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Purpose and Management Implications 
 
The purpose of this project is to forecast the effects of climate change on wildfire activity and impacts on its 
impacts on forest resources in British Columbia, which was identified as a key uncertainty in a review of 
climate change impacts on forest management (BCMOFR 2006). This project will address three key research 
questions: 
 
The results of this work will provide:  
• an increased understanding of underlying climate/weather processes affecting fire risk; 
• new methods and spatial representations of future fire risk;  
• demonstration of methods to estimate impacts of changed fire regimes on forest management. 
 
The results will be applied by fire managers , timber supply analysts, fuels management specialists, 
conservation planners, and forest based communities, including First Nations.  
 
Methodology 
 
Data compilation and analysis of historic data 
 
A number of datasets were acquired and were brought into a common format in R.  
Snow survey (pillow data) - 1968 to present  
Snow survey (manual data) - 1950 to present  
Stream flow data Daily - 1850 to present  
Lightning strike data - 1981 to present 
Forest fire occurrence - 1950 to present 
NCEP 6-hourly reanalysis data - 1948 to present  
NARR 6-hourly reanalysis data - 1979 to present 
ClimateBC monthly data     1920-present  
PDO and ENSO indices   1920-present 
 
Drought indices were calculated from ClimateBC monthly data and averaged by BEC zone.  Relationships 
between the proportion of the vegetated area of each BEC zone, summer drought, and climatic indices were 
examined.  
 
A synoptic typing program was rewritten in R and applied to the NCEP reanalysis data.  



A number of atmospheric stability indices were calculated from the historic (1979 to present) NARR 6-
hourly reanalysis dataset.   A statistical model of the number of lightning days in relation to atmospheric 
stability was developed.  Projections of the future number of lightning days under different GCM scenarios 
were completed.  
 
The historic (1968 to present) snow survey dataset (pillow data) was analysed to determine the snow free 
date and a weather based statistical model was fitted to the data, to enable projection of future snow melt 
dates. 
 
Programming and climate change projections 
 
The Canadian Forest Fire Weather Index System, and weather based model of snow accumulation/melt were 
implemented within BioSim.  This necessitated considerable redevelopment of the core stochastic weather 
generator to handle the weather elements of used in the FWI System (temperature, RH, precipitation, 
windspeed) as well as updating of historic and projected climate normals databases to include these 
parameters.  
 
Projections of future fire weather were developed for a number of future time periods by running the model 
on normals databases modified with Canadian Global Circulation Model projections (delta method).  
 
Interim Results/Conclusions 
 
Relationships between climatic indices and area burned in B.C.  
 
There are positive correlations between PDO and proportion of area burned in interior montane BEC zones 
(IDF/MS/SBS/ICH/ESSF)  and negative correlations in the boreal (BWBS, SWB) which need to be 
considered in future climate projections; there were few/no significant correlations between climatic 
indices(PD0/ENS)) and proportion area burned in coastal BEC zones (Figure 1).  The positive correlations 
may be due to early snow melt in warmer wetter winters.  Negative correlations in boreal zones may be due 
to earlier spring leaf flush/greenup which constrains the spring boreal fire season, but this needs further 
investigation.   
 
The proportion of area burned by BEC zone in BC is positively correlated with summer drought indices.   
However, there was a negative trend in the proportion of area burned by BEC zone in B.C. between 1920-
2000. While fire suppression effectiveness is believed to have increased during this time, there was as a 
significant decrease in drought intensity over this time period, which is consistent with increased 
precipitation shown by other authors. 
 
Classifications of summer synoptic weather patterns 
 
The analysis included both sea-level pressure and 500 mb geopotential height data. A solution with 8 clusters 
was found to provide stable, interpretable patterns. Each day, dating back to 1948, was classified into one of 
the 8 synoptic types. The results of this analysis are shown in Figure 2. This figure also shows how these 
various patterns affect the probability of lightning within in BC.  
 
Estimation of snow disappearance dates and correlation with circulation patterns 
 
The timing of the spring snowmelt has a significant impact on seasonal wildfire severity, as it dictates the 
length of the following fire season. Snowpack measurements are made both manually at 444 snow courses 



throughout BC, as well as automatically at 70 snow pillows within the province, with measurements dating 
back to 1938. Dates of snow disappearance can be readily determined using continuous daily measurements 
at the automatic “pillow” stations. However, snow course measurements are typically taken manually every 
two weeks during the melt season. The date of snow disappearance for the snow course sites was estimated 
by extrapolating from the last non-zero snow measurement. The extrapolation employed a statistical model 
that related melt rate over the last two weeks of snow cover to the April 1 snowpack water equivalent. The 
model was fitted snow pillow data. 
 
This analysis yielded a time series of snow disappearance dates for hundreds of sites throughout BC. Figure 
2 shows that the date of snow disappearance is negatively correlated with the Pacific Decadal Oscillation 
index (PDO) and positively with the Southern Oscillation index (SOI).  
 
Development of future lightning frequency scenarios for BC 
 
To generate projections of future lightning frequencies under changing climatic conditions, a database of 
individual lightning strike locations within BC observed by a lightning detection network was used to 
generate daily totals within grid cells (32 km x 32 km) covering the province. At each grid cell, logistic 
regression was used to develop a statistical model relating lighting occurrence to atmospheric variables 
extracted from the closest profile in the NCEP reanalysis grid. To create future scenarios, atmospheric 
profiles from general circulation model runs were re-gridded to align with the NCEP grid; predictor variables 
for each lightning grid cell were then extracted from interpolated profiles and used with the statistical models 
to predict the probability of lightning. To our knowledge, this is the first attempt to develop downscaling 
relations between atmospheric variables and lightning occurrence for generation of future scenarios. 
 
Figure 4 shows the relations between a variety of atmospheric variables and lightning probability for 
southeast BC. Some atmospheric variables, such as the K and Showalter indices, clearly have stronger 
predictive power with respect to lightning than others. Examples of future lightning frequency scenarios are 
shown in Figure 4. Although there are significant disagreements between the different model results, this 
analysis suggests that there will be a general increase in lightning probability with a greater increase for the 
warmer A2 emission scenario.  
 
Future fire climate projections 
 
The moisture models and fire behavior indices of the Canadian Forest Fire Weather Index System were 
successfully implemented in BiomSim. Stochastic simulation of daily weather in BioSim provides a practical 
way of implementing daily weather based models with global climate model output, and may also be used in 
operational projections.  Initial projections suggest increases in fire season severity with be most pronounced 
in the southern interior and Cariboo regions (Figure 5).  
 
Technology transfer 
 
Interim results were presented in 3 posters at two workshops. Two journal articles were submitted.  
 
 



 
Figure 1. Pearson correlation between annual proportion burned per biogeoclimatic zone (APB) and 
climate oscillation indices. Zones located in the western part of BC (Maritime region, light gray area) 
show no significant correlation (p<0.05) with any of the 50 analyzed climate oscillation indices except 
for the small zone located in the rainshadow of Vancouver Island.  
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Figure 2.  Eight characteristic summer weather patterns for BC, ordered from most prominent to least, along with the 
associated lightning patterns. The Lightning maps show the actual lightning probability (In %)  minus the lightning 
probability expected if all eight types produced the same amount of lightning. 
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Figure 3. Plots of Pearson correlation coefficient values between snow disappearances dates and the 
PDO index (A) and  SOI index (B). 



 

Figure 4. Examples of relations between lightning probability and a variety of atmospheric variables for 
two regions in BC 
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Figure 5. The increase, in an absolute sense, of daily lightning probabilities for 2081 to 2100 minus 
present conditions for two different models, the CGCM3 and the CM2.1, and 2 different SRES emission 
scenarios, B1 and A2. 
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Figure 6.  Projections of Seasonal Severity Rating (SSR) for April 15 -Oct 15 from the implementation 
of the Canadian Forest Fire Weather Index System in BioSim with climate normals modified by 
Canadian CGM projections.  
 


