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1 Summary 

The Sava White Book (Schwarz, 2016) describes threats and restoration potentials for the river Sava. 

Based on ǘƘŜ ŦŀŎǘǎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ƭƛǎǘŜŘ ƛƴ ǘƘŜ {ŀǾŀ ²ƘƛǘŜ .ƻƻƪΣ ǘƘŜ !ǳǎǘǊƛŀƴ ŎƻƳǇŀƴȅ άw9±L¢![ 

LƴǘŜƎǊŀǘƛǾŜ bŀǘǳǊǊŀǳƳǇƭŀƴǳƴƎέ ǇǊŜǇŀǊŜŘ ǘƘƛǎ ŦŜŀǎƛōƛƭƛǘȅ ǎǘǳŘȅΣ ƻƴ ōŜƘŀƭŦ ƻŦ 9ǳǊƻbŀǘǳǊ - European 

Nature Heritage Foundation. Riverbed incision is a huge problem, especially in the river stretch around 

Zagreb. This feasibility study describes possible causes of the depression and near natural measures to 

stop riverbed deepening. 

The river Sava is a typical alluvial river. Without regulations of the riverbed, the river Sava would be in 

a transition zone between a braided multi-channel river system (upstream of Zagreb) to a meandering 

river (downstream of Zagreb). Due to human influence, morphology and the geometry of the river and 

its riverbed have changed in the last centuries and decades.  

From the Slovenian border to downstream of Zagreb the river Sava is completely channelized. Around 

the city of Zagreb, the channel has the form of a double trapezoidal profile. The width of the riverbed 

is about 100 m. Continuous dikes and wide river forelands are typical for this river stretch. The distance 

between the dikes is about 300 m. 

5ƻǿƴǎǘǊŜŀƳ ½ŀƎǊŜōΣ ŦǊƻƳ IǊǳǑŏƛŎŀ ǘƻ wǳƎǾƛŎŀ όǊƪƳ стрύ ǘƘŜǊŜ ƛǎ ǘƘŜ ƭŀǎǘ ǊŜƳŀƛƴƛƴƎ ōǊŀƛŘŜŘ ŀƴŘ 

anabranching stretch of the river Sava in the project area, but it is also severely suffering from the 

bedload deficit. 

Canalization and river regulation lead to poor or very poor hydro morphological status of the river 

Sava. The hydro morphological condition within the project area ranges from slightly modified 

(downstream of Zagreb) to severely modified in the river stretch through the City of Zagreb. 

Another factor for riverbed incision is the lack of sediment coming downstream, caused by dams of 

Hydro Power Plants upstream the project area.  

This feasibility study describes one possibility to stabilize the riverbed in a nature friendly way. 

In a first step the optimal river width to stop riverbed incision was calculated based on different 

variables like channel geometry, discharge, mean slope and granulometry. 

In a second step the project area was divided in five sections, to which similar measures can be 

assigned. In addition, two intervention areas to stabiles the riverbed with technical measures were 

defined. 

The feasibility study shows that it is possible to stop riverbed incision with some initial measures like: 

¶ ōǳƛƭŘƛƴƎ άƛƴƛǘƛŀƭ ŎƘŀƴƴŜƭǎέ 

¶ restoring soft banks 

¶ widening the river 

¶ flattening or lowering areas 

¶ reinforce and reset bank protection 

After implementing these measures integrative goals like riverbed stabilization, increased discharge 

capacity, improvement of the ecological situation and discard capacity as well as new recreational 

sites, can be reached.  
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2 Introduction 

2.1 Project area 

The project area includes the Sava and its surrounding area in the section between Rugvica (Croatia) 

rkm 673,8 and .ǊŜȌƛŎŜ ό{ƭƻǾŜƴƛŀύ rkm 738,0 (Figure 1). The river section under consideration is around 

53 river kilometres long. In the middle of the project area is Zagreb, the capital city of Croatia.  

The project area is extended by a small area around the Sava-Odra derivation channel, that is an 

important flood protection measure for the city of Zagreb. 

 

Figure 1: Project area, river Sava from wǳƎǾƛŎŀ ό/Ǌƻŀǘƛŀύ ǊƪƳ стоΣу ǘƻ .ǊŜȌƛŎŜ ό{ƭƻǾŜƴƛŀύ ǊƪƳ т38,0 and its 
surrounding area. 
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2.2 Problem definition 

2.2.1 Current situation of rivers in Europe 

In the 19th and 20th century, when the demands for cultivatable land, infrastructure and settlements 

increased and flood protection gained importance, many European rivers underwent systematic 

regulations. The channelisation works straightened the river course and constrained the flow into a 

narrow channel between protected riverbanks (Habersack & Piegay, 2007).  

Accordingly, the capacity of sediment transporting was strongly decreased by river regulations, and 

hence caused massive riverbed incisions.  

The incision was accelerated by decreased sediment supply from upstream. The missing sediment is 

the result of barriers like hydro power plants. The technical and ecological consequences of river 

regulations were noticed in the late 20th century, as they are: 

¶ decrease of habitat diversity and availability and hence a loss of biodiversity and biomass,  

¶ separation of the riparian floodplain from the river / water body by dikes,  

¶ drop of the groundwater level,  

¶ aggravation of flood risk downstream due to less dampening highwater peaks,  

¶ scouring of bridge piers and bank protections, etc.  

These consequences of river regulations necessitate the implementation of countermeasures to 

improve the existing situation and prevent further negative consequences (Klösch et al. 2019). 

2.2.2 Current situation of river Sava in the project area 

The river Sava, with a length of 926 km and a catchment area of over 97,800 km², the largest tributary 

of the Danube by discharge, did not escape this negative development either.  

The middle and lower Sava is internationally recognised for its huge hardwood forests, the large near-

natural flood retention system around the famous Lonjsko Polje Nature Park in Croatia. The river 

attracted international attention due to a historic flood in 2014. The alpine upper Sava in Slovenia 

crosses several breakthroughs stretches and small basins, and today is partially impounded by 

hydropower dams. Below Zagreb, the Sava valley is broad, and the river continues with a small slope 

all the way to the confluence with the Danube in Belgrade. (Sava White Book, 2016). 

The approximately 53 km long Sava stretch from .ǊŜȌƛŎŜ (rkm 738, Slovenian) to Rugvica (rkm 673,8 

Croatia) is considered in more detail in this feasibility study.  

 

2.2.2.1 River regulation 

First major Sava river regulations started in 1899 and lasted until 1941. Historical flood in 1964 initiated 

additional regulations that were implemented in 60-ties and 70-ties of 20th century. The planned 

flood-protection system was never completely finalized. Upper middle Sava was regulated upstream 

YǊǑƪƻ but with the construction of Hydropower plant (HPP) .ǊŜȌƛŎŜ ǘƘƛǎ ǎŜŎǘƛƻƴ Ƙŀǎ ōŜen completely 

flooded by the hydropower reservoir since 2018. 
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The section ŘƻǿƴǎǘǊŜŀƳ .ǊŜȌƛŎŜ to Podsused is regulated but regaining meandering power. Active and 

former floodplain areas are partly protected as a special ornithological reserve and a Natura 2000 site, 

which offers some space for reconnection with Sava river. 

Through the city of Zagreb, the Sava river is completely channelized in the form of a double trapezoidal 

profile. Continuous dikes and wide river forelands accompany the river. The distance between the 

dikes is about 300 m (Figure 2). However, in the river surroundings some floodplain areas still exist, 

which offer space for reconnection with the river Sava. A derivation channel Sava-Odra was built in 

late 60-ties for flood protectionΣ ǎǘŀǊǘǎ ƛƴ ½ŀƎǊŜō ŀǊƻǳƴŘ ǘƘŜ [ǳőƪƻ ŀǊŜŀΦ 

Downstream Zagreb, from IǊǳǑŏƛŎŀ to Rugvica (rkm 675) there is the last remaining braided and 

branched stretch of the Sava River in the project area (Figure 4). It is protected as a Natura 2000 site.  

 

Figure 2: Current situation of Sava river in Zagreb (ǇƘƻǘƻ ōȅΥ aŀǊƛƻ ¿ƛƭŜŎ). 

 

Figure 3: Current alterations and threats (impoundments, river regulation) along the Sava around Zagreb (Source: 
Sava White Book / SWB, 2016). 
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Figure 4: Historical situation of Upper middle Sava near Zagreb. Example for transition from branching to 
meander types (First military survey of Habsburg monarchy (1783ς1784)) 

 

2.2.2.2 Hydromorphology 

Hydromorphological conditions within the project area are diverse. Whereas the stretch throughout 

Zagreb city is extensively modified (Figure 6), in some areas even severely modified, other stretches 

are moderately but also slightly modified, especially in the area IǊǳǑŏƛŎŀ to Rugvica in the east of 

Zagreb (Figure 5). 

 

Figure 5: Hydromorphological assessment of the Sava around Zagreb (Source: SWB, 2016).  
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Figure 6: The Sava in Zagreb, strongly altered, with trapezoid cross section, detached floodplains and ramp for 
retaining cooling water, Class 4 (extensively modified) (Source: Bing Virtual Earth). 

2.2.2.3 Sediment balance and riverbed stability 

A key element of the natural dynamic river ecosystem of the river Sava is sediment transport and river 

bed stability. Currently there is a huge lack of sediment due to HPP dams in the upstream of .ǊŜȌƛŎŜ. 

Normally gravel and sand is transported constantly along the river. In order to transport material along 

the river, the water loses its power. In case there is no material the water has no possibility to lose 

power, this leads to river bed incision and fast currents 

Regular water level measurements at the Sava gauges drew attention to the riverbed deepening due 

to river regulations and HPP construction, which is still ongoing.  

Geodetic surveys of the Sava riverbed in the section from rkm 673.00 to rkm 728.52 km were done in 

the period from 1985 to 2003. The survey of the profiles at water gauging stations show the following 

picture: 

¶ In the section from Jesenice to gauging station Zagreb (rkm 702), the riverbed deepened 

by about 2,5 m in the period 1985-2009 (Figure 7). 

¶ In the section from gauging station Zagreb  to the riverbed sill at TE-TO Zagreb (rkm 697.00) 

there are no significant changes in the riverbed height due to the influence of the sill. 

¶ Downstream from the sill at rkm 697.00, the riverbed deepens significantly, due to the 

influence of the sill and the increased removal of gravel. 

¶ In the section of gauging station Rugvica (rkm 673,8), there is deposition of bedload and a 

rise in the riverbed of the Sava. 




