
Executive Summary 
Y103277 

 
PLEASE NOTE: This work is currently under peer review, and we hope to make our 
results available to share soon.  In the mean time, please enjoy this executive summary 

and feel free to contact the proponents for additional information as required. 
 

Title: Bark beetle response to climate change: a landscape-level stochastic risk model for 
British Columbia 
 
Lead Proponents: Brian Aukema, Allan Carroll, and Jun Zhu 
 
Project Duration: 3 years, ending 31 March 2010 
 
Abstract 
 Climate change is an emerging concern for western forests.  For example, warmer 
summers and an amelioration of winter temperatures have allowed eastward expansion of 
mountain pine beetle across the Rocky Mountains into Alberta.  Expansion into the pine 
forests of northern BC and the Yukon has received less attention.  We developed a 
statistical model that (1) is fully data-driven (2) explicitly incorporates temperature and 
(3) provides outbreak forecasts with defined probabilities and standard errors (i.e., 
absolute, not relative risk).  We find that under conservative climate change scenarios of 
only 1-2 C increases in mean annual temperature, areas around the margins of the current 
outbreak become more suitable for mountain pine beetle.  As well, more northern 
latitudes begin to show increased suitability for the insect. 
 
Rationale 
 Insects and diseases exert immense economic loss to forests through reduced tree 
growth and mortality.  In recent years, these problems have been exacerbated by climate 
change.  For example, in British Columbia, warmer summers and an amelioration of 
winter temperatures have allowed the mountain pine beetle to expand its range into new 
areas of British Columbia and Alberta east of the Rocky Mountains. A significant 
concern is subsequent expansion of this insect into jack pine within the boreal forest.  
Another concern, as yet unstudied, is the potential expansion of mountain pine beetle 
northward through lodgepole pine into northern British Columbia and the Yukon. 
 Range expansion and/or increased tree mortality is not limited to mountain pine 
beetle.  Indeed, many other insects such as Douglas fir beetle, Western balsam bark 
beetle, and spruce beetle have reached record population levels in British Columbia in 
recent years.  Such population dynamics are likely due to a phenomenon known as the 
Moran effect, in which populations with the same density-dependent structure erupt 
simultaneously when synchronized by a landscape-level exogenous variable.  The most 
plausible exogenous variable in forest systems is temperature, especially for uni- or semi-
voltine insects dependent upon phenological synchrony.  A changing climate, especially 
increasing temperatures, may not only extend ranges but also bring about simultaneous 
populations eruptions. 
 



Methodology 
Over the past three years, we have constructed a spatiotemporal statistical climate 

change model.  Although such an approach could be employed for many bark beetles in 
British Columbia, we developed a model for mountain pine beetle.  We used aerial 
overview survey data of tree mortality due to mountain pine beetle in a GIS.  The model, 
fully data-driven and optimized using likelihood techniques, allowed direct selection of 
the best model from numerous candidates with a variety of temperature terms.  We 
explicitly incorporated temperature through coefficients that accounted for observed 
temperatures from climate stations, interpolated temperatures where data did not exist, 
and/or outputs from various climate change scenarios.  We then applied simulated 
climate change scenarios of mean increases in temperature of 1 or 2 C with different 
levels of variation about that trend (low: 12 or high: 22 C variances).  We examined how 
the current outbreak might look under a changing climate if the insect were to continue 
behaving as it does today. 
 
Interim conclusions 

In brief, we found two things.  First, we found that a warming trend of only 2 C 
increases the likelihood of mountain pine beetle outbreaks around the periphery of the 
current infestation, at least in the year 2005.  In fact, we saw a redistribution of 
approximately 300,000 ha of land from lower to higher outbreak classes across the 
province.  We also saw the effects of climate change manifested themselves first in 
higher elevation sites before shifting to more northern latitudes. 
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