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ABSTRACT: Estimating the volume of water stored in a snowpack in a montane forest combines spatial
measurements of snow depth with average snowpack density.  The distribution of snow depth in the forest
has been illustrated to be correlated only over short distances (e.g., 8 to 12 m in several Northern
Colorado forests), but data are often measured away from trees.  The spatial differences about an
individual tree are more complex.  Trees not only use more water than understory plants, but decrease
snowpack accumulation by intercepting snow that is sublimated directly from the canopy or indirectly
during redistribution away from the canopy.  Variability of snow about a tree is also influenced by canopy
offloading (unloading and melt), increases in snowpack metamorphism, and differences in incoming direct
versus diffuse solar radiation from the needles, branches, and trunk.

Depth and density measurements were taken in the four cardinal directions radially out from
seven trees (five Picea engelmanii and two Abies lasiocarpa) across Colorado.  These data show that
there is directionality in snow depth accumulation.  There is a decrease in density approaching each tree,
and possible directionality.
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1. INTRODUCTION AND BACKGROUND

The importance of the canopy to the
accumulation and distribution of snow has been
investigated for almost a century, since the
pioneering work that started at Wagon Wheel Gap
in the headwaters of the Rio Grande in 1909
(Bates and Henry, 1928).  Experimental forest
sites were subsequently established among
various canopy species (e.g., Wilm and Dunford,
1948), and various studies have examined
regrowth (e.g., Troendle and King, 1985).  Recent
research has focused on individual trees.

Several researchers have modelled the
increase in snow depth around the boll of
individual trees (e.g., Woo and Steer, 1986; Sturm,
1992; Hardy and Albert, 1995).  Much of the
literature recent related to snow and the canopy
has focussed on estimating the radiative transfer
through the canopy, in particular diffuse short-
wave radiation and emitted long-wave radiation
(e.g., Hardy et al., 1997; Link and Marks, 1999;
Sicart et al., 2004).
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To estimate the volume of water stored in
the snowpack of a forest stand, it is necessary to
merge the measurements of snow from between
the canopy with the estimates of snow around
trees.  Two problems exist with the sampling of
snow in the forest: i) depth (and density)
measurements are typically limited to between tree
areas, and ii) there is a difference in the density
that is related to the proximity to a tree.  This paper
uses data collected radially in the four cardinal
directions under and around various spruce and fir
trees in order to understand the radial and
directional variation in snowpack properties.

2. DATA
Data were collected from treeline down to

the Lodgepole Pine (Pinus contorta) community in
the Spruce-Fir community, which consists primarily
of Engelmann Spruce (Picea engelmanii) and Sub-
Alpine Fir (Abies lasiocarpa), with the occasional
Colorado Blue Spruce (Picea pungens) and
Douglas Fir (Pseudotsuga menziesii).  Different
forest stands were examined over five years at six
locations across the state of Colorado (Table 1), as
part of two Snow Hydrology field courses offered at
Colorado State University (e.g., Fassnacht and
Foster, 2004).  Other data, including layer crystal
characteristics and temperature profiles were also
collected, but are not presented herein.

876



Table 1.  Location, elevation, date, type of tree examined, height, diameter at breast height (DBH), and
data collected.
tree location elevation

[m]
date tree species height

[m]
DBH
[cm]

data collected

1 Upper San Juan 3100 Mar 15, 2002 Picea engelmanii 18 35 density

2 Cameron Pass 3125 Feb 23, 2003 Abies lasiocarpa 13 25 density

3 Red Mountain Pass 3490 Mar 14, 2004 Picea engelmanii 21 41 depth, density

4 Joe Wright 3085 Mar 29, 2005 Picea engelmanii 4.7 9.7 depth

5 Joe Wright 3085 Mar 29, 2005 Abies lasiocarpa 6.7 19 depth

6 Columbine - Clark 2715 Mar 16, 2005 Picea engelmanii 25 69 depth, density

7 Cement Creek - Pioneer 2835 Mar 15, 2006 Picea engelmanii 16 28 depth, density

3. METHODS

Depth data were collected using depth
probes at approximately 10 cm intervals close to
each tree and at larger intervals, such as 50 cm,
beyond the edge of the canopy.  Density
measurements were taken using the wedge
shaped 1000 mL sampler (or 250 mL sampler
closer to a tree) designed by Kelly Elder of the
Rocky Mountain Research Station.  This provided
vertical profiles of density at 10 cm increments. 
These density profiles were taken at 0.5 to 2 m
intervals radially away from each tree.

Where available, depth and density data
were plotted for each of the four cardinal directions
(north, west, south, and east) as a function of
distance from each tree (Figures 1 a-e and 2 a-e).

4. RESULTS AND DISCUSSION

As is expected, the snow depth increases
as the distance away from the tree increases
(Figure 1a-e), observing a polynomial relationship,
as per Woo and Steer (1986) or a power type law,
as per Sturm (1992).  However, there is
directionality with the snow depth increase.  For
trees 3 and 4 (Figure 1a, b), the south and east
transects had less snow depth, while for trees 6
and 7 (Figure 1d, e), the south and west transects
were deeper.  For the one Abies lasiocarpa (tree 5
in Figure 1c), the south transect was deeper from 1
to 3.5 m away from the tree.  The depth variation in
the Columbine - Clark Picea engelmanii (tree 6 in
Figure 1d) only showed variation between 3 and 6
m away.  It is possible that small scale slope and
aspect affect accumulation patterns. Variations in
ground roughness may also influence the snow
depth, as the snow surface tends to be much
smoother than the ground surface.  

Musselman et al. (2005) illustrated the
variation in density radially outward for a spruce
tree in the Valles Caldera of New Mexico at
different periods of the snowpack: mid-winter or
accumulation (February 12, 2005), peak
accumulation (March 14, 2005), and melt (April 16,
2005).  In particular, they observed some
directionality when comparing different aspects.

Density tends to decrease approaching a
tree (Figure 2a-e), especially below the canopy. 
While the number of samples is small (12), a
power function can explain 48% of the relationship
between density and distance from the tree in the
north direction.  In the east direction, 26% of the
variance can be explained (14 samples), while in
the west and south directions, only 15 and 11% of
the variance is explained (20 and 13 samples,
respectively).  More data are required; however the
decrease in density approaching a tree and the
possible directionality warrant consideration when
trying to estimate snowpack water volumes in a
forest stand, especially using measurements taken
between trees.

To further investigate the density variation,
finer resolution density measurements are required
radially away from a tree.  For a deeper snowpack,
it may be beneficial to use a Federal Sampler to
estimate depth integrated densities.  While the
density measurements derived from the Federal
Sampler are considered of poorer accuracy than
the vertical density profile, measurements should
provide a useful relative comparison.
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a. tree 3: 
2004, Red Mountain Pass, Picea engelmanii

b. tree 4:
2005, Joe Wright, Picea engelmanii

c. tree 5:
2005, Joe Wright, Abies lasiocarpa

d. tree 6:
2005, Columbine - Clark, Picea Engelmanii

e. tree 7:
2006, Cement Creek,
 Picea Engelmanii

Figure 1.  Depth versus distance from tree profiles
for the four cardinal directions for five trees (3-7 as
listed in Table 1).
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a. tree 1: 
2002, Upper San Juan, Picea engelmanii

b. tree 2:
2003, Cameron Pass, Abies lasiocarpa
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2004, Red Mountain Pass, Picea engelmanii
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d. tree 6:
2005, Columbine - Clark, Picea Engelmanii

e. tree 7:
2006, Cement Creek, Picea Engelmanii

Figure 2.  Average vertical density versus distance
from tree profiles for the four cardinal directions for
five trees (1,2,4-7 as listed in Table 1).
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