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Background

• The situation in Sweden much like that in Scotland

• WFD ®®®® concern what we should do with the HEP 
exploited rivers

• Socio -economic research program on methods to find • Socio -economic research program on methods to find 
out the costs and benefits of improving the environ ment

¯̄̄̄

Need to quantify the ecological effects of improvem ents



Summary of methods we used so far

1. Predict future salmonid densities at various flo w 
regimes 

2. Predict the potential of re-establishing anadrom ous 
salmonid populations by constructing fishwayssalmonid populations by constructing fishways

3. Find proper flow conditions for bypasses to impr ove 
fish migration 

4. Find proper locations for improved fishways



1. Predictions of future salmonid population 
densities at various flow conditions

Case: Klumpströmmen in the river Ljusnan



Methods

• Estimate areas of suitable habitats at different flows

• Analyse and adjust the flow regime to have sufficient 
amount of water during vulnerable life stages

• Collect reference data on fish densities from unregulated • Collect reference data on fish densities from unregulated 
rivers of corresponding size and characteristics (flow, 
productivity, etc.)

• Calculate salmonid density as:
Area of suitable habitats * reference density



Flow regime Flow regime -- critical periods for graylingcritical periods for grayling
and brown troutand brown trout
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Predicted number of grayling (> 30 cm) in 
Klumpströmmen
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2. Individual based model to predict 
outcome of new or improved fishways
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Example of time series from the model



Number of fish-ways vs. expected number of salmon 
spawners in the river Ljusnan

Average “estimates” of highest Fish Guidance Efficiencies
Smolt – 0.98
Returns – 0.93
Kelt – 0.90 
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3. Finding proper bypass flows

Markov model

Parameterize transition matrix (daily probabilities)  using:

1. Telemetry data to obtain daily fish positions/movements
in relation to flow conditionsin relation to flow conditions

2. Probabilities as functions of flow (turbine and spill),
from e.g. logistic regression



Transition matrix

U B C D

U 1 p(B® U) 0 0

B 0 p(B® B) p(C® B) 0

C 0 p(B® C) p(C® C) 0

D 0 0 p(C® D) 1D 0 0 p(C® D) 1



Examples of relationships

Confluence       Bypass Bypass       Upstreams rapid



Observed and predicted (fitted)
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Example of use



4.How and where to improve migration problems? 
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Questions

• What are the methods’ principal strength and 
weaknesses?
+ Quantitative predictions,
+ the explicit model formulations and parameterization

can be scrutinized by others, 
- the predictions may not be entirely correct

• What’s new?
Taking the information from the individual level to the 
population level

• What’s the application?
Evaluate the potential effects of various measures before 
they are taken



Thank you!


