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Hydropeaking is the one of major impacts on river ecology in the alpine region. It occurs predominantly 

downstream of storage hydropower plants, as a result of “on-demand” energy production. Previous studies have 

established that in particular the early stages of fish are the most affected by the related rapid flow changes. 

Ecohydraulic modelling has been applied in several studies to describe and assess the impacts of different 

operational and morphological scenarios. Nevertheless, the types of morphological features beneficial for the 

mitigation of hydropeaking remain to be thoroughly investigated. Two morphologically distinct stretches of an 

alpine river have been assessed upon selected hydraulic and habitat indicators capable to describe the intensity of 

negative impacts.  

It is shown that the total amount of areas with increased risk of stranding and drift is generally higher in a 

nature-like than in a homogeneous stretch. However, because the total amount of suitable habitat in a nature-like 

stretch is significantly higher, the overall habitat availability under hydropeaking conditions here is also better. It 

is also shown that areas with relatively stable habitats are spatially related to specific morphological features. 

These features can be identified by their „hydraulic stability” introduced as a novel hydropeaking indicator. 

1 INTRODUCTION 

Hydropeaking is the rapid change of flow and related hydraulic conditions in surface waters due to 

temporally varying production of hydropower adapted to demands of today’s energy market. These demands are 

becoming increasingly volatile since the portion of weather-related renewable energies such as wind and solar 

power is constantly growing. 

In the research project presented, unsteady hydraulic models have been linked with habitat preference curves 

derived from a European database with the goal to assess the impacts of fast flow changes on young fish and to 

identify morphological features which support the mitigation of hydropeaking impacts. 

2 METHODS 

For the consideration of hydropeaking effects on habitats it is important to investigate the temporal changes 

of habitats. It has been found that stranding and drift of juvenile fish and the damage of spawning grounds are 

major aspects that have to be considered. Main indicators used for the investigation of hydropeaking in  

Switzerland are the ratio between wetted area for peak flow and off-peak-flow, the water level drop velocity, the 

minimum depth on potential spawning grounds for off-peak flow and the stability of substratum on potential 

spawning grounds. While these indicators relate to fish habitats but cover purely physical parameters, only few 

studies on the direct assessment of aquatic habitats under unsteady flow conditions are available (Kopecki et al. 

2012, Schneider & Noack 2009). In this study the following criteria are used to investigate juvenile habitats 

under hydropeaking conditions. 

 

2.1 Habitat Persistence 

The habitat persistence approach is based on the assumption that a continuous level of suitability during a 

peaking event has to be present in habitats in order to ensure their functionality (Person 2013). This approach is 

particularly used for habitats for life stages that are restricted in terms of mobility such as redds and larvae. The 

level of habitat suitability that is not undercut during a peaking event can be found by selecting the minimum 

value of the habitat suitability of all time steps modelled (requirement:  sufficient temporal resolution).  



  
Figure 1. Generalized suitability curves (example flow velocity) for 0+ fish of brown trout (left) and underlying 

data from the database of habitat requirements (right) 

 

As the evaluation of a European database of habitat requirements showed a large heterogeneity in preference 

data, for the assessment of persistent habitats a generalized set of preference functions has been developed (see 

Figure 1). These functions were created after elimination of outliers and integrating information from general 

fish habitat descriptions listed in guidelines for minimum flow assessment (LfU 2013) and documents setup for 

the fiBs method (a fish-based method to evaluate river ecological quality with the implementation of the Water 

Framework Directive, LAWA 2014).  

 

2.2 Waterline recession speed (WRS) 

Although it has been mentioned as impact factor in some publications, currently there are no thresholds defined 

for the maximum velocity of the horizontal waterline dislocation (recession) due to hydropeaking. Instead, many 

studies (e.g. Saltveit et al. 2001) concentrate on values for a critical velocity of water level change. Nevertheless, 

it is assumed that for small fish the waterline recession speed (WRS) during down-ramping is a very important 

factor since it determines the distance, fish have to overcome in time in order not to get trapped. It is worth to 

investigate this parameter in a study on hydropeaking effects in different morphologies. The WRS is derived by 

analyzing the position of the water edge for different time steps in a hydrodynamic model. 

 

2.3 Hydraulic stability for morphologic classification 

The fast change of environmental conditions during hydropeaking events is a hazard for water organisms. 

Thus it is useful to compare the values of hydrodynamic parameters such as water depth and flow velocity at the 

base and the peak flow of a hydropeaking event. Also the maximum water level drop rate during a peaking event 

is an indicator for the continuity of hydraulic conditions. These parameters characterize the stability of hydraulic 

conditions, which we describe with the new term “hydraulic stability”.  

Based on the “hydraulic stability” criteria it is possible to identify the natural morphological features which 

offer advantageous conditions for juvenile fish under hydropeaking impact. 

3 RESULTS  

3.1 Habitat persistence 

The amount and quality of spawning grounds in the near natural reach Mnat is quite high for the low flow 

situation that is typical for the spawning period in early winter. This is true for the results obtained upon the 

generalized preference curves as well as for the fuzzy logic based calculation with a dataset specifically 

developed for the river reach (Eberstaller et al. 2012). Habitat modelling results show that no spawning areas 

with a persistent suitability higher than 0.4 are available in the near natural reach. In the reach with alternating 

gravel bars persistent spawning areas are not available at all.  

 

3.2 Waterline recession speed (WRS) 

The WRS has been calculated analyzing the advancement of the water line on an hourly basis. Generally, 

the shallow, flat banks of the islands in the middle of the reach provide good juvenile fish habitats at the range of 

flows slightly above off-peak flow. However, in the last phase of the dewatering period (after 6 hours) a drastic 

reduction of wetted area can be observed, indicating the elevated risk of stranding. Interesting is that the WRS 

does not linearly relate to the steepness of the banks (Table 1) but is rather a function of the location within the 

system. 



Table 1. Dewatered width and horizontal velocity on different types of gravel banks in near-natural reach 

 

Gravel 

bank 

Steep-

ness 

Width 

dewatered [m] 

Horiz. vel (mean/ 

max) [m/h] 

Gravel 

bank 

Stee-

pness 

Dewatered 

zone [m] 

Horiz. vel (mean/ max) 

[m/h] 

1 1:100 42  6.0/10.0 4 1:22 14.3 2.0/4.0 

2 1:30 24 3.4/7.0 5 1:7.3 4 0.6/1.0 

3 1:30 38 5.3/15.5 

 

3.3 Hydraulic stability  

“Hydraulic stability” has been defined by the difference of the min and max values of flow velocity, water 

depth and the maximum water level drop rate during a hydropeaking event. The three parameters are shown for 

near-natural reach in Figure 2. It becomes clear that side arms are among the areas with the smallest hydraulic 

changes. The side arms on the right hand side face the risk to dry out during low flows. Thus the permanently 

wetted left arm is of great value for hydropeaking affected reach.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 “Hydraulic stability” defined by changes between Qpeak and Qoff , areas with high stability are 

indicated by circles 

 

Also the inlet area of the left side arm and some areas in the backwater range of larger gravel bars provide 

comparatively stable conditions with changes of less than 0.5 m in water depth, less than 0.5 m/s in flow velocity 

and maximum water level drop rates below 0.3 cm/min.  

3.4 Advantageous morphologic features  

One specific morphologic feature is the most effective in terms of mitigating hydropeaking effects. The 

permanently wetted side channel in reach Mnat provides most of the structures that are less sensitive to fast flow 

changes. Steep river banks are available as well as refuge pockets as special type of backwater area and 

heterogeneous river banks that provide locally small areas with good conditions for young fish. Additionally the 

whole side arm is hydraulically relatively stable with less change in depth and flow velocities than in other parts 

of the river reach. This supports also little shift of habitats at the lower end of the neighbored large gravel bar.  

 

4  DISCUSSION AND CONVLUSIONS 

4.1 Heterogeneity of preferences and generalization 

Generalized preferences: It is known that fish preferences/suitability show variations when investigated in 

different rivers. Nevertheless, for 0+ fish of brown trout as considered in this study it has been shown in many 

studies that moderate to small flow velocities and shallow areas are preferred as permanent habitats. Furthermore 



the field observations in the study area indicated that most of the 0+ fish (though not very frequently observed) 

were found in areas close to the river bank with moderate hydraulic properties mentioned before or in shallow 

side channels with rather low flow velocities. Thus, it seems to be justified to eliminate data having big 

deviations from this observed range. However, the authors are aware of the fact that specific conditions may lead 

to a change in behavior of young fish and cause them to use other hydraulic environments. 

4.2 Approaches to address the impact of morphology in hydropeaking 

Habitat persistence: The habitat persistence approach is particularly suitable for organisms with a restricted 

mobility. While fish from a certain age on are able to follow favorable habitats changing their location with flow, 

fry, redds and also many macroinvertebrates have or prefer to stay in their original position. The impact of 

morphology is well reflected by the habitat persistence. In the near-natural reach the basically very good 

reproduction conditions are still severely reduced when regarding their persistence, in the reach with alternating 

gravel bars potential spawning areas disappear completely when considering their persistence.  

Waterline recession speed (WRS): The vertical velocity of the water level drop is one of the main parameters 

for the assessment of stranding risk in hydropeaking conditions. Recent studies confirm that there is no stranding 

risk for a vertical velocity of 12 cm/h or less (Schmutz et al. 2013, Saltveit et al. 2001). Values from Halleracker 

(2003) for trout indicate that there is no stranding up to a WRS of 1.6 m/h; but the steepness of the bank is not 

mentioned. For gravel banks with less gradient it cannot be ruled out, that the threshold for the horizontal 

velocity has to be set lower. However, so far there are no thresholds defined for horizontal velocity.  

When analyzing the WRS it is also important to consider side arms that are disconnected from the main 

channel. In the near-natural reach this is the case for the channels on the right side. Even if not drying out 

completely under off-peak flow the water body is very shallow and stagnant, so young fish are endangered by 

predators and rising temperature.  

Hydraulic stability expressed through the difference of the minimum and maximum values of flow velocity, 

water depth and maximum water level drop velocity has been found a good indicator for the identification of 

areas with a high damping effect. 

The hydraulic stability seems to interact with some specific morphologic features. Particularly the 

permanently wetted side with narrow in- and outlet and steep but heterogeneous banks provide conditions that 

favor organisms with a high sensitivity against fast flow changes. Refuge pockets as small scale features 

positively affect the distance the fish should cover at a time unit in order not to get stranded. However, the 

longitudinal effect zone is limited and comparable with the size of the pocket itself. This kind of structure pro-

vides local mitigation and presumably only has significant effects when installed in sufficient numbers. 
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