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• PRODUCTS
• Hourly and Daily
• 1 km2 Resolution

• INTERNET
• Interactive Maps
• 3D Visualization

• e.g. Google Earth
• Time-series loops
• National/Regional 

Discussions
• Text summaries  

by watershed
• Point Queries

• DIRECT FEED
• Push or Pull
• Gridded Data
• Flat Binary or 

GIS-ready
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National Snow Analyses (NSA)

Ground

Airborne

Satellite

Multi-sensor    
Snow Observations

• National Weather Service
– First-order Stations
– Cooperatives 

• Federal and State Agencies
– NRCS SNOTEL and Snow Courses
– USACE New England District Snow Surveys
– Federal Aviation Administration
– California Dept. of Water Resources

• Regional Mesonets and Surveys
– State Mesonets
– CoCoRAHS
– MesoWest (150 smaller mesonets)

• International Agencies
– St. John River Basin
– Environment Canada
– BC Hydro

16,000 Snow Reporting Stations
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Ground Observations
All Reporting Stations

Snow Water Equivalent

All Snow Observations
Typical Day: 3500 Observations   

from 16,000 stations

Typical Day: 850 Observations 
from 3,000 stations

In 2012 NOHRSC received 6,370,790 
SWE observations and 8,234,088 Snow 

Depth observations  
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• NOHRSC started ingesting CoCoRaHS data in 2006
• Since 2006 the number of SWE stations has increase 

from ~4000 to more than ~8000 stations. 
• The total contribution of SWE reporting stations from 

CoCoRaHS has increased from 18% to 51% !

11%
6%

32%

51%

Unique SWE Stations 2011-2012

SNOTEL

GAMMA

OTHER

COCORAHS

Snow Water Equivalent Stations
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National Snow Analyses (NSA)

Ground

Airborne

Satellite

Multi-sensor    
Snow Observations

• Snow Water Equivalent Measurement
– Attenuation of natural terrestrial gamma 

radiation by water in snow

NWS Airborne Snow Survey Program
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National Snow Analyses (NSA)

Ground

Airborne

Satellite

Multi-sensor    
Snow Observations

Airborne Snow Survey Program Flight Line Network

295 Flight Lines
Added 104 lines Summer of 2006

2,291 Flight Lines
31 States, 8 Provinces

• Integrated SWE over ~5-10 
km2 (robust mean)

• Sample over elevation range

• Upper SWE limit ~ 1 m
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25 km long by 0.3 km wide
(7.5 km2 area)

Typical Flight Line
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Airborne measurements integrate 
shallow and deep snow packs.
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Potassium, Uranium, and Thorium

Atmospheric        
Radon

Cosmic Radiation

no snow

Natural Terrestrial Gamma Radiation
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Potassium, Uranium, and Thorium

Pure, uncollided gamma 
radiation

Radiation absorbed by water mass in snow pack

snow 
cover 

conditions

Natural Terrestrial Gamma Radiation
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Ground ice 5-10 cm thick is hydrologically important and 
observed as snow water equivalent.



www.nohrsc.noaa.gov

Airborne Flight Line Network
Late – season, high 

elevation snow pack.

Low elevation, broad regions

NRCS SNOTEL Sites 
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National Snow Analyses (NSA)
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Feb 9 2004 - NOHRSC

Binary Snow Cover
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National Snow Analyses (NSA)

Ground

Airborne

Satellite

Multi-sensor    
Snow Observations

Feb 9 2004 - NOHRSC

EOS Terra
MODIS

Sierra Nevada, Mar 7 2004

Fractional Snow Cover

MODSCAG Algorithm, images courtesy of T. Painter, U. Utah

0.0

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

SCAfrac = 0.5

1 km
1 

km



www.nohrsc.noaa.gov

National Snow Analyses (NSA)

Ground

Airborne

Satellite

Multi-sensor    
Snow Observations

Data Products

Interactive 
Maps

Time Series 
Plots

Text 
Discussions

Snow Information 
Products

Snow Modeling and 
Data Assimilation

Numerical Weather 
Prediction Model 

Forcings

Gridded Snow 
Characteristics

U.S.

1-km2

Hourly



www.nohrsc.noaa.gov

NOHRSC Snow Model Physics
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NSA Product
Generation

Interactive Maps
Digital Data
Discussions

Temperature
Relative Humidity

Wind Speed
Solar Radiation

Atmos. Radiation
Precipitation

Precipitation Type

Hourly Input
Numerical Weather 

Models (1 km)

Soils Properties
Land Use/Cover

Forest Properties

GIS Data (1 km)

Snow Energy and Mass 
Balance Model

Blowing Snow Model

Radiative Transfer Model

State Variables for
Multiple Vertical

Snow & Soil Layers
Snow Water Equivalent

Snow Depth
Snow Temperature

Liquid Water Content
Snow Sublimation

Snow Melt

Snow Modeling Framework

1

1

Data Assimilation
2

3

Snow 
Observations

Snow Water 
Equivalent

Snow Depth

Snow Cover
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Daily SWE, Snow Depth and Snow Cover Observations
are used to update the model 

If pattern of differences is explainable, an update field is generated and 
used to nudge the model toward observed states

• Uncertainties in driving data
– RUC2 precipitation under/over estimation
– Typing issue; rain/ snow
– Placement of storm track 

• Uncertainties due to model physics
– Melt problems due to temperature bias 
– Sublimation rates

Snow Observation Assimilation
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Assimilation Example
Following a November 30 2006 Storm
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Satellite-Derived Fractional Snow Cover
December 2, 2006

Assimilation Example



www.nohrsc.noaa.govwww.nohrsc.noaa.gov



www.nohrsc.noaa.govwww.nohrsc.noaa.gov



www.nohrsc.noaa.govwww.nohrsc.noaa.gov



www.nohrsc.noaa.gov



www.nohrsc.noaa.gov



www.nohrsc.noaa.gov



www.nohrsc.noaa.gov

24 hour Total Melt
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48 hour Total Melt
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72 hour Total Melt
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Forecasted Snow Precipitation
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Physical Element Map Options
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• Forecast products  are now operational from 24 to 72 hours

• Adding basin average SHEF products, including forecasts.

– We are now generating 6 hourly products per RFC request.

– These are available over AWIPS or web

• Accumulated Melt Grids and SHEF products.

• Additional Snow Data ingestion to support assimilation in 
Southern Canada including portions of Quebec, The Great Lakes 
Drainage, The Souris, and the Red River Valley. 

Recent Additions

52
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RFC Forecast Support
• Comparative analyses of National Snow Analyses (1-km gridded) vs. RFC 

snow model states (lumped basin or sub-basin)
• Weekly teleconferences with RFC forecasters
• Objective is to understand differences and adjust forecast processes as 

needed
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