Spatial variations in snowpack density in SnowEx:
Measurements and models
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Many

temporal scale  daily-
hourly

monthly-
weekly

approaches for measuring snow depth...
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spatial scale

...but all require snow density to get at SWE.



How well do we know
bulk snow density?
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When we measure
density in snow pits,

. /uncertainty is
[ 75-10% due to:

e cutter type
e variable crusts
e shrubs/deadfall
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ch et al. [2016]
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. Field campaigns show greater variability in show depth...
... but snow density variations are not negligible .
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Snow Density (kg/m?)

Differences between modeled and observed
density usually on the order of 0.05 g cm™3.
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“Which model should | choose to simulate density?”
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Does ~0.05 g cm3 density uncertainty matter to SWE?

Yes, for lidar retrievals with snow depth unc. < 10 cm
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Lidar-based retrievals of peak SWE are limited by
density uncertainty in areas with deeper snow

Dominant source of
Uncertainty in peak SWE: \

. Snow density (model selection uncertainty) 7

. Snow depth (lidar measurement uncertainty) 60 cm critical snow depth



Can we reduce the snow density uncertainty by constraining
to snow pit observations?

How does this advance knowledge of processes influencing density?

Are these corrections transferable to other basins?

Are the density observations representative of the entire basin?



How many snow pits are needed to measure basin density?
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Multi-model snow density mapping:

(1) determine where to sample
(2) quantify basin-wide density uncertainty

Strategy




Our vision: targeted strategy for evaluating show models
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Example: 10m modeled density at Senator Beck

Mid-February
Alpine-3d __ | Sturm Model Jonas Model

Late February (after snow storm)
Alpine-3d Sturm Model Jonas Model
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Bulk density (g cm™)




Maps of density uncertainty can inform snow pit selection

Late February

squares = snow pit locations in 2017 SnowEx
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Summary and Ongoing Work

e Setup SUMMA modular model
* |ncorporate landscape and safety dimensions

* Apply concept over Grand Mesa and Senator Beck to
retroactively evaluate 2017 snow pit locations

 Develop near real-time framework to support site
selection in future SnowEx field campaigns

e Contribute to site selection in future SnowEx or ASO-
like campaigns
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