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Project Purpose: 
 

The Tree and Stand Simulator (TASS II) is a biologically-oriented model that simulates the growth of crowns 
and stems of individual trees in a 3-D growing space. Since the early 1980s, TASS-generated yield tables have 
provided most of the growth and yield projections used in BC for Timber Supply Analysis and the evaluation of 
silviculture options. The Table Interpolation Program for Stand Yield (TIPSY) was developed in the early 1990s 
to manage and rapidly manipulate a large database of TASS tables to meet the needs of yield analysts and 
silviculturists (Mitchell et al. 2000). However, the potential of TASS II and TIPSY to address complex stands is 
limited to certain applications (e.g., variable retention (VR) in even-aged stands; Di Lucca et al. 2004).  

This proposed project will integrate and calibrate new and revised modules (already developed) into a new 
version (TASS III) designed specifically for the complex structures found in uneven-aged and mixed-species 
stands, and the complex treatments now being designed and implemented in BC. We expect to deliver the 
following new features: 

 
• Improved and expanded biological fidelity; 
• Realistic and accurate predictions for complex stand structures (e.g., multi-species, multi-cohort, 

spatially heterogeneous), and complex treatments (e.g., Variable Retention, partial cutting, 
clearcutting-with-reserves) ; 

• Capacity to assess light levels (e.g., light maps before and after partial cutting); 
• User friendly and familiar front end similar to TIPSY interface; 
• Visual display of thinning/partial harvesting with the capacity to view the trees from different 

positions above or within the stand, and zoom in on features of interest. 
 
Methods overview: 
 
The project team was organised into the following five sub-groups to address different components of the 
project: 
 

1) TASS III Growth relationships.   
a. Light/Growth relationships 

Address the effects of light levels on height growth, crown lift, mortality, and crown 
description (e.g. leaf area density)  

b. Individual tree data analysis.  
Conducts supporting analysis and incorporates results from interior lodgepole pine, 
Douglas-fir and aspen, coastal western hemlock and Douglas-fir  

 
2) Light model tRAYci.  Optimizes, verifies and evaluates light model 

 
3) Graphical User Interface.  Develops and modifies TIPSY-like modules that collect commands 

from users and links to VISTAS to display graphics and control activities. 
 

4) Model Evaluation.   Collects, compiles and displays PSP data; calibrates (estimate parameters 
and verify model against simple and complex data); and validates (evaluates model performance 
against independent data). 

 
5) Extension (first year).  Develops context-sensitive help, documents crown simulation, performs 

alpha testing and writes quarterly and annual progress reports. 
 
Methods.   



The methods differed for each sub-group.    
 
1) TASS III Growth relationships.   

a) Light/Growth relationships.   
Activities in the first year focussed on the effect of light environment on understorey tree height growth.  
This project was directly linked to two others (Y061051 and Y062092) that provided data and functions 
for testing. Two fitting techniques for the relationship of dominant height growth and percent above 
canopy light (PACL) were tested – Frontier regression and quantile regression. 

 
b) Height-vigour coefficients 

The height growth of simulated trees in TASS-II is determined mainly by the site curve and the assigned 
vigor coefficients.  The vigor coefficients (ai) are drawn from a Gaussian distribution with a mean (ā) of 
0.8 for most species and a standard deviation (s) that varies by species.  Drawing the vigor coefficients 
from a single distribution is intuitively appealing, particularly when simulating espacement trials with 
only one species; the logic is analogous to planting the different densities with seedlings from the same 
seed lot. 
 
This method has consequences, however, for the calculation of the various measures of site height that 
are based on a fixed number of trees per unit area, such as Top Height1 (TpHt) and Predominant 
Height2 (PdHt).  The trees that are assigned the largest vigor coefficients are most likely to become the 
site trees, especially if the trees are established like plantations with no variation in age.  The largest 100 
trees/ha are a much smaller subset of the stands established at high densities (narrow spacing) than for 
stands established at lower densities (wider spacing).  If there are no other feedbacks to height growth, 
then the simulated TpHt and PdHt statistics will vary with initial density in a manner that is not 
consistent with the observations from espacement trials and thinning trials.  TpHt and PdHt will be 
overestimated in stands established at high densities and underestimated in sparse stands established at 
low densities.   
 
For TASS III, we are developing more sophisticated routines for predicting height growth that will 
include additional feedback between height growth and stand density.  In the interim, we have derived 
an alternative method for drawing the vigor coefficients that reduces the effect of stand establishment 
density on the simulated estimates of TpHt and PdHt.   

 
c) Individual tree data analysis.  

• Interior lodgepole pine  
This project is linked to Y062290 that is evaluating the effect of crown characteristics on wood 
quality of lodgepole pine.  Data from that study and two others were collated and analysed to 
evaluate the effect of sapwood relative density on height growth. The data from Y062290 were 
also analysed to provide an empirical crown shyness model.  A Voronoi polygon was constructed 
around each sample tree from field measurements. The area of the polygon was related to the 
observed crown area.  The difference between these two estimates is the amount of crown shyness 
observed for each tree. Measured crown area (Ac) was related Voronoi polygon area (Av) and 
various tree measures using weighted nonlinear regression.  A simple model that includes Av, total 
tree height and diameter at breast height explained 92.5 percent of the variation in weighted Ac. 
 

                                                 
1 Mean height of the largest 100 trees per ha ranked by DBH. 
2 Mean height of the largest 100 trees per ha ranked by height. 



• Interior Douglas-fir.   
Stem and crown analysis data sets were prepared for 31 interior Douglas-fir trees selected across 
the age distribution range in an uneven-aged stand at the Pothole Study Area near Merritt, B.C. 
(IDFdk1). Weighted and unweighted non-linear regression techniques were used to fit models 
predicting leaf area, foliar biomass and branch volume distribution throughout the tree crowns. 
Sapwood cross-sectional area, depth and rings of sapwood were also calculated at selected sample 
points along each tree bole. 

 
• Interior Aspen 

Data from 51 trees associated with linked project Y061051 were analysed to provide a crown 
shyness model for aspen using similar techniques as discussed for pine.  Other relationships 
derived for the associated project will also provide TASS III functions. 

 
• Coastal western hemlock  

Data on file at Research Branch from 134 western hemlock trees were analysed for sapwood 
relative density (specific gravity) and how it affected height growth. Data from 86 of these trees 
and 33 others from previous studies were analysed to provide an empirical crown shyness model 
using similar techniques as discussed for pine. Other relationships derived previously will also 
provide TASS III functions. 
 

• Coastal Douglas-fir  
Data on file at Research Branch from 54 coastal Douglas-fir trees will be analysed for sapwood 
relative density, crown shyness and other relationships. 

 
d) Height growth.  

We analysed espacement (UBC, EP571, EP770) and thinning experiments (EP 922, Gregg Burn) 
to evaluate the effects of stand density on site height.  We have started a related analysis that 
focuses on the growth of individual trees within these experiments, and this analysis will continue 
in the next year.  An investigation at both the plot level and tree level is relevant to TASS because 
simulated statistics at the plot level are derived from simulations of individual trees.  The model 
needs to give realistic predictions at both levels. 

 
At the plot level, the analytical issues are (a) alternative definitions of site height (e.g., top height, 
predominant height), (b) the influence of plot size on those definitions (Garcia, 1998), and (c) the 
impact of changing membership of the site-height cohort due to mortality and growth variation in 
individual trees. 
 
At the tree level, we are interested in the tree-to-tree variation in response to the different 
allocations (espacement) or re-allocations (thinning) of growing space.  Individual-tree analysis of 
the espacement trials focuses on height differentiation.  For the thinning trials, the analysis shows 
which trees respond most to the thinning treatment.   

 
e) TASS III development 

• Crown shyness.  The algorithm simulating the crown expansion was modified to simulate crown 
shyness.  The first approximation simply removed the lowest foliage to reduce area occupied by 
each tree which is probably adequate for high density uniformly spaced stands.  Future versions 
will address differential removal where crown edges next to gaps will be treated differently than 
edges adjacent to competitors. 

• Snags.  The TASS engine was modified to add light interception by snags. 
• Height growth.  Several functions were added to model the effect of PACL on height growth 

based on results of linked project Y062092. 



• Restructuring the Height Prediction Functions in TASS 
The TASS height-growth routines are being restructured with algorithms better suited to 
predictions in complex stands.  One design goal is to remove tree age as a predictor of height 
growth and rely more on other tree attributes such as the height, vigour, PACL-value or 
competitive status of the tree.   

 
As a first step, we have re-structured the TASS routines that predict potential height growth from 
site curves so that age is removed as an input variable.  We have evaluated alternate forms and 
chosen one that provides the desired flexibility for complex stands but produces similar estimate 
as the old routines when applied to single-cohort monocultures 

 
2) Light model tRAYci.   

Performance of the light model was evaluated for different measures of leaf area density, and in 
measuring ground light in development of crown-shyness models. In addition, previous runs involving 
many days of execution were compared to identical runs without drawing screen graphics.  Execution 
time was reduced by an order of magnitude.  A strategy evolved to reduce the time required to produce 
screen graphics that will be implemented and tested in the next FY. 

 
3) Graphic User Interface (GUI). 

• A contract was written for RamSoft Systems to use TIPSY-like dialogue boxes to initiate and control 
the TASS model and to link with the VISTAS visualisation software previously developed by 
Research Branch and RamSoft Systems.  The prototype software was delivered and evaluated. 

• A design features document was written to help guide GUI development. 
 
4) Model Evaluation.    

The following activities were conducted to expand the sample data base to be used for model testing and 
evaluation: 

• We completed the analysis and summarization of the large lodgepole pine precommercial thinning 
trials (EP922);  

• We reached a data sharing agreement with the Alberta Forests Service to allow the use of the 
Takyi factorial fertilization and thinning trial in lodgepole pine PSPs. Contacts for this agreement 
were Dave Morgan and Grady Ung. 

• We reached a data sharing agreement with the Northern Forestry Centre (contacts for this 
agreement were Jim Stewart and Richard Yang), Canadian Forest Service in Alberta to allow the 
data sharing for the following lodgepole trials:  

o Spacing trials: Gregg Burn and Teepee Pole 
o Early rotation thinning: MacKay and Swan Lake 
o Late rotation thinning: K57 and Strachan 
o Factorial fertilization and thinning: McCardell 

• Initiated the analysis and summarization of the lodgepole pine trials for Gregg Burn. 
• Provided first approximation TASS simulations of the MacKay plots for validation paper as 

requested by Andria Dawson from the Northern Forestry Centre, Canadian Forest Service. 
 

5) Extension.   
 

• Help. The online Help file was written and compiled by Ministry staff (Shelley Grout) using RoboHelp, a 
help authoring tool.  The system produces files in a popular format for Help files that are distributed with 
stand-alone applications such as the TASS GUI (compared to Web applications which aren't distributed 
and use .html pages).  The Help file discusses all options in TASS III, but technical information is yet to 
be added. 



• Crown simulation. A draft document describing the crown simulation process in TASS was produced and 
is being reviewed by the development team.  Future versions will likely add descriptions of other 
components of the system. 

• TASS structure and issues document. An internal document was written that outlines all the processes in 
TASS II (operational version) and what changes are likely needed for TASS III. 

 
Project Scope and Regional Applicability: 
 

TASS II is a growth and yield model that is applicable for managed, even-aged stands province-wide. 
The new version, TASS III, will include this functionality based on redesigned and new modules and 
features appropriate for a wider range of stand types, species mixtures and complex treatments. 
Improvements have initially focussed on a select number of high priority tree species (lodgepole pine, 
coastal and interior Douglas-fir, western hemlock, interior spruce and trembling aspen) and stand types 
(mixed cedar-hemlock and uneven-aged dry-belt Douglas-fir in the Southern Interior Region; pine-
spruce and aspen-spruce mixtures in the Northern Interior Region; coastal Douglas-fir and western 
hemlock variable retention stands in the Coast Region) for which sufficient calibration and validation 
data sets can be located.  

 
Interim Results: 
 
Crown shyness.  Our first simulations of crown shyness predict that crown cover is reduced and understorey 
PACL is increased by about 50% at 90 years.  Figure 1 shows the results of our preliminary simulations with and 
without crown shyness and compares to results of Rudnicki et al. 2004 that is based on sampling of stands across 
a range of densities in Alberta.  Our initial stand conditions are different but in the long term, agreement is very 
close. 
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Figure 1. TASS simulations of crown cover for lodgepole pine without (solid line) and 
with (long dash) crown shyness as compared to the model based on direct sampling of 
natural stands by Rudnicki et al. (2004) (short dash). Initial conditions of the TASS runs 
were 1600/ha planted on site index 20m. 
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