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1 DATA DESCRIPTION 

1.1 Parameters 

This data set is a snow reanalysis over High Mountain Asia (HMA) derived by assimilating satellite 

retrieved fractional snow covered area (fSCA) observations from the Landsat and Moderate 

Resolution Imaging Spectroradiometer (MODIS) platforms over the joint Landsat-MODIS record 

between Water Year (WY) 2000 and 2017 (Margulis et al., 2019). The data set contains daily 

estimates of posterior snow estimates (snow water equivalent (SWE), fSCA, snow depth (SD), and 

snow albedo) and posterior forcings. Ensemble statistics (e.g. mean, median, and spread) are 

given for the key posterior snow estimates (SWE, fSCA, and SD), while ensemble median values 

are given for other states and flux variables. Data quality and some cautions of using this dataset 

are indicated in a classification mask and a non-seasonal snow/ice mask. 

1.2 File Information 

1.2.1 Format 

Data are provided in NetCDF files. 

1.2.2 File Contents 

Each data set granule consists of four files, one for each main parameter. Table 1 lists all the main 

parameters, the corresponding file name extensions, and a reference to where to find more file 

parameter details. The detailed parameter description for each file type can be found in  

Table 2 to  

Table 5. Additionally, a mask file is provided for each granule. Details on the mask file can be found 

in Table 6 and section 2.4 Quality, Errors, and Limitations. The dimensions (225 x 225 x 5 x 366) 

for SWE, fSCA, and SD correspond to latitude by longitude by number or ensemble statistics by 

day of water year. The ensemble statistics are given in the order of: ensemble mean, ensemble 

standard deviation, ensemble median, 25th percentile, and 75th percentile. The dimensions (225 x 

225 x 366) for snow albedo and posterior forcing variables, correspond to latitude by longitude by 

day. The dimensions (225 x 225 x 18) for the masks correspond to latitude by longitude by water 

year (classification mask), or latitude by longitude (non-seasonal snow/ice mask). 

The water year refers to October 1st - September 30th, where the year number corresponds to the 

ending year., i.e. WY 2000 = 01 October 1999 – 30 September 2000. 

https://nsidc.org/
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Table 1. Parameter Details 

File name 

extensions 

Parameters Reference to 

Parameter Details 

*SWE_SCA_POST* Posterior snow water equivalent (SWE) and 

posterior fractional snow covered area (fSCA) 

 

Table 2 

*SD_POST* Posterior snow depth (SD)  

Table 3 

*SNOW_ALBEDO* Posterior snow albedo Table 4 

*FORCING_POST* Posterior forcing variables  

Table 5 

*MASK* Classification mask and non-seasonal snow/ice 

mask 

Table 6 

 

Table 2. Parameter Details for *SWE_SCA_POST* files 

Parameter Description Unit 

 

Dimension 

SCA_Post posterior fSCA - 225 x 225 x 5 x 366 

SWE_Post posterior snow water equivalent m 225 x 225 x 5 x 366 

Latitude latitude degrees N 225 x 1 

Longitude longitude degrees E 225 x 1 

 

Table 3. Parameter Details for *SD_POST* files 

Parameter Description Unit 

 

Dimension 

SD_Post posterior snow depth  m 225 x 225 x 5 x 366 

Latitude latitude degrees N 225 x 1 

Longitude longitude degrees E 225 x 1 

https://nsidc.org/
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Table 4. Parameter Details for *SNOW_ALBEDO* files 

Parameter Description Unit 

 

Dimension 

Snow_Albedo_Post posterior snow albedo - 225 x 225 x 366 

Latitude latitude degrees N 225 x 1 

Longitude longitude degrees E 225 x 1 

 

Table 5. Parameter Details for *FORCING_POST* files 

Parameter Description Unit 

 

Dimension 

PPT_Post posterior surface precipitation  mm 225 x 225 x 366 

Ps_Post posterior surface pressure mbar 225 x 225 x 366 

q_Post posterior reference-level specific humidity kg/kg 225 x 225 x 366 

Rl_Post posterior downwelling longwave surface radiation W/m2 225 x 225 x 366 

Rs_Post posterior surface downwelling solar radiation W/m2 225 x 225 x 366 

Ta_Post posterior reference-level air temperature K 225 x 225 x 366 

Latitude latitude degrees N 225 x 1 

Longitude longitude degrees E 225 x 1 

Table 6. Parameter Details for *MASK* files 

Parameter Description Unit 

 

Dimension 

Classification_mask indicators of whether prior 

simulation or posterior update was 

performed within a certain 

pixel/year 

- 225 x 225 x 18 

Non_seasonal_snow_mask indicators of whether a pixel was 

classified as non-seasonal 

snow/ice  

- 225 x 225 

Latitude latitude degrees N 225 x 1 

Longitude longitude degrees E 225 x 1 

Water_Year water year corresponds to the 

classification mask 

WY 18 x 1 

1.2.3 Naming Convention 

The data files are named according to the following convention, which is described in Table 7 

below: 

HMA_SR_D_v[nn]_N[latitude]E[longitude]_agg_16_[parameter]_WY[YYYY_YY]_[vv].nc 

https://nsidc.org/
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Table 7. File Naming Convention 

File 

Designator 

Description 

HMA_SR_D 
Data set ID. 

v[nn] 
Data set version number. 

N[latitude] 
N for north, followed by a 3-digit latitude, e.g. N34_0 for 34 N indicating the 

latitude of the lower-left corner of the 1 latitude by 1 longitude file. 

E[longitude] 
E for east, followed by a 3- or 4-digit longitude, e.g. E66_0 for 66 E and 

E103_0 for 103 E indicating the longitude of the lower-left corner of the 1 

latitude by 1 longitude file. 

agg_16 
This refers to a spatial aggregation factor of 16 from the original resolution of 

the DEM (30 m) to the model resolution (480 m). 

[parameter] 
Main data parameter. Options are SWE_SCA_POST, SD_POST, 

SNOW_ALBEDO, FORCING_POST, and MASK. More details on each 

individual file type can be found in Table 1 to Table 6. 

WY[YYYY_YY] 
WY is short for water year, followed by the starting year and the last two digits 

of the ending year. E.g. WY1999_00 refers to data for the period of 01 

October 1999 to 30 September 2000. 

.nc 
File extension indicating this is a NetCDF file. 

Example file names: 

• N34_0E66_0_agg_16_SWE_SCA_POST_WY1999_00.nc 

• N34_0E66_0_agg_16_SD_POST_WY1999_00.nc 

• N34_0E66_0_agg_16_SNOW_ALBEDO_WY1999_00.nc 

• N34_0E66_0_agg_16_FORCING_POST_WY1999_00.nc 

• N34_0E66_0_agg_16_MASK_WY1999_00.nc 

1.2.4 Browse File 

A .png browse file is provided for each data granule showing the SWE of the day of water year 90 

(DOWY 90). Figure 1 shows an example browse file. 

https://nsidc.org/
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Figure 1. Sample browse file: 

HMA_SR_D_v01_N43_0E78_0_agg_16_SWE_SCA_POST_WY2000_01_browse.png 

1.3 Spatial Information 

1.3.1 Coverage 

Northernmost latitude: 45° N 

Southernmost latitude 27° N 

Easternmost longitude: 105° E 

Westernmost longitude: 60° E 

1.3.2 Resolution 

16 arc-seconds (~500 m) 

1.3.3 Geolocation 

The following table provides information for geolocating this data set: 

Table 8. Geolocation Details 

Geographic coordinate system WGS 84 

EPSG code 4326 

PROJ4 string +proj=longlat +datum=WGS84 +no_defs 

https://nsidc.org/
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Reference https://epsg.io/4326 

1.4 Temporal Information 

1.4.1 Coverage 

01 October 1999 to 30 September 2017 

1.4.2 Resolution 

Daily 

2 DATA ACQUISITION AND PROCESSING 

2.1 Background 

Snowpack plays a significant role in the hydrologic cycle over HMA. As a vital water resource, the 

distribution of snowpack volume also impacts the water availability for downstream populations. To 

assess the regional water balance, it is important to characterize the spatio-temporal distribution of 

water storage in the HMA snowpack. 

2.2 Acquisition 

Input data for the snow reanalysis are fSCA from the NASA Landsat satellites and Snow Covered 

Area and Grain size (MODSCAG; Painter et al., 2009) from the MODIS sensor on NASA’s Terra 

satellite. Specifically, data was downloaded from USGS EarthExplorer for Landsat 5 Thematic 

Mapper (TM), Landsat 7 Enhanced Thematic Mapper (ETM+), and Landsat 8 Operational Land 

Imager (OLI). The Landsat fSCA was retrieved using a spectral unmixing algorithm (Painter et al., 

2003; Cortés et al., 2014). The MODSCAG product was obtained from the JPL snow server. 

Other input data to derive this snow reanalysis data set were topographic data, land cover data, 

and metrological data: 

• The digital elevation model (DEM) obtained from the Shuttle Radar Topography Mission 

(SRTM) with 1 arc-second resolution served as topographic data. Gaps were filled with the 

Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global 

Digital Elevation Model (GDEM, version 2) product with 1 arc-second resolution. 

• Land cover data was obtained from the Advanced Very High Resolution Radiometer 

(AVHRR) global land cover classification (Hansen et al., 2000). Forest cover was obtained 

from the Tree Canopy Cover (TCC) product containing the Landsat Vegetation Continuous 

https://nsidc.org/
https://earthexplorer.usgs.gov/
http://snow.jpl.nasa.gov/
http://www2.jpl.nasa.gov/srtm/
https://asterweb.jpl.nasa.gov/
https://lcluc.umd.edu/metadata/global-30m-landsat-tree-canopy-version-4
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Fields (Sexton et al., 2013). Glacier data was obtained from Global Land Ice 

Measurements from Space (GLIMS; Raup et al., 2007). 

• Meteorological forcing data was obtained from the Modern-Era Retrospective analysis for 

Research and Applications, version 2 (MERRA-2; Gelaro et al., 2017). 

2.3 Processing 

This data set was derived using a previously developed snow reanalysis scheme (Margulis et al., 

2019). A coupled land surface model from SSiB3 (Sun and Xue, 2001; Xue et al., 2003) and a 

snow depletion curve (Liston et al., 2004) was used to generate the ensemble prior estimates of 

the snow states and fluxes. A Bayesian update was performed to further constrain the ensemble 

prior estimates on satellite retrieved fSCA observations using a Particle Batch Smoother (Margulis 

et al., 2015) approach, where the snow states and fluxes, as well as other forcings and parameters, 

are updated simultaneously. 

The HMA domain used in this data set is bounded by 27° N to 45° N and 60° E to 105° E. The 

basic processing units for the data set were tiles of size 1° latitude by 1° longitude. The data is 

made available in files corresponding to these 1° latitude by 1° longitude processing units. Only 

tiles likely to experience seasonal snow and with an average elevation above 1500 m were 

processed. The reanalysis data set is provided at a spatial resolution of 16 arc-seconds (~350 m -

500 m), and at a daily temporal resolution. 

The individual processing steps are fully described in Margulis et al. (2019) and depicted in the 

snow reanalysis diagram below. 

 
Figure 2. Schematic representation of the Bayesian snow reanalysis framework 

taken from Margulis et al. (2019). 

https://nsidc.org/
http://www.glims.org/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/
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2.4 Quality, Errors, and Limitations 

This data set was specifically designed for seasonal snowpack estimation. When using the data 

consider the following caveats: 

i. The posterior precipitation provided in the forcing files is derived from the scaled prior 

precipitation by fitting it to the fSCA data during snowmelt. Hence, the scaling factor is 

inferred primarily from the snow depletion. Therefore, while the snowfall portion of the 

posterior precipitation is likely reliable, the posterior rainfall should be viewed with 

significant caution. The rainfall portion in the posterior precipitation is unconstrained in the 

reanalysis and is therefore not recommended for use. Both the snowfall and rainfall portion 

in posterior precipitation can be estimated using the posterior air temperature provided in 

the files, i.e. snowfall equals precipitation under 2º C air temperature, and rainfall equals 

precipitation above 2ºC air temperature. This will introduce a small error as the actual 

partitioning is done at the hourly scale within the reanalysis while the outputs are in daily 

resolution. 

ii. The classification mask provided in the mask file contains indicators of whether prior 

simulation or posterior update was performed within a certain pixel/year. Three types of 

classification were used: 

a. Type 1 for pixels without prior simulation. Pixels are identified as either water 

bodies or non-snowy pixels (with negligible snowfall in the nominal simulation). 

Prior simulations were skipped in those pixels and all output values equal to zero 

(e.g. SWE, fSCA, SD, forcings, etc.). 

b. Type 2 for pixels with prior simulation but no posterior update. These are pixels 

where the observed fSCA did not effectively change the prior simulation results 

during the data assimilation step. It is usually due to insufficient number of fSCA 

measurements or very intermittent snow; and therefore, their posterior outputs 

equal the prior. 

c. Type 3 for pixels with prior simulation and posterior update. They are identified as 

snowy pixels and received a substantial posterior update during the assimilation 

step. 

The majority of pixels in this data set are classified as type 3, while the cases of type 1 or 

type 2 are relatively rare. 

iii. The non-seasonal snow/ice mask provided in the mask files is suggested for use in 

combination with this data set to mask out pixels with non-seasonal snow features, such as 

glaciers or persistent snow/ice, etc. This is because the snow reanalysis scheme used to 

derive this data set is primarily developed for estimating SWE in seasonal snowpack; thus, 

the results in non-seasonal snow/ice pixels may be unreliable. The non-seasonal snow/ice 

pixels are denoted with 1 in the mask. 

3 SOFTWARE AND TOOLS 

The .nc data files can be opened using NetCDF visualization software such as Panoply or QGIS. 

https://nsidc.org/
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4 VERSION HISTORY 

Table 9. Version History Summary 

Version Release Date Description of Changes 

V1 22 April 2021 Initial release 

V1.1 20 December 2021 SNOWMELT and 

SUBLIMATION files have 

been removed from this data 

set due to significant bias 

issues. Both are expected to 

be added back in a later 

version of this data set. 

5 RELATED DATA SETS 

High Mountain Asia at NSIDC | Data Sets 

6 RELATED WEBSITES 

High Mountain Asia at NSIDC | Overview 

NASA High Mountain Asia Project 

NASA Research Announcement: Understanding Changes in High Mountain Asia 
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