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EXTENDED ABSTRACT
Forests modify snow processes and affect snow water storage as well as snow disappearance timing.
However, forest influences on snow accumulation and ablation vary with climate and topography, and are therefore
subject to substantial temporal and spatial variability. Prediction of where and how forest cover will accelerate
versus delay snow disappearance timing has valuable forest management applications, particularly in regions of
extensive forest cover and intensive timber harvest such as the Pacific Northwest (PNW), USA. However, an
improved understanding of how different forest-snow processes combine to contribute to snow disappearance timing
is needed before applying empirical models (Varhola et al., 2010; Lundquist et al., 2013), or physically-based
hydrologic models (Ellis et al., 2013; Du et al., 2016) to management practices. We therefore utilize multiple years
of snow observations from across the PNW to assess forest-snow interactions in the relatively warm winter
conditions characteristic of maritime and transitional maritime-continental climates (Figure 1). We (1) quantify the
difference in snow magnitude and disappearance timing between forests and open areas and (2) assess how forest
modifications of snow accumulation and ablation combine to determine whether snow disappears later in the forest
or in the open.
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Figure 1. (a) Map of the PNW, showing average December-January-February (DJF) temperature from PRISM
Climate Group (2012) and field locations and aerial photographs showing forested and open areas from
representative snow observation sites. Approximate locations of snow depth transects are shown as green (forest)
and blue (open) lines, with the length of the forest transect that is visible in the photograph indicated in green type.
Approximate point observation locations are shown as green and blue dots. Photographs courtesy of Google Earth
Imagery, © 2016 Google, with the following additional data sources: (b, c, d) Landsat and (e) Landsat, LDEOColumbia, NSF, and NOAA.

Figure 2. (a) Differential snow disappearance timing (∆SDD) and (b) the ratio of peak snow depth in the
open to the forest versus 4 km DJF average air temperature for the year of snow observations at each site. An outlier
∆SDD value of 96 days observed at Olallie has been removed from (a) for readability.
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We find that snow disappearance timing at 12 (out of 14) sites ranges from synchronous in the forest and
open, to snow persisting 0-4 weeks longer in the open (Figure 2a). However, at two windy sites (hourly average
wind speeds ranging up to 8 and 17 m/s) differential snow disappearance timing is reversed: snow persists 2-5
weeks longer in the forest. The ratio of peak snow accumulation in the open to the forest at the Washington (WA)
and Oregon (OR) sites is consistently high, ranging from 1.4 to 3.5 at all sites except Hogg Pass, OR, with a median
ratio of 2.2 (Figure 2b). Ratios at Hogg Pass are below 1 (i.e., more snow in the forest than in the open). There are
fewer data points for the colder sites in Idaho (ID), but the ratio ranges from 0.9 to 2.9 with a median of 1.9.
Analysis of daily snow depth observations indicates higher rates of snow gain and snow loss in the open as
compared to the forest (Figure 3). This result is consistent with previous synthesis work by Varhola et al.( 2010) on
the relation between forest presence and snow accumulation and ablation. However, when snow is present at both
the open and the forest, there is more difference between open and forest sites in cumulative gain than in cumulative
loss. Using gain and loss as a proxy for accumulation and ablation, the difference between accumulation rates up to
the day when snow first disappears (i.e., the vertical dashed lines in Figure 3) is larger between the open and forest
than the difference between ablation rates between the open and forest. Thus, canopy snow interception and
subsequent loss, rather than ablation, sets up longer snow duration in the open at the majority of the sites. Reduced
accumulation within the forest establishes the direction of differential snow disappearance timing, in that snow
disappearance timing will range from synchronous to snow lasting longer in the open (Figure 2a). Even though
cumulative loss in the open is consistently higher than in the forest, diminished rates of loss in the forest are not
sufficient to balance out the diminished snow accumulation.

Figure 3. Examples of cumulative gain and loss analysis from three sites, including (a-c) time series of snow depth
in the open (blue) and forest (green), and (d-f) time series of cumulative gain and loss. Temporal bounds on analysis
are indicated as vertical black lines and the timing of peak snow magnitude indicated as a vertical red line. Analysis
for Water Year (WY) 2013 at (d) Cedar River and (e) McKenzie Mid, where the difference in cumulative gain is
larger than the difference in cumulative loss at both peak snow and first SDD, is typical of all the sites and years
analyzed, with the exception of (f) Hogg Pass in WY 2014.
At the windy sites, such as Hogg Pass, OR, the peak snow ratio is close to 1, and accumulation rates in the
forest and open are similar (Figures 2b and 3f). This suggests that accumulation processes that differ from the
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majority of sites drive the longer snow retention in the forest, rather than greatly enhanced ablation rates in the open.
We speculate that the equivalent accumulation in the forest and open at this site is driven by preferential snow
deposition (and thus accumulation) in the forest due to the transition to slower wind speeds (Hiemstra et al., 2002;
Geddes et al., 2005) and possibly from the contribution of canopy-intercepted snow to the under-canopy snowpack
due to wind unloading (Roesch et al., 2001). Redistribution of snow from the open to forested area after a storm
event ends is less likely due to relatively warm winter temperatures that support high snow cohesion (Li and
Pomeroy, 1997). Therefore, longer snow retention in the forest at the sites with high observed wind speeds appears
to be controlled by preferential snow deposition. While ablation rates are higher in the open, the difference between
ablation rates in the forest and open is approximately equivalent to the difference at less-windy sites.
These observations provide evidence that forest modification of snow accumulation processes is the
dominant factor in determining differential snow disappearance timing between forested and open areas in the PNW.
Improved quantification of forest effects on snow accumulation processes is needed to predict the effect of forest
canopy change via harvest or natural disturbance on snow water resources. (KEYWORDS: snow; forest; canopy
interception; wind)
ACKNOWLEDGEMENTS
Primary support for this project was provided by the Department of the Interior Northwest Climate Science
Center (NW CSC) through Cooperative Agreement GS297A from the United States Geological Survey (USGS).
REFERENCES
Du, E., T.E. Link, L.Wei, and J.D. Marshall. 2016. Evaluating hydrologic effects of spatial and temporal patterns
of forest canopy change using numerical modelling. Hydrological Processes 30 (2): 217–231 DOI:
10.1002/hyp.10591
Ellis, C.R., J.W. Pomeroy, and T.E. Link. 2013. Modeling increases in snowmelt yield and desynchronization
resulting from forest gap-thinning treatments in a northern mountain headwater basin. Water Resources Research 49
(2): 936–949 DOI: 10.1002/wrcr.20089
Geddes, C.A., D.G. Brown, and D.B. Fagre. 2005. Topography and vegetation as predictors of snow water
equivalent across the alpine treeline ecotone at Lee Ridge, Glacier National Park, Montana, U.S.A. Arctic, Antarctic,
and Alpine Research 37 (2): 197–205 DOI: 10.1657/1523-0430(2005)037[0197:TAVAPO]2.0.CO;2
Hiemstra, C.A., G.E. Liston, W.A. Reiners, and A. Christopher. 2002. Redistribution and Interactions with
Vegetation at Upper by Wind in the Medicine Treeline Bow U.S.A. Mountains, Wyoming. Arctic, Antarctic, and
Alpine Research 34: 262–273
Li, L., and J.W. Pomeroy. 1997. Estimates of threshold wind speeds for snow transport using meteorological data.
Journal of Applied Meteorology 36 (3): 205–213 DOI: 10.1175/1520-0450(1997)036<0205:EOTWSF>2.0.CO;2
Lundquist, J.D., S.E. Dickerson-Lange, J.A. Lutz, and N.C. Cristea. 2013. Lower forest density enhances snow
retention in regions with warmer winters: A global framework developed from plot-scale observations and
modeling. Water Resources Research 49 (10): 6356–6370 DOI: 10.1002/wrcr.20504
PRISM Climate Group. 2012. PRISM Climate Group. Oregon State University
Roesch, A, M. Wild, H. Gilgen, and A. Ohmura . 2001. A new snow cover fraction parametrization for the
ECHAM4 GCM. Climate Dynamics 17 (12): 933–946 DOI: 10.1007/s003820100153
Varhola, A., N.C. Coops, M. Weiler, and R.D. Moore. 2010. Forest canopy effects on snow accumulation and
ablation: An integrative review of empirical results. Journal of Hydrology 392 (3-4): 219–233 DOI:
10.1016/j.jhydrol.2010.08.009

48

