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EXECUTIVE SUMMARY   
 

Environmental change threatens the sustainable provision of ecosystem services such as 
clean air, water and soils; food, wood and fibre; moderation of weather extremes; 
recreational opportunities, and conservation of biodiversity. To achieve long-term 
sustainability in a time of rapid environmental change, we need to understand the 
dynamics of ecological systems. Ecological resilience theory offers valuable insight into 
the complexities of ecosystem dynamics. In 2006, the Chief Forester’s Future Forests 
Ecosystems Initiative (FFEI) proposed that British Columbia’s forest and range 
management framework be adapted to incorporate ecological resilience concepts.  A 
management framework guided by ecological resilience theory will: identify valued 
ecosystem services; define the key ecological processes for specific ecosystems; describe 
the effects of stressors on those processes; predict potential trajectories of ecosystem 
change; and suggest how management practices must change to sustain ecosystem 
services.  Although ecological resilience theory (Gunderson and Holling 2002; Walker et 
al. 2004) greatly improves understanding of how ecosystems function and respond to 
change, its multi-scaled, non-linear approach to problem-solving can be difficult to 
understand initially, and can be challenging to operationalize.  Our project has initiated 
the process of developing a framework within which operational measures of ecological 
resilience can be assessed and hypotheses about future conditions can be tested.  

We initiated scenario planning (e.g., Peterson et al. 2003; Nitschke and Innes 
2008) for three focal ecosystem complexes.  We developed conceptual models for these 
systems to provide null hypotheses regarding mechanistic relationships that drive current 
(or historic) ecosystem structure, composition and function.  This process assists in 
identifying variables that may be effective operational indicators of resilience, and in 
designing studies of operational implications of management, including restoration, for 
resilience in the context of climate change. 

Case study systems chosen included: (1) the boreal, lodgepole pine-dominated 
landscapes of the Nechako Plateau, northern interior BC; (2) the Ponderosa Pine and 
Interior Douglas-fir forest complex of the Rocky Mountain Trench; and (3) the Coastal 
Douglas-fir to very dry Coastal Western Hemlock transition of southeastern Vancouver 
Island.  These systems reflect the complex dynamics of human-induced changes to 
natural disturbance regimes and manipulation of stand and landscape structure that have 
produced systems now functioning beyond historic range of variability.  Social concerns 
regarding loss of biodiversity CDF), increased potential for widespread pest outbreaks 
(Nechako Plateau) or fire (PP-IDF), and reduced potential to provide desired ecosystem 
services (e.g., water, forage) have prompted questions regarding appropriate measures for 
ecological restoration, conservation, and sustainable resource extraction.  Projected 
climate change suggests that forest communities and landscapes will be altered as 
conditions to which they are adapted shift spatially and new climatic-site combinations 
occur. 

We recommend studies to evaluate and strengthen resilience of these systems in 
the context of existing stresses, and opportunities to study the interaction between 
changes to driving processes (e.g., climate change) and changes to these stresses (e.g., 
ecological restoration).  Current, basic data gaps, e.g., baseline information on stand and 
landscape-level structure and composition, were identified.  We recommend a 



combination of monitoring, modelling, and experimental work to evaluate spatial shifts in 
existing vegetation communities and development of new site-vegetation-climatic 
relationships on this landscape.  This multifaceted approach will enhance our ability to 
understand, quantify, and predict impacts of management decisions on these landscapes. 

Numerical modelling of plant-climate relationships provides a powerful tool for 
refining our existing understanding of mechanistic relationships within ecosystems, key 
system drivers, and potential system stresses.  Simulation modelling and modelling of 
climate profiles also allows us to project this ecosystem function under new conditions 
and develop hypotheses of trajectories of change.  This work provides a critical link 
between the initial case study work (conceptual, scenario planning) and subsequent 
experimental work in the lab or field to parameterize and validate (or modify) these 
models.  This project explored two modelling approaches for characterizing ecosystem-
climate relationships and implications for ecosystem resilience. 
Random Forest multiple-regression trees were used to improve quantification of the 
potential impacts of climate change on the distribution of the climate niches of 
ecosystems. In this study we optimize the Random Forest predictions though selection of 
climate variables, model tuning and sampling strategies. Several Global Circulation 
Models (GCMs) and CO2 emissions scenarios were chosen to reflect the range of 
predictions of these models and social behaviour.  Climate projections were then scaled 
to a finer resolution to generate projections for local regions. We found that the Rocky 
Mountain Forest District will have a climate that could support a four-fold expansion of 
the ICH ecological zone and a 100% increase in the PP zone as they expands northward 
and upward in elevation.  Projections indicate major reductions, or the virtual 
disappearance of the climatic zones that currently support subalpine/montane forests 
(e.g., the ESSF and MS ecological zones).   
 

Understanding how species distributions and interspecific associations vary in 
space and time is a fundamental concern of plant community ecology. Climate, natural 
disturbance (at various temporal and spatial scale), interspecific competition and local 
site characteristics (e.g. aspect, topographic position, soil chemistry) interact to determine 
the distribution of plant species and structure and composition of forest vegetation across 
landscapes. Using ClimateBC and the BC’s BEC database we developed species response 
graphs (frequency of occurrence) for tree species in BC.  Patterns of response conform to 
expectations given descriptive data. During the new year, response function curves 
(models) will be generated from these data. 

 
The ecological model, TACA (Tree and Climate Assessment), was modified (to 

incorporate a frost-free period), improved (e.g., phenology component, soil moisture 
function) and then parameterised for evaluation of tree species responses to climate 
change in the Interior Douglas-fir and Montane Spruce ecosystems.  TACA allows 
investigation of species vulnerability to climate change by modelling response, within a 
fundamental niche, to phonological and biophysical factors influenced by climate.  A 
sensitivity analysis then determines the probability of species presence under a range of 
climatic and edaphic conditions with differing climate projections.  As with work using 
Random Forests, multiple scenarios of current and future climates were used and varied 
GCMs were used (Canadian GCM2 vs. Hadley CM3) to test the sensitivity of species’ 



responses.  This produced a range in output for regeneration niche probabilities or all 
trees species. In this report we present a selection of TACA results for aspen and pines.    

 
The regeneration probabilities generated from TACA, modelled projections of 

climate envelopes and community climate profiles from Random Forest analyses, and the 
conceptual models of ecosystem function produced for the focal ecosystems will be used 
to direct field sampling to test hypotheses about ecosystem change and to refine 
modelling work that predicts trajectories of ecosystem change resulting from 
management activities and climate change. 
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