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Increment of Coniferous Trees
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ABSTRACT, A sample of nonciroulisr tree cross-sections was examined 1o determine
basal areqind basal aren increment. Basal area estimates were coléulated with o circulir
model from-simgle measurements of diameter and from averages of (wo diameter meis
surements, Basul aren mordment estimates were made with several geomeine models
from single megsurements of radial Increment and averages of twir messurements of
radial increment. Commonly sed tree crnss-sectional area estimates investiguted were
tsed, usually overestimating basal 2rea Severa| generalized geometnc models of arca
Increment were imvestigated, but none tested were umiformly supported by the data with
accuracy related W the speoific increment measurements selected. However, resulls ine
dicated that efther a single increment measurcment tuken on the minor sxis or the
shortest increment from the megor 2xs yielded acoursie esnmates of basal area inere-
ment for severnl of the models tested. For. 5C1 3403621633,

ADITIONAL KEY woRDs.  Mensurstion, oul-of-round, eccentric, cross-sectional prea,
hasal aren Increment.

THE MOST COMMON DIAMETER MEASUREMENT luken on forest trees is on
the main stem, usually at breast height, 4.5 ft above the ground. The diam-
eter at breast height (dbh) is often used for determining tree volume and
stand stocking levels, The use of the word “diameter”™ implies that trees are
circular in cross-section (Husch, Millet, und Beers 1982). However, cross-
sections are not always round, For example, Willlamson (1975}, in a4 study
of 806 Douglas-fir stems (Pseudotsuga mensiesii |Mirh.| Franco var, men-
ziesii) in California, Washington and Oregon, reported an average egcen-
tricity of 0.88 for stump diameters, where eccentricity is defined gs the di-
ameter perpendicular 10 the longest diameter divided by the longest diam-
eter. Monserud (1979) in a study of 777 felled Douglas-fir stems in Idaho and
northwestern Montana reported the average eccentricity at breast height
was (1.946 with 4 standard deviation of 0.04. Kellogg and Barber (1981)
found the average eccenincity at breast height was (092 for 87 coastal hem-
Iock trees (Tsuga heterophvila [Raf,| Sarg.) studied in British Columbia. As
part of this study, the average eceentricity al breast height was determined
for 100 trees randomly selected from 1039 trees felled for a stem analysis
project for mixed conifers in northern Cauliforniz and was found 1o be 0,937
with a standard deviation of 0.04,
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Since the noncircularity of stems can cause bias in estimation of basal
arew and of basal area ncrement, this was studied as part of a larger study
on tree taper volume and tree growth (Biging 1984: Wensel, Meerschaert,
and Biging 1987). Although not & motivation for this study, techniques that
produce accurate and precise diameler measurements are important in other
types of studies. For example. Gregoire and others (1987) have identified
the need for accurate measurements of diameters as requisite for assess-
ment of air pollution impacts on forests.

To investigate the effect of tree shape on accuracy of cross-sectional area,
Mitern [(1956) investipated six noncircular geometric figures including an
ellipse and a figure composed of two semi-ellipses. In Matern's study,
cross-sectional area was computed using a variety of diameter measure-
ments. The diameter measurements fell into three categories: girth,! random
diameters,” and maximum diameter and mimmum diameter. For all cases
studied. there was an overestimate of lrue cross-sectional ared when area
wils estimated using girth or random diameters. One random measurement
of diameter with a caliper gave the highest overestimate tollowed by the
arithmetic mean of two readings, Results for measures based on maximum
and minimum diameters varied by geometric form of the ohjects studied. IF
the cross-section is ellipse-like. these diameter measures vield cross-sec-
tional areas similar to those obtained by girth and random diameters. Asthe
figures become more like a square with rounded corpers, the use of max-
imum diameters* vielded large overestimates of true cross-sectional area. In
contrast. the use of minimum diameters® vielded underestimates. However,
in all cases studied, the geometric average gave closer results than did arith-
melic averazes. Ina similar study, Chacko (1961) reported on eccentricily of
111 stems in India. Like Matern, he reported that one random measurement
of diumeéter vielded high overestimates of cross-sectional area, but found
that the arithmetic average of the maximum diameter and the diameter per-
pendicular to il gave even more biased results.

Most of the work on basal area increment determination for noncircular
stems has been concernad with minimizing the variance of radial increment
estimates from ncrement cores. Matern (1962) and Siostrzoneki (1958),
tested the use from one to four cores for radigl growth estimation and re-
ported thal two cores, taken from opposite sides of the tree. provided the
most efficient estimate i terms of reducing the varidnce of radial increment
estimates, While curremt studies address the variance of the estimates of
icrement, they do nol directly ‘address the accuracy of basal area incre-
ment estimates.

The mam ohjective of this paper (s to determine the most accurale lree
measurements to obtain unbiased estimates of tree basal area and basal area

U (Ginth dinmeter is defined as circumference/s

® Random diameters were caloulated from the following: one diameterin a random dicection:
the anthmeus or geometric mean of two diameters—1aken m modom directions or one diam-
eter in o randism direction smd the second perpendicular (o the fiest,

¢ pxomum and mimimum ifameter were defined as follows: the anthmelic or geametnc
mean of two diameters —rthe minmmum and masimum, the mmimum sod the diumeter perpen-
diculer to i1 or the maximum and the dibmeter perpendizular w e,

I this case, bn averapge dinmeser wis computed os the urithmetic or peometric menn of the
maximum snd minimum didmeter. or the maximem dismeter and the dismeter perpendicular
I L,

* For this case an avernge was computed as (he arithmetie Or geometric mean of the minimum
and maximom diameter, of the mmimiim dismeter snd e diameter perpendicular to il

622/ FOREST SCIENCE




increment. Since diameter increment can vary around the stem, & determi-
mation of the number of cores to be taken. their location, and the appro-
priate geometric formulae for computing increment is required. This is ac-
complished through an empirical comparison of diameter measurements
taken from differing orientations around the stem and their resullant basal
area estimates. The accuracy of basal ares increment estimates 1s investi-
gated for a number of geometric models with differing choices of radial
growth increments. Techniques that obtain unbiased estimates of cross-sec-
tiomil area and increment are discussed using an example from data col-
lected from mixed-conifer trees of Northern California.

DATA COLLECTION

Breast height cross-sections were selected from trees felled for a stem anal-
ysis project analyzing growth and vield of the mixed contfer forest of Cali-
fornia [for a description of the data, see Biging (1984)], but were selected
and measured in two distinct ways, The first data set contains sections se-
lected for study because they were noticeably out-of-round, The second
data set represents a random selection of sections from the stem analysis
praoject,

For the first portion of the data, 45 sections with an eccentricity ratio of
(.98 or less whose average eccentricity was 0.9] (Table 1a) were selected
specifically because they were visibly out-of-round. Inside bark circumfer-
ence (see Figure 1), maximum, and minimum diameters of each section (see
Figure 2) were measured 1o the nearest Y in. (0.16 cm). Cross-sectional
urea (inside bark) was measured with a compensating polar planimeter (in-
strument accuracy within =0.2% of actual), Ten-year basal area increment
was measured by using a plunimeter on the inner region of the disk (10 vears
prior) and subtracting it from the current area (square inches). Circumfer-
ence® for the current period was obtained by measuring the permmeter in a

TABLE la. Deseription of ait=of-round deta

S1il
Variable Mean Dew. Min. Max. N
Cross-sectionud wrea fim. % 9T.H3 0147 B.3U 349tk 9} 45
Eccentricity™ 0,906 .05 077 .55 45
Cross-sectional ares
increment {in, %) 2| g 17.91 3.0 7930 45
Radial increments (in, )
fy 0.h% 0,32 120 1T 45
i3 {05 0.27 {123 |52 45
iy 069 023 30 1.47 45
Iy 0.E3 0.30 .20 172 45
is 097 03] {42 [ 94 45
fa 1,79 027 34 | 45
i 00,66 0,26 {150 |51 45
iy 068 030 29 |.78 45

* Eccentricity is defined as the digmeter perpendicular 1o the longest dismeter divided by the
lomgest diameter

* Inside birk circumference of trée cross-sectipns 18 the perimeter of the convex closure
encompassing the iree cross-section {Figure 1)
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FiGUrE | Top view of o tree cross-section and [t associpled circumberence.

way which simulates use of a diameter tape (see Figure 1), Additionally,
gight 10-year radial increments (denoted 1.6, - . . 05) were measured every
45 starting on the major axis. Increment | (i) 15 the shortest increment of
the major axis, whereas increment 3 (iy) is the longest increment of the
major axis (see Figure 2), The increments were measured 1o the nearest Yo
in. (0.5 mm) along an axis through the geometrie center of the tree.” A sum-
mary of these measurements is given in Table [a. These data are hereafter
referred to as the oot-of-round data.,

The second portion of data contained 50 tree cross-sections and was
chasen from photographs taken of breast height sections as part of the same
study (ef. Biging and Wensel 1984). These photographs were chosen for

i3
iz iy

&
DMIN,
DMIN,

DMAS

&
¥

DMAJ .
-+ = L

FiGURE 2. Location of increment cores on test sechions

" The seometric center s defined as the center of muss or the location of the cenmond of the
disk under stuidy, For g formal definition refer to caleulus texts icf. eg. Thomas 1966),
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clarity of picture and completeness of the section and bark, without regard
to eccentricity. These photographs were digitized 10 determine the same
values as for the first portion of the data. An additional measurement of
circumference for the prior 10-vear period was obtmned by digitizing the
perimeterin a way which simulates the use of a diameter tape. The accuracy
of the digitizing system is approximately Vioo in. These measurements are
referred to as random data and are summanzed in Table Ib.

DATA ANALYSIS

This data set comprised. then, two distinct parts. The first part contained
trees that were obviously nonround and the second was comprised of ran-
domly selected trees expected 1o represent the eccentricity found in the
forests sampled. The first data sel can be examined to find the effect of
being out-of-round on estimates of basal area and growth: The second set is
used to interpret the impact that out-of-roundness will likely have on a “'typ-
ical” selection of sample trees. In the analysis section results will first be
presented for the out-of-round data followed by the random data results.

BASAL AREA

The accuracy and precision of cross-sectional area estimates of six models
were investigated. They were all of the form A = =wR?, but varied in the way
the radius R was estimated. The six alternative estimators are as follows:

Modiet Descnphion Model Number

{" I
A=w [—) Girth |1

I

BMAT:
A= 'rr{ " ] Larngest dimmeter [2]

DMING )
A= ‘I'F{ - ] Shortest diameler [3]

(DMAT = DMIN
A - [f) Greometric mean diameter [4]

DMAT + DMIAG
A== (—‘—] Ar{thmetic mean diameter (5]

DMAT + DMIN? . .
A= -.r(-——ﬂ—) Quadrutic mean diimeter [&
where

A = curreni cross-sectional area {in %),
C = current circumference (in.),
DMAJ = currenl diameter inside bark of the major
axis (in, ),
DMIN = current diameter inside bark of the minor

axis fin.).

The results from testing these models are presented in Table 2. All models
were significantly biased for both the out-of-round data and the random data
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TABLE b, Description of vandorm dati,

Std.

Variahte Mean D, Min, Max. M
Cross-sectionul area (in. %t 161.14 105,57 20,38 5215 30
Eccentricity® (15946 0,037 0552 1.0 5t
Cross-sectional area

intrement tim.%} Sh.2 3368 1114 |am 78 H
Radial increments (in.)
i [ .40 1,55 0.50 338 St
I 1.4l {1566 (1,53 3149 S0
iy .46 .66 {53 340 50
i 1.50 [ Ma74 a0 2.9 S
Ps 1.62 k54 0TE 3.32 S
fs |43 i 4h .57 163 50
Iy 1.35 .51 (.45 ERIE) li]
i 147 056 0.51 295 50

* BEccentricity is defined as the diameter perpendicular o the longest dlameter divided by the
longest diameter.

sets, with the exception of model [3] with the out-of-round data. Use of the
longest diameter imodel [2]) resulted in the highest average bins reported
{22% and 7% for the two data sets, respectively). Models [4]. [5]. |6] dis-
played approximately a 9% and 1% overprediction for these same sets,
Model [6] overestimated basal area more than model [5], which overesti-
mated more than model [4] regardless of data sets. This is an expected result
since the guadratic mean is always greater than or equal 1o the arithmetic
mean which in turn is greater than or equal to the geometne mean.® It is

TABLE 2. Estimpied biag in stem basal area estimates using alvernative compuia-
tional models,

Cut-pi-Round Data Random Data
Average bias SE Avernge biog SE
Model (95 (tn. e {17,730 {5 (i ) (ir .2}
[0} 9.5 BB2 21 187 4:83 (1596
1 22.0 .42 3:52 T.37 11:87 I.76
[31 -3.3 — 3,04 |nsi¥ 1.56 - & 87 755 15T
{4] 5.4 _'f:EI .20 IR |38 0,68
|5] .8 5.4 {27 I.11 139 L6T
16] 9.3 4.67 fas [.25 .01 (L67

* Average bizs'is defimed ns
. — N
B =— % b where b = predicted, — actual;
n

" The hias standard error:

=
Yo = 1)

© ns dénotes that the hias wias oot statistically significant at o = 0.05.

SEg = S (h, - BE

* Although not displayed, the results from using hurmonic mesn dinmeter, 4 = w[DMAS -]
+ DMIN ' "* were similer o mode) [4] wsing the peometric mean diameter. The overdge bins
wid 8, 01% and (LBS% for the cut-of-round and random data. respectively,
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worth noting that the geometric mean. equation [4]. (which gives an exact
area for an ellipse) still gave statistically significant overestimates, but to a
much smaller extent in the random data. Thus, the tree cross-sections could
nol be considered perfectly elliptical for either data set, But, in 4 practical
sense, for the random data, failure to meet this assumption had little impact
on basal area, for average biases were under 155,

Applying a diameter lape to the sections to estimate girth implies using
model [1]; this overestimated cross-sectional area by 9.5% on the out-of-
round data and 3% for the random data. Because a nonconvex region (lree
cross-section) has smaller area than its convex closure (Valentine 1976) it is
not surprising that model [1], which is based on average diameter of the
convex closure. overestimates cross-sectional area. Hence, this work sug-
gesis that when sampling sccentric trees, a diameter less than average
should yield closer approximations 1o true area as demonstrated by use of
the minor axis (model [3]) for the out-of-round data set that was the least
biased model for that data set. Unlike the other models tested. however, it
underpredicled basal area, Since the random data were in general less out-
of-round. taking a diameter less than average resulted in further underesti-
mation. Thus. this approach should probably be considered onlv when
working with a sample. or population. of trees known to exhibit eccen-
tricity. In situations where the sample is not dominated by eccentric trees,
the geometric mean of the major and minor axis was superior 1o a D-tape
determination of area. but both techniques provide acceptable results,

BASAL AREA INCREMENT

Two classes of geometric models (elliptical and circular) are examined for
their accuracy in representing basal area increment of nonround trees.
These models are tested with the out-of-round data and the random data
deseribed above. Defining the basal area increment, BAIL as the difference
between the actual basal areas at two points i time. as shown in Figure 2.
four elliptical models and two circuliar models are investigated.

Elliprival Models

In equations [7] through | 10] basal area increment (BAJ) is computed as the
difference between two ellipses. As shown in Figure 2, DMAJ,. DMIN,,
DMAJ,. and DMIN, are the current diameter of the mator and minor axis
and at the beginning and end of the 10-vear growth periods. If the cross-sec-
tion is a true ellipse, the BATL is found by,

|'ﬂ'
BAI = (E) IDMALDMIN, — DMAJ,DMIN |} 171

This equation also computes the BAS exactly if the tree is circular.

Three additional models for basal area increment patlerned after model
[7] are investigated, each having a different assumed geometric configura-
tion. These are depicted in Figures 3, 4, and 5. The first model investigated
(see Figure 3) assumes that increment does not vary around the stem. The
elliptical BA{ can be computed from a single increment core taken along
either the major or minor axis. As shown in model [8],

=
BAl = (:) (DMALDMIN. — (DMAJ, — MHDMIN, - 2i) [2]
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Ficure 3.  Eaqual nerement around the stem

where
{ = the radial increment on Lthe major or minor axis,

The second geomelric model investigated assumes that the growth incre-
ment is greater along the major axis ({y,,) than along the minor axis (i)
isee Figure 4). In addition. the ellipses are assumed to be symmetric with
respect to the geometric center of the tree. Under this assumption the ellip-
ncal BAS 15 ziven as

BAI = G) (DMALDMIN, — (DMAJ, — 2iy JIDMIN: — 2agn)) 19]

The third model investigated assumes that the two ellipses are asym-
metric with respect to the geametric center of the tree. The degree to which
the inner ellipse is askew is not generally known. However, if we assume
that the ratio of major to minor axis stays constant over the growth period,
then BAI can be computed using model [10]. In this formulation two incre-
ment cores are laken from opposite sides of the tree along the major axis.
Denote i, and & as 10-year radial increments taken from opposite sides of
the major axis (see Figure 3. Then.

Frovere 4,  Grewter increment on major than on minor axis

628/ FOREST SCIENCE



FiGURE 5, Asymmetric ridial increment,

w
BAI = (—]
4
' ' DMIN, |
(D.’-fAJ:D.HJ.’fl — ADMAL; — (i, + 1) | DMIN: — ( ] iy + m)
. DPMAJ-

[10]

In order to assess the bias associated with applying these geometric
models to the data (model misspecification error). the estimate of cross-sec-
tional area increment obtained with models [7]. [8], [9]. and [10] will be com-
pared in accuracy with increment computed as the change in planimetered
area. Large bias associited with a model is evidence of the inapplicability of
the specified geometric model in representing basal area increment of the
sample sections. The use of the various diameter increments, f; through /g,
in the elliptical equations [R], [9]. and [10] i summarized as follows:

] increments i, f;. is. and i each were used to compute BAS with mode] [8],

by increment pairs if), Lh (. dob, e Bl Tl {4 were used 10 compute BAS with
masdel (9],

(¢l the sum of mcremenis iy und iy were used o compule increment with model
[10].

id) BAI was computed using caliper measurements of the major and minor axis
with model [T].

To examine the validity of the models shown in Figures 3-35, basal area
imcrement was compared to the planimetered area or digitized area under
combinations (a), (b}, (c), or (d) above. The results of these computations
are given in Table 3.

Model |7] can be used for trees calipered at two points in time. When
tested against the out-of-round data there was a large average overpredic-
tion of 9%, but only 0.3% average overprediction in the random data.
Hence, when trees are aut-of-round this model can not be supported as an
unbiased prediction of basal area increment,

In model [B], it is assumed that the increment does not vary along the
stem, If this is the case. any of the increments (i, i, /s, or i;) should give
acceptable results. Calculations based on increments of §y, &, or & varied
from 2-6% and 1-6% from the actual BA/ for the two duta sets, respec-
nvely. but were not statistically significant. However, cross-sectional area
computed using the largest increment of the major axis (i) was significantly
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TABLE 3. Estimated biay in tree basal areq incremer! estimares wsing alternative
ridial (ncrement measurements with four elliptical models

Out-af-Round Data Random Dawa
Model! Average hias SE Average bias SE
fncrements (Fe) {in. 7 {iny e 78] iin%) {in. %
[7] N3 2.03 0.35 (.54 0,30 {ns) 1.93
[%] 4, 242 {138 insr .63 -17 — 208 (ns} L
[&] & |55 1,34 i3} .89 0,77 .43 ins) 236
[®] & 3931 B.os I 14 121 A 208
%] i =530 =121 ins) 0l =362 —3.15{ns) e |
19§ 214 (.47 ins) .59 1.3 — .54 (ns) 215
19] 4.4 = |50 —0.33 tns) 139 ~4.52 —2.53 (ns) 2417
191 iciy 19.492 438 0,70 533 310 tns) 106
2] 1sdq 6248 3,58 a6 236 .32 ins) 191
[ 1 F + L 1317 3.33 .51 IhH7 h4% (ns) 203

U Average bias s defined as!
=l =",
B =—7Y b where b, = predicted, — actual,
Y=

¥ The bias standard emmor:

[ 1 =
SEg = j—— $ (b, = B
4 N wim - ||Z

= ps denoles that the bias was not staustically sigmificant at o = 0,08,

biased (e = 0.03) and averaged 39% in overestimation for the out-of-round
data and 10% in the random data. Thus, while model [8] can not be univer-
sally accepted as repraseénting basal area increment of nonround stems be-
cause of the variation in incremen! around the stem. it does provide rela-
tively unbiased estimates of basal area increment for all but the most ex-
treme measure of diameter increment.

For model [9], increment is assumed (o vary around the stem and rthe
ellipses are symmetric around \he geometric center of the tree. 1t is postu-
lated that increment calculations will be similar whether using increments §
and dy, 7, and iy, is and j5, or {s and i;. However, results show that there is a
8% average overprediction for the oul-of-round data when using either of
the increment pairs (i, &) or (i, -] and only 2 4% average bias using the
random data. Predictions using the increment pairs (i, i) or (i}, i) are not
significantly biased m either data set. While equation [9] cannol be uni-
formly accepled as representing increment of nonround trees. well-chosen
inerements help to provide relatively accurate increment estimates.

In the formulation of model [10]. it is assumed that the inner ellipse 1s not
symmetric 10 the geometric center of the tree. However, the ratio of the
increments along the major and minor axes is assumed equal to the ratio of
the length of the axes. Results show a 15% difference between actual and
predicted increment for the out-of-round data using this model (Table 3), but
thiere was no significant bias when judged against the random data set. Since
this difference is statistically significant (o = 0.05) on the out-of-round data
ser, we conclude that the ratio of Increment along the major and minor axes
is not proportional to the ratio of the major and minor axis for the out-of-
round trees. and that this model 18 inappropriate for representing basal area
increment of these trees.
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None of the above models could be confirmed by the data, owing to the
large average biases associated with cross-sectional area estimated with
many combinations of increments investigated, Thus, none of the models
postulated is applicable for all combinutions of increments used in esti-
mating basal area increment and may resull in appreciable model bias (mis-
specification error).

The use of some of the increments. m comunction with the current size as
measured by calipers, gave basal area increment figures close to those ob-
tained with the planimeter and digitizer values on either data set, The use of
increments iy, iy, or i- in model |8], or the use of increments i, and /; or i, and
i» with model [9] gave statistically unbiased results regardless of the data
set. In general. these increments represent values less than the average
around the stem. This helps to compensate for an overestimate of tree basal
area when using the geomelric mean Of the major and minor axis. When one
increment core is taken. the use of an increment from the minor axis is
superior to choosing an increment from the major axis. Unfortunately, if
model [9] is 1o be emploved, three increment bonngs are needed since n-
crement iy, the smaller of the two increments on the major axis, cannot be
distinguished from i¢ without measuring both, in addition to taking at least
one core along the minor axis.

Therefore. when using calipers to measure tree size using only one incre-
ment, it is recommended that the increment be taken along the minor axis
and used with model [8B]. I model [9] is used, three increments need Lo be
taken i, and is along the major axis and either §; or i; along the minor axis.
Even though this is a more lime-consuming procedure. the average bias as-
sociated with this model and choice of incremenis is less than 109 for out-
of-round data and under 3% for the random data.

Circular Models

If the true cross-section is circular, the BAJ can be expressed as

BAl = = (f—] 7y fﬂ)z (]

2w 2w

where C, und C: denote the circumference at the beginning and end of the
growth period. respectively.

Assuming measurements at only one hme period, €, is directly measur-
able with a diameter tape. C) must usually be estimated from Cs and some
estimate of the radial increment i. Algebraically this can be written as,

GV C, ?
rmfzw—‘]—n(*-; [12)
2 2%

-

For model [11], it is assumed that basal area increment is the difference in
arcas determined witha diameter tape. The results for the random data are
listed in Table 4 and were among the least biased of all basal area increment
models tested.

Table 4 gives the BA/ using equation [12] with each of the individual in-
crements iy through iy as well as the geometric mean of 12 combinations of
the original 8 increments. When using only one mcrement core for model
[12], increments §,. {3, i3, f and i display no significant bias, These results
hold for both data sets. However. increments i;, i, and jy are difficult to
distinguish from their symmetric counterparts \is, iy and {,, respectively)
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TARLE A, Extimated biay in trée basal areq increment extimates wsine glternadive
measurements of radial increment with two circular models,

Out-of-Round Dats Fandom ata
Model/ Average bias SE Averape bias SE
Increment 1550 fin 2@ fin, 5" %) (.2 A
[11] fEn® T Tl 0,50 (028 ins) 1.30
[121.4; 3.07 167 (ngd i, A -1.83 - |59 (ns) L
[121 4, —=kal ~(L6k (ns) 059 i.68 (.54 (ns) 24l
[12] 5 2.00 .44 (ns) 0.&7 L4l | .07 ins) 225
P2l b 21.6) 4.75 1.41) 305 .71 [ns) .20
[12] is 40,03 LR 2 (IR .50 104
[12] iy 14.67 3.23 059 (.23 13 (ns) 1.79
[h2) 4 —5.07 — L 12 {ns) 1l — 4 B0 - 264 i) aill
[12] 4. —4.45 —(L9B (ns) &3 ~-4.14 =232 (ns) 1w
[12] %1% | .85 0.41 (s 056 —0:78 - (44 (ns) 213
[12] %77 1945 4,28 i 68 84 T 15 1ns) 2.4
(12 vWiE — .87 ~IL41 [ns) .36 —4.19 -235 (n4) — .43
[12] Vi, 1.8 1.71 ih.43 .32 018 (ns) Rk
[12] %k, 4.91 1.0 .31 —1.23 — LG9 (ns) 1.87
[12] % Faly -4, 08 <13, ins) ih,53 — %06 — 1,77 (ns) 216
[12] Wisie 1599 418 0. 39 3038 0,004
[12] % iy —2:.42 = (.58 (ny) .47 =210 = 1.18% (ns) .92
[12] v‘_::fﬁ 17.72 550 073 1.3 075 ins) 1.87
[12] W igly bR2 150 ih41 — |04 =61 (ns) 1.9%
[12] %isis 14,73 3.4 43 2.68 | S0 Lhs) 168
[12] vy 4.17 (.92 041 —2.43 - 136 (ps 173

# Averape bigs ls defined as:

B = E hywhere by = predicted, — actual;

= Qe

" The bias standard error:

] 5
S5Eg= | ——%ih - B¥
i "l'lmn: - Fp=

¢ For the out-of-round data the prior circumference was not recorded and, hence this calou-
lation is not available
* s denotes that the bias was not statistically significant at o = 005

which display significant bias on the out-of-round data. Of these three (/s, i
and {,) only i; displays significant bias on the random data. Thus selecting an
increment from the mmor axis elimipates coring two increments to identify
the one of interest.

If the geometric average of two increment cores is used with model [12],
no statistically significant bias was observed in either data set using the in-
crement pairs (f;. i3}, (7. i) and (G, &) Similarly, no significant bias was
obtained from the increment pair (f;, fg) on the out-of-round data or for the
increment pairs (i, ), (s, ig) and (ig, fz) on the random data.

Using the increment pairs (f;, ;) or (i}, iy) would require a third mcrement
(i) to distinguish the increments on the major axis. The increment pairs (i3,
ig), (iy, ig) and (ig, iz) cannot be distinguished from their symmetric counter-
parts without examining both pairs. This fact, coupled with the statistically
insignificant bias associated with using increments on the minor axis, re-
gardless of data set, implies that when selecting two increment cores they
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should be on the minor axis. However, there is only a slight improvement
over using a single increment from the minor axis,

CONCLUSIONS AND RECOMMENDATIONS

This study found that simple circular or elliptical models consistently over-
estitmate tree basal area. For nonround trees a diameter less than average.
such as lenpth of the minor axis. proved a better prediction of basal area, In
situations where the sample is not dominated by eccentric trees, models
using means (harmonic, arithmetic, or quadratic) of the major and minor
axis diameler were superior to @ D-tape determination of area, but neither
technique vielded any significant bias.

In the second parl of this study, both elliptical and circular model types
tor predicting basal arén increment were investigated. The elliptical models
were based on using calipers for diameter measurements while the cireular
models utilized diameter tapes. For the elliptical models examined, the ac-
curacy was dependent upon the number of increment cores chosen and their
location around the stem, but was unbiased if increment along minor axis
was used. For the circular models investigated, selecting one or Two inere-
ment cores from the minor axis provided unbiased estimates of basal area
icrement,
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