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Forests in the upper Colorado basin: linkages between forests, snow cover, and runoff

Introduction

Forests in the western U.S. have seen dramatic changes in forest structure and ecosystem
processes in response to climate change and altered disturbance regimes. Changes in forests
influences precipitation dynamics and runoff of water from snow, which is critical because the
seasonal snowpack of the western U.S. is a “natural water tower” that provides 53% of all
runoff across the west and 75% of water in the Colorado River (Li et al. 2017). Snow dynamics
are essential to understand given that 1/6 of the world’s population depends on surface water
supplies from snowmelt systems (Barnett et al. 2005), including 40 million people who rely on
the Colorado River for water (Deems et al. 2013). Most of the snow in the western U.S. falls in
forested areas, where vegetation controls accumulation and ablation of snow (Varhola et al.
2010, Trujillo and Molotch 2014). Warming climate is expected to both decrease the fraction of
precipitation falling as snow and increase
evapotranspiration due to higher surface energy
(Foster et al. 2016). Understanding the complex
feedbacks between vegetation and snow is
essential for predicting how climate and forest
cover changes will influence water supply
(Goulden and Bales 2014). Because water
provision is a crucial ecosystem service from these
forests that millions of people rely on, predictions
and uncertainty for how climate change,
disturbances, and management actions may
influence water should be considered in
management planning. This is an active area of
research (i.e. Goulden and Bales 2014, Fassnacht
et al. 2018), and this paper will review the
research for the western U.S. and the Colorado
Basin in particular.

Figure 1. Map of the Upper Colorado
River Basin. Source: Deems et al. 2013

Western forests and water flows

Forests in the western United States provide many essential ecosystem services, including
carbon sequestration, habitat for animals, and the protection of water resources. In the
Colorado Basin alone, there are 15 million acres of conifer forests and 3.3 million acres of aspen
forests that receive more than half of the precipitation in snow. Of these, 6.8 million acres are
subalpine forest, which receive more than two thirds of the precipitation as snow (Hibbert
1979). The upper basin of the Colorado River is the part of the watershed that runs off to the
river before Lee’s Ferry; 75% of the river’s water comes from the snowmelt, with the vast
majority falling in the high elevations of the Rocky Mountains (Li et al. 2017). and that
processes of snow melt and runoff interact with vegetation and climate in complex ways.



The western U.S. has historically seen peak flows April through July, with 50-80% of water flow
in this time due to the storage of water in snow (Lundquist et al. 2009). Because the west has
relatively dry summers, snow is the most important water source for many ecosystems to
survive the seasonal drought, especially at high elevations (Monson et al. 2002, Hu et al. 2010).
Increasing temperatures have led to earlier snowmelt across the western states, with peak
annual flow occurring 1-4 weeks earlier in 2002 than 1948 (Dettinger and Cayan 1995, Stewart
et al. 2005, Lundquist et al. 2009). This can lead to changes in vegetation due to increasing
stress of late summer drought (Hu et al. 2010). While rivers downstream of dams do not see
the natural pattern of high April-July flows, earlier snowmelt poses challenges to water
management systems. Rainwater systems are less predictable due to flashier water availability
and sometimes the need to release water earlier in the year to prevent flood risk (Stewart et al.
2005). This paper will focus on another challenge, that of complex interactions between forests,
snow, and climate that can lead to changes in the amount of runoff.

Snow deposition is controlled mainly by winter temperatures, while spring temperatures are
the strongest driver of snow melt (Knowles et al. 2006). Snow water equivalent is a measure of
the amount of water held in snow. The reduction in snow water equivalent is called ablation,
which may occur through melting, evaporation, transpiration, sublimation, and wind, for
example. When snow melts, water seeps into the ground, runs down to bedrock, and comes
out downslope into rivers, which is why snowpack is an essential reservoir of water for the
semi-arid and summer-dry western U.S. (Cole and Moore 2009).

Increases in minimum temperature have led to decreases in the amount of snow deposited and
earlier disappearance of snow across the western U.S. since the mid 1900s (Knowles et al.
2006). In the inter-mountain west (the Great Basin and Colorado River Basin), this earlier
disappearance of snow may be due in part to increased sublimation due to raised temperatures
being able to hold more water vapor, leading to a faster rate of melt rather than earlier onset of
melt (Harpold et al. 2012). In the Sierra Nevada, which has overall warmer temperatures,
research has shown a larger effect of state transitions from snow to rain as causing the declines
in snow water equivalent (Mote et al. 2005). The difference between regions is likely due to
differences in winter temperatures and the amount of buffer an area has for dealing with
increased temperatures. For example, the higher elevation southern Sierra Nevada has not
seen the same declines in snowpack due to colder temperatures at the higher elevations than
in the northern Sierra Nevada (Mote et al. 2005, Das and Stephenson 2013). These regional and
elevational differences are important to consider as environmental conditions may mediate
change.

Evapotranspiration and climate

Increased temperature is expected to be a primary driver of change in the amount of water
runoff, due largely to the influence of temperature on evapotranspiration (Foster et al. 2016).
Evapotranspiration is increased by greater energy availability both for evaporation and for plant
transpiration, and is therefore driven both by increasing air temperatures as well as earlier



snowmelt and the rate of snowmelt. Multiple theories exist for how change in snowmelt rate
influences evapotranspiration. One theory is that earlier snowmelt due to warmer atmosphere
will lead to greater evapotranspiration due to increased vapor pressure deficit. A second theory
posits that early snowmelt will lead to asynchrony between water availability and vegetation
growth, leading to more runoff. Similarly, some results have shown that earlier snowmelt is
associated with slower snowmelt (Trujillo and Molotch 2014), while others show faster
snowmelt (Harpold et al. 2012). Faster snowmelt would mean that soil would saturate and then
more water would be available to runoff, faster than the rate of evapotranspiration; this would
lead to increased infiltration and greater subsurface drainage (Barnhart et al. 2016). Conversely,
slower melt may be more able to be taken up by vegetation, leading to increases in
evapotranspiration. Snowmelt rate is therefore important for controlling how much water is
evaporated or transpired and how much becomes subsurface drainage or surface flows.

Annual evapotranspiration is very closely related to canopy density. In addition to high
elevation forests being the forest type that receives the most snowfall, high elevation forests
are especially important for runoff because low vegetation cover means there’s less ET than if
there were very dense forest (Goulden and Bales 2014). They also have a very short growing
season and so are only taking up water (therefore transpiring) for a short part of the year. High
elevation forests such as the subalpine are energy limited rather than water limited like in
lower elevation forests; that means that they have the water capacity to increase ET if they had
more energy (Goulden et al. 2012, Foster et al. 2016). Increasing temperatures can release the
forests from that control, leading to increased transpiration with warming temperatures, which
has already been seen in some western U.S. watersheds including in the Sierra Nevada and the
Rocky Mountains (Goulden and Bales 2014). Increased temperatures can lead to rapid
vegetation shifts in high elevation forests, including increases in subalpine tree growth (Dolanc
et al. 2013b), densification (Dolanc et al. 2013a), rising tree-line altitude (Camarero et al. 2017,
Smithers et al. 2018), and changes in species distribution (Millar et al. 2004, Slaton 2015).
Increasing temperatures can therefore cause changes in forest structure that lead to increased
transpiration, which can minimize the amount of water available downstream (Foster et al.
2016).
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Tree-snow interactions across scales



Forests and trees also interact with snow accumulation and melt via energy transfer. Trees can
shade snow on the ground from shortwave radiation, but they also emit longwave radiation
down to the surface. Some snow is additionally caught in the tree, where it will either
sublimate, melt to the floor, or fall. Whether a forest leads to snowpack protection in the spring
or to earlier snowmelt is complicated. One pattern comes with average air temperature: in
places with mean winter temperature > -1°C (Dec-Feb), melt occurs during winter more under
forest than in clearings due to greater net radiation (Lundquist et al. 2013). That means that in
warmer areas, including much of the continental western U.S., midwinter melt is higher under
forests than in clearings. In colder areas, such as higher latitudes, the opposite occurs, with
greater melt in open clearings. In general, this means that streamflow timing in areas that are
warmer would be more sensitive to climate change under forests than in clearings — that
change in snowmelt timing would be greater under trees than in clearings (Lundquist et al.
2013). Of course, this is general, and snowmelt is influenced by many other factors, including
aspect, slope, and rain-on-snow events. One implication of this research is that areas with
mortality or decreasing canopy cover could be a positive thing for streamflow in warmer
climates. It is also an interesting idea for forest management in warmer areas such as the
continental western U.S.; for example, forest management history, such as fire suppression and
logging, has led to very dense forests. Thinning for purposes such as fire and fuel reduction
could have additional benefits of increasing streamflow.

Forest disturbance interactions with snow

The general observation from Lundquist et al. (2013) that tree cover in relatively warm-winter
snow areas causes increased melt is complicated by other research that investigates the tree-
snow interaction at different scales. Snow intercepted by canopies may sublimates more than
snow on the forest floor, but canopies also intercept wind which can reduce sublimation and
wind scour. Much of the research investigating effects at multiple scales has been conducted in
the context of forest disturbances.

One active front of research on snow-forest interactions deals with forest disturbances. This is
useful for comparing snowmelt from areas with and without disturbance as well as
incorporating changing disturbance regimes into predictions for future forest cover and runoff.
Mountain pine beetle is a native beetle that in recent decades has caused widespread mortality
due to favorable climatic conditions for reproduction and dispersal along with increased stress
for trees (Raffa et al. 2008). Research has investigated the difference in snow accumulation in
forests with live trees and forests with beetle-caused mortality after all of the needles have
dropped but the trees still stand. These studies have reported variable findings about how
mountain pine beetle mortality has influenced snowpack and highlighted the importance of the
scale of observation (Biederman et al. 2014). For example, multiple studies have found greater
peak snowpack after mortality due to the decrease in sublimation of attenuated snow in
canopies (Pugh and Small 2012, Boon 2012). Biederman et al. (2014), also observed that there
was decreased snow interception in canopies (more snow fell on the ground) when snow was
measured by continuous snow sensors installed at plots. However, when snow accumulation
was studied using transect measurements and isotope analyses at a larger forest stand scale,



they found that the decreased interception was offset by higher sublimation, leading to no
noticeable change between stands with and without high mortality from mountain pine beetles
(Biederman et al. 2014). This result highlights the importance of investigating multiple scales for
snow measurements in response to high severity disturbances.

Over the last half century, fires have increased in area and severity across the western U.S.
(Westerling et al. 2006, Safford and Van de Water 2013, Parks et al. 2018). In northern Rocky
Mountain lodgepole pine forests, the fire regime is characterized by high severity, infrequent
fire, with return intervals of 100-300 years (Turner et al. 2003). For these systems, 20t century
fire suppression has played little role in building fuels that would lead to larger or more severe
fires, but increasing spring and summer temperatures and earlier spring snowmelt are strongly
associated with the large increase in large fires (Westerling et al. 2006). While large high
severity burns such as the 1988 Yellowstone fires are not unusual for that system, the fire
return interval is expected to shorten dramatically, potentially to 30 years by the mid-21
century (Westerling et al. 2011). Lodgepole pine of the northern Rocky Mountains are fire
adapted and many have serotinous cones that open after fire, but serotinous cones take many
decades to produce, which could limit succession after repeated frequent fire (Romme et al.
2011). This is expected to lead to state changes away from lodgepole pine and into treeless
systems (Westerling et al. 2011), which in a windy system like the Rocky Mountains could lead
to additional wind-scour and lower snow accumulation (Woods et al. 2006). The southern
Rocky Mountains, which are part of the Colorado River Basin, also have lodgepole pine forests
and a variety of fire regimes, leading to a variety of potential management strategies to deal
with changes in climate, fuel loads, and tree cover. Potential changes in forest cover or
transitions to other vegetation systems have not been incorporated into hydrological
predictions for the Colorado River, but could play an important role in determining snow
ablation (Bales et al. 2006).

In the Sierra Nevada, Stevens (2017) found that increasing fire severity had a strong negative
effect on snowpack depth, with unburned forest having the deepest snowpack. This seems to
run counter to the trend of warm-winter forests (with average temperature > -1C) have greater
snowpack in clearings (Lundquist et al. 2013), and indicates that ablation from sunlight hitting
the ground is still an important driver of snowpack. At the individual tree scale, however,
snowpack depth was greater in canopy openings than under trees. Variation in canopy cover
creates smaller areas for snow accumulation while reducing ablation with shading (Stevens
2017). This research emphasizes the importance of heterogeneity in forest structure, which is
essential for many other aspects of ecosystem function in addition to snowpack, and has
increasingly been incorporated into ecosystem management in federal land management
agencies (North et al. 2009, North 2012).

Forest Management Uses and Implications
Forest management has long been thought of as a tool for managing runoff (Hibbert 1979).

With increasing temperatures, lengthening growing seasons, carbon and nitrogen deposition,
and fire suppression occurring over vast areas of the western U.S., many forested areas have



increased in density over the past century which may lead to declines in snow accumulation
and water yield (Hibbert 1979, Anderson and Goulden 2011, Dolanc et al. 2013a). Tree removal
during harvest or fuel reduction efforts may change the amount of snow accumulation,
depending on the relative gains due to lower snow interception and losses due to increased
wind scour and sublimation (Stegman 1996). An experimental treatment in the Rocky
Mountains of Montana found that peak snow water equivalent was increased in a silvicultural
prescription that left residual trees evenly spaced, while a harvest in patches, leaving residual
groups of trees, caused no change in snow water equivalent (Woods et al. 2006). The potential
exists for forest management to improve both water runoff amounts while enhancing forest
resistance to high severity fire or disease and reducing drought stress.

Conclusions

Forest and snow interact in complex ways, mediated by climatic conditions such as
temperature and timing of snow events. Interactions differ across global, regional, and
microclimate scales, and observations of patterns or processes also can depend on the amount
of snow between years (Varhola et al. 2010). Because of warmer temperatures, increases in
evapotranspiration can reduce overall flows to the Colorado River along with all of the river
systems in the western U.S. These patterns could be complicated or mediated by changes in
forest cover and disturbance regimes that can lead to state changes (Turner 2010). While water
agencies have historically been reluctant to engage in forest management funding or
operations (personal communication, Dr. Hugh Safford), there are strong connections between
forest resilience and water yields, leading to the natural question of whether or how water
agencies could help to protect the sources of much of the water in the western U.S..

In summary, forest interactions with snow are very complex. It is difficult to model changes due
to cross-scale interactions and feedbacks, but researchers are in agreement that climate change
will lead to decreases in runoff due to a variety of factors including decreased snowpack from
warming temperatures and increasing evapotranspiration. This is an active area of research
from multiple angles, including the interactions between forest disturbances and snow. Forest
management agencies recognize the importance of preserving forest heterogeneity at multiple
scales as a part of ecosystem management (North et al. 2009, North 2012), which for now
seems to be the best course of action while research progresses and continues to work out the
underlying processes that drive runoff.

References

Anderson, R. G., and M. L. Goulden. 2011. Relationships between climate, vegetation, and
energy exchange across a montane gradient. Journal of Geophysical Research-
Biogeosciences 116.

Bales, R. C., N. P. Molotch, T. H. Painter, M. D. Dettinger, R. Rice, and J. Dozier. 2006. Mountain
hydrology of the western United States. Water Resources Research 42:1-13.

Barnett, T. P., J. C. Adam, and D. P. Lettenmaier. 2005. Potential impacts of a warming climate



on water availability in snow-dominated regions. Nature 438:303-309.

Barnhart, T. B., N. P. Molotch, B. Livneh, A. A. Harpold, J. F. Knowles, and D. Schneider. 2016.
Snowmelt rate dictates streamflow. Geophysical Research Letters 43:8006—8016.

Biederman, J. A., P. D. Brooks, A. A. Harpold, D. J. Gochis, E. Gutmann, D. E. Reed, E. Pendall,
and B. E. Ewers. 2014. Multiscale observations of snow accumulation and peak snowpack
following widespread, insect-induced lodgepole pine mortality. Ecohydrology 7:150-162.

Boon, S. 2012. Snow accumulation following forest disturbance. Ecohydrology 5:279-285.

Camarero, J. J., J. C. Linares, A. |. Garcia-Cervigdn, E. Batllori, . Martinez, and E. Gutiérrez. 2017.
Back to the Future: The Responses of Alpine Treelines to Climate Warming are Constrained
by the Current Ecotone Structure. Ecosystems 20:683—700.

Cole, S. J., and R. J. Moore. 2009. Distributed hydrological modelling using weather radar in
gauged and ungauged basins. Advances in Water Resources 32:1107-1120.

Das, A.J., and N. L. Stephenson. 2013. Assessment of climatic change. Pages 243-250 in C.
Sydoriak, J. A. Panek, J. J. Battles, and K. R. Nydick, editors. A natural resource condition
assessment for Sequoia and Kings Canyon National Parks. NPS/SEKI/NRR-2013/665, Fort
Collins, CO: U.S. Department of the Interior, National Park Service.

Deems, J. S., T. H. Painter, J. J. Barsugli, J. Belnap, and B. Udall. 2013. Combined impacts of
current and future dust deposition and regional warming on Colorado River Basin snow
dynamics and hydrology. Hydrology and Earth System Sciences 17:4401-4413.

Dettinger, M. D., and D. R. Cayan. 1995. Large-scale atmospheric forcing of recent trends
toward early snowmelt runoff in California. Journal of Climate 8:606—623.

Dolanc, C. R., J. H. Thorne, and H. D. Safford. 2013a. Widespread shifts in the demographic
structure of subalpine forests in the Sierra Nevada, California, 1934 to 2007. Global
Ecology and Biogeography 22:264-276.

Dolanc, C. R., R. D. Westfall, H. D. Safford, J. H. Thorne, and M. W. Schwartz. 2013b. Growth-
climate relationships for six subalpine tree species in a Mediterranean climate. Canadian
Journal of Forest Research-Revue Canadienne De Recherche Forestiere 43:1114-1126.

Fassnacht, S. R., N. B. H. Venable, D. McGrath, and G. G. Patterson. 2018. Sub-seasonal
snowpack trends in the Rocky Mountain National Park Area, Colorado, USA. Water
(Switzerland) 10:1-19.

Foster, L. M., L. A. Bearup, N. P. Molotch, P. D. Brooks, and R. M. Maxwell. 2016. Energy budget
increases reduce mean streamflow more than snow-rain transitions: Using integrated
modeling to isolate climate change impacts on Rocky Mountain hydrology. Environmental
Research Letters 11.

Goulden, M. L., R. G. Anderson, R. C. Bales, A. E. Kelly, M. Meadows, and G. C. Winston. 2012.
Evapotranspiration along an elevation gradient in California’s Sierra Nevada. Journal of
Geophysical Research: Biogeosciences 117:1-13.

Goulden, M. L., and R. C. Bales. 2014. Mountain runoff vulnerability to increased
evapotranspiration with vegetation expansion. Proceedings of the National Academy of
Sciences of the United States of America 111:14071-14075.

Harpold, A., P. Brooks, S. Rajagopal, |. Heidbuchel, A. Jardine, and C. Stielstra. 2012. Changes in
snowpack accumulation and ablation in the intermountain west. Water Resources
Research 48.

Hibbert, W. R. 1979. Managing vegetation to increase flow in the Colorado River Basin. Page



USDA Forest Service, General Technical Report RM-66. Fort Collins, CO.

Hu, J., D.J. P. Moore, S. P. Burns, and R. Monson. 2010. Longer growing seasons lead to less
carbon sequestration by a subalpine forest. Global Change Biology 16:771-783.

Knowles, N., M. Dettinger, and D. R. Cayan. 2006. Trends in Snowfall Versus Rainfall for the
Western United States, 1949-2001. Journal of climate 19:4545-4559.

Li, D., M. L. Wrzesien, M. Durand, J. Adam, and D. P. Lettenmaier. 2017. How much runoff
originates as snow in the western United States, and how will that change in the future?
Geophysical Research Letters 44:6163—-6172.

Lundquist, J. D., M. D. Dettinger, I. T. Stewart, and D. R. Cayan. 2009. Variability and trends in
spring runoff in the western United States. Pages 63—76 in F. Wagner, editor. Climate
warming in western North America--Evidence and environmental effects. University of
Utah Press.

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 49:6356—6370.

Millar, C. 1., R. D. Westfall, D. L. Delany, J. C. King, and L. J. Graumlich. 2004. Response of
subalpine conifers in the Sierra Nevada, California, USA, to 20th-century warming and
decadal climate variability. Arctic Antarctic and Alpine Research 36:181-200.

Monson, R. K., A. A. Turnipseed, J. P. Sparks, P. C. Harley, L. E. Scott-Denton, K. Sparks, and T. E.
Huxman. 2002. Carbon sequestration in a high-elevation, subalpine forest. Global Change
Biology 8:459-478.

Mote, P. W., A. F. Hamlet, M. P. Clark, and D. P. Lettenmaier. 2005. Declining mountain
snowpack in Western North America *. Bulletin of the American Meteorological Society
86:39-49.

North, M. 2012. Managing Sierra Nevada forests. Page General Technical Report PSW-GTR-237.
Vallejo, CA.

North, M., P. Stine, K. O’Hara, W. Zielinski, and S. Stephens. 2009. An Ecosystem Management
Strategy for Sierran Mixed- Conifer Forests. Page General Technical Report PSW-GTR-220.
Vallejo, CA.

Parks, S. A., L. M. Holsinger, M. H. Panunto, W. M. Jolly, S. Z. Dobrowski, and G. K. Dillon. 2018.
High-severity fire: Evaluating its key drivers and mapping its probability across western US
forests. Environmental Research Letters 13.

Pugh, E., and E. Small. 2012. The impact of pine beetle infestation on snow accumulation and
melt in the headwaters of the colorado river. Ecohydrology 5:467-477.

Raffa, K. F., B. H. Aukema, B. J. Bentz, A. L. Carroll, J. A. Hicke, M. G. Turner, and W. H. Romme.
2008. Cross-scale Drivers of Natural Disturbances Prone to Anthropogenic Amplification:
The Dynamics of Bark Beetle Eruptions. BioScience 58:501-517.

Romme, W. H., M. S. Boyce, R. Gresswell, E. H. Merrill, G. W. Minshall, C. Whitlock, and M. G.
Turner. 2011. Twenty Years After the 1988 Yellowstone Fires: Lessons About Disturbance
and Ecosystems. Ecosystems 14:1196-1215.

Safford, H. D., and K. M. Van de Water. 2013. Using Fire Return Interval Departure (FRID)
analysis to map spatial and temporal changes in fire frequency on National Forest lands in
California. Pacific Southwest Research Station - Research Paper PSW-RP-266:1-59.

Slaton, M. R. 2015. The roles of disturbance, topography and climate in determining the leading



and rear edges of population range limits. Journal of Biogeography 42:255-266.

Smithers, B. V., M. P. North, C. I. Millar, and A. M. Latimer. 2018. Leap frog in slow motion:
Divergent responses of tree species and life stages to climatic warming in Great Basin
subalpine forests. Global Change Biology 24:e442—e457.

Stegman, S. V. 1996. SNOWPACK CHANGES RESULTING FROM TIMBER HARVEST INTERCEPTION,
REDISTRIBUTION, AND EVAPORATION1. JAWRA Journal of the American Water Resources
Association 32:1353-1360.

Stevens, J. T. 2017. Scale-dependent effects of post-fire canopy cover on snowpack depth in
montane coniferous forests. Ecological Applications 27:1888—-1900.

Stewart, I. T, D. R. Cayan, and M. D. Dettinger. 2005. Changes toward earlier streamflow timing
across western North America. Journal of Climate 18:1136-1155.

Trujillo, E., and N. P. Molotch. 2014. Snowpack regimes of the Western United States. Water
Resources Research 50:5611-5623.

Turner, M. G. 2010. Disturbance and landscape dynamics in a changing world. Ecology 91:2833—
2849,

Turner, M. G., W. H. Romme, and D. B. Tinker. 2003. Surprises and lessons from the 1988
Yellowstone fires. Frontiers in Ecology and the Environment 1:351-358.

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
392:219-233.

Westerling, A. L., H. G. Hidalgo, D. R. Cayan, and T. W. Swetnam. 2006. Warming and earlier
spring increase Western U.S. forest wildfire activity. Science 313:940-943.

Westerling, A. L., M. G. Turner, E. A. H. Smithwick, W. H. Romme, and M. G. Ryan. 2011.
Continued warming could transform greater yellowstone fire regimes by mid-21st century.
Proceedings of the National Academy of Sciences of the United States of America
108:13165-13170.

Woods, S. W., R. Ahl, J. Sappington, and W. McCaughey. 2006. Snow accumulation in thinned
lodgepole pine stands, Montana, USA. Forest Ecology and Management 235:202-211.



