
Project Number: G095003 
Title: GYMP: Expansion of the Tree and Stand Simulator for complex stands 
 
Purpose and Management Implications: 
The Tree and Stand Simulator (TASS II) provides most of the second-growth yield 
projections for Timber Supply Analysis. TASS II is currently being upgraded to a version 
(TASS III), which will better accommodate complex stands and treatments. This involves 
changes to the model structure, modifications to existing modules, development of new 
modules, and recalibration. In this project, we are directly addressing modelling of the 
growth and yield of complex stands, and modelling of wood quality attributes, both 
identified as priorities by the Ministry of Forests and FIA-FSP. The focus of this three-
year project is to expand the capabilities of TASS III to accommodate key species and 
species mixtures by:  

 Calibrating and testing TASS-III, and improving overall performance;  
 Adding more options for silvicultural treatments, with emphasis on the complex 

treatments in multi-species and multi-cohort stands; and 
 Sampling of coastal western hemlock and completion of the analysis of 

previously-sampled data from interior white spruce. 
In addition, we are upgrading related components of the Table Interpolation Program for 
Stand Yields (TIPSY) and revising the TIPSY database with outputs from TASS. 
 
This project has important implications for management of the forests of BC. The 
planning of silviculture activities will be enhanced because foresters will be able run 
TASS on their personal computers and investigate alternate interventions for a multitude 
of stand structures. Decisions at the stand level then lead into information necessary to 
plan the long run harvest scheduling at the forest level for both clear felled and partially 
cut stands. TASS also provides important information for other forest uses such as 
wildlife habitat and streamside restoration. 
 
Start Date: April 2008 
 
Length of project: 3 years 
 
Methodology overview: 
In this project, we continue to develop and modify TASS growth routines to make them 
more suitable for complex stands. TASS already has many features of the new class of 
functional-structural models that combine physiological functions with a 3-D 
representation of the tree architecture. For the height-growth routine, we will derive 
simple functions that will introduce competition effects into estimates of individual-tree 
height growth.  
 
Climate change effects on stand productivity. 
David Simpson demonstrated the potential effects of climate change on growth and yield 
of interior Douglas-fir. He used the decadal output of the ClimateBC model to drive the 
stand-level process model 3PG. The resulting predicted height growth was then input into 
TASS to assess the impacts of one climate change scenario. The procedures and results 



are described in the document named Past and Future Climate Effects.doc. The 
appendix discusses the most recent results, which indicate that the climate change 
scenario examined did not have an appreciable impact on the yield projection for interior 
Douglas-fir because diameter growth began earlier in the year but stopped earlier due to 
limiting moisture. When translated to height increment, the net effect on stand yield was 
minimal.  
A second approach is underway in cooperation with Dr. Gordon Nigh and Dr. Greg 
O’Neill that utilizes the empirical results of long-term lodgepole pine progeny trials. The 
statistical analysis of the data is still in progress and should be available for simulation 
early in 2009/10 fiscal year. 
 
Mortality modelling. 
The development of a mortality function is a critical part of growth and yield modelling.  
A mortality function predicts the attributes of trees which survive and contribute to the 
structure and biomass of future stands and those of which trees die and hence not 
contribute.  We investigated a number of contemporary techniques of survival analysis, 
such as hazard models and time to failure models to update the TASS mortality functions. 
Our first step involved analysing permanent sample plot (PSP) data to derive driver 
variables for mortality such as proportion of above-canopy light (PACL). 
 
TASS III uses the integrated light model tRAYci to produce estimates of PACL at 
defined points within simulated stands. PACL estimates computed at the apex of each 
tree are used in a variety of functions, such as mortality and height growth. The fitting of 
those functions requires PACL estimates for trees in permanent plots but field estimates 
of PACL exist only for short trees. We produced PACL estimates for tall trees through 
simulation—a process that currently requires stem maps for each plot. 
 
Stem maps are available from 
several experimental installations 
(e.g., EP 703) and a subset of the 
permanent Growth Natural plots 
(Inventory PSPs). Combining the 
tree coordinates with 
measurements of tree’s height, 
DBH, and crown size allowed us 
to construct a static, 3-D 
depiction of each plot in 
TASS III and use tRAYci to 
estimate PACL at the apex of 
each tree. 
 
At earlier stages of the process, 
we checked stem maps for measurement errors and developed procedures for using 
circular plots in procedures normally restricted to rectangular plots. One of the error 
checking procedures was to plot the stem map enclosed by a circle and a square with area 
corresponding to plot area.  Examples of data issues identified included a mismatch 
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Figure 1.  PACL estimates at tree apex for plot in EP 703. 



between plot size and tree limits (Figure 2a) and non-standard orientations of square plots 
(Figure 2b). 
 

(a) (b) 
Figure 2.  Examples of measurement errors in stem maps. 
 
We adjusted the coordinates when necessary and to allow tRAYci to predict PACL, used 
a sophisticated filling routine to convert distributions of stems in a circular plot to square. 
These data provided the base for stochastic mortality modelling. 
 
Mortality is a rare event over the course of stand development.  In the early stage when 
self-thinning occurs, it appears to be fairly common but previous work has shown that on 
an annual basis, about 8% of trees die and 92% survive.  In later stages of development, 
mortality is often less than 1%.  To model rare events requires a very large dataset in 
order to have these events happened frequently enough to discover the underlying 
distribution.  Long term experiments maintained over the last 30 years by the Ministry of 
Forests and Range have the capacity to meet this criterion.  We examined both parametric 
and semi-parametric approaches with data from long-term experiments and with 
simulated data.   
 
A number of approaches are available to describe the distribution of rare events.  We 
examined a parametric approach, accelerated failure time models, which are commonly 
used in engineering to model the time until an object or its component fails, or in forestry, 
dies.  The distribution of mortality in the long-term experimental data fit a gamma 
distribution and height, height increment, as well as crown characteristics such as live 
crown ratio and crown diameter were significant attributes that distinguished surviving 
from dying trees.  We also investigated the application of survival analysis, which is used 
successfully in medical fields to predict mortality.  We chose the Cox proportional 
hazard, a semi-parametric technique that does not require a precise specification of the 
underlying mortality distribution and hence, has great generality.  The application of this 
technique also identified height and height increment as important attributes as well as 
percent of above-canopy light (PACL) and crown attributes.  Both these approaches rely 
on accurate knowledge of the age of trees and the time of ingress in complex stands.  To 



improve the ability of TASS III to predict mortality under future complex silvicultural 
regimes we investigated a third approach. 
 
The third approach was to use logistic regression following up the work of Hamilton and 
his associates (Hamilton, 1974, 1990; Hamilton and Edwards, 1976), which has been 
used in a number of applications in forest growth and yield modelling.  This approach has 
had great success in predicting which trees will survive but has been less so at predicting 
those that will die.  This approach again identified height, height increment and crown 
characteristics as important attributes.  Depending on the attributes selected, there was a 
tendency to over or under predict thinning mortality or over predict the low mortality of 
large trees.  In the next fiscal year, we will investigate scoring, another technique 
common in medical research, to improve the ability of the logistics approach to predict 
mortality.  
 
Light model testing. 
 
This year the ongoing development and testing of the tRAYci light model included: 

• Expanding capability for reporting separate direct beam and diffuse components 
of PACL. 

• Testing of orientation options 
• Estimation of calibration coefficients from new data sources. 

 
The orientation options allow users to specify the 
azimuth orientation of the coordinate system for 
stem maps used as inputs to TASS III.  Obtaining 
the correct orientation is important because the 
pattern of solar direct beam radiation is strongly 
directional. The highest levels of incident energy 
are usually observed at the northern edge of forest 
gaps, as illustrated by the red colour in rectangular 
gap depicted in Figure 3. 
 
Coordinate systems for stem maps are usually 
referenced to true north with the sides of 
rectangular plots orientated in the cardinal 
directions (Figure 3). There are many cases, 
however, where the coordinates are measured 
relative to other axes to simplify the measurement 
process. To ensure that the stem maps are 
correctly oriented when they’re used in TASS III, tRAYci has an orientation option 
through which the user can specify the orientation of their particular coordinate system. 
The effect of the orientation parameter is to align the simulated sun position relative to 
the user’s coordinate system, not simply rotating the user’s coordinates (Figure 4).   

 
Figure 3.  PACL patterns for a rectangular gap in a 
simulated stand, with red colour indicating the 
highest PACL values. 



 

 
Figure 4.  Effect of changing the orientation parameter in 
tRAYci.  Black arrows indicate true North. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
TASS III Graphic User Interface.  
The graphic user interface (GUI) for TASS III was re-written and enhanced to conform 
with other products distributed by the Stand Development Modelling Group. I summary 
document (TASS III_GUI_Documentation_ 2009.pdf.) on the ministry repository 
describes the structure and features of the new GUI. A training session on the new 
interface was included in a growth and yield workshop in Nelson, BC and four in-office 
training sessions were held on the Coast. 
 

Table Interpolation Program for Stand Yield (TIPSY) and TIPSY Economist. 
 
Summer and Fall 2008 
An RFP was issued to a select list of C++ programmers.  Enfor Consultants Ltd. was the 
successful bidder and was contracted to test recent updates to TIPSY 4.2 functionality, 
specifically enhanced fertilization input options, expanded genetic gain options, and 
enhanced custom OAF options.  To facilitate their testing, Enfor Consultants created a 
program called the TIPSY Composer.  This program was delivered to the Ministry for 
our use during the year, and became very valuable for subsequent testing of other features 
and output. 
The TIPSY Economist was updated under the same contract.  The Economist used values 
dating from 2001.  Region and district boundaries had since been redrawn.  Many costs 
and functions in TIPSY had been recalculated using new district boundaries, and other 
values were brought up to date in 2007/2008.  Programming issues encountered during 
the above work, as well as pre-existing unrelated inconsistencies and bugs were also 
resolved in this contract.   

 

Winter 2009 



Enfor Consultants was again the successful contractor for a second contract, which had 
three objectives: 
1. Code changes to internal tables, output options and the database, including an update 

to the Jobs module with new region and district data for interactive TIPSY (ITIPSY) 
only.  Also included was the creation of a new TIPSY database with files from 
TASS. We recalibrated the TASS II version of lodgepole pine and re-created the 
entire PL TIPSY database with information from most components of the SYLVER 
system (TASS, BUCK, GRADE, SAWSIM). The new database also includes, for all 
species, the output described in the two bullets below:  
 Carbon yield tables - There are 10 new columns of biomass for various biomass 

components (e.g., bole, bark, foliage, branches) of each species in the database 
based on the recently-published equations from the Canadian Forestry Service 
(Ung et al. 2008).  The original project plan committed the delivery of only one 
species this year (coastal western hemlock). We were able to include all species 
this fiscal year because we were able to utilize the new research noted above. 
TIPSY sums the five live-tree and five dead-tree biomass components to create 
two columns of total biomass.  TIPSY also calculates and outputs carbon for the 
same twelve columns assuming a conversion factor between biomass and carbon 
of 0.5.  

 An algorithm to simulate well-spaced trees and mean stocked quadrats (MSQ) 
was completed. These statistics for various combinations of minimum heights 
and assessment ages are now included in the TIPSY database.  There are now 24 
columns of data available for each species in both ITIPSY and batch TIPSY 
(BTIPSY). 

2. Perform unplanned, maintenance and enhancements.   
3. Update the source code to compile with the Microsoft Visual Studio 2005 Visual 

C++ compiler.  All dialogs for each application were tested by the consultant to 
ensure that they operate within the parameters of the current application dialogs.  
This means (for example) slider bars should have the same limits, all dialog text 
should be the same, and program operation should be the same.  Other tests included 
fertilization, genetically improved stock, thinning, OAFs, variable retention and 
windthrow.  A representative subset of these tests was done in ITIPSY to ensure that 
the input mechanisms operate in a similar way to those of batch TIPSY (BTIPSY). 

March 2009 deliverables included a version of TIPSY that is ready for Beta testing by a 
select group of TIPSY users, both within and external to the Ministry. 
 

Project scope and regional applicability: 

The project results are applicable to complex stands throughout BC. 

 

Interim Conclusions: 

Model development is not a simple task (Vanclay, 1994) and development and testing is 
thus a continuing process. Our efforts at mortality modelling have confirmed that it is the 
most difficult task of all since it is not a frequent occurrence and descriptor variables are 
often lacking, particularly for a spatially explicit model such as TASS (Flewelling and 



Monserud 2002). Work will continue to ensure that mortality estimates and yield results 
conform to our PSP database and our knowledge of stand dynamics.  
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