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SNow as a water resource

One-sixth of the global
population relies on seasonal
snowpack and glacier-derived
runoff as a primary water
resource (Barnett et al., 2005)

Value of snow estimated in
trillions of dollars (sturm et al., 2017)

The seasonal snowpack
accumulation and ablation cycle |
delays the timing of water 10 20 3 40 5 60 70 80 90
availa bl|lty (Stewart et al., 2004; 2005) (Qin et al., 2020)

Snowmelt runoff ratio (%)




Snow as an integral part of northeastern USA hydrology

The seasonal snowpack
accumulation and ablation cycle
delays the timing of water
availability (stewart et al., 2004; 2005)

Climate change is altering the
snow season, resulting in a
phase change (choetal, 2021)
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Snow as an integral part of northeastern USA hydrology
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Unknown changes and
hydrologic implications

Snowpack trends and relations have
only been recently explored in the
northeast, in part due to scarce
observations
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Variability in daily snow depth at Mount Mansfield snow stake (1965-present)
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Variability in daily snow depth at Mount Mansfield snow stake (1965-present)
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Variability in daily snow depth at Mount Mansfield snow stake (1965-present)
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Shorter snow season, later snow onset, earlier snow off, more rain-on-snow
(Hale et al., 2025, Hydrological Processes)
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Shorter snow season, later snow onset, earlier snow off, more rain-on-snow
(Hale et al., 2025, Hydrological Processes)
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Shorter snow season, later snow onset, earlier snow off, more rain-on-snow
(Hale et al., 2025, Hydrological Processes)
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Shorter snow season, later snow onset, earlier snow off, more rain-on-snow
(Hale et al., 2025, Hydrological Processes)

230 60
@ Slope = -0.34 days/year, Slope = 0.20 days/year,
o ~19.5 days/57 years ~11.5 days/57 years
T.215 %45
= o)
S >
3 =
= 200 830
2 5
U.) e
>
=
5,185 w15 —
c
et
1701 trend line = p-value < 0.05 0
1965 1980 1995 2010 2022 1965 1980 1995 2010 2022
260
16
Slope = -0.14 days/year, %
> ~
< o 8 days/57 years %
z 812
8 (a4
5 g
a &
8 :
o =
3230 S 4
& G
H*
220 0 ROS events

1965 1980 1995 2010 2022 1965 1980 1995 2010 2022



Ranch Brook Watershed
9.6 km2, 295 m—1166 m
USGS gage #04288230




Increases in winter runoff, related to rain-on-snow, driving
increased annual runoff ratios
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Increases in winter runoff, related to rain-on-snow, driving
increased annual runoff ratios
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Increases in winter runoff, related to rain-on-snow, driving
increased annual runoff ratios
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Increases in winter runoff, related to rain-on-snow, driving
increased annual runoff ratios
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Increases in winter runoff, related to rain-on-snow, driving
increased annual runoff ratios
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Years with more winter runoff are warmer and experience less
snowfall but efficiently partitioning SWI to runoff in winter months
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Years with more winter runoff are warmer and experience less
snowfall
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Years with more winter runoff are warmer and experience less
snowfall
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Downstream implications:

Increases in winter season Lake Champlain levels, explained in part by winter runoff generation

Spring evapotranspiration, vegetation green-up, summer chlorophyll-a concentrations, and forest tree growth (Czikowsky
and Fitzjarrald, 2004; Hrycik et al., 2021; Khodaee et al., 2022; Reinmann et al., 2019)

“February flow” often used as a metric by water managers (Gong et al., 2010)
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CRREL

The Universty of Vermont

Thank you.
Questions?

kate.hale@ubc.ca
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