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Summary.

The present paper deals with the Bitterlich
method for estimating stand volume, which
consists in WZP combined with the method for
estimating the stand form-height directly.

In Chapter 1, a short description was made
on the so-called Bitterlich method for estimating
the stand basal area, which has been explained
in various ways.

Recognizing two stages in the process of de-
velopment of WZP, we can finally understand it
in the variable plot radius method.

The excellent idea in this method which con-
sists in making the plot area proportional to the
basal area of tree to be measured, released the
sampling work in forest inventory from the tro-
ublesome setting of plots, but it made ditficult,
on the other hand, to understand the character
of WZP as a sampling method.

M. Prodan regarded a circular plot correspond-
ing with the basal area of the largest counted
trees as the unit area of WZP, and proved that
WZP was valid only when the trees were distri-
buted uniformly in the plot. Because of the he-
terogeneity of actual stand structure, an estimate

by WZP may be accompanied with an error,

which he called the "heterogeneity error.”

The point sampling method of L. R. Grosen-
baugh introduced in Japan first as the Bitterlich
method, seems to be identified with WZP. They
should be regarded as distinct from one an other.

In Chapter 2, the author considered the char-
acter of WZP on the basis of the theory of
probability.

To take into account the area occupied by each
tree, two different models of forest stands were
supposed as to the spatial distribution of trees
in stand, model (A) the homogeneous stand and
model (B) the hecterogeneous onc.

First, the case of the homogencous stand stru-
cturc was taken into consideration. When we
adopt the largest of the enlarged circular plots,
which arc concentrated on a certain estimating
point, as the unit arca of WZDP, and when we
attend to the variation of the WZP count only
in such a circular plot, we can express the pro-
bability distribution law of the WZP count for
each diameter class by the following hypergeo-

metric function :
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(am> (fim —ﬂRz)
P)=—2% Zri — X

(%)

ZRrt
where Ag: is the maximum number of trees of
di~diameter class, containable in the above men-
tioned unit area of WZP, while Zzr; the actual
number of trees, and ag; is the maximum number
of trees of ds~diameter class expected to be con-
tained in the enlarged plot corresponding with the
dg~diameter class. The mean of the total count
number for all the diameter classes is given by

Mmprp= =
=1 /1}25

ZR17Re

for which WZP is valid.

The “heterogencity error’” is given by the for-
mula (2—21) and more practically by the formula
(2—21)""", where Hz is the mean counting area
rate and Qg is the occupation rate.

The following were resulted on the “heterog-
eneity error’:

(1) The larger the occopation rate, the smaller
the “heterogeneity error’.

(2) The variance of the “heterogeneity error’,
is in inverse proportion to the basal area factor
(k).

(3) The percentage standard error of the
“heterogeneity error” is proportional to 3/ k.

When we regard the whole area of the stand
as an unit area of WZP, we may consider the
sampling error in place of the “heterogeneity
error”. If the stand area is large enough, the
variance of the WZP count will be given by the
formula (2—31)’, because the counting area rate
becomes negligible.

The formula (2—31)" gives the expected value
of the variance of the WZP count. Thus, through
the well-known x*-test for comparing the po-
pulation variance given by the above formula and
the sample variance calculated from the result
of the sampling, the homogeneity of the stand
structure may be judged objectively.

In the case of the heterogeneous structure of
stand, the author also proved by our model (B)
that the theory of WZP was valid for the mean
count number which was expected for all the
possible spatial distributions of all the trecs over

the stand area.

165

In Chapter 3, problems on the samling tech-
niques by WZP were discussed.

It is possible to apply WZP to the sampling
When

the whole area of the stand is considerd as an

survey of the forest stand in two ways.

unit area of WZP, the population consists in the
collective of all the count numbers which are
expected for all of the possible ways of distri-
buting all the trees over the stand surface, and
then the technique of sampling from the infinite
On the other hand,

when we adopt the circular plot corresponding

population is to be applied.

with the largest tree, we have the finite population

which consists of all the plot basal areas
estimated by WZP.
apply the method for sampling from the finite

In such a case, we can

population, taking into account the “heterogeneity
error” in each plot. The error is calculated by
the formula (3—2) for the former, and by the
formula (3—9) for the latter.

The basal area factor has great influcnce on
the accuracy of the result of inventory. Many
experiments showed that the basal area factor
“4” gave the smallest biases in general, but fu-
rther investigations are desirable in connection
with the mean diameter of the stand.

The coefficient of variation of the WZP count
is in proportion to the square root of the basal
area factor as the percentage standard error of
the “heterogeneity error’.

No difference was scen among the basal area
factors from the point of view of the time reg-
uired for the inventory, so long as the samle size
remained in proportion to the basal area factor:
It is therefore concluded that any basal area fa-
ctor is available provided no bias be accompanied-
It is advisable in accordance with Bitterlich to
choose a basal area factor in which the count
number is expected to be 10 to 20.

In Chapter 4, the method for estimating the
stand form-height was described.

With the mirror relascope, we can easily me-
asure the form-height of a standing tree.  The
author confirmed that this method was practicable
in field work.

The stand form-height can be estimated reas-

onably and easily by a random sample from the
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B~Population, which is composed of only the
individual trees counted by WZP and has a di-
ameter distribution weighted by the basal areas
of trees. The stand form-height is the mean of
the form-heights of all the trees in the stand
weighted by their basal areas.  Therefore, it is
necessary to calculate it according to the ratio
estimate formula, when the sample is taken from
the actual population, whereas it can easily be
estimated as a simple arithmetic mean, the sam-
ple taken from the B-Population.

In Chapter 5, the procedure for cruising the
stand and for estimating its volume by the Bitt-
erlich method was summarized.

It may be most efficient to cruise the stand by
a three-men crew cquipped by a mirror relascope
a pocket compass and a caliper.  The mirror
relascope is used for estimating the basal area
per hectare and for measuring the form~heights
of sample trees and the distances between the
estimating points. The systematic sampling
method is recommended, for it makes more effi-

cient the distance determination by the mirror

&
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32 170 | 54 2

it 1983

G=132.9685m?  G(na)~51.1417m”
d=28.20cm

relascope than the random sampling method. The
sample trees of which the form-heights are me-
asured are chosen in a systematic manner among
the trees counted by WZP. They had better be
as few as possible, for the measurement of form-
height spends more time than the other work,
requiring about two minutes per tree.

The stand volume is estimated by the stand
basal area multiplied by the stand form-height.
The magnitude of error is calculated by the for-
mulae (5-2) or (5-3) according to the sampling
manner of WZP.

When the count numbers and the form-height
measurements are classified by diameter classes,
we can easily get the stand volume by the di-
ameter classes, the total basal area of each class
multiplied by the mean form-height of each class.

For the conclusion of the report, the author
emphasized that WZP combined with the direct
estimation of the stand form-height was recomme-
nded for the purpose of estimating the stand
volume, and that WZP might also be available

for analysing the stand structure.

®
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