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Supplemental Material  (Leclerc, Daniels and Carroll) 

 

We made the following adaptions to plot-level attributes when applying the western 

spruce budworm susceptibility index by Wulf and Carlson (1985).  

 

1. Coefficient of variation of DBH  

Originally, Wulf and Carlson (1985) calculated the coefficient of variation of tree heights 

(m). We used DBH (cm) since it was consistently measured for all trees and calculated 

the coefficient of variation (CVDBH) as follows:   

 

𝐶𝑉𝐷𝐵𝐻 =
(𝑆𝐷𝐷𝐵𝐻)

(𝑀𝑒𝑎𝑛𝐷𝐵𝐻)
∗ 100         

 

where, SDDBH is the standard deviation and MeanDBH is the mean of the DBH of 

measured trees. The calculated coefficient of variation was converted to the 

corresponding index value according to Wulf and Carlson (1985): 

 

Coefficient of variation Index value 

0-10 0.9 

11-20 1.1 

21-30 1.3 

31-40 1.5 

41+ 1.7 

 

2. Crown cover 

Wulf and Carlson (1985) used allometric equations to estimate crown cover from tree 

density (Bousfield et al. 1986). We directly measured total crown cover (%) using 

hemispheric photographs; total cover also represented host and late-successional host-tree 

cover since Douglas-fir comprised 95‒100% of trees and all plots were in late-

successional forests. Crown cover was converted to the corresponding index value 

according to Wulf and Carlson (1985): 

 

Crown cover 

(%) 

Index values 

Total trees Host trees Late-successional host trees 

0-10 0.8 0.1 0.6 

11-20 0.8 0.3 1.0 

21-30 1.1 0.5 1.3 

31-40 1.1 0.8 1.6 

41-50 1.3 1.0 1.8 

51-60 1.3 1.3 2.0 

61-70 1.4 1.6 2.1 

71-80 1.4 1.8 2.2 

81-90 1.5 2.1 2.3 

91-100 1.5 2.4 2.4 
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3. Maturity 

Maturity was calculated as the mean of the basal-area-weighted age of the host trees in 

each plot (Wulf and Carlson 1985). We calculated the basal-area-weighted age of 

individual trees using the following equation: 

 

𝐵𝑎𝑠𝑎𝑙 − 𝑎𝑟𝑒𝑎 − 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑔𝑒𝑡𝑟𝑒𝑒 = 𝑎𝑔𝑒𝑡𝑟𝑒𝑒 ∗ [
𝐵𝐴𝑡𝑟𝑒𝑒

𝑇𝑜𝑡𝑎𝑙 𝐵𝐴
] ∗ 4.356    

 

where, agetree is the age in years from tree cores or estimated using regression; BAtree is 

the basal area (m2) of each tree; Total BA for each plot is the sum of basal areas of all 

trees in the plot; and, 4.356 is the conversion from metric to imperial units to match Wulf 

and Carlson’s (1985) original indices: 

 

Mean basal-area-weighted age  Index value 

1-25 0.3 

26-50 1.0 

51-75 1.1 

76-150 1.2 

150+ 1.3 

 

4. Vigour 

Vigour is represented by plot-level basal area relative to average maximum basal areas 

determined from stocking-level assessments of forest inventory data for each sub-region 

and habitat-type group (Wulf and Carlson 1985). We calculated the maximum basal area 

from the fully-stocked control plots (Pers. Comm. K. Day, Manager, Alex Fraser 

Research Forest), then calculated relative basal area as: 

 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 = (
𝑇𝑜𝑡𝑎𝑙 𝐵𝐴

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝐵𝐴
) ∗ 100       

 

where, Total BA (m2 ha-1) sum of the basal areas of trees in each plot and scaled to one 

hectare; average maximum BA (m2 ha-1) was the mean plot-level basal area per hectare 

from the upper quartile of the control 2015 plots. The calculated relative basal area was 

converted to the corresponding index value according to Wulf and Carlson (1985): 

 

Relative basal area  Index value 

1-40 1.5 

41-60 1.3 

61-80 1.1 

81+ 0.9 
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