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Abstract 

 

Climate change will impose many impacts on ecosystems, these impacts will occur at 

different scales.  Changes in establishment, growth, competitive ability and disturbance 

frequency and severity will interact to impact species and the ecosystems they define.  To 

engage in adaptation, forest managers need to understand how the potential impacts of climate 

change will effect species distributions and abundances at both the stand and landscape-level.  To 

provide an initial understanding of how an ecosystem may respond to climate change we developed 

a meta-model framework to assess the vulnerability and risk of the Sub-Boreal Spruce (SBS) 

ecosystems of the Bulkley Valley to climate change. We linked three models together to explore the 

multi-scale affects on climate and disturbance on species and ecosystems.  The TACA model was 

used to assess how climate change will effect species ability to regenerate and to determine 

the impact of climate change on a site’s moisture regime (site type). The results from TACA 

were then linked to the stand-level forest dynamics model, SORTIE-ND, to predict how 

changes in site type and species establishment ability would affect stand-level composition 

and productivity. The impact of climate change and disturbances (mountain pine beetle 

(Dendroctonus ponderosae), spruce bark beetle (Dendroctonus rufipennis), dothistroma 9 

Dothistroma septosporum), and fire) w as then simulated at the stand level with 

successional pathway responses for each species developed to create a library of runs for a 

landscape-level analysis.  To model landscape-level interactions between stand-level 

dynamics and disturbance the decentralized forest planning and landscape simulation 

model, DYNA-PLAN was used to create an understanding of future landscape structure to 

determine landscape-level vulnerability of the SBS ecosystem and to provide an evaluation 

of alternative management actions that can provide guidance to managers on adaptation 

policies in regards to species selection guidelines and natural disturbance management. 

Unfortunately due to budget and temporal constraints that arose due to the collapse of the 

Forest Science Program in 2009-2010 only a preliminary analysis was able to be completed 

and much research is needed to fully assess the ecosystem risk and management options.  

The results from the complete tree and stand-level assessments identified that changes in 

establishment ability under climate change can impact stand composition and that dry site 

types are at the greatest risk to climate change in the study region while moist site types are 

at no risk. Mesic site types underwent changes that were species dependent and divergent.  



The implications of disturbance were the creation of a myriad of species and stand 

responses with increases in fire being of highest concern to species and the ecosystems. The 

preliminary analysis of landscape vulnerability identified that changes in species abundance may 

occur under the interaction of climate change and fire that may push many stands to be dominated 

or co-dominated by trembling aspen (Populus tremuloides) at the expense of the other species.  The 

limited testing of alternative species had a negligible effect on stand composition and productivity at 

the landscape-level highlighting that planting new species in excess of 25 % of the initial density may 

be required.  Interestingly, the transition of the study area to Ponderosa pine (P. ponderosa) 

and Douglas-fir (Pseudotsuga menziesii) seemed as predicted by Hamann & Wang (2006) 

seems highly unlikely considering the results of this study as a high degree of resilience was 

exhibited by the current SBS species at the tree-, stand- and landscape- scale.   Divergent 

behaviour exhibited at the site/ stand-level and the large impact of increases in fire 

occurrence on stand dynamics highlights the importance of undertaking management 

actions that can facilitate the ability of current species to adapt to climate change.  In the 

Sub-Boreal Spruce ecosystems of the Bulkley Valley disturbance, especially fire, was found 

to be the biggest driver of change and that disturbance processes will interact with direct 

climate change impacts on species to drive changes in composition and productivity across 

the stand and landscape-level.  Management actions that promote the adaptive capacity of 

the current species while reducing the impacts of climate-driven changes to disturbance 

events will be necessary to maintain ecosystem health, vitality and productivity in the future 

and are discussed. 
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