Spatio-temporal temporal analyses of the snowpack from ground observations
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- Snow climatology

- Understand spatio-temporal dynamics of snowpack
- Hydrological forecasting
. - Validating snow simulations.
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Snow cllmatology
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Snow climatology
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Fig. 1. Geographical locations and distribution of snow course stations and snow classes across the former USSR.



Snow climatology

Trends in 1st April
SWE
Mote et al., 2005
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Analysis of snow distribution
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Elder et al., 1997. Estimating the spatial distribution of snow water equivalence in a montane watershed.
Hydrological Processes



Spatial variability

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

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



Spatial variability: forests




Spatial variability: forests

Canopy density from (GLA v2.0)




Spatial variability: forests
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Lépez-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.




Spatial variability: forests

Relacion entre densidad del dosel forestal y acumulacion de nieve
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Spatial variability: forests
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le measureme% representative of the immediate surroundings?
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&’ How many measurements of denS|ty and depth do we need for charactenzmg SWE’?
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Fic. 4. Observed and modeled snow-water equivalent at open and forested sites. Observations (black dots),
model medians (green lines), and interquartile ranges (gray bands) are shown. Red lines show cumulatve snowfall
at open sites between the time of the first snow survey each winter and the time of maximum accumulation.
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As a single measurement representative of the immediate surroundings?
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Theoretical analysis of errors when estimating snow distribution
through point measurements

E. Trujillo'? and M. Lehning?!
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Figure 5. Survey designs for the sampling of a snow profile.

(a) 5 Points (b) N x N points
L

(0,a)

(-a,0) (0,0) (0,a)

N points in y

- -

L2 ' L2 N points in x

Figure 12. Sample survey designs with (a) a five-point pattern cen-
tered in the area, and (b) a regularly spaced pattern. For the five-
point pattern, a can vary between 0 and L /2, while for the N x N
points pattern, the separation between the measurements is deter-
mined by the number of points.




The Cryosphere, 9, 12491264, 2015
www.the-cryosphere.net/9/1249/2015/

doi:10.5194/tc-9-1249-2015 The Cryosphere
© Author(s) 2015. CC Attribution 3.0 License.

$s800y UadQ

Theoretical analysis of errors when estimating snow distribution
through point measurements

E. Trujillo'? and M. Lehning?!
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HYDROLOGICAL PROCESSES
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Subgrid variability of snow water equivalent at operational
snow stations in the western USA

Leah Meromy,'* Noah P. Molotch,'* Timothy E. Link,” Steven R. Fassnacht* and Robert Rice®
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Assumptions:

- Snow density is rather constant over space
- - There is a strong relationship between snow depth and snow density
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- Quantify snow water equivalent (SWE): snow depth & snow density W i\ :
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~ Quantify snow water equivalent (SWE): snow depth & snow density B e




