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The ESA DUE-project GlobSnow, launched in 

2009, aims at the provision of snow water equi-

valent (SWE) and fractional snow cover extent 

(SE) Climate Data Records (CDR) for the Nort-

hern Hemisphere. GlobSnow-1 ended in 2011, 

and produced a 34 years data record for SWE 

(1979-2013) and a 16 years data record for SE 

(1995-2011). 

As in GlobSnow-1, the algorithm for the esti-

mation of SWE in Globsnow-2 is based on a 

variational data assimilation approach that 

combines space-borne microwave radiometer 

observations with in situ snow depth observa-

tions available through the global network of 

synoptic weather station observations. The two 

data sources are weighted and connected with 

each other by utilizing a forward emission mo-

del to simulate spaceborne observed brightness 

temperature. The applied model simulates the 

brightness temperature as a function of snow 

depth, density and effective snow grain size, 

which enables the assimilation with ground-

based snow depth observations. 

GlobSnow-2 enhancements to the SWE product 

include the quantification of product uncer-

tainty characteristics and the improvement of 

overall product accuracy, especially in terms 

of consistency between different years. This is 

essential for the employment of GlobSnow-2 

SWE product to establish a hemispheric CDR. 

The main advancement includes the following 

topics: (a) estimation of systematic error cha-

racteristics in addition to statistical error, (b) 

homogenization of the multiple-year synoptic 

weather station observation data sets on snow 

depth input to the SWE retrieval algorithm, (c) 

regional treatment of statistical error charac-

teristics of applied synoptic snow depth data 

and (d) use of new forward model version to 

simulate the spaceborne microwave brightness 

temperature measurements. 

The algorithm for SE-production is also based 

on developments from GlobSnow-1, produces 

an estimate of the sub-grid fractional snow co-

ver (FSC). However, GlobSnow-1 used different 

methods for FSC-estimation for mountains are-

as compared to other regions. The same algo-

rithm is now applied across the entire northern 

hemisphere. The chosen method is SCAmod, 

based on a semi-empirical reflectance model, 

where reflectances of snow, forest canopy 

and snow-free ground serve as parameters. A 

key element of SCAmod is the apparent forest 

transmissivity, which is determined for each 

calculation unit-area. Through transmissivity, 

the masking effect of forest canopy on the un-

derlying snow cover is considered in the FSC 

retrieval. 

GlobSnow-2 advancements to the SE product 

includes (a) improved parameterization of the 

applied SCAmod-method for more accurate 

FSC retrieval. This includes determination of a 

new northern hemisphere snow-free ground 

reflectance and a new forest transmissivity map 
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with specific improvements to regions with 

very dense forests, (b) adaptation of the tem-

perature threshold used in the identification of 

snow-free conditions and (c) improved cloud 

screening, targeting particularly minimizing 

false cloud commissions over snow-covered or 

partially snow-covered areas. 

Each GlobSnow-2 SWE and SE-product has as-

sociated pixel-wise accuracy information. The 

new SWE product provides a total error that 

includes the contribution of statistical (random) 

error and the systematic error, the latter being 

evaluated from an extensive data set of inde-

pendent SWE observations available for Eurasia 

covering different years. The homogenization 

of applied weather station observations inclu-

des the filtering of outliers and selection of sta-

tions that report the snow depth consistently 

through the time period of the SWE product. In 

case of the statistical accuracy of weather stati-

on observations, different RMS errors are assig-

ned depending on whether the site and region 

represents open areas or forested landscape. 

As a result, the new SWE product version pro-

vides a more reliable time series of the hemis-

pheric behavior of snow mass than the earlier 

product versions. For SE product, only the sta-

tistical error component is implemented, since 

the available reference data does not allow the 

detailed determination of the systematic error. 

The statistical error is determined based on the 

refinement of variances of different constitu-

ents of SCAmod, i.e. the uncertainties of forest 

canopy transmissivity, and the variances of re-

flectance constituents. 


