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ABSTRACT

Regional models of global climate change
for the northern Rocky Mountains predict warmer
temperatures, and some of the main implications of
these changes at a local level involve decreased
snowpack, earlier snowmelt, and decreased soil
moisture during the growing season. In order to
mimic the anticipated effects of climate change, and
test the responses from a soil microclimate and plant
physiology perspective, open-sided warming
chambers and snow removal treatments were applied
to 2.44 X 2.44 m plots in a sagebrush steppe meadow
within Grand Teton National Park, WY. Four
treatments included: (1) control, (2) reduced
snowpack, (3) increased temperature, and (4) reduced
snowpack with increased temperature. Snow was
removed using shovels in early May, and chambers
were placed at the same time. The chambers were left
on the plots through mid-October. Soil moisture and
temperature were measured and recorded at 5 cm,
and 25 cm depths using dataloggers set up at the time
of snow removal and chamber placement. In addition,
surface temperature was measured under each plot
and within the study area. Plant physiological data on
four plant species, including leaf temperature at dawn
and mid-afternoon and water potential, were
collected for all of the plots in July. Data are being
analyzed to determine whether differences existed
between the plots for soil moisture, soil and air
temperature, and the plant physiological traits
measured.
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INTRODUCTION

During the past century, temperature has
increased by approximately 0.6°C (Walther et al.
2002). Estimated global temperature increases
between 1.4°– 5.8°C are predicted during the period
from 1990–2100 based on simulations from the
Atmosphere‐Ocean General Circulation Model
(AOGCM) performed by the Intergovernmental
Panel on Climate Change (IPCC) (Cubasch et al.
2001; Notaro et al. 2006). Future climate change
predictions point to temperature increases, changes in
precipitation, and the occurrence of increased
extreme weather events (IPCC 2001; King 2005;
Tebaldi et al. 2006). Climate changes are likely to be
a major driver of ecological change. With these
shifts, species will respond in different ways,
resulting in dramatic implications for ecosystems.
The responses of organisms, populations, and
ecological communities are unlikely to be based on
global averages to climate change. However, it is
more likely that ecological communities will respond
to local and regional climate variation and changes,
which are spatially heterogeneous (Walther et al.
2002). Climate models predict that larger and more
rapid changes in ecological communities will occur at
higher altitudes and latitudes (Harte and Shaw 1995;
Kim et al. 2002; Thuiller et al. 2005). When
compared with 20th century averages, the western
United States had an average increase of 3°C during
the period from 2003 – 2007 (Saunders et al. 2008).
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Montane systems are some of the regions of
the globe that may be most sensitive to climate
change. Temperature increases will likely lead to a
decrease in the duration of snow cover (IPCC 2001).
Mote (2003) reported that springtime mountain
snowpack showed widespread declines since 1950 at
most locations, with largest declines at lower
elevations, indicating temperature effects. The
duration of the snow free period between 1972 and
2000 in the Northern Hemisphere has increased by
five to six days per decade, while disappearance of
spring snow cover has been three to five days earlier
per decade (Dye 2002; Bjork and Molau 2007).
Snowline is predicted to recede to higher elevations
with changes in global and regional climates
(Regonda and Rajagopalan 2004; Stewart et al. 2004;
Lapp et al. 2005). It is likely that the impact of these
changes will be significant throughout many
ecosystems.
Snowpack volume is directly correlated with
snowmelt date (Ostler et al. 1982; Price and Waser
1998). Shallow snowpacks melt earlier than heavy
snowpacks and typically result in an earlier growing
season (Price and Waser 1998; Arft et al. 1999;
Inouye et al. 2002; Dunne et al. 2003). Plant
phenologies are closely related to snowmelt timing
and early season temperature regimes in montane
systems (Billings and Bliss 1959; Fareed and
Caldwell 1975; Galen and Stanton 1991; Kudo 1992;
Walker et al. 1995; Inouye et al. 2002; Totland and
Alatalo 2002; Dunne et al. 2003).
Snowpack characteristics can influence
physical and ecological processes. Many montane
systems are particularly dependent on the water that
results from snowmelt (Harte et al. 1992), and they
are often defined by strong hydrological gradients
(Debinski et al. 1999). In the montane systems of the
Greater Yellowstone Ecosystem, the majority of the
annual precipitation falls as snow (Shaw 1958; Harte
et al. 1992; Mote 2003). These montane systems
contain a diverse plant community that attracts and
supports a wide variety of species including insects,
birds, and mammals (Swanson et al. 2007).
Decreases in snowpack have been correlated with
drier soils throughout the summer season, resulting in
seasonal stress in plants (Ostler et al. 1982; Dunne et
al. 2003). Plants are sensitive to changes in
temperature and moisture and may be affected by
shifts in moisture and temperature (Root et al. 2003;
Roy et al. 2004). Harte and Shaw (1995) reported that
experimental warming of plots in a montane system
with dry soil conditions resulted in earlier forb
production. Earlier plant production can expose the
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plants to detrimental conditions, including dieback
from early frost.
Snow is important for thermal insulation,
which is regulated by depth and density of the snow
pack. Extreme temperatures are dampened at the soil
surface directly under the snow, and many organisms
rely on the insulating capacity of snow cover for heat
retention (Billings 1959; Marchand 1987; Halfpenny
and Ozanne 1989; Auerbach and Halfpenny 1991;
Pomeroy and Brun 1999; Jones and Pomeroy 1999).
Monson et al. (2006) reported that shallower
snowpacks have less insulation potential, resulting in
colder soil temperatures.
The objectives of this research were to
simulate predicted climate changes in temperature
and snowmelt using open-sided warming chambers
and snow removal. Temperature and moisture, and
plant physiological data were analyzed to determine
the effects of the treatments. We expected that the
passive
heating
would
increase
nighttime
temperatures above the unheated plots. We also
expected that snow removal would decrease the
available soil moisture resulting in decreased water
potential for the plants in the snow removal
treatments. The data provides preliminary estimates
of how these changes affect soil moisture and
temperature, which will provide an initial assessment
for future studies on the relationship between these
parameters and plant phenologies.



METHODS

Plot set-up
Three replicated blocks of four 2.44 x 2.44
m plots were placed in a relatively flat sagebrush
meadow in Grand Teton National Park with the
following treatments: snow removal (SR), passive
heating (H+), snow removal and passive heating (SR
and H+) and control (CT). Each plot was separated
by 5 m and laid out in a regular pattern of six by two
plots within the meadow.
Snow Removal and Open sided chamber set up
Snow was removed manually using shovels
on May 7, and placed at least 1m from the plot. Snow
varied in depth among plots, but on average, ~20 cm
was removed from each plot. Approximately 2cm of
snow was left on the plot to minimize soil
disturbance and the possibility of vegetation damage.
Snow was removed from an area approximated 0.5m
larger than the plot to minimize edge effects. Black
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plastic garden edging, approximately 10.5cm high
was placed around the perimeter of each plot to
demarcate the location.
Louvered open‐sided
chambers (OSC) were used for experimental
warming of treatment of plots. The chambers were
comprised of a wood frame with two sets of 1/8‖
Optix clear acrylic plexiglass louvered panels angled
50 degrees toward the center and placed
approximately 2.5cm apart (Figure 1). Two 2.44 x
1.22m frames were placed side by side to make up
the 2.44 x 2.44m plots. The chambers were
approximately 0.6m high from the ground.

Temperature and soil moisture analyses
Temperature and soil moisture (volumetric
water content (m3/m3) were measured and recorded
at 5 cm and 25 cm depths using 5TM dielectric soil
moisture sensors and EM50 dataloggers (Decagon
Devices, Inc.) placed at the time of snow removal.
Hand shovels were used to dig holes 25cm in
diameter to install dataloggers. Rocks and soil were
carefully placed to the side so that they could be
replaced as accurately as possible. Soil moisture
sensors were placed with the probe oriented
horizontally into the soil substrate with attempts to
minimize the air gaps by placing packing soil tightly
around the sensors due to rocky nature of soil in the
area. Dataloggers recorded conditions every hour
from mid-May through mid-October. In addition,
radiation-shielded
ECT
temperature
sensors
(Decagon Devices, Inc.) were placed at a height of
25cm in the middle of each plot to record air
temperature.
Vegetation water potential
Four common perennial species of plants
(Eriogonum umbellatum, Artemisia sp., Carex sp.,
and Balsamorhiza sagittata) were used to assess the
water potential of the typical plant community in
each plot. Samples were collected before dawn from

Figure 1.
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Figure 2. Comparison of air temperature (°C) between the warmed and unwarmed treatments.
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We did not, however, see the expected trends
for soil moisture or water potential from the snow
removal treatments. Snow depth varied between plots
with the average being only 20cm of snow at the time
of snow removal. Warm April temperatures resulted
in snow melt occurring quickly. Although we were
able to remove the snow at the beginning of May,
snow depth was less than ideal for revealing the
effects of snow removal. In addition, the warm
temperatures melted the snow quickly after removal.
Therefore, we were not likely to see the effects of
snow removal because the amount removed was not
large enough to affect soil moisture or plant water
potential.

each plot. Using a Scholander type pressure chamber
(Plant Moisture Stress Instruments Co., Corvalis,
OR), xylem pressure potentials of the plant tissues
were measured almost immediately after collection to
determine plant water potential.



PRELIMINARY RESULTS

Measurements of air temperature and soil
temperature at 5cm and 25cm are shown in Figures 2
and 3. Statistical analyses are currently in progress.



Temperature data from this preliminary
study using open-sided warming chambers followed
the expected trends. Even though snow removal did
not follow the predicted trend, the results could have
been altered by the early springtime warming.
Further study using both the warming chambers and
snow removal treatments over a greater period of
time may provide important information about how
these treatments affect the abiotic and biotic
conditions under the treatments, thus providing
important information about climate change.

CONCLUSIONS

The preliminary results from this study
support our predictions that the open-sided chambers
would increase nighttime temperatures. This is
consistent with similar studies and reveals that opensided chambers can simulate predicted climate
change conditions.

Soil Temperature (°C) at 5cm depth

25

Soil Temperature (°C)

20

15
Passively
Warmed

10

5

10/16 12:00 AM

10/9 12:00 AM

10/2 12:00 AM

9/25 12:00 AM

9/18 12:00 AM

9/11 12:00 AM

9/4 12:00 AM

8/28 12:00 AM

8/21 12:00 AM

8/14 12:00 AM

8/7 12:00 AM

7/31 12:00 AM

7/24 12:00 AM

7/17 12:00 AM

7/10 12:00 AM

7/3 12:00 AM

6/26 12:00 AM

6/19 12:00 AM

6/12 12:00 AM

6/5 12:00 AM

5/29 12:00 AM

5/22 12:00 AM

5/15 12:00 AM

0

Figure 3. Comparison of soil temperature (°C) at 5cm depth between the warmed and unwarmed treatments.
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