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At this stage the goal was to identify potential connections between climate variability 
and pest outbreaks. Efforts were centered on monthly mean temperature and precipitation 
values. A large number of other climate parameters have been show to influence host-
parasite interaction. Still, as one of the project’s main objectives is to use the climate 
models to estimate the impact of climate change on future outbreaks, we chose to start by 
evaluating these two basic variables because models have better skill in estimating these, 
particularly temperature.  
 
Data and methods 
Climate data 
Two climate data sets were used, both are provided on regular grids with approximately  
0.5o x 0.5o spatial resolution and are based on interpolated weather station observations. 
The first comes from the University of East Anglia Climatic Research Unit (CRU, Jones 
1994). The second, CANGRID, is provided by Environment Canada.  
 
Initial processing consisted of  pre-selection of the CRU and CANGRID data for BC and 
generation of climatological  precipitation (PRE) and surface air temperature (SAT) 
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.  
 
Insect outbreak 
Sets were provided by the Pacific Forestry Centre (PFC) of the Canadian Forest Service 
and consisted of pest impact data at 400 meters resolution. Observations covered the 
period between 1905 and 2005 for the Spruce Budworm and 1950 to 2005 for the Spruce 
Beetle. Due to uncertainty in the older observations only impacts after 1950 be 
considered in the analysis.  
 
Correlation 
The basic 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, PRE and SAT lagged anomalies These 
lagged anomalies are generated by calculating the mean value at the bin during for 
periods of  5, 10, 15, 20, 25 and 30 years preceding the outbreak and then subtracting the 
climatological value  from each of these means.  These anomalies are then spatially 
average so that for each year in which outbreaks occur there are 6 mean SAT and PRE 
anomalies, referring to the distinct 5-30 years lags.  The annual lagged anomalies are 
plotted against the total number of impacted bins for that year, which is a proxy for the 
total impacted area (to get the area in km2 multiply the number of impacted bins by .16 
(400mx400m, the resolution of the impact data).   A number of windowed anomalies 
were calculated using the CANGRID data where PRE and SAT anomalies were 



computed for a 17-year window centered at  10, 15, 25, and 35 years before the outbreak. 
Simple zero lag correlations, based on the anomalies calculated for the year the outbreak 
occurred, were also estimated.  
 
Time series 
As noted above, the correlation between outbreak and climatic variables was only tested 
for periods/areas where an outbreak occurred. This is because, due to uncertainty in the 
impact observations, the absence of evidence of outbreak could not be taken as evidence 
of absence of outbreak. The quality of observations, particularly in the case of budworm 
impacts, improves after 1960 and a continuous analysis between impact and climate is 
conducted for the budworm from 1960 until the present using CRU data.   
 
Also, given the significant change in budworm outbreak dynamics in the Southern 
interior after 1960, a simple comparison between climate before and after 1960 was 
performed for the region, defined here as the area of the Province east of -121° W and 
south of 51° N. This is done only for the CRU data. 
 
Results 
The zero lag correlations showed no relationship between PRE and SAT and outbreak for 
the year the outbreak is occurring (not shown). This fits well hypothesis that while there 
are environmental factors that favor the occurrence of these outbreaks, insect population 
dynamics will also play an important role. We test the correlations between outbreaks and 
climatic conditions tens of years in the past guided by the conceptual model which 
proposes that climate might provide the initial conditions that set in place the origins of 
the outbreak, but that, with the increase in insect population, other factors start to weight 
in and climate conditions become less important in determining the occurrence or not of 
an outbreak. 
 
Qualitative interpretation of results.  
 
CRU  
A. Lagged anomalies 
 
While some relationships between SAT and outbreaks occur, the PRE signals tend to be 
much stronger for both pests. 
Spruce Budworm: 
Related to higher than average PRE in Winter and Spring. Spring correlation peaks at 15 
year lag and Winter correlation is highest in the 30 year lag (Fig. 1). 
 
Related to higher than average SAT in Winter and Summer, with correlation peaking at 
lag 20. Weaker correlation with lower than average Fall SAT at lag 25, particularly for 
the larger outbreaks (Fig. 2).  
 
Spruce Bark Beetle: 



Related to higher than average Annual, Winter and Summer PRE. Spring signal is clear 
at 5 year lag, but like Annual and Winter, seem to be still growing at lag 30. Summer 
signal peaks at lag 20 (Fig. 3). 
 
Some indication of a relationship of outbreaks with higher that average Summer, Annual 
and Winter SAT at the 5 year lag and also some correlation with lower than average fall 
SAT peaking at the 25 year lag (Fig. 4). 
 



 
Fig1. Correlation between budworm impact and precipitation. Each line represents an 
average over “n” numbers of years before the impact took place, starting with 5 years 
(lag5). Columns refer to annual and seasonal averages. Vertical axis is the precipitation 
anomaly and the horizontal the number of bins impacted (proportional to area impacted). 
  
 



 
Fig.2 , like Fig.1, but for correlation between budworm impact and temperature. 
 
 
 
 
 



 
Fig. 3. Like Fig.1, but for the correlation between bark beetle and precipitation. 
 
 
 
 
 



 
 
Fig. 4 Like Fig.2, but for the correlation between bark beetle and temperature. 
 
 
 
 



B. Time series for the Budworm data after 1960 
 
There were no significant correlations at the 95% confidence level between seasonal 
anomalies and impact data. There is a .31 correlation between winter temperature and 
impact data that is significant at the 90% confidence level (Figs. 5 and 6)  
 

 
Fig.5: Time series of area impacted by budworm (green) and seasonal precipitation. 
 
 
 
 



 
Fig.6: Time series of area impacted by budworm (green) and seasonal temperature. 
 
 
 
 
 



C. Climatic changes in the Southern Interior after 1960. 
 
 
Southern interior changes between 1962-1991 and 1932-1961   
      
 Annual Winter Spring Summer Fall 
Temp 0.014 0.236 -0.030 0.169 -0.307 
      
Precip 1.582 -0.192 3.715 3.614 -1.358 
      

 
 
Winters were warmer after 1960, and Falls were cooler which would be consistent with 
more favorable conditions for bark beetle outbreaks if the correlations discussed above 
are real. Spring and Annual precipitation are larger after 1960, again indicative of more 
favorable conditions for both budworm and bark beetle outbreaks. 
 
 
CANGRID 
 
As with the CRU results, PRE seems to be the most important climatic factor influencing 
both pests. 
 
 
Spruce Budworm: 
Regular lag: 
Related to higher than average Winter and Annual PRE. (Fig. 7) and a tentative signal 
with higher Winter SAT(lag 20)  (Fig. 8).  
 
Windowed lag: 
Related to higher than average Winter and Annual PRE. Peak of Winter correlation 
centered at year 25 and Annual at year 15 (Fig. 9). No evident signal present in the SAT 
analysis (Fig. 10) 
 
Bark Beetle: 
Regular lag: 
Related to higher than average PRE for all seasons.  Winter and Annual signal peak at 
lag 30. (Fig. 11). There is no clear SAT signal  (Fig.12). 
 
Windowed lag: 
Related to higher than average PRE for all seasons.  Winter and Annual signal peak at 
lag 15, other seasons peaking at lag 10. (Fig. 13). Again, no clear temperature signal (Fig. 
14). 
 



 
 
 
Fig. 7 Correlation between budworm outbreaks and precipitation anomalies from the 
Cangrid climate data. Like figure 1, but not difference in lags and order of seasons 
(annual now last column and not first). 
 



 
Fig. 8 Same as Fig. 7 for temperature anomalies. 
 
 
 
 
 



 
Fig. 9 Windowed Correlation between budworm outbreaks and precipitation anomalies 
from the Cangrid climate data. The lag now represents position of the center of a 17 year 
window. 
 
 
 



 
 
Fig. 10 Same as Fig. 9 for budworm outbreaks and windowed temperature anomalies. 
 
 
 
 



 
Fig. 11 Correlation between bark beetle outbreaks and precipitation anomalies from the 
Cangrid climate data. Like figure 1, but note difference in lags and order of seasons 
(annual now last column and not first). 
 
 
 



 
 
Fig. 12, same as Fig.11, but for correlation between beetle outbreak and temperature.  
 
 
 
 



 
 
Fig. 13 Windowed Correlation between bark beetle outbreaks and precipitation 
anomalies from the Cangrid climate data. The lag now represents position of the center of 
a 17 year window. 
 
 



 
 
Fig. 14 Same as Fig. 13, but with windowed correlation between bark beetle and 
temperature. 
 
 
 



Discussion 
 
One clear pattern arising from our analysis is the multiannual to decadal lag between 
climatic anomalies and outbreak, corroborating the concept that after a certain level of 
insect population density, outbreak dynamics become less dependent on biophysical 
factors and more related to insect population dynamics. 
 
Another general conclusion is that monthly precipitation is a better predictor of outbreak 
risk than monthly temperature for both pests. If this fact is confirmed in the following 
analyses, care would have to be taken when making future estimates based on global 
GCMs as the precipitation uncertainty in these models is larger than the temperature 
uncertainty.  
 
Given the scarcity of long-term observations, validation of the present results is difficult 
and at this point must rely on paleo-proxies. Dendro-Ecological analyses from New 
Mexico point to links between Western Spruce Budworm outbreaks and climate that are 
similar to the ones noted above, with outbreaks related to wetter Springs, and no 
relationship between outbreak and temperature (Swetnam and Lynch 1993). Still, in 
another, more localized dendro-ecological study, this one in Kamloops, outbreaks were 
related to less that average precipitation (Campbell et all 2006). Care must be taken when 
comparing both these results to the present effort, as the lag between climate and 
outbreak is not as clearly defined in the tree ring data. 
 
Future activities 
We are now starting to estimate the correlations, using the windowed lag scheme, 
between oubreaks and minimum and maximum average monthly temperatures anomalies 
as well as the correlation between oubreaks and anomalies of a composite variable that 
joins temperature and precipitation in only one value.  We are also trying to indentify 
connections between the local climatological values and the number and severity of 
outbreaks. 
 
Once these are finished, we will, under the guidance of the forestry and entomologists 
taking part of the project, identify the potential mechanistic explanations linking the 
observed correlations between climate and outbreak. Also, we attempt to estimate a 
quantitative relationship between the magnitude of the climate anomalies and the 
magnitude and/or severity of the outbreak. Mechanistic explanations and quantitative 
relationships will then, in conjuncture with the host tree suitability models, be used to 
make outbreak risk projections under climate change. 
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