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Hydropeaking refers to hydropower operations that are characterized by more rapid and frequent changes in 
power production than typical base-load hydropower production. If the water is released into a river, rapid 
fluctuations in discharge, water level and temperature may cause negative impacts to the riverine ecosystem.  
We have developed a systematic approach to assess the impact by characterizing important parameters 
describing the flow ratio, the rate of change in water level, dewatered area and the duration, timing and the 
frequency of peaking operations. We have developed a method to assess the impacts of hydropeaking on 
salmonid fish. The vulnerability of the salmonid population must then be taken into account, as a more 
vulnerable population will suffer more from hydropeaking than a very sustained population. Parameters such as 
number of female adult salmonids, size and distribution of spawning grounds, low flow periods, habitat 
degradation, low temperature impacts, pollution and other external factors are used to characterise the 
vulnerability. By combining parameters for peaking operations and vulnerability, an overall assessment can be 
made. Criteria from literature or developed by the authors are used to categorise and score hydropeaking 
impacts. The system can be used to assess existing or planned hydropeaking, and will also give the user a 
possibility to see which parameters have a low score, helping to identify where mitigation should be 
concentrated. The system is under development and some examples from the use will be presented at the 
symposium. 

1 BACKGROUND 

Future energy scenarios include large amounts of non-regulated renewables, especially wind and solar power. In 
such systems, there will be an increasing need for hydropower which has excellent capabilities for fast regulation 
with changing demand and changing wind conditions. In Norway, most hydropower stations were planned and 
built for the purpose of supplying firm power to industry or public consumption. In a changed regime with 
higher demand for peaking power (hydropeaking), many existing plants need to be redesigned. At the same time 
the environmental consequences need careful evaluation.  

Hydropeaking has received increased attention over the last several years, and therefore we need methods 
and tools to assess impacts of hydropeaking and to guide how mitigation and operational changes.. The method 
presented here aims to characterize impacts on the ecosystem from ‘small’ to ‘very large’ as a basis for wider 
cost-benefit analysis and management applications. 
 



2 CHARACTERISATION 

The method for characterisation divides the impact from hydropeaking into two axis; (direct) effects and 
vulnerability. The effect axis characterise the possible ecological impacts of peaking from how physical 
conditions such as flow, water level and water covered area changes, given the hydropower system and river 
morphology. The vulnerability axis characterise how vulnerable the system is to further influence from peaking. 
Both axis may be evaluated separately, but we also provide a system to combine them. Please notice that we 
consider the starting point for the evaluation the current situation in a regulated river without peaking operations. 

2.1 The effect axis  

Table 1 summarizes factors used to evaluate the direct effects from peaking on important parameters. Winter is 
defined as the period of the year where water temperature is below 6 degrees C. Summer is defined as the rest of 
the year. The criteria for distinguishing different classes are chosen from the literature, research in CEDREN or 
by expert opinion among the authors. 
 

Table 1. Effect factors, indicators and criteria for characterisation 
 
Effect factors  Indicator 

Criteria for characterisation 
Very large 
(value 4) 

Large 
(value 3) 

Moderate 
(value 2) 

Small 
(value 1) 

E1: Rate of change Water level change ratio  
[cm/h] > 20 13-20 5-13 < 5 

 
E2: Dewatered area 

Change in water-covered 
area when flow is reduced 
from Qmax to Qmin [%] 

> 20 10-20 5-10 < 5 

E3: Magnitude of flow 
changes 

Flow ratio 
Qmax / Qmin 

> 5 3-5 1.5-3 < 1.5 

 
E4: Frequency 

Annual frequency 
(proportion / number of 
days pr year with peaking) 

>40 % 
(>146 d) 

25-40 % 
(92-146 d)  

10-25 % 
(37-91 d) 

<10 % 
(< 37 d) 

 
E5: Distribution  

Irregular 
throughout 
the year 

Irregular in 
certain 
periods 

Daily 
regulation in 
several 
periods 

Daily 
regulation in 
maximum 
two periods 

E6: Timing Flow reductions in critical 
periods  

I daylight in 
winter 

In darkness in 
winter  

Summer and 
fall 

Spring and 
early summer 

 
According to the criteria, a value from 1 to 4 is assigned for each factor. If restrictions are applied to make 

the first rate of change slow after a period without hydropeaking, the total score may be reduced with the value 
of 1. Effect factors are combined by multiplying the values of the two most important factors E1 Rate of change 
and E2 Dewatered area, and then adding the values from the others (E3-E6). The lowest possible total score is 4 
([1x1]+4-1) and the maximal score is 32 ([4x4]+16). We have divided the total score of effect factors into four 
classes according to table 2. 
 

Table 2. Combined effect and score of different effect classes 
Combined effect Score 
Very large 21-32 
Large 15-20 
Moderate 10-14 
Small 4-9 

2.2 The vulnerability axis 

The vulnerability (Table 3) are based on evaluation of fish population conditions (V1 and V2), and general 
evaluation of impacts from river regulation without hydropeaking (V3-V5), as well as other factors than river 
regulation (V6). 
 
 
 



 
 
 

Table 3. Vulnerability factors, indicators and criteria for characterisation 

Vulnerability factor 
  

Indicator 
  

Criteria for characterisation 
High 
vulnerability 
(value 3) 

Moderate 
vulnerability 
(value 2) 

Low 
vulnerability 
(value 1) 

V1 Effective population size Average number of females 
last 5 years < 25 females 25-250 >250 

V2 Degree of limitations in 
recruitment 

Amount and distribution of 
spawning grounds Low Moderate Much 

V3 Low flow periods as 
bottleneck for fish stock size 

Change in lowest annual 
weekly flow in winter and 
summer combined 

Strong 
bottleneck 

Moderate 
bottleneck 

No or weak  
bottleneck 

V4 Habitat degradation 
Change in magnitude and 
frequency of flood events, 
probability of degradation 

High 
probability or 
documented 

Moderate 
probability 

Low  
probability 

V5 Reduced water temperature 
that lead to population effects 

Reduction in summer water 
temperature and probability 
of population effects 

Large (>3°C), 
including 
probable or 
documented 
population 
effect 

Moderate (1-3 
°C), including 
probable 
population 
effect 

Small (<1 °C), 
small  
population 
effect 

V6 Other factors 

Acidification, water quality, 
habitat degradation due to 
other factors than regulation, 
diseases, parasites, etc. 

Strongly 
reduced fish  
stock or 
carrying 
capacity 

Moderately 
reduced fish 
stock or 
carrying 
capacity 

No or small 
reduction in 
fish stock or 
carrying 
capacity 

V7 Percentage of impacted river 
length compared to total length 

Proportion of river reach 
with peaking operations 
compared to total length [%] 

>40 % 10-40 % <10 % 

 
Guidelines for evaluating the factors according to criteria are given in Forseth & Harby [1]. In some cases, 

professional judgement must be used. According to the criteria, a value from 1 to 3 is assigned for each factor. 
The total score is obtained by adding the score for each factor. River regulation has sometimes a positive effect 
on fish population size, especially when regulation leads to increased low flow reducing the natural critical low-
flow events. The total score may then be reducing following table 4. 

 
Table 4. Positive river regulation effects and their score reduction for vulnerability effects 

Low flow events change Total score reduction 
50 % increase in annual weekly low 
flow both summer and winter 

3 

50 % increase in annual weekly low 
flow only in winter 

2 

50 % increase in annual weekly low 
flow only in summer  

1 

 
The total score for vulnerability effects are 21 (7 x 3) and the lowest score is 4 ([7x1] – 3). We have divided 

the total score of vulnerability factors into three classes according to table 5. 
 

Table 5. Combined vulnerability and score of different vulnerability classes 
Combined effect Score 
High vulnerability 21-32 
Moderate vulnerability 15-20 
Low vulnerability 4-9 

 
 



3 OVERALL ASSESSMENT OF HYDROPEAKING EFFECTS AND VULNERABILITY 

In the overall assessment of the effects of hydropeaking and the system's vulnerability to further negative impact, 
the two axes of a characterisation are combined. The principle of this combined assessment is that the distinction 
between red, orange, yellow and green (very large, large, moderate and small) depends on the vulnerability. A 
vulnerable system only tolerates small peaking effects while a system with low vulnerability may tolerate more 
pronounced effects. At very high impact (red), it is likely that hydropeaking will be a significant additional 
burden for the ecosystem and the fish stocks will quickly or over time be reduced (due to increased mortality or 
decreased production capacity). Combinations of small peaking effect and low or moderate vulnerability, or 
moderate peaking effects and low vulnerability will both give a green colour (small impact). For these 
combinations, it is unlikely that the ecosystem and the fish stocks will be considerably impacted. Figure 1 gives 
the assessment of the total impacts. 
 

Figure 1. Combinations of hydropeaking effects and vulnerability for total impact assessment 
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4 DISCUSSION 

No references for choosing factors, parameters or the characterising criteria are given in this document although 
the method builds on a large number of literature advices and research in CEDREN [2]. However, we have 
chosen to combine the published results and advice with professional judgement. This means that the system 
need to be tested, evaluated and improved as new research and assessments moves the frontier of knowledge. 
The system can be used to assess existing or planned hydropeaking, and will also give the user a possibility to 
see which parameters that has a low score, helping to identify where mitigation should be concentrated. Some 
examples from the use of the system are shown. Some examples from the use will be presented at the 
symposium, and the authors would encourage the use and application of the system in regulated rivers across the 
globe. 
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