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

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. Their 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 development of new provincial seed-deployment strategies to address 
climate change, a priority objective of the Future Forest Ecosystem Initiative and the 
MoFR’s Climate-Change Task Team. Some of the potential applications for BC forest 
management from this study include: 1) Annual allowable cut quotas: Generating site-
specific predictions of Douglas-fir growth responses to climate fluctuations across its 
climatic range will provide valuable input for the adjustment its growth and yield 
estimates. The biologically based model to be developed should permit the examination 
of a range of climate-change scenarios, giving greater flexibility in predictions about 
future yields for Douglas-fir. When combined with forest inventory assessments, this 
model will permit the examination of growth and yield responses to climate change at the 
tree, 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. The response 
surfaces generated by this model should 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”: The model generated from this project should provide critical information 
for identifying management zones where tree species-environment interactions create 
particular management uncertainty for Douglas-fir. For instance, some areas may be 
exceptionally dynamic due to strong selection for low-abundance species in a changing 
climate. In such a case, species associations, relative abundances and productivities may 
change dramatically in coming decades. Such “hot zones” could be identified for special 
monitoring and management consideration.
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Project start date and length of project 
The project started on May 1st, 2006.  The expected completion date is May 1st, 2008.   
 
Progress to date 
As of April 2007, data has been collected for 21 stands of Douglas-fir.  11 sites are 
located in the Prince George Forest District, and 10 are located in the Okanagan Forest 
District. Sample processing and measurements are complete.  Preliminary data analysis is 
ongoing.   
 
Work outstanding 
Approximately 10 more sites will be sampled in the summer of 2007.  Target stands are 
located in the Fort St. James and Chilcotin Forest Districts.  Sample processing and 
measurements are expected to be complete by the end of August 2007, with final data 
analysis carried out over the autumn and winter.  The final technical report is expected to 
be completed by May 1st, 2008. 
 

Methodology overview 
This project uses dendrochronology techniques (the study of annual tree rings) to 
examine the responses of mature Douglas-fir populations (Pseudotsuga menziesii var. 
glauca) in interior BC to climate variables.  Dendrochronology is a versatile tool that has 
been successfully employed in characterizing climate-growth responses (e.g. Daniels and 
Watson 2003, Fritts 1976).  Below is a discussion on the field and analytical methods 
used to date for this project. 
 
Study sites 
Stands of Douglas-fir were chosen to encompass a wide range of climatic conditions that 
this tree inhabits.  To date, 21 sites have been sampled along a gradient of mean annual 
temperature and precipitation in the Prince George and Vernon Forest Districts.  The 
northernmost sites in Prince George are thought to represent the temperature limits of the 
species (limited by cold) whereas the warmest sites in Vernon are thought to represent the 
drought-controlled limits of the species. 
In order to maximize the climate signal in the ring widths, sites were located to minimize 
non-climatic influences on tree growth, such as old logging, xeric soils, steep northerly 
aspects, and poor soil nutrients.  Sites with limiting conditions identified were not 
sampled.   
 
Sampling 
The sampling methodology follows standard dendroecological principles, as described by 
Schweingruber (1996), Fritts (1976), and Cook and Kairiukstis (1990).  A minimum of 
10 trees per site has been suggested by Fritts (1976) to build a robust chronology (a 
chronology is defined as a time series of tree-ring widths and is derived from a sample of 
trees in a given site).  For this project, a minimum of 20 healthy trees were sampled at 
each site to ensure that chronologies were statistically suitable.  Sampling involved 
extracting a core of wood from the tree that contains the ringwidths of interest.  Cores 
were collected using standard techniques (Josza 1988).  Sampling was limited to trees 70 
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years and greater.  The exact age of the tree was determined in the field by counting the 
annual growth rings.  A minimum of 70 years was chosen because the climate data used 
will be for at least the last 50 years (from 1950 to 2002), and an extra 20 years would 
allow the identification of any long-term growth trends prior to the period of comparison.  
Many trees were over 200 years old.  After sampling, each core was mounted and sanded 
in preparation for measurement.  Annual ring widths were measured to the nearest 
0.01mm using the computerized WinDendro system.  
 
Chronology development 
Tree ring variation is a function of various inputs; climate, age, disturbance, stand 
dynamics, genetics, and other factors (Stokes and Smiley 1968).  For this project, growth 
variation as a result of climate is of interest, and is termed the signal; growth variation 
from the other listed factors is termed noise.  The comparison of climate-growth response 
to climate variables requires isolating the signal (i.e. increasing the signal to noise ratio, 
SNR) as much as possible in the chronologies.  Age-related trend is an important trend 
present in most chronologies; trees grow less as they age, mostly from the geometric 
function of adding new growth to a larger cylinder (Fritts 1976).  The computer program 
ARSTAN (Cook 1985) removes the age-related trend from each individual tree series 
before averaging series together into a chronology.  There are many detrending 
techniques available to use.  For this project, a cubic smoothing spline was used, where 
50% of the variation over a wavelength of 67% of the series length (in most cases, this 
would be a wavelength of approximately 120 years) was removed.  Cook and Kariukstis 
(1990) suggest this method is reasonable for retaining most resolvable climate-related 
trends in the chronology while removing age-related trend. 

ARSTAN uses a biweight mean to calculate the chronology mean, which 
discounts the influence of outliers caused by endogenous disturbances (Daniels and 
Watson 2003).  Measurements are converted into a unitless index that compares yearly 
values to a mean (given a value of 1).  ARSTAN produces three types chronologies that 
can be used for analysis:  

 
1. Data for each series is detrended and averaged together to form a Standard 

Chronology. 
2. Autocorrelation is removed from the standard chronology through autoregressive 

modeling to produce a white-noise Residual Chronology.   
3. Common autocorrelation component is modeled back into the chronology (with the 

assumption that this common component represents climate-growth response 
function) to produce a red-noise ARSTAN Chronology.  This chronology is useful for 
examining the presence of climate-related low-frequency cycles in the data. 

For this project, the ARSTAN chronology was used because it theoretically contains 
long-term cycles in the chronologies that may be related to climate and therefore are of 
interest.  Residual chronologies will likely be used for multiple regressions because they 
contain no autocorrelation and observations are therefore independent. 
 
Climate data 
Climate BC (version 3.1) was used to generate climate variables specific to each site.  
This standalone application extracts and downscales PRISM monthly data for a reference 
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period and calculates seasonal, monthly, and annual climate data for specific locations 
within BC based on latitude, longitude, and elevation (Wang et al. 2006).   
PDO and ENSO indices obtained from the National Oceanic and Atmospheric 
Administration (NOAA 2007) will also be used for future analysis.   

Analysis 
Various statistical techniques have been used to examine ring width responses to climate 
variation.  A brief discussion on the steps used for analysis follows. 
 
Chronology analysis 
Basic statistics for the chronologies were calculated, including length of each chronology, 
and autocorrelation for a lag of 1 year.  The presence of autocorrelation indicates low-
frequency trends.  The Arstan chronology was used for this calculation because 
autocorrelation is assumed to be related to climate, therefore, autocorrelation can indicate 
a site’s particular responsiveness to climate trends.   

Chronologies were filtered using a 3-order low- and high-pass filter function.  
Year cutoff was set at 10 years in order to highlight decadal variations.  Correlation 
coefficients were calculated between chronologies filtered with low-pass filter (i.e., high-
frequency variation with wavelengths less than 10 years was removed from the data) in 
order to determine if there were similar low-frequency patterns in the data.   Fritts (1976) 
suggests that this is a useful technique for further determining the strength of the climate 
signal contained within the tree rings.  For example, if two sites located in proximity to 
each other have uncorrelated low-frequency variation, other factors such as stand-level 
disturbance may have impacted growth in this site and decreased the signal to noise ratio 
in the chronology (Fritts 1976).  The correlation coefficients were compared for a 
common time period of 1950 to 2002.   
 
A principal components analysis (PCA) was carried out on the chronologies over the 
common time period as well.  A principal components analysis can be used to reduce a 
large dataset down to a smaller number of composite variables, called principal 
components (PC).  Principal components are linear combinations of the original variables 
that seek to represent a high proportion of the original variation in as few components as 
possible.  (Tang 2007) PCA can also determine underlying structures in the data 
(Tabachnick and Fidell 1989).  This can reveal important ecological patterns.  A PCA 
analysis was carried out in order to determine groupings of sites based on similar 
variation over the common time period.  Varimax rotation was carried out after PCA in 
order to clarify the loading factors and therefore improve the interpretability of results.  
Varimax rotation maintains the orthogonal condition of PCA and therefore does not 
mathematically change the unrotated PCs.  (Tabachnick and Fidell 1989) During PCA, a 
choice needs to be made regarding how many PCs to retain that represent the original 
data set.  For this analysis, the Kaiser criterion was used, where PCs with eigenvalues 
lower than the mean were omitted from further analysis (Tang 2007).  After PCA and 
interpretation, the leading modes of variation were retained as variables for spectrum and 
singular spectrum analysis, canonical correlation analysis, and correlation and regression 
analysis with PDO and ENSO indices. 
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The leading principal components (PCs) from the ring width chronologies were 
analyzed using spectrum analysis to determine significant variation frequencies over the 
common time period.  Significant variation at certain frequencies may indicate a 
relationship between tree ring growth and cyclical weather patterns such as PDO and 
ENSO.  Singular spectrum analysis (SSA) was also carried on the principal components 
to further identify leading frequencies of variation.  The lag period used for SSA was ¼ 
of the series length (in this case, the series length is 53 years). (Tang 2007) 
 
Comparison between climate and ring width variables 
Various multivariate techniques have been used to determine the relationship between 
ring widths and climate variables.   The relationship between tree-ring PCs and PDO and 
ENSO was first examined using canonical correlation analysis (CCA).  PCA was used to 
extract the modes of variation from PDO and ENSO monthly indices.  Because tree 
growth has been shown to be dependent on previous as well as current year conditions 
(Fritts 1976), PCA was carried out on a climate data set that consisted of monthly indices 
for current as well as previous year.  This is consistent with other research (e.g. Zhang 
and Hebda 2004, and as described in Fritts 1976).  CCA was then examined between the 
leading PCs of the climate data set and the leading PCs from the ring widths.  CCA was 
carried out separately for PDO-growth relationship and ENSO-growth relationship.  CCA 
is similar to PCA in theory and extracts the leading modes of variance from each dataset 
that can explain the most variance in the other dataset.  This analysis is useful for 
analyzing large sets of data that may be related to each other (Tang 2007).  One of the 
drawbacks to using CCA is that the factor loadings are typically not rotated, which can 
make interpretation of each variable’s contribution to the final solution difficult 
(Tabachnick and Fidell 1989). 

Correlation analysis was also used to determine the relationship between 
chronologies and site-specific climate data from Climate BC.  This analysis was also 
completed for each ring width PC and leading PCs of both PDO and ENSO.  Because 
tree ring correlations with climate change over time, a “sliding correlation” can be used, 
where correlations are examined using a sliding window of a determined length. For this 
analysis, a 20-year window was used with 5 year steps to determine changes in 
correlation over time.  Linear multiple regression and neural networks will also used to 
determine relationships between climate and tree growth.  Neural networks may improve 
predictions by reflecting a possible non-linear relationship between growth and climate.   
 

Project scope and regional applicability 
Douglas-fir relationships to climate will be quantified over the range of habitats in the 
interior of British Columbia.  Attention will be given to the ecological extremes that this 
species inhabits (measured by mean annual temperature and precipitation).  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.  
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Interim conclusions 
All chronologies in this study have significant low-frequency cycles, which may be due 
to climate variation. Low-pass filtered chronologies were examined for correlation.  
Correlation strength increases between sites of similar MAT, MAP, and geographic 
location.  The correlation analysis revealed a geographic discrepancy between Prince 
George and Vernon growth variation.  Many of the Vernon sites have a negative 
correlation with Prince George sites.    Overall, this correlation suggests that a) 
chronologies have a strong climate signal in them that is shared by similar sites, and b) 
there are different low-frequency climate patterns in Vernon and Prince George. 
PCA analysis of the chronologies indicates that Douglas-fir growth across the sample 
sites shows five distinct patterns that are ecologically interpretable.  Vernon sites are 
represented by three principal components (high-elevation, mid-elevation, and drought-
limited sites).  Prince George sites are represented by two principal components (cold-
limited sites and medium climatic regime sites).  Principal components were retained as 
time series for further analysis. 

Spectral analysis and singular spectrum analysis reveal that there are significant 
low-frequency cycles present in all chronologies.  High-elevation Vernon and cold-
limited Prince George PCs have significant 18- to 23-year cycles, which match PDO 
frequencies (Biondi et al. 2001).  Vernon-high elevation sites have a significant positive 
relationship with PDO and ENSO indices.  Cold-limited Prince George sites have a 
significant negative relationship with PDO.  PDO indices are positively related to annual 
heat-moisture stress in Prince George sites, but not in Vernon high-elevation sites. 
Correlation analysis between chronologies and Climate BC data revealed that most 
populations have a positive relationship to winter temperatures and a negative 
relationship to growing season temperatures.  Previous July precipitation tends to have 
the highest correlation with growth for all sites; correlation strengths have an inverse 
relationship with site mean annual temperature (i.e. colder sites have a stronger 
correlation with previous July precipitation).  The three sites with the highest MAT 
(considered to be drought-limited) show unique relationships.  They are most responsive 
to the sum of precipitation over the previous fall, winter, and current growing season.   
 

Contact information 
Scott Green 
Assistant Professor, University of Northern British Columbia, 3333 University Way, 
Prince George, BC V2N 4Z9. Email: greens@unbc.ca 
 
Hardy Griesbauer 
Registered Professional Forester, University of Northern British Columbia, 3333 
University Way, Prince George, BC V2N 4Z9. Email: hgriesbauer@hotmail.com 
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