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Overview of NASA Snow Products 
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To be able to access NASA snow cover and snow water equivalence 
(SWE) data useful for climate monitoring and for water resources 
management, e.g. snow-fed river management. 

Objective 
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•  Remote Sensing of Snow 
 

•  NASA Snow Products from Satellites and Earth Systems Models 
 

•  MODIS Snow Data Products and Access 

Outline 

Copyright 2016 California Institute of Technology. Government sponsorship acknowledged. 



Remote Sensing of Snow 
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Definitions 

What is ice?  
•  When a mass, layer, or surface of water freezes into 

a solid at cool temperatures 
What is snow? 
•  Deposition: when water vapor freezes directly into 

ice crystals 
•  Snowflakes are the aggregation of many ice 

crystals 
•  Snowfall is when snowflakes precipitate out of 

clouds 

Copyright 2016 California Institute of Technology. Government sponsorship acknowledged. 

Sea Ice 

Snow on Mountains 
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Need for Snow Measurements 

Important measurements to know 
about snow covered areas:  
•  Starting and remaining snow 

coverage 
•  Reduction in snow cover 
•  Rate of snowmelt 

Copyright 2016 California Institute of Technology. Government sponsorship acknowledged. 

Figure courtesy Tim Barnett (Scripps Inst. Ocean) 

Snow Dominated Regions of the 
World 
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Remote Sensing Approach 

Snow-covered surface 
influences reflected/
emitted radiation  
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Snow Properties 

•  Snow covered surfaces affect 
albedo – fraction of solar radiation 
reflected back into space 

•  Size of snow particles influences 
albedo 

•  Snow cover can highly vary in 
space-time 
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Single Scattering by Snow Particles 
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Multiple Scattering by Snow Particles 

Visible NIR 
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Snow Reflectance 

Satellite sensors measure solar 
radiation scattered by snow 
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Benefits of Remote Sensing Measurements of Snow Cover 

•  Surface-based snow sensors collect 
point measurements and fail to 
provide accurate spatial distribution 
of snow 

•  Snow sensors do not cover the 
highest mountain elevations 

•  Remote sensing provides 
continuous spatial coverage and 
provides observations in hard to 
reach areas 

Fractional snow cover from Landsat TM on July 2 and 18, 
2011 



NASA Snow Products from Satellites and Earth 
System Models 
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Satellite Sensors Quantities 

Terra •  MODerate Resolution Imaging 
Spectroradiometer (MODIS) 

•  500m spatial resolution 
•  ~daily temporal resolution 

•  Snow covered area 
•  Snow albedo 
•  Snow grain size 
•  Dust/BC radiative forcing 

Aqua 

NPOESS Preparatory 
Project (NPP) - Sumoi 

•  Visible Infrared Imaging 
Radiometer Suite (VIIRS) 

•  750m spatial resolution 
•  ~daily temporal resolution 

Landsat Data Continuity 
Mission (LDCM) (launch 
Feb 2013) 

•  Operational Land Imager (OLI) 
•  30m spatial resolution 
•  16 day temporal resolution 

NASA Snow Products Available from Satellites 
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Snow Product Source Spatial Temporal 

Snow Fall (kg/m2/second) 
Snow Depth 
Snow Mass 

MERRA* 
 
GLDAS-NOAH 

•  0.5°x0.625°, monthly 
(1980-02/2016) 

•  0.125°x0.125° and 1°x1°, 
3-hourly (1948-05/2016) 

Snow Water Equivalent* (kg/
m2 or m) GLDAS-NOAH •  0.125°x0.125° and 1°x1°, 

3-hourly (1948-05/2016) 

NASA Snow Products: Models 

*MERRA: Modern-era Retrospective Analysis for Research and Applications 
*Snow Water Equivalent is the depth of water to which a snowpack melts down 



MODIS Snow Data Products and Access 
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MODIS Snow Cover Data Products 

•  High resolution, daily coverage 
•  1999 – present 
•  Available at 500m and 0.05° 
•  There are two snow cover products 

based on MODIS Spectral 
Reflectance: 
–  Standard MODIS Product Fractional 

Snow Cover 
– MODSCAG (MODIS Snow Covered 

Area and Grain-size) Product 
•  Fractional snow cover, grain size, 

snow water equivalent (SWE) 
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MODIS Standard Products 
http://nsidc.org/data/modis/data_summaries#snow 

MOD products are 
from Terra and 
MYD are from 
Aqua 
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MODIS Standard Products: Access 

Available to Download from National Snow and Ice Data Center 
http://nsidc.org/  

•  Data are in HDF format 
•  FTP jpg images of Level-2 

and Level-3 snow cover 
•  Download by using Reverb 

or Earth Data Search (user 
registration required) 
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MODIS Standard Products Access from Reverb 
http://reverb.echo.nasa.gov/reverb/  

Swath, Daily, and 
Monthly products are 
available 
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Near Real-Time MODIS Snow Cover  
http://lance-modis.eosdis.nasa.gov/  
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Level-2 Swath Data 500m and 5km Resolution Snow Cover 

Near-real Time MODIS Snow Cover  
http://lance-modis.eosdis.nasa.gov/  

Terra Aqua 
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MODSCAG Snow Products  

•  Uses the MODIS surface reflectance 
bands 

•  Matrix inversion to retrieve fraction 
of snow cover in each pixel 

•  Also determines the grain size and 
albedo of that fractional snow cover 
(giving what modelers want, not the 
composite) 

•  More accurate than the standard 
MODIS snow cover 

MODSCAG Products 
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MODSCAG retrievals, Sierra Nevada, April 1, 20015 

MODSCAG Snow Data Products Examples  

100% Snow Cover 
100% Vegetation Cover 
100% Rock Cover 

Snow Grain Size  
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MODSCAG Data Access 
http://snow.jpl.nasa.gov/portal/  

Available from JPL Snow Data Server 
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MODSCAG Data Access 
http://snow.jpl.nasa.gov/portal/data/map/  
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•  Derived from snow cover, grain size, and albedo 

MODSCAG-Derived Snow Water Equivalence 

https://instaar.colorado.edu/uploads/
research/labs-groups/mountain-
hydrology-group/
20140216_real_time_swe_report.pdf 
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MODSCAG Application 

•  Decision Making for River Basin 
Management 
– MODSCAG 
– Snow and Dust Radiative Forcing 

Information 
– Colorado Basin River Forecast Center 

(CBRFC) 
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•  No mapping under cloud cover 
 

•  Geometric considerations 
 

•  Noise considerations 

Limitations of MODIS Snow Data  



SMAP Freeze/Thaw Product 
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Detecting Freeze/Thaw State with Microwave Remote Sensing  
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Detecting Freeze/Thaw State with Microwave Remote Sensing 
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SMAP Freeze/Thaw 

•  Indicates whether the land 
surface is frozen or thawed 
(includes snow melt) 

•  Characteristics 
–  36km resolution 
–  Spatial repeat every 3 days 
–  Binary measurement indicating 

frozen or thawed 



Demonstration of JPL Snow Server 


