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Abstract. Adjustments for sectioning bias in stem analysis data may
introduce a bias into fixed intercept height-breast
height age models. This bias can easily be removed by
allowing the intercept to float or by not adjusting the
data. A further bias may be introduced when using the
model if the breast height age of the tree is taken to be

the ring count at breast height.



On Correcting for Bias in Stem Analysis Data
Introduction

Stem analysis data are frequently used to develop height-age
(site index) models which predict height from site index (SI) and
age. Often, age is taken to be breast-height age (BHA) because it
eliminates "early erratic growth that is poorly related to site
quality that occasionally occurs before a tree reaches breast
height" (Monserud, 1984).

Stem analysis crosscuts do not always occur exactly at a node;
on average, they lie midway between nodes. A bias is present if
the nodes are assumed to lie at the crosscuts. Several methods
have been proposed to remove this bias when it is desired to know
the height of the tree at a given total age. Dyer and Bailey
(1987) tested six of these methods and concluded that Carmean’s
(1972) correction was the most accurate.

This note shows how, in some instances, the bias correction
can actually introduce bias into height-BHA equations. It further
shows that, to avoid this bias, care must be taken in selecting the
appropriate model formulation when developing height-BHA equations
from stem analysis data. A further bias is identified which may be
present when applying height-BHA curves. |

Background

Figure 1 shows a stylized transverse section of a 7-year old
tree which has had a constant height growth rate of 1 metre (m) per
year since it reached breast height (1.3 m). Since, on average,

all crosscuts occur midway between nodes it will be assumed that
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all cuts (points B and D) in our hypothetical tree occur midway
between nodes. BHA is calculated by taking the difference between
the number of growth rings at a sectioning point and the number of
rings at breast height. Consequently, the age of the tree at
breast height is 0. Applying a correction (Carmean’s in this
example) to section B-D in Figure 1 adjusts the height at BHA 0 to
1.8 m. An alternative and equivalent method of making this
correction is to subtract half a year from the BHA. This would
make the tree 1.3 m at -% years BHA. Note that the magnitude of
the adjustment depends on the growth rate, which in turn is a
function of site index, i.e., the amount of the adjustment
increases as site index increases.

A bias arises when developing height-BHA equations using a
fixed intercept model formulation. Fixed intercept height-BHA
equations are of the form

H= 1.3 + £(BHA, SI)
where H is height and £(BHA, SI) is a function which describes the
height growth pattern. Function f 1is asymptotic, that is, it
approaches a constant (0) as BHA approaches 0 (it also may approach
some maximum value as BHA approaches infinity). Therefore, H
approaches 1.3 m as BHA approachés 0. But, as shown above, after
applying an adjustment for sectioning bias the height at BHA 0 is
1.8 m. The adjustment for bias actually introduces a bias in the
height-~BHA model! A brief review of the literature reveals cases
where authors have unwittingly introduced this bias, for example,

Carmean and Lenthall, 1989; Goelz and Burk, 1992; Ker and Bowling,
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1991. Fortunately, this bias is small and it diminishes as BHA
increases because the only fixed point in the height-BHA model is
at BHA 0.

A further bias may arise when using the height-BHA model.
Suppose the 7-year old tree in Figure 1 1is measured for total
height and BHA. The tree is cored at breast height and 5 rings are
counted. Since there are 0 rings at the tip of the tree its BHA is
deemed to be 5. However, if the first node above breast height is
considered to be BHA 0, then counting nodes up to the tip (Figure
1) indicates that there is only 4 years growth, i.e., the tree
really only has a BHA of 4.

Solution

The stem analysis bias can be alleviated in one of two ways:
either do not make the adjustment for bias in the stem analysis
data or use a floating-intercept formulation of the height-BHA
model. Note that in the former case an adjustment will have to be
applied for the tip of the tree unless the stem analysis was done
in the middle of the growing season. This is opposite to what is
usually done: adjustments are made everywhere except the tip
(Newberry, 1991). If the latter method is employed, the
formulatibn of the height-BHA curve should be of the form

H= (1.3 + b, + SI) + f(BHA, SI)
where b, is a parameter to be estimated. The term (1.3 + b, + SI)
is the floating intercept so b, should be positive to reflect the
correlation between the amount of the adjustment and site quality.

The definition of breast height age clouds the issue somewhat
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because the way is it defined influences the height-BHA model
formulation. BHA has been defined to be the difference between the
number of rings at a section point and the number of rings at
breast height (Alemdag, 1988; Anonymous, 1990). This definition is
ambiguous because the point at which a tree has a BHA of 0 can be
anywhere between points A and C in Figure 1. It also makes BHA a
discrete variable. If BHA 0 is defined to be at either point A or
C then a correction for kias should be applied. However, at point
A the correction should be downwards instead of upwards and
parameter b; in the above equation should be negative to be
consistent with the correction. In any case, the point at which
BHA is 0 should be clearly stated and should be reflected in the
model. Often it is difficult to tell exactly how the authors
defined BHA, for example, Biging (1985), Cieszewski and Bella
(1989), and Thrower and Goudie (1992).

Husch et al. (1972) defines age at the breast height point to
be "the number of years the tree has been growing above the point”.
This definition is unambiguous and makes BHA a continuous variable,
as it should be. It has the further advantage that, when
developing height-BHA models, an adjustment for sectiocning bias
only has to be done for the tip of the tree and a simple fixed
intercept model can be used. In the application of the model, BHA
should be calculated by subtracting one or % from the ring count at
breast height, depending on whether the tree was measured in the
middle of the growing season or after the end of the growing

season, respectively.



Conclusion
Adjustments in stem analysis data to remove bias caused by
crosscuts falling, on average, midway between nodes actually
introduces a bias into fixed intercept height-BHA curves. The
easiest method of removing this bias is by using a fixed intercept
model without performing any adjustment, except on the 1last
section. Regardless of what definition of BHA and method of
removing bias is used, it needs to be carefully thought out and
explained. With respect to the application of height-BHA models,
a correction has to be applied to the ring count at breast height
to correctly determine the BHA of the tree.
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Figure 1. Stylized transverse section of a 7-year old tree.






