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ABSTRACT  

A brief description of the NASA Suomi-NPP (S-NPP) Visible Infrared Imaging Radiometer Suite 

(VIIRS) snow cover data products is presented. The VIIRS snow cover data products are by design 

similar to the MODerate-resolution Imaging Spectroradiometer (MODIS) snow cover data products 

to enable development of a consistent long term snow cover extent (SCE) Earth system data record 

(ESDR).   
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INTRODUCTION 

The VIIRS snow cover products are produced in sequence beginning with a swath at a nominal 

pixel spatial resolution of 375 m with nominal swath coverage of 6400 pixels (across track) by 6464 

pixels (along track), consisting of 6 minutes of VIIRS scans, and ending with a daily global gridded 

product.  Data products in the Earth Observation Data Information System (EOSDIS) are given an 

Earth Science Data Type (ESDT) name. The ESDT names and descriptions of the VIIRS snow cover 

products are given in Table 1.  These data products are produced in the Land Science Investigator-

led Processing System (LSIPS) described at https://earthdata.nasa.gov/about/science_investigator-

led-processing-systems/sips-snn--land. The National Snow and Ice Data Center (NSIDC) is the 

Distributed Active Archive Center (DAAC) distributing and providing user support services for the 

products (VIIRS Collection 1 doi:10.5067/VIIRS/VNP10.001) 

Table 1. Listing of the NASA VIIRS snow-cover products.   

Product ESDT Description 

Snow Cover L2 Swath VNP10 VIIRS/NPP Snow Cover 6-Min L2 Swath 375 

m 

Snow Cover L3 Daily Tile VNP10A1 VIIRS/NPP Snow Cover Daily L3 Global 375 

m SIN Grid 

Snow Cover L3 CMG* VNP10C1 VIIRS/NPP Snow Cover Daily L3 Global 

0.05Deg CMG 

*Climate Modeling Grid 
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The ESDT name is used to identify the snow data products. The ESDT also indicates the spatial 

and temporal processing that has been applied to the data product. The data product levels briefly 

described are: Level 1B (L1B) is a swath (scene) of VIIRS observation data geolocated to latitude 

and longitude. A Level 2 (L2) product is a geophysical product that remains in latitude and longitude 

orientation of L1B. There are Level 2 gridded (L2G) algorithms that map swath products on to the 

sinusoidal projection for VIIRS land products creating intermediate products used to generate the 

level 3 products.  The L2G intermediate products are not archived. A level 3 (L3) product is a 

geophysical product that has been temporally and or spatially manipulated, and is in a gridded map 

projection format and comes as a tile of the global grid. The VIIRS L3 snow products are in the 

sinusoidal projection for VNP10A1 and in geographic projection for VNP10C1.  

VIIRS LEVEL 2 SNOW COVER PRODUCT (VNP10) 

The VNP10 product is in netCDF4/HDF5 format and is compliant with netCDF4 Climate and 

Forecast (CF) Metadata Conventions, Version 1.6, 5 December 2011, for relevant attributes and to 

support georeferencing of data.  

The NSIDC DAAC released the VNP10 product in July 2017. Only the VNP10 product has been 

released at this time. The products will be released sequentially as coding of the algorithms and data 

products proceeds in the LSIPS from L2 to L3 products. Production of products is done in a forward 

processing stream from when the algorithm is put into production and a reprocessing stream to fill 

in the time back to the start of VIIRS data acquisition, November 2011. Check with NSIDC for 

current status of released data products [http://nsidc.org/data/vnp10/versions/1]. 

Snow cover is detected using the normalized-difference snow index (NDSI) algorithm which is 

described and discussed in Riggs et al. (2016a and b).  Snow typically has high visible reflectance 

across 0.3 – 1.0 µm and low shortwave-infrared about 1.6 µm which produce NDSI values in the 

range of 0.1 – 1.0 for snow cover.  For VIIRS the NDSI is calculated as; NDSI = ((band I1 – band 

I3)/(band I1 + band I3)), with I1 at .64 µm and I3 at 1.6 µm.  Since non-snow cover features may 

also have a positive NDSI value the algorithm includes several data screens to reduce snow cover 

commission errors associated with non-snow features.      

There are two data groups in VNP10 -- the GeolocationData group that has the latitude and 

longitude data, and the SnowData group that has four snow cover variables. Attributes are attached 

to the variables to describe the data and file attributes to provide information on provenance and 

archiving of the product. An example of the VNP10 snow cover variables is presented in Figure 1. 

The NDSI_Snow_Cover variable (Fig.1A) is the snow map determined from the snow cover 

detection algorithm. Snow cover is represented by normalized-difference snow index (NDSI) values 

in the range of 1 – 100. Clouds are masked using the VIIRS cloud mask product (VNP35) cloud 

confidence flag data. The Basic_QA value (Fig. 1C) provides a general assessment of the algorithm 

result. The Basic QA value is set to value of other when the solar zenith angle exceeds 70°, the 

yellow region in Fig. 1C, meaning that lower illumination may reduce the accuracy of the result.  

In the snow cover algorithm data screens are applied for the purpose of reducing errors and 

flagging uncertain results under certain conditions. A discussion of how to interpret and potentially 

use the Basic_QA and Algorithm_QA_bit _flags is presented in Riggs et al. (2016b and c). There 

are six Algorithm_QA_bit flags that can be set in the algorithm. The flags can be set for conditions 

of inland water, low visible reflectance, low NDSI value, combined surface temperature and height 

data screen, high short wave infrared reflectance and solar zenith angle > 70°. Multiple flags may 

be set for each pixel. A select combination of flags is shown in Fig. 1D to highlight low visible 

reflectance conditions and low NDSI values, flagged by bits 1 and 2 respectively, in the swath. 

Where the high solar zenith flag is on is also shown in Fig. 1D. These algorithm QA flags should 

be used to evaluate the NDSI snow map and the NDSI data. Discussion and use of the data screens 

and bit flags is presented in Riggs et al. (2017 and 2016a). To enable users to investigate the NDSI 

data independently or in combination with the other variables, the NDSI data for all land and inland 

water, and not masked for cloud (Fig. 1B), are included as a variable. A potential use of the NDSI 

data and algorithm bit flags is to modify the NDSI snow cover map by replacing pixels that were 



changed to “not snow” in specific conditions, for example a pixel that is “not snow” and has the low 

visible reflectance data screen set to on could be changed to “snow” by using the corresponding 

NDSI data value to replace the “not snow” value.  

 

Figure 1.  VNP10 acquired 18 December 2016 at 2024 UTC, imaging the western CONUS.  Datasets: 

NDSI_Snow_Cover (A) NDSI (B), Basic QA (C) and  a selected combination of the Algorithm_bit_flag QA 

(D). The image is shown in latitude and longitude orientation thus is not projected.   Horizontal lines on sides 

of the swath are the onboard bowtie trim of overlapping scan lines which is retained in the unprojected 

image.   

VALIDATION 

Validation at stage 1 has been achieved for the NASA VIIRS VNP10 snow-cover product. Stage 

1 validation is defined as “Product accuracy is assessed from a small (typically < 30) set of locations 

and time periods by comparison with in-situ or other suitable reference data.” 



The VIIRS snow-cover product has been compared to SCE and NDSI with both Terra and Aqua 

MODIS NDSI-derived SCE for various areas in North America.  The accuracy of the MODIS snow-

cover maps is well established (Hall et al., 2007). VIIRS NDSI snow maps accurately represent the 

extent of snow cover at regional scales (Riggs et al., 2017).  

In a study area that includes the Wind River Range in Wyoming, the agreement between MODIS 

Collection 6 and VIIRS Collection 1 NDSI-derived SCE maps is 97 percent. The small differences 

in the location of snow cover mapped by MODIS and VIIRS are due to differences in the sensors, 

viewing geometry and acquisition times. Results of that study are shown in Fig. 2. In the snow-

cover maps (Fig. 2) NDSI values over 0.1 signify snow cover; the deep purple represents the lowest 

NDSI values and white represents the highest NDSI and thus the most extensive snow cover. The 

MODIS-VIIRS difference map is shown in the right image of Fig. 2. The small differences in the 

location of snow cover mapped by MODIS and VIIRS are due to differences in the sensors, viewing 

geometry and acquisition-times. 

 

Figure 2.   MODIS NDSI snow map focusing on the Wind River Range, Wyoming on 2 December 2016 (left 

image). VIIRS NDSI snow map covering the same area shown in Figure 1 on 2 December 2016 (center 

image). A difference map showing agreement between location of snow cover on the MODIS (left image) 

and VIIRS (center image) snow maps (right image). The light gray shows cloud masking in the difference 

map (using the MODIS and VIIRS cloud masks combined) and snow-free land.  

Status of validation of the products is posted at the NASA S-NPP VIIRS Land website, 

https://viirsland.gsfc.nasa.gov/Products/NASA/CryoESDR.html. 
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