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Attributes of Windthrown Trees in a Sierra Nevada
Mixed-Conifer Forest
B Kathleen Hilimire, Jonathan C.B. Nesmith, Anthony C. Caprio, and Rhett Milne

On Nov. 30 to Dec. 1, 2011, an extreme wind event affected the central Sierra Nevada mountain region of California, causing extensive v/indthrow of trees.
The wind event was caused by an extreme pressure gradient from north to south over Nevada and the Sierra that was unusual for the region in its duration,
atypical wind direction, and high-intensity wind. Within Devils Postpile National Monument, there were approximately 118.5 windthrown trees k m " ' . The average
diameter at 1.37 m of windthrown trees was 55.36 cm, 2.2 times greater than that for pre-windstorm standing trees. Trees differed in damage type; 86%
of trees were uprooted, whereas 14% were snapped, and dead trees were more likely to snap than uproot relative to live trees. Tree species was not a factor
in likelihood of windthrow because species composition and relative abundance of windthrown trees were representative of the preexisting forest composition.
This wind event is the most extensive on record for California's Sierra Nevada range and may have long-lasting effects on forest composition and function.
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Infirequent, large disturhances can have long-lasting effects on
forest structure, species composition (Veblen et al. 2001,
Woodall and Nagel 2007), and ecosystem processes (Foster

et al. 1998). Wind, in particular, is a major determinant of forest
structure and succession, both at the scale of the stand and of the
landscape (Woodall and N^el 2007, Xi et al. 2008). Infrequent,
high-intensity wind events, therefore, can create long-lasting
changes to forest structure, composition, and ecosystem processes in
a relatively short period of time. Changes to forest structure and
composition created by large wind events are controlled by multiple
interactions between wind, topography, and prior forest structure
(Veblen et al. 2001, Kulakowski and Veblen 2002). The resulting
landscape may be characterized by greater fire risk, decreased can-
opy, and altered forest fioor topography (Fraser 1962, Lindemann
and Baker 2001, Woodall and Nagel 2007, Peterson and Leach
2008). Severe wind events are important drivers of forest structure
and composition in eastern North America, affecting thousands
of ha annually (Peterson 2000, Veblen et al. 2001). However, in
the Sierra Nevada, these events are rare and have been largely
undocumented.

On Nov. 30 to Dec. 1, 2011, an extreme wind event affected the
central Sierra Nevada mountain region of California, causing exten-
sive windthrow of trees. All Sierra Nevada national park units were
affected, including Yosemite, Devils Postpile, and Sequoia and
Kings Canyon, as well as large portions of Inyo National Forest. The
wind event was caused by an extreme pressure gradient from north
to south over Nevada and the Sierra and was unusual for the region
in three ways: long duration, atypical wind direction, and high-

intensity wind. Extreme wind speeds lasted for 12 hours, from 6:00
pm to 6:00 am, with the strongest winds occurring from 10:00 pm
to 4:00 am. Wind speeds at the nearest anemometer to the site of
this study (Mammoth Mountain, California, at 3,369 m elevation
and 4.5 km distance) recorded winds that exceeded 145 km hour^'
for the duration ofthe event, with gusts of at least 240 km hour~\
Wind direction was strongly north-northeast with shorter periods of
northeast and east winds occurring. Prevailing winds for this region
are from the southwest, although strong east winds are not uncom-
mon and typically occur several times per year. Although strong
winds and blowdowns are not unprecedented for the Sierra region,
the November/December blowdown was the most extensive on
record.

The winds had a particularly strong effect in the Upper Middle
Fork of the San Joaquin River drainage (UMFSJ) within Devils
Postpile National Monument. The UMFSJ has a north-northeast
orientation, and extreme channeling and acceleration of wind down
the drainage led to extensive blowdown in Devils Postpile National
Monument. The goal of this study was to use inventory data from
National Park Service fire effects monitoring plots in combination
with post-blowdown field data to summarize the characteristics of
windthrown trees and assess pre- and post-blowdown forest struc-
ture in the UMFSJ. Specific objectives were to understand the rela-
tionship between tree size and wind damage by comparing diameter
at 1.37 m (dbh) of pre-blowdown standing forest to dbh of wind-
thrown trees, to assess factors associated with uprooting versus snap-
ping caused by wind, and to compare vulnerability by species ofthe
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Figure 1. Map of Sierra Nevada region showing national parks
and Devils Postpile National Monument (Universal Transverse Mer-
cator zone 11 , 315704E, 4166996N).

windthrow by assessing species composition of the forest before and
after blowdown.

Methods
Research was conducted at Devils Postpile National Monument

(Figure 1). The monument is 322 ha and is encompassed by the
UMFSJ. Elevations range from 2,182 to 2,485 m. The monument
is characterized by mixed-conifer forests, composed primarily of red
fir {Abies magnified), white fir {Abies concolor), and lodgepole pine
{Pinus contorta; Caprio and Webster 2006). Jeffrey pine {Pinus jef
freyt) is also prevalent at lower elevations, whereas mountain hem-
lock {Tsuga mertensiana) and western white pine {Pinus monticola)
are found at higher elevations (Caprio and Webster 2006). Soils are
Typic Cryorthents (sandy with 35% or more coarse fragments of
cinders, pumice, ot volcanic glass; Entisols). Mean annual precipi-
tation is 600 - 800 mm year" ', most of which falls as snow (mean of
251-500 cm of snowfall year~ '; Davey et al. 2007).

Study sites were located in preexisting fire effects monitoring
(FMH) plots to allow for a close comparison of forest attributes
before and after the blowdown event. Plots were initially installed to
assess the effects of fire on forest ecosystem processes and to detect
trends over time (US Department of the Interior-National Park
Service 2003). Eight FMH plots were installed in 1992 after the
Rainbow Falls fire and were remeasured in 2002 with two additional
unburned plots added in 2005. The 2002 and 2005 data, which
included 390 live trees, were used to assess pre-blowdown forest
structure and composition. Plots were distributed according to a
stratified, random sample that placed two plots in high-severity
burned areas, rwo in moderate severity areas, nvo in low-severity
areas, and four in "control" sites unaffected by the Rainbow Falls
fire. In May 2012, 100-m-long transects were established at each
FMH plot that ran side-slope to the origin point of the plot {n =
10). Additional transects {n = 3) were also established to augment
sample size. The location for additional transects was established by

Figure 2. Distribution of fall angles of windthrov/n trees. Tree fall
angles v/ere grouped into 16 bins for plotting.

randomly locating sites within Devils Postpile using aerial photo-
graphs. The origins of these transects were in areas that burned at
low severity in 1992. Along each transect, we used a line-intercept
transect methodology to locate new windthrown trees. Trees were
sampled if the bole root collar or above was under the transect tape
and if the tree was S:1.37-m height. For each tree, we recorded fall
angle (recorded as orientation of the tree from roots to tip), dbh,
damage type (uprooted or snapped), pre-blowdown status (live or
dead), and species. For dead ttees, a determination of whether they
were recently snapped or uprooted was made based on presence
of weathering of the wood at the break, presence of freshly exposed
soil, and position of the fallen tree in relation to duff and litter.
Average volume per ha of windthrown trees was calculated using the
equation

X

where L is transect length (m), m¡ is the number of windthrown trees
crossed by transect /, d¡j is the diameter (cm) of piece 7 crossed by
transect i, and k¿j is the angle from the horizontal of piece j where it
crosses transect /' (Marshall et al. 2000). The Raleigh test of unifor-
mity was used to test whether fall angles differed from a uniform
distribution, using the CircStats package (Lund and Agostinelli
2009) in R version 2.15.0 (R Development Core Team 2012).
Generalized nonlinear mixed models (GNMMs), using a binomial
distribution, were used to evaluate differences in damage type based
on species, dbh, or pre-blowdown status (living or dead) (Gelman
and Hill 2007). The Ime4 package in R (Bates et al. 2011) was used
for these analyses with an a level of 0.05.

Results
We sampled 154 trees across 13 transects (range = 0-40

trees/transect), resulting in a mean density of windthrown trees of
118.5 (SD = 104.6) trees km~'. This corresponded to an average
volume of windthrown trees of 959.3 (SD = 1480.3) m^ ha"'.
Mean fall angle was strongly south-southwest (north-northeast
wind direction) at 202° (circular range = 302°) and differed signif-
icantly from a uniform distribution (Raleigh test of uniformity, P <
0.001; Figure 2). The average dbh of windthrown trees was 55.36
cm compared with the ptestorm average dbh of 24.79 cm. This
corresponded to average windthrown tree diameter being 2.2 times
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Figure 3. Number of windthrown trees that were uprooted or
snapped as a function of species. ABCO, Abies coneolor; ABMA,
Abies magnifica; PICO, Pinus contorta; PIJE, Pinus ¡effreyi; PIMO,
Pinus monticola.

greater than pre-windstorm standing trees. Average dbh of wind-
thrown trees in burned areas versus unburned areas was 47.1 cm
(n = 70) and 62.1 cm (« = 84), respectively, compared with 39.4
cm {n = 55) and 22.4 cm (n = 335) of live trees in burned and
unburned areas before the windstorm. Windthrown trees differed in
damage type because 86% of trees were uprooted, whereas 14%
were snapped. Species did not differ significantly in their suscepti-
bility to damage type (GNMM, ¿^= 4, /? = 1.018, P = 0.4) because
most species were more likely to uproot than to snap (Figure 3).
There was also no relationship between dbh and damage type
(GNMM estimate = 0.0023, SE = 0.0074, P = 0.76). Whether a
tree was living or dead at the time of the windstorm was a factor
in daniage type; however, because standing live trees were far more
likely to uproot than snap (GNMM estimate = —2.6814, SE =
0.6044, P < 0.001; Figure 4). Species composition and abundance
of windthrown trees were representative of pre-blowdown stand
composition and abundance (Figure 5).

Discussion
Our results are consistent with other studies that documented a

strong relationship between tree size and amount of damage from
windstorms (Peterson 2000, Canham et al. 2001, Veblen et al.
2001, Xi et al. 2008). Tree size may correspond to amount of wind
damage because larger trees present more surface area to wind and
may extend above average canopy height, increasing exposure to
aerodynamic forces such as drag (Veblen et al. 2001, Wellpott 2008,
Xi et al. 2008). By primarily affecting larger trees, windstorms are
likely to have different affects on forest regeneration and function
than other disturbances such as fire (Gandhi et al. 2008, D'Amato et
al. 2011).

The type of damage trended strongly toward uprooting.
Whether a stem is uprooted or snapped by wind has been attributed
to precipitation, stem rot, tree species growth form, specific gravity
of the wood, status (living or dead), slope, soil tension and shear,
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Figure 4. Percentage of windthrown trees that were uprooted or
snapped as a function of pre-windstorm status (live or dead).
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Figure 5. Species composition as a percentage of total number of
trees from pre-windstorm FMH data and or windthrown trees.
ABCO, Abies coneolor, ABMA, Abies magnifica; PICO, Pinus con-
torta; PIJE, Pinus ¡effreyi; PIMO, Pinus monticola.

root-soil resistance, and stem size (Everham and Brokaw 1996,
Veblen et al. 2001, Nicoll et al. 2005, Peltola 2006, Xi et al. 2008).
In this study, there was not a significant relationship between a tree
being uprooted or snapped and dbh or species. Status (living or
dead) at the time of the wind event did play a role in determining
whether a tree would uproot or snap, however. Living trees were far
more likely to uproot than snap, whereas snags were only marginally
more likely to uproot than snap. Dead trees are more likely to snap
than live trees because of more advanced rot and decay in the stem
(Veblen et al. 2001). The type of wind damage (uprooted versus
snapped) has important ecological implications for both wildlife and
forest regeneration (Schaetzl et al. 1989). Uprooting can create
mounds of exposed soil that can facilitate seedling establishment.
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whereas snapping can create dead snags that are important habitat
features for wildlife such as cavity nesting birds. The type of wind
damage that occurs may be linked to properties of the disturbance
event including wind speed and pre-blowdown environmental con-
ditions, although these relationships appear to be inconsistent and
are not clearly understood (Everham and Brokaw 1996).

Finally, there was no differential damage to a particular species in
this event, meaning that the relative overall standing forest species
composition and abundance were not substantially affected by the
blowdown. However, given the edaphic, light, and bare-ground
changes caused to the forest ecosystem by this blowdown, what
successional trends will now occur remain to be seen (Woodall and
Nagel 2007). This study describes the forest stand structure at time
zero after this unusual windstorm. Implications for future forest
structure and diversity remain to be understood and described.
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