
Executive Summary 

FIA-FSP project number: Y091163 

 

Title: Predicting changes in early growing season water availability contributed as 

snowmelt following mountain pine beetle attack   

 

Project purpose and management implications: 

 

 The purpose of this project is to use almost entirely existing stand spatial data and 

snow-melt data to model early season water availability in mountain pine beetle (MPB) 

affected stands. The resultant canopy loss due to the MPB is likely to have an influence 

on the volume and timing of snow melt and, consequently, on water availability. We plan 

to model changes in stand attributes post-MPB and the consequent changes in early 

growing season water availability contributed by snow melt in 4 Montane Spruce zone 

stands aged 20 (thinned and un-thinned), 80 and 140 yrs. To model snow ablation in the 

three stands we developed a model that consists of the following variables: temperature, 

incident radiation, and a spatial component (proximity index) that relates snow melt 

volume and snow pack disappearance rates to the size, species, and distance of adjacent 

trees. It is also our intention to use this model in conjunction with simulation output from 

SORTIE-ND to forecast the ongoing affects of MPB on ablation rates to determine the 

effects of infilling and re-growth for these stands. To better understand the impacts of 

changes in site hydrology on productivity we also plan to test for correlations between 

snow melt volume and duration and tree radial increment. The information gathered from 

this project will improve our understanding of the impact of the MPB on early growing 

season site hydrology, water availability, and site productivity. It will also help us 

determine how the early growing season hydrologic impacts of the MPB vary with time.   

 

 

Project start date, length of project, and any former project numbers or funding 

sources that apply: 

 

 This project started in April 2008.  It is a two year project and no former project 

numbers or funding sources apply. 

 

Methodology overview: 

 

 To model early season water availability in mountain pine beetle (MPB) affected 

stands we have compiled a variety of existing data from different sources. Almost all of 

the data required to complete this project has been previously collected through other 

research projects and is being made available in-kind. We plan to model changes in stand 

attributes post-MPB and the consequent changes in early growing season water 

availability contributed by snow melt in 4 MS zone stands aged 20 (thinned and un-

thinned), 80 and 140 yrs. To model snow ablation in the three stands we developed a 

model that is a combination of: temperature, incident radiation, and a spatial component 

(proximity index) that relates snow melt volume and snowpack disappearance rates to the 

size, species, and distance of adjacent trees. The meteorological data, wind speed and 



temperature, has been collected in conjunction with snow water equivalent (SWE) 

measurement data for approximately 7 years (Winkler et al., 2005). In three of the stands 

a meteorological tower has been placed in the center of a snow course consisting of 32 

systematically placed permanent measurement points spaced 15m apart. In addition to the 

SWE measurements taken from each point, detailed allometry and tree crown information 

has been collected for all trees taller than 1.3m in a 4m fixed radius plot surrounding each 

of the 32 permanent snow measurement stations. To characterize the light environment 

and solar transmittance through the canopies hemispherical photographs have been taken 

at a height of 1.5m at each of the 32 points. Hardy et al.(2004) found that transmission 

factors derived from hemispheric photos and Gap Light Analyzer (GLA) software can be 

used to specify the distribution of solar flux under a canopy, instead of direct solar flux 

measurements, without degradation in snow model melt predictions.  Each of the four 

sites has also recently been stem mapped using a digital compass and laser. The stem 

maps measure 55 x 105 m and contain x, y coordinates for all trees and snow survey 

stations. All of the mapped trees have been assessed for dbh and species information and 

in combination with the spatial data will be used for the proximity index.  

 Using the snow data collected during the 2009 melt period we plan to re-

parameterize our snow ablation model and use it in conjunction with simulation output 

from SORTIE-ND to forecast the ongoing affects of MPB on ablation rates to determine 

the effects of infilling and re-growth for these stands. SORTIE-ND is a resource-

mediated, spatially explicit, mixed-species forest model that makes population dynamic 

forecasts for juvenile and adult trees. The SORTIE model was originally developed as a 

small scale disturbance model in the early 1990’s (Pacala et al 1993; Pacala et al 1996). 

Recently, the model has been re-parameterized with data from northern and southern 

interior mixed species stands and the latest version of the model is now referred to as 

SORTIE-ND (Kobe and Coates 1997; Wright et al. 1998, 2000; Canham et al. 1999; 

LePage et al. 2000). It has a flexible user-interface that allows the user to incorporate a 

wide range of silvicultural strategies or even episodic events such as the current MPB 

infestation. Using SORTIE-ND we will run a variety of progressive time steps to 

determine how the stands will develop over time and at each time step we will apply the 

snow ablation model to determine how the hydrologic impacts of MPB vary over time. 

At each time step estimates of incident radiation on the snow surface will be predicted 

using the spatially explicit light model described in Canham et al.(2004). This light 

model predicts incident radiation at a given location in a stand and is analogous to the 

methods used to estimate incident radiation from hemispherical photographs. Also, to 

better understand the impacts of changes in site hydrology on productivity we plan to test 

for correlations between snow melt volume and duration and tree radial increment. Tree 

radial growth information was collected for many of the trees in each of the stands for the 

parameterization of SORTIE-ND for the MS zone. 

 

Measurements 

1) Meteorological data: wind and temperature data have been collected for the last seven 

years. Measurements have been made at 1 min intervals and the data loggers store hourly 

averages. 

2) Snow Water Equivalent (SWE) data: SWE measurements have been conducted for 

seven years in the 20 and 140 year old stands and 2 years in the 80 year old stand. A 



standard federal snow tube was used to conduct the measurements and all measurements 

were collected within a 1 m radius of snow survey station. Measurements were made on 

April 1st, and then every 7 days throughout the snowmelt period.  

3) Incident radiation: hemispherical canopy photographs have been taken at a height of 

1.5 m at each snow station. The photos were analysed using the Gap Light Analyzer 

software developed by Frazer et al. (1999, 2000).  

4) Spatial data: all three sites were stem mapped using a Laser Technology™ Forest Pro 

Laser and Mapstar digital compass. The stem maps are rectangular plots measuring 105 x 

55m. All trees within the stem map were tagged and mapped at dbh and assessed for 

species information. The location and number of each snow survey station was also 

mapped.  

5) Allometry and crown measurement data: Detailed allometry and crown information 

was collected for all trees taller than 1.3m in 4m fixed radius plots surrounding each of 

the snow measurement stations. Measurements include: diameter at breast height(dbh), 

total tree height (ht), height to live crown (htlc), and crown diameter (crd). 

 

Analysis: 

We used a combination of standard parametric statistics and maximum likelihood 

methods for analysis of the snow ablation data. The most promising snow ablation model 

that we developed is a combination of temperature, incident radiation, and proximity 

index. The proximity index is an adaptation of a competition index developed by Canham 

et al. (2004). The proximity index (PI) specifying the net effect of adjacent trees on snow 

melt at a predefined point is given by: 
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where DBH is the diameter of a neighborhood tree that is located at “distance” to the 

predefined point. The outer summation sums over species (1 to s), while the inner sums 

the individual (1 to n) of that species. Lambda(i) is a species-specific parameter that 

allows different species to have different effects on snow melt. Alpha is a parameter that 

determines how the effect of tree diameter affects snow melt and ß is a parameter that 

determines how the effects of an individual tree diminish as distance to the point of 

interest increases.  

 

To fit the models that include the proximity index, we utilized the global optimization 

routine simulated annealing (Goeffe et al. 1994) as it allows us to estimate all the 

parameters in the proximity index directly from data. This would not be possible with 

standard model fitting routines as the parameters are inside a summation. Estimation of 

these parameters directly from the data allowed us to get a better understanding of how 

the spatial distribution of trees of different species influence snow ablation.  

 

We used Akaike’s Information Criteria (AICC) appropriate for small sample sizes 

(Hurvich and Tsai 1989; Burnham and Anderson 2002) to distinguish different functional 

forms of the model. Using this criteria models with minimum AIC have the greatest 



empirical support; models with 2 AIC units have similar levels of support (Burnham and 

Anderson 2002).  

  

Any interim conclusions, inference or information that might be immediately useful 

to forest practitioners and other researchers: 

 

 In the first year of our project we completed the following scheduled tasks and 

deliverables: 

1. Collected spatial data in the 20 year old un-thinned pine stand. 

2. Parameterized a spatially explicit distance dependant snow ablation model for 

mountain pine beetle affected stands. 

3. Tested and calibrated the light model described in Canham et al. (2004) with 

existing hemispherical photos. 

4. Collected snow melt data in the 80 year old stand. 

5. Presented our objectives and proposed methods to small audience of researchers 

at the Institute of Ecosystem Studies in Millbrook, NY. 

 

 

Spatial depictions of the 4 research sites: 

 

a) 20 year-old thinned stand 

 

 
(red=Lodgepole Pine, blue=Subalpine Fir, pink=Interior Spruce, white=snow stations) 

 

 

 

 

 

 

 



b) 20 year-old un-thinned stand (stem mapped with funds from this project) 

 

 
(red=Lodgepole Pine, blue=Subalpine Fir, pink=Interior Spruce, white=snow stations) 

 

c) 80 year-old stand 

 

 
(red=Lodgepole Pine, blue=Subalpine Fir, pink=Interior Spruce, white=snow stations) 



d) 140 year-old stand 

 
(red=Lodgepole Pine, blue=Subalpine Fir, green=Interior Spruce, white=snow stations) 

 

 

Calibration and testing of the Canham et al. (2004) light model  

 

We completed extensive testing and calibration of the Canham et al. (2004) light model 

that is being used in SORTIE-ND to ensure its suitability for our application.  In 

SORTIE-ND light levels are predicted with the Gap Light Index (GLI).  The light level at 

a given location is calculated using the position and allometry of the neighborhood trees, 

the sky brightness distribution, and species-specific crown openness.  We intend to use 

this light model to predict incident radiation upon the snow surface for the time 

sequenced SORTIE-ND model runs that will depict future stand growth and spatial 

characteristics.  To conduct the analysis we used previously collected hemispherical 

photograph data that was taken at each of the 32 snow courses within our stands and 

compared it with GLI values obtained from the SORTIE-ND light model.  Although it 

was necessary to make changes to the crown allometry parameters in SORITE-ND we 

were able to produce reasonable estimates of incident radiation using the Canham et al. 

(2004) light model.  The light model, as it is currently parameterized, is underestimating 

incident radiation on average by 10.4% (Figure 1).  The underestimation of incident 

radiation by the light model can likely be attributed to the density independent crown 

allometry functions in SORTIE-ND.  Crown height and diameter are currently a function 

of diameter at breast height (dbh) which often results in an overestimation of crown 

dimensions in dense stands or dense tree clumps.  The overestimation of crown 

dimensions under these conditions results in an underestimation of available light.  The 

developers of SORTIE-ND intend to seek funding to rectify this problem in the future; 

however, we feel the changes we made to the current light model will provide adequate 

estimates of incident radiation for this project.   

 

 



 

Figure 1. SORTIE-ND predicted light estimates vs. actual hemispherical photo estimates 
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Development of the spatially explicit distance dependant snow ablation model 

 

We developed and tested three candidate models that represented the relationship 

between snow ablation rates and temperature, incident radiation, and proximity index.  

The proximity index was an adaptation of a competition index developed by Canham et 

al. (2004). The proximity index (PI) specifying the net effect of adjacent trees on snow 

melt at a predefined point is given by: 
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where DBH is the diameter of a neighborhood tree that is located at “distance” to the 

predefined point. The outer summation sums over species (1 to s), while the inner sums 

the individual (1 to n) of that species. Lambda(i) is a species-specific parameter that 

allows different species to have different effects on snow melt. Alpha is a parameter that 

determines how the effect of tree diameter affects snow melt and ß is a parameter that 

determines how the effects of an individual tree diminish as distance to the point of 

interest increases.  Model 1 (Table 1) predicts daily snow ablation rates from the 

proximity index alone.  Model 2 (Table 1) predicts daily snow ablation rates from 

incident radiation and proximity index and Model 3 (Table 1) is a combination of 

incident radiation, temperature, and proximity index.  Although we were able to run all of 



these models it has become apparent that there is a lack of temperature range data during 

peak melt periods.  Snow melt measurements have traditionally been conducted on a 

weekly basis and daily temperature information is averaged over this period.  This seems 

to result in a narrow range of temperature values, particularly if the snow disappears 

quickly.  To rectify this problem we sought additional funds from the Ministry of Forests 

to collect snow melt information every three days however we were unsuccessful at 

acquiring these funds.  It is now our intention to combine this years and last years data in 

the hopes of creating a data set with a wider range of temperature values since ablation 

rates are strongly driven by temperature.   We plan to combine the data when we re-

parameterize the model in the 2009/2010 fiscal year.  In the interim we have written the 

models in the R language and environment and used last years snow melt data to 

parameterize the models and conduct our model comparison.  Maximum likelihood 

estimates of the model parameters were obtained using simulated annealing (a global 

optimization algorithm) (Geoffe et al. 1994).  We used Akaike’s Information Criteria 

(AICC) appropriate for small sample sizes (Hurvich and Tsai 1989; Burnham and 

Anderson 2002) to distinguish different functional forms of the model. Using this criteria 

models with minimum AIC have the greatest empirical support; models with 2 AIC units 

have similar levels of support (Burnham and Anderson 2002).  Our preliminary results 

suggest that model #3 (Table 1) which is combination of temperature, incident radiation, 

and proximity index performs the best out of the three models developed.   

 

Table 1. 
Model 
# 

Independent 
Variables Model Functional Form (X3=light, X1=temperature) AIC corr: 

1 proximity index exp(-1.0*na * (ncis^nb)) 1741.295 

2 proximity index, light (1-exp(-ela*X3^elb))* exp(-1.0*na * (ncis^nb)) 1751.005 

3 
proximity index, light, 
temp (pta*X1^ptb) * (1-exp(-ela*X3^elb))* exp(-1.0*na * (ncis^nb)) 1455.856 

 

 

 

Contact information to assist someone in finding additional information on the 

project 

 

 Trevor Blenner-Hassett 

 Forestec Forestry Consulting 

 Kamloops, B.C. 

 V2C 6B4 

 Phone: (250) 851-3808 

 Email: Trevor_Blenner-Hassett@telus.net 


