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ABSTRACT: Accumulation and melting of the snow control the hydrological regime in the Alps where the headwaters 
of major European streams are located (Danube, Rhine, Rhone and Po). In these regions, the snow pack seasonal 
evolution is a key parameter for understanding of the stream-flow dynamics in the lowlands down to the mountain range. 

The most widely used method for snow dynamic simulation relies on temperature index approach, that makes snow melt 
and accumulation processes depend on air temperature related parameters. Snow coverage maps retrieved from remote 
sensors in mountainous areas can be used to calibrate threshold temperature parameters for snow dynamics simulation.  

This work describes the calibration and validation of snow module of a spatially distributed physically based 
hydrological model based on long series (2000-2009) of MODIS snow coverage images. Remotely sensed images were 
validated against 104 snow depth measuring stations. The results show that accuracy of MODIS product is good enough 
for calibrating hydrological model, and that when the investigated basin is large and includes both mountains and 
lowlands with heterogeneous characteristics, particular attention has to be put when comparing simulated snow covered 
area to satellite observations. 

The work was carried out in the framework of the ACQWA project whose aim is to assess the impacts of a changing 
climate, focusing on the quantity and quality of water originating in mountain regions, particularly where snow- and ice 
melt represent a large, sometimes the largest, streamflow component. 
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CASE STUDY 

The Upper Po and Rhone watersheds extracted from 
the digital elevation model showing locations of 

meteoorlogical stations.  

MODEL DESCRIPTION 

Assessing reliability of MODIS snow cover for hydrological model calibration 

The Upper Po and Rhone watersheds extracted 
showing locations of snowdepth gauging stations.  
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Spatial resolution = 1 km
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SHORT WAVE RADIATION
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AIR TEMPERATURE

(1) Move measurements on a reference plane keeping 
into account a fixed thermal gradient (-0.0065 °Cm-1)

(2) Spatial interpolation on the reference plane

(3) Data are taken to the ground keeping into account a 
fixed thermal gradient (-0.0065 °Cm-1). 
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SATELLITE IMAGES 

MOD1OA2 
Composite images  - 8 days 

“maximum snow cover extent” 
Spatial resolution 500m 

Period 2000 - 2009 
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GROUND OBSERVATIONS 

Snow depth (cm) – raw data Snow depth (cm) – validated data 
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Snow presence – binary data 

IMAGES VALIDATION 

Agreement Disagreement NO INFO TOTAL 

% of Data 
 33% 4% 63% 100% 
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Land Cover Analysis  Land cover Agreement 
Grass field 91.70% 
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Urban area 91.83% 

32 

20 15 

13 
6 11 

Grass field

Grass-tree line

Forest

Rock

Urban area

Doubt

CALIBRATION VALIDATION 

MAPS 
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% snow fest (max 8 days) -  Tinf = Tsup = 0°C
% snow fest (max 8 days) -  Tinf = -1°C  Tsup = 0°C
% snow fest (max 8 days) -  Tinf = -1°C  Tsup = -1°C
% snow MODIS - 8 days

Piemonte + Val d’Aosta 

Val d’Aosta   RMSE MAE NASH & 
SUTCLIFFE 

Tinf= 0°C 
Tsup = 0°C 13.850 10.539 0.590 

Tinf = -1°C 
Tsup = 0°C 13.739 10.489 0.597 

Tinf= -1°C 
Tsup = -1°C 13.945 10.788 0.585 

  RMSE MAE NASH & 
SUTCLIFFE 

Tinf = 0°C 
Tsup = 0°C 11.380 7.270 0.435 

Tinf= -1°C 
Tsup= 0°C 10.981 7.046 0.474 

Tinf= -1°C 
Tsup= -1°C 10.934 7.034 0.478 0
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% snow fest (max 8 days) -  range inf = range sup = -1°C
% snow MODIS - filtered by cloud cover < 30%
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% snow fest (max 8 days) -  range inf = -1°C; range sup = 0°C
% snow MODIS - filtered by cloud cover < 30%
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10 December 2000 

6 March 2002 
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Observation MODIS 
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Val d’Aosta 

10 February 2001 9 November 2001 17 November 2001 
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SNOW WATER EQUIVALENT 
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