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Project Title:  Characterizing the growth responses of three co-occurring 
northern conifer tree species to climate variation across a range of conditions  
 
 
Project Purpose / Management Implications:   Understanding species-specific tree 
responses to climate change has broad implications in terms of adjusting forest policies and 
practices under changing environments. This study examined the responses of three northern 
conifer tree species, lodgepole pine, subalpine fir and interior spruce, which commonly co-
occur in western Canada. The study aims to characterize the climate sensitivities of each 
species growing under a variety of environmental conditions, represented by mean annual 
temperatures (MAT) and mean annual precipitations (MAP). Species- and site-specific tree 
responses to changing climates will help to understand alteration in competitive relationships 
and dominance among co-occurring species, changes in forest compositions, and eventually 
shifts in species distribution at a particular site. This information may help to frame future 
management strategies, such as species selection, seed transfer, productivity, and shifts in 
biogeoclimatic zones.       
 
 
Project Start Date:  1 April 2005 
Length of Project:  2 years 
 
 
Methodology Overview:  Variations in radial stem growth over the past 50 years were 
examined using tree-ring analysis. Increment core samplings were conducted across a range 
of climatic conditions in central British Columbia (B.C.) and Yukon in the summer of 2005. 
Sampling stands were selected to cover a wide rage in climate conditions, represented by 
MAT and MAP (Figure 1 and 2). The site were selected based on the following criteria: 1) 
minimum stand age of 60 years, 2) pine, spruce and fir co-occurring (where possible), 3) 
stands occuring on zonal sites, 4) minimal visible evidence or health or disturbance impacts, 
and 5) close proximity to a local weather station (ideally within about 10 km). Stands were 
characterized as mid- to late-successional stages that were naturally regenerated. The 
sampling sites in B.C. were located within Sub-Boreal-Spruce, Interior Cedar-Hemlock and 
Engelmann Spruce-Subalpine Fir biogeoclimatic zones, which span a range of temperature 
and precipitation conditions. Climatic conditions in Yukon are continental and characterized 
by very cold and long winters and warm, short summers. Climate in southern central Yukon 
(Wolf Creek and Grey Mountain in Whitehorse) is slightly warmer than central Yukon (Mayo 
and Keno City). Elevational transects with intervals of every 200 m were established at 
McBride Peak and Bell Mountain in McBride, and Grey Mountain in Whitehorse, to provide 
climate gradients within a narrow geographical location. At each stand, two increment cores 
were extracted from twenty healthy, canopy-dominant trees with no or little observable 
damage in order to minimize non-climatic variations.  

Standard dendrochronology techniques were applied during chronology constructions 
for each climatic population. Cross-dating was conducted to identify the exact year of ring 
formation in each core using COFFECHA. Raw-ring width was then standardized using 
cubic-smoothing splines generated by ARSTAN. Standardization removes non-climate 
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factors such as age-dependent growth trend and low-frequency variations resulting from 
disturbance, competition and changes in soil conditions.  

Site-specific monthly weather data were estimated using ClimateBC v3 (Beta). Mean 
monthly temperature and total monthly precipitation from May of the previous growth year to 
September of the current growth year were used to identify the strongest monthly climate 
variables affecting tree growth. Response function analyses were conducted to correlate the 
climate records and tree growth over a 50-year period from 1953 to 2002. 
 
 
Project Scope and Regional Applicability:  This project is intended to provide 
preliminary characterizations of ecologically distinct Northern tree species uniqueness in 
regards to climate sensitivities, which will be invaluable in enhancing predictions of tree 
population responses to future climate change.  The regional focus of this study spans tree 
population responses across a wide range of climatic conditions, from the southern interior of 
B.C. to the northern interior of B.C. 
 
 
Preliminary Conclusions:  Although data analyses are preliminary, some of the early 
results are presented here.  Lodgepole pine showed the highest mean sensitivities (which 
indicates year-to-year growth variations) among the three species at all sites, except for the 
two driest sites in Yukon where spruce had higher mean sensitivities than pines. In BC, mean 
sensitivities were higher for subalpine fir than for spruce at warmer sites, while spruce had a 
higher mean sensitivities than subalpine fir at colder sites.      

The monthly climatic variables the best explained tree radial growth were identified 
using response function analysis. Most lodgepole pine populations appeared to respond to 
temperatures of the previous growth year. For example, the pine populations in B.C. were 
positively related to previous fall temperatures (October to December) while pine populations 
in Yukon were negatively related to previous summer temperatures (August and September). 
The pine population at Mayo in central Yukon was positively related to the previous August 
precipitation, rather than temperature. Mayo is the driest site in this study and it is believed 
that the pine population at this site is located on the most northern boundary of continuous 
lodgepole pine distribution.  

Contrary to pine, interior spruce growth was more affected by temperatures of the 
current growth year than of the previous year. Interior spruce, in general, responded to June 
temperature of current growth year. It was also noted that previous July precipitation 
positively affected populations at low elevations at McBride Peak (1200, 1400 m), but 
current April precipitation negatively affected populations at high elevations (1600, 1800 m). 
As in pine, the spruce population at Mayo was more strongly related to precipitation and 
showed a positive response to the previous December precipitation.  Subalpine fir seemed 
more strongly affected by current summer temperatures (May to July) in B.C. In Yukon, 
growth of all populations appeared to be most strongly affected by prior growth.  

The response function analyses indicated that there were variations in climatic 
variables to which each population most strongly responded. Interior spruce was used for 
preliminary analyses because June temperatures during the growing season appeared to be 
significant for most of the populations. The sensitivity of spruce growth to June temperature 
of current growth year was compared among the 15 populations using simple linear 
regression analysis. The regressions indicated significant negative relationships between June 
temperatures and spruce growth at lower elevation sites in B.C., while spruce growth was 
positively correlated at higher-elevation sites in B.C. A strong negative relationship was 
observed between growth and June temperatures at Mayo. Regression relationships within 
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populations were compared using separate slope analysis. Along the elevational transect at 
McBride Peak and Bell Mountain, the reverse relationships to current June temperatures were 
found between the lowest and highest elevation sites (Figure 3). The regression coefficients 
for slopes were used as indicators of climate sensitivity, and the overall pattern of spruce 
sensitivity to June temperatures was demonstrated across the sampling sites represented by 
MAT and MAP (Figure 4). Increased June temperature appeared to increase radial growth of 
spruce at wetter sites, while it reduced radial growth at drier sites.  

Further analyses will be conducted for cross-species comparisons among the three 
species and to characterize growth trends of subalpine fir and lodgepole pine associated with 
monthly or seasonal climate variables. We also plan to extend a range of climates across the 
sampling sites by additional population samplings in the summer of 2006.     
 
 
Contact Information: 

   
Principal Investigator:  Dr. Scott Green 
    University of Northern British Columbia 
    3333 University Way 
    Prince George, BC   V2N4Z9 
    Office:  250-960-5817 
    Email:  greens@unbc.ca 
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