
Abstract

A years-to-breast-height model for 
Engelmann spruce (Picea engelmannii) 
has been lacking; the years-to-breast-
height model for natural stand white 
spruce (P. glauca) has been used to fill 
this void. Recently, stem analysis data 
for Engelmann spruce were collected 
to develop site index models. These 
data were used in this project to de-
velop a years-to-breast-height model 
specifically for Engelmann spruce. A 
linear function with the inverse of site 
index as the independent variable was 
deemed to be the best fitting years-
to-breast-height model. This model is 
similar to the previously used model.

Introduction

Years-to-breast-height models are 
used to predict the number of years 
it takes a site tree to reach .3 m in 
height (breast height) based on the site 
index of the site. The models are used 
to convert total age into breast height 
age and vice versa (Nigh 2002), and 
for predicting early height growth of 
stands. Previously, the years-to-breast-
height model for white spruce (Picea 

glauca) (Thrower et al. 994) was used 
for Engelmann spruce (P. engelmannii) 
in the absence of a model specifically 
for Engelmann spruce. Data for a 
new site index model for Engelmann 
spruce in British Columbia (Nigh 
205) were recently collected. These 
data were also suitable for develop-
ing years-to-breast-height models. 
This Extension Note describes the 
new years-to-breast-height model 
for Engelmann spruce in British 
Columbia.

Data

The data for this research are de-
scribed in more detail in Nigh (205). 
The data were collected from 92 
sample plots located throughout 
the Engelmann Spruce – Subalpine 
Fir (ESSF) biogeoclimatic zone 
(Meidinger and Pojar 99). The 
Engelmann spruce site tree in each 
plot was identified and felled, and its 
stem was split longitudinally to reveal 
the pith nodes that demarcate the end 
of the height growth for a year. The 
high side1 of the tree and the breast 
height (.3 m above the high side) of 
the tree were also located. The height 
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 The high side of the tree is the highest point on the stem that is in contact with the forest floor.
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of the pith nodes was measured using 
the point of germination as the base-
line for the height measurements.

The height trajectories were plot-
ted, and 3 of the sample trees were 
deemed to have significant suppres-
sion or damage and were removed 
from the data set. This is five more 
trees than were deemed unusable in 
the original work (Nigh 205). These 
five trees exhibited extreme suppres-
sion below breast height but not above 
breast height, which rendered them 
unusable for this analysis but usable 
for the original analysis. This left 79 
trees for analysis.

The number of years that it took 
each tree to reach breast height was 
calculated from the height−age data. 
In this calculation, it was assumed 
that breast height was reached midway 
through a growing season. Site index 
was determined as the height of the 
50th pith node above breast height.  
A graph of years to breast height ver-
sus site index is plotted in Figure .

Methods

The graph of the data (Figure ) sug-
gests two candidate functions for the 
years-to-breast-height model:

ytbhi = a0 + a × sii + εi ()
ytbhi = a0 + a/sii + εi (2)

where ytbhi is years to breast height 
for tree i, sii is site index (m) for tree i, 
a0 and a are parameters to be estimat-
ed, and εi is the error term for tree i. 
The εi are assumed to be independent-
ly and identically normally distributed 
with a mean of 0 and a variance of σ2. 

These models were fit using pro-
cedure REG in SAS (SAS 20). The 
independence assumption was as-
sured because the samples were 
established independently. The nor-
mality assumption was checked with 
a quantile-quantile plot (Sen and 
Srivastava 990) and the W statistic 
for normality (Shapiro and Wilk 965) 

using the studentized residuals (Sen 
and Srivastava 990). Constant vari-
ance was checked by plotting the 
studentized residuals against site 
index and the predicted years to breast 
height, and then looking for trends 
in the scatter of the residuals in these 
plots.

Results

Model 2 provided a better fit to the 
data than model  as judged by the 

mean squared error (25.4 versus 
3.0). The parameter estimates for 
model 2 (with standard errors in pa-
rentheses) are a0 = 4.465 (.694) and 
a = 54.6 (8.78). The W statistic for 
normality is 0.958 (p = 0.00), which 
is evidence of a departure from nor-
mality in the studentized residuals. 
However, the quantile-quantile plot 
(Figure 2) shows that this departure 
is slight. The plots of the studentized 
residuals against site index (Figure 3) 
and predicted years to breast height 

Figure 1  Graph of years to breast height vs site index for Engelmann spruce. 
Data points are indicated with a dot, the new model is represented 
by a solid line, and the old model is graphed as a dashed line.

Figure 2  Quantile-quantile plot of the studentized residuals to evaluate  
the assumption that the residuals are normally distributed.
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(Figure 4) provide evidence that the 
variance of the residuals is constant 
across these variables.

Discussion

The new years-to-breast-height model 
for Engelmann spruce is:

ytbh = 4.465 + 54.6/si

where ytbh is years to breast 
height (yr) and si is site index (m). 
This model is plotted in Figure  

along with the years-to-breast-
height model for natural stand white 
spruce, which was previously used 
for Engelmann spruce. There is little 
difference between the two models 
except at the upper and lower ends of 
the range in site index. 

The data for this model come 
from the ESSF biogeoclimatic zone. 
This zone is the only zone where 
Engelmann spruce predominates 
(Klinka et al. 2000). Engelmann 
spruce is also found infrequently or 

rarely in neighbouring zones. The 
years-to-breast-height model can 
be extrapolated into the neighbour-
ing zones provided that the species 
in question is Engelmann spruce. 
However, it is more common to find 
the cross between white spruce and 
Engelmann spruce in neighbouring 
zones. For the cross, the usual practice 
of using growth and yield models for 
white spruce should be continued un-
less better data are available.

Conclusion

A years-to-breast-height model was 
developed specifically for Engelmann 
spruce from stem analysis data collect-
ed for Engelmann spruce site index 
modelling. This new model should be 
used for Engelmann spruce instead of 
the years-to-breast-height model for 
natural stand white spruce, although 
the difference between the two models 
is not great.
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Figure 3  Plot of the studentized residuals vs site index to evaluate the 
assumption that the residuals have a constant variance.

Figure 4  Plot of the studentized residuals vs predicted years to breast height to 
evaluate the assumption that the residuals have a constant variance.
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