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glamer and rainfall runoff in mountam streams
._/_ _ Iloeran::lvetur he;urw:n?t
j,{/ Blonduldn 4 Audkdluheidi Einar F fason andsvirkjun mjog ohagsteett og

innrennsili i 16nin afbrigbilegt. En breyting "‘
Ty | vard til batnadar i vedrinu i byrjun april og i sidustu viku hofst haegfara leysing a halendinu og
\ "4 rennslii Tungnaa, bjorsa og Bl6ndu jokst.

;.

oz e o .l" f ;
Karahnjukavwkjun (690 MW) 7%/
Muhleberg (KKM) (1972) (BWR) 3 MW s ,g

‘vg . .r)“‘
[ ¢ F 4 - -

? A




We tested

snow cover images (SC) and

mass balances (MB) for calibration
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Used discharge (Q)
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Result: Snow, Glacier and Rainfall Runoff

a) Rhone
10-
| Qobs
51
) = Qtot(Q)
0la—s aepy § °  O—fsa -4 Q_(Q+SC)
— b) Hinterrhein @ Q_(Q+SC+MB)
°;w 10, - Qrain(Q)
% ‘ Qrain(Q+SC)
=4 : ® Q_ (Q+SC+MB)
-(Cd; 0 | _D_anow(Q)
a C) Lanélquért | _O_anow(Q-i-SC)
20- -0—Q__ (Q+SC+MB)
C)ic:e(cl)
10+ Q,.(Q+SC)
Q_(Q+SC+MB)
Finger et al. (submitted to WRR)




Conclusions

« Model complexity does not enhance performance 3¢
* In smaller catchments with high glaciation MB are necessary
* Inlarge catchments with low glaciation SC are necessary
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Objective: How much Snow- Glacier and Rain Runoff is
available for Hydropower Production

Groundwater
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Finger et al. (2012) _



Study sites: 3 representative Swiss catchments

d) Landquart (C) /ﬁ

a) Switzerland and the three study sites

Gletsch
1759 m asl



Model Complexity
1

J OH N’S
WEATHER FORECASTING STONE ’

CONDITION FORECAST
Stone is Wet Statement

Observations/Data | _Stone isgDry  wuu raning
g A _Sha rbund  Sunny

B P ¢ Model P Snowing
| | éWinging Stone Foggy
. 0 :

Jumpmg Up & DOVr\:re] Wlndy

. Stone Gope Earthquake

\Tornado\l




Complex models: which can compute
noumerous variables related to the
hydrological cycle

Model Complexity

Conceptual — physically based

. . - Co,,.
Simple Models: predcit specific even@’//;(/
and are usually limited to a few %s Y
. . /
variabes (e.g. discharge) /)7"/61~
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Summary of Model Complexity used in our stud

— - - ER b -
- pV2: Only altitude bands & 3 exposition/aspects zones

2300
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2000-2300
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V3: altitude bands & 3 exposition zones & 3 vegetation zones
~ TN, P T O T

HBV1: HBV2: with 3 | HBV3: 3 asp. TOPKAPI
asp. Zones &3 veq. zones
Spatial Alt. bands | S/IN/E-W S/IN/E-W & Distrib.
gras, swamp,
rocks
time Daily Daily Daily hourly
Soil One GW One GW Box |3 *One GW Distrib.
Box Model | Model Box Model
Snowmelt DD DD (zone) DD (zone) ETI
Glacier DD gla DD gla (zone) | DD gla (zone)




Multi-Variable calibration according to Finger et al. 2011

S :

= DISChaI’ge (Q) ) ;(Qi,obs - Qi,sim
«10 min resolution =1-4 —
*Rhone valley Z;(Qb = Qe

Mass Balances (MB) m
*Every 100 m altitude RMSEve :\/;(MBWS_ MB,—,simj
«1900 to present

e | *—> For Gletsch: 2 values per year

and

ebera | o(Winter and summer)

MODIS snow cover data (SC)
*Twice a day (TERRA and AQUA)
*500 m resolution

*Entire world

C
CPSC = ——e
Ciot —C
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Stochastic Calibration: Monte Carlo Simulations (Finger et al., 2011)

2. Assessment of performance

Oi (@ -0 3. Ranking of parameter

R?_q_ i sets according to the 3

i(Qi,obs _Qi,obs Crlterla J

mp | RMSE, _ = \/Z;,(MB,-,obs ~MB,,,) > I
= -1

o | . (N +1) - Rank;
4. Determination of the ranking value P = N
5. Overall performance = average of P',

CCOIT
1. Run 10°000 plausible | ™~ ¢

parameter sets

Finger et al. (2011)
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Results of the 100 best runs from 10'000 MC runs

b) Discharge

a) Efficency of runs
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c) Ratio of Snow Cover Area
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d) Glacier Mass Balance

Mass Balance MB [mm w. eq.]

Accumulation phase
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Finger et al. (submitted to WRR)
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Overall consistency performance of the 4 models

[ |HBV1 (Alt. bands)
1.0 o[ HBV2 (3 Asp. zones)
I HBV3 (3 Asp. zones and 3 Veg. zones)
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Effects of Model complexity and data availability on results

a) Runoff contribution by diffrent models b) Snow Cover by HBV3 with diffrent calibration sets
[ ]calibration with Q (HBV3)
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Validation of model performance for a 8-year period

a) Model efficiency with respect to discharge

[ |HBV1 (calibrated with Q, SC and MB)
] HBV2 (calibrated with Q, SC and MB)
[ |HBV3 (calibrated with Q, SC and MB)

HBV3 (calibrated with Q)
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b) Model efficiency with respect to snow cover
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c) Model efficiency with respect to glacier mass balance
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Model efficiency for the three study sites

a) Efficiency in regard to discharge

= I Rhone (Q)

ST 1 | | EEE Rhone (Q+SC)

(_C,') N | B2 Rhone (Q+SC+MB)

Z | |Hinterrhein (Q)

z - Aa L1 R A - [~ ] Hinterrhein (Q+SC)
b) Efficiency in regard to snow cover area | Hinterrhein (Q+SC+MB)
& T T ___|Landquart (Q)

3 ~ 7 SR, [ ]Landquart (Q+SC)

O | [ ]Landquart(Q+SC+MB)
5 & 08
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c) Efficiency in regard to glacier mass balances
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Final Result: Snow-, Rain- and Glacier-Water in the Rhone

a) Rhone +Qobs
10- & Q_(Q)
N -4 Q_(Q+SC)
| ) A= ~@— Q_(Q+SC+MB)
NN & il SN RO
— b) Hinterrhein ¢ Q_ (Q+SC)
o 10, ® Q_(Q+SC+MB)
= i 0-Q_(Q
=4 —>—-Q__(Q+SC)
E ; _ = - ~es O Q__ (Q+SC+MB)
a c) Landquért S Q,Ce(Q)
204 Q_(Q+SC)
Q_(Q+SC+MB)
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Overall consistency performance for all three study sites

1B [ Rhone (52%)
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Conclusions
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