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Abstract 
In this project, we have completed an initial calibration of the SORTIE-BC stand dynamics model for 
mixed stands in the Interior Cedar-Hemlock (ICH) 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).  In 
2003 and 2004, we collected this information for paper birch, western redcedar, and western hemlock. We 
then used this data to calibrate SORTIE-BC for southern interior ICH mixtures, using northern interior 
data where southern interior data gaps still exist. With the re-calibrated model, we have done a 
preliminary examination of how complex stands respond to clearcutting and variable retention harvest.  
Results of the preliminary simulations will be used to guide field sampling for the next season.    
 
Introduction  
Public and scientific concerns about the sustainability of clearcut regeneration systems have prompted 
foresters to increasingly consider variable retention systems in order to address values beyond timber 
production (Vyse and DeLong 1994). The ICH forests of southern interior BC lend themselves well to 
these systems because of the high species complexity and structural variability (Delong et al. 2005). With 
the increased use of variable retention systems, there is increasing interest in seedling and adult tree 
responses to a range of light environments. Many recent studies suggest that light is one of the most 
important factors influencing tree growth, and that it is a good predictor of tree growth rates under field 
conditions. Shade tolerant species have the greatest ability to survive and grow at very low light levels, but 
the pattern of increased growth with increased light applies to all species regardless of shade tolerance 
rankings (Wright et al. 1998; Coates and Burton 1999; Claveau et al. 2002). In this study, we are seeking to 
address the growing need to predict the growth and yield of different species in response to variable light 
environments under variable levels of overstory. 

Designing silvicultural strategies that optimise timber production and sustain other values 
requires an understanding of how juvenile and adult trees grow, survive and compete across the full range 
of potential canopy retention (and light) levels. Given the variability in the ICH, it is virtually impossible 
to conduct the large number experiments needed to empirically quantify understory and adult tree 
responses to the multitude of species compositions and stand structures possible using variable retention 
systems. An elegant alternative lies in the SORTIE-BC stand dynamics model, which has previously been 
calibrated for northern interior mixed forests (Coates et al. 2004).  SORTIE-BC is a light-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. With the model we are able examine how complex stands respond to a wide range of 
silvicultural strategies, at different spatial scales and over different time periods.   

In this project, we are collecting data on juvenile tree growth and mortality, and adult tree growth 
in a range of neighbourhood conditions, for a group of southern ICH tree species.  The southern interior 
ICH forests differ substantially from those in the northern interior, partly because they contain different 
and a greater number of tree species, but also because trees of the same species have with different 
growth-light relations because of differences in regional environmental conditions (climate and soils).  In 
addition, there is a greater range of disturbance regimes possible because of the prevalence of Armillaria 
and Phellinus root diseases.  Using FII funding in 2003-05, we collected calibration data, including 
juvenile tree growth, light and mortality data, for paper birch, western redcedar, and western hemlock. In 
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subsequent years, we plan to add more species.  In each year of funding, we will use this data to further 
calibrate SORTIE-BC for southern interior mixtures, and run simulations of different stand compositions 
and variable retention systems to examine stand dynamics, predict species and spatial patterns, and to 
improve our understanding of the mechanisms regulating stand development. 
 
Methods 
 
In 2004-05, we continued with data collection as well as SORTIE calibration and modeling, with the aim 
of meeting the following project objectives: 
 

1) To examine the growth response of young paper birch, western redcedar, and western hemlock 
under a variety of light conditions. 

2) To characterize the probability of juvenile paper birch, western redcedar, and western hemlock 
mortality as a function of recent growth.  

3)  To determine the effects of competition on the growth and survival of adult, western redcedar, 
and western hemlock.  

4) To incorporate the collected information into the SORTIE-BC model using the methods and 
procedures of Kobie and Coates (1997) and Canham et al. (2004). 

5) To use the newly calibrated model for predicting growth patterns in a variety of silviculture 
systems. 

 
 
Approach: 
This study was conducted in the ICH zone of the Southern Interior Forest Region.  Southern interior 
mixtures are complex, and can include up to 12 tree species on a single site. We have initially sampled 
southern interior paper birch, western redcedar, and western hemlock. 

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.  Paper birch, western redcedar and western hemlock 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.  In total 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. 

It should be noted that during field data collection this project experienced a number of 
difficulties that could not be foreseen when the original proposal was submitted. We had originally 
planned to collect data to characterize the probability of juvenile Douglas-fir and western larch mortality, 
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but we spent a considerable amount of time trying to find suitable sample trees. The majority of dead 
trees we found succumbed to root disease rather than competition. In order to utilize the maximum 
likelihood techniques, we required sample trees which had been influenced by their competitive 
environment, not pathogens.  Since mortality due to Armillaria ostoyae was so wide spread among 
juvenile Douglas-fir and western larch, we chose to postpone sampling for these species, and instead 
sampled two less susceptible species, western red cedar and western hemlock. This was approved by FSP 
in Q3.  
  
Measurements: 
1) To characterize the growth response of juvenile (<10cm DBH) paper birch, western redcedar and 

western hemlock 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) The 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) We used nonlinear regression to analyze growth responses to variations in light, as described in 

Wright et al. (1998). 
2) Maximum likelihood analysis was used to determine the probability of mortality as a function of 

tree growth. 
3) Competition data was analyzed following Canham et al. (2004). 
4) SORTIE-BC was recalibrated using our data by Dr. Donald Sachs.  The model was then used to 

predict the outcome of clearcutting and variable retention silviculture management scenarios for 
mixed southern interior ICH stands. 

 
Results 
 
Summary of results: 
 
All objectives for 2004-05 were completed as planned, including: 
 

• A finalized working plan was completed, including site selection and field sampling. 
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• Field sampling was completed, providing us with a data set containing radial growth, light 
availability and mortality for paper birch, western redcedar and western hemlock juvenile and 
adult trees. 

• Field data was analysed. 
• SORTIE-BC was re-calibrated using our field data, and variable retention simulations were run 

and completed. 
• Results of additional model runs compared against a published permanent sample plot results. 
• This FSP annual report, including a description of the analysis and model runs, was competed. 
• Our work in progress was presented to a small audience at UBC.  Our research is not yet well 

developed enough for presentation to a wider audience. 
 
Detailed results: 
 
Stem mapping was done at four separate field sites to develop competition and growth relationships for 
adult trees (Table 1).  A total of 2891 trees were stem mapped on the four sites and 464 of these were 
cored and their 5-year radial increment determined.  Analysis of the plot data for the 4 sampled sites 
showed that the Lee Creek site is a dominated by birch.  Burton Creek is a mixed stand with a birch-
dominated canopy and large amounts of white pine and cedar in the understory.  The first Russell Creek 
site is a 25 – 30 year-old stand dominated by Douglas-fir with significant amounts of black cottonwood 
and spruce.  The second old-growth Russell Creek site has a mixed overstory dominated by cedar, spruce 
and Douglas-fir, and an understory dominated by cedar and subalpine fir (Fig. 1). 
 
Table 1.  Characteristics of the four sites where adult trees were stem mapped and cored. 

Site Location UTM Coords Elevation BEC subzone Site Series Approx. 
Age 

1 Lee Creek 0320615/5647726 710 ICHmw2 01 27 
2 Burton Creek 0329278/5707988 550 ICHmw3 01 100 
3 Russell Creek 0299865/5679952 1200 ICHmw3 01 25-30 
4 Russell Creek 0299768/5685882 1100 ICHmw3 01 250+ 
       
 
 
Model calibration: 
 
SORTIE (Pacala et al. 1993), is a spatially explicit model of forest stand development that includes 
simulation of regeneration, interspecific light competition, and silvicultural practices to examine the 
potential effects of silvicultural treatments on final stand structure.  We used the latest version of the 
SORTIE model (v 6.03) publicly available at: http://briefcase.yahoo.com/lora_murphy@sbcglobal.net. 

The model was calibrated for the ICH stands in the Southern Interior Forest Region using data 
collected in the field portion of this project.  SORTIE models the 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 functions for juvenile growth and light-dependent mortality for paper birch, 
Douglas-fir, cedar, western hemlock, and western larch 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 four stem mapped plots.  This 
was done using the maximum likelihood estimation program supplied with SORTIE (Canham et al. 
2004).  
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Figure 1.  Diameter distributions at sample sites.  Stand numbers refer to stands listed in Table 1. 
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Final model calibration was done by comparing SORTIE output for simulated pure stands of 
Douglas-fir, spruce, cedar, subalpine-fir, and lodgepole pine with similar stand tables generated from the 
Ministry of Forests WinTIPSY simulator (http://www.for.gov.bc.ca/hre/software/tipsy3.htm/).  Parameters 
controlling mortality in SORTIE were fine tuned where necessary to improve the agreement with 
predictions of basal area and stand density from WinTIPSY.  No yield tables were available for birch, but 
there was some data from birch-dominated, predominantly broadleaf stands (Simard and Vyse 1992).  
Simulations of pure birch stands in SORTIE give diameters and stand basal areas that are about 10 – 15 % 
too low based on Simard and Vyse (1992), but the number of stems ha-1 is reasonable.  It is possible that 
the majority of birch trees sampled in the field component of this study were fairly small, and more 
samples of larger birch are needed in next summer’s field program.  In general, the NCI growth equations 
calculated from the data sampled last summer drive single species stands in SORTIE that are quite 
comparable to those described in TIPSY output. 
 
Simulations:  
 
The power of SORTIE lies in its ability to simulate mixed species stands.  The calibrated ICH SORTIE 
model was tested by starting with the stand tables from the 250 year-old stand at site 4 (Table 1).  With 
the additional funding for this project, we also tested the 100 year-old stand at site 2, and these runs were 
set up for further comparison against permanent sample plots data (Simard et al. 2004a, 2004b, 2005; 
Simard and Sachs 2004; Baleshta et al. 2005).  The model was initiated by using the actual diameter 
distributions of each stand to generate a random stand map for each simulated stand in SORTIE.  In both 
cases the model was allowed to run for 10 years and then a 4 ha square patch cut was created where 95% 
of the basal area of all trees over 10 cm dbh was removed.  This had the effect of leaving a few adult trees 
of each species on the plot after harvesting. A buffer of the same stand composition of the original stand 
surrounded the cut.  The model was allowed to grow for 100 more years following cutting so that the 
harvested area was 100 years old at the end of the simulation.  A third run featured a 4 ha clear cut 
surrounded by a buffer, and planting of 1600 Douglas-fir seedlings ha-1 on the 100 year-old site. 

The 250+ year-old stand at Russell Creek was dominated by cedar in both the canopy and 
understory.  Therefore, cedar dominates the patch cut due to the large numbers of residual cedar saplings 
left after the 95% basal area removal (Fig. 2).  The drop in cedar basal area at approximately year 85 of 
the simulation is due to the death of several large residual cedar trees from the original stand which would 
be approaching 200 years old.  While this is possibly a real effect, the magnitude indicates the mortality 
functions in this version of SORTIE need better calibration. 

The simulation starting with the 100-year old stand at Burton Creek showed a new stand 
dominated by western white pine (Figure 3).  This is certainly unrealistic, but can be explained by two 
factors.  First, the removal of 95% of basal area leaves a number of saplings and a few adult trees as 
residuals in the 4 ha plot to start the new stand.  The understory of the original stand is dominated by 
white pine (Figure 1, stand 2).  So white pine is the dominant species from the start of the new stand.  
Also, the NCI growth functions for white pine are based on a sample of only 12 trees.  These were all 
very fast growing and the largest was only 10.5 cm dbh.  Therefore, white pine in SORTIE is calibrated to 
grow very quickly.  These quick growing white pine out-compete the other species in the new stand.  The 
others survive in the understory, but white pine is dominant.  It will be important to sample additional 
older, slower growing white pine during the next field season and recalculate the NCI functions with the 
additional data.  This should improve the simulation of white pine growth in the model.    

A final simulation was done starting with the same 100-year old stand at Burton Creek  This time 
the 4 ha patch was clearcut, and 1600 Douglas-fir seedlings ha-1 were planted.  The results seem 
reasonable (Figure 4) when compared with the permanent sample plot data of Simard et al. (2004a, 
2004b; 2005), Simard and Sachs (2004), and Baleshta et al. (2005).  First, white pine did not dominate the 
stand because the trees were removed by the clear cut harvest.  Instead, the treatment resulted in a mixed 
stand of Douglas-fir and birch, with minor components of the other species.  The drop in Douglas-fir 
basal area between years 60 and 80 of the simulation is caused by competition from the birch trees that 
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have seeded in from the surrounding stand.  As the birch begin to die off at about 70 – 80 years of age the 
growth rate of the Douglas-fir trees increases.  Clearly, there are problems with root disease on many of 
these sites and the simulation does not take that into account.  This could be addressed by increasing the 
background rate of mortality of adult Douglas-fir trees in SORTIE, which would probably lead to more 
birch dominance in this stand.  However, preliminary simulations of this mixed stand produce plausible 
results.  

The results of these simulations will be used to guide field sampling next season.  Clearly, it is 
important to sample additional older white pine trees.  Also, there were few adult western hemlock and 
lodgepole pine in the sample, and this will be addressed in the next field season.  Finally, birch growth is 
a bit slower than expected from the small amount of literature data.  More large birch trees in mixed 
stands should be sampled as well. 

These additional simulations were set up for further testing of the updated model (SORTIE-BC) 
against a larger permanent sample plot data set. 

 

0 20 40 60 80 100 120
Year of Simulation

0

10

20

30

40

50

60

70

80

B
as

al
 a

re
a 

(m
2  h

a-1
)

TOTAL
Cedar
Douglas-fir
Spruce
Subalpine fir

 

Figure 2.  Simulation of a 95% basal area removal (year 10) in a 250-year old mixed stand at Russell Cr. 
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Figure 3.  Simulation of a 95% basal area removal (year 10) in a 100-year old mixed stand at Burton Cr. 
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Figure 4.  Simulation of a 4 ha clear cut (year 10) followed by planting of 1600 Douglas-fir ha-1 in a 100-year old 
mixed stand at Burton Cr.   
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