
Executive Summary 
FIA-FSP project number: Y091095 
 
Title: Predicting development and productivity of southern interior mixed species 
stands following mountain pine beetle attack 
 
Project purpose and management implications: 
 
The purpose of this project was to complete parameterization of the SORTIE-ND stand 
dynamics model for Montane spruce zone stands in the southern interior of BC. In order 
for the SORTIE-ND model to make accurate stand growth predictions for the MS zone, 
including MPB affected areas, it is necessary to sample a range of stands characteristic of 
the zone. We have already collected data for hybrid spruce and subalpine fir, however, 
additional information is required for lodgepole pine and a few remaining tree species 
found throughout the MS zone. To complete parameterization of the SORTIE-ND model, 
we are quantifying the growth response of juvenile Douglas-fir and aspen trees (<10 cm 
dia.) growing under a range of light environments, characterizing their probability of 
juvenile tree mortality, and investigating the effects of competition on the growth and 
survival of adult lodgepole pine, Douglas-fir and aspen trees (>10cm dia). We are linking 
our empirical data to SORTIE-ND. SORTIE-ND is a resource-mediated, spatially 
explicit, mixed-species forest model that makes population dynamic forecasts for juvenile 
and adult trees. With the model, we can examine how stands will develop following MPB 
attack. We will be able to evaluate and estimate timber growth implications on residual 
trees and regenerated stands in the understory and in clearcut openings. We will also be 
able to predict residual stand development with and without treatment under various 
levels of attack.  
 
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, ending March 31, 
2010.  It was previously funded through FSP project #M086020. 
 
Methodology overview: 
 
Approach: 
This study is being conducted in the MS zone of the Southern Interior Forest Region. To 
determine the growth response of juvenile trembling aspen and Douglas-fir to a variety of 
light conditions, we are collecting radial growth information from approximately 60 trees 
growing under different light conditions. We are also sampling live and dead saplings 
across a heterogeneous light environment to characterize the probability of juvenile 
mortality as a function of recent growth. To develop this relationship, stem cross sections 
are collected from approximately 40 living and 40 recently dead trees for each species. 
By sampling a variety of stand ages, from age class 2 to 9, we are developing distance-
dependent models to determine the effects of competition on growth and survival of adult 
lodgepole pine, trembling aspen and Douglas-fir trees (Canham et al., 2004). In each 



stand, a central transect 50-350 m long is established, and we number and record species, 
DBH and location of each tree with a DBH >10cm within 20 m of the transect center-
line. In total 100-150 target trees are sampled for each species.  
 
Measurements: 
-Each sample tree is assessed for height and DBH to characterize the growth response of 
our test species to variations in light. The sample trees are cut down and a stem cross 
section collected 10 cm above the ground. The 10 most recent annual growth rings are 
measured using a Vellmex Micrometer. Hemispherical canopy photos are taken 1.5 m 
above the stump of each cut sample tree to quantify the level of available light. This 
information has already been collected for subalpine fir, hybrid spruce, and lodgepole 
pine. 
-To examine the probability of mortality as a function of recent growth, a stem cross 
section is removed from the chosen sample trees 10 cm above the ground. The 10 most 
recent annual growth rings are measured using a Vellmex Micrometer. A subsample of 
randomly placed quadrants is used to estimate the total number of live and dead 
individuals on each site. This information, along with the growth data collected from the 
disks, is required for maximum likelihood analysis. We have already collected this 
information for subalpine fir and hybrid spruce.  
-To quantify effects of competition on the growth and survival of adult trees, stands of 
various ages are stem mapped. This is done using an Impulse LaserTM with the Mapstar 
Compass ModuleTM. All trees meeting the necessary requirements are mapped, tagged, 
and assessed for species and DBH. Target trees are cored and a Vellmex Micrometer 
used to determine the average radial growth (mm/yr) over the last 5yrs. We have 
collected some of this information for lodgepole and completed sampling for subalpine 
fir and hybrid spruce.  
Analyses: 
1) The analysis of growth response data to variations in light required the use of 
nonlinear regression techniques to develop growth functions as described in Wright et al. 
1998. 
2) Maximum likelihood analysis, as described in Kobe and Coates 1997, was used to 
determine the probability of mortality as a function of tree growth. 
3) The analysis of the competition data followed the techniques outlined by Canham et al. 
(2004). 
4) Dave Coates will continue to oversee the parameterization of the SORTIE-BC stand 
model. He has already conducted similar research for many tree species in northern BC.  
 
Any interim conclusions, inference or information that might be immediately useful 
to forest practitioners and other researchers: 
 
 During this fiscal year we completed all of our scheduled tasks and deliverables 
of which the most notable include: 

1. Collection of radial growth and spatial parameters for lodgepole pine and 
trembling aspen 

2. Collection of radial growth and light parameters for juvenile trembling aspen and 
Douglas-fir 



3. Collection of radial growth and mortality parameters for juvenile lodgepole pine 
and trembling aspen 

4. Completion of the analysis of the relationships among these parameters using the 
above described methods. 

5. Re-parameterized SORTIE-ND using the new data (parameter file “Updated 
SORTIE_ND Research Parameter File Version 3.1 Montane Spruce Zone_do not 
distribute.xml” and ran a new simulation which included trembling aspen. 

6. Summary of progress and model runs in a year-end executive summary submitted 
to FSP. 

 
Next year, we will complete the analyses, model parameterization, simulation 

runs, and final report. Interim results and management implications are described below. 
 
 
Model calibration: 

SORTIE (Pacala et al. 1993), is a spatially explicit model of forest stand 
development that includes simulation of regeneration, interspecific light competition, 
episodic events and silvicultural practices to examine the potential effects of mortality 
events and silvicultural treatments on final stand structure.  We used the latest version of 
the SORTIE-ND model (v 6.06) which is publicly available at: http://www.sortie-nd.org/. 

The model is being calibrated for MS stands in the Kamloops Region using data 
collected in the field portion of this project.  SORTIE-ND models growth of individual 
seedlings and saplings based on light availability.  When the tree reaches a predetermined 
diameter (5 cm in our study) it is considered to be an adult and growth is driven by a 
neighborhood competition index (NCI) that is calculated for each individual species in 
the model.     

The SORTIE-ND functions for juvenile growth and light dependent mortality for 
lodgepole pine and trembling aspen were updated using the collected field data with 
methods and equations described by Kobe and Coates (1997) and Wright et al. (1998, 
2000).  The NCI functions that drive adult tree growth and mortality were derived from 
the stem mapped plots.  This was done using the maximum likelihood estimation 
program supplied with SORTIE-ND (Canham et al. 2004).  Final model calibration was 
done by comparing SORTIE-ND output with existing long-term measurement data.   
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.sortie-nd.org/


Simulations: 
 The parameterized MS SORTIE-ND model was used to conduct two model 
simulations aimed at understanding and quantifying how stands will develop following 
MPB attack.  The first model run simulates the recovery of a pine dominated post harvest 
regenerated stand that has sustained 40% mortality among trees less than 12cm dbh and 
100% mortality among trees larger than 12cm dbh.  Prior to the beetle attack this juvenile 
stand consisted of approximately 1200 stems/ha of lodgepole pine and minor amounts of 
spruce and subalpine fir regeneration (Figure 3).  For this simulation the episodic event, 
or beetle attack, was programmed to occur in year 3 and allowed to run for a total of 100 
years.  The second simulation was designed to determine how an intermediate aged 
mixed species trembling aspen stand would develop following a MPB attack.  In this 
simulation 90% of the pine was killed by the MPB (Figure 9).  The original stand 
consisted of 700 stems/ha of intermediate sized trembling aspen, 500 stems/ha of 
intermediate sized lodgepole pine, 250 stems/ha of spruce saplings, and 100 stems/ha of 
subalpine fir saplings (Figure 7).  The episodic event occurred in year 4 and the 
simulation was run for 100 years.    
 
Simulation Results: 
 The first model run was designed to simulate the recovery of a fairly typical age 
class 2 lodgepole pine plantation.  It was originally expected these young pine stands 
would remain unaffected by the beetle attack, however, many have suffered very high 
levels of mortality as a result of the MPB.  In this simulation the episodic event was 
programmed to occur in the 3rd year.  Following the MPB attack only 60% of pine stems 
smaller than 12cm survived while all larger pine trees were killed by the beetle (Figure 
4).  This resulted in approximately 200 stems/ha of small pine remaining in the stand.  
Throughout the 100 year simulation lodgepole pine continues to fall out of the stand as 
there was very little understory pine regeneration following the MPB attack.  The number 
of subalpine fir trees increased very little over the simulation period while spruce 
numbers increased more dramatically.  By the end of the simulation, interior spruce had 
outperformed all other tree species resulting in spruce dominated stand (Figure 5).  The 
final basal area for interior spruce, lodgepole pine, and subalpine fir were 15.27 m2/ha, 
12.326 m2/ha, and 1.36 m2/ha, respectively (Figure 1).  The stand recovered to its pre-
attack basal area 55 years into the simulation.  Based on our simulation these young MPB 
affected stands never really recover from the MPB attack, suggesting that some form of 
silvicultural intervention, such as infilling, may be necessary to ensure a fully stocked 
stand at rotation.   
 The second simulation simulates the recovery of an intermediate aged mixed 
species trembling aspen stand.   Prior to the MPB attack, the stand consisted of 700 
stems/ha of intermediate sized trembling aspen, 500 stems/ha of intermediate sized 
lodgepole pine, 250 stems/ha of juvenile spruce, and 100 stems/ha of juvenile subalpine 
fir.  The episodic event occurred in year 4, resulting in 90% lodgepole pine mortality 
(Figure 9).  Following the MPB attack there were only 50 stems/ha of lodgepole pine 
remaining in the stand.  Over the 100 year simulation, lodgepole pine continued to fall 
out of the stand due a lack of understory regeneration.  Trembling aspen numbers also 
decreased over the simulation period and spruce became the dominant species within 65 
years of the MPB attack.  Subalpine fir numbers increased very little over the 100 year 



simulation (Figure 7).  The final basal area for interior spruce, trembling aspen, subalpine 
fir, and lodgepole pine were 24.04 m2/ha, 15.984 m2/ha, 7.09 m2/ha, and 2.052 m2/ha, 
respectively.  The stand recovered to its pre-attack basal area 45 years into the simulation.      
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Figure 1.  Basal area throughout the 100 year simulation of a juvenile pine dominant 
MPB affected stand (simulation #1) 
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Figure 2.  Stand density throughout the 100 year simulation of a juvenile pine dominant 
MPB affected stand (simulation #1) 
 
 
 
 



 
Figure 3. Juvenile lodgepole pine dominant stand before MPB attack (simulation #1) 
(pine=red, spruce=blue, subalpine fir=green, snags=black) 
 
 
 

 
Figure 4. Juvenile lodgepole pine dominant stand immediately following MPB attack 
(simulation #1) (pine=red, spruce=blue, subalpine fir=green, snags=black) 



 
Figure 5. Juvenile lodgepole pine dominant stand 100 years following MPB attack 
(simulation #1) (pine=red, spruce=blue, subalpine fir=green, snags=black) 
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Figure6.  Basal area throughout the 100 year simulation of a mixed aspen, pine, spruce, 
subalpine fir MPB affected stand (simulation #2) 
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Figure7.  Stand density throughout the 100 year simulation of a mixed aspen, pine, 
spruce, subalpine fir MPB affected stand (simulation #2) 
 
 

 
Figure 8. Mixed aspen, pine, spruce, subalpine fir stand before MPB attack (simulation 
#2) (pine=red, spruce=blue, subalpine fir=green, snags=black) 
 
 
 
 



 
Figure 9. Mixed aspen, pine, spruce, subalpine fir stand immediately following MPB 
attack (simulation #2) (pine=red, spruce=blue, subalpine fir=green, snags=black) 
 
 

 
Figure 10. Mixed aspen, pine, spruce, subalpine fir stand 100 years following MPB attack 
(simulation #2) (pine=red, spruce=blue, subalpine fir=green, snags=black) 
 



 
 
 
 
 
Contact information to assist someone in finding additional information on the 
project 
 

Dr Suzanne Simard 
 

The University of British Columbia ,  
Department of Forest Sciences Faculty of Forestry  
Forest Sciences Centre, #3601- 2424 Main Mall  
Vancouver, British Columbia Canada V6T 1Z4 
Phone: (604) 822-1955 
Fax: (604) 822-9102 
Email: suzanne.simard@ubc.ca 

 


