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Motivation:

Marshall, A. M., J. T. Abatzoglou, T. E. Link, and C. Tennant. 2019. 

Projected changes in interannual variability of peak snowpack amount and 

timing in the western United States.  Geophysical Research Letters, 46(15), 

8882-8892. https://doi.org/10.1029/2019GL083770.
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Other Consequences 
of Snow Drought

• Example: North Cascades, WA
• 2026 warm snow drought
• <10th percentile peak SWE
• Early drying of large fuels
• Snow was still 50-60% median 

peak SWE
• Low snow, but not no snow.

Coxit Mountain East INARCH Watershed



Point Scale:
One Definition of 
“(Effectively) No Snow”

“…peak SWE conditions within 
the lowest 10th percentile”.
 - Siirila-Woodburn et al., 2021



The Concern:
“(Effectively) no snow”
…assumes locations have 
effectively no snow at lowest 
10% of years
Does not match colloquial or 
scientific understandings of 
”(effectively) no snow”
Correspondence Intention:
Correct fallacious definition



SNOTEL and CADWR 
Observations

≥ 30 years

• Interior Mountains:
Lower historical range 
of variability
• Cooler
• Lower interannual 

winter precipitation 
variability

Marshall, A. M., & Link, T. E. (2026). The challenge of defining 

effectively no snow. Nature Reviews Earth & Environment, 0. 

https://doi.org/10.1038/s43017-026-00819-6



SNOTEL and CADWR 
Observations

≥ 30 years
Across western US:
10th percentile median peak SWE

• Mean: 30 ± 20 cm (StDev)

• 64 ± 20% median peak SWE 

Depth ≈ 30cm/~0.4 ≈ 75 cm

Depth ≈ 50cm/~0.4 ≈ 125 cm

Mean ≈ 2.5 ft; Upper SD ≈ >4 ft 



Return Interval of 
(Effectively) No Snow:

If definition is based on 
<10% median peak SWE



Summary: “Effectively No Snow”
At Point Scales…

• Lowest 10th percentile definition is 
appropriate specifically for:
• WUS: California, Oregon, and SW 

Mountains
• Warm, high variability snowpacks

• Definition is not appropriate for:
• WUS: Rocky Mountain and intermountain 

regions
• Cooler, low variability snowpacks

“Effectively no snow” should probably 
be based on % of median SWE



Summary: “Low Snow”
At Point Scales…

• Captured by lowest 10th and 30th 
percentiles (Siirila-Woodburn et al., 2021)

• Good reference within the historical 
range of variability (HRV)

• “Effectively no snow” should be 
based on % of median SWE
• Water resources projections are based 

on % median peak SWE                         →

May 14, 2026



Large Scales: 10th Percentile Peak SWE and Drought
Moderate (d1) and Severe (d2) 

Siirila-Woodburn, E. R., Hatchett, B. J., & Rhoades, A. M. 

(2026). Reply to ‘The challenge of defining 

effectively no snow’. Nature Reviews Earth & Environment, 

0. https://doi.org/10.1038/s43017-026-00826-7

• 10th Percentile is a 
useful metric for low 
snow

• Large basins: Lots of 
lower elevation 
contributing area

• Small basins: Still 
useful?



Mountain Hydrology Process Complexity



Questions and Challenges

Reynolds Mountain East Watershed

When Does a Watershed Transition to Effectively 
No Snow?

• Can a <10th percentile observation have 
meaningful water resources?

• Can a <10th percentile observation with higher 
SWE be effectively no snow?

Depends on specific questions, watersheds, and 
observations

• Probably unique to every watershed!

Possible INARCH Contributions:
• Observational strategies to monitor hydrological 

regime transitions ahead
• Modeling approaches to help predict critical 

regimes changes



In Summary:
• 10th percentile of peak SWE should not 

be used to define “effectively no snow”
• 64% median peak SWE across western US

• Percent of median peak SWE more 
appropriate

• “Effectively no snow” threshold will 
vary by watershed
•  Uses (e.g. agriculture, hydropower)
• Interdisciplinary problem to address

• Addressing process uncertainty is key
• Peak SWE Percentile and

Percent of Peak SWE confusing!

Siirila-Woodburn et al., 2021



Words of Wisdom…





Thank You!
Questions?
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