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1 INTRODUCTION 

Snow water equivalent (SWE), defined as the « depth of water resulting if the mass of snow 
melted completely » (Fierz et al. 2009), is an important variable for understanding climate change and 
calculating building snow loads, hydrological and flood forecasting. Thus, there is a need for reliable 
ground measurements of SWE and snow depth (SD). From those two variables, snow density (DEN) 
can also be calculated which can be useful for climate studies. In 2000 a national dataset of historical 
snow survey for Canada was published based on digitized paper records and datasets maintained by 
different provincial agencies programs for water resource management purpose. This dataset was 
subsequently updated to the 2004 snow season for the research community. Since the update was 
over a decade ago, there is an urgent demand to update this dataset to meet national needs and 
international obligations. This report describes work carried out to update the existing snow survey 
dataset to 2016 and to make these data available to the research community. One of the more 
specific goals of this project was to provide more complete historical data for Quebec. For this 
update, data and associated metadata were obtained from the following agencies: British Columbia 
Ministry of Environment (BCE), Environment and Local Government New Brunswick (ENB), 
Environment Yukon (EY), Ontario Power Generation (OPG), Alberta Environment and Parks (AEP), 
Ontario Ministry of Natural Resources and Forestry (MNRF), the Québec Ministère du Développement 
durable, de l'Environnement et de la Lutte contre les changements climatiques (MDDELCC), Churchill 
Falls (Labrador) Corporation Limited (CF(L)Co), Manitoba Hydro (MBH) and Hydro-Québec (HQ). These 
data were then processed and reformatted (using Python scripts) to a standard Comma-Separated 
Value (CSV) format as shown in Figure 1. The CSV file consists of 11 fields: station ID, date, SWE value, 
SWE flags, SWE quality control (QC) flags, SD value, SD flags, SD QC flags, DEN value, DEN flags and 
DEN QC flags. The metadata file includes station ID, agency, station name, latitude, longitude, 
elevation and period of record. Missing values are assigned a value of -99999 and an ‘M’ flag. As a 
final step the data were subject to quality control tests for range errors and data inconsistencies, with 
the final output converted to a standard NetCDF file. Creating a NetCDF version of the database is a 
major upgrade for users as it simplifies the extraction and manipulation of data for analysis. The 
update will contribute to a scientific paper analysing the spatial and temporal variability in SWE over 
Canada. 
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Figure 1: Examples of files from agencies, standard CSV file and standard NetCDF file 

 

2 METHODOLOGY 

 

2.1 Datasets description and reformatting 

 

2.1.1 Existing Canadian historical snow dataset 

The existing Canadian historical snow survey dataset is in a file named 
All_swe_good_1935to2004.txt (Braaten 1998, Hill 2004) and contains data for SD (in cm) and SWE (in 
mm) from 1935 up to the summer of 2004 for different agencies across Canada such as 
Meteorological Service of Canada (MSC), BCE, MNRF, ENB, ALE and Indigenous and Northern Affairs 
Canada (INAC). Surveys are mostly done at biweekly intervals at a total of 3113 sites. The main spatial 
distribution gaps for this dataset are over northern regions due to limited manual observing 
programs. Most agencies aside from MSC collect snow course data by taking 5 to 40 samples where 
SD is measured and SWE is weighed from each snow cores. Mean values of SWE and SD are then 
calculated for the entire course. Under difficult observing conditions (e.g. too windy to accurately 
weigh snow tubes) or where the snow cover is very shallow (e.g. Arctic) a bulk sampling method is 
often used based on the cumulative snow mass from five core samples. The file includes values for SD 
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(in cm) and SWE (in mm) with the corresponding station IDs, dates, original flags and QC flags. The 
original flags may change with respect to agencies (see table 1). For the QC flags, a blank flag means 
there is no detectable problem with the measurement. The flags ‘3’, ‘4’, ‘5’, ‘6’, ‘7’, ‘8’ are 
measurement between flag and flag+1 standard deviations from the mean for that two-week period 
(days 1-14 and 15-31) at that station. The flag ‘9’ is a measurement greater than 9 standard deviations 
from the mean. An ‘R’ flag means SWE or SD are outside limits of 0-300 cm (0-800 cm for Rocky 
Mountain stations) and 0-3000 mm (0-8000 mm for Rocky Mountain stations respectively. A ‘D’ flag 
means the computed density is outside of 10-1000 kg m-3. A script named 
All_Swe_Good_1935to2004_Processing.py is created to process these data and convert the file to the 
standard CSV format. The script fixes the missing values, calculates DEN from SWE and SD, and 
rewrites the data in a new file named All_swe_good_1935to2004.csv. Another script named 
full_processing_txt2netcdf_obs_snw_All_swe_good_1935to2004.py is then used to convert the latter 
file to a netCDF file, All_swe_good_1935to2004.nc.  

The list of snow survey stations is given in a file called Station_List.txt. This file contains 
metadata such as station IDs, station names, latitudes (degree, minute), longitudes (degree, minute), 
elevations (m), periods and number of records. Some station IDs followed by ‘+’ are repeated due to 
change in station name, location and/or collecting periods. A Python code named 
Station_List_Processing.py has been created to process and rewrite these data in the standard CSV 
file named Station_List.csv. The code adds a new column for the agency name of the station, converts 
latitude and longitude minutes to decimal degrees, fixes the longitude sign and adds a history column 
containing the remaining information (repeated station ID, periods and number of records). After 
running this script, metadata for missing stations are added manually. Some errors in dates are 
noticed for the months of February and are fixed manually as well. 

 

2.1.2 British Columbia Ministry of Environment dataset 

The BCE SWE monitoring program consists of 424 manual survey lines and 72 snow pillow sites 
transmitting hourly SWE observations in real-time. The snow pillow data are archived daily from 
remote weather stations located in mountainous areas across the province. Stations are maintained 
and operated by staff from the Ministry of Environment, BC Hydro, Rio Tinto Alcan and Metro 
Vancouver. The manual surveys are carried out eight times per year (1st of January, February, March, 
April, May, June, and 15th of May and June) using snow sampling tubes. For each snow survey date, 
there is a window of +/- 5 days within which survey can be completed. The BCE historical snow survey 
and snow pillow data are available online and were downloaded from the BCE website1. The data 
obtained cover the 1935-2016 period. 

The daily snow pillow data are provided in separate CSV files (1 station per file, e.g. 1A01P.csv, 
1A02P.csv, etc.) containing snow survey station IDs, dates, SWE values (mm), SD values (cm) and flags. 
The QC routine has identified inconsistencies in the missing value flags which in some cases were 
assigned to non missing values. Negative values of SWE can also be noted in some files. The months 

                                                      
1 http://www2.gov.bc.ca/gov/content/environment/air-land-water/water/water-science-

data/water-data-tools/snow-survey-data 
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and days are inverted for the BCE-4A29P station. A script named BCE_Snow_Pillow_Processing.py has 
been created to process these CSV files into a single standard  CSV file. The code reads all the data 
and fixes the station IDs, the dates, the negative values of SWE, the missing values and their 
inconsistencies, and calculates a new DEN from corresponding SWE and SD. In the end, the code 
merges all the formatted data into a new CSV file named BCE_Pillow_Snow_Data.csv.  

The manual surveys data for all stations are provided in a single CSV file called 
All_Manual_Snow_Data_20150309_1600.csv, which contains snow survey station IDs, dates, SWE 
values (mm), SD values (cm), DEN values (g cm-3) and flags. Record lengths vary from the opening of 
the station up to March 2015. A script named BCE_Snow_Manual_Processing.py has been created to 
process the CSV file. The script reads every line of the file and fixes the stations IDs, the dates, the 
missing values, the density units to kg m-3 and writes the data in a standard CSV format called 
BCE_Manual_Snow_Data.csv. 

Most of the BCE metadata are already included in the existing database (Station_List.txt). 
However, few metadata for manual snow survey stations are still missing and metadata for six of the 
stations have been estimated via Google Maps (shown at the end of the Station_List.txt file). 
Metadata for snow pillow stations are complete as the website provides all the necessary information 
to fill in the gap. Once the quality control has been performed, the BCE_Pillow_Snow_Data.csv and 
BCE_Manual_Snow_Data.csv are merged together in a single file named 
BCE_Manual_Pillow_Snow_Data.csv. A script named full_processing_txt2netcdf_obs_snw_BCE.py has 
then been created in order to convert the latter into a NetCDF file named 
BCE_Manual_Pillow_Snow_Data.nc. 

 

2.1.3 CSCN10 snow survey bulletin dataset 

The CSCN10 snow survey bulletin datasets from Environment and Climate Change Canada (MSC 
2001) for the 2004-2016 period have been included to the existing historical snow survey dataset. 
‘CSCN10’ refers to the message format used by these stations to report SWE and SD observations in 
real-time. A total of 19 stations carried out snow surveys for ECCC as part of GCOS (Global Climate 
Observing System) monitoring of essential climate variables (ECVs). Snow surveys are performed at 
regular intervals during the winter months to determine the SWE, SD and its estimated DEN. A snow 
survey course may consist of either five or ten fixed sampling points. The survey is performed 4 times 
per month (1st, 8th, 15th and 23rd) for the five points course and twice per month (1st and 15th) for 
the ten points course. Observations are measured to the nearest 0.1 cm for SD and and SWE. Two 
data files in CSV format have been provided covering the 2004-2006 period : RawCSCN10-2004-05.csv 
and RawCSCN10-2005-06.csv. One data file in transmitted messages format have been provided 
covering the 2006-2016 period : Bulletin_messages_CSCN10-2006-16.txt. 

The data files for the 2004-2006 period contain station IDs in a non standard format, dates, SD 
(cm), SWE (mm) and DEN (units). A script named CSCN10_Snow_Manual_2004to2006_Processing.py 
has been created to process these two files. First, the code converts all station IDs to the 
corresponding format used in our existing database. Then, the code fixes the dates by converting 
month names to their corresponding digits (01, 02, …, 12) and converts the years to 4 digits. The code 
also fixes the trace and missing values. It converts the units of density to kg m-3. Finally, it converts the 
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semi-colon delimiter to a comma delimiter and merges both files into a standard CSV format file 
named CSCN10_Manual_Snow_Data_2004to2006.csv.  

The transmitted bulletin messages are in a Text (TXT) file and contain dates, station IDs, station 
names, values for SD (cm), SWE (mm, cm, m or inch) and DEN (units) for the 2006-2016 period. Since 
these data are in the form of messages, there is a lack of consistency in the structure of the file, 
making it a very challenging task to read and process these data. Firstly, the data had to be 
restructured manually in a consistent format so that all the data can be read by a program. Secondly, 
the SWE values can either be in mm, cm, m or inch depending on the station so a lot of effort have 
been dedicated to manually sort out the different units according to physical plausibility and convert 
them all to mm. Thirdly, the data can be repeated for many reasons and in different ways : data are 
sometimes simply repeated for no particular reason, station IDs are sometimes interchanged, dates 
are sometimes repeated for the same station and data are sometimes repeated with different values. 
All these repetitions had to be sorted out manually before being processed. A script named 
CSCN10_Snow_Manual_2006to2016_Processing.py has been created to reformat the CSCN10 
messages to a CSV format file named CSCN10_Manual_Snow_Data_2006to2016.csv. The code reads 
through all the messages and extracts information about station IDs, dates, SWE, SD and DEN. It 
converts the dates to the standard format and fixes the flags for trace, missing and revised values. The 
code also converts the station IDs to the corresponding format. 

The CSCN10 dataset contains 19 stations for which the metadata already exist in the original 
database (Station_list.txt). The CSCN10_Manual_Snow_Data_2004to2006.csv and 
CSCN10_Manual_Snow_Data_2006to2016.csv are merged together in a single file named 
CSCN10_Manual_Snow_Data_2004to2016.csv and the quality control is performed. All 19 stations 
have a gap of missing data around the year 2004. We were able to fill most of these gaps manually 
with data downloaded from the CSCN10 message archive in Downsview and some XLS files from 
previous attempts to update the dataset (files CSCN10_bulletin_messages_1990to2016.txt and 
gillam_swe_2000to2005.txt). However 4 of the 19 stations still contain a gap: SCD-MB033 (4 seasons 
missing), SCD-NT024 (less than 1 season missing), INA-07SB01 (15 season missing) and SCD-ON271 (4 
seasons missing). Finally, a  script named 
full_processing_txt2netcdf_obs_snw_CSCN10_2004to2016.py has been created to convert the latter 
to a NetCDF file named CSCN10_Manual_Snow_Data_2004to2016.nc. 

 

2.1.4 Environment Yukon dataset 

Snow survey datasets for the Yukon Territory were provided by Tyler Williams from the Water 
Resources Branch at Environment Yukon. Data description is available in the government’s websites23. 
The objective of the program is to collect SWE data for runoff forecasting, as well as to contribute in 
planning and design of development projects, wildlife studies, avalanche forecasting, highway 
maintenance, forest fire indexing, and building design. The current active snow courses are located in 

                                                      
2 http://yukonwater.ca/monitoring-yukon-water/networks/details?network=5 
3 http://www.env.gov.yk.ca/air-water-waste/snow_survey.php 

 

http://yukonwater.ca/monitoring-yukon-water/networks/details?network=5
http://www.env.gov.yk.ca/air-water-waste/snow_survey.php
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Yukon’s six major basins, including several stations in British Columbia and Alaska. There is a total of 
85 sites (58 active sites) collecting data since 1958 till 2016. Sampling are done monthly during runoff 
periods and measurements are recorded three times a year : March 1, April 1, and May 1. Two files in 
Excel (XLS/XLSX) format have been provided. The first one, named SNOW_SAMPLE.xlsx, contains SWE 
(mm) and SD (cm) data with the corresponding station ID, sample date, survey date and flags. The 
second one, named SNOW_COURSE.xlsx, contains the list of station IDs with the corresponding name, 
latitude (degree, minute, second), longitude (degree, minute, second) and elevation (m). 

 First, a script named YT_Snow_Survey_Processing.py is written to convert the 
SNOW_SAMPLE.xlsx file into a standard CSV format called YT_Snow_Survey_Data.csv. The functions 
of this code are to add a prefix ‘YT-‘ to the station IDs in order to identify them as from Yukon 
Territory, convert the dates to our standard format, identify the missing values with ‘-99999’ and ‘M’  
and calculate the corresponding DEN from SWE and SD. Second, a script named 
Station_List_Processing_YT.py is written to convert the SNOW_COURSE.xlsx file into a standard CSV 
format called Station_List_YT.csv. The functions of this code are to again add ‘YT-‘ to the station IDs 
and to also convert the minutes and seconds in latitudes and longitudes to degree decimals. Third, a 
quality control is carried out on the new data file and a script named 
full_processing_txt2netcdf_obs_snw_YT.py is written to convert it to a NetCDF file named 
YT_Snow_Survey_Data_1958to2016.nc. 

 

2.1.5 Ontario Power Generation dataset 

The OPG snow survey data were provided by Ali H. Sajid from the Dam Safety and Water 
Resources division at OPG. Descriptions of the snow survey program are provided in the OPG and 
Upper Thames River websites45, and the MNRF Snow Survey Guide (1985)6. The dataset contains 59 
sites for the 1991-2016 period. Snow surveys are carried out between March 1st and June 1st for input 
to flow forecast systems used for managing water levels and flow rates on river systems and lakes in 
OPG’s hydroelectric generating network. The data were provided in two files in XLS/XLSX format. The 
first one, named SnowData1991_2016_OPG.xls, contains SWE (mm) and SD (cm) data with the 
corresponding survey date, as well as the station name and ID in the same column. The second one, 
named Snow_Course_Plateforms_OPG.xlsx, contains the list of station names with the corresponding 
elevation (m), latitude (degree, minute) and longitude (degree, minute). Elevations for four stations 
have been added manually. 

Firstly, a script named OPG_Snow_Survey_1991to2016_Processing.py is created to convert the 
SnowData1991_2016_OPG.xls file into a CSV format named 
OPG_Snow_Survey_Data_1991to2016.csv. This code reads the column containing the station names 
and IDs and extracts the station IDs from that column. It adds the prefix ‘OPG-‘ to the station IDs, it 
converts the dates to a standard format, it adds ‘-99999’ and ‘M’ to the missing values and calculates 
the corresponding DEN. Second, a script named Station_List_Processing_OPG.py is created to convert 

                                                      
4 http://www.opg.com/generating-power/hydro/Pages/hydro.aspx 
5 http://thamesriver.on.ca/water-management/flood-forecasting-warning/snowsurveys/ 
6 http://thamesriver.on.ca/wp-content/uploads//FloodStructures/SnowSurveyManual1985.pdf 

http://www.opg.com/generating-power/hydro/Pages/hydro.aspx
http://thamesriver.on.ca/water-management/flood-forecasting-warning/snowsurveys/
http://thamesriver.on.ca/wp-content/uploads/FloodStructures/SnowSurveyManual1985.pdf
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the Snow_Course_Plateforms_OPG.xlsx file into a CSV format called Station_List_OPG.csv. This code 
adds ‘OPG-‘ to the station IDs, puts station names into capital, converts the latitudes and longitudes in 
minutes to degree decimals and fixes the sign in longitudes. While processing the sampling data, the 
Wig Lake station (OPG-77) was found to be missing in the station list and had to be added manually by 
estimating its latitude and longitude via Google Maps. Third, a quality control is carried out on the 
new data file and a script named full_processing_txt2netcdf_obs_snw_OPG.py is created to convert it 
to a NetCDF file named OPG_Snow_Survey_Data_1991to2016.nc 

 

2.1.6 Environment and Local Government New Brunswick dataset 

Two New Brunswick snow survey data files were received from Nadine Caissie from ENB. The 
only information we have on these data is what is available on the goverment’s website7. However, 
112 survey sites can be seen in the data files. The first file is in XLS format and contains archived data 
of SWE (mm) and SD (cm) starting at year 1955 up to 2010. The file is organized in a way where lines 
are sorted by years for a specific station name whereas columns are sorted by snow survey dates (i.e. 
31-Jan, 15-Feb, 28-Feb, 15-Mar, 31-Mar, 15-Apr, 30-Apr) for a specific variable (SWE, SD). To facilitate 
the file formatting, station IDs are added manually by matching the station names with our existing 
database. The second file is in TXT format, contains data for the 2010-2016 period and is divided into 
two parts with the same structure. The first part contains SD data and the second part contains SWE 
data with their corresponding date for each line. Only station names are given so once again station 
IDs are added manually. Since a station list for metadata was not provided, metadata are taken from 
the existing database and 14 stations had location information estimated via Google Maps. In some 
cases, surveys are done twice a day, if so the two values are averaged over the day to preserve a daily 
format. This file contains snow data for New Brunswick, Quebec and Maine, however we do not have 
yet the permission to use the Quebec and Maine data so these stations are removed. Since both files 
contain data for the year 2010, repeated data had to be removed manually for this year. 

 First, a script named ENB_Snow_Survey_1955to2010_Processing.py is created to reformat the 
first file from XLS to a CSV file named ENB_Snow_Survey_Data_1955to2010.csv. This code reorganizes 
the dates that are in colums into lines with its correponding year and station ID. The code changes the 
dates into a standard format by converting the years to a 4-digits format and the month name to a 2-
digits format. It also changes the missing values from 999.9 to -99999 with an ‘M’ flag. Finally, it 
calculates the DEN from the corresponding SWE and SD. Second, a script named 
ENB_Snow_Survey_2010to2016_Processing.py is created to reformat the second file to a CSV format 
named ENB_Snow_Survey_Data_2010_2016.csv. Here, the initial file is separated into two files (one 
for SD and one for SWE) and the code combines the two variables into the same lines while 
converting the two files simultaneously into one single CSV file. The code also assigns a value of -
99999 and an ‘M’ flag for missing values, and calculates DEN. Third, the two previous CSV files are 
merged to a single file named ENB_Snow_Survey_1955to2016.csv, a quality control is performed on 

                                                      
7 http://www2.gnb.ca/content/gnb/en/news/public_alerts/river_watch.html 

 

http://www2.gnb.ca/content/gnb/en/news/public_alerts/river_watch.html
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that new CSV file and a script named full_processing_txt2netcdf_obs_snw_ENB.py is created to 
convert it to a NetCDF file named ENB_Snow_Survey_Data_1955to2016.nc. 

 

2.1.7 Alberta Environment and Parks dataset 

Five XLS snow survey data files for 154 stations and covering the 1970-2016 period were 
received from Christy Donley from the snow survey team of ALE. The first two files are snow surveys 
data acquired over plains (for the 1st and the 15th of the month), the second two files are snow 
surveys data acquired over mountains (for the 1st and the 15th of the month), and the last file 
contains metadata. The data in each file are sorted by station ID and date, with columns giving SWE 
by month (JAN, FEB, MAR, APR, MAY, JUN, DEC). These metadata and data need to be interpreted 
with caution as the metadata includes stations that do not match with any of the provided data (are 
removed from the metadata file). In addition, the metadata file contains information for stations over 
BC (ex. BCE-1A01, BCE-1A15, etc) that already exist in our original metadata file (these were removed 
from the metadata file to avoid duplicates). Some station IDs in the new metadata file were named 
differently from previous (e.g. ALE-MT01 and ALE-MT13A02, ALE-MT02 and ALE-MT13A24, etc…). In 
these cases, the new station IDs were converted to the original ones to avoid duplicates. 

After some manipulations to improve data consistencies, a script named 
ALE_Snow_Survey_1970to2016_Processing.py is created to reformat the four data files into CSV files 
named AEP_Snow_Survey_Data_1970to2016.csv. This code reorganizes the months that are in 
columns into lines with its corresponding date and station ID. It adds the prefix ‘ ALE-’ to the station 
IDs, it changes the dates into a standard format, it converts the missing values to ‘-99999’ with the ‘M’ 
flag and it also calculated the DEN from the corresponding SWE and SD. Second, a quality control is 
performed on that new CSV file and a script named full_processing_txt2netcdf_obs_snw_AEP.py is 
created to convert it to a NetCDF file named AEP_Snow_Survey_Data_1970to2016.nc. 

  

2.1.8 Ontario Ministry of Natural Resources and Forestry dataset 

MNRF snow surveys data for the 2004-2016 period have been provided by Gordon Gallant from 
the Surface Water Monitoring Centre. The survey program consists of 327 stations. A XLS file has been 
provided containing data for SWE, SD and the corresponding date (YY-MM-DD) on each line. Stations 
are not identified on each line, however the data are grouped by stations and the station is identified 
once for each group of data. Here, missing values are identified as a negative value. Another XLS file 
has been provided containing metadata, but two issues are noted. First, values for elevation are 
missing so these values must be obtained manually via Google Maps. Second, the notation for station 
IDs are different than those in the original dataset (ex. : OPG-161 is now ZZSNOW-OPG-0161 and 
ONR-2702 is now ZZSNOW-MNR-2702). As we can see, this dataset also contains stations from OPG 
that must be taken into account when merging to avoid duplicates. 

 First, a script named ONR_Snow_Survey_2004to2016_Processing.py is written to reformat the 
XLS data file into a CSV file named ONR_Snow_Survey_Data_2004to2016.csv. This code reads the 
station IDs, fixes the station ID format to the original format and identifies each data line with its 
corresponding station ID. Dates are converted into a standard format, missing values are identified as 
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‘-99999’ with the ‘M’ flag and DEN is calculated from SD and SWE. Second, a quality control is 
performed on that new CSV file and a script named full_processing_txt2netcdf_obs_snw_ONR.py is 
written to convert it to NetCDF file named ONR_Snow_Survey_Data_2004to2016.nc. 

 

2.1.9 Quebec Ministry of Sustainable Development, Environment and 
Action against Climate Change dataset 

Snow surveys data over the province of Quebec have been provided by Pierre-Yves St-Louis 
from MDDELCC. The XLS file contains SWE (cm), SD (cm) and DEN (g cm-3) data for the 1928-2016 
period and metadata for 373 stations. The MDDELCC snow survey stations are managed in 
partnership with Hydro-Québec, ALCAN Society, Ministry of Environment and Local Government New 
Brunswick and Laval University. Surveys are done at different time intervals ranging from 1 to 4 times 
per month during the snow season. Observers follow a rigorous work ethic to ensure a good quality of 
the data. For example, if density at a benchmark is greater than 0.6 g cm-3 or differs from the values 
obtained at the other benchmarks by more than 10%, the observer must retake the sample at that 
benchmark. For more detailed information, the program’s manual is accessible via the government’s 
website8. 

The XLS file is very well structured so processing the data was fairly straightforward. First, a 
script named MDDELCC_Snow_Survey_1928to2016_Processing.py is written to reformat the XLS data 
file into a CSV file named MDDELCC_Snow_Survey_Data_1928to2016.csv. The code adds ‘MDDELCC-’ 
as a prefix to the stations IDs, converts the years from a 2-digits format to a 4-digits format and adds 
‘-99999’ with the ‘M’ flag to missing values. Second, a quality control is carried out on the new CSV 
file and a script named full_processing_txt2netcdf_obs_snw_MDDELCC.py is written to convert it to 
NetCDF file named MDDELCC_Snow_Survey_Data_1928to2016.nc 

 

2.1.10 Manitoba Hydro 

New snow surveys data for the province of Manitoba have been provided by Kristina Koenig 
from MBH. The XLSX file contains mean SWE (mm), mean SD (cm) and mean DEN (g cm-3) data based 
on five snow samples. The surveys cover the 2003-2017 period and are done at intervals ranging from 
1 to 2 times per year during the snow season. The data and metadata are separated by stations, i.e. 
one spreadsheet per station for a total of 56 stations.  

 First, a script named MB_Snow_Survey_Processing_2003to2017.py is written to reformat and 
merge all 56 spreadsheets into a single CSV file named MB_Snow_Survey_Data_2003to2017.csv. This 
code fixes the station ID by adding the prefix ‘MB-‘, converts dates into a standard format, converts 
the DEN units from g cm-3 to kg m-3 and identifies missing values or negative values as ‘-99999’ with 
the ‘M’ flag. Second, a new metadata file named Station_List_MB.txt is created manually based on 
metadata in the 56 spreadsheets and a script named Station_List_Processing_MB.py is written to 
convert the latter TXT file into a CSV file named Station_List_MB.csv. The code fixes the station ID into 
the standard format, adds the agency name, converts the station name into uppercase and converts 

                                                      
8 http://www.mddelcc.gouv.qc.ca/climat/surveillance/manuel-instruction-nivo.pdf 



  15 / 30 

   

                 Project report         May 2017 

latitudes and longitudes from the degrees/minutes/seconds format to decimal degrees format. Third, 
a quality control is carried out on the new CSV data file and a script named 
full_processing_txt2netcdf_obs_snw_MB.py is written to convert it to NetCDF file named 
MB_Snow_Survey_Data_2003to2017.nc. 

 

2.1.11 Hydro-Québec 

An additional snow surveys dataset have been provided by Charles Mathieu from HQ. The 
dataset contains mean SWE (cm), mean SD (cm) and mean DEN (g cm-3) as well as metadata (station 
ID, station name, latitude, longitude and elevation) for each station (1 station per file) for a total of 
752 stations. The surveys cover the 1911-2017 period at different intervals depending on the 
agencies. The HQ dataset contained data from a number of other agencies including MDDELCC, Rio 
Tinto Alcan, CF(L)Co, OPG, MNRF, Maine, New Hampshire and Northeast Regional Climate Center. 
Though all agencies will be kept as backup in a standard CSV file, only Canadian data are included in 
the final NetCDF dataset and shown in the plots since we do not have the permission to use the snow 
survey data from United States. 

First, a script named HQ_Snow_Survey_Processing.py is written to reformat and merge all 752 
CSV files into a single CSV file named HQ_Snow_Survey_Data.csv. This code reads through all the data 
lines and rewrites the data in the standard format with the correct station ID and date for each 
sample. The code also converts SWE units from cm to mm, converts DEN units from g cm-3 to kg m-3 
and identifies missing values as ‘-99999’ with the ‘M’ flag. Second, a script named 
Station_List_Processing_HQ.py is written to create a station list for HQ based on the previous CSV 
files. Third, a quality control is performed on the new CSV data file and a script named 
full_processing_txt2netcdf_obs_snw_HQ.py is written to convert it to NetCDF file named 
HQ_Snow_Survey_Data_1911to2017.nc. 
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Table 1 : List of the Canadian snow survey datasets, their description and their corresponding 
codes. 

Datasets Description Codes 
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 (

EC
C
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, M

SC
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3113 sites (gravimetry) 
Mostly biweekly 
1935-2004 
Data from MSC, BCE, AEP, INAC, ENB and MNRF 
 

E : Estimated 
T : Trace 
M : Missing 
P : Patches 
S : Suspect 
A : Sampling problems encountered 
B : Early or late sampling 
C : Early or late sampling with  
encountered (A & B) 
X : Exclude 
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lu
m

b
ia

 M
in

is
tr

y 
o

f 
En
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72 sites (snow pillow) 
Daily 
1967-2016 
 
 
 
 
 
 
 
 
 
424 sites (gravimetry) 
Biweekly 
1935-2015 

* : Up to 3 hourly measurements 
missing 
U : More than 3 hourly measurements 
missing 
E : Estimated 
R : Original data revised 
L : 8 AM measurement not available 
A : 8 AM measurement available after 
L code. 
M : Missing 
 
A : Sampling problems were 
encountered 
B : Early or late sample 
C : Combination of A and B 
E : Estimate based on areal average 
N : Scheduled, but not measured 
P : Estimate based on snow pillow 
data 
R : Estimate based on regression 
T : Trace amount 
U : Unscheduled or out of sampling 
window 
Z : Preliminary data – not approved. 
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373 sites (gravimetry) 
Biweekly 
1928-2016 

1 : Correct 
3 : Estimated (e.g. received 350 cm 
but it is visibly 35.0 cm based on 
nearby stations.) 
5 : Forced (e.g. suspicious data based 
on QC, but correct data based on 
subsequent manual validation) 
7 : Trace 
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) 56 sites (gravimetry) 

Monthly 
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752 sites (gravimetry) 
Biweekly, monthly (agency dependent) 
1911-2017 

M : Missing value 

 

 

2.2 Quality control 

A quality control is carried out on the newly processed CSV files (e.g. 
BCE_Manual_Pillow_Snow_Data.csv, YT_Snow_Survey_Data.csv, etc.) from all agencies and are 
renamed similarly with an additional ‘QC_flags’ at the end of the file name (e.g. 
BCE_Manual_Pillow_Snow_Data_QC_flags.csv, YT_Snow_Survey_Data_QC_flags.csv, etc). To do so, a 
Python script named snw_obs_quality_control_flag.py is created to add a flag on the SWE_codes_qc, 
SD_codes_qc and DEN_codes_qc columns when certain conditions are met. The code also prints out 
for which stations and which dates these conditions are met, as well as the amount of time these 
conditions are met.  

Five conditions are used following Braaten (1998) : 1. When SD > 0 and SWE = 0, an ‘M’ flag is 
added to the SWE_code column and SWE_code_qc column. Similarly, when SWE > 0 and SD = 0, an 
‘M’ flag is added to the SD_code column and SD_code_qc column. 2. When SWE is outside of the 0-
3000 mm range (0-8000 for mountains), a ‘R’ flag is added to the SWE_code_qc column. 3. When SD 
is outside of the 0-300 cm range (0-800 for mountains), a ‘R’ flag is added to the SD_code_qc_column. 

Stations in the Rocky Mountains are defined as any station west of 113 W longitude. 4. When DEN is 
outside of the 50-1000 kg m-3 range, a ‘D’ flag is added to the DEN_code_qc_column. 5. If the 



  19 / 30 

   

                 Project report         May 2017 

recalculated DEN from SD and SWE differs from the reported DEN by 10 kg m-3, a ‘D’ flag is added to 
the DEN_code_qc_column. When converting CSV files to NetCDF files, flagged data are set to missing 
values if they satisfy the 1st, 2nd, 3rd or 4th conditions. Flagged data for the 5th conditions are left in the 
dataset as we suspect they have reasonable values of DEN and can be recalculated if needed. Note 
that the flags for DEN do not appear in the NetCDF file as only SWE and SD are converted to NetCDF 
file for computational space saving purpose. 

Table 2 shows the amount of quality control flags, the total samples and fraction of flagged data  
for each dataset. Here, a snow survey is counted even if no SWE and/or SD was measured as it would 
be too hard to differenciate a ‘real’ missing value from an absence of snow. We simply define the 
fraction of flagged data as the total amount of QC flags over the total snow surveys. The vast majority 
of data (>95%) have passed all five conditions of the QC test. Note that the MBH has a high fraction of 
flagged data but only contains 164 observations. Also note that the BCE dataset has very high 
amounts of QC flags but these represent about 3% of the total number of observations. However, a 
high amount of flags for the 1st and 4th condition is noted (11828 and 2747 flags), which is related to 
the realism of the density. We suspect a problem of calibration drift with the automated snow pillow 
causing unusual high values of SWE compared to SD or unusual high values of SD compared to SWE. 

 

Table 2 : Quality control results for datasets from different agencies. Amount of QC flags (2nd 
column), total snow surveys and fraction of flagged data, defined as the total amount of QC flags over 
the total snow surveys (3rd column). (See section 2.2 for description of the five QC conditions.) 

Datasets Amount of QC flags Total snow surveys and 
fraction of flagged data 

Existing Canadian historical snow 
survey 

1st QC check count : 32 
2nd QC check count : 0 
3rd QC check count : 3 
4th QC check count : 0 
5th QC check count : 18 

270781 surveys 
0.02% 

British Columbia Ministry of 
Environment 

1st QC check count : 11828 
2nd QC check count : 14 
3rd QC check count : 736 
4th QC check count : 2747 
5th QC check count : 0 

507433 surveys 
3.02% 

CSCN10 snow survey bulletin 1st QC check count : 0 
2nd QC check count : 0 
3rd QC check count : 0 
4th QC check count : 3 
5th QC check count : 77 

2940 surveys 
2.72% 
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Environment Yukon 1st QC check count : 0 
2nd QC check count : 0 
3rd QC check count : 0 
4th QC check count : 1 
5th QC check count : 0 

8063 surveys 
0.01% 

Ontario Power Generation 1st QC check count : 0 
2nd QC check count : 0 
3rd QC check count : 0 
4th QC check count : 15 
5th QC check count : 0 

9071 surveys 
0.17% 

New Brunswick Department of 
Environment and Local 
Goverment 

1st QC check count : 5 
2nd QC check count : 0 
3rd QC check count : 0 
4th QC check count : 48 
5th QC check count : 0 

11935 surveys 
0.44% 

Alberta Environment and Parks 1st QC check count : 2 
2nd QC check count : 0 
3rd QC check count : 1 
4th QC check count : 13 
5th QC check count : 0 

15303 surveys 
0.10% 

Ontario Ministry of Natural 
Resources and Forestry 

1st QC check count : 408 
2nd QC check count : 0 
3rd QC check count : 4 
4th QC check count : 521 
5th QC check count : 0 

42160 surveys 
2.21% 

Quebec Ministry of Sustainable 
Development, Environment and 
the Fight against Climate Change 

1st QC check count : 2 
2nd QC check count : 0 
3rd QC check count : 1 
4th QC check count : 9 
5th QC check count : 236 

43379 surveys 
0.57% 

Manitoba Hydro 1st QC check count : 0 
2nd QC check count : 0 
3rd QC check count : 0 
4th QC check count : 4 
5th QC check count : 11 

164 
9.15% 

Hydro-Québec and partners 1st QC check count : 398 
2nd QC check count : 0 
3rd QC check count : 0 
4th QC check count : 643 

126144 
0.83% 
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5th QC check count : 9 

 

 

2.3 Merging all datasets 

The goal here is to create a single CSV file and a single NetCDF file containing all available snow 
survey datasets. Datasets from all agencies are merged into the existing database. 

One of the biggest issue when processing the data is that snow survey station IDs can be 
identical but are named differently (e.g. SCD-YT003 and YT-09CV-SC01 are the same stations, SCD-
ON001 and OPG-161 are the same stations, etc). This creates duplicates in the dataset if not handled 
properly before the merge. This was found to be a common issue that was not corrected in the 
existing database. First, to overcome this issue in the current update, a set of scripts named 
***_Remove_Duplicates_Data_Processing.py and ***_Remove_Duplicates_Stations_Processing.py 
are created to convert station IDs that are identical (in the data files as well as the metadata file) into 
a common ID (e.g. SCD-YT003 will become YT-09CV-SC01 and SCD-ON001 will become OPG-161). 

Second, a set of scripts named ***_Select_Merge_Data_Processing.py are created to merge 
new data (e.g. AEP_Snow_Survey_Data_1970to2016_QC_flags.csv, YT_Snow_Survey_QC_flags, etc) 
with the existing database (e.g. All_swe_good_1935to2004_QC_flags.csv). This code merges the new 
data with the old one by carefully selecting the new data and making sure the newly added data does 
not create any duplicates. From these codes, the final snow survey dataset in CSV format is outputted 
and named Canadian_Snow_Survey_Data_1935to2016.csv along with the metadata file named 
Station_List.csv. 

Third, a script named full_processing_txt2netcdf_obs_canadian_snow_survey_1928to2017.py is 
created to convert the data in Canadian_Snow_Survey_Data_1928to2017.csv and the metadata in 
Station_List.csv into a single NetCDF file named Canadian_Snow_Survey_Data_1928to2017.nc. 

 

3 PRELIMINARY ANALYSIS 

 

3.1 Spatial distribution 

In the 1998 snow survey update, Braaten has shown that station density is highly concentrated 
over the southern regions of Canada (Figure 2). Spatial gaps can be noted over northern territories 
(e.g. Nunavut, Yukon, Northwest Territories) as well as northern regions of the provinces. After the 
update, high concentration of stations over southern region is still maintainted, however new stations 
can be seen covering Yukon and Northwest Territories. Station coverage over British Columbia, 
northern Manitoba and southern Quebec is also more complete. A lot of new stations have been 
added from OPG and MNRF but these new stations are located over southern Ontario which 
contributes to increase density over the southern part instead of filling the northern part. 
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Figure 2: Spatial distribution of the Canadian snow survey database stations. 

 

3.2 Temporal distribution 

The 2004 SWE database from Hill is used to compare its temporal distribution with that of the 
2016 update (Figure 2). The first row of the figure shows a broad view of the number of SWE records 
time series. The 2004 dataset shows a spike in the number of records between 1965 and 1985 where 
the main contribution stems from the digitized paper records from MSC. In this project (2016), a lot of 
data have been added for the 1985-2010 period which is represented by a second spike with BCE as 
its main contribution. The BCE dataset contributes large number of observations from their extensive 
snow pillow program which provides year-round daily data (values during the summer period are 
mostly zeroes). The second row of the figure provide a more detailed view of the previous graphics to 
highlight the data contributions from each agency. The MNRF, MDDELCC and BCE gravimetry 
programs are also important contributors to the volume of records. 
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Figure 3: Temporal distribution of the Canadian SWE database. AEP (Alberta Environment and 
Parks, BCE (British Columbia Ministry of Environment), ENB (Environment and Local Government New 

Brunswick), INAC (Indigenous and Northern Affairs Canada), MNRF (Ontario Ministry of Natural 
Resources and Forestry), MSC (Meteorological Service of Canada), EY (Environment Yukon), OPG 
(Ontario Power Generation), MDDELCC (Ministry of Sustainable Development, Environment and 

Action against Climate Change), MBH (Manitoba Hydro) and HQ (Hydro-Québec). 

 

3.3 Snow water equivalent and snow depth 

A good test of data fidelity is the SWE vs SD plot which should show a well-defined linear 
association if the data are consistently collected and reported with the correct data units. Figure 4 
shows values of SWE and SD for each agency in the updated version of the Canadian snow survey 
database. In general, the patterns demonstrate plausible and reliable values with the notable 
exception of BCE related to the automated snow pillow data which can be affected by problems such 
as bridging, loss of anti-freeze and calibration drift. Note that scales are larger for the first column for 
data located over the Rocky Mountains. Figure 5 shows SWE and SD for all agencies before and after 
QC. The remaining irrealistic values stem from the BCE snow pillow dataset, showing that extended 
QC work still needs to be carried out for that dataset. 
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Figure 4: SWE and SD for each agency in the updated version of the Canadian snow survey 
database. 
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Figure 5: SWE and SD for all agencies in the updated version of the Canadian snow survey 
database, before (left panel) and after (right panel) quality control. 

 

4 CONCLUSION 

The 2004 Canadian snow survey database has been updated up to 2016 using datasets provided 
by the main Canadian data collection agencies (BCE, ENB, EY, OPG, AEP, MNRF, MDDELCC, MBH and 
HQ). New data and metadata files have been reformatted to a standard format in CSV files. A QC test 
based on five conditions following Braaten (1998) have been applied on the data to remove irrealistic 
values. Typically less than 3% of snow surveys failed QC checks but this result was higher for the BCE 
snow pillow observations which can be affected by various problems such as bridging, loss of anti-
freeze and calibration drift. All the CSV data files are then carefully merged together and converted 
into a single NetCDF file. The update has improved data coverage for many regions such as Yukon, 
Northwest Territories, northern Manitoba, southern Quebec and British Columbia. Temporal coverage 
analysis shows a very large contribution in the amount of records from BCE, especially from its snow 
pillow program. A substancial contribution of records from MNRF and MDDELCC is also noticeable. A 
scatterplot analysis of SWE and SD shows plausible and reliable values in general. Although the BCE 
snow pillow program provides a high volume of data, it is also more prone to instrument errors which 
are not always detected by the QC procedures applied here. The dataset will be available to the 
research community in late 2017 following further analysis and testing. 
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7 APPENDIX 1 

 

Location of project files 

 

Ouranos server : DORIS 

 

Final datasets (after QC and after merging all agencies) : 

Path to CSV files :  

/exec/fang/DATA/SWE/output_processed_swe_merged/Canadian_Snow_Survey_Data_1928to2017.c
sv 

/exec/fang/DATA/SWE/output_station_list/Station_List.csv 

Path to NetCDF file : 

/exec/fang/DATA/SWE/nc_files/Canadian_Snow_Survey_Data_1928to2017_merged_QC.nc 

 

Original datasets : 

/exec/fang/DATA/SWE/Alberta_Environment_Parks 

/exec/fang/DATA/SWE/Braaten_Canadian_SWE_Database 

/exec/fang/DATA/SWE/British_Columbia_Environment 

/exec/fang/DATA/SWE/CSCN10_Bulletin 

/exec/fang/DATA/SWE/Hydro_Quebec 

/exec/fang/DATA/SWE/Manitoba_Hydro 

/exec/fang/DATA/SWE/New_Brunswick_Environment 

/exec/fang/DATA/SWE/Ontario_Natural_Resources_Forestry 

/exec/fang/DATA/SWE/Ontario_Natural_Resources_Forestry_from_Hydro_Quebec 

/exec/fang/DATA/SWE/Ontario_Power_Generation 

/exec/fang/DATA/SWE/Quebec_MDDELCC 

/exec/fang/DATA/SWE/Yukon_Territory 

 

Scripts : 

/home/fang/Script_Bruno_Fang_SWE_2016_2017 
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Agencies contacts : 

 

Christy Donley, Alberta Environment and Parks 

ESRD.DMNRT@gov.ab.ca 

Tony Litke, British Columbia Ministry of Environment 

Tony.Litke@gov.bc.ca 

Samer Alghabra, Hydro-Québec 

Alghabra.Samer@hydro.qc.ca 

Jeff Krut, Manitoba Infrastructure 

Jeff.Krut@gov.mb.ca 

Kristina Koenig, Manitoba Hydro 

kkoenig@hydro.mb.ca 

Pierre-Yves St-Louis, MDDELCC 

info-climat@mddelcc.gouv.qc.ca 

Nadine Caissie Long, Environment and Local Government New Brunswick 

Nadine.CaissieLong@gnb.ca 

Ali Khan, Environment and Conservation Newfoundland and Labrador 

akhan@gov.nl.ca 

Shawne Kokelj, Environment and Natural Resources Northwest Territories 

Shawne_Kokelj@gov.nt.ca 

Gordon Gallant, Ontario Ministry of Natural Resources & Forestry 

Gordon.Gallant@ontario.ca 

Ali H. Sajid, Ontario Power Generation 

Ali.sajid@opg.com 

Tyler Williams, Environment Yukon 

Tyler.Williams@gov.yk.ca 

 

 

mailto:ESRD.DMNRT@gov.ab.ca
mailto:Tony.Litke@gov.bc.ca
mailto:Alghabra.Samer@hydro.qc.ca
mailto:Jeff.Krut@gov.mb.ca
mailto:kkoenig@hydro.mb.ca
mailto:info-climat@mddelcc.gouv.qc.ca
mailto:Nadine.CaissieLong@gnb.ca
mailto:akhan@gov.nl.ca
mailto:Shawne_Kokelj@gov.nt.ca
mailto:Gordon.Gallant@ontario.ca
mailto:Ali.sajid@opg.com
mailto:Tyler.Williams@gov.yk.ca
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A few guidelines for future update of the Canadian historical snow survey dataset 

 

1. If data and metadata are in an Excel spreadsheet, save them to a CSV file. 

2. Use/write a script (ex. : OPG_Snow_Survey_1991to2016_Processing.py) to reformat the CSV data 
file into a standard format. 

3. Use/write a script (ex. : Station_List_Processing_OPG.py) to reformat the CSV metadata file into a 
standard format. 

4. If data contains duplicates, use a script (ex. : OPG_Remove_Duplicates_Data_Processing.py) to 
remove any duplicates. 

5. If metadata contains duplicates, use a script (ex. : 
OPG_Remove_Duplicates_Stations_Processing.py) to remove any duplicates. 

6. Use the script snw_obs_quality_control_flag.py to perform quality control on the new data file. 

7. Use/write a script (ex. : OPG_Select_Merge_Data_Processing.py) to select only new snow survey 
data and merge them to the existing dataset. 

8. Use the script full_processing_txt2netcdf_obs_canadian_snow_survey_1928to2017_QC.py to 
convert the new CSV file into a NetCDF file. 


