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Fig. Various stem forms derived from the two geometric forms : cone and paraboloid.
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NIZFBROBUIFEAKRENEFNBB/CH 3, Ll
ROV e BUE ESHE T B PR OB MR A 7 ¢
L3, I0F4ADMIEETE, MHT 3FIROKIZ 8~ 9
ECBE 20,
2) B K I

R BRBBRIED, MMERRSHEHKA O
7> F ANLREHTr ot s hz, b Lo ke s
BE2DLBY CHEZ, MEEY T2 7Y Th 3,

#£2 BENICBRYT 3 EAROFHbLUAS &
Tab.2 Ages and sizes of trees belonging to

Sample [
ﬁNo..% ﬁzgeﬁ‘% h do-s do

(m) (cm) (cm)
11 39 18.9 21.2 22.8
12 40 19.8 23.4 25.4
13 39 20.4 27.1 29.1
14 39 20.0 26.9 28.9
15 39 19.0 24.5 26.3

S ADBEAKRICDNT, #o 6B DT0% DB
T 0.1h OMRBTIR AL TV E, 20
TEWCDO T 0.05h MEEE L, 35CZ0ftich
FEE 0.2m O EOFRE LI LS, RS h
FRAROBE, EEARENENIMETH 3, 14~16
EOWMET, MIET3FARBT LI 8ETH B I
BEZ,

3. HELZOHE

D BHEO®R MG

K1 B LUHE 2 DFEAKRC OO T ORISR ER
&, BRAEARECEY, 5ROSHERFMTEDI,
CORRE, BREL L CRRT3EN2 B LU
3DEBVTHZ, IN6DBRMBITEEAKICON
T, BEOBRMBIVUKRESEBRTI L0THY,
FIMORTOHEDKBL L3 DTHING, #
DT = 2~DFEHIBEETH 307, Inodd L (b



78 BRI SRS

of

cm

M2 BlEomMR, BE]

Fig. 2 Actual stem curves for Sample].

#1265

BT 5 T L ATHEMEC i 3 00 6 Al
T3LLT, Zotngimici
HIRET , BEEAKR ORI
Pee & B HEREIC DWW TR T 3 &
M4 BIURESNLICL 3.

3) MABMCET 3R
Wi L EHEER 0 7, A
BELE no.5, HIXHEE 600 B & U5¢
MR o OfEE, B 1 OB
AREDNT, BHREIICERELE
HREARICRTERITH D,
B HEEER L D THT
STEERIELITRTERYITH
%,

4. & 24

Ak X 9@, BlE o Bl
i, SWOLHEAL L > THo &
CHEBaIN3, Lizi-TZhn
HOCHES AN BMES X
U ERBEERICD T, Tos, o9, @
LM+ EBHT 2L TE
%o
FTHABLUOESCE ST,
R0 BAR LA 2 — P &18
RIENTE D, VWTHOEAKR
CENWTE, IR HO 35
BV EREOTNCHNTLY
SEHTHZ I L, L UCH/MME
8.0 DD, ZOREEE L CEHR
LT3 Z kaibnhd, E0ER
| DEARTERECHENTTT
e O FEELIHENBEE S -
TH3DEHL, BRITCHTD
FEARE, BLC, BRI
BOTE & b TEB LAY
L OTH3H, MR d L
FRUFELT (B e bd
%o

3B LUEKACHT B 0 DfE
&, M2 5XUR3 kT2 &R
BoBERBOMIRE ELNT
N TN, o VBROTTHED

MB3LHE, TRCOBMBITTLHEFTLTND felE L LTABTHZ I EERIN D,

Lz &, PLEDB#BO S 2T -T, 7, b B LU o OFER
2D B ox ® B CREZ AT DV TEIZEL T L 9, K3 BIUE

HE0B RN & SR RO/, TOFME ACBIE 7, e BLU 0 OfiE, F & OBIRIC



1974 KIEHE— A EOES L 204 R 79

L No. !

3 € DMEIIBORIE TH 343, BAINTET
2LDEAEND, TNICK LT 6 DR
BRI KEZEGEEIALNT, WThD
B TR LA RBEBERLT, FidL
EHICENLDO HRLT WL &by
Do wld Tl b LOEL LT, WEOP

R R E /128 3, LB C B 3 2 oflii
30~35T®H 3,

BRI OO CREBEOBEREA3 L, K7
WWREND LI, 7, 6 FHICEFDEEBR
FER T OBEL0 4@ 3NCERTHE
Evibmd, FNRmELCERBCHTS
VL DS eERLTHS, T4b

BT, HEFFC O TE40~50TH 3 07,
Fhot Bl ER UT 40 E4AFHRIC BT
TS~ X TET D, 72 6o DI 0.3 67
NOEHFEL T, 054 0BT 0.4 OKEECE
T2, CHffE-Tonflidy, BRI DZEN
CHRT LY 2 REREERL, HHb
1SRN 6 R L T, 4094:R5 1 50 TI0RTHE
WCELET B,

[ No. 14

DX IS 30D BT, FhEN
(Z, P O TR A RBR R
T8, Mo EO TR, <R -4E
BRELVEI LN, COERDF
RiEIMECRBEEIN 2 N ER%RLINETH
0%, BEO CMERREEE &6, ¥R
DERCHELEDTHS 5,

L No. 15

' DEWLING3IDDENI YL, oLt E
B b oL UTHMHE b0 D4 RBRICD
WTIOWFHLIEBELTALI,

52 AL S, MM b DERE
B, F—SPRIC 0T, BERIC S0
TRERBEERS L, LIzdto TRI—#
TR BOTIE, .o DILEAY, EHHL 4
BB ONWTEZ I LNTE S,

®3 HEOBMER, &k

Fig. 3 Actual stem curves for Sample].

BOTRRT 3L, 2R BLIUOR7TO L S
%3

BRIC D0 TAB3E, $4 7 OO
i, BEHECE3BELNZ Y AONBHY, —BCER
RRC BV TARBUCHIR L, 40EFTHRIC SO TRAICE
U, BBERSECET T 3MHANA6N 3, Rk

EIBIUELICEBITB b DEF LR
CEHELORL, SBEOFY, Bls LU
BEREERDBZ L ENEFNES BLUESG
DEICRZ, FTINODRNG, oD
BEIRA—HoOR—BENCs T ebn T/l e
(o ToEME~6 2L SN Laihn 3,
N AR 5503 3 IR OBE 2 & Had T/
SVENIREHELERETZ20TH B,
DECHNME L RBELHONCT 372012,
FEBLUEE THUT 3 65 DUMEBITELE L T &



80 TSRS BF 526%

B0,9=029
| 605=04140

| =10 | 8,9=0353
=55 | 059 =04192

L 1 Il 1 1 \ 1 1

B0s=03176
| 609 =04015

Bo9=03439
| 609=04126

1 1 1 1

| 8,=0303I
| 609=03823

L D7 45 VA N WA G VO ISR T N G N . ¥ W |

+ eo.g =03474
| B6.9=04206

| 609=0285!
| 609=03792

1 605=03921
4 90_930.4236

15-16 | 609=02897
15=39 | B9 =03772

| 8,5 =03808
80,9=04341

|

L 1 I} L 1 1 1 N L L 1 J L L 1 1 1 1 I\ | I 1 1
06 04 02 O 02 04 08 06 04 02 O 02 04 06
X4 HBEoORE, M5 fExEgHBoseE, BRI
Fig. 4 Development of relative stem form Fig. 5 Development of relative stem form

for Sample | for Sample It



1974 KRR~ AR RS L 204 E 81
#3 MHNBBCET 3EROM, T |
Tab. 3 Values of characteristics of relative stem form for Sample |
ﬁjl\(]?% H B i L €D Age  (year)
of tree Item 10 15 20 25 30 35 40 45 50 55

1 H (m) 4.90  8.80 12.00 14.60 17.00 19.20 21.10 22.50 23.70 24.60
do.p (cm) 8.81 12.06 14.45 17.00 19.25 21.47 23.27 24.85 26.57 28.09

T 55.59 73.00 83.06 85.86 88.33 89.43 90.68 90.55 89.20 87.56

To.s 0.6200 0.6787 0.7208 0.7350 0.7394 0.7320 0.7176 0.7221 0.7243 0.7277

0.9 0.3537 0.3788 0.3982 0.4143 0.4236 0.4139 0.4064 0.4110 0.4149 0.4192

w 19.66 27.66 33.08 35.57 37.41 37.02 36.86 37.22 37.01 36.70

2 | H @m) 8.75 11.60 14.10 16.50 18.60 20.50 22.20 23.75 24.80
do.s (cm) 12.07  14.54 18.02 21.17 23.99 26.82 29.97 32.82 35.19

T 72.49 79.79 78.27 77.95 77.52 76.43 74.08 72.36 70.47

Mo.s 0.6073 0.6784 0.7126 0.7224 0.7369 0.7388 0.7363 0.7303 0.7365

6o.9 0.3439 0.3751 0.4006 0.4061 0.4117 0.4166 0.4130 0.4097 0.4126

w 24.93  29.93 31.36 31.66 31.91 31.84 30.60 29.65 29.08

3 H @m) 4.90  8.00 10.90 13.70 16.00 18.00 19.60 20.90 21.90 22.70
do.e (cm) 7.74 10.50 13.36 16.05 18.37 20.40 22.64 24.92 27.18 29.09

T 63.29 76.21 81.57 85.35 87.09 88.22 86.55 83.86 80.58 78.02

To.5 0.5960 0.6060 0.6559 0.6902 0.7073 0.7259 0.7306 0.7367 0.7437 0.7391

0.9 0.3474 0.3412 0.3635 0.3840 0.3925 0.4038 0.4116 0.4180 0.4208 0.4206

@ 21.99  26.00 29.65 32.78 34.18 35.62 35.63 35.05 33.90 32.81

4 H (m) 7.00  9.80 12.20 14.30 16.30 18.00 19.40 20.60 21.60
do.e (cm) 10.45 13.64 16.46 18.68 20.79 22.38 23.74 25.32 26.96

T 67.00 71.86 74.12 76.54 78.40 80.42 81.72 81.35 80.13

To.s 0.6906 0.7000 0.6936 0.7167 0.7244 0.7282 0.7434 0.7495 0.7489

Bo.9 0.3921 0.3962 0.3962 0.4066 0.4035 0.4098 0.4203 0.4261 0.4238

w 26.27 28.47 29.37 31.12 31.64 32.96 34.35 34.66 33.96

5 H @m) 5.00  8.50 11.80 14.30 16.20 18.50 20.50 22.10 23.40 24.30
do.s (cm) 6.71 10.48 13.76 16.74 19.10 21.21 23.43 25.35 27.14 28.94

- 74.50 81.14 85.77 85.42 84.83 87.21 87.50 87.18 86.23 83.97

No.s 0.6803 0.6910 0.7244 0.7459 0.7525 0.7603 0.7489 0.7493 0.7556 0.7588

6.9 0.3808 0.3859 0.4077 0.4180 0.4237 0.4230 0.4236 0.4250 0.4307 0.4344

@ 28.37 31.31 34.97 35.70 35.94 36.89 37.07 37.06 37.14 36.48
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Tab. 4 Values of characteristics of relative stem form for Sample I
ﬁrbﬁéﬁ%’ H H F 5 €D Age (year)
of tree Item 14 16 18 20 25 30 35 39—40
11 H (@m) 6.30 7.60 8.80 10.00 13.00 15.50 17.50 18.90
do.e (cm) 13.77 16.33 17.86 18.79 19.83 20.50 20.92 21.16
T 45.75 46.55 49.27 53.22 65.55 75.62 83.64 89.30
o5 0.4984  0.4580  0.5230  0.5755  0.6287  0.6703  0.7000  0.7239
5.0 0.2060  0.2849  0.3009  0.3259  0.3481  0.3813  0.3980  0.4140
w 13.54 13.26 14.82 17.34 22.82 28.84 33.28 36.97
12 H (m) 6.80 8.50 9.80 13.00 15.90 18.30 19.80
do.s (cm) 13.92 16.00 17.72 20.68 22.00 22.80 23.45
™ 48.86 53.12 . 55.30 62.88 72.28 80.27 84.43
Mo.s 0.5406  0.5270  0.5892  0.6207  0.6621  0.6787  0.7030
009 0.3176 0.3092 0.3355 0.3472 0.3743 0.3845 0.4015
w 15.52 16.42 18.55 21.83 27.06 30.86 33.90
13 H m) 8.30 9.70 11.00 14.60 17.20 19.20 20.40
do.s (cm) 17.46 19.70 21.61 24.34 25.93 26.63 27.08
T 47.55 49.23 50.91 59.99 66.32 72.09 75.32
Mg.s 0.5049 0.5489 0.5793 0.5881 0.6418 0.6529 0.6702
8.9 0.3032  0.3102  0.3278  0.3303  0.3595  0.3682  0.3823
w 14.42 15.27 16.69 19.82 23.84 26.54 28.80
14 H (m) 6.60 8.00 9.20 10.60  13.90 16.70 18.90 20.00
do.o (cm) 15.00 17.46 19.74 21.98 24.20 25.78 26.48 26.93
T 44.00 45.80 46.60 48.22 57.44 64.78 71.38 74.26
No.s 0.4566 0.4964 0.5546 0.5881 0.5989 0.6387 0. 6447 0. 6565
Bo.9 0.2851  0.3021  0.3202  0.3363  0.3463  0.3657  0.3707  0.3792
w 12.54 13.84 14.92 16.22 19.89 23.69 26.46 28.16
15 H (m) 7.40 8.70 10.00 13.30 16.10 18.00 19.00
do.s (cm) 14.68 16.86 19.16 22.32 23.70 24.21 24.55
T 50.40 51.61 52.19 59.58 67.92 74.34 77.40
Ng.s 0.4547  0.5292  0.5650  0.5652  0.6051  0.6323  0.6574
6.9 0.2897 0.3061 0.3246 0.3223 0.3417 0.3599 0.3773
w 14.60 15.80 16.94 19.20 23.21 26.75 29.20




1974 RIER— : A ROBE L 04 R 83

(T,w :xi00)
[.Oy
0.9r
0.8}
0.7+
0,61
{sl
15
3 0.5f
<D /,4
- - /",’{13
3 v
0.4} 4 2
5 -
Lo -5
3 4
0.3f "3
5 4 ‘\.2
I 2
3
O,Z I~ I
0 10 20 20 50 e
( =, Year )

% H ., Age
B6 7, 0 LU o DERCHL S L, BH ]
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DRARICH LT, 2hRERPIARECL O HTED
3LOEDLICK B,
%ﬁlm%ﬁ:
80.9=0.32390+0.0039584 t —0. 000040424 t2
f:f:’ b’ £ {r% ......... (]3
ﬁﬁnw%é:
85,9=0. 20621 0. 0068190 t — 0. 000054247 t2
PEEL, t o EES PO a3
CNSDBIRE, W0 ORDIZ 69 DEERL L 3
WRRTI3LRE DL 04 3,

He8moMonkkaw, BRI CHNTE, $/-
R ICHOTE, HNMEIER L & ¢ kT 3
EEEVIRCERT 3 L2iTE 3, 101P20EER
BIEBCIS>TRLY, @1 C3ER 1 IC~T
EREBNW2H/LLECKENE VL3, 2-HENMED
ARERL, B, BEEd 3 EHECHE~NTE3n
CEBTEHICULTY, FlhE L & CRECHIAL
TEBECE DS (A ERLTO B, PRI,
BEPHEHRL IRL > T—HOHENETH 306, &
BEMICHNTEBARICELZOY, BURD T 3 W



84 Pt AV e i 582675
£5  WHEAIOHEANME, R 1
Tab. 5 Relative volume by age class for Samrle |
AR i3 R (4 Age class (year)

Tree No. 10 15 20 25 30 35 40 45 50 55
1 0.3537 0.3788 0.3982 0.4143 0.4236 0.4139 0.4064 0.4110 0.4149 0.4192
2 0.3439 0.3751 0.4006 0.4061 0.4117 0.4166 0.4130 0.4097  0.4126
3 0.3474 0.3412 0.3635 0.3840 0.3925 0.4038 0.4116 0.4180 0.4208  0.4206
4 0.3921 0.3962 0.3962 0.4066 0.4035 0.4098 0.4203 0.4261 0.4238
5 0.3808 0.3859 0.4077 0.4180 0.4237 0.4230 0.4236 0.4251 0.4307 0.4344
M 0.3606 0.3684 0.3882 0.4026 0.4105 0.4112 0.4136 0.4175 0.4204 0.4221
R 0.0334 0.0509 0.0442 0.0340 0.0312 0.0195 0.0172 0.0141 0.0210 0.0218
CV (%) 4.50 5.94 4.89 3.63 3.27 2.04 1.79 1.45 2.15 2.22

M : ¥y Mean, R : #iffl Range, CV (%) : ZE)RH Coefficient of variation
£6 WHEAOMME, B 1
Tab. 6 Relative volume by age class for Sample |l
BRES Lt B () Age class (year)

Tree No. 14 16 18 20 25 30 35 39~40
11 0.2960 0.2849 0.3009 0.3259 0.3481 0.3813 0.3980 0.4140

12 0.3176 0.3092 0.3355 0.3472 0.3743 0.3845 0.4015

13 0.3032 0.3102 0.3278 0.3303 0.3595 0.3682 0.3823

14 0.2851 0.3021 0.3202 0.3363 0.3463 0.3657 0.3707 0.3792

15 0.2897 0.3061 0.3246 0.3223 0.3417 0.3599 0.3773

M 0.2906 0.2995 0.3093 0.3300 0.3365 0.3645 0.3762 0.3909

R 0.0009 0.0327 0.0193 0.0117 0.0258 0.0396 0.0381 0.0367

CV (%) 0.18 4.69 2.68 1.52 3.30 4.67 4.35 4.04

M : ¥ Mean, R : #ifl Range, CV (%) : FEMEH Coefficient of variation
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5) Osumi, S.: Notions générales du volume

Summary

Let us consider a stem which has the total we put x=X/h and y=Y/do, in the above

height of h and the diameter of dos at nine- formula, we have the relative stem curve.
tenths of the total height from the top. doe

should be called the normal diameter in this

Revolving the relative stem curve around its
X-axis, we obtain a solid, in which both the
report. Now, we generally express the stem height and the diameter at distance of nine-
curve by the function Y=F (X), where Y is tenths are equal to 1. We will call such a

radius at distance of X from the top. When solid the “fundamental body”, and its volume
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the relative volume, which is given by
1 2
foo=r [ (£} dx

As the actual stem can be regarded as the
fundamental body expanded by h times for
the height and dy, times for the diameter, its
volume can be expressed by
v=h d:.g 5.9
The form of the vertical profile containing
the axis of the fundamental body is nothing
but the relative stem form. Therefore, the
relative volume is useful as an index of the
relative stem form. On the other hand, the
actual form of the stem is given by the rela-
tive stem form in conjunction with the ratio
of the height to the normal diameter, as
shown in Fig. 1. When we make the product

w=m 04

where 7=h/doe, @ may effectively express the
tapering grade in the actual stem form.

From its determination, the relative volu-
me is independent of both the height and the
normal diameter. Therefore, the volume of
a stand which is composed of the number of
trees of N is given by

— XN 2
V=9 0.9‘21 hy do.e1

where Bop = %90.91

NS
This relation is advantageous for analysing
the stand structure.

In order to make clear the process of
growth of the relative volume, we chose 5
sample trees from each of two artificial and
even aged stands of Cryptomeria japonica, as

shown in Tables 1 and 2, and to each of them,

we applied the method of the stem analysis to
get the data necessary to estimate the stem
curves in the past. The polynomial of degree
five adopted as the stem curve and fitted to
the data of each age class of each sample
tree through the least square method. The
estimated stem curves are shown in Fig. 2 and
3. They were then reduced respectively to their
relative stem curves, on which the examples
of the relative stem form are shown in Fig. 4
and 5.

The relative volume and the other charac-
teristics of the stem form were calculated for
every age class of every sample tree, and
listed in Tables 3 and 4. Among them, the
values of the relative volume were rearranged
by age class in Tables 5 and 6.

Using the mean values of relative volumes
by age class, we obtained the growth curves
of the relative volume, as presented in Fig. 8.
From the results, it may be recognized that
the relative volume of stem incleases with
age, approaching a upper limit, and that the
processes of growth are different from each
other by stands. It may, however, be possible
that the relative volume first increases with
age, and then, after reaching its maximum at
a relatively higher age, decreases gradually,
From Fig. 7, it is further recognized that the
variation in the process of growth of the rel-
ative volume among stems is, in a even aged
stand, much smaller than that of = and o.

Further more, the relation between 0.9
and the relative diameter at the middle Mo.s
is so close that we may estimate the value of
60 by measuring 7,5, as shown in Fig. 9.



