Recent Snow Level Rise in the Northern
Sierra Nevada:

Proximal Causes and Potential
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Motivation: Abruptly changing mountain environments




Mt. Tom: January 2017/




Mt. Tom: January 2018




Northern Sierra Nevada study area
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Snow level radar: A novel method to
estimate height of snow-rain
transition (brightband) elevation

ESRL Physical Sciences Division
FMCW S-band Snow Level Radar
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Hourly snow level radar indicates recent
rise in snow levels during winter (DJF)
during past 10 years
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Different snow level radars in
good agreement for 2010-2017
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Question: Is the observed 10 year rise
green line) out of the ordinary?
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&

Median Snow Fraction

Incorporate more data to check:
COOP Network (1951-2017; daily)
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Strong correlation between 2003-2017 Chico snow levels and COOP snow fractions (R? =
0.75, p<0.01) - stations can provide good information about precipitation

Last 10 years (dashed black line) have steepest decline in snow fraction of any 10 year
period since 1951!
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s it all days or just wet days?
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* Wet day rate of warming greater than last 30 years and dry days (10 + 30 yr periods).
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Could it be related to SSTs?

* Single-point correlations
between COOP snow
fraction and DJF SSTs (Chang
et al. (2015)

* Black lines indicate
significant (p<0.05) negative
correlations

e Pattern similar to PDO/ARC
(DiLorenzo and Mantua
2016) which favors southerly
moisture transport
(Gershunov et al. 2017)

Hatchett et al. (2017)
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Plausible mechanism: Roles of atmospheric
rivers (ARs) and SST-favored warm/wet storms

c) Warm/wet events (n = 233)
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Atmospheric River Observatory at
Petaluma indicates that as precipitable
water increases, so does snow level

Hatchett et
al. (2017)
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Satellite-based reanalysis (MERRA) and
atmospheric river catalog indicates role of ARs
in high snow level (low snow fraction) storms
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Remarks

* Snow level radars agree well station observations of
snow fractions (inverse relationship)

* Abrupt rise in snow levels during past decade is
greatest 10-year rise since 1951

* Rise likely driven by wet days, not background warming

* Coastal/AR-region SST warming favors high snow levels
via zonal circulations transporting subtropical airmasses
(high precipitable water) into CA

* Important role of ARs and moisture flux in high snow
level storms
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Higher Snow
Levels =
More Frequent
“Warm” Snow
Droughts

Warm snow
drought:
Above average
precip, below
average SWE

Harpold et al. (2017)
Hatchett and McEvoy
(2018)
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WY2018 Example
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Mid-winter Runoff Peaks And Warm Snow Droughts
(N. Fork American River )
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Thanks!

' h'ja_r_'n'i_n.Hatchett@dri.edu

ope Valley Drive-By
January 8 2017
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