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Introduction    
Mixedwood forests consisting of a broad range of species combinations, 

successional stages, and spatial patterns cover a large area throughout BC.  From a 
resource perspective they are highly valuable both as sources of fiber and as areas rich 
in biodiversity.  Research into the production ecology of mixedwood ecosystems has 
illustrated that mixtures of conifers and broadleaf species can be more productive and 
relatively more healthy (lower risk of disease and pest attack) than pure stands.  
Explanations for such benefits have focused on the differential utilization of resources 
(light, nutrients and water) and the positive impacts of broadleaf species on nutrient 
cycling rates and mycorrhizal networks.  The exceptionally dynamic nature of 
mixedwood forests presents a number of management challenges, not the least of which 
is how best to project the growth and development of different types of mixedwoods and 
associated management systems. 

Currently in BC there is a fundamental disconnect between the majority of models 
being used to simulate growth and yield in mixedwood stands and the underlying 
biological processes governing forest growth dynamics in such stands. The research 
community devotes much effort and resources to measuring and trying to understand 
such processes with the often-stated goal of improving our capabilities to model the 
growth of complex stands. Yet, the majority of models used in BC to predict the growth 
dynamics and associated yield of such stands contain little or no representation of these 
fundamental ecological processes and thus cannot effectively incorporate such 
knowledge. Rather, to meet the broader objectives of sustainable forest management, 
we must expand our modelling capabilities to develop a better understanding of the 
biological processes regulating forest growth dynamics so that we can make reasonable 
long-term projections of forest growth under changing conditions.  

The ecosystem-based approach to stand growth and development modelling 
employed by the FORECAST model includes an explicit representation of the key 
ecosystem processes regulating growth dynamics and competition for limited resources.  
Process rates are derived through an internal calibration procedure which relies on past 
observations of forest growth to constrain model behavior (see Section 3.1 for a 
complete description).  

 
The primary objective of this project was to evaluate the capability of the ecosystem 
management model FORECAST to project patterns of stand growth and dynamics in 
mixedwood forests by comparing model output against data from long-term field trials in 
different mixedwood stand types in both the SBS and ICH BEC zones. 

 
Methodology 
 
Model Description 

FORECAST is a management oriented stand-level forest growth simulator that has 
been federally and provincially approved for use in forest carbon modelling. The model 
was designed to accommodate a wide variety of harvesting and silvicultural systems in 
order to compare and contrast their effect upon forest productivity, stand dynamics and a 
series of biophysical indicators of selected non-timber values including ecosystem 
carbon dynamics. The model uses a hybrid approach whereby local growth and yield 
data (often from TASS/TIPSY) are utilized to derive estimates of the rates of key 
ecosystem processes related to the productivity and resource requirements of selected 
species. This information is combined with data describing rates of decomposition, 
nutrient cycling, light competition, and other ecosystem properties to simulate forest 



growth under changing management conditions as well as the storage of ecosystem 
carbon in above and below-ground biomass, dead organic matter and soil pools. Growth 
occurs in annual time steps. Depending upon the species, plant populations are initiated 
from seed and/or vegetatively, and stand development can occur with or without the 
presence of competition from non-target tree species and understory populations.  
Decomposition is simulated using a method in which specific biomass components are 
transferred at the time of litterfall, to one of a series of independent litter types.  These 
litter types decompose at rates defined by empirical data. Further details of FORECAST 
calibration and its potential applications are provided in Kimmins et al. (1999), and Seely 
et al. (1999). 
 
Test sites 
Three mixedwood test sites were identified with the help of project partners Chris 
Hawkins and Suzanne Simard.  These included: 
 

1) a 17-year dataset documenting the response of a spruce-aspen mixedwood in 
the Prince George Forest Region to two levels of aspen removal.   

2) two 10-year datasets from the PROBE study documenting the response of a 
Douglas-fir-birch mixedwood stands to birch removal. 

The datasets were compiled and summarized in a format to facilitate comparison to 
model output. 

 

 

Summary of Results 
FORECAST was able to reproduce patterns of growth response in both mixedwood 
forest types with reasonable accuracy.  Moreover, it was able to capture the essence of 
the competitive interactions between the conifers and hardwoods as well as the impact 
of the various management interventions on these dynamics. An example of the 
comparisons with field data is shown in Figure 1. While more validation work needs to be 
conducted in a range of different mixedwood forest types and management interventions 
(as datasets become available), the analysis described herein provides a level of 
confidence for the use of the model as a decision-support tool in these ecosystem types.  
In addition, the ability of FORECAST to provide output for a range of non-timber values 
as well as standard growth and yield output makes it a valuable tool for examining 
alternative management scenarios in the context of developing sustainable forest 
management plans.  The model is currently under development to add a moisture 
balance model to allow it to include an explicit representation of soil moisture 
competition among tree species and between trees and understory vegetation. 
 

Conclusion 
The maintenance of a healthy forestry sector in British Columbia depends both on our 
ability to build public trust in our capabilities as good stewards of forest resources and to 
preserve and increase access to international markets.  The forest resource industry in 
BC has made progress in these areas by adopting an ecosystem-based management 
strategy and by pursuing certification.  To support these efforts it is essential that we 
continue to develop appropriate and scientifically credible decision support tools and 
systems. As management practices shift increasingly towards the management of 



complex stand types (to maximize non-timber values and ecosystem health) it is critical 
that we develop a range of models with the capability to project the short and long-term 
impacts of alternative stand management systems on both timber and non-timber 
values. Given our general lack of field experience with many of the silvicultural systems 
employed under ecosystem-based management and the uncertainty associated with 
natural disturbance agents and changing climate, models which incorporate some level 
of causality and/or understanding through the representation of key ecological processes 
are generally better suited for this purpose than models driven predominantly by 
empirical relationships 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Measured versus modelled stem volume by species for the brushing treatment 
(100% At removal) and the alternate brushing treatment (60% At removal) and the 
control (no At removal). 
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