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Executive Summary 
 
Forest Science Program Project #: Y082061 
 
Development and analysis of forest health databases, models, and economic impacts 
for BC: Spruce bark beetle & spruce; western spruce budworm and Douglas fir 
 
Project purpose and management implications 
 
The purpose of this project is to develop standard climate spatial databases and climate 
change projection databases, compatible with the scale of recently developed natural 
disturbance databases and data on host distribution from forest inventory records. These 
data will then be used to develop and test methods to predict the impacts of climate 
change on forest pests, using the western spruce budworm/Douglas-fir (WSBW/DF) and 
spruce bark beetle/spruce (SBB/S) systems as test cases. Projected impacts will be 
applied to bio-economic models in order to support decision-making.   
 
Three post-doctoral researchers each investigated a major component of the research: 
historical climate influence on WSBW and SBB outbreak (Alvaro Montenegro), 
historical climate influence on Douglas-fir and spruce occurrence (Kirstin Campbell), and 
bio-economic modeling (Alan Mehlenbacher). PCIC Associate Director Trevor Murdock 
managed the project, overseen by Principal Investigator and PCIC Senior Advisor Harry 
Swain. PCIC staff Dave Bronaugh and Katrina Bennett assisted with programming 
support and development of high resolution historical data. The post-doctoral 
researchers’ work was supervised by BC Ministry of Forests and Range researcher Dave 
Spittlehouse and University of Victoria professors Drs. Richard Hebda and Kees van 
Kooten. Mr. Steve Taylor, and Drs. Vince Nealis and Rene Alfaro of Pacific Forestry 
Centre provided advice on forest health and pests as well as spruce budworm outbreak 
and forest inventory data. Drs. Andreas Hamann (University of Alberta) and Tongli 
Wang (University of British Columbia) provided assistance with development of high 
resolution historical datasets. 
 
Start date: 26 June 2006  
Length of project: 3 years 
Former project numbers: Y071061, Y071321 
 
Other funding sources 
 
BC Ministry of Forests and Range provided additional funding to construct high-
resolution (400m) downscaled historical time series of derived parameters using the 
ClimateBC software program, and to create an online interface. Without this support, 
only temperature and precipitation would have been used.  
 



BC Ministry of Environment provided additional funding to construct and make available 
to the project, high-resolution downscaled historical daily time series. Without this 
support, only monthly data would have been available. 
 
Methodology overview 
 

(a) Tree species occurrence  
 
The purpose of this component is to create climate envelopes for four tree species which 
are of economic importance and have wide ranging habitats throughout BC. These 
species are: Douglas fir (Pseudotsuga menziesii, Mirb, Franco), Engelmann spruce (Picea 
engelmannii), hybrid (or interior) spruce (Picea engelmannii x glauca), and white spruce 
(Picea glauca).  
 
Climate suitability envelopes were created using Principal Components Analysis (PCA), 
a correlative multivariate analysis method. PCA was computed with presence only data 
for Douglas fir and spruce species (all spruce species combined). The goal of this 
analysis was to produce suitability maps for each species throughout the province of BC, 
in every timber supply area (TSA).  
 
Several other analysis methods were initially explored, including those which required 
both presence and absence data, as well as methods which generated climate envelopes 
using mechanistic methods such as General Linear Models and General Additive Models.  
 
The PCA method identified geographic locations where climate was suitable for tree 
growth, expressed as a probability where high probability indicates higher suitability for 
that species and vice versa. Because PCA required only location data for the presence of 
the species, rather than presence and absence, the fundamental niche of a species could be 
defined by any number of predictor variables, some of which may be correlated to each 
other. 
 

(b) Outbreak occurrence 
 
Two climate time series (CRU-TS 2.1 and CANGRID) were used. Initial processing 
consisted of  pre-selection of the CRU and CANGRID data for BC and generation of 
climatological precipitation and temperature fields based on the whole length of the 
available climate records. The climatology is then the mean between 1902 and 2002 for 
the CRU data and the mean between 1901 and 2005 for the CANGRID data.  
 
The procedure for estimating the correlation begins with the selection, on a yearly basis, 
of the climate data in the areas (bins in the climate grid) where insect impact occurs. For 
each of these selected climate bins, precipitation and temperature lagged anomalies are 
generated by calculating the mean value at the bin during the previous 5, 10, 15, 20, 25 
and 30 years and subtracting the climatology from each of these means.  These anomalies 
are then spatially averaged so that for each year in which impacts occur there are 6 mean 
precipitation and temperature anomalies, referring to the distinct 5-30 years lags.  A 



number of windowed anomalies were also calculated using the CANGRID data where 
precipitation and temperature anomalies were computed for a 17-year window centered 
on the 10, 15, 25, and 35 year lags from the outbreak. Finally, simple zero lag 
correlations were also estimated.  

 
(c) Bio-economic modeling  

 
The investigation of bio-economic modeling using the results of tree species suitability 
and outbreak occurrence projections began in the past year. A literature review was 
conducted of economic impact models and stand establishment decision aids. Non-spatial 
optimization models were considered as well as spatial models using optimization, 
heuristic, and/or adaptive techniques. 
  
Project scope and regional applicability 
 
In the past year, data from BC was augmented by data from Alberta and Washington 
State for development of tree species suitability. Inclusion of data from neighbouring 
jurisdictions in developing the PCA assists with achieving a range of climates, including 
those analogous to future warmer climates. Outbreak occurrence has been computed over 
BC. Climate suitability is computed for all of BC. 
 
Interim results and conclusions 
 

(a) Forest health and climate datasets 
 
Several datasets were acquired during the past year. Datasets are described on the Pacific 
Climate Impacts Consortium website and available from there directly or by request. See 
http://www.pacificclimate.org/tools/data/ for a listing of datasets. The climate/forest 
health datasets now include 11 climate and 5 tree species occurrence datasets.  
 

(b) Tree species occurrence  
 
The correlative PCA approach was chosen over methods requiring both presence and 
absence data. This choice was based on higher confidence in presence than presence-
absence data and because the purpose of this project is to provide a broad scale estimate 
of future climate conditions under which Douglas fir and spruce can survive. Thus, we 
were less concerned with the physiological response of species to any particular climate 
variable and focused instead on climate suitability for tree occurrence. 
 
According to the PCA analysis, Douglas fir tends to grow in drier climates. Both mean 
warmest-month temperature and mean annual temperature are positively related to 
Douglas fir presence. Finally, Douglas fir is currently growing in climates with larger 
seasonal temperature differences (more continentality).  
 
For spruce, there was a strong relationship to the summer and annual heat and moisture 
indices: spruce is found in areas with warmer temperatures balanced in comparison to 



precipitation, especially in the summer months. Furthermore, spruce is less likely to grow 
in areas with colder winter temperatures. Finally, although spruce grows more often in 
locations with larger temperature fluctuations (more continentality), it has less affinity for 
such locations than does Douglas fir.  
 
The PCA highlights differences in the important climate drivers between Douglas fir and 
spruce. Although both species are more likely to grow in areas with warmer summers, 
Douglas fir is highly dependent on precipitation factors, while spruce is dependent on 
seasonal temperature (cold and warm months).   
 

(c) Outbreak occurrence 
 
No relationship was found between outbreaks and climate (precipitation and temperature) 
in the year during which the outbreak occurred. This fits well the hypothesis that while 
there are environmental factors that favour the occurrence of outbreaks, insect population 
dynamics play a more important role. Correlations were investigated between outbreaks 
and climatic conditions tens of years in the past guided by the concept that climate might 
provide the initial conditions required for an eventual outbreak.  
 
Results using two climate datasets (CANGRID and CRU) are similar. CANGRID results 
are described below. Precipitation seems to be more important than temperature for both 
pests.  
 
Western Spruce Budworm outbreaks tend to be related to higher than average winter and 
annual precipitation, with a weak relationship to higher winter temperature (preceding 20 
years). Anomalies based on 17-year windows centered on 25 years and 15 years had the 
highest correlations, for winter and annual precipitation, respectively.  
 
Spruce Bark Beetle outbreaks tend to occur following higher than average precipitation 
for all seasons, with highest correlations for preceding 30 years. Anomalies based on 17-
year windows centered on 15 and 10 years had the highest correlations, for winter and 
annual precipitation, respectively.  
 

(d) Bio-economic modeling  
 
Several types of non-spatial and spatial models were developed and tested.  The spatial 
models were determined to be more useful to forest management decision-making than 
non-spatial models.  
 
Contact information 
 
Trevor Murdock, Pacific Climate Impacts Consortium, University of Victoria, PO Box 
1700 STN CSC, Victoria, BC, V8W 2Y2, www.PacificClimate.org 


