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Endringer i nedbør, 
lufttemperatur, 
fordampning og naturlig 
avrenning  er beregnet av 
met.no og NVE i et annet 
prosjekt.

I VAKLE bruker vi 
hydrologiske modeller for 
å beregne simulert 
vannføring for 
prøvevassdrag i perioden 
1980-2009 (referanse) og 
2020-2049 (scenarie).
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How we work

Orkla

Predicted day of 50% smolt migration

40 50 60 70

O
bs

er
ve

d 
da

y 
of

 5
0%

 s
m

ol
t m

ig
ra

tio
n

40

50

60

70

Model from other rivers
River specific model

Improve existing models

0

500

1000

1500

2000

0

1

2

3

0
2

4
6

8
10

12
14

P
re

di
ct

ed
 s

m
ol

t m
ig

ra
tio

n

D
isc

ha
rg

e/
M

ea
n 

di
sc

ha
rg

e

Water temperature

Values for terms that are held constant:
Day = 31 (May 1)
Change in water discharge/Mean discharge = 0.001
Change in water temperature = -0.2
Number of smolts left = 5000
Number of days left = 30

0 
500 
1000 
1500 
2000 

Building new models
and relationships

Experimental studies Field studies

Apply to
Orkla



NTNU

Fish growth
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Ya

Study site: Orkla River
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The model is 
automatically 
calibrated (PEST) with  
observerded data for 
discharge, precipitation 
and temperature.
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• more water in total: + 5-10 % inflow in the three catchments

• a larger portion of the total inflow comes during winter 

• higher winter discharge

• earlier spring flood

• smaller spring flood

• higher summer discharge

• higher autumn discharge

Svorka simulated inflow daily mean
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Price and
strategy

production discharge

water 
level

flood
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Power production and operation
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Results: Power production
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Middeltemperaturer i overflatevannet i Granasjøen
1980-2009 (rød kurve) og 2020-2049 (blå kurve) 
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General effects:
Days with ice production in a future climate reduced from 130 to 80 (Bjørset)
Higher water temperatures, especially in early summer

Local effects: 
• Reduced growth of surface ice due to increased velocities
• Increased growth of frazil ice and anchor ice due to more open areas
• Possibly more ice drift during winter due to more intense precipitation
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Fish habitat conditions

1980-2009 2020-2049

Slightly decreased habitat quality most of the time
Period without preferred habitat reduced from 3 to 1.5 

percent of the timePreferred
Indifferent
Avoided

flow 
direction

Habitat model
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Fish growth models

• Water temperature 
relation to growth

• Existing models have 
poor performance early 
and late in growing 
season

• Field and experimental 
data used to improve 
models

• Validated in several 
rivers Day number
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Specific standardised growth rate

Improved fish growth models

Ω

• Laboratory-based models 
poor performance

• In total 7 174 fish 
samples, 4-8 times pr 
year in 17 years

• Changes:
– Lower limit for growth
– Seasonal moderator
– Start time for seasonal 
moderator
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Lower limit for fish growth
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Seasonal moderator for fish growth
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Predictions
without
changes
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Smolt age
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Total smolt production
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Fish survival and winter energetics

More food
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Experimental studies of 
ice cover impacts
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Energy loss and gain

Energy loss
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+37 %
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• Ice cover may disappear for 50 days
– This may reduce winter survival with 10 %

• Winter survival empirical related to low flow
– Winter low flow increased from 18 to 26 m3/s

• Combined effect:
Low flow increase and
energy consumption increase
� No change in winter survival

15 % increased
energy consumption

without ice cover
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Conclusions – the future in Orkla
• More inflow and more hydro power production
• Seasonal pattern changes in inflow and power production
• Higher water temperature
• Less surface ice and more anchor and frazil ice
• Increased salmon production due to increased growth 
rate and younger smolt

• Slight decrease in fish habitat quality most of the time, 
but fewer days with no suitable habitat

• Increased energy consumption in winter, but higher 
minimum flow in winter �No change in winter survival

• No change in smolt survival during migration
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Utfordringer for forvaltningen
• Tør vi bruke scenarier til konsesjoner og forvaltning?
• Mer vann å fordele til alle brukergrupper 
• Endret vannføringsmønster – sesongvariasjoner
• Økt vanntemperatur og vannføring om vinteren

– Flere vinterflommer
– Isgang
– Økt sarrproduksjon

• Økt vanntemperatur i vekstsesongen
– Hurtigere vekst hos stedegne arter
– Bedre forhold for fremmede arter?
– Skadelig høy vanntemperatur for stedegne arter?

• Se klimaendringer i sammenheng med nye konsesjoner, 
implementering av Vanndirektivet og andre forvaltningsoppgaver!
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BÅDE mer kraft OG 
mer laks i Orkla

Vi jobber nå for å etablere et 
prosjekt i EU’s 7. rammeprogram

Takk for oppmerksomheten!


