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SESSION 

12 CHALLENGES FOR FISH PROTECTION AND HYDROPOWER 

MANAGEMENT 

Habitat modelling Hydraulic modelling 

Data acquisition 

Input data preparation Fuzzy sets and rules calibration 

Planning of habitat improvement: Construction of low bottom weirs 
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Example 

Concept 

Theoretical background 

Water depth 

Flow velocity 

Dominant  
substrate 

Morphology/Hydraulics 

high 

low 

medium 

Habitat suitability Expert knowledge/  
fuzzy rules 

IF Water depth „High“ 
AND Flow velocity „Medium“ 

AND Substrate size „High“ 

THEN Suitability „Very High“ 

IF Water depth „Medium“ 
AND Flow velocity „Medium“ 

AND Substrate size „High“ 

THEN Suitability „High“ 

IF Water depth .... 
AND Flow velocity ...... 
AND Substrate ......... 
THEN Suitability ........ 

. 

. 

. 
 

Other relevant habitat parameters 
(e.g. cover, pool types, portion of 
gravel fractions) 

…
 

Fuzzy sets 

Two parameters are considered - water depth and flow velocity: 

Observed element: 
 - H = 0,7 m 
 - v = 0,6 m/s 

Observed element: 
 - SI = 0,35 

Quantitative prediction of flow and 

morphology impacts on fish, invertebrates and 

macrophytes. 
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Adopted by: 
Schneider & Jorde  

Ecological Engineering and 

Area of field study application 

Radovna river characteristics: 

 

• Alpine region river 

• Snow-rain regime  

• Length = 30 km 

• Catchment area: F = 140 km2 

• Mean anual flow: Qav = 8 m3/s 

R A D O V N A  r i v e r

Scheme of  4 selected river sections: 

• 1 A, 1 B – no water abstraction 

• 2 A, 2 B – water abstraction 

• Length of river section: 100 m 

FLOW DIRECTION 

Brown trout (Salmo trutta fario Linnaeus, 1758): The 

target fish species in Radovna river. 

Project is supported by: & 

Geodetic survey 

Water depth measurement 

Discharge measurement 

Electrofishing sampling method 

Visual census survey 

Substrate  inventory 

Brown trout spawning 

Radovna bathymetry 

Calibration process scheme 

 Calibration 
Selection and 

modification of 

fuzzy sets and rules 

Are results  
of habitat model 

equivalent to field 
measurements? 

NO 

YES 

Verification 

Validation 
YES 

Application of habitat model with 

determined fuzzy sets and rules to validate 

its applicability on other tributaries. 

… 

Measurements at different 

conditions and on different 

types of tributaries 
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Are results  
of habitat model 

equivalent to field 
measurements? 

NO 

The study case of habitat modelling implementation: Habitat modelling indicated, that the most limiting factor for the fish population in the analysed section of river is 

low water depth. Foreseof two low bottom weirs was chosen as a mitigation measure for improvement of the fish habitat. The results of hydraulic modelling confirmed 

higher water depth upstream of the weirs. Consequently, the habitat modelling results indicate improvement of fish habitat by the increase of weighted usable area 

(WUA) for juvenile and adult fish.  

Habitat modelling results – comparison of current and planned state 

Habitat modelling 
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Hydraulic modelling results – AFTER 
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Weighted usable area (WUA) of the section of Radovna river

Juvenile fish before 
implementation of weirs

Adult fish before 
implementation of weirs
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implementation of weirs

Adult fish after 
implementation of weirs
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Low bottom weirs 

River bed labeling 
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