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ABSTRACT 
 

This study analyzes how four differing forest canopy densities affect the rate of snow ablation in the ponderosa 
pine type forest of Northern Arizona, and develops visual correlations between the rate of snow sublimation and 
temperature, wind, relative humidity and exposed snow surface area.  Reported here are the results gathered during 
the 2011-2012 winter season, from four different forest states: 

 
• Alpine Meadow (0% canopy density) ~Meadow 
• Recently thinned (15-30% canopy density) ~ Light 
• Mature thinned (30-45% canopy density) ~ Medium 
• Untreated (45-60% canopy density) ~ Dense 

  
(KEYWORDS:  sublimation, canopy intercept, Ponderosa pine, SWE retention, and meteorological factors) 
 

INTRODUCTION 
 
 As water resources that have their source as seasonal snowpack, especially in the Ponderosa pine 
dominated watersheds of the Southwestern United States, become depleted through population growth and climate 
instability, the need to effectively manage these resources becomes more and more important. In this region, cities 
are located in dry climates where there may be insufficient high quality ground water and few surface water 
resources to supply Municipal and Industrial (M&I) water needs.  A large portion of the precipitation that is 
captured for beneficial use in arid regions originates as seasonal snowpack’s in forested watersheds in mountainous 
areas adjacent to the urban centers.  The single greatest loss of water from seasonal snowfall occurs as sublimation 
from snowfall intercepted by Ponderosa pine canopies. 
 
 Over the next 20 years, the U.S. Forest Service is planning on thinning over 50,000 acres per year of 
ponderosa pine forest, totaling 2.4 million acres.  The effects of implementing forest thinning strategies of this 
magnitude may have a dramatic but somewhat unpredictable effect on annual water yields from snow-covered  
watersheds. 
  
 This project aims to improve our understanding of these impacts. The purpose of this study is to: 
1.) Examine how canopy density affects the loss rate of snow by sublimation over time. 
2.) Understand how snow accumulation on the floor of ponderosa pine forests varies with respect to forest canopy 

density 
 

METHODOLOGY 
 

 The first objective was realized by extracting snow cores from the forest floor snowpack under four 
different forest canopy densities on a daily basis until the snowpack was depleted.  The sampling locations are 
indicated by red vertical lines, in Figure 1.  The snow cores were then weighed, allowing for snow water equivalent 
(SWE) values to be calculated for each respective density.  The second objective was realized by mapping the time 
history of snow loss, from an instrument which mimics a Ponderosa pine bough, against the following climate 
factors: temperature, relative humidity, and wind velocity.  The instrument contained a data logging load cell and 
weather station which allowed for the snow load time history to be overlaid upon the meteorological data. 
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Figure 1.  Snow course locations (star symbol) and vegetation density 

 
 

RESULTS 
 
 The amount of snow that reaches the forest floor is directly related to the canopy density, as shown in 
Figure 2.  As the canopy density decreases, the amount of new snow reaching the forest floor increases.  Figure 2 
shows that while the meadow collects the greatest initial accumulations, it also loses snow at the fastest rate; the 
opposite trend can be seen in the dense canopy.  When the factors of initial snow accumulations and the rate of snow 
loss over time were accounted for, it was found that the medium canopy density retains the most snow for the 
longest period, thus yielding the most spring run-off during the melt season (Figure 3). 
 

 
 

Figure 2.  Snow depth time history 
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Figure 3.  Canopy SWE comparison 
 
 Prior to showing decreasing SWE values over time, the graphs often showed increases in SWE over the 
days immediately following snowfalls. It is believed the temporary increase in SWE can be attributed to subsurface 
water flow, originating from snow melt.  It is known that snow loss is occurring over this time period, but if the 
slopes of the SWE graphs were used to determine loss rates, it would show that the snowpack is actually gaining 
snow instead of the contrary.  It is for this reason that snow depth graphs, such as Figure 2, were used to analyze the 
loss rates.  
 

 

Figure 4.  Daily snow-loss cycle 

 Figure 4 shows a visual correlation between daily snow loss and temperature, wind speed, and relative 
humidity.  It can be seen that every afternoon, humidity reaches its minimum and wind speed reaches its maximum. 
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This cold dry wind creates ideal sublimation conditions and results in large snow losses.  In the evenings, humidity 
reaches its maximum and the wind stops.  Thus, there is very little snow loss due to sublimation in the evening.  
   
 The most drastic correlation between snow loss and meteorological factors was the effect of even light 
wind on the rate of snow sublimation.  Figure 5 displays snow-loss with respect to wind over a 34-hour period.  In 
this relatively short time period, wind speeds ranged from 0.5 to 4 mph, causing the snow pillow to experience 
approximately 1 kg of snow loss.  This is a larger loss than was expected from such light winds.  This shows how 
sensitive the rate of snow sublimation is to the effect of wind.  
 

 
 
Figure 5.  An illustration displaying the effect of wind speed on the rate of snow sublimation.  (Snow-load is read 
from the secondary axis) 
 
 Another interesting occurrence was observed regarding the relationship between humidity and snow-load. 
In the early morning when humidity surpassed approximately 95% saturation, an increase in snow-load was 
generally observed on a daily occurrence.  The increased load only persisted when the humidity stayed near 
saturation.  This relationship can be seen in Figure 6. 
 

 
 
 Figure 6.  Snow load increase vs. humidity 
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CONCLUSION 

 
 The four unique canopy densities, ranging from 0%-60%, result in different initial snowfall accumulations 
and loss rates. It was found that as forest canopy density increases, the amount of snowfall reaching the forest floor 
decreases. However, vice versa, as canopy density decreases, the ablation rates increase. From this study, it was 
found that the medium canopy density (30-60%) strikes the best balance between initial snowfall accumulations and 
its ability to retain SWE over time.  
 
 The rate of snow sublimation is most drastically affected by the presence of even a slight wind. More 
specifically, the sublimation rates were observed to be maximized when the humidity was low and wind was 
present.  
 
*Note- This study applies specifically to the ponderosa pine type forest of northern Arizona, however, similar trends 
would be expected in other similar environments.  
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