What resolution snow model is necessary to simulate streamtlow timing and volume?
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Motivations

" Fine spatial resolution snow data are important for
capturing snowpack processes (e.g., wind redistribution
and avalanches) at ridge (100 to 1000 m) and slope scales
(1 to 100 M) (clark et al.,, 2011; Mott et al., 2018)

" Such datasets are not used for streamflow modeling;
River Forecasting Centers rely on lumped models with
limited elevation bands

Do fine-resolution snow datasets that resolve snowpack
processes improve modeled streamflow timing and
volume compared with coarse-resolution datasets?
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Figure 1. Tuolumne River Watershed with stream network used for
model runs.

Methods
= Distributed Hydrology Soil Vegetation

DHSVM SWE

Model (DHSVM) (Wigmosta et al., 1994; Wigmosta et al.,

2002)
 Used grid spacing of 50 m in Tuolumne

River, CA (Fig. 1) (currier et al., 2022)
 Topographic routing of streamflow
 Two layer (surface and snowpack)

mass- and energy-balance models

SNOW
* Forcing data from Dana Meadows

meteorological station (Lundquist et al., 2016)

" Directinsertion (DI) of SWE
e Airborne Snow Observatory (ASO)
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SWE data from near peak (April 16,

ASO SWE, resampled to 1 km

2016) at 50 m (Fig. 2)
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Results and conclusions
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Increased snow heterogeneity impacts the timing and magnitude of modeled streamflow
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Figure 4. Observed and modeled, including with direction insertion, streamflow.

Figure 5. Ratio of modeled streamflow with direction insertion of SWE at different grid spacings.
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Figure 6. Modeled basin mean SWE for different grid spacings (far left) and SWE maps from DHSVM on June 24 from 50 m, 1 km, and basin mean grid spacings.

Fine-resolution (50 m) SWE improved model performance and reduced magnitude of peak
compared with simulations that had a coarsened snowpack (Fig. 4)
Increased late-season flows from snow melting at high elevations in mid- to late June are capture
at 50-m and 1-km grid spacings but not in the basin mean (Fig. 4 and Fig. 5) since these areas are
snow free by early June (Fig. 6)
Cumulative ET from time of insertion to end of WY was 205 mm, 207 mm, and 216 mm for 50-m,
1-km, and basin-mean resolutions, respectively

Soil moisture in June and July was greater at high elevations with 50-m and 1-km insertions

37.95°N-
37.90°N-
37.85°N-
37.80°N-
37.75°N-
0
119.35°W  119.30°W  119.25°W  119.20°W

Figure 2. Observed SWE from Dana Meadows snow pillow and ASO flights (dotted
gray lines) with date of direct insertion (solid gray line)

Figure 3. DHSVM modeled SWE at 50 m (upper left), ASO SWE used for April 16 direct insertion into model at 50 m
(upper right), 1 km (lower left), and basin mean (lower right).
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Future work

Incorporate additional spatial resolutions between 50 m
and 1 km
Explore the impact that radiation variability has on
streamflow timing and magnitude
Repeat experiments during high and low snow years
Expand study area to Hetch Hetchy Reservoir in the

Tuolumne and to the Blue River Watershed in Colorado
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