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Background 

 
Background 
 

 
• 40% of stream runoff comes from snow and glacier melt in the Rhone 

valley (Huss el al., 2009). 

 

• In Switzerland, 84 out of 85 glaciers under observation became 

shorter (WGMS, 2008). 

 

• Alarming negative mass balance trend observed in the Rhone Glacier 

(Funk et al., 2008). 

 

• 55% of Swiss energy from hydropower (Schleiss  et al., 2007). 

 

2 



 

 

Background 

 
Assessing Climate Change Impact on Quantity and Quality of Water 

[Po River.Italy]

[Rhone River.Switzerland]

[Aconcagua.Chile]

[Syr Darya.Kyrgyzstan]
[Pyrenees.France]

[Cuyo region.Argentina]
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For more info please visit: www.acqwa.ch  
 

http://www.acqwa.ch/


 

 

Objectives 

 
 
 
Can we simulate such a highly complex watershed ? 

 
Considering: 
 
Water transfer 
Orographic precipitation 
Snow and glacier melt 
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Objectives 

 
Can we simulate such a highly complex watershed ? 
 
Why is this important ? 
---------------------------- 
• Energy Production 

 
• Drinking Water and Agriculture 

 
• Biodiversity and Ecosystems  
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Watershed Area:  

5500 km2  

 

Elevation:   

Min.  378 m  

Max.  4237 m 

 

Land-Use :  

Glacier (14%) 

Solid Rocks (24%) 

Forest (41%) 
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Study Area 
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Source: FOEN 
  



 

 

Method 
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Long Term Hydrograph Analysis 
 
 

(a) Downstream (Porte du Scex) (b) Upstream (Gletsch) 
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Discharge Hydrograph [Upstream: Gletsch] 

 

 

Method 

 

Upstream-Downstream Variation (Hydropower Effect) 
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Data Type  Data Source  

Digital Elevation Model 

(DEM) 

Swiss-topo (grid cell: 25 m · 25 m) 

www.swisstopo.ch  

Land-Use  

 

Swiss Federal Statistical Office 

(grid cell: 100 m · 100 m)  

http://www.bfs.admin.ch  

Soil Type 

 

Swiss Federal Statistical Office 

(grid cell: 100 m · 100 m)  

http://www.bfs.admin.ch  

River & Channel 

Network  

 

FOEN (grid cell: 100 m · 100 m)  

http://www.bfs.admin.ch  

Hydrometeorological   

Data 

MeteoSwiss  

http://www.meteosuisse.admin.ch  

River Flow  
FOEN, Switzerland 

http://www.hydrodaten.admin.ch 

Hydropower Data 
Alpiq [www.alpiq.ch] 

E-dric[www.edric.ch] 

 

 

Method 

 

Data Used and Sources 
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HRU 



 

 

Method 
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Method 

[Source: Jordan, 2007] 
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Method 

 

[Source: Hernández, 2011] 
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Network of the Entire Basin 



Model Interface: ArcSWAT 2009 

 

Total Years Studied: 1981-2010 (30 years) 

 

• Warm-Up Period:  1997-2000 

• Calibration Period: 2001-2006 

• Validation Period: 2007-2010 

 

• Time Step:  Monthly Average 

   Daily Average 

 

• Model Evaluation: Visually (graph fitting) 

   Statistically (NSE R2 PBIAS) 

 

 

Method 
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NSE = 1 −

 Xi
obs − Xi

sim 2n
i=1

 Xi
obs − Xi

mean 2n
i=1

 

 

 

 

 PBIAS =
 Xi

obs − Xi
sim × 100n

i=1

 Xi
obsn

i=0

 

 

  

 

 

SR =
RMSE

STDEVobs
=

 Xi
obs − Xi

sim 2n
i=1

 Xi
obs − Xi

mean 2n
i=1

 

 

 

Where Xi
obs  = observed variable (flow in m3s−1) 

 Xi
sim is the simulated variable (flow in m3s−1) 

 Xi
mean is the mean of n values and n is the number of observations 

Moriasi, D.N. et al., 2007.  
 
(NSE > 0.5, RSR ≤ 0.70, PBIAS = ± 25%) 

 

 

Method 
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Figure: Daily and Monthly Discharge at Porte Du Scex  

 

 

Results 
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Before Calibration 



Criteria        Daily 

R2 0.5 

NSE 0.38 

VR 1.1303 

PBIAS -13.03 

Criteria   Monthly 

R2 0.74 

NSE 0.48 

VR 1.12 

PBIAS -12.96 
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Results 
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Implementing Hydropower Network 
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Criteria Daily 

R2 0.72 

NSE 0.64 

VR 1.1303 

PBIAS -13.03 

Criteria Monthly 

R2 0.78 

NSE 0.72 

VR 1.12 

PBIAS -12.96 

 

 

 

Results 
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Manual Calibration 
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Results 
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Auto-Calibration 

AMALGAM 

[Vrugt et al.,2007] 



Key Findings… 

 

• Model generated streamflow has close match with measured runoff. 
 
• Snow and glacier melt related parameters are most sensitive. 
 
• Precipitation and temperature lapse rates play a significant role in 

model performance. 
       
• Hydropower operation rules have a very significant impact on 

streamflow (discharge can vary by 50% within a single day). 

 

 

Conclusions 
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Conclusions 
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Thank you 
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