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Global Warmlng Predictions

2070-2100 Prediction
vs. 1860-1890 -

Average

Based on HadCM3
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Endringer i nedbgar,
lufttemperatur,
fordampning og naturlig

avrenning er beregnet av
met.no og NVE i et annet
prosjekt.

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

Improve existing models Building new models
and relationships

Observed day of 50% smolt migration

Predicted day of 50% smolt migration

Field studies




Climate, water temperature, flow conditions

Fish growth Habitat conditions
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Study site: Orkla River
\

Orkanger

Grana power plant

Brattset power plant
Litjfossen power plant

Ulset power plant

7 Dam
— Tunnel and power plant




The watershed description:

catchment area
Q observed altitude distribution
lake percentage
glacier percentage
evapotranspiration

The HBV - Model Structure

25

20 Q calibrated

15

Svorka simulated 2040-2049

The model is
automatically
calibrated (PEST) with
observerded data for
discharge, precipitation
and temperature.

Inflow is simulated
with precipitation
and temperature
as input data
1980-2049.
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Expected change of natural inflow

e more water in total: + 5-10 % inflow in the three catchments
e a larger portion of the total inflow comes during winter
 higher winter discharge

e earlier spring flood

Svorka simulated inflow daily mean

e smaller spring flood

~1980-2009

e higher summer discharge —2020-2049

e higher autumn discharge




Power production and operation

flood inflow
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Results: Power production

Power production Flood spill

Produksjon [GWh]
Produksjon [GWh]

Bypassed water Income

Inntekt [Mill kr]

Produksjon [GWh]

1980-2009 2020-2049 1980-2009 2020-2049
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Water temperature and ice

CE-QUAL-W2 Version 3 Surface water in Granasjgen

Temperature
River Sections Celsius
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Fish habitat conditions

— 1980-2009 — 2020-2049

flow
direction

50
% probability

Habitat model Slightly decreased habitat quality most of the time

Period without preferred habitat reduced from 3 to 1.5

B Preferred percent of the time
|| Indifferent
M Avoided
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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 120 150 180 210 240 270 300 330
rivers Day number

Observed vs predicted growth [%]
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Improved fish growth models

e |aboratory-based models
poor performance

e In total 7 174 fish
samples, 4-8 times pr
year in 17 years
e Chanages: "0 5 10 15 20 25 30
g ' I . f Water temperature
— ;ower |r:1|t (()jr grfwth Q=d(T-T ) [{1-T)
— Seasonal moderator I+ g(T, =T ) =—o(T, —T))

— Start time for seasonal o . |
Specific standardised growth rate

moderator T, lower temp. T,y max growth temp.
T, upper temp. d, g parameters

jorsk institutt for naturforsknin




Lower limit for fish growth

Approximately 3 degrees

4 5 6
Water temperature




Seasonal moderator for fish growth
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Predictions
without
changes

and predicte weight (%)

Predictions
with new start
temperature
and seasonal
moderator

observed
and predicte weight (%)

Deviation between
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Fish
growth in
Orkla
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Smolt age

average = 3,1 average = 3,6

Bl 1980-2009
Bl 2020-2049
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Fish growth from fry to smolt
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Total smolt production
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Fish survival and winter energetics

Die from
hunger

o

More food

Predation risk




Experimental studies of
iIce cover impacts
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B Under ice (darkness)
[ ] Open water (light)
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Alta Suldal Imsa
Salmon stocks from different rivers

30 % less energy consumption under ice cover
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Energy loss and gain

B Under ice (darkness) ] Open water (light)
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No permanent
ice cover

Increased importance of ice cover




Winter survival
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Low flow in winter [m 3/s]



Low flow in winter

=
D

e
©® o N
| |

W 1980-2009
Bl 2020-2049

Antall ar

10 15 20 25 30 35 40 45 50 55

Low flow in winter less than [m  3/s]

o
jorsk institutt for naturforsknin




Energy consumption in fish

Energy [J/g d]

Under ice Open\water

e Ice cover may disappear for 50 days
— This may.reduce-winter survival with 10 %
o Winter survivallempirical related to low flow
— Winter low flow increased from 18 to 26 m3/s

e Combined effect: 15 % increased
Low flow increase and BESgESE Cnergy consumption g
T ; 1 without ice cover |
energy consumption increase .
-> No change in winter survivals
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. . — 1 980-2009
Smolt migration [t

Water temperature
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(20 May) lower flow
At + 0.7 °C
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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

Tgr vi bruke scenarier til konsesjoner og forvaltning?
Mer vann a fordele til alle brukergrupper
Endret vannfgringsmgnster — sesongvariasjoner

@kt vanntemperatur og vannfgring om vinteren
— Flere vinterflommer

— Isgang

— @kt sarrproduksjon
@kt vanntemperatur i vekstsesongen

— Hurtigere vekst hos stedegne arter

— Bedre forhold for fremmede arter?

— Skadelig hgy vanntemperatur for stedegne arter?

Se klimaendringer i ssmmenheng med nye konsesjoner,
implementering av Vanndirektivet og andre forvaltningsoppgaver!
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BADE mer kraft OG

~mer laks i Orkla
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Vrjebbern 3 etablere et
prOSJekt | EU’s 7 rammep ogram




