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Abstract:  In this project, we have completed an initial parameterization of the SORTIE-
ND stand dynamics model for mixed stands in the Montane Spruce (MS) zone of 
southern interior British Columbia.  To do this, we have quantified, for an initial 
subsample, the growth response of juvenile trees (<10 cm diameter) growing under a 
range of light environments, characterized the probability of juvenile tree mortality, and 
investigated the effects of competition on the growth and survival of adult trees (>10cm 
diameter).  Throughout the duration of the study we focused our sampling on interior 
spruce, subalpine fir and lodgepole pine.  We then used this data to parameterise 
SORTIE-ND for southern interior MS mixtures, using northern interior data where 
southern interior data gaps still exist. With the updated model, we have conducted a 
variety of model runs aimed at understanding and quantifying how stands will develop 
following MPB attack. 
 
Introduction:  This research involved the parameterization of the SORTIE-ND stand 
dynamics model for Montane spruce zone stands in the southern interior of BC.  
SORTIE-ND is a resource-mediated, spatially explicit, mixed-species forest model that 
makes population dynamic forecasts for juvenile and adult trees. It has a flexible user-
interface that allows incorporation of a wide range of silvicultural strategies (e.g., 
clearcutting, understory protection, understory planting, diameter limit harvesting, 
shelterwood, single or group selection and variable retention).  In order for the SORTIE-
ND model to make accurate stand growth predictions for the MS zone, including MPB 
affected areas, it was necessary to sample a range of stands characteristic of the zone.  To 
parameterize the SORTIE-ND model we quantified the growth response of juvenile trees 
(<10 cm dia.) growing under a range of light environments, characterized the probability 
of juvenile tree mortality, and investigated the effects of competition on the growth and 
survival of adult trees (>10cm dia). The primary tree species we collected data for 
include; lodgepole pine, subalpine fir and interior spruce. Our empirical data was then 
linked to SORTIE-ND.  Unfortunately, due to the MPB infestation and recent salvage 
operations it proved difficult to find enough suitable mature pine stands necessary for 
parameterization.  As a result we successfully applied to FSP for an additional two years 
of funding (FIA-FSP #Y091095) to complete the lodgepole pine sampling and collect 
parameter information for Douglas-fir and trembling aspen.  In the interim, we have  
updated SORTIE-ND with the parameter data collected to date and where data gaps still 
exist northern interior data was utilized.  Although the current model is not fully 
parameterized it is capable of making some preliminary predictions on stand 
development following MPB attack.  With a fully parameterized model 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. This research will 



clearly aid the development of science-based policies, regulations and guidelines for the 
management of mountain pine beetle affected stands. 
 
Methods:  This study was conducted in the MS zone of the Southern Interior Forest 
Region.  Montane spruce zone stands are often complex, and can include up to 5 tree 
species on a single site. We have completed sampling for interior spruce and subalpine fir 
and have a partial sample completed for lodgepole pine.  To examine the growth response 
of each test species to a variety of light conditions we used the methodology described by 
Wright et al. 1998.  Saplings (<10cm DBH) were destructively sampled across a light 
gradient and stem disks were collected.   The radial growth of approximately 60 trees, 
growing under different light conditions, was measured in order to develop a light 
response curve. To characterize the probability of juvenile (<10cm DBH) mortality as a 
function of recent growth, we sampled live and dead saplings across a heterogeneous 
light environment.  As described in Kobe and Coates (1997), stem cross sections from 
approximately 40 living and 40 recently dead birch trees were collected from each site 
and assessed for growth to develop a relationship.  Finally, we developed a distance 
dependent model similar to Canham et al. (2004) to determine the effects of competition 
on the growth and survival of adult trees (>10cm DBH).  The distance-dependent model 
provides independent estimates of (1) the potential maximum tree growth for a given set 
of climatic and edaphic conditions, as a function of tree species and size, and (2) the 
magnitude of the competitive effects of neighbouring trees on target tree growth as a 
function of species, size, and distance to neighbouring trees.  To accomplish this, a 
variety of stand ages were sampled.  At each site, a central transect 50-350m long was 
established, and species, DBH and location of each tree with a DBH ≥ 2cm within 25 m 
of the centre-line of the transect was numbered and recorded.  Interior spruce, subalpine 
fir and lodgepole pine target trees >5cm DBH (adult trees) and within 10 m of the centre 
line were cored to determine the radial growth for the last 10 years.  In total at least 100-
150 target trees for each of the three species were sampled.  In order to provide long term 
spatially explicit growth data, the transects have been installed as permanent sample 
plots.  These plots and the data derived from them will likely be of use to other 
researchers as well, because large permanent stem maps are uncommon in BC. We have 
map reserves placed on the openings in which the transects were placed. 
 
Measurements: 
1) To characterize the growth response of juvenile (<10cm DBH) interior spruce, 

subalpine fir and lodgepole pine to variations in light, each sample tree was 
assessed for height and DBH. The sample trees were cut down and a stem cross 
section was collected 10 cm above the ground.  The 10 most recent annual growth 
rings were measured using a Vellmex Micrometer.  Hemispherical canopy photos 
were taken 1.5 m above the stump of each cut sample tree to quantify the level of 
available light. GLI - an index of whole growing season light availability – was 
computed from each photograph using the GLA 2.0 software (Frazer et al. 2000). 
This index integrates the seasonal and diurnal distribution of solar radiation 
transmitted through the canopy into a single index of available light in units of 
percent of full sun.  



2) Interior spruce, subalpine fir and lodgepole pine sample trees were destructively 
sampled to determine the probability of juvenile tree (<10cm DBH) mortality as a 
function of recent growth.  A stem cross section was removed from the chosen 
sample trees 10 cm above the ground.  The 10 most recent annual growth rings 
were then measured using a Vellmex Micrometer.  A subsample of randomly 
placed quadrants was 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, was required to conduct the likelihood analysis.  

3) To quantify the effects of competition on the growth and survival of adult (>10cm 
dbh) trees, stands of various ages were stem mapped.  This was done using an 
Impulse LaserTM with the Mapstar Compass ModuleTM.  All conifers and 
broadleaves >2cm DBH and within 25m of the centre line had aluminium tags 
attached at 1.2m (to easily locate dbh in the future).  Small trees were tagged with 
wire attached to the branches.  Every tagged tree was mapped and assessed for 
species and DBH. Target trees >10cm DBH (adult trees) and within 10 m of the 
centre line were cored to determine the radial growth for the last 10 years.  A 
Vellmex Micrometer was used to measure average radial growth.  A subsample of 
tree heights was taken to provide height estimates for the remaining trees. 

 
Analyses: 
1)The analysis of growth response data to variations in light will required the use of 
nonlinear regression 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). 
 
Results and Discussion: 
 
Summary of results: 
 
Almost all objectives for 2007-08 were completed as planned, including: 
 

• With the exception of gathering enough data to quantify the effects of competition 
on the growth and survival of adult lodgepole pine all field sampling was 
completed 

• SORTIE-ND was re-parameterized using our field data. 
• Results of model runs were compared against long-term measurement data. 
• This FSP annual report, including a description of the analysis and model runs, 

was competed. 
• Our work was presented to a small audience at the Timber Growth and Value 

conference (Feb 6-7, 2008) at the Bulkley Valley Centre, Smithers, B.C.   
 
 
 
 



Detailed results: 
Study sites 
 
 Four new stem maps were measured in 2007-2008 which included an extra age 
class 2 stand that we received surplus FSP funds to complete.  As a result of stem 
mapping this stand we were able to add an additional 856 sample trees, of which 120 
were target trees, to our data base.  This information was combined with 2801 trees from 
the other three stem maps for a 2007-08 total of 3657 trees.  A grand total of 6818 trees 
have now been stem mapped on 8 sites and 940 of these were cored and their 5-year 
radial increment determined.  All of the trees are then run through the NCI model as 
described in Canham et al. (2004) to attain adult tree growth and competition parameters 
for SORTIE-ND. 
 
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 was 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 
neighbourhood 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 
interior spruce, subalpine fir and lodgepole pine 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 eight 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.   
  
Simulations 
The parameterized MS SORTIE-ND model was used to conduct three 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 stand that has sustained 
90% pine mortality among trees less than 28cm dbh and 100% pine mortality among 
trees larger than 28cm dbh.  Prior to the beetle attack the stand consisted of 
approximately 600 stems/ha of lodgepole pine, 138 stems/ha of subalpine fir and 170 
stems/ha of interior spruce.  For this simulation the episodic event or beetle attack was 
programmed to occur in the first year.  This simulation was programmed to occur over a 
100 year time span.  The second and third model simulations were designed to investigate 
the ideal timing of underplanting in MPB affected stands.  For these two simulations the 
same MPB affected stand was either underplanted one year or 9 years following the 

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


initial beetle attack.  The original stand was a pure pine stand consisting of approximately 
100 stems/ha of mature pine.  In both planning scenarios 800 stems/ha of interior spruce 
and 800 stems/ha of subalpine fir were planted.  Both of these simulations were 
programmed to occur over a 50 year time span.  
 
Simulation results  
The first model run was designed to simulate the recovery of a fairly typical mature pine 
stand found throughout the Southern Interior MS zone (Figure 3).  In this simulation the 
episodic event (MPB attack) was programmed to occur in the first year.  Following the 
MPB attack all of the mature pine trees were killed with the exception of 10% of the pine 
stems less than 28cm in diameter (Figure 4).  Once the overstory pine died and the snags 
lost their needles the light levels in the understory increased.  At approximately year 18 in 
the simulation the stand begins to open up as many of the pine snags have fallen and we 
start to see an increase in interior spruce basal area and density (Figures 1 and 2).  
Although the simulation started with approximately the same number of intermediate 
sized spruce and subalpine fir, spruce responds more favorably to the increase in light 
resources.  The small number of pine trees that survived the MPB attack continue to die 
throughout the simulation and due to low light levels in the understory very little pine 
regeneration occurs (Figures 5 and 6). The density of subalpine fir remained relatively 
constant throughout the 100 years (Figure 2).  The simulation started with 138 stems/ha 
of subalpine fir and ended with 145 stems/ha.  In the end interior spruce outperformed 
both subalpine fir and lodgepole pine resulting in a spruce dominant stand at 100 years 
(Figure 6).  The final basal area for interior spruce, subalpine fir and lodgepole pine were 
36.3 m2/ha, 14.8 m2/ha and 0.9 m2/ha, respectively.  The stand recovered from the initial 
attack 64 years into the simulation with a basal area of 43 m2/ha.  
 The second and third model simulations were designed to investigate the ideal 
timing of underplanting in MPB affected stands.  In these simulations we underplanted 
the same MPB attacked stand either one year or nine years following attack.  The original 
stand consisted of large mature pine trees with no secondary species (Figure 11).  The 
episodic event was programmed to occur at year 1 with 100% pine mortality.  In both 
underplanting scenarios approximately 800 stem/ha of interior spruce and 800 stems/ha 
of subalpine fir were planted.  In the stand planted 1 year post MPB we start to see large 
amounts of mortality among the planted seedlings, particularly interior spruce, up to the 
point they start reaching 1.35m and become saplings (Figure 9).  The simulation year that 
interior spruce and subalpine fir start reaching the sapling stage in this simulation is 15 
and 20 years, respectively.  The large amounts of seedling mortality are due to the low 
understory light levels caused by the standing pine snags.  In the stand planted 9 years 
post MPB there is much less seedling mortality (Figure 10) due to the improved light 
conditions during the initial years of seedling establishment.  At year 25 of the 
simulations you can see the differences in species composition due to initial seedling 
mortality (Figure 12).  Also the seedlings in the stand planted 9 year post MPB are 
reaching 1.35m, or the sapling stage, much faster than the stand planted 1 year post MPB.   
The adult trees also performed much better in the stand that was planted 9 years post 
MPB (Figure 13).  Trees that were planted 9 years following the MPB attack reached 
5cm, or the adult stage, much faster than those planted immediately after attack.  The 
improved initial growing conditions for the seedlings planted 9 years post MPB resulted 



in better interior spruce growth and therefore larger basal areas at the end of the 50 year 
simulation.  The final basal area for interior spruce planted 2 years post MPB and 9 years 
post MPB were 13.1 m2/h and 18 m2/ha, respectively.  The total basal area for subalpine 
fir remained relatively unchanged between the two simulations.  This simulation would 
suggest that underplanting is best prescribed to MPB stands that have had time to 
deteriorate thereby improving understory light conditions. 
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Figure 1.  Basal area throughout the 100 year simulation of a pine dominant MPB 
affected stand 
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Figure 2.  Stand density throughout the 100 year simulation of a pine dominant MPB 
affected stand 

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



 
Figure 4. Lodgepole pine dominant stand following MPB attack. Year #1. (simulation #1) 
(pine=green, spruce=pink, subalpine fir=blue, snags=black) 

 
Figure 5. Lodgepole pine dominant stand following MPB attack. Year #50. (simulation 
#1) (pine=green, spruce=pink, subalpine fir=blue, snags=black) 
 
 



 
Figure 6. Lodgepole pine dominant stand following MPB attack. Year #100. (simulation 
#1) (pine=green, spruce=pink, subalpine fir=blue, snags=black) 
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Figure 7. Adult tree basal area estimates from the year 2 underplant 
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Figure 8. Adult tree basal area estimates from the year 10 underplant 
 
 
 
 
 

Seedling Density - 2 yr underplant
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Figure 9. Seedling density estimates from the 2 yr underplant 
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Figure 10. Seedling density estimates from the 10 yr underplant 
 
 
 
 
 
 

 
Figure 11. Mature adult lodgepole pine stand prior to attack and underplanting 
(simulation #2 and #3) (pine=green, spruce=pink, subalpine fir=blue, snags=black) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Year 25  – 2 year underplant 

 
 



Year 25 – 10 year underplant 

 
 
 
Figure 12.  Year 25 of the underplanting simulation (simulation #2 and #3) (pine=green, 
spruce=pink, subalpine fir=blue, snags=black) 
Year 50 – 2 yr underplant 

 
 



Year 50 – 10 year underplant 

 
 
 
Figure 13.  Year 50 of the underplanting simulation (simulation #2 and #3) (pine=green, 
spruce=pink, subalpine fir=blue, snags=black) 
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