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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.  
 
Last year, 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 Coastal Douglas-fir to very dry Coastal Western Hemlock 
transition of southeastern Vancouver Island; (2) the boreal, lodgepole pine-dominated landscapes 
of the Nechako Plateau, northern interior BC; and (3) the Ponderosa Pine and Interior Douglas-
fir forest complex of the Rocky Mountain Trench.  
 
During 2009-2010, we continued to develop experimental detailed approaches for assessing 
resilience of coastal forest ecosystems and proceeded with numerical modelling to assess 
ecosystem resilience of coastal and southern interior dry ecosystems. As part of her Master’s 
thesis project, Heather Klassen undertook baseline data summaries (a report has been filed as a 
deliverable for this coastal case study research) and developed detailed framework for field 
studies of coastal ecosystems that will commence in spring 2010 addressing the following 
questions:  

1. Do soil moisture conditions differ through the growing season in mesic sites of the 
CDFmm vs. CWHxm ecosystems as currently classified and mapped (BEC v.7)? 

2. Do soil moisture conditions differ through the growing season among CDFmm soil 
moisture classes (xeric, mesic, hygric)? 

3. Can 2010 weather data be used with the soil moisture, terrain, and soil features to define 
actual soil moisture regime (aSMR = rSMR+climate)? Do the sample data support the 
current rSMR-aSMR crosswalk (expert opinion; MFR Research Branch, unpublished)? 
Can aSMR be linked to long- term climate? 



4. Is there a correlation between historic climate and tree ring growth across the soil 
moisture gradient? 

We also added a high-elevation case study ecosystem (i.e., dry Engelmann Spruce Subalpine 
Fir Ecosystems) to the research project, as they are among the most sensitive ecosystems to the 
effect of climate change.  This year, intensive studies that examined patterns of radial tree 
growth using tree-ring data were used to help understand trajectories of succession in these 
ecosystems. These data will be complemented with seedling survival probability (TACA 
modelling, see below) to describe possible changes in successional trajectories with climate 
change.  
 
Modelling of climate profiles for ecosystems allows us to develop hypotheses about trajectories 
of ecosystem 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.  Random Forest multiple-regression trees 
were used to assess the potential impacts of climate change on the distribution of the climate 
niches of coastal forest ecosystems. We optimized the Random Forest predictions in past studies 
through selection of climate variables, model tuning and sampling strategies and develop 
projections. Several Global Circulation Models (GCMs) and CO2 emissions scenarios were 
chosen to reflect the range of potential changes projected by climate models and  uncertainty 
about societal capacity to reduce greenhouse gas emissions.  Climate projections were then 
scaled to a finer resolution to generate projections for coastal forest ecosystems (on Vancouver 
Island). We found that climate induced shifts in coastal ecosystems manifested largely in a 
upward elevational expansion of the Coastal Western Hemlock Zone and significant contraction 
of the Mountain Hemlock zone by 2050.  Under the most extreme climate change scenarios, the 
climate supporting MH ecosystems disappeared almost entirely by 2050.  There were slight 
northward shifts in the Coastal Douglas-fir zone but overall, the geographic range of this zone 
expanded only a small amount by 2050. A report of the results has been filed as a deliverable for 
these model runs. 
 
The ecological model, TACA (Tree and Climate Assessment), was used to assess probability of 
seedling survival with climate change. TACA 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 coastal forest ecosystems.  TACA 
allows investigation of species vulnerability to climate change by modelling response, within a 
fundamental niche, to phenological 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 to test 
the sensitivity of species’ responses.  This produced a range in output for regeneration niche 
probabilities for all coastal trees species. This year, we report the results for all coastal tree 
species and have combined these data with a master data set that models and reports on seedling 
survival probabilities for coastal ecosystems, southern interior dry ecosystems, boreal and sub-
boreal ecosystems of northern BC. A full report of the methods and findings has been filed as a 
deliverable for this project. The main findings as follows:  
 



1. The MHmm-ecosystem with the wettest moisture regime for Vancouver Island will be 
most suitable for seedlings of the 22 studied tree species since all the species can be 
present in the future, and some species like grand fir, arbutus, yellow cedar or arbutus fir 
show even higher establishment probabilities compared to present climate conditions. 

2. Seedlings of most species will struggle to meet their chilling requirements under future 
climate change scenarios within the lower elevation ecosystems. 

3. Seedlings of many species will exceed their drought tolerance in the 2080s; particularly 
on dry site types and in the warmer and drier ecosystems. 

4. Dry sites undergo the biggest change and moist sites the least; consequently, seedlinds of 
species on drier sites will likely be under greater stress than species on moist to wet sites. 

 
 

A landscape prototype model to evaluate the resilience of ecosystems in dry southern interior 
forest landscapes to the combined effects of climate change and forest management (i.e., the 
Cranbrook district) was built using the modelling platform SELES (Spatially Explicit Landscape 
Event Simulator). SELES integrates and adapts models from other projects and study areas to 
assess scenarios of landscape change and impacts on ecosystem services.   We ran six scenarios 
that quantify the change in tree species abundance over landscapes: i) no logging, no fire, 
historic climate, ii) no logging, no fire, climate change, iii) fire (but no logging), historic climate, 
iv) fire (but no logging), climate change, v) logging (but no fire) historic climate, vi) logging (but 
no fire) climate change.  These preliminary model runs produced some interesting results.  Under 
a fire, no logging and historical climate scenario species remain relatively constant in the 
landscape over time, which is to be expected and provides some validation of the model. When 
disturbance regimes are changed (e.g., no fire, or fire suppression) lodgepole pine declines 
substantially and later seral species increase in the landscape (e.g., Engelmann spruce and 
Douglas-fir). When climate change is added, there is substantially more variation in the 
abundance of tree species across the landscape: western larch, cottonwood, and aspen increase 
and subalpine fir, whitebark pine and ponderosa pine increase.  Comparing logging with fire 
scenarios suggest logging may be putting a downward pressure on lodgepole pine favouring 
spruce and Douglas-fir. The goal of the developing this prototype was to obtain a reasonable 
representation of Cranbrook landscape dynamics.  Much more work will be done to better 
parameterize and develop the model further in 2010-2011.  A summary report outlining the 
Cranbrook model and an example of data output has been filed as a deliverable on this project.  
 
A presentation was delivered on ecological resilience and forest ecosystem management at an 
international workshop held by the Pacific Consortium for Climate Solutions at the University of 
Victoria in December. This presentation examined how human interactions with ecosystems are 
altering ecological resilience to climate change and offered possible management approaches for 
enhancing ecosystem resilience. The presentation has been filed as a deliverable on this project.  
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