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1) FIA-FSP project number and title 
Y082270: Predicting the responses of interior Douglas fir to climate change in B.C. 
 

2) Project purpose and management implications 
Current research suggests that global climate change may significantly alter the forests of 
British Columbia. Shifts in temperature, precipitation and their interactions will likely 
destabilize primary forest processes and disturbance regimes in some environments, 
leading to changes in competitive interactions, productivities and regeneration successes 
of co-occurring species. Next to ponderosa pine, Douglas-fir (Pseudotsuga menziesii) is 
expected to experience the greatest frequency increases among BC’s conifers due to 
climate change (Hamann and Wang 2006). Characterizing changes in tree-population 
sensitivities to climate across the range of conditions where Douglas-fir occurs in BC will 
provide a biological foundation to predict their future competitive abilities, productivities, 
local abundances and transfer potentials. The sensitivities of populations adapted to 
different climates will likely vary, and population responses may be particularly 
pronounced at their climatic limits (temperature and moisture). Such information is 
essential to the successful adaptation of forest management to climate change (Littell and 
Peterson 2005). 
 
The objectives of this study were to: 1) identify and examine spatial and ecological 
patterns of interior Douglas-fir growth variation across its ecological range in the interior 
of British Columbia, 2) identify climate variables that influence growth variation, and 3) 
examine how climate-growth relationships differ among populations growing in 
ecologically unique sites.    
 
Forest management applications from this study include:  
 
1) Forest productivity modeling:  Growth and yield analyses and subsequent annual 
allowable harvest determinations need to incorporate species-specific climate-growth 
responses in order to adjust future productivity estimates under climate change scenarios.  
We identified important ecological patterns in Douglas-fir growth responses to climate 
fluctuations that will provide valuable input for the adjustment of estimates at stand and 
landscape levels.  
2) Reforestation practices: It will likely be necessary to redefine BC’s current seed-
transfer/tree-breeding zones and preferred/acceptable species standards based upon 
species-specific sensitivities to future climate change. Climate-growth relationships 
quantified in this study permit the drafting of climate specific “adaptive envelopes” that 
could be used to supplement the rich body of genecology studies. These combined 
approaches should enhance the current capacity to revise seed-transfer/tree-breeding 
zones based on current and future conditions.  
3) Identification of Management “Hot Zones”: We identified ecological conditions 
where strong climate-growth relationships create particular management uncertainty for 
Douglas-fir.  Such “hot zones” could be identified for special monitoring and 
management consideration. 
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3) Project start date, length of project, and any former project 
numbers or funding sources that apply 
The project started on May 1st, 2006., and was completed on April 30th, 2008.   The 
length of the project was two years. 
 
Former project number (2006): Y071270 

Methodology overview 
This project used dendrochronology techniques (the study of annual tree rings) to 
examine the growth responses of mature Douglas-fir to climate variables in the BC 
Interior.   
Below is a discussion on the field and analytical methods used for this project. 
 
Sampling 
Sample sites were chosen to encompass a wide range of climatic regimes, including sites 
located at the extremes in each region.  33 mature stands of Douglas-fir were sampled in 
three geographic regions (Northern Interior, Southern Interior, and Chilcotin Plateau) in 
the British Columbia Interior.  Potential sampling sites were identified by overlaying 
spatial temperature and precipitation normals (Wang et al. 2006) with mature Douglas-fir 
coverage in three study regions in the BC Interior.  Douglas-fir spatial data and analysis 
were provided by the BC Ministry of Forests and Range in 2006.  The sampled sites 
encompassed seven biogeoclimatic (BEC) zones (Meidinger and Pojar 1991), 
representing a wide diversity of ecosystems.  
 
Sample sites and trees were chosen to maximize the climate signal in growth variation.  
Sites without evidence of edaphic limiting factors (e.g., shallow rocky soils, cold air 
ponding, steep northerly aspects) or recent abiotic or biotic disturbance were selected in 
order to minimize the growth impacts of non-climatic factors.  Mature trees greater than 
100 years old were sampled to match climate record lengths and to build a robust 
population sample.  The influence of inter-tree competition was minimized by sampling 
trees with a dominant canopy position.  We avoided sampling trees with obvious growth 
defects or evidence of disease, fire scarring, or insect attacks as much as possible.  A 
single increment core was taken from each sample tree at approximately breast height 
(1.3m, Josza 1998).  Where sampling occurred on slopes, increment cores were taken 
perpendicular to the slope to avoid compression and tension wood (Josza 1998).   
 
Processing and chronology development 
Increment cores were mounted and sanded to enhance the contrast of tree ring 
boundaries.  Cores were then visually crossdated to assign calendar years to annual 
growth rings (Cook and Kariukstis 1991, Stokes and Smiley 1968).  Ring widths were 
measured using WinDendro™ image analysis software (Regent Instruments Inc. 2002) to 
the nearest 0.01mm.  Crossdating was verified using COFECHA software (Holmes 
1999).  After checking for measurement errors, cores that did not crossdate with the 
master chronology were excluded from the final chronology (Daniels and Watson 2003).   
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The ARSTAN software (Cook and Holmes 1999) was used to remove the age-related 
growth trend from each series with a cubic smoothing spline.  Autocorrelation was 
removed from the final chronology by fitting each series with an autoregressive model, 
using ARSTAN (Cook and Holmes 1999, Cook 1985).  After detrending and 
autoregressive modeling, series were averaged together using robust mean calculation to 
produce a residual chronology.   
 
Data analysis 
The 33 chronologies were analyzed using principal components analysis (PCA) to 
identify regional growth patterns and generate composite chronologies for climate-
growth analysis.  Analysis was restricted to a common time period (1900-2005).  
Varimax rotation was used to improve the interpretability of PCA results relative to the 
original data set (Tabachnick and Fidell 1989).   
 
Regional climate-growth relationships 
Regional climate-growth relationships were examined by correlating growth variation, as 
represented by the regional PCs from the PCA, with local climate station data (see below 
for a description of climate data), from 1940 to 2004 (65 years), a period common to all 
climate stations.  Growth variation was also correlated to ocean-atmosphere process 
indices (see below).  The objective of this analysis was to identify important regional 
climate-growth limitations and to compare these limitations between ecologically similar 
sites in all three study regions.   
 
Climate data 
Environment Canada climate station temperature and precipitation data were used as 
predictor variables to determine climate-growth relationships with the regional PCs.  
Climate station data were obtained from the Environment Canada National Climate 
Archive (http://climate.weatheroffice.ec.gc.ca/).   Missing data points were replaced with 
nearby climate station data if available.  Otherwise, years with missing data were omitted 
pair-wise from analysis.   
 
Growth was also correlated to ocean-atmosphere process data.  Monthly El Niño 
Southern Oscillation, Pacific Decadal Oscillation, and Pacific North American indices 
were obtained from the US Department of Commerce’s National Oceanic and 
Atmospheric Administration (http://www.cdc.noaa.gov/ClimateIndices/List/).   
 
Correlation and regression coefficients were calculated for annual, seasonal, and monthly 
variables.  Seasonal and annual variables were derived by averaging monthly values.  
Growth was compared to climate variables from the previous year’s July to the current 
year’s October because climate in the preceding year affects the current year’s growth 
(Fritts 1976). 
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Project scope and regional applicability 
This study quantified growth variation and climate-growth relationships of interior 
Douglas-fir across a wide ecological (as defined by local climate regimes) and 
geographic range in the British Columbia Interior, encompassing sites near the 
geographic and climatic margins.  33 mature stands of Douglas-fir were sampled in three 
geographic regions in the British Columbia Interior.  Therefore, results from this study 
will be applicable to areas of the province’s interior where Douglas-fir currently grows as 
well as areas under consideration for seedling transfer.  

Interim conclusions 
Ecological patterns in Douglas-fir climate-growth relationships provide useful 
information to predict future productivity responses under climate change and identify 
vulnerable forests (Case and Peterson 2005).  Our results suggest that Douglas-fir is 
sensitive to precipitation over most of its range, including northern populations.  
Douglas-fir stands growing at the ecological margins of the species range, however, are 
most responsive to moisture availability.  Forest managers should consider potentially 
widespread productivity shifts when adapting practices and policies to future conditions.  
Marginal populations should be identified as vulnerable and be given a high management 
priority.  Research and monitoring in these stands can provide indications of broader 
forest responses under climate change. 
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