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BACKGROUND

Prediction of individual stem total and merchantable stem volume is necessary to evaluate
financial return of forestry investments. Equations developed by Honer (1967) are widely used in
the Acadian Region of Maine and Maritime Canada. Recent evidence suggests that the Honer
(1967) equations can be significantly biased by 5 - 15% for red spruce and balsam fir,
particularly in precommercially thinned stands (Pitt and Lanteigne, 2008; Weiskittel et al.,
2009). This bias can partly be attributed to the Honer (1967) equations being parameterized with
data only from unmanaged natural stands and are a function of just tree diameter and height. In
addition, Weiskittel et al. (2009) also indicated that several other regional volume equations
including those of Lemin and Briggs (1993) and Reams and Brann (1981) show signs of bias.

Taper equations provide diameter inside (dib) or outside bark (dob) estimates at any given height
along a tree bole. The use of taper equations has become the standard in several regions for a
variety of reasons such as the ability to reconstruct stem shape, estimate merchantable volume to
a specified size, and provide unbiased volume estimates (e.g. Wiant. et al., 2002). Numerous
taper model forms have been presented in the forestry literature over the past several decades. A
very common approach in modeling the shape of a tree bole is to divide a tree into several
sections, with each section corresponding to a regression function depicting stem diameter
changes with increasing tree height. For example, Max and Burkhart (1976) proposed a
segmented polynomial model that used two joining points to link three stem sections along the
bole: the lower section corresponding to a neiloid shape, the upper section corresponding to a
conic shape and the middle section corresponding to a parabolic shape. This idea has been
widely accepted and used in many forestry taper applications. Other researchers later introduced
variable-exponent or variable-form taper equations (Kozak, 1988), which used a changing
exponent or a changing form to continuously describe the shape of a bole from the ground to the
top, exhibiting more flexibility. Other types of taper equations can also be found in the literature
such as polynomial, trigonometric, and nonparametric approaches.

A well behaved taper equation should not only give unbiased estimates of dib or dob with a
minimum variance, but also have flexibility to adapt to a wide variety of species and give
accurate predictions of stem volume. Most published taper equations were developed for a
certain species and often its performance is compared to a limited number of alternative model
forms. Therefore, it is necessary and beneficial to further study the characteristics of taper profile
equations and extend their use to other species besides the ones they were originally developed
on. For example, Rojo et al. (2005) compared 31 different model forms on maritime pine in
Spain and found variable-form taper functions provided the most accurate predictions of dob,
particularly the equation of Kozak (2004). However, Rojo et al. (2005) did not compare the taper
equations' performance in predicting stem volume. Thus, the best equation for predicting stem
form may not be the best equation for estimating stem volume. This project will work with the
primary commercial species in the Acadian Region to find the best equation that predicts both
stem form and volume accurately.

There is also no unified agreement on whether crown dimensions should be incorporated into
taper equations as previous studies have shown mixed results on the benefits of adding crown
variables in the taper models. For example, Muhairwe et al. (1994) reported that the addition of



crown ratio variable improved the fit and predictive abilities in the taper equation for lodgepole
pine, but found no improvement for several other species including aspen, western redcedar, and
Douglas-fir. Leites and Robinson (2004) found a significant relationship between crown length,
crown ratio, and the estimated random effects for the parameters in a taper equation for loblolly
pine. Jiang et al. (2007) also found that the addition of crown ratio as a predictor variable
provided modest improvements for yellow-poplar, while Burkhart and Walton (1985) found no
strong relationship between crown ratio and improved predictions for loblolly pine trees in
unthinned stands. In this analysis, we attempt to determine if crown dimensions can improve
predictions of both diameter and volume for several commercially important species across a
wide range of tree sizes and stand conditions.

Recent evidence suggests that management activities and site attributes can influence stem form.
For example, Weiskittel ef al. (2006) found that thinning, vegetation control, and defoliation all
had a statistically significant influence on stem form in Douglas-fir. In West Virginia, Jiang et al.
(2007) found that stem form of yellow-poplar differed significantly from two geographic
regions. Although rarely incorporated in taper equations, site features like ecoregion, elevation,
and site drainage could have an important influence on stem form. Given the large geographic
range of the Acadian Region, this analysis will attempt to assess the influence of various
silvicultural treatments and site attributes on stem form.

PROJECT OBJECTIVES

The goal of this project is to develop a taper system to estimate total and merchantable stem
volume. Specific objectives are to:

1. Compile existing regional taper datasets;

2. Collect additional taper data;

3. Compare the performance of existing stem taper equations;

4. Test the influence of various site and stand factors on stem form;

5. Validate the performance of the developed system.
ANALYTICAL APPROACH
Field Work
In the summer of 2009, the New Brunswick Growth and Yield Unit will be randomly selecting
harvest units and subsampling trees from across the diameter range of the stand. After felling,
each tree will be bucked into 1-m sections from the stump. For each disc, location in the stem
and two perpendicular measurements of diameter inside bark, diameter outside bark, and
heartwood will be recorded. The sampling will occur throughout New Brunswick and be focused
primarily on balsam fir, red spruce, and black spruce. The sampled harvest units will be scattered

throughout the provenience to cover the range of ecoregions present. Also, the stands will
include plantations, mixedwood, and those that have precommercially thinned.



Data

Stem analysis data have been obtained from Honer (1967), several existing CFRU datasets, and
variety of other studies. Datasets include those from: Hofmeyer (2008), Lemin and Briggs
(1993), Maguire et al.(1998), Meyer (2005), Pace (2003), and Reams and Brann (1981).
Although the dataset is weighted heavily towards balsam fir and red spruce, several additional
commercial species are present. These include aspen, black spruce, hemlock, jack pine,
lodgepole pine, red maple, sugar maple, yellow birch, white birch, white pine, and white spruce.
Additional data has also been obtained from the Quebec and New Brunswick Departments of
Natural Resources.

Analysis

The performance of several taper equations would be evaluated including Bi (2000), Clark III et
al. (1991), Kozak (2004), Max and Burkhart (1976), Sharma and Zhang (2004), Valentine and
Gregoire (2001), and Zakrzewski (1999). The models would be fit using multi-level mixed
effects with a specified error structure and variance power weighting. The random effects would
be plotted over various site and stand factors to assess their importance. Individual tree volume
would also be calculated using tree-specific splines. The performance of the equations would be
evaluated by estimating mean bias and absolute error on a random subsample of the data not
used during model fitting. The comparison would be done for both stem taper and stem volume.
Equations would be developed for aspen, balsam fir, black spruce, hemlock, jack pine, lodgepole
pine, red maple, red spruce, sugar maple, yellow birch, white birch, white pine, and white spruce

ANTICIPATED BENEFITS TO THE CFRU

Estimates of both tree and stand volume drive many key forest management decisions. The
current regional volume equations are outdated and show significant biases. This project would
provide equations, which can be used both to predict stem taper and volume. In addition, taper
data from several previous CFRU studies would be compiled and utilized. Finally, the analysis
would provide insights into the various factors that may potentially influence stem form.

SCHEDULE OF DELIVERABLES:

The primary deliverables of this analysis would be a regional database on taper and equations to
predict stem taper and volume. This would be provided to CFRU members in the form of
technical reports and presentations.

Date Deliverables

Dec 2009 Database: Compiled taper data for the Northeast

Jun 2010 Report: Performance comparison of the various taper equations for key species in
the Northeast

Sep 2010 Report: Stem taper equations for the primary conifer species in the Northeast



Dec 2010 Report: Stem taper equation for the primary hardwood species in the Northeast
Dec 2010 Report: Performance of final equation for predicting stem form and volume
COMMUNICATIONS PLAN:

The research results of this projected will be communicated to the CFRU with annual reports,
oral progress presentations, and a final project report. The data produced by the project will be
deposited in the CFRU databank according to the required specifications. Two peer-reviewed
journal articles will also be written based on the results of the project. Documentation and
workshops for using the developed computer simulation tool will also be given

DELIVERABLES

The primary deliverable from this project is a system of equations to predict stem taper and
volume for the primary commercial species in the Acadian Region. This should replace the
widely used but biased Honer (1967) equations and improve regional volume predictions.
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