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Where is the Crown of the 
Continent?

• Headwaters to three of 
North America’s major 
river systems.

• High-elevation terrain that 
supplies snowmelt to 
downstream ecosystems.
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Project Motivation
• Understand how changing 

snowpack processes 
impact water resources 
and infrastructure for 
downstream communities. 

• Snowmelt rate and timing.
• Rain-on-snow events.
• Avalanches.
• Drought 

• Contextualize point 
measurements in space 
and time.

Image: Daily Interlake Image: NPS
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Project 
Partners

Blackfeet Nation

Confederated Salish and Kootenai Tribes

Blackfeet Community College

Salish Kootenai College

MT Department of Natural Resources & 
Conservation

National Park Service (Glacier National Park)
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SnowModel schematic showing model inputs, processing modules, and outputs. Source: Glen Liston

Approach: SnowModel
• Numerical snow simulation 

(Liston and Elder, 2006a).
• Estimates snow water 

equivalent over the landscape 
and through time.

• Relevant processes divided 
into four modules:

• MicroMet: Distributes driving 
meteorology (Liston and Elder 
2006b).

• EnBal: Simulates the surface 
energy balance (Liston, 1995; 
Liston et al., 1999).

• SnowPack: Simulates snow 
accumulation and melt (Liston 
and Hall, 1995).

• SnowTran: Simulates blowing 
snow and sublimation (Liston et 
al., 2007).
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SnowModel: Simulation 
Domains
• Two simulation domains.

• Large: 90 m horizontal resolution 
• Small: 30 m horizontal resolution

• Large domain:
• Upper Flathead River
• Confederated Salish and Kootenai 

Reservation
• Blackfeet Reservation

• Small domain:
• Focused on Glacier National Park and 

surrounding watersheds
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SnowModel: Topography and Land Cover Inputs
• Topography data 

from USGS (Gesch et 
al., 2018).

• 30 m data resampled 
to 90 m for the 
larger domain.

• Land cover from the 
2010 North America 
Land Change 
Monitoring Service 
(CEC, 2020).

• Resampled and 
recoded to 
SnowModel land 
cover types.
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SnowModel: Driving Meteorology
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• CONUS 404 Reanalysis Dataset 
(Rasmussen et al., 2023).

• 4 km hourly meteorology for the 
contiguous United States and vicinity:

• 3-hourly variables used:
• Air temperature
• Precipitation
• Relative humidity
• Wind speed
• Wind direction



Evaluation: SNOTEL Stations
• SnowModel 

evaluated against 
21 SNOTEL sites.

• Median SWE 
RMSE was 15 cm.

• Median SWE 
Pearson’s R was 
0.87.

• There is quite a 
lot of spatial 
variability in 
RMSE and 
Pearson’s R.
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Results: Variability across the domain
• Patterns between 

cumulative April 1 
SWE resources 
and SNOTEL 
match.

• SnowModel 
captures the 
whole domain 
while SNOTEL are 
point samples 
over the domain.
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Results: SNOTEL Sites Trends

• Mann-Kendal Regional Trend Test shows no trend in April 1 SWE observations 
and simulated values at SNOTEL sites.

• SnowModel values are uniformly less than SNOTEL sites.
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Results: SnowModel vs SNOTEL Sites
• There is a 

persistent low-bias 
in the simulated  
April 1 SWE and 
peak SWE.

• High correlation 
and negative bias 
suggest temporal 
pattern matches 
observations, but 
simulated values 
need bias 
correction.
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Results: SnowModel 
April 1 Trend
• MK regional trend test 

conducted on 4x4 windows 
of simulated April 1 SWE.

• Similar to simulated April 1 
values at SNOTEL sites 
there appears to be a very 
modest positive trend, 
particularly in the high-
elevation portions of the 
domain.
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Data Access:

• 90 m USGS Data Release: https://doi.org/10.5066/P9TB1F2M [just released!]
• 30 m USGS Data Release: https://doi.org/10.5066/P9N5LP2H [in review]
• Collections of netCDF files:

• Daily data for 15 SnowModel variables
• Monthly summaries [90 m data only]
• Annual peak SWE summary [90 m data only]

• Shapefiles:
• HUC12 monthly watershed summaries [90 m data only]

• ~1.7 TB dataset in total. Preliminary Information-Subject to 
Revision. Not for Citation or Distribution.

https://doi.org/10.5066/P9TB1F2M
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Conclusions
• 30 m and 90 m snow climatology data generated for the Crown of the 

Continent.
• There was good temporal correspondence between SnowModel and 

SNOTEL (median R = 0.87).
• RMSE was spatially variable (0.06 cm – 0.46 cm; median = 15 cm)

• There appears to be a dry bias in simulated SWE compared to SNOTEL 
observations.

• Lack of strong temporal trends matches between SNOTEL observations and 
SnowModel.

• Spatially, positive temporal trends are slightly stronger in high-elevation 
portions of the domain.

• These data have been used for a MS project at Salish Kootenai College.
• Glacier National Park is interested in the data for ecology studies and road 

maintenance.
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Questions?

Image: USGS
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