
Executive Summary - FIA FSP #Y091179 

Examining interactions between long-term climatic fluctuations and Douglas-fir 
productivity in the BC interior 
 
 
 
Project purpose  
 
This project extended previous research by examining new questions about: 1) the 
impacts of low-frequency climate change, PDO, and ENSO on long-term Douglas-fir 
growth in the BC interior, 2) the interactions between long-term climate and Douglas-fir 
growth over the past century in order to determine how climate-growth relationships have 
changed and 3) identifying regions and ecological conditions that may represent 
significant and dramatic changes in forest productivity responses.   
 
 
Project start date:  April 1, 2008 
Length of project:  1 year 
 
 
Methodology overview; 
This project undertook a new analysis of tree-ring data collected under FSP #Y017270 
from 34 mature (>100 years) Douglas-fir populations across the interior of British 
Columbia.  These stands were located on mesic sites across an ecological gradient (using 
mean annual temperature and precipitation) spanning the species’ range in the B.C. 
Interior.  Douglas-fir growing at its range limits (high-elevation, northern, and drought-
controlled limits) were sampled as part of this project.   

Standard dendroecological analytical procedures and protocols will be used to 
address project objectives.  The dependent variable for the analyses was population 
growth variation represented by standardized chronologies.  Low-frequency growth 
variation was examined using standard chronologies and digital filters, with appropriate 
statistical adjustments employed to account for time series autocorrelation.     

This project used instrumental records from Environment Canada weather stations 
located relatively close to sample sites.  Climate variables used from these records 
included monthly precipitation, rain, snow, maximum temperature, minimum 
temperature, average temperature, extreme maximum temperature, and extreme 
minimum temperature.  PDO and ENSO indices obtained from the United States National 
Oceanic and Atmospheric Administration were also used for analyses.   

All data analyses were performed using Matlab software.  Chronologies and 
climate datasets were reduced to smaller sets of orthogonal time series using principal 
components analysis (PCA).  PCA is often used in dendroecological studies to both 
reduce the size of the dataset as well as generate regional growth variation patterns that 
are a function of larger climate processes.     

Moving and evolutionary correlation functions were calculated between tree 
growth and monthly temperature and precipitation variables to determine how climate-



growth relationships are changing over time.  Temporally unstable climate-growth 
correlations may be a result of shifting climate-related limitations associated with low-
frequency climate trends.  Results from this analysis helped to identify habitats and 
ecological conditions where climate-growth responses may be particularly unstable over 
time (e.g. stands at the range margins or abiotic limits).   

Linear correlations between regional indices of tree growth and PDO/ENSO 
indices were used to identify significant associations.  As well, moving correlation 
functions and/or period analysis, similar to the methods described above, will be used to 
identify important temporal variations in the association between PDO/ENSO indices and 
tree-growth.   
 
 
Project scope and regional applicability 
The project examined populations of interior Douglas-fir across it geographic and 
climatic range in B.C., with a particular focus on distribution extremes (e.g., northern 
extremes, elevational extremes, moisture-limited extremes).  Consequently, the project 
provides information relevant to both southern and northern interior forest regions. 
 
 
Any interim conclusions, inference or information that might be immediately useful 
to forest practitioners and other researchers 
 
Following are key findings related to Douglas-fir growth responses to climate across it’s 
geographic and climatic range in B.C.: 
 
1) At the population level, Douglas-fir growth responses to climate vary over large 

climatic and geographic gradients, and appear to be linked with local conditions.  
Growth response to future climate change will likely be heterogenous over the 
species’ range in British Columbia, and may be particularly strong in populations 
growing at the climatic (especially dry) margins. 

2) At regional scales, Douglas-fir growth appears to be primarily limited by 
precipitation, even at the species’ northernmost distributions.  Changes in 
precipitation and soil moisture availability could be dominant influence on future 
Douglas-fir productivity across a large spatial scale in the BC Interior. 

3)  High-elevation Douglas-fir populations appear to be unique in that cold temperatures 
and snowfall are primary growth limitations.  Projected climate change may increase 
Douglas-fir growth in these environments. 

4) In some environments, historical Douglas-fir growth responses to climate have varied 
substantially over time, perhaps in response to low-frequency climatic variation such 
as anthropogenic climate change and the Pacific Decadal Oscillation.  Future 
decisions based on historical ecological relationships must consider that these 
relationships can vary over time.  

 
Tree species growing at their northern range margins may be particularly responsive to 
climate change and could provide important information regarding future broad-scale 
responses.  We analyzed and compared tree-ring data between five Douglas-fir 



(Pseudotsuga menziesii var. glauca (Mirb.) Franco) populations growing at the species’ 
northernmost distribution in British Columbia, Canada, and five populations located 
150km to the southeast.  We quantified climate-growth relationships using uni- and 
multivariate techniques at different temporal scales.  Following are key findings related 
to Douglas-fir growth responses to climate across its geographic and climatic range in 
B.C.: 
 
1)  At its northernmost distributions, precipitation limits long-term mature Douglas-fir 

radial growth more than temperatures,  
2)  Northernmost Douglas-fir populations are distinct from populations located further 

south in terms of certain key short-term growth responses  
3)  Northernmost Douglas-fir growth sensitivities to climate may be increasing over time.  

In the future, mature Douglas-fir productivity in the northern portion of its range may 
be primarily limited by precipitation, and responses may be strongest at the species’ 
range margins. 
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