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Reference data set is generated for in-situ validation of snow extent (SE) and snow water equivalent (SWE) 

products. The generation of the reference data will follow the guidelines specified at the International Satellite 

Snow Product Inter-comparison Workshop-1 (ISSPI WS) and will include contributions by the project partners 

and international contributors. The key regions and periods for in-situ validation of the products and for 

product inter-comparison are given in the Report of the 1st ISSPI-Workshop. The report is publicly available at 

CEOS Cal/Val Portal (1st ISSPI- Workshop, direct link to the document: http://bit.ly/12jWt4k ). The reference 

data products will follow the digital coding standards agreed at the 1st ISSPI WS (Digital coding standard, 

direct link to the document: http://bit.ly/1geuavL).  

The reference dataset comprises point-wise measurements from weather station networks as well as from 

dense networks of dedicated measurement campaigns and experiments; snow course measurements and 

simulated snow cover. The measurements are mainly manual and automated sonic measurements with 

respective accuracies of ±1 cm and ±2.5 cm. Fractional snow cover is observed in 10% intervals with Finnish 

and Russian snow courses. The snow coverage is also estimated at the Finnish and Russian weather stations. 

Some datasets also contain measurements of density for determining the snow water equivalent (SWE). There 

are also some quality flags in use. Continental wide datasets are available for validation from the ECMWF 

network, which covers both Eurasia and North America, from the Russian weather station and snow course 

networks and from weather station networks of United States of America and Canada. Country wide 

observation datasets are available from Finland, Sweden and Germany. Additionally, country wide simulated 

data is available from Austria and Switzerland. Dedicated regional and experimental datasets are available from 

North America. The following chapters describe the datasets in detail.  
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1. PURPOSE OF THE DOCUMENT 

The SnowPEx project uses three approaches for evaluating the performance of satellite based snow 

products:  

i) inter-comparison between the products,  

ii) comparison of the products with snow cover derived from high-resolution satellite images, 

and  

iii) validation of the products against in-situ observations of snow depth, snow water 

equivalent (SWE) and fractional snow cover (FSC).  

This document describes the in-situ datasets, and gridded reference data used for the in-situ 

validation. 

The following chapters give an overview of the measurements and describe the in-situ datasets in 

detail. 
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2. DESCRIPTIONS OF IN-SITU DATASETS 

The spatial coverage of the in-situ reference data is illustrated in Figure 1. The in-situ dataset, collected 

in the SnowPEx project, has a dense coverage over Central Europe and Scandinavia due to ECMWF 

(European Centre for Medium Range Forecast) and national weather station networks from Finland, 

Germany, Norway and Sweden. ECMWF network is also covering large parts of North America. These 

data are mainly pointwise snow depth measurements (manual or sonic sounders) from weather 

stations. Russia has also extensive weather station network with snow measurements, although 

slightly more sparse and spatially less uniform than in Europe. From United States and Canada there is 

also extensive in-situ dataset from weather station network. These continental datasets contain some 

overlap between each other. Additionally to the weather stations, there are areas of dense 

measurements related to dedicated campaigns and monitoring sites in Canada and Alaska. Datasets 

based on simulated and/or interpolated data are available from Austria and Eastern Canada.  

For all in-situ reference datasets the measured parameters, their spatial and temporal extents and 

availability of data are given and summarized in Table 1.The table also indicates the contact person for 

each data provider and availability of the data through the SnowPEx project FTP-site. 
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Figure 1. SnowPEx in-situ data coverage.  
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Table 1: Summary of reference data for satellite products for snow extent, fractional snow cover and snow water equivalent. 

Dataset SnowPEx-ID Region Snow Class Method 
Available Time 

Period 
Temporal 
Resolution 

Contact Parameter Data Policy* 

Pointwise data                  

ECMWF Weather stations snpx.ws.ecmwf Europe All 
Sonic snow dept, 
Manual surveys 

1978-2014 Daily 
ECMWF 
in SnowPEx K. Luojus, 
FMI 

SD Restricted 

RIHMI Weather stations snpx.ws.rihmi 
Russia and 

former USSR 
All Manual surveys 1966-2011 Daily O. Bulygina, RIHMI SD, FSC Open 

North American Weather 
stations 
(Unite States & Canada) 

snpx.ws.uscan 
United States 
and Canada 

All 
Sonic snow depth, 
Manual surveys 

1978-2014  Daily K. Luojus, FMI SD  Restricted 

ECA&D Weather stations 
(Germany) 

snpx.ws.ecad 
Germany (+ 

Europe) 
All 

Sonic snow depth, 
Manual surveys 

2000-2012 Daily 
ECA&D 
in SnowPEx, S. 
Metsämäki, SYKE 

SD Open 

SMHI Weather station data 
(Sweden) 

snpx.ws.smhi Sweden 
Mountains, 

taiga 
Sonic snow depth, 
Manual surveys 

1980-2015 Daily 
SMHI 
in SnowPEx, S. 
Metsämäki, SYKE 

SD Open 

NVE snow stations 
(Norway) 

snpx.snst.nve Norway All Automated stations 1967-2015 Hourly/ Daily T. Skaugen, NVE SD, SWE Restricted 

Environment Canada,  
Brattôs Lake 

snpx.snsur.ec.1 Saskatchewan Prairie Manual surveys 2002-2005 Bi-weekly 
C. Smith, 
Environment Canada 

SWE, SD, Density Open 

Environment Canada, 
Trail Valley Creek 

snpx.snsur.ec.2 
Northwest 
Territories 

Tundra Manual surveys 1991-2014 End of season 
P. Marsh, 
Wilfrid Laurier Univ. 

SWE, SD, Density Open 

University of Saskatchewan, 
Boreal Ecosystem Research 
and Monitoring Sites 

snpx.snst.usas.1 Saskatchewan Taiga Sonic snow depth 1997-2011 Daily 
H Wheater, 
Univ. Saskatchewan 

SD Restricted 

University of Saskatchewan, 
Boreal Ecosystem Research 
and Monitoring Sites 

snpx.snsur.usas.2 Saskatchewan Taiga Manual surveys 1995-2011 Monthly 
H Wheater, 
Univ. Saskatchewan 

SWE, SD, Density Restricted 

University of Alaska,  
Kuparuk Basin snow surveys 

snpx.snsur.uala Alaska Tundra Manual surveys 2006-2013 Snapshot 
S. Stueffer, 
Univ. of Alaska ï 
Fairbanks 

SWEmax Open 
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* Data Policy: Open = Dataset can be found from the internet; Restricted = Dataset available to SnowPEx partners only. RIHMI- datasets are open after registration at: http://meteo.ru/english/climate/cl_data.php 

 

Dataset SnowPEx-ID Region Snow Class Method 
Available Time 

Period 
Temporal 
Resolution 

Contact Parameter Data Policy* 

Snow course data          

SYKE Snow Surveys snpx.snsur.syke.1 Finland Taiga 
Manual snow 

course 
2002-2014 Monthly 

S. Metsämäki 
SYKE 

 meanSWE Open 

SYKE Snow Surveys snpx.snsur.syke.2 Finland Taiga 
Manual snow 

course 
2002-2013 Monthly 

S. Metsämäki, 
SYKE 

 FSC Restricted 

RIHMI Snow Surveys snpx.snsur.rihmi Russia 
Taiga and 

tundra 
Manual snow 

course 
1966-2014 Bi-weekly O. Bulygina, RIHMI 

SD, SWE, FSC, 
Density 

Open 

Interpolated data                  

Hydro-Quebec Krigged SWE snpx.interp.hydque 
Southern 
Quebec 

Agricultural, 
forest 

Interpolated snow 
course 

1999-2010 Bi-weekly 
R. Brown, 
Environment Canada 

SWE Open 

SNOWGRID snpx.grid.zamg Alps Mountains 
Gridded snow 
cover model 

2011-2012 Daily 
M. Olefs, 
ZAMG 

SWE, SD Restricted 

http://meteo.ru/english/climate/cl_data.php
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 Point-wise snow observations 

The relevant properties of snow cover for the validation of satellite snow extent products are snow 

depth and fractional snow cover, which are available from point-wise measurements. The 

representativeness of the measurements is strongly dependent, however, on the time and location of 

the measurements and surrounding environment. Several datasets are available from project partners 

for validation of the satellite snow products. 

 ECMWF Regional Climate Network Observations (Europe/Global)  

Data from the World Meteorological Organization (WMO) is available to partners through an ECMWF 

database (via FMI). The dataset consists of manual or automated observations of snow depth, although 

in the dataset this is not specified for each location. For each measurement, following data are given: 

¶ WMO station identifier 

¶ date of measurement 

¶ snow depth (SD) 

Snow depths in the dataset are measured daily by manual ruler measurements (uncertainty of ±1cm) 

or with sonic snow depth sensors (uncertainty ~±2.5cm) (Jarraud, 2008). The dataset extends from 

1978 to 2014. In Eurasia there are 7248 stations and in North America 955 stations. The locations of 

the stations are shown in Figure 2 and Figure 3. 

 

 

Figure 2: ECMWF stations in Eurasia. 



Deliverable D10 Description of In-situ Datasets 
Issue / Revision    3 / 3 
Date:          19.10.2015 

 

 
 
Page 8  

The Satellite Snow Product Inter-comparison  
and Evaluation Exercise 

 
 

 

Figure 3: ECMWF stations in North America. 

 RIHMI Weather Stations Network (Russia) 

The standard suite of measurements from weather stations in the Russian Research Institute for 

Hydro-meteorological Information (RIHMI) network include observations of snow cover (Bulygina et 

al., 2015a). Snow depth, the fraction of snow cover around the station and information on snow 

characteristics around the station are daily measured and observed. The data is also flagged with 

quality measures based on general snow conditions, consecutive snow depth measurements, and 

temperature data.  

Snow depth is measured with fixed or portable rod (uncertainty ±1 cm) in the vicinity of the station. 

The snow fraction is estimated as 0-100% with 10% increments (recorded with integers 0-10 in the 

data by the operator (Bulygina et al., 2015a). Table 2 lists the variables and observations from a single 

station. 

The locations of the stations are shown in in Figure 4. There is some overlap with ECMWF station 

network. 

 

Figure 4: RIHMI weather stations. 
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Table 2: Basic information, measurements and flags of the snow observations at RIHMI weather stations.  

Basic Information 

WMO index number (5-sigit code) 

Year, month and day 

Measurements Units/ Uncertainty 

Snow height in cm 

Notes: value 9999 ï the observation was rejected or observation was not made 

[cm]/ ±1cm 

Extent of snow cover around the station is estimated from 0-10 describing fractional 

snow cover of (0-100%) 

Notes: value 99 ï the observation was r ejected or observation was not made 

%, depends on the 

observer 

General Snow Status Flags 

Value of snow depth is correct 

More than 50% of the area around the station 

Snow cover absent at site, however snow is recorded in the vicinity of the station 

Snow cover is less than 0.5 cm 

Observations were not made or snow depth value was rejected 

Snow depth quality flags 

Value of snow depth is correct 

Value is doubtful on conditions that Abs(D)>30 & abs(æH1)>10 & abs(æH2)>10  

Notes: D=æH2-æH1, æH is the difference between the neighboring snow depth values 

Temperature Flags 

Value of snow depth is correct 

H^=0 & Tmean >5 & Tmin>0 
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 ECA&D Snow Depth Measurements (Germany) 

European Climate Assessment & Dataset (ECA&D) contains measurements of snow depth (uncertainty 

±1cm) from hundreds of stations throughout Europe (Klein Tank et al., 2002). The German dataset 

(Figure 5) from ECA&D dataset is available for SE satellite product validation.  

 

Figure 5: Locations of the ECA&D stations in Germany. 

 

It is also quality checked and the data has clear discrimination between no-snow and not-

measured/data missing. Quality control (QC) flag has been assigned for each individual observation in 

time-series. The QC flag-values implemented are shown in Table 3. There is overlap between the 

ECMWF network and ECA&D dataset from Germany. 
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Table 3: Quality values implemented in the ECA&D dataset from Germany. 

Snow depth quality flags 

Value Description 

0 
Valid if, 

SD Ó 0.0cm 

SD Ò 300cm, when elevation Ò 400m 

SD Ò 800cm, when 400 < elevation < 2000m 

SD Ò 1500cm, when elevation Ó 2000m 

1 Suspected error 

9 Missing 

 North American Weather Stations (United States and Canada) 

The extended North American dataset constitutes of common weather station observations, with 

maximum error of 2.5 cm for sonic measurements. It covers years from 1952 to 2009 (only years from 

1979 to 2009 were used) and includes мпΩ617 stations spanning years 1979-2009. For more 

information on the datasets (Daily Gridded North American Snow, Temperature and Precipitation 

Dataset) are provided at http://climate.rutgers.edu/snowcover/ and in Dyer and Mote (2006). Figure 

6 shows the locations .of the weather stations in the NA weather station dataset. Data from North 

American weather station network was collected by Thomas Mote (University of Georgia) and 

delivered to FMI by David Robinson (Rutgers University, New Jersey). 

 

Figure 6. North American weather station network locations in the United State and Canada, where snow 

data is available. 

http://climate.rutgers.edu/snowcover/
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 Swedish Meteorological and Hydrological Institute (SMHI) Weather 
Stations (Sweden) 

The snow depth data from SMHI weather station network is publicly available from the SMHI data 

portal (http://opendata-download-metobs.smhi.se/explore/). The data includes measurements of 

snow depth. Measurements are made at manual stations. The value is measured every day at 6 a.m. 

UTC. From stations that are still providing journal data, the data is available from few days per month. 

Snow is measured up to three meters. Zero and negative values are used as follows: 

¶ 0 = No snow 

¶ -0.01 = less than 0.5 cm of snow 

¶ -0.02 = patchy snow cover 

 

 

Figure 7: Swedish weather station network. The size of the marker reflects the number of stations in the 

area. (from http://opendata-download-metobs.smhi.se/explore/). 

 

 

http://opendata-download-metobs.smhi.se/explore/
http://opendata-download-metobs.smhi.se/explore/































