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Why snow? That depends….

http://waterdata.usgs.gov/ak/nwis/uv?site_no=15258000
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Lack of snowpack is
also a contributing 
factor for drought and 
wildfire. Communities
are affected by low
snow years in indirect
ways that have
economic and 
ecological impacts.



This story starts with a planning need!

Photos courtesy L. Sass, USGS Benchmark Glaciers Program

~2014-2016, Chugach National Forest conducted a 
vulnerability assessment of USFS and other lands in
Southcentral Alaska for purposes of informing revisions to
its Forest Plan. For recreation, landscape, and anadromous
fish purposes, snowpack was a key variable but at that
time only very coarse resolution projections
were available.

Hayward et al., Eds.



We used a statistical method relating decadal 
average snow fraction to decadal average monthly 

temperature.

Legates & Bogart (2009)

Slide: S. McAfee
McAfee, Walsh, and Rupp. 2013. STATISTICALLY DOWNSCALED PROJECTIONS OF SNOW/RAIN 
PARTITIONING FOR ALASKA.



Snow-day fraction to SWE 
• For each month and each 

decade, snowday fraction x 
precipitation gives an upper 
bound for snowfall water 
equivalent. 771m cells.

• Does not account for melt, re-
distribution, sublimation.

• Mid-century medium- to high-
impact focus, so A2 emissions 
and 2040s

• 30yr average (2030-2059)to 
decrease effect of any decadal 
variability on projections

• Five GCM composite and multi-
model bracketing to evaluate a 
range of scenarios
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1970-1999 average annual temperature, with state climate division rates 
of change compared to US average for 1970-2016.

This map shows the historical temperatures across Alaska (in blue). Numbers show
The rate of warming compared to the planet; 2.6 means 2.6 times the rate of US warming
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Alaska is warming on
average two times the 
global rate.

But some parts of Alaska 
are warming even 
faster than that.

The north slope, 
Western Alaska, and interior
are warming at over 

twice the US rate.
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2070-2099 projected change in annual average temperature 
compared to 1970-1999 for AK climate divisions. 5 climate 
model average, higher emissions. NCA4 Ch. 26, 2018.

Temperature changes by the late 21st century

Projected warming is 
greater than the 
historical variability by 
the 2050s.

For planning and 
adaptation purposes, 
however, the timing and 
magnitude of 
fundamental change in 
the cryosphere is key.

CMIP 5, RCP 8.5



Surface air temperature, 
2081-2100, RCP 4.5
Graphic modified from IPCC AR5

• Updated analysis from CMIP 3 to CMIP5 and 
Chugach to statewide.

• 5 CMIP5/AR5 GCMs (Walsh et al. 2018)

• Evaluation of historical representativeness using
SNOTEL and snowcourse stations

• Analysis windows: 2010-2039; 2040-2069; 2070-2099
Stakeholder discussions tend to center on the 2050s
(2040-2069) period.



Snow day fraction deltas:
grouped by historical

watershed mean annual temperature

Largest snow day fraction
decreases are in watersheds
near freezing (those 
watersheds with Tavg
within -5C of  0C).

Largest changes by month
are in early fall and late 
spring, but timing and 
concentration of effect
depend on historical snow
season.



Changes in snowfall water equivalent



ONDJFM SFE:P

Changes in snow vs. rain dominance of runoff



HUC12 watersheds in SE AK (AK 
climate
divisions 9-12) become much less 
snow
dominated overall. 

Many become transitional by the 
2050s 
even under moderate emissions.

Coastal and low elevation watersheds
become rain dominated by the 2080s 
under higher emissions.

This represents a potentially 
fundamental shift in the hydrology of
the region.



Some caveats and limitations

• Projections are based on snow fraction 
given temperature, and we assumed 
these are stationary in the future.

• Station data for modeling is almost all 
from <500m, so higher elevation 
relationships may or may not be 
different.

• PRISM, extreme coastal topography, 
and lapse rates

• Inherits uncertainties of global climate 
models: climate variability, model to 
model differences, and GHG forcing. 





The biggest caveat…..

L. Sass C. Hiemstra

Digital snow just ain’t
the same.

Especially at the pit scale.



Applications

• NPS Alaska Park 
Science publication –
qualitatively linking 
changes in snow to 
anadromous fish 
impacts and providing 
NPS unit analyses

• Summary products for 
six Alaska Native 
communities working 
on adaptation plans

Copper River region



Change in “reliable” snow months 
(monthly SDF > 0.7): ANTHC / BRT projects 
YK delta communities

5 model mean, RCP 8.5, 2040-2069



Some hopeful developments

• Dynamical downscaling 
grows and melts snowpack 
more physically defensible 
ways and provides finer 
scale than GCMs. But it too 
has biases.

• Snow science and remote
sensing are evolving rapidly.
Scaling from pit to pixel to
watershed may soon be 
better!



jlittell@usgs.gov



Data availability

http://ckan.snap.uaf.edu/dataset/historical-and-projected-decadal-
average-monthly-snowfall-equivalent-and-the-ratio-of-snowfall-

https://www.sciencebase.gov/catalog/item/5b0728
1ae4b0ac450c98b5bf

Littell et al. 2018: https://www.mdpi.com/2073-4441/10/5/668/pdf
Hayward et al. 2017: https://www.fs.fed.us/pnw/pubs/pnw_gtr950.pdf





April – Cook Inlet

1000 mb 750 mb

Slide: S. McAfee



What do we know about historical snow pack?

http://www.wcc.nrcs.usda.gov/

SNOTEL (NRCS) data = paired temperature, precipitation, snow water and depth, but 
only back to 1980 in the best cases, more often 1990s or even 2000s, and limited distribution.
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