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1. INTRODUCTION

When we estimate the basal area (at breast height) of trees, if we put the true
value as A, on the other hand, the estimator as A’ which is- actually measured,
consequently A== A’ is general. If we put A’—A=y, “y” shows the error which
comes out from estimating A. Generally, it is not considered that the error “y” is
composed of a single source, but considered that the error is given fpractiéally as
an accumulation of various sources of variation. For instance, the systematic error
which naturally belonged to the referred instruments and the error of rounding in
getting measurement, will be active on “y”. Furthermore, analyzing more precisely,
the error coming out from the wrong breast height will be thought as to effect
results. ' ‘

Among these sources of variation, excluding such the bias to be corrected clearly
as the error in reading and the error kept in caliper, which are thought to be the
systematic error, we can pick up the methods of estimation a.pplied actually as the
sources which might have been comparatively active and can be controlled practi-
cally. For the above method of estimation the methods to use the caliper and the
tape are there, and the methods of using the former is variable.with regulation of
measuring directions.

If we wish to estimate exactly the basal area, we will adopt the following
methods of estimation; by caliper to estimate the diameters .of various directions,
or to regulate the estimating of special marking in the largest diameter and smallest
diameter. Such methods of estimation is based on the experimental judgement
that the mean value come out from the above methods should indicate the reliable
value for the approximation of diameter in genuine circle having the same area as
the basal area of object. However, actually, there are many cases to get estimator
through the methods of estimation which regulate the estimation in single direction
from mountain side and in direction at right ang'e to that.  The reason why we
adopt so many times the later methods in comparison with the former ones will be
thought that in reference to reliability the diameter value of the later is inferior to
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the former but can satisfy us actually in accuracy and more efficient in time (it
costs little). These circumstances show us that the difference among the methods
of estimation can not be treated as homogeneous in effect for the error “y”.

In fact, as long as it is the results of apparent observation, if such a consider-
ation is tried experimentally, it will not guarantee our doings sufficiently. Because
it needs the judgement based on the quantitative analysis of error, in order to con-
sider such an observation as validity. In other words, these mean the following
matters. What extent in quantity the difference among methods will show? What
extent in quantity error of each method will show? Is it better for us to be per-
mitting the difference made up actually, though we find the difference theoretically?
Shall we need not be paying special attention to the difference, if the difference is

small ascompared with the regardless error (accidental error)? »

Hereby we wish to refer to the result, which we have studied, about the prob-
Jem mentioned above. We are adopting the techniques of stochastics for this study.

Of the theoretical study of these probléms, our study should be developed
based on the theory of distribution of population ; all kinds of set of curve which
might be shown: actually by the cross-section at breast height, presuming the circum-
ference of cross-section as random eurve. In reference to. this curve population,
notwithstanding that we think it extensively as the important item of study in view
of various distribution of engineering rather than the simple problem of cross-section,
we: have scarcely studied except that it will be studied as the problem of normal
stochastic process in the Brown motion in consequence. In this paper we wish to
consider the same problem in view .of experiment. , o

We wish to express our thanks to Assis. Prof. Masaji SENDA, Mr. Genichi TAGU-
cmi, Mr. Hiroshi KoBavasni and Miss. Sumiko TaNAKA for their cordial guidance

or help on this work:
2, DESIGN

Generally, there are so many sources of Variatioh which have effects on the error
“y»that they happen frequently to show thousands or more numbers. The error “y”’ is
fixed as some function for so many sources of variation %1, ¥z, - s %a. Na.fnely

y=f(x1, Xay oo S Xn) o

Among these various sources of variation, we have the variables of continuous or
discrete values. Furthermore, there are many kinds of sources of variation which can
not be free from unmeasurable subjective motives, such as, temporary mood of estima-
tor. So many quantities of sources of variation as thousands or more are there, then
it is perfectly impossible to consider each effect on the error “y”’ experimentally and
theoretically, in pursueing all kinds of sources of variation. ‘ ‘

But there may not be so many quantities of sources of variation, which will be
our object of experiment and should be controlled or might be controlled. We have
picked up the methods of estimation émong various sources of - variation with our
expéctation that we can easily control the judgement come out as th result of ex-
periment. Consequently the structure are as follows; v
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.

(error)= (error effected by the methods of estimation)<(error effected
by the other kinds of methods of estimation).

It will be general to use caliper or tape for estimation. Asa method of estima-
tion using caliper, various kinds of regulation of measuring direction are considered.
In this experiment we have chosen the following 4 methods ;

My) to regulate the diameter measurement of a single direction from mountain

side, ' '

M) ifrom mountain side, and to regulate the diameter measurement in

direction at right angle to that (2 directions in total),

M) to measure the circumference by tape,

M,) to regulate the diameter measurements on the largest diameter of object

-and in direction at right angle to that (2 directions in total). :

In My, M,), M,), it is common to use caliper as a instrument. M) is generally
thought as most rough method, on the contrary, the value estimated by the method
M,) will be accurate so much. rIhe factor M is fixed on 4 kinds, so we get-4 levels.

In order to make the experiment more efficient, we need to consider the
condition of experimenf. It is generally said that the cross-section at breast height
of trees is so irregular and so different that we find the shape near to the genuine
circle, eggshaped figure and the other various kinds of figures. The error “y will
be effected by such a source of variation as f igure F. These must be included in the
conditions to consider in experiment.

For instance, if the figure of cross-section of object are near to genuine circle,
by the method M:, we can get an accurate estimator fairly, but if it is ellipse,
the estimator can not be free from inaccuracy comparing with the above estimator
by the measilring point of one-direction actually chosen. Herewith we. have tried
to take the figure as one factor in order to consider the difference among methods
of estimator objectively, excepting the bias of experimental value depending  upon
sources of figure variation. Namely, we have chosen the following 3 levels as F ;

F1) the figure thought to be comparatively near to genuine circle,..

F») the figure thought to be comparatively near to ellipse,

Fsz) the figure thought to be so',-called:irregular, except Fy) and F2).

These means are based on extending the idea to omit the 'difference of indi-
v1dua1s, and are adopted for the purpose of a few times of experiment, and that
precisely. Because it is generally said that we had better eliminate such a bias for
experiment.

We have tried to pick up the factor A, the size of basal area, as same as for
figure.’ As a relative error, it may give an homogeneous effect, but if it has some
tendency, it will be more moderate for the purpose of experiment to -eliminate it
as a bias. Namely, we have chosen 3 levels as follows ; v

Ay) around 10cm at optional diaméter of object;

A,) around 20cm at optional diameter of object,

As) around 30cm at optional diameter of object.

In- the long run, we have picked up 3 factors including F and A,-as the factors
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of experimental condition, among the various sources of variation which might have
had effects on the error y. Therefore, the formula of structure are é,s follows ;
(error) ={(error effected by the methods of estimation)-+(error effected
by figures)--(error effected by the sizes of basal area)(error
effected by the other kinds of sources of variation). .

For the all conbinations of M 'and‘ F, A which are taken as factors for ex-
perimental condition, we have executed 2 times of replication 7. Because it is con-
sidered that one time of 7 decrease the exactness of experiment for few degree of
freedom of item of error. The replication does not mean 2 times of measurements
on the same cross-section, but 2 times of pic.king up the figure which is thought
to belong to each F; (i=1, 2, 3) block. For the purpose of our experiment, it will
be no efficient to measure the same cross-section repeatedly. Because we would
not study the only one of basal area but in general.

As. the above mentioned,' we have picked up the sources of variation M, F, A
as factors, 4, 3, 3 levels rcspectively and executed replication 2 times, then the
model of structure are shown as follows, )

yi,{lcl=m+Mi+Fj+Ak+Iij+Iila+I.7'lc+Ii.1'/c+zij/€1
: (i=1, 2, 3, 4; j=1, 2, 3; k=1, 2, 3; I=1, 2)

In this formula, 7% indicates the general mean, every item of I indicates the

mutual interactions among the each main effect, and 2k indicates an accidental

item.
3, SAMPLE

If we put the figure as F, and the size of area as A, each sample unit which
is regulated by design is shown by (FsAu).. As we put j=1, 2, 3; k=1, 2, 3 and
I=1, 2, in our experiment, the whole combination of F-A becomes 18. According
to combination, -6 figmes should be decided at first. In other words, 2 figures
(Fu)1, (F1)s which are thought to be near to circle, 2 figures (Fa)i, (Fa)sto ellipse,
and 2 figures (F3)i, (Fa)s to irregular figures.

These samples of figure have been collected in stand of Sugi in IMASUMI at
the Tokyo University Forest in Chiba. From this tsand we have picked up some
cross-sections at breast height which are thought to belong to F; respectively.

To copy the figures of trees picked up, we have used the thread-solders. We
have copied it on the paper as it is, as shown in Fig.
1, removing the 3 thread-solders which have been roll-

ed closely as possible on the circumference of the

cross-section of object. As the replication is given 2
{|:cross - section times, among the picked up trees which are classified in
each Fj, we have copied respectively 2 at random actually.
As the result of this operation, we have got 6 figures
which are shown in Fig. 2 as the samples of figure to

be given in this experiment as fundamental data.

- .
Threed-solder

Fig. 1 - After getting the §amples of figure, next operation
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Fi2 (P2, (th : (F3) (Far

Fig. 2 Sample of figurc
must be done on each A. That is, respectively for (Fi)i-+- ;(F3); shown in Fig,
2 we must make the samples of the same figure and of the different size. These. are
shown as 18 sample units in amount of (FiAi)1, (Fidi)s - » (FsAs)e. At first,,
we bave made the samples (F1A1)1, (FiAi)s, (FrAd, (F2Ads, (FsAii, (FsAg): of
the f igure;(Fl)r,v (Fi)gy oo .5 (F3), and the size Ai, as the original model.

Though Ay is regulated as a random diameter of around 10cm in design, it
is desirable to be homogeneous on size of area in order to satisfy the same condition
for experiment. However, it is difficult to have the homogeneous samples on area,
so we have took a photograph of ~samples of figure, and kept the homogeneity by
the operation that we project the negative on graph through‘the enlargement instru-
ment. Namely, at first we have enlarged the optional sample of figure up to
around 10cm on mean diameter, calculated the size of projected area by the gradu-
ation of graph, and then decided (FiA:)i, (FiAi)g, - ,(FsAns by projecting the
other samples of figure so as to almost accord with the sizeb.

In design, as we presume that the error y is effected by A, the tendency seems
to show the loosely monotonous curve. and as the error used in actval analysis is
calculated of each sample unit respectively, the problems under the same condition
on area are enovgh able to handle in such a measure of approximation.

The samples of As, As are made as follows. In advance we have drawn-the
basic line through the centre of the negatives of samples of figure and taken b as
reading when we made the original model. In design, A;, As are regulated in 20
<m, 30cm on optional diameter respectively. Consequently we calculate the values
‘which 2 times and 3 times for each & of the original model. Secondly using the
magic lantern apparatus we have decided the values which are called 2b respectively
for the lengths of base line on the projected faces, enlarged the negéttive, as
samples (Fi1As):, (Fidz2)z, (FeAs), (FsAsz)s, (FsAa)i, (FiA:): having A size.

For each case of As, the operation is as well as the above. It is considered
that the differences among the area obtained are becomming larger in comparison with
that of the original model. Neverthless the reason why we have adopted these opera-
tion is that it is almost impossible to do the same operation as for the original model.
As mentioned above, such a measvrement of approximation will be enoizgh for our ex-
‘periment, too. ,

By the above dperation, 18 sample units n total of (F A) are sketched.
Secondly, we have measured these areas of units by planimeter and carried out the
order of measurement at random, in this case. The measurements hereby obtained
are presumed as the true value m of this experiment.

1) Results of these operation for reduction of the same area are shown in teble 1 (I). We

may: think values in it satisfactory.
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Finally, the sample units (F;A;); sketched should be changed to make the
sample units as an object actua]ly to measure. For the above purpose, we have
cbpled the sample units which have become the object of measurmg by plammeter
on the card board using a carbon paper, and then we madé the model disks. In de-
sign, for the method of estimation 4 cases are regulated, consequently 5 measure-
ments, direction from mountain side, direction at right angle to mountain side, cir-
cumference, the largest -diameter, and direction at right angle to the largest diameter,
are necessary for getting each estimator. In the cases of 4 measurements except
circumference, we have adopted metal caliper using for construction. This is the
way to make the bias of instrument in minimum. For circumference, we have

adopted metal tape.
4, }ANALYSIS

We have made the model disks as an object of measurement. For the purpose
of experiment, 5 measurements in total by caliper and tape should be respectively done
for the model disks. As the results of these measurements, we become to have esti-

‘ Table 1. : mators about M,. Each esti-
Samie (1) m F‘jjlf:)l (I) ot F s mator X;5;0 which we have
" unit Measurement T obtained is shown in table 1

of planimeter| My " My - M3 My (I .
(FiAD: 87.4 | 87.9| e8| 82| 2.8 ] ' .
(F1ADs 86.6 83.9| 76| sn.7| sis 1o addition to this, the
(F1A2)1 261.2 | 258.9| 263.7| 264.0| 269.0 results of measurement by
(F1Aa 262.3 252.1| 265.9 | 265.9| 264.7 planimeter for each sample
(F1ds) 775.8 776.9 | '759.8 ) 783.1| 795.6 ypit are shown in table 1
E?ljsiz ‘ 7’;?12 732"; 72?: 721;’; 7;32 ( I). The difference between
3A1)1 . . 1. .8 . 89, .

(FsADs &6 97.1 8.3 88.2 83.8 the value of (II) and (I)
(Feds); |  263.5 276.9 | 265.9 | 266.8| 2613 1S to be y.
(FeAz)s 261.3 288.2 | 257.1| 264.9 | 267.0 If we put 100 [(%:jr—
(FsA1 787.8 825.1| 790.8 | 794.2 | T85.6  yy. ) misu ) =yiiee Yiss will
(F:As)a 788.8 874.7 | 778.2| 800.6 | 798.8 . 4.y potio of error
(F3AD 87.0 90.2| 887| 8.3 884 '
(F3ADs 87.0 8.9 8.0 88| o0g OF each case
(Fs2)1 256, 1 262.9 | 261.4| 262.2 ! 260.4 At first, when we ana-
(F3As)s 2607 248.7 | 267.9 | 265.9| 271.4 lyze each value of y:j; on
(FsAs), 765.5 7819 775.0| 78L5 | 73.2 he ground table, we have
(F5A43)s 780. 8 T3.7| T9B.| T92.6| BT3B . hown in (able

5. This analysis is aimed to test on the bias which kept in each method of estimation.
By those results, we have become significant only for main effect M, with
a=0.05, and the variations on the other factors have been estimated to be very
small. In' consequence, it will be valid for us not to consider the bias which
kept in each method of estimation as homogeneous, but the variations among
figures and so on seem to be not necessary to have our special consideration.
Having investigated which is the significant one about M, the following has

1) From this, TOF A, will be abbreviated to x;j4, and so on.
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been acknowledged. Let the difference on freely 2 be D, the units of D equal 36.

Then .
D2/(36x%13.9) = F4(0.05)=4%. 11

|D| >45.4

In this experiment,. the amount of the ratio of error for each M; is as

follows, '
M,: —33.7 . Ms: 25.2
M.: 14.8 M,: 32.5 }

therefore, it has been supposed that only tne ratio of error in My (namely—33.7)
is too small. However these do not mean that the bias of My is large We can
understand that the estimations by Ms, M,, and M, have the tendency to glve the
bias for the plus direction as average compare with the true value and on the contrary
the estimation by M; has the tendency to give the bias for the minus dlrccnon

After testing the difference of mean value, we have mvestlgated about variance.

As we have done replication 2 times against cach figure ‘and each size, then
we can get the ranges of each strattm M-F-A. Table 6 shows the results of analysis
on the ranges. The analy51s ;s aimed to test on homogeneity of variance. If we put
range as R, it is generally acknowleged that

E{(x—m)?} =0?, E{R/dy}=0

According to table 6, it is recognized that main effects M, F and interaction
MxF, with a=0.01, have become significant. In consequence, it will be valid for
us not to consider the standard deviation as homogeneous. The standard deviation
is differed among F too, and we can understand that the difference is varied much
by the conbination of M and F. "

When we investigated which difference is signif xcant among M, the following
has been acknowledged. Let the difference on freely 2 be D, the units of D equal 18.

Then '

Dz/(18x0.33) = F1;00.05)=4.75

D=5.3 |

In this test, the amount of each M; is as follows, o
: 79.9 Mi: 3.6
M2:128 M,: 18.6

therefore, it has been supposed that M:, M., Ms, and M, are mutually different.-
If the standard deviation is varied, under the effect of F, 1t w111 be estlmatcd to
show the different value mutually as average. '

As thc results of table 5 and 6, we have known that it 1s necessary to con51der
M, separate from M., Ms, and M, on bias, and that each My, Mz, Ms, M, can
not be considered as the same on variation moreover the size is dlfferent accordmg
to combinations of method and figure. Secondly in accordance with thesc results,
we have investigated how much possibility of the ratio of error in each case of
M-F would happen.

As it is well known that MXF is highly signifi icant by table 6 we must con-
sider F when we estimate the size of error. It is mot necessary to consider A.
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By the ground table aimed to get table 6, we can make table 2 as follows when
we calcuiate the ranges of each stratum in M-F.

Table 2. A » Table 3. %

- Figare F N 7F Fﬁﬁ % F | Fs | F
Method ™ ' i i Method ' i ?
M, 3.87 | 15.60 | 7.17 M, 3.43 [13.82 | 6.35
M;. 1.23 | 2.00 | 1.03 M 1.09 | 177 | 0.91
Ms 0.40 | 0.30 | 0.50 My 0.35 | 0.27 | 0.44
M, 2.03 | 1L.70 | 2.57 M 1.80 | 1.51 | 2.28

The coefficient 1/d;, by which the number of measure (N) become 2, is
0.8862. Therefore, -in multiplying each value of table 2 by this value we can get
table 3. Each value of table 3 can be thought to be the estimators &;; for the
standard . deviation in each st ratum of M.F;.

We can consider that individual measurement belongirg to M;F; have the same
standard deviation as shown in table 3. Accordingly estimating on a single tree, the
ratio of error in extent as mean value +3 :5 can be thought possible to happen.

Next, we have estimated how much possibility of the ratio of error would
happen in each stratum of M-F as average. On bias MxF shows only the size
which can be disregarded. Accordingly if we consider bias as homogeneous in spite
of F, A, the ratio of error in M,;F; can be got as shown in table 4.

Table 4. % The value hereby given will
_Figure » be calculated as follows. Tak-
F 2 Fy . .

m ' : ing the instance of M:F;, such
My ~6.32~2.58 | —19.80~16.06| —10.11~6.37 is the case that on the basal area
Ms _—‘0. 50~2.23 | —1.48~3.12 | —0.36~2.00 the estimation has been done in
Ms 0.94~1. 86 1.06~1.74 0.84~1.96 measuring a singlc direction
M, —0.52~4.14 | —0.14-3.76 —1.14~4.76

from mountain side against the

.objective cross-section which shows the fi 1gure supposed to be circle. As the ratio
of error concerning M; is —33.7 shown as 18 units in total®, the average is —33.7
/18=—1.87. If we take the reliability as 95 9, the confidence interval will
become +3.18x3.43/1/ 6 =+4.45 from &y is 3.43 by table 3. Then it is shown as
(—6.32~2.58). 7

In this expériment, it has been expected that in the case of the estimation of
basal area by the method M; which has been done against a group of trees supposed
to belong to the strata of F'; the ratio of error effected by the method of estimation
will have the same size as shown in table 4 in average. However the value is shown
as (bias 4#- 3.j/1/N ), and then it increases and decreases by the number N of com-
ponent trees of ‘objective group. Accordingly in the case of N > 100, the confi-
dence interval will be highly small.

When our object of estimation is not for a single tree but for a group of trees,
how much possibility of the ratio of error shall we consider to happen? k

1 C.f. (D
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The actual stand are set of the cross-section at breast height which shows the
various figures. Then it is naturally varied according to the component ratio of F.
It must be almost impossible for us to estimate classifing the individual figure of com-
ponent trees against the set of various F. Now, we have investigated that how
much the ratio of error in average shall be expected if we presume the component
ratios of F., F3, Fs in objective stand as homogeneous. i

As 5¢; are shown by table 3, the average standard deviations &; for M; are .

estimate as follows,

01=1/(3.4324+-13. 822-1-6.35%)/9=5.20
o2=1/(1.0924-1.7721+0.912)/9=0.76
a5=1/(0.3524+0. 272 +0. 442) /9=0.20
a5=1/(1.80%+1.51210.282)/9=0.78 ;
On the contrary, thc estimators ¥; of mean on M; are supposed to be y:=—1.87,
$.=0.82, $3=1.40, $,=1.81 by (1). Finally we shall get the following formulas,
Mi: —1.87+3%5.22/+/N
- M,: 0.82+3%x0.76/+/N
Ms:  1.40+3%x0.20/«/N
M,: 1.8143x%0.78/y/N (unit %)
N indicates the number of component trees in objective stand of investigation.

From those results the ratios of error happening in the estimation can be considerd to
decrease according to increase of N. B

In the case of judgement concerning the precision of the quality on methods
of estimation, it is necessary to consider the 2 factors of both bias and variability.
From the results of table 5, it is recognized that evidently we can not give either
superiority or inferiority on bias. Because the differences among tﬁe‘methods have
been understood as the difference by the plus or the minus direction. However as
the results of table 6, M, M., Ms, and M, have been understood to be unequal
in variability. ~Accordingly we could have got the small order of variability
M, M., M,, M; as the order of the quality on methods of estimation.

It is remarkable to use the method by tape of Ms. In other words, the vari-
ation of M; is highly small under each F. It is recognized that the estimators
by Ms have tendency to give excessive value not only on the average but also on
each case. But this matter will not be so important. Because -it is sapposed that
small variability i8 more important for our estimation, whatever bias it may
be. Especially these will be more important when we take the single tree as object
of our investigation. Therefore the estimation seems to be highly efficient, which
gives the corrective coefficient 1/1.014 to the estimator obtairned by M;. -

At last, the results of our test on the absolute value of v:54; are shown in
table 7. This is understood as the results of (bias--variation).. The error itself,
which arises from our actual estimation for the basal area at breast height of a single
tree, would have such a tendency. It is recognized that the effect of A would
have a quadratic tendency. ' ' ’
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- Table -5. Table 6. . v
Factorial effect SS ar MS Factorial effect! SS i af \ MS
M 148.31 3 49, 43% M 400. 03 3 133. 34
F 45.36 2 22.68 F 57.26 - | - 2 28.63%*
A 5.99 2 3.00 A 1.39 2. 0.70
MxF 5.22 6 . 0.87 MxF 165. 20 6 25. 86¥**
MxA 1.98 6 0.33 MxA 1.71 6 0.28
FxA 1.88 4 0.47 FxA 4.30 | 4 1.08
MxFxA 4.42 12 0.37 E 3.94 12 0.33
R(MFA) 501.23 36 13.92 T 633. 82 35
T 71439 | 71
Table 7.
i 5, SUMMARY
Factorial effect SS df MS R o .
. It is supposed that the error y, which
M 1868. 03 3 622. 63%* . . ~
happened on our estimation of basal area
F 278.69 | 2 | 139.35 b heiaht. i v effeotend
v lin 932.81 1 032, 81#* at breast height, 13 generally eliecte
A { res 1766.65 | 1 | 1766.65%« by various sources of variation. We have
MXxF 1325.58 | 6 220.93% picked up the methods of estimation M
MxA 1332.80 6 222.12%* a5 a factor among various sovrce sof vari-
FxA 155.67 | 4 38.92 ation, and have considered theeffects of
MxFxA 821.78 | 12 68. 48 X . .
F, and A on y, considering the figure
R(MFA) 2783.80 | 36 77.33 M, F, ar . Y ’ & 8
‘ F and the size of. basal area A as the
T 11265.81 | 71
)

experimental condition. In this experi-

ment we havektaken the levels of M, F, and A as 4, 3, and 3, which are as follows

replication has been excuted 2 times.

M) The method to regulate the diameter measurement of a single direction

from mountain side.

M) The method to regulate the diameter measurements from mountain side

and in direction at right angle to that.

M) The method to measure the circumference by tape.

M,) The method to regulate the diameter measurements on the largest diameter

of object and in direction at right angle to that.

F1)

The figure thought to be comparatively near to genuine circle.

F3) The fi'gure thought to be comparatively near to ellipse.

F3)
A
A»)
As)

The figure thought to be so-called irregular except F1) and F3).
Around 10cm at optional diameter of object.
Around 20 cm at optional diameter of object.

Around ‘30 cm at optional diameter of object.

‘o we put 1000 (%25 —Mi1) | Mir )=Ysin, Yiswe will indicate the ratios of error
on (MF5A. (i=1, 2, 3, 4; j=1,2, 3; k=1, 2, 3; I=1, 2). (c.f. table 1). Table
5 shows"the results of analysis about y;:.;. Table 6 shows the results of analysis

concerning the ranges which calculate in each M-F-A from 2 replications.

From the results of table 6, the estimates &;; of the standard deviation for each
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stratum M-F are considered as same as table 3. Consequently estimating on a single
tree, the ratio of error in extent as mean value =+38;; can be" thought possible
to happen. Then the errors of ratio on M;F; have been estimated as table 4.

When our object of estimation is not for a single tree but for a group of trees, the
ratio of error naturally varies according to the component ratios of F; on ob-
jective stand. Now, if we presume the component ratios of Fi, F,, Fs in objective
stand ‘as homogeneous, the ratios of error on each M; shown as same as (2) in
average are estimated. ’ k ' ' ‘

In the case of judgement concerning the precision of the quality on methods of
“estimation, it is necessary to consider the 2 factors of both bias and - variability.
From the results of table 5, it is recognized that evidently we can not give either
superiority or inferiority on bias. Because the differences among the methods have
been understood as the difference by the plus direction and the minus one. However
as the results of table 6, My, M., Ms, and M, have been understood not to be:
same of variability. Accordingly we could have got the small order of variability
Ms, Ms, M,, M, as the order of the quality on methods of estimation

Tt is remarkable to use the method by tape of Ms. In other words, the vari-
ation of Ms is highly small. It is recognized that the estimators by Ms have tendency
" to give excessive value, but this matter will not be so important: Because it is
supposed that small variability is more important for our estimation, whatever bias
it may be. Especially these will be more important when we take a single trees
as object of our investigation.
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