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Abstract 
 

PrognosisBC is a growth and yield computer model, which is an adaptation of the USDA Forest 
Vegetation Simulator (FVS). To date, the model has been calibrated by the Ministry of Forests, 
for use in a number of Biogeoclimatic (BEC) subzones in the Nelson, Cariboo and Kamloops 
forest regions. The architecture of the model is such that it is applicable to a wide range of 
timber types and stand conditions.  
 
Natural regeneration is a key component in projecting the dynamics of uneven-aged, mixed 
species complex stands. However, due to ecological differences, the original Northern Idaho 
regeneration submodel of FVS was not accurate for use in Southeastern BC. As a result, the 
current PrognosisBC user policy limits the number of stand entries and the duration of projections 
following a disturbance.  
 
The specific objectives of this research project were: 
 

• design a protocol for using imputation techniques to simulate natural regeneration in 
PrognosisBC; 

• create the necessary databases (from existing regeneration data) to implement a 
Nearest Neighbour imputation method in predicting regeneration; and   

• develop the programming and linkages to PrognosisBC to create a prototype 
regeneration component. 

 
In collaboration with the forest industry in the Cariboo, Kamloops, and Nelson forest regions and 
the University of British Columbia, Faculty of Forestry, the Research Branch of the Ministry of 
Forests has undertaken a number of studies in the last 4 years to collect data, and develop 
regeneration imputation models in a number of BEC variants in the Nelson, Kamloops and 
Cariboo Forest Regions. This research was designed to build on this work by implementing the 
results of these studies in PrognosisBC. 
 
In the short term, the regeneration databases will be made available to all collaborators and 
partners.  
Subject to available funding, validation and sensitivity analysis will be undertaken to further 
study the use of imputation techniques in predicting natural regeneration and to develop the 
prototype model into an operational version.  
 
The results have been extended to all collaborators and partners via email and meetings. 
Proceedings from a workshop have been circulated to all participants for feedback and were 
published on the PrognosisBC web site at http://www.forestry.ubc.ca/prognosis/meeting.html. 
 
This report summarizes the research completed on the use of imputation techniques in 
modelling natural regeneration. Detailed description of the research work completed is 
presented in appendixes I, II and III.  
  
 
Keywords: PrognosisBC, Growth and Yield, Natural Regeneration, imputation, Nearest 
Neighbour, Central British Columbia, Southern Interior 
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Introduction 

 
Mixed-species and/or multi-aged stands (complex stands) are common in southeastern and 
central British Columbia, especially in more accessible and visible areas.  The use of some form 
of partial cutting in this type of stand, for aesthetic, habitat, watershed, or other considerations, 
has been increasing (J.S. Thrower and Associates 1995).  Partial cutting generally increases or 
at least maintains the structural and spatial complexity of such stands, complicating predictions 
of future stand development.  
 
The Prognosis suite of models, now called the Forest Vegetation Simulator (FVS) in the United 
States, was originally developed to assist in projecting the complex stands found in the northern 
Rocky Mountain region of the United States (Stage 1973, Wykoff et al. 1982).  The growth and 
yield component of this suite of models forecasts future stand conditions based on the expected 
growth and mortality of individual trees within a stand. FVS allows the user to simulate almost 
any form of harvesting, from clearcutting to partial cutting.  Furthermore, the architecture readily 
supports a number of add-on features, ranging from parallel processing and events scheduling 
(Crookston 1990, Crookston and Stage 1991) to extensions for modelling various insect and 
disease impacts (e.g., Beukema and Kurz 1994, Hawksworth et al. 1993, Shaw et al. 1991).  
FVS is the standard for the US Forest Service across much of the western and central United 
States and a number of regional variants have been developed  
 
The considerable work already completed on FVS, and the similarity of the stand conditions in 
the northern Rocky Mountain region of the United States to those found in southeastern British 
Columbia, prompted the Ministry of Forests to begin a project to adapt the northern Idaho 
variant of FVS for use in British Columbia (PrognosisBC).   
 
 PrognosisBC has been calibrated for use in a number of Biogeoclimatic Ecosystem 
Classification subzone variants in the Nelson, Kamloops and Cariboo forest regions.  
Permanent sample plot data from these regions were used to calibrate the large tree growth and 
mortality components of the model (Robinson 1997, Zumrawi et al. 2002)).  However, lack of a 
natural regeneration component limited the full utilization of the model capabilities in making 
long-term projections in partially cut stands.  
 
Despite a number of studies on regeneration (e.g., Cobb et al. 1993, McCaughey et al. 1991, 
Shearer and Schmidt 1991) in forest types similar to those found in southeastern and central 
British Columbia, prediction of natural regeneration remains problematic.  
 
Researchers in the Department of Forest Resources Management at the University of British 
Columbia (UBC) have collected data, developed and tested imputation techniques for predicting 
natural regeneration in a number of BEC subzones over the past 3 years (LeMay et al. 2002).   
 
This research addresses the use of existing regeneration data to implement a regeneration 
submodel for PrognosisBC using imputation techniques.   
   
The availability of a regeneration model in PrognosisBC will enhance our capabilities to better 
manage complex stands, and will allow users to make long term projections following multiple 
entries, thus enabling them to: 
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• generate long-term yield curves for partially cut complex stands for use in timber supply 
analyses;  

• evaluate the impact of different silvicultural treatments and partial cutting scenarios;  
• make more informed silvicultural investment decisions;  
• evaluate natural and managed disturbance regimes (e.g. root disease and partial 

cutting) in ecosystem management and restoration; and 
• study changes in stand structure for habitat supply. 

 
The specific objectives of this research project were: 
 

1. design a protocol for using imputation techniques to simulate natural regeneration in 
PrognosisBC. 

2. Create the necessary databases (from existing regeneration data) to implement a 
Nearest Neighbour imputation method in predicting regeneration; and   

3. Develop the programming and linkages to the PrognosisBC model to create a prototype 
regeneration submodel for further testing and evaluation. 

 
During the period November 2002 through March 2003 the following has been accomplished: 
 

• A workshop on the use of imputation techniques to predict natural regeneration was held at 
the Faculty of Forestry, UBC in December, 2002.  

• The regeneration data collected in previous projects (1998-2001) were consolidated in a 
database for use in the imputation model. 

• Based on input from the workshop, a protocol was established to link the Most Similar 
Neighbour (MSN) software (Moeur and Stage 1995, Crookston et al 2002) to the PrognosisBC 
growth and yield model and the regeneration databases. Thus, creating a prototype 
regeneration establishment component within PrognosisBC.  

 
This overview report provides the context for and the summaries of these other reports. Detailed 
description of the research work completed is presented in appendixes I, II and III.  
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Report Summaries 
 

1. Imputation Techniques for Modelling Natural Regeneration in Complex 
Stands: Workshop Proceedings. 

  
The Research Branch of the BC Ministry of Forests in cooperation with the Department of 
Forest Resources Management at UBC organized a 1-day workshop on modelling natural 
regeneration in complex stands. The workshop was held on December 17, 2002 on at the 
faculty of Forestry, UBC. An advisory group of experts from academia, government and the 
private sector reviewed the regeneration imputation techniques developed for a number of BEC 
subzones in the Interior Douglas-fir (IDF), Interior Cedar Hemlock (ICH) and Montane Spruce 
(MS) in the Nelson, Kamloops and Cariboo forest regions (LeMay et al. 2002). The purpose of 
this meeting was to discuss the potential for using imputation techniques to predict natural 
regeneration within the framework of PrognosisBC.  
 
The specific objectives of the workshop were: 

• to initiate a discussion of the innovative use of imputation techniques in natural 
regeneration modeling; and  

• to help define broader guidelines on how the Most Similar Neighbour (MSN) could be 
used to estimate natural regeneration in connection with the PrognosisBC growth and 
yield model.   

The workshop agenda, background material, presentations and proceedings are posted on the 
UBC PrognosisBC web site at: http://www.forestry.ubc.ca/prognosis/meeting.html 
 
 
 
2. PrognosisBC Database Consolidation 
 
This report presents work completed to compile and consolidate regeneration data collected 
over a period of five years for the calibration of the PrognosisBC small tree height growth and 
natural regeneration establishment models. The first field sampling was completed during the 
1998 (May to August) field season in the Kootenay Moist Warm Interior Cedar Hemlock variant 
(ICHmw2) in the vicinity of Nelson. The second field sampling was completed during the 1999 
(June to August) field season in the Interior Douglas-fir dry cool variants (IDFdk1, dk2, and dk3) 
in the Kamloops and Cariboo Forest Regions. The third field sampling was completed during the 
2000 (June to August) field season in ICHmw2 in the vicinity of Nelson. The fourth field 
sampling was completed during the 2001 (May to August) field season and took place in the 
Kootenay Dry Mild Interior Douglas-fir variant (IDFdm2) within the Invermere Forest District and 
also in the Chilcotin variant of the Interior Douglas-fir dry cool subzone (IDFdk4) in the Cariboo 
Forest Region, near Williams Lake. The last field sampling was completed during the 2002 (July 
to August) field season in the Dry Mild Montane Spruce biogeoclimatic subzone (MSdk) within 
the Cranbrook Forest District. 
 
A total of 1038 plots were sampled from 381 polygons in eight BEC variants as follows:  

• 350 plots (141 polygons) sampled in the ICHmw2; 
• 120 plots (40 polygons) sampled in the IDFdk1; 
• 62 plots (21 polygons) sampled in the IDFdk2; 
• 153 plots (50 polygons) sampled in the IDFdk3; 
• 120 plots (40 polygons) sampled in the IDFdk4 (of which 21 plots (7 polygons) were from 

the  IDFxm; and 

http://www.forestry.ubc.ca/prognosis/meeting.html
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• 111 plots (37 polygons) sampled in IDFdm2; and 122 plots (52 polygons) sampled in 
MSdk.  

These plots cover wide ranges of residual basal area, number of residual trees, and site factors 
such as aspect, elevation, geographic locations, and site series. The field cards containing this 
data were retrieved, organized and properly labeled and stored for an easy retrieval and future 
use.  Using Microsoft Excel 2000, the data were organized, standardized, merged and several 
final tables were created. The tables contain information regarding vegetation, regeneration, 
small trees (< 7.5 cm in diameter at breast height), large trees, stumps, and spatial information. 
Some of the tables pertain to the entire data set, whereas others are location specific.  
 
For ease of access and to facilitate the manipulation and electronic storage of this data, a 
Microsoft Access database was created by importing the Excel tables into Access. A unique 
identifier was assigned for each plot and the appropriate relations were established to facilitate 
future use of these data. 
 
 
3. Development of a Regeneration Model for PrognosisBC – Design Document 
 
The regeneration system links together a stand growth model and its initial inventory, a 
collection of observations of regeneration found at many sites, and statistical methods to infer 
the specific regeneration that is most likely to be found on a simulated site. When complete, it 
will provide plausible regeneration estimates over the course of stand succession and in the 
face of stand management activities. 
 
The system combines these key elements: 

1. a growth model; 
2. a statistical program that uses a database of multivariate regeneration observations to 

match an empirical observation from the database to the stand where regeneration is 
being simulated; 

3. methods for model users to control the variables that are included in the similarity 
matching; 

4. methods to constrain the data that are chosen by the similarity matching; and 
5. an interface to simplify its use. 

 
The first two components of this system are already available; the project brings together 
PrognosisBC as the growth model and the Most Similar Neighbor (MSN; Moeur and Stage, 1995; 
Crookston et al. 2002) approach to calculating similarity. A regeneration database is also being 
developed for this and other applications, and will be incorporated into the system. The principal 
task of this component of the project is to develop ways to automate the user’s preferences and 
the activities and interactions among the components over the course of a stand simulation.  
 
This project has resulted in the creation of a prototype system in which user preferences are 
‘hard coded’ into the regeneration logic, and result in the creation of intermediate files that are 
used as input to MSN. The MSN software is automatically invoked and the output is further 
manipulated so that the regeneration is ‘planted’ in the stand. Not all details of the system 
design are yet implemented. Users do not yet have the flexibility to prescribe the variables and 
transformations they wish to use, nor do they have the ability to constrain the regeneration that 
is predicted. 
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Extension 
 
The extension plan for this project was designed to provide feedback to the project team and 
collaborators in all aspects of the project.  Use of the web to publish research findings is 
innovative in making use of current technology to extend results promptly to partners, 
collaborators, and national and international researchers. The results have been extended to all 
collaborators and partners via the web, email and meetings and a workshop.  
 
The workshop presentations and proceedings were circulated to all participants for feedback 
and were published on the PrognosisBC web site at 
http://www.forestry.ubc.ca/prognosis/meeting.html. 
 
 

Conclusions 
 
The tools resulting from this study, when fully developed, will enhance the PrognosisBC model 
capabilities for predicting the dynamics of the uneven-aged, multi-species complex stands in 
southeastern and central British Columbia. 
 
Benefits to practitioners once the prototype model is fully implemented include: 

• reliable natural regeneration projections from the PrognosisBC model; 
• the ability to model the effect of alternative partial-cutting regimes on non-timber 

resources; and  
• more reliable use of the PrognosisBC model to make long-term projections for purposes 

of timber supply analysis. 
 
Benefits to policy makers include: 

• providing a tools to assist in formulating policies for selection harvesting to satisfy non-
timber resources requirement; and  

• providing long-term projection information needed for Allowable Annual Cut (AAC) for 
areas under partial cutting. 

 
In the short term, the regeneration database will be made available to all collaborators and 
partners.  
Subject to available funding, validation and sensitivity analysis will be undertaken to further 
study the use of imputation techniques in predicting natural regeneration and develop the 
prototype model into an operational version.  
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Appendix III: Development of a Regeneration Model for PrognosisBC – Design Document 
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