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Abstract:

Many factors influence snow depth, water content and duration in forest ecosystems. The effects of forest cover and canopy gap
geometry on snow accumulation has been well documented in coniferous forests of western North America and other regions;
however, few studies have evaluated these effects on snowpack dynamics in mixed deciduous forests of the northeastern USA.
We measured snow depth and water equivalent near the time of peak snowpack accumulation and, again, during snowmelt to
better understand the effect of forests on snowpack properties in the northeastern USA. Surveys occurred in openings and under
the forest canopy at plots with different characteristics (e.g. aspect, elevation, forest composition) within the Hubbard Brook
Experimental Forest in New Hampshire, USA. Snow water equivalent (SWE) was significantly greater in openings ( p= 0.021)
than in forests on north-facing plots but not on south-facing plots ( p= 0.318) in early March 2009. One month later, SWE was
more variable but remained greater in openings on north-facing plots ( p= 0.067), whereas SWE was greater ( p= 0.071) under
forests than in clearings on south-facing plots, where snowmelt had sufficiently progressed. During peak accumulation, SWE
decreased with increasing conifer cover on north-facing plots. During the snowmelt period, SWE on south-facing plots decreased
with increasing basal area, sky view factor and diameter at breast height of trees on the plots. These results have implications for
spring streamflow and soil moisture in the face of changing climate conditions and land use pressures in the forests of northern
New England. Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

Forests can have substantial influences on snow
accumulation and melt through the interception of snow
on foliage and branches and alterations to various
components of the snowpack energy balance (Dewalle
and Rango, 2008). Previous studies of forest–snow
interactions and comparisons of snowpack properties to
nearby forest clearings have shown that gap size strongly
influences both radiation dynamics and turbulence, such
that differences in snow depth or water equivalent
between nearby forested and cleared areas depends on
gap size (Varhola et al., 2010b). Golding and Swanson
(1986), working in Alberta, Canada, showed that snow
accumulation was greatest in clearings of between two
and three tree heights in diameter, with larger openings
experiencing wind scour and snow depletion relative to
surrounding forests and smaller openings influenced by
interception of the surrounding forests. Maximum snow
accumulation occurred in clearings of five tree heights in
diameter in a Colorado study (Troendle and Leaf, 1980)
and four tree heights in a Sierra Nevada, California study
(Anderson and West, 1965), but other studies have
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shown little influence of gap size in settings where local
(i.e. small scale) wind dynamics and aspect appear to exert
more dominant controls on snow accumulation and melt
(Berndt, 1965; Pomeroy et al., 1997). A recent study by
Lawler and Link (2011) elucidates the important spatial
and temporal controls on all-wave radiation and melt
dynamics across a range of forest gap sizes in a high
latitude setting, pointing to the complex interactions
between canopy shading and gap size across the snow
melt season. Recent studies have also shown considerable
promise in relating snowpack variability to forest properties
that can be derived from ground-based instruments, such as
hemispherical photography (Essery et al., 2008; Lopez-
Moreno and Latron, 2008) and airborne laser scanning
(LIDAR) (Varhola et al., 2010a).
Numerous studies in evergreen coniferous forests

demonstrate important differences in snow accumulation
and melt between forested and open areas (Berris and
Harr, 1987; Gary, 1974; Golding and Swanson, 1986;
Haupt, 1951; Marks et al., 1998; Stegman, 1996; Winkler
et al., 2005) and show that the removal of forests can alter
streamflow during snowmelt or rain-on-snow events
(Harr, 1986; Troendle and King, 1985). Importantly, studies
in evergreen forests highlight the influence of canopy
characteristics, including leaf area index, canopy density
and tree canopy structure (Musselman et al., 2008; Pomeroy
et al., 2002; Veatch et al., 2009), and canopy gap size
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(Golding and Swanson, 1986) on snow dynamics. A recent
meta-analysis of 33 snow studies drawn from 65 sites,
primarily within evergreen forests of western North
American and Europe shows a clear reduction in both snow
accumulation and snow melt with increasing forest cover,
with fully (i.e. 100%) forested areas experiencing 50% less
snow accumulation, on average, than open areas (Varhola
et al., 2010b).
Fewer studies have examined the role of the mixed

deciduous, evergreen forests of eastern North America on
snowpack dynamics. Notable exceptions include early
work in northern New England documenting differences
in snow depth and water equivalent between forested
areas and clearings. Sartz and Trimble (1956), working at
the Bartlett Experimental Forest in northern New
Hampshire, found that snow depth was greater in cleared
areas than in adjacent forested areas, but snow density
was greater under forested stands, resulting in little
difference in snow water equivalent between stands of
hardwood forests and clearings. A study in northwestern
New Hampshire found approximately 20% lower snow
water content under red and white pine stands than in
hardwood stands or cleared areas (Hart, 1963). Working
in northern Michigan, Urie (1966) showed that plots
within dense (crown densities exceeding 80%) pine
forests contained 30% less water equivalent in the
snowpack than plots within deciduous forests over two
measured winters. Hendrick et al. (1971) showed that
conifer forests at the Sleepers River watershed in
northeastern Vermont held 30% more water in the
snowpack on a south-facing site and more than 50%
more snow water on a north-facing site, and snow
depletion rates for open sites exceeded conifer forests
sites by days to more than a week. More recently, a study
in the Turkey Lakes Watershed in southeastern Canada
documented lower snow water equivalents in mature
hardwood forests than in adjacent cleared areas, but these
differences were only statistically significant for one of
2 years studied and only on some slope positions, findings
the authors attributed to a mid-season melt during their
first year of study and the likely redistribution of snow by
wind on north-facing slopes (Murray and Buttle, 2003).
Collectively, these studies suggest than the less-studied
forests of northeastern North America can have detectable
impacts on snow cover, particularly within the mixed
deciduous, evergreen stands that occur at higher elevations
and on north-facing slopes across this region. Authors of
these studies also point to the importance of forest–snow
interactions on runoff processes, with references to the
implications for mitigating soil frost and associated rapid
runoff (Hart, 1963), sustaining ground water recharge
(Urie, 1966) and water supplies (Sartz and Trimble,
1956), and regulating biogeochemical fluxes (Murray
and Buttle, 2003).
Our interest in studying forest influences on snowpack

properties stems from a desire to understand and predict
the effects of changing forest cover in the mixed forests of
the northeastern USA on hydrological processes and the
maintenance of high-quality water supplies. Several recent
Copyright © 2012 John Wiley & Sons, Ltd.
reports point to rapid rates of change in forests of the
northeastern USA, where dense populations in proximity
to forests and increasing pressures in the form of housing
development and biofuel production have the potential to
alter forest structure and influence stream flow and water
quality (BERC, 2007; Foster et al., 2010; NRC, 2008;
Stein et al., 2005). In this context, we initiated a study to
examine forest influences on snowpack properties in the
mixed deciduous, evergreen forests of New Hampshire.
Our objective was to determine whether measureable
differences exist in snowpack properties between forested
and cleared areas across an elevation and aspect gradient.
We aimed to place our results within a broader geographic
context by comparing them to previous studies, adding to
the data comparison published by Lundberg et al. (2004).
METHODS

Study area

The study was conducted at the Hubbard Brook
Experimental Forest, a 3160-hectare forest reserve
located within the White Mountain National Forest of
New Hampshire, managed by the US Department of
Agriculture Forest Service and part of the National
Science Foundation-supported Long-term Ecological
Research (LTER) network. The Hubbard Brook valley
is oriented approximately east–west, ranging in elevation
from 250m in the east to 1015m at the summit of Mt.
Kineo on the western end of the valley (Bailey et al.,
2003). Average annual precipitation, measured over the
period 1955–2000 at stations across the valley, ranges
from 1225mm at 250m to 1500mm at 800m (Bailey et al.,
2003). Weekly snow courses conducted at sites across the
Hubbard Brook valley since 1965 indicate that a seasonal
snowpack typically develops by early December and lasts
on south-facing slopes until April and on north-facing
slopes until May. Peak snow-water equivalent (SWE)
typically occurs inMarchwith an average annual magnitude
of 145mm on the south-facing slopes and 220mm on
the north-facing slopes (Campbell et al., 2010; Bailey
et al., 2003).
For this study, we selected two forested and two open

plots at low, mid- and high elevations on the south-facing
slopes of watersheds 5 and 6 and the north-facing slopes
of watershed 7 (Figure 1). A third forested plot was
selected at high elevation on each aspect to increase the
representation of evergreen conifers in sampled sites. The
open plots were situated in rain gauge clearings,
maintained by the Hubbard Brook Experimental Forest
to provide a 45˚ canopy clearing to the rain gauge located
at the plot centroid. These clearings are roughly circular
with diameters ranging from 30–43m or approximately one
to three times the canopy height of the surrounding forest
(Table I). Vegetation on the forested plots was dominated
by deciduous hardwoods, including sugar maple (Acer
saccharum), red maple (Acer rubrum), American beech
(Fagus grandifolia), yellow birch (Betula alleghaniensis)
and paper birch (Betula papyrifera) at low and mid
Hydrol. Process. 26, 2524–2534 (2012)



Figure 1. Study area: the Hubbard Brook Experimental Forest in northern New Hampshire and location of snow plot measurements for this study
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elevations, particularly on the south-facing plots. Ever-
green conifer species (hereafter referred to as conifers),
including red spruce (Picea rubens) and balsam fir (Abies
balsamea), have greater dominance on north-facing plots
and at higher elevations. As noted in Table I, these conifer
species were absent in all but one plot on the south-facing
slopes but comprised between 30 and 100% of the trees on
all but one (NLF2) of the forested plots on the north-
facing slopes.

Field measurements

To determine a spatial measurement interval for our
study, we conducted preliminary measurements on
20 February 2009 on one forested (NLF2) and one open
(SLC1) plot (Figure 1). We measured snow depth on each
plot and snowmass on the forested plot along a north–south
oriented transect and an east–west oriented transect at
approximately 1-m intervals over a distance of 20m. We
used semivariograms to examine the spatial structure
of snowpack properties at these plots (Figure 2). These
pilot measurements showed no spatial structure to snow
depth on the south-facing cleared plot and little spatial
autocorrelation at sample spacings greater than 5m on the
Copyright © 2012 John Wiley & Sons, Ltd.
north-facing forested plot (Penn, 2009). We therefore set a
5-m sampling interval for this study based on these findings.
Snow properties were measured on all 26 plots on

4 March and 1 April 2009 with the objective of capturing
peak snowpack accumulation on the first sampling date
and conditions indicative of the snowmelt period during
the second sampling date. At each plot, we recorded the
coordinates of the plot center using a Trimble GeoExplorer
global positioning system and established two 30-m
transects: one oriented north–south across the plot and
the other oriented east–west across the plot, intersecting
at the plot center. Based on the results of our pilot
measurements described previously, we measured snow
depth and mass using Adirondack and Federal style snow
sampling tubes at 5-m intervals along each transect for a
total of 13 measurements per plot (only one measurement
at the plot center).
Forest metrics were measured at the plots on

20 February, 4 March, 18 March and 1 April 2009. A
single prism plot measurement, taken from the plot
center, was used to estimate forest basal area (BA, m2/ha)
of the plot. Average tree diameter at breast height (DBH,
cm) and percent coniferous composition were measured
Hydrol. Process. 26, 2524–2534 (2012)
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Figure 2. Semivariograms for pilot snow depth measurements made on
plot SLC1 (top) and SWE measurements made on plot NLF2 (bottom) on
20 February 2009. Crosses are measurements along an east–west (E-W)
transect across the plot; diamonds are measurements along a north–south
(N-S) transect across the plot. Snow depth measurements made at SLC1
show strong spatial autocorrelation at sample spacings of < 5m in the N-S
direction but no spatial autocorrelation at any scale in the E-W direction.
SWE measurements at NLF2 show spatial autocorrelation at sample spacing

in the range of 5–10 m. Additional details are given in Penn (2009)
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for each tree identified in the prism plot. Hemispherical
digital photos of the forest canopy were taken using a Nikon
Coolpix 5400 digital camera equipped with a FC-E9 fish-
eye lens. At each plot, three hemispherical photos were
taken within a 5-m radius of the plot center and analyzed
with Gap Light Analyzer software (Frazer et al., 1999) to
estimate the sky view factor (SVF) or the percentage area of
the sky hemisphere above the effective horizon (Hellström,
2000; Lopez-Moreno and Latron, 2008; Lundberg et al.,
2004). Measures of SVF were averaged from the three
photos to obtain one value per site.

Analyses

Statistical analyses were conducted using SPSS
Statistical Software (SPSS v. 15.1, SPSS Inc., 2006).
The 13 snow depth and SWE measurements taken at
each plot were averaged for a plot-average estimate of
SWE and snow depth for each sampling date. Plot
average snow depth and SWE, along with all forest
metrics (BA, DBH, SVF and percent conifer), were
assessed for normality using the Kolmogorov–Smirnov
(K-S) Normality Test. Regression analysis was used to
evaluate trends in snow depth and SWE with elevation
Copyright © 2012 John Wiley & Sons, Ltd.
for all plots and with forest metrics for the forested plots.
T-tests were used to assess differences in SWE between
forested and cleared plots.
To place our study within a broader temporal context, we

used long-term data from the Hubbard Brook Experimental
Forest snow monitoring program. These data are collected
weekly by Hubbard Brook forest staff beneath the forest
canopy nearby the long-term rain gauge stations using a
sampling protocol described in Bailey et al. (2003). Weekly
snow survey data for the 2008–2009 winter were plotted
for four sites to evaluate the timing of our sampling within
the seasonal trajectory of snow accumulation and melt.
We also used the long-term snow survey data to track
changes in the date of peak snow accumulation for two
sites with more than 40 years of continuous records. These
time series date were evaluated using the nonparametric
Mann–Kendall test for trend.
To compare our results with those of previous studies,

we calculated the ratio of SWE in each forested plot on
the north-facing slopes to the nearest similar-elevation
cleared plot for the 4 March 2009 sample date to
approximate the fraction of SWE falling in clearings that
could be estimated as intercepted or sublimated from the
forest canopy, termed the interception-sublimation fraction
(F) by (Lundberg et al., 2004). We selected only the plots
on north-facing slopes for our earlier sampling date for this
analysis to minimize the possibility that differences were
because of snowmelt, rather than forest canopy effects on
snow accumulation.
RESULTS

Our sampled plots were composed mostly of deciduous
tree species with a minimal conifer component, except for
the three plots at the highest elevation on the north-facing
slope and one high-elevation plot on the south-facing
slope (Figure 3). On average, trees on the north-facing
plots were larger, ranging in size from 20–35 cm DBH,
compared with 5–35 cm DBH on south-facing slopes, with
basal areas ranging from 25–50m2/ha, compared with
10–45m2/ha on south-facing slopes. Canopy sky-view
factor varied little among plots on south-facing slopes
but covered a wider range of values on north-facing slopes
because of the larger presence of evergreen conifers on
some of these plots (Table I, Figure 4). Canopy sky view
factor decreased non-linearly as the percentage of conifers
on the plots increased, such that for a plot with 50%
conifers, approximately 33% of the sky is visible from the
forest floor (Figure 5).
During the year of our study, snow accumulation on

south-facing slopes peaked in late February, reaching
19.3 cm of water equivalent at the high-elevation station
and 15.5 cm SWE at the low-elevation station (Figure 6).
Accumulation progressed another 2.5weeks on north-facing
slopes, reaching a peak of 30.7 cmSWEat the high-elevation
monitoring station and 25.7 cm SWE at the low-elevation
monitoring station on 16 March 2009. Between the first
(4 March) and second (1 April) sampling date, the weekly
Hydrol. Process. 26, 2524–2534 (2012)



Figure 3. Histograms of forest metrics for each of the 14 forested plots displayed by plot aspect

Figure 4. Photographs taken with a hemispherical (fish-eye) lens on forested plots SLF2 (left) and NHF2 (right)
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snow monitoring data show that nearly 40% of the snow at
the south-facing high elevation station and nearly 50% of
the snow at the south-facing low elevation station had
depleted, but only 30% and 23% of the snow had depleted
on north-facing high and low elevation stations, respectively,
by 1 April 2009. Snowmelt was complete at the south-facing
low elevation station by 6 April and 13 April at the south-
facing high elevation station, but on the north-facing slopes,
not until 27 April at the low elevation station and 11 May
2009 at the high elevation station (Figure 6). On average,
long-term data from Hubbard Brook show that snowmelt
tends to occur on average of roughly 3weeks earlier on
south-facing slopes than on north-facing slopes. Analyses
of long-term trends indicate that the timing of peak snow
water equivalent has changed over the period of record
(Figure 7). At Station 2 on the south-facing slope, the
day of snowmelt onset has advanced by 0.25 days per
year for 1956–2011 (p = 0.063), and at Station 17 on the
Copyright © 2012 John Wiley & Sons, Ltd.
north-facing slope, it has advanced by 0.29 days per year
for 1966–2011 (p = 0.097).
Average plot SWEmeasured on 4March 2009 across the

26 plots of our study ranged from aminimumof 16.5 cm to a
maximum of 29.3 cm, and that on 1 April 2009 ranged
from a minimum of 3.9 cm to a maximum of 30.9 cm
(Table I). Although we intended to capture conditions at
peak accumulation and during melt, we accomplished this
objective only for plots on the south-facing slopes.
Additional snowfall and subsequent melt on north-facing
slopes caused some plots to increase and others to decrease
in depth and water equivalent between the 4 March and
1 April sampling dates. The greatest overall change in SWE
was a mean loss of 19 cm on a mid-elevation, south-facing
forested plot, followed closely by losses of 16.2 and 17.7 cm
on south-facing cleared plots. Although snow tended to
be deeper with greater water equivalent at higher eleva-
tion, none of the aspect-date combinations showed a
Hydrol. Process. 26, 2524–2534 (2012)



Figure 6. Bi-weekly snow monitoring measurements made by staff of
the Hubbard Brook Experimental Forest. Vertical lines indicate dates of

sampling for this study

Figure 7. Plot of the day of peak snow accumulation by year for long-term
monitoring stations, including Station 2 on the south-facing slopes and Station
17 on the north-facing slopes, of the Hubbard Brook Experimental Forest

Figure 5. Plot of canopy sky view factor versus percentage of trees on
each plot as conifers for 14 forested plots measured in this study. Closed
circles are plots on north-facing slopes; open circles are plots on
south facing slopes. Regression model for the fit is Y = 2.295e-5X2 -

0.005X + 0.529 (p< 0.0005, R2 = 0.887)
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statistically significant trend in SWE with elevation over
the relatively narrow elevation gradient (523–881m) of
our plots (Figure 8).
Our results show that SWE was significantly greater

( p= 0.021) in openings (mean difference = 4.7 cm, SE=
1.8 cm) than in forests on north-facing plots during the
accumulation period measured on 4 March 2009 but not
(mean difference 1.41 cm, SE= 1.4 cm, p = 0.318) on the
south-facing plots (Figure 9). On the second sampling date,
differences in SWE were significant on both north-facing
(mean difference = 5.6 cm, SE= 2.8 cm, p=0.067) and
south-facing plots (mean difference 4.5 cm, SE= 2.3 cm,
p= 0.071). The direction of difference between forested
and cleared plots shifted over the two sample dates, with
SWE in clearings exceeding SWE in forests on 4 March
and SWE in the forest exceeding SWE in clearings by
1 April on south-facing slopes, which were farther along
the snowmelt trajectory (Figure 6).
Snow cover on the 4 March sampling date (i.e. near

peak accumulation) declined with increasing conifer
cover on north-facing plots, where forests appear to exert
some influence on snow accumulation (Figure 9), but this
relationship was weak and explained only 10% of the
variability in SWE among these plots (Figure 10). Low
elevation plots fell below the trend line on this non-
significant relationship, indicating that elevation also
contributed to some of the measured variability in SWE
among the plots. Among the south-facing forested plots,
where sampling on 1 April captured snowmelt conditions,
SWE declined with increasing basal area of trees within
the plots and sky view factor, but these relationships were
not statistically significant and explained only 14% and
26%, respectively, of the variability in SWE among the
plots. Size of trees, asmeasured by themeanDBHof trees in
the plot, was most strongly related to SWE on south-facing
plots on 1 April, explaining 64% of the variability in SWE
among these plots (Figure 10).
DISCUSSION

Our results demonstrate that the water content of the
snowpack was measurably different in forested stands
relative to clearings at our field site in New Hampshire. A
number of factors undoubtedly influenced the magnitude
of differences we could detect and trends associated with
forest canopy characteristics. First, snowfall during the
winter of 2008–2009 ranked at or below average, with
peak accumulation at the long-term monitoring station 2
on the south-facing slopes falling 18.5% below average
and peak accumulation at station 17 on the north-facing
slopes falling 9.8% above average (Figure 6, Campbell
et al., 2010). Murray and Buttle (2003) only found
statistically significant differences in SWE between forested
and cleared plots during a year with more prodigious
snowfall. Second, our small sample sizes also undoubtedly
contributed to relatively weak correlations with forest
metrics. Previous examinations of snowpack variability
indicate that sample size strongly influences the ability
Hydrol. Process. 26, 2524–2534 (2012)
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Figure 9. Bar graphs mean SWE across all forested (n= 14) and cleared (n= 12) plots by sampling date and plot aspect

Figure 8. Plots of SWE versus elevation by sampling date and plot aspect. Closed symbols are forested plots; open symbols are clearings
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to detect statistically significant effects of forest canopy
characteristics on snow properties (Winkler, 2001;
Winkler and Spittlehouse, 1995). Finally, as evidenced
in Figure 6, only plots on the south-facing slopes had
proceeded substantially through the snowmelt season by
the time of our second sampling on 1 April, making
snowmelt-induced differences between forested and open
plots impossible to detect, given the timing of our surveys
on north-facing sites.
Although forests in this landscape exert a modest

but detectable effect on the snowpack during both the
Copyright © 2012 John Wiley & Sons, Ltd.
accumulation and melt season, the forest variables we
measured provided only limited insight into controls on
snow properties. Mean plot SWE decreased on the north-
facing plots with increasing percent conifer on our 4 March
sampling date, but lower snow cover on the low elevation
plots weakened the statistical power of this relationship,
given the relatively small size of our sample. The absence of
a forest-clearing difference on south-facing plots, where
conifers were absent from all but one plot, leads us to infer
that canopy interception of snow controls differences in
snow accumulation between forests and clearings at this
Hydrol. Process. 26, 2524–2534 (2012)



(a) (b)

(c) (d)

Figure 10. Plots of plot-average SWE versus percent coniferous trees on north-facing sites on 4 March 2009 (a), and plot average SWE versus basal area
(b), sky view factor (c), and mean tree diameter at breast height (d) for south-facing sites on 1 April 2009

Figure 11. Plot of the interception-sublimation fraction (F) versus
sky-view fraction (SVF) adapted from Lundberg et al., 2004 with data
from this study for north-facing paired forested and cleared plots for the 4

March 2009 sampling date
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site, a conclusion that is consistent with other studies in
eastern North America (Hart, 1963; Sartz and Trimble,
1956; Talbot et al., 2006; Urie, 1966). The trends we
detected in decreasing SWE with increasing basal area, sky
view factor and DBH during the snowmelt period on south-
facing plots are consistent with relationships identified in
other studies (Lopez-Moreno and Latron, 2008; Talbot
et al., 2006), suggesting that shading by branches and stems
likely attenuates snowmelt in forested sites. Although there
has been important progress in identifying key forestmetrics
that explain variability in snowpack properties (Lawler and
Link, 2011; Lopez-Moreno and Latron, 2008; Talbot et al.,
2006), other studies have also identified difficulties in
discriminating strong statistical relationships between site
scale forest characteristics and snowdepth orwater equivalent
(Murray and Buttle, 2003; Winkler and Moore, 2006).
These findings corroborate a limited number of studies

conducted in deciduous and mixed deciduous, evergreen
forests of the eastern USA and Canada, which have
received considerably less attention to the influence of
forests on snow cover, relative to forests of western North
America and the boreal region. Previous studies in eastern
forests, including northern Michigan (Urie, 1966), central
Ontario (Murray and Buttle, 2003) and in the vicinity of
our field site in New Hampshire (Hart, 1963; Sartz and
Trimble, 1956) show that the mixed deciduous-conifer
forests of eastern North America accumulate less snow
Copyright © 2012 John Wiley & Sons, Ltd.
than nearby openings and attenuate snowmelt and runoff.
A comparison of our findings to those of other studies
where hemispherical photography has been used to
quantify canopy closure, as shown in Figure 11, indicates
Hydrol. Process. 26, 2524–2534 (2012)
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that the high-elevation mixed deciduous-evergreen forests
at Hubbard Brook intercept snow at levels equivalent to
those documented by Pomeroy et al. (2002) in boreal forests
of central and western Canada (Figure 11). Similarly, the
forested plots at mid- and low-elevation north-facing sites
at Hubbard Brook have snow interception levels that
are bracketed by those documented by Lundberg et al.
(2004) for forests in Japan and byKuzmin (1963) for forests
in Russia.
The role of forests in intercepting snow and mediating

snowmelt shown here have important implications for the
maintenance of soil moisture and spring flows in this
region, where recent trends show a gradual but substantial
reduction in forest cover associated with development and
biomass harvesting (Foster et al., 2010; Stein et al.,
2005). The relatively large differences in SWE between
forested (mean SWE = 11.7 cm) and cleared (mean
SWE= 7.2 cm) plots on south-facing slopes during the
snowmelt period suggests that reductions in forest cover
may result in larger spring snowmelt flooding and reduced
summer soil moisture, as winter snow packs melt more
rapidly in forest openings on sun-exposed slopes; effects
that have been documented in watershed studies at Hubbard
Brook (Hornbeck, 1973) and other experimental forest sites
(Jones and Perkins, 2010; Verry et al., 1983). These effects
may be of particular concern as the longevity of the
snowpack is compromised and the timing of snowmelt
shifts because of changes in climate that have been observed
in the past and are projected to continue into the future
(Campbell et al., 2010; Huntington et al., 2003). Forest
management schemes should consider these altered patterns
of snow accumulation and melt and might be useful for
maintaining adequate soil moisture and water supply under
changing future conditions.
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