relevance to the pilot study area, these development projects are described in Section 3.2. 

There are also plans to build several HEPPs on the Sava River from Zagreb to Sisak ό!ƭŜǊƛŏΣ {Φ Ŝǘ ŀƭΦ, 

2012; MGIPU, 1997).  

 

Figure 6: Location of some proposed HEPPs on the Drava River (at present, Novo Virje and Botovo are replaced 

by Molve 1 and Molve 2). ό±ƛǑŜƴŀƳƧŜƴǎƪƛ ƘƛŘǊƻǘŜƘƴƛőƪƛ ǎǳǎǘŀǾ άhǎƛƧŜƪέ, 2012). 

3. Study area delimitation 

3.1. Drava, Sava and Danube floodplains (DSDF) 

 

For the purposes of this analysis, one first had to define the extent of the Drava, Sava and Danube 

floodplains for which ecosystem services would be evaluated. The definitions of floodplain depend 

on the perspective or the context in which we approach the study. Floodplains in the geological 

sense are formed by alluvial sediments; in this context, the substantial part of northern Croatia is 

formed by floodplains (Figure 7). However, these extensive floodplains lost their original land cover, 

and became cultivated agricultural land without direct influence of the river. 
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Quaternary alluvial - proluvial 
deposits and alluvial deposits 
(Holocene) 

  

Quaternary Lake and pond deposits 
(Holocene) 

  

Quaternary Aeolan sand deposit 
(Holocene) 

  

Sand and clay (Miocene and 
Pliocene) 

  

Igneous rocks 
 

  

Figure 7: Geological map of Croatia showing the area and location of sediments formed by the river activity: 

Holocene alluvial sediments, Pleistocene fluvial sediments, Pleistocene swamp forest and Holocene swamp 

sediment. (Croatian Geological Survey, 2009). 

Floodplain (ecosystem) in the ecological sense is based on the existence of an interconnected system 

of the river and its floodplain. This concept has been developed by Junk (1989) in particular, within 

the theory of the flood pulse concept, where discontinuous flooding is a prerequisite for the 

existence of the so-ŎŀƭƭŜŘ αŀŎǘƛǾŜ ŦƭƻƻŘǇƭŀƛƴάΦ ¢ƘŜ ǇǊŜǎŜƴǘ extent of inundation zones is shown on 

Figure 8, indicating that long sections of rivers have been transformed and lost their original 

inundation zones. 

http://www.eudict.com/?lang=engcro&word=Quaternary
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Figure 8: Area of the Drava, Sava and Danube floodplains (DSDF) and the extent of inundation zones (Source: 

SINP, 2013). 

While the geological delineation would be too wide for the purposes of this study, the limitation 

solely to inundation zones would be too narrow. The main reasons are large complexes of the 

original floodplain vegetation types, which still correspond to and depend upon the river itself, 

namely on the regime of underground waters. Being an integral component of the original floodplain 

ecosystems, these complexes still contribute remarkably to ecosystem services, even in those cases 

in which they are located behind the inundation zones, outside of the active floodplain (mainly 

because of their position behind the dykes). Hard floodplain forest is the typical representation of 

these complexes. 

Another criterion for the delimitation of the floodplain providing ecosystem services may be found in 

its recognition as an area of natural values, which is therefore designated as protected area at a 

different level. However, this criterion was also not satisfactory, for the same reason as the previous 

one: in such a way, large areas of typical floodplain habitats would be left out of the study area. 

In the end, a set of criteria has been defined for DSDF delineation (the extent is shown in Figures 3 

and 8, and Figures in Section 5.2.2.). 

1. DSDF, as it is defined in this study, includes the entire area of: 

¶ Inundation zones as they have been declared by the Croatian Waters (Figure 8) 

¶ Mura-Drava Regional Park located in Croatia (not the transition zone). For detailed 

description of protected areas, see Annex 1 
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¶ Natura 2000 sites declared on the basis of habitats related to floodplain ecosystem (Figure 3) 

¶ Core and buffer zones of the .ƛƻǎǇƘŜǊŜ wŜǎŜǊǾŜ ϦaǳǊŀπ5ǊŀǾŀπ5ŀƴǳōŜϦ ƛƴ /Ǌƻŀǘƛŀ ŀƴŘ 

Hungary 

¶ Nature PŀǊƪ YƻǇŀőƪƛ Ǌƛǘ 

¶ Nature Park Lonjsko polje 

2. DSDF includes all larger area units of habitats characteristic for floodplains (Figure 9). For that 

reason, relatively isolated floodplain segments of Drava and Sava tributaries ς YǳǇŀΣ 2ŜǎƳŀ 

and Ilova rivers - have also been included in DSDF, because of their preserved floodplain 

habitats. 

3. DSDF covers areas with the following geological subsoil of Holocene sediments: river and 

creek alluvium, pluvial deposits, Aeolian sands and marsh sediments (Figure 7). 
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Figure 9: Delimitation of DSDF ς detail of the Drava and Danube confluence (Source: SINP, 2009). 

3.2. Pilot study area (PSA) 
 

PSA selection 

Ecosystem services evaluated within the PSA need to be at least partially transferable to the whole 
DSDF area. Therefore, PSA should be representative for the entirety of DSDF in terms of the variety 
of habitats, land cover and management types. On the other hand, PSA selection should also reflect 
the actual threats to DSDF ς so as to enable the definition of different future scenarios within the 
PSA. For these reasons, we have focused on floodplain areas with both preserved and cultivated 
(managed) parts, and areas in which development projects with major impact on floodplain 
ecosystem services are being prepared. 
 
The pre-selection process resulted in two candidate localities: the Drava area in Osijek-Baranja 
County (Figure 10), and Drava-aƻƭǾŜ όōŜǘǿŜŜƴ .ƻǘƻǾƻ ŀƴŘ wŜǇŀǑ ōǊƛŘƎŜǎΣ YƻǇǊƛǾƴƛŎŀ-YǊƛȌŜǾŎƛ 
County, Figure 11). There are extensive hydropower projects planned on both sections of the river 
(for reference, see Section 3.2.2). Both floodplain areas contain segments of non-regulated main 
river bed, oxbows, wetlands and land cover adapted to periodical inundation. 
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Figure 10: Drava River in the section where HEPP Osijek is being planned. 

 
Finally, the PSA Drava-Molve has been selected for the following reasons: 
 

1. Drava-Molve is more diverse then Drava-Osijek in terms of land cover (more patchy structure 
of terrestrial ecosystems); it represents a wider variety of agriculture and forestry 
management (different types of pastures, arable land, both hard and soft floodplain forest). 

2. Higher slope of the river at Drava-Molve enables erosion-accumulation processes to form 
structures like gravel bars, which are valuable and typical for preserved rivers in DSDF. 

3. The shorter distances make the area better accessible, and can result in savings on travel 
costs. 

4. There is no limitation in access to the Drava-Molve locality, unlike the Drava-Osijek area, 
where minefields prevent access to the left bank of the Drava River. 

5. The proximity of existing HEPPs ƴŜŀǊ ±ŀǊŀȌŘƛƴ Ƴŀȅ ƘŜƭǇ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇƻǎǎƛōƭŜ ƛƳǇŀŎǘ ƻŦ 
proposed HEPPs on the floodplain ecosystem. 

6. Drava-Molve is also a pilot study area for the international SEE River project and the 
proposed LIFE Project, which means that a certain level of synergy can be expected. 

 
Demarcation and description 

PSA Drava-Molve covers the area between 192 rkm and 230 rkm, creating a section of 38 rkm. The 

surface of the area is 201 km2; it is approximately 30 km long and 7 km wide (Figure 11). Politically, it 

is situated in Koprivnica-YǊƛȌŜǾŎƛ /ƻǳƴǘȅΦ t{! ƛǎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ 5{5CΦ 
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Figure 11: Location and extent of PSA Drava-Molve with the extent of the inundation zone (width ranges from 

1.5 to 3 km) and with the position of dykes (Source: SINP, 2013). 

Character and state of the river  

Long-term average discharges at lower Drava (Table 2) point to a decreasing trend in the period 

2008-2012, when compared with the 1963-2012 period. 

Table 2: Discharge of the lower Drava river. Blue colour indicates the profiles on inlet and outlet of PSA. 

(Source: Croatian Waters, 2013) 

 

Profile Period  

Period:        
1963-
2012 

Period:        
2008-2012 Period: 2002-2012 

Q average 
m3.s-1 

Q average 
m3.s-1 

Qmax - 
m3.s-1 

Date Q 
max  

 Q min 
m3.s-1 

Date Q 
min 

DRAVA - Donja 
Dubrava 1983 - 2012   323 2061 7.11.2012 23,1 20.4.2003 

DRAVA - Botovo 
1926 - 1943 
1946 - 2012 496 487 2071 7.11.2012 85,4 14.1.2002 

DRAVA - Novo Virje 
Skela 1977 - 2011   491 1790 25.8.2005 111 9.1.2002 

DRAVA - Terezino 
polje 1961 - 2012 511 503 1680 22.9.2010 111 21.1.2002 
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DRAVA - Donji 
Miholjac CS 

1926 - 1943 
1946 - 2012 525 511 1590 23.9.2010 167 14.2.2002 

DRAVA - .ŜƭƛǑŏŜ 
1962 - 1993 
2003 - 2012   522 1425  24.9.2010  197 29.9.2003  

 

The Drava River in the PSA has the slope of 0.оп ҉, and its originally high potential for the transport 

of bed load haulages (coarse and medium-coarse gravel and coarse sand) naturally corresponds to a 

transitional type between the anastomosing (furcation) and the meandering type (Michor et al., 

2013). The main river channel is accompanied by numerous side branches and oxbows with rich 

macrophyte flora and fish communities (Figure 12). Islands and gravel bars still constitute a typical 

feature of this section of the river (Figure 13). 

 

Figure 12: Side branch of the Drava River with macrophyte stands (Nymphaea alba, Myriophyllum sp.) 
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Figure 13: Gravel bars in PSA 

Although the character of the river remained relatively natural, when compared with most of the 

western European or central European rivers, it has changed remarkably over time, as can be seen 

from Figure 14. Due to river regulation over the last 250 years, most meanders have been cut off, 

and the river trace has been straightened and shortened; the width of the river dropped remarkably. 

Bank stabilisations (Figure 15) are extensive; most banks have remained unsecured, however (Figure 

16). 

 

Figure 14: The second military survey map of the Austro-Hungarian Empire in the period 1865-1869 (Croatia 

and Slavonia). The old extent of the Drava River overlaps with the current watercourse (dark blue); PSA borders 

are indicated by the red line. 
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Figure 15: River banks protected by rip-rap structures 

 

Figure 16: Natural river bank with gravel deposits in PSA 
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Figure 17: Dam disconnecting a river oxbow from the active river bed. The Croatian Waters plan to remove 
some of these dams. 

 

Some braided river channels were disconnected from the main river (Figure 17), whereas other 

channels remain active. The active inundation zone is partly bordering the dyke system (Figure 1 on 

page 10, and Figure 11 on page 23); in areas where dykes have not been built, the extent of 

inundation is limited by the natural elevation of the terrain. 

Land cover, habitats and management 

The core zone of the floodplain in the PSA is a mosaic structure of floodplain forests, aquatic 
habitats, wetlands, meadows and arable land (Figure 1 on page 10). The dominant and typical land 
cover types in PSA include the following: 
 
Softwood floodplain forest. This type of ecosystem is adjacent to the river and its inundation zone. 
Willows and poplars are dominating, and providing some extensively harvested firewood (Figure 18). 
Side arms and permanently flooded oxbows make the accessibility for management difficult. 
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Figure 18: Extensive harvest of firewood in soft floodplain forest 

 
Hardwood floodplain forest: This type of forest is dominated by oaks or ashes (Figure 19), and it is 
located at larger distances from the river in areas that are less frequently inundated. A well-known 
locality ƛǎ ǘƘŜ wŜǇŀǑ ŦƻǊŜǎǘ ƛƴ ǘƘŜ ƴƻǊǘƘ-eastern part of the PSA. Nowadays, most of the forest is 
behind the dykes, so the frequency of flooding dropped since the construction of dykes. 
 

 
 

CƛƎǳǊŜ мфΥ !ǎƘ ŘƻƳƛƴŀǘŜŘ ƘŀǊŘ ŦƭƻƻŘǇƭŀƛƴ ŦƻǊŜǎǘ ƴŜŀǊ 2ƛƴƎƛ-Lingi sandpits 

 
Floodplain hay meadows (Figure 20). Most of the area with this meadow type has been replaced by 
abandoned meadows during the previous decades, due to the declining interest of farmers to 
cultivate floodplain areas. 
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CƛƎǳǊŜ нлΥ Iŀȅ ƳŜŀŘƻǿ ƴŜŀǊ wŜǇŀǑ ōǊƛŘƎŜ 

 
Abandoned floodplain meadows (Figure 21) are in different state of degradation, and they have 
been overgrowing with woodland, including invasive species (Amorpha fruticosa). 
 

 
 
 

Figiure 21: Abandoned hay meadow overgrowing with invasive species Robinia pseudoacacia. 

 
Wetlands. Paradoxically, extensive wetlands can also be found on the outer side of dykes (Figure 22), 
which indicates the possibility of extending the active inundated floodplain, and enhancing its flood 
mitigation effect. 
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Figure 22: Oxbow lake disconnected from the active river bed, and consequently silted up with sediments and 
overgrown by reed (Phragmites communis), Komatnica. 

 
Arable land. Arable land inside the inundation zone (between the dykes and the river; Figure 23) 
indicates that the inundation in some parts is not so frequent so as to prevent this type of land use. 

 
 

Figure 23: Arable land on the inner side of dykes 
 

Impact of hydropower accumulations on the Drava River on the PSA and the lower Drava section 

Existing three HPPs on the Drava RƛǾŜǊ ŀǊŜ ǎƛǘǳŀǘŜŘ ƛƴ ±ŀǊŀȌŘƛƴ /ƻǳƴǘȅ between 242 rkm and 309 

rkm. The reservoirs hǊƳƻȌ ό±ŀǊŀȌŘƛƴύΣ 2ŀƪƻǾŜŎ ŀƴŘ 5ǳōǊŀǾŀ (Figure 24; for technical parameters, see 

Table 2 on page 40) were built in the period from 1975 to 1989. They are components of the 

Production Area Hydropower Plants North ς the PAHPP North system. 
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Turbines and generators are situated on derivation canals, which outflow from each reservoir; this 

arrangement makes it possible to increase the head of turbines and consequently the electricity 

production. In its peak regime, the water level and outflow of the PAHPP North system oscillates in 

the range of 0.6-1.6 m per day (Schneider-Jacoby, 2004). The old Drava river bed gets the minimum 

biological throughflow; during the flood waters, it gets the surplus of throughflow which exceeds the 

throughflow capacity of the derivation canal. 

 

CƛƎǳǊŜ нпΥ 2ŀƪƻǾŜŎ όƭŜŦǘύ ŀƴŘ 5ǳōǊŀǾŀ όǊƛƎƘǘύ I9tt ŀŎŎǳƳǳƭŀǘƛƻƴǎ ƛƴ ±ŀǊŀȌŘƛƴ County. Derivation canals get the 

majority of Drava discharge. 

Various impacts on the environment, ecosystem services, and local community have been described. 

Some of these impacts are consequences of all upstream HEPPs in Slovenia and Austria; however, the 

access of impact has mostly limited reach, because of the fact that the river processes (erosion and 

accumulation) are gradually restored at a certain distance from the accumulation. Therefore, the 

strongest impact on the lower Drava section is posed by ǘƘŜ I9tt bƻǊǘƘ ǎȅǎǘŜƳ ŀǘ ±ŀǊŀȌŘƛƴΦ The 

details are explained in the continuation. 

Detected impacts can be summarized as follows: 

Changes in the underground water regime 

Increase of underground water levels in the vicinity of accumulations. Due to the pressure 

of aboveground water body in the accumulations, and permeability of both the alluvial 

sediments and dams, the underground water in close vicinity of the reservoirs increased to 

adverse levels. It flooded some basement areas of houses in nearby villages. To compensate 

for these effects, additional investments were therefore needed - canals or holes have been 

made to drain this surplus water. Along the dams, drainage canals derive the water 

permanently leaking through dams, having the discharge of about 5 m3.s-1. At the 2ŀƪƻǾŜŎ 

reservoir, this permanent water level increase was about 0.5-1.2 m; the level of oscillations 

also ŘŜŎǊŜŀǎŜŘ ǇŀǊǘƛŀƭƭȅ όDǊŘŀƴ ŀƴŘ YƻǾŀőŜǾ-aŀǊƛƴőƛŏΣ мффнύΦ 

Drainage of underground water by derivation canals. The inlet part of the derivation canal 

leading the water into the power plant is made from impermeable concrete and has no 

contact with underground waters. The outlet (or discharge) derivation canal (Figure 24), 

leading water from power plants to the old river Drava, is deepened ς water table of the 
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power station is 9 m belƻǿ ǘƘŜ ƎǊƻǳƴŘ ό2ŀƪƻǾŜŎ ŀŎŎǳƳǳƭŀǘƛƻƴύ, and permeable, and it 

efficiently drains its surroundings. The ground water level along the power plant station is 

lowered by about 8 m. The influence drops with distance from the river, but is still detectable 

at a distance of 4.5 ƪƳ όDǊŚŀƴ ŀƴŘ YƻǾŀőŜǾ-aŀǊƛƴőƛŏΣ мффнύΦ 

Drainage of underground water around the old river Drava. Average discharge of the Drava 

River is 335 m3.s-1 in the HEPP. The biological minimum discharge which has to be released by 

HEPP to the old river bed is 8 m3.s-1. This value is far from an ecologically acceptable flow, 

ǿƘƛŎƘ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ ŘŜŦƛƴŜŘ ό.ƻƴŀŎŎƛ ŀƴŘ hǎƪƻǊǳǑ, 2010). Apart from own HEP monitoring, 

there is no independent monitoring of this biological minimum flow. Such a dramatic 

decrease of discharge resulted in drainage of the original floodplain, and a remarkable 

decrease of wood increment in soft floodplain forests (see Section  5.2.3). 

Bed load and suspended sediment transport situation 

¢ƘŜ ŎƘŀƛƴ ƻŦ IȅŘǊƻǇƻǿŜǊ tƭŀƴǘǎ bƻǊǘƘ ŀǘ ±ŀǊŀȌŘƛƴ Ƙŀǎ ŀ ƳŀǎǎƛǾŜ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ 

ŦǊŜŜπŦƭƻǿƛƴƎ ǎǘǊŜǘŎƘ ƻŦ ǘƘŜ 5ǊŀǾŀ ƛƴ the PSA, by trapping the suspended sediment load 

(Figure 25). This phenomenon is present, of course, on all upstream Drava HEPPs, and 

depends on the length of the upstream free-flowing river stretch and other 

hydrogeomorphological conditions. Due to the construction of hydro power plants, there is a 

deficit of bed load downstream. The bed load input is limited to sideway erosion or to the 

transportation of its tributaries (Mura, for instance). 

Bonacci et al. (1992) anŘ .ƻƴŀŎŎƛ ŀƴŘ hǎƪǳǊǳǑ όнлмлύ have quantified the decrease of 

ǎǳǎǇŜƴŘŜŘ ǎŜŘƛƳŜƴǘ ƭƻŀŘ ŀǘ ŘƛŦŦŜǊŜƴǘ 5ǊŀǾŀ ǇǊƻŦƛƭŜǎ ό±ŀǊŀȌŘƛƴΣ .ƻǘƻǾƻ ŀƴŘ 5ƻƴƧƛ aƛƘƻƭƧŀŎύ ƛƴ 

different time periods. At the ±ŀǊŀȌŘƛƴ ǇǊƻŦƛƭŜΣ ǎŜŘƛƳŜƴǘ ƭƻŀŘ ŘŜŎǊŜŀǎŜŘ 2.3 times after the 

sub-period 1960-1967 after the constrǳŎǘƛƻƴ ƻŦ ½ƭŀǘƻƭƛőƧŜ ŀŎŎǳƳǳƭŀǘƛƻƴǎ όFigure 25). In the 

same period, there was no decrease on the Donji Miholjac profile, showing the limited extent 

ƻŦ ½ƭŀǘƻƭƛőƧŜ ƛƳǇŀŎǘ ƻƴ the sediment regime. At the Botovo profile, suspended sediment load 

decreased by 17% after I9tt ±ŀǊŀȌŘƛƴ ǿŀǎ ŎƻƴǎǘǊǳŎǘŜŘ. After the construction of HEPP 

2ŀƪƻǾŜŎ, transport decreased 2.7 times, and, after the construction of the Dubrava facility, 

another decrease of 28% has been detected. Today, only about 28% of the suspended 

sediment meaǎǳǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ȅŜŀǊǎ мфсуπмфтп Ŧƭƻǿǎ ǘƘǊƻǳƎƘ ǘƘŜ .ƻǘƻǾƻ ǇǊƻŦƛƭŜ, and 20% 

through the Donji Miholjac profile. 
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CƛƎǳǊŜ нрΥ !ŎŎǳƳǳƭŀǘƛƻƴ ƻŦ ǎŜŘƛƳŜƴǘǎ ƛƴ ±ŀǊŀȌŘƛƴ ŀŎŎǳƳǳƭŀǘƛƻƴǎ όƭŜŦǘύ ŀƴŘ ½ƭŀǘƻƭƛőƧŜ όǊƛƎƘǘύ ƛƴ {ƭƻǾŜƴƛŀΦ 

On the left side of the picture, one can distinguish the sediment (in the upper part of the lake) and 

reflexion of the sun. 

 

 

Figure 26: Suspended sediment load decrease in three sub-periods on the DraǾŀ ǇǊƻŦƛƭŜ ±ŀǊŀȌŘƛƴΦ 

1960-1981: before the construction of HEPPs. 1968-1974: after the coƴǎǘǊǳŎǘƛƻƴ ƻŦ ½ƭŀǘƻƭƛőƧŜΦ 1975-

1981: after the construction of the ±ŀǊŀȌŘƛƴ facility. Source:  .ƻƴŀŎŎƛ ŀƴŘ hǎƪǳǊǳǑ όнлмлύΦ 

Drainage of underground waters by deepening of the river bed down to HEPPs. 

This process is caused by a permanent lack of bed load trapped in accumulations, and 

increased erosion potential of river water down to the accumulations. In addition, the 

narrowing of the river bed, and the shortening of its trace due to technical flood protection 

and local erosion prevention measures, are accelerating the overall erosion. In the PSA, the 

average deepening of the river bed was approximately 1.7 cm per year between 1926 and 

1991, with reference to the mean annual water level, and 2.56 cm with reference to the 

minimum annual water level. Overall, the Drava deepened by 1.1 m between 1926 and 1991 

at the flood marker in Botovo (Mohl, 1998; .ƻƴŀŎŎƛ ŀƴŘ hǎƪƻǊǳǑ, 2010). More recent 

analyses in the downstream area, at the flood marker in Terezino Polje at rkm 152.5, show 

that the deepening of the river bed since 1875 amounts to about 3 m όYǳǎǇƛƭƛŏ Ŝǘ .Ŝƪƛŏ, 

2004); degradation processes in the Drava river bed near the mouth to the Danube resulted 

in the deepening of the river bed by about 3 m in the period from 1960 until the present 

times. The following consequences can be noted: 

Á An increasing separation of the river and soft alluvial forests (visible in the 

form of river banks that are unnaturally high in long stretches); deficit of 

flood and underground water. 

Á Deficit of underground water for more distant hard floodplain forests. 

Á Formation of new open gravel bars is reduced, and, due to the larger 

contribution of fine sediment, the increased sedimentation rate can be 

found in old branches of the river (Michor et al., 2013). Also, the structure of 



   
 

34 
 

gravel bars has changed in favour of smaller fractions, which means that 

gravel bars can be siltated, and their permeability decreases. 

Á Decreasing river discharge. This trend has also been proven by Bonacci and 

hǎƪǳǊǳǑ όнлмлύ, but it cannot be attributed solely to the construction of 

accumulations causing the deepening of the river bed. Decrease of 

discharges started in the Botovo profile in 1981, and it points to a statistically 

significant difference between the annual average discharge of 529 mшǎɋц in 

the period 1926-1980, and the discharge level of 463 mш.sɋц in the period 

1981-2006. Climate change and other measures resulting in the acceleration 

of the outflow of river water are responsible as well. 

Changed patterns of groundwater recharge. Reduction of inundation zones by limiting the 

flood water in the accumulations causes the weakening of this process. The contribution of 

regular flooding to groundwater recharge (together with precipitation and recharge from 

river beds) is beyond dispute. Babtist at al. (2006) estimate the rate of groundwater recharge 

at 1 mm per day in the Lonjsko polje flood detention area. Moreover, natural river beds are 

more permeable when compared with mostly colmatated bottoms of accumulations.   

Siltation of accumulations 

Suspended load trapped in accumulations (Figure 25) causes their siltation, resulting in decrease of 

the reservoir volume. ±ŀǊŀȌŘƛƴ ŀŎŎǳƳǳƭŀǘƛƻƴ ƛǎ ŦŀŎƛƴƎ ǘƘŜ ōƛƎƎŜǎǘ ǘƘǊŜŀǘ ƻŦ ǘƘŀǘ ƪƛƴŘ. The thickness of 

sediment is changeable and hard to predict. Thick sediment layers derive the water current towards 

the banks (form and inner river bed in the accumulation), which enhances erosion of the banks. The 

analysis of sediment thickness is not available. Every large flood splashes one part of the sediment 

(fine particles) out towards the old river Drava. 

Discharge oscillations 

Due to the daily peak regime in electricity production, oscillations occur in the discharge of outlet 

from HEPP (Figure 27). These oscillations may have an adverse effect on fish populations όaǊŀƪƻǾőƛŏ 

et al., 2006), in particular during the reproduction phases. 

The HEPP Dubrava, which is situated upstream, often operates in a hydropeaking mode with two 

daily peaks. The variations in water levels have an impact on discharges in the PSA. 
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Figure 27: Water level oscillations caused by hydropeaking of Dubrava HEPP (dependent on the operation 

regime of the entire interconnected HEPP North system). Data from: Michor et al., 2013 (Source: Croatian 

Waters). 

Changes in nutrient transport and cycles 

Proper analysis of changes in nutrient transport would require a more detailed analysis, which is 

outside of the scope of this study. In general terms, natural floodplains and river systems can serve as 

nutrient sinks (Lair et al., 2009); however, during the extreme floods, they also serve as nutrient 

sources. As far as phosphorus is concerned, this is true for reservoirs as well, given the fact that 

phosphorus binds with suspended solids sediment on the bottom, where it can be resuspended in 

the water column and cause eutrophication of the water body. 

According to the saprobity index, HEPP ±ŀǊŀȌŘƛƴ όFigure 28ύ ŀƴŘ 2ŀƪƻǾŜŎ ŀǊŜ ŜǳǘǊƻǇƘƛŎ ǿŀǘŜǊ ōƻŘƛŜǎΣ 

while 5ǳōǊŀǾŀ ƛǎ ƳƻŘŜǊŀǘŜƭȅ ŜǳǘǊƻǇƘƛŎΦ όaǊŀƪƻǾőƛŏ Ŝǘ ŀƭΦ, 2006). Algal cell volumes in all the three 

lakes were stable in the period 1999-2012 (showing a decreasing trend since 2008, and an increasing 

trend until 2005). Trophical diatom index is exhibiting an increasing trend, the saprobic index is 

stable, and the Shanon Wiener Index of Diversity has been stable since 2002.  These data point to a 

mildly prevailing eutrophic status of accumulation waters. 

In contrast to standing water bodies, where the nutrients are stored in sediments, the nutrients in 

active floodplain are processed in biofilms covering wet surfaces like gravel, sand and plants, and are 

transformed to a much larger extent into plant biomass, which causes a relative slowdown of 

nutrient transport until the biomass is decomposed again (more on that in Section 5.2.2.). 
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Figure 28: Eutrophic water in the ±ŀǊŀȌŘƛƴ ŀŎŎǳƳǳƭŀǘƛƻƴ, with colouring caused by algal biomass.  

 

Changed patterns of flood protection 

Decrease of the old Drava river bed discharge capacity. During high discharges or flood 
water  (with the discharge at HEPt ±ŀǊŀȌŘƛƴ ŜȄŎŜŜŘƛƴƎ прл Ƴ3.s-1, coupled with the release of 
2,000 m3.s-1), the capacity of the derivation canal is exceeded, and water is released into the 
old Drava river bed. (Figure 29) 

 

 
 
Figure 29: Overgrowing gravel beds in the ƻƭŘ 5ǊŀǾŀ ǊƛǾŜǊ ōŜŘ ŀǘ ±ŀǊŀȌŘƛƴ, caused by the decline of throughflow 
to the derivation canal. 

 
Decrease of retention space. The retention volume of accumulations is limited due to 

constant electricity production, keeping the water at the maximum level. As a rule, this 

volume is not larger than the original extent of the floodplain. On the other hand, assuming 

that the flood is predicted on time, the retention capacity can be enlarged by water 








































































































































































