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Abstract

Growth and yield information about
black spruce in British Columbia is
sparse. To help alleviate this situation,
growth intercept models were devel-
oped using data from  stem analysis
plots. These models, which are more
precise than those for other species in
British Columbia, provide a means of
estimating site index (site productivity)
in young black spruce stands.

Introduction

Black spruce (Picea mariana (Mill.)
B.S.P.) is an important pulp species in
the boreal forests of Canada. In
British Columbia, however, its impor-
tance is somewhat diminished, except
on sites that are not well suited for
other more valuable species (Krestov
et al. ). Even where it does grow
well—in the northeastern part of the
province—black spruce is poorly
used, and in some areas it is assumed
not to contribute to timber supply at
all (Pedersen ).

Efforts to evaluate the feasibility of
improving commercial use of the
species in British Columbia have been
limited by a lack of good growth and
yield information. To address this
lack of information, growth intercept
models for black spruce were devel-
oped. A growth intercept model uses

early tree height growth to estimate
site index—a species-specific measure
of a site’s potential productivity (Nigh
).

The growth intercept models pre-
sented in this Extension Note are
based on data collected by researchers
at the University of British Columbia
to study black spruce ecosystems and
their productivity (Krestov et al. ;
Nigh et al.1).

Data

Ninety-one black spruce stem analysis
plots provided the data to develop the
growth intercept models. The plots
were . ha ( ✕  m) in area and
located in naturally established (pri-
marily fire-origin), even-aged stands
up to age  years at breast height.
The stems of three black spruce site
trees from each plot were analyzed.
Site trees are the trees with the largest
diameters in the plot. They must also
be free of damage, disease, suppression,
and other biotic or abiotic agents that
may impede their height growth.
Stem analysis involved sectioning the
trees at ., ., and . m, and at .-m
intervals above breast height. The
rings of each section were counted.
Additional information about the
plots and the sampling can be found
in Krestov et al. () and Nigh et al.2
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The site index of the plots ranged
from . to . m, with a mean of
. m. The heights and breast height
ages of the plots ranged from . to
. m and from  to  years at
breast height, respectively.

Methods

The stem analysis data were converted
into height and breast height age data
following the procedure described by
Newberry (). Data for breast
height age above  years were delet-
ed, as they were not used in the data
analysis. The heights of the trees
whose stems had been analyzed were
averaged by age (within the respective
plot) to calculate site height. The site
height at breast height age  years
provides the site index. The method
used to develop the growth intercept

model was that described by Nigh
(). The functional form of the
growth intercept model is 

[]

where: SI is the estimated site index,
GIA is the growth intercept (cm/yr)
for breast height age A years, and b1

and b2 are model parameters. One set
of parameters was estimated for each
age between  and  years.

Results

The formulated growth intercept
models for breast height ages –

years and the square root of their
mean squared error (RMSE) are pre-
sented in Table . The regression
assumptions are met, so the statistical
properties of the models are assumed
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  Growth intercept models and their root mean squared error (RMSE) for breast 
height ages 1–50 years

Breast Breast
height height
age Model RMSE age Model RMSE

1 SI = 1.3 + 2.101 ✕ GI 0.5158 1.695 26 SI = 1.3 + 0.7767 ✕ GI 0.8342 0.8907
2 SI = 1.3 + 1.875 ✕ GI 0.5366 1.571 27 SI = 1.3 + 0.7563 ✕ GI 0.8435 0.8586
3 SI = 1.3 + 1.799 ✕ GI 0.5469 1.544 28 SI = 1.3 + 0.7419 ✕ GI 0.8501 0.8216
4 SI = 1.3 + 1.760 ✕ GI 0.5536 1.544 29 SI = 1.3 + 0.7294 ✕ GI 0.8558 0.7857
5 SI = 1.3 + 1.703 ✕ GI 0.5663 1.539 30 SI = 1.3 + 0.7158 ✕ GI 0.8624 0.7497
6 SI = 1.3 + 1.644 ✕ GI 0.5796 1.507 31 SI = 1.3 + 0.7040 ✕ GI 0.8683 0.7141
7 SI = 1.3 + 1.585 ✕ GI 0.5921 1.464 32 SI = 1.3 + 0.6926 ✕ GI 0.8743 0.6772
8 SI = 1.3 + 1.501 ✕ GI 0.6108 1.423 33 SI = 1.3 + 0.6837 ✕ GI 0.8789 0.6410
9 SI = 1.3 + 1.415 ✕ GI 0.6309 1.390 34 SI = 1.3 + 0.6734 ✕ GI 0.8845 0.6065

10 SI = 1.3 + 1.346 ✕ GI 0.6474 1.363 35 SI = 1.3 + 0.6613 ✕ GI 0.8910 0.5676
11 SI = 1.3 + 1.283 ✕ GI 0.6629 1.333 36 SI = 1.3 + 0.6483 ✕ GI 0.8979 0.5271
12 SI = 1.3 + 1.235 ✕ GI 0.6753 1.310 37 SI = 1.3 + 0.6372 ✕ GI 0.9040 0.4881
13 SI = 1.3 + 1.192 ✕ GI 0.6869 1.285 38 SI = 1.3 + 0.6262 ✕ GI 0.9104 0.4498
14 SI = 1.3 + 1.162 ✕ GI 0.6952 1.264 39 SI = 1.3 + 0.6141 ✕ GI 0.9178 0.4149
15 SI = 1.3 + 1.136 ✕ GI 0.7027 1.242 40 SI = 1.3 + 0.6002 ✕ GI 0.9264 0.3785
16 SI = 1.3 + 1.098 ✕ GI 0.7141 1.213 41 SI = 1.3 + 0.5834 ✕ GI 0.9369 0.3412
17 SI = 1.3 + 1.059 ✕ GI 0.7266 1.180 42 SI = 1.3 + 0.5685 ✕ GI 0.9465 0.3033
18 SI = 1.3 + 1.015 ✕ GI 0.7416 1.144 43 SI = 1.3 + 0.5574 ✕ GI 0.9540 0.2652
19 SI = 1.3 + 0.9676 ✕ GI 0.7580 1.112 44 SI = 1.3 + 0.5465 ✕ GI 0.9615 0.2286
20 SI = 1.3 + 0.9283 ✕ GI 0.7724 1.084 45 SI = 1.3 + 0.5368 ✕ GI 0.9684 0.1928
21 SI = 1.3 + 0.8968 ✕ GI 0.7843 1.058 46 SI = 1.3 + 0.5281 ✕ GI 0.9751 0.1588
22 SI = 1.3 + 0.8721 ✕ GI 0.7938 1.029 47 SI = 1.3 + 0.5198 ✕ GI 0.9815 0.1247
23 SI = 1.3 + 0.8472 ✕ GI 0.8039 0.9938 48 SI = 1.3 + 0.5100 ✕ GI 0.9889 0.08586
24 SI = 1.3 + 0.8227 ✕ GI 0.8143 0.9601 49 SI = 1.3 + 0.5007 ✕ GI 0.9960 0.04521
25 SI = 1.3 + 0.7990 ✕ GI 0.8244 0.9248 50 SI = 1.3 + 0.4931 ✕ GI 1.002 0.01489



SI = 1.3+b1 ✕ GIb
2
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to be good (Sen and Srivastava ).
They are unbiased, their behaviour is
close to linear (Ratkowsky ), and
the residuals from the models are
normally distributed and
homoscedastic. Figure  is an example
of the site index–growth intercept
relationship.

Discussion and Conclusion

The use of growth intercept models
for black spruce follows the proce-
dures for silviculture surveys (B.C.
Ministry of Forests ). Of all
growth intercept models for all the
species currently studied in British
Columbia, these for black spruce are
the most precise. The precision is due

to the consistent growth patterns
across sites for a given level of site
index. The black spruce height-age
curves developed with the same data
also had good precision.3

Better site productivity informa-
tion, as can be obtained from these
growth intercept and other models,
should be useful for determining the
economic viability of this species in
the future.

Acknowledgements

We thank British Columbia Forest
Service staff from the Fort Nelson,
Dawson Creek, Fort St. James,
Morice, and Vanderhoof forest dis-
tricts for helping us locate suitable 

 Ibid.



  Example of the site index–growth intercept relationship. The fitted model is 
overlaid on the data points for breast height age 5.
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