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Kárahnjúkavirkjun (690 MW)
Mühleberg (KKM) (1972) (BWR) – 355 MW

Objective: Estimate seasonal contribution of snow, 
glacier and rainfall runoff in mountain streams 



TOPKAPI

We tested 
• 4 model complexities (HBV and Topkapi Versions) 
• Used discharge (Q), snow cover images (SC) and 
mass balances (MB) for calibration

Modified from 
Grayson et al. (2002)

HBV: 3 veg zones

HBV
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HBV: expo zones

Q

SC

Q + SC + MB
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Result: Snow, Glacier and Rainfall Runoff

Finger et al. (submitted to WRR)
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• Model complexity does not enhance performance
• In smaller catchments with high glaciation MB are necessary
• In large catchments with low glaciation SC are necessary

Finger et al. 
(submitted to WRR)

Conclusions
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Full presentation start here
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Fossil Fuel
5%

Hydropower
55%

Nuclear
40%

SWISS POWER PRODUCTIONMotivation



Finger et al. (2012)

Objective: How much Snow- Glacier and Rain Runoff is 
available for Hydropower Production
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Study sites: 3 representative Swiss catchments
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Observations/Data

Model

Statement

Model Complexity



C
on

ce
pt

ua
l –

ph
ys

ic
al

ly
 b

as
ed

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

Simple Models: predcit specific events 
and are usually limited to a few 
variabes (e.g. discharge) 11

Model Complexity



HBV1: HBV2: with 3 
asp. Zones

HBV3: 3 asp. 
&3 veg. zones

TOPKAPI

Spatial Alt. bands S/N/E-W S/N/E-W & 
gras, swamp, 
rocks

Distrib.

time Daily Daily Daily hourly

Soil One GW 
Box Model

One GW Box 
Model

3 * One GW 
Box Model

Distrib.

Snowmelt DD DD (zone) DD (zone) ETI

Glacier DD gla DD gla (zone) DD gla (zone) ETI gla
12

Summary of Model Complexity used in our study



Mass Balances (MB)
•Every 100 m altitude
•1900 to present
• For Gletsch: 2 values per year 
•(winter and summer)

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

Discharge (Q)
•10 min resolution
•Rhone valley

R2  1
Qi,obs  Qi,sim 2

i1

n



Qi,obs  Qi,obs 2
i1

n



RMSEMB  MBj ,obs  MBj ,sim 2
j1

m



CPSC 
ccorr

ctot  cmissing
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Multi-Variable calibration according to Finger et al. 2011



R2  1
Qi,obs  Qi,sim 2

i1

n



Qi,obs  Qi,obs 2
i1

n



RMSEMB  MBj ,obs  MBj ,sim 2
j1

m



CPSC 
ccorr

ctot  cmissing

Stochastic Calibration: Monte Carlo Simulations (Finger et al., 2011)

1. Run 10’000 plausible
parameter sets

2. Assessment of performance

3. Ranking of parameter 
sets according to the 3 
criteria

Q SC MB

Q + SC Q + MB MB + SC

Q + MB + SC

N
RankNP

i
ri

r



)1(

4. Determination of the ranking value
5. Overall performance = average of Pi

r

14
Finger et al. (2011)



Results of the 100 best runs from 10’000 MC runs

Finger et al. (submitted to WRR)
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Overall consistency performance of the 4 models
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Effects of Model complexity and data availability on results
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Validation of model performance for a 8-year period
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Model efficiency for the three study sites 
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Final Result: Snow-, Rain- and Glacier-Water in the Rhone
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Overall consistency performance for all three study sites 
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Conclusions

• Multi variable calibration increases overall 
performance
• Q and SC are a good combination

• Model complexity does not increase performance
• The three HBV version reveald similar 

performance
• The value of SC increases with decreasing glaciation

• Results for Hinterrhein and Silvretta are more 
significant

• The method can easily be applied to any headwater
• Method is implemented in HBV
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