Impac of C‘IlmatemChcmge on
Wcﬂer Resources in the Watershed

~of ihe Hydropower Reservoir

< ' Gigerwaldsee

" “Simon Etter
Jan Seibert
Marc Vis
Nans Addor
Matthias Huss

David Finger

Icelandic Met w5 o ' — .t f
ane 8 # HASKOLINN | REYKJAVIK fi(E i3 University o

REYKJAVIK UNIVERSITY i zunch"‘“" Eidgendssische Technische Hochschule Ziiric
1 Swiss Federal Institute of Technology Zurich

< |




ion in

demonstrate applicability of multi dataset calibrat

conceptual models to assess climate impact on hydropower

Motivation

Q+SC+MB

SC+MB Q+5C+MB

Hinterrhein {6.3% glacierization in 2009)

r
Q+5C

Finger et al. 2015

Q+nB

i

Landquart (4.5% glacierization in 2008)

a
=
o
- I
8 £
c
N 2
o @
11}
g . 8
™ Q
Vo [ 5]
_ES" o 3 —
§8 2 = 2
gEED > RS,
EREE o~ w
Zdal q
=<4 %) Q
« m v — =
el w 0
— 0 D
EEcE E ]

2 ’ { -
ITI+ " - o
i — = 1 — ===

= © @ < o ©
— o =] T < (=
[ ey BOUBLIOPEY [-] wwed BAUBULIOLS]
kY

faugisisuog fleson0 AaugisIsuon) |e19n0

problems

Identifiability

2

EGU Meeting 2015

g
V
0o
—
©

N
O

2

()

5/12/2015



Stud S|te

AN K
Jrdonagletscher

-

.

r'.ret,‘;:r.

q;-‘. asergletscher

OGi_c;émaEl:!ﬁee

h

-
= il

b

ﬂPtat_te nseeli

Pfafers
(]

Gigerwaldsee, Pfafers (SG)
Calfeisental: 52km?
Weisstannental: “45km?
Glacierised Area: 0.5km?

q}Had Ragaz




Soil routine
(FC.LP. BETA)

Ly

Groundwater m
i % N

(KO, K1, K7, UZL, PER()

©0

12.05.2015

routine
(MAXBAS)

METHODS & DATA

HBV-LIGHT

Routing

e Catchment

Characterisation * gzii;‘?‘;i
e Data from Past
¢ Observed
Weather
Snowcover
e Observed Mass
Model Setup Balances

Swiss Geoscience Meeting 2014

Parameter Sets

Selection of 10

7 Climate
Scenarios

/<‘
#
(

¢ Climate Model Data
¢ Glacier Model Data

3 Glacier ]

Scenarios
Q
210 plausible
Scenarios

|




RESULTS

S T [omom

2069 - 2098 ||

A 2036 - 2065 T

Change in Discharge [m3d!]

&l /2069 - 2098

_6 1 1 | | 1 | 1 | | 1 |
L@.@d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

12.05.2015 EGU Meeting 2015






Impacts of Climate Change on
Water Resources in the Watershed
of the

Hydropower Reservoir Gigerwaldsee

Simon Etter
Jan Seibert
Marc Vis
Nans Addor
Matthias Huss
David Finger

=~ L Icelandic Met
-/ U Ve rSIty Of th (€ %!!% Wasserbau

f ZLII'ICh ‘ Hydrologie und Glaziologie



INTRODUCTION

BACKGROUND

snow cover and glaciers acting as natural water reservoirs are
projected to decline further in the 21st century (Zierl & Bugmann,
2005).

Less runoff expected in glacierised catchments (Huss 2008)

Hydropower is heavily dependent on the water availability
throughout the year.

58% of the Swiss electricity created with hydropower (World
Commission on Dams 2000).



INTRODUCTION

RESEARCH QUESTIONS

Research Question I
* What is the improvement of using multiple datasets to calibrate the HBV model?

Research Question II

« How will changing temperatures and precipitation patterns affect the amount and
distribution of water flowing into the Gigerwaldsee?

Research Question III

 How big are the contributions of snow melt, glacial melt and rain water now and how
will their relative and absolute shares change throughout the 215t century?

Research Question IV

* What is the contribution of the model parameters and climate scenarios (and glacier
scenarios) on the variance of the resulting future discharge scenarios?



INTRODUCTION

HYPOTHESIS

* The results are similar to the findnigs of
Finger et al. (2012) in the Vispertal:

— They expect the melt water to form earlier in
the season due to higher temperatures and
therefore more runoff in spring and less in the
second half of the year.



Corin Meier, 30.03.2014




STUDY AREA

CATCHMENT

Gigerwaldsee, Pfafers (SG)
Calfeisental: 52km?
Weisstannental: 45km?
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STUDY AREA

Mateugf
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STUDY AREA
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METHODS & DATA

HBV-LIGHT
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METHODS & DATA

HBV INPUT DATA

Glacierised and non-glacierised Area
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METHODS & DATA
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METHODS & DATA

MULTI-VARIABLE CALIBRATION
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METHODS & DATA

MULTI-VARIABLE CALIBRATION
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METHODS & DATA

MULTI-VARIABLE CALIBRATION

Daily interpolation of MODIS snowcover
maps
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e Annual Glacier Mass Balances

METHODS & DATA

MULTI-VARIABLE CALIBRATION

(Huss et al. 2010)
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METHODS & DATA

HBV-LIGHT
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METHODS & DATA

MULTI-VARIABLE CALIBRATION

The Pareto solutions represent tradeoffs among the different [...]
objectives, having the property that moving from one solution to

another results in the improvement of one objective while causing
deterioration in one or more others (Vrugt et al. 2003).
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METHODS & DATA

MULTI-VARIABLE CALIBRATION
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METHODS & DATA

I\/IODEL PERFORMANCE
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INTRODUCTION STUDY AREA METHODS & DATA RESULTS DiscuUsSION & CONCLUSION

MODEL PERFORMANCE
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METHODS & DATA

HBV-LIGHT
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METHODS & DATA

[ CLIMATE SCENARIOS
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3 GLACIER SCENARIOS
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Discharge [m3d]

RESULTS

DISCHARGE SCENARIOS
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Di1ScUSSION & CONCLUSION

Research Question I:

What is the improvement of using multiple datasets to calibrate the HBV
model?

» internal model consistency improved
> «Right — or wrong — for the right reasons»

Research Question II:

How will changing temperatures and precipitation patterns affect the amount
and distribution of water flowing into the Gigerwaldsee?

» discharge increase in spring due to warmer temperatures = increased snow
melt = amplified by more precipitation falling as rain and a general increase
of precipitation during low flow season

> Decrease in summer discharge from snow melt and less precipitation -
reduced total runoff in summer

» Towards winter months precipitation starts to increase again, causing more
discharge from rain water

> The role of the glaciers can be neglected due to their small size
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Research Question III:

How big are the contributions of snow melt glacial melt and rain water now
and how will their relative and absolute shares change throughout the 27

century?

I T T T T

Qglacier 6

12.05.2015 Swiss Geoscience Meeting 2014 36



Research Question 1V:

DiscussiION & CONCLUSION

What is the contribution of the model parameters and climate scenarios (and
glacier scenarios) on the variance of the resulting future discharge scenarios?
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> biggest fraction of the variance is made up by the climate scenarios

~82/84% throughout the year.
>

made up by interactions of the three.
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Parameter sets make up less than 7/10% on average throughout the year
and the glacier scenarios only about 0.00004%.

The rest of about 11/10% is
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