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Introduction 

This research project addressed a knowledge gap regarding Douglas-fir radial growth 

responses to climatic variability across its climatic and geographic range in the interior of 

British Columbia (BC).  We sampled 33 chronologies in three large study regions 

spanning a wide range of climatic conditions, including stands located at the ecological 

and geographic margins of the species’ range in the province, in order to 1) identify key 

historical climatic sensitivities, 2) link these sensitivities to local climate regimes, and 3) 

examine how sensitivities change over a climatic gradient.  As well, we examined some 

climate-growth relationships at different temporal scales in order to assess their temporal 

stability.  Below, we briefly summarize the key findings of this study and discuss 

potential management implications.  For detailed study methodology and results, we refer 

the reader to the technical report. 

 

Summary of key study findings and implications 

 
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 
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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.  

 

Below, we elaborate on these key study findings and their management implications. 

 

Study results 

In all three study regions, Douglas-fir growth patterns tended to be highly correlated 

between sites and are differentiated mainly by site climate conditions.  For example, mid- 

to low-elevation dry sites in a given region tended to have correlated growth patterns 

whereas high-elevation wetter sites tended to be more correlated.  Highly correlated 

growth patterns between ecologically similar stands separated by considerable distances 

(400+ km) suggest that across the species’ range in BC, Douglas-fir growth is regulated 

mostly by regional-scale precipitation and temperature patterns and corresponding 

responses to changes in these climate patterns will be widespread.   
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Mid- to low-elevation dry-site Douglas-fir populations 

Regional growth patterns describing Douglas-fir growth in relatively dry and/or warm 

environments at mid- to low-elevations in all study regions were strongly correlated with 

annual (prior July to current June) precipitation, which likely represents the dominant 

influence of soil moisture availability across most of the species’ range.  When examined 

at a smaller (population-level) scale, the strength of this response appeared to be largely a 

function of local site climate conditions, especially precipitation.  For example, we found 

that Douglas-fir became exponentially more sensitive to annual precipitation as 

precipitation normals decrease.  Temperature (and variables derived solely from 

temperature such as frost-free period and degree-days) did not explain any variation in 

population precipitation-growth relationships, however, integrating temperature and 

precipitation together into a heat-moisture index explained the most variation and may be 

a biologically relevant way to describe a site’s local climate conditions (and 

corresponding growth sensitivity to annual precipitation).  By reflecting both 

precipitation inputs as well as evaporation/transpiration forcings (Wang et al. 2006), heat-

moisture indices may provide a good indication of available soil moisture.   

 

Historical data are often used to form baselines that are incorporated into models and 

decision-making frameworks (Millar et al. 2007), however, the temporal variations in 

climate-growth relationships found in this study support similar findings elsewhere (e.g., 

Lloyd and Fastie 2002, Carrer and Urbinati 2006, D’Arrigo et al. 2007) that highlight the 

potential limitations of extrapolations from historical relationships.  Our results suggest 

that in certain environments, Douglas-fir climate-growth relationships have varied in the 

past (possibly associated with drought events and/or Pacific Decadal Oscillation phases) 
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and may also be changing now as a result of anthropogenic climate change.  In other 

environments, such as dry sites in the Chilcotin Plateau, climate-growth relationships 

appear to be more stable over time, perhaps reflecting the chronic strong drought 

limitations in forest-grassland ecotonal populations. The use of moving correlation 

functions and other techniques designed to detect temporal variation in climate-growth 

relationships should be incorporated into future research to improve assessments of 

ecosystem responses and to detect possible early responses as a result of climate change.  

Although temporal variability in climate-growth relationships will be difficult to 

incorporate into models or decision-making frameworks, it must be considered when 

making future management decisions based on historical ecological relationships.   

 

This study revealed large differences among populations in their radial growth responses 

to climate. It was further determined that these responses are strongly related to site 

climate, indicating that patterns of radial growth response across the province are 

strongly sculpted by natural selection. These findings support provenance test data that 

show that Douglas-fir growth-related traits vary steeply along environmental clines, 

which has been attributed to a relatively high species genetic diversity that allows 

populations to adapt to a broad spectrum of environmental conditions (St. Clair et al. 

2005, Arno 1991, Rehfeldt 1991).  Populations that are closely adapted to local 

conditions may have narrow climatic tolerances and could become maladapted if local 

climate regimes move outside of those tolerances; therefore, from a species perspective, 

maladaptation could be expressed across a wide geographic range (Aitken et al. 2008, 

O’Neill et al. 2008).  Results from our regional climate-growth analysis support this 
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suggestion, as they showed that leading growth patterns in all three regions were sensitive 

to annual precipitation anomalies.  However, our results from the population climate-

growth analyses also suggest that across the species’ range in BC, populations vary in 

their adaptation to local climate (assuming that growth sensitivity can be used as one 

measure of local adaptation) along a precipitation and heat-moisture gradient.  Thus, 

sensitivity to annual precipitation may be a species-wide genetic trait that is expressed 

more strongly as a site becomes warmer and/or drier. 

 

High-elevation Douglas-fir populations 

High-elevation Douglas-fir populations appear to be unique from others in this study in 

that cold winter/annual temperatures and snowfall tend to limit growth more than annual 

precipitation, especially over the latter half of the past century.  The increase in growth 

sensitivity to temperatures over that time was somewhat unexpected, as we hypothesized 

this signal would weaken in the growth records as temperatures increased and became 

less limiting in these cold environments.  This type of unexpected growth response may 

represent the difficulty of predicting ecosystem responses to changes in a single variable 

(e.g., temperature), as growth may be controlled more by the integrated influence of 

temperature and precipitation changes rather than temperature alone (Littell and Peterson 

2005).  For example, in high-elevation environments, growth benefits from warmer 

temperatures over the past 50 years may have been buffered by limitations imposed by 

higher precipitation and cloudiness (BC MoE 2007, Henderson-Sellers 1992, Dai et al. 

1999, Cayan et al. 1998, Zhang et al. 2007) over the same period, resulting in new (and 

unexpected) growth sensitivities.  When assessing species vulnerability in complex 
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habitats such as high-elevation environments where multiple climatic variables are shown 

to limit growth, the integrative effect of temperature and precipitation changes on growth 

should be considered as much as possible.   

 

The influence of quasi-periodic ocean-atmosphere climate systems on BC local winter 

conditions appears to be strongly reflected in high-elevation Douglas-fir growth.  The 

Pacific/North American teleconnection index (PNA) was reflected similarly in both 

regions, whereas the Pacific Decadal Oscillation (PDO) and El Niño/Southern Oscillation 

(ENSO) indices had strong influences on southern populations but not northern.  These 

indices may be useful in predicting high-elevation growth rates and climate-growth 

relationships as well as increasing our understanding of low-frequency large-scale 

climatic influences on ecosystem processes.  A better understanding of how PNA differs 

from PDO and ENSO in its influence on local conditions may help elucidate specific 

climatic parameters that limit growth in both regions.       

 

Management implications 

Predictive models are integral to forest management in BC (BC MoFR 2006) and the 

incorporation of climate variables and related biological responses into growth and yield, 

carbon cycle, and species distribution models has been recommended as an important 

step in improving future management decisions (Spittlehouse 2005, Ogden and Innes 

2007, Aitken et al. 2008, O’Neill et al. 2008).  For example, species distribution models 

that predict changes in the fundamental and realized niche of a species based on the 

concept of a bioclimate envelope (Pearson and Dawson 2003, Hamann and Wang 2006) 
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may be improved if the climatic envelope used is biologically relevant (e.g., with respect 

to this study, if annual heat-moisture index is used instead of more typical variables such 

as mean annual temperatures) to the species in question and the model considers specific 

biological responses (e.g., growth responses to annual precipitation) (Aitken et al. 2008).  

Further, these types of models may improve their predictive ability if they consider 

response variation among populations (e.g., with respect to this study, increasing 

sensitivity to annual precipitation with site heat-moisture index) across the species’ 

climatic envelope instead of assuming a more uniform species response (O’Neill et al. 

2008).   

 

Forest management must consider the growth influence of climate processes at various 

spatial scales (Littell and Peterson 2005, Tessier, 1989).  The strong synchronization 

between high-elevation growth patterns and climate-growth relationships in the Northern 

and Southern Interior (400+km apart) over the 20th century likely reflects strengthening 

macroregional climatic processes (e.g., anthropogenic temperature/precipitation trends, 

ocean-atmosphere climate systems) that can override the influence of local factors such 

as topography, soils, and aspect on growth (Littell and Peterson 2005, Tessier 1989).  

When large-scale climatic processes weaken, growth patterns across large areas will 

diverge and instead reflect local climate conditions (Littell and Peterson 2005, Tessier 

1989).  Shifts between macroregional and local climatic influences are important drivers 

of forest productivity and should be examined further.   
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Douglas-fir populations growing at the forest-grassland transition appear to be especially 

vulnerable to climate change.  Declining Douglas-fir stands can be targeted for harvesting 

to allow for conversion to more suitable genotypes or species, or can be thinned to 

increase resource availability for remaining trees (Ogden and Innes 2007), however, dry 

margin sites tend to have limited productivity due to the severe environmental conditions 

and may therefore not be economically suitable for intensive management. At the very 

least, these populations should be carefully monitored as early indicators of potential 

forest dieback stemming from climate change.     

 

High-elevation Douglas-fir productivity may benefit from warmer temperatures, less 

snowfall, and longer growing seasons, and populations from other locations may provide 

seed source for new forests that are suited to future conditions in these environments.  

More research would be required, however, before this species is artificially regenerated 

extensively in such areas.  Douglas-fir is especially vulnerable to harsh conditions such as 

snow press and frost events during early developmental stages (Jull 1999), and unique 

silviculture strategies may be required if it is to regenerate successfully and form an 

important timber species at high-elevations.    

 

Research limitations and future directions 

The recent development of high-resolution spatiotemporal climate normals and historical 

data models such as ClimateBC is an important step in assessing species vulnerability to 

climate change (BC MoFR 2006) across wide biophysical ranges (Littell 2006, Peterson 

and Peterson 2001).  To our knowledge, this is the first study of tree radial growth 
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responses along such a broad climatic gradient in British Columbia, and we recommend 

this approach be applied to other tree species in the province.  Species such as western 

red cedar (Thuja plicata Donn ex D. Don), western hemlock (Tsuga heterophylla (Raf.) 

Sarg.), and larches (Larix spp.), whose range (and possible climatic) limits are found in 

the province of BC, as well as other species identified as particularly vulnerable to 

climate change (Hamann and Wang 2006) could be targeted to provide additional 

information regarding responses to climate change both in marginal populations and 

across climatic gradients.   

 

One of the limitations of the standard dendroecological approaches used in this study is 

that only relative growth rates are analyzed and compared between sites (i.e., 

measurements are converted into a unitless index to form the growth chronology).  

Estimates of productivity impacts from climate change would be potentially improved by 

using absolute growth rates (e.g., millimetres per year) and converting them to a 

productivity measure common to forest management, such as basal area increment or 

volume, which could be then used as part of a plot-based sampling strategy to determine 

annual productivity increment per unit area (e.g., hectare).  This approach would also 

allow for stand-level biological factors such as species, age, crown-class and abiotic 

factors such as soil moisture/nutrient regime to be considered when assessing climate-

growth relationships, thus providing information at a finer scale (both spatial and 

biological) that could complement data from larger scale studies such as this one.  The 

main drawback to this approach would be the increased time and resources required for 
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data collection, which may make this approach more feasible for local stand-level 

assessments of productivity impacts from climate variability.   

 

Conclusions 

This study revealed important Douglas-fir climate-growth relationships across the 

species’ range in the British Columbia Interior, complementing other studies examining 

similar questions in different regions and at different spatial scales (e.g., Littell and 

Peterson 2005, Case and Peterson 2005, Zhang and Hebda 2004).  Although this study 

provides deterministic information that may guide forest management, it is important to 

acknowledge the high uncertainty regarding forest responses to climate change.  

Environmental changes without historical precedent may cause complex and 

unpredictable ecosystem responses (Millar et al. 2007, Spittlehouse 2005).  Forest 

managers will need a wide range of tools to accommodate these changes (Millar et al. 

2007, Spittlehouse and Stewart 2003, Littell and Peterson 2005); flexible and adaptive 

strategies with careful monitoring will be required to deal with complex and 

unpredictable future challenges. 
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