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- Snow climatology 

- Understand spatio-temporal dynamics of snowpack 

- Hydrological forecasting 

- Validating snow simulations. 



Snow climatology 
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Snow climatology 

Trends in 1st April 

SWE 

Mote et al., 2005 



Analysis of snow distribution 

Elevation 

Net radiation 

Slope angle 

Elder et al., 1997. Estimating the spatial distribution of snow water equivalence in a montane watershed.  

Hydrological Processes 



 Predictors from DEMs 

         Statistical models 

       Snow maps 
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Spatial variability 

Long-term average snow depth in the Spanish Pyrennes at early April 

López-Moreno and Nogués-Bravo, 2006: Interpolating local snow depth data: an evaluation of methods 



Spatial variability: forests 



Canopy density from (GLA v2.0) 

Spatial variability: forests 



May January February March April 

Day of measurement

1 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 1411 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125130134 141
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Relation between canopy density and SWE evolution 

Spatial variability: forests 

López-Moreno, J.I. and Latron, J. (2008). Influence of forest canopy on snow distribution in a temperate 

mountain range. Hydrological Processes 22 (1): 117-126. ISSN: 0885-6087. 



May January February March April 

Day of measurement
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Relación entre densidad del dosel forestal y acumulación de nieve 

Spatial variability: forests 



Day of measurement

1 9 16 22 29 37 51 59 70 79 87 92 99 104 110 117 125 130134 141

F
a

c
to

ri
a

l 
s
c

o
re

s
 (

-)

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Baja densidad de bosque 

Densidad forestal elevada 

Ene Feb Marzo Abril Mayo 

Spatial variability: forests 



How much data is necessary?, which sampling strategy? 



Importance of local snow variability for snow sampling 

Is a single measurement representative of the immediate surroundings? 



How many measurements of density and depth do we need for characterizing SWE? 



How many measurements do we need? 



ÅIs a single measurement representative of the immediate surroundings? 



ÅIs a single measurement representative of the immediate surroundings? 



ÅIs a single measurement representative of the immediate surroundings? 



ÅIs a single measurement representative of the immediate surroundings? 



ÅIs a single measurement representative of the immediate surroundings? 

February, 22nd April, 17th May, 14th 



ÅIs a single measurement representative of the immediate surroundings? 



Quantify snow water equivalent (SWE): snow depth & snow density 

Assumptions: 
 

- Snow density is rather constant over space 

- There is a strong relationship between snow depth and snow density 



Quantify snow water equivalent (SWE): snow depth & snow density 


