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Table 1.

Number of plot classified by

s

iy

Height-age

RS T2 D DL
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Table 2. WEBICHT 25507, ha &7 D ITHRY, YOREHE T L plot %
Number of plot classified by height-age, basal area-age and number of stems-age

Mig—H 4 E  Height-age

~~ H(m) 3 10, 0~
Age ) 3. 0~3, 94, O~4, 95, 05, 96, 0~-6, 97, O~-7, 9i8. 0~8, 99, 0~9, 9" " 10.9 11, 0~ | Total
{yrs.) ‘ ‘
2 1 1 1 ‘ 3
3 1 1 3 5
4 1 1 i 2 2 7
5 ] 1 1 3
6 1 2 2 5
7 1 2 i 5
8 1 2 1 4
9 4 4
10 1 1 1 3
Total 1 1 4 2 6 4 8 6 7 39
Wii—ha H72 DWEH Basal area-age
~. G{m?
Age S ~3,0 5. 1~10, 0110, 1~~15, 0}15, 120, 020, 1~25, 025, 1~-30. 0| 30, 1~ Total
(yrs)
2 1 2 3
3 1 4 )
4 4 2 1 7
3 1 2 3
& 1 3 1 5
7 4 1 5
8 1 1 2 4
9 2 ! 4
10 1 1 1 3
Total 1 8 8 12 7 2 1 39
" 1,00t | 1,501 | 2.001 | 2,501 | A001 1 3,501
Age ™ ~-1,000 ! { ! i ! ! 4,000~ | Total
(yrs) . 1,500 | 2,000 | 2,500 | 3,000 | 3,500 | 4,000
2 i 2 3
3 2 1 2 5
4 ] 2 1 1 1 1 7
5 1 1 1 3
6 2 3 5
7 2 2 1 S
8 1 1 4
9 2 1 1 4
10 1 1 i 3
Total 1 8 8 8 5 9 39
el kick 3, Note : Senour’s data.
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Table 3.

BN &

B ﬂju’ﬁi/{

o Nisvuns :NOEFILE

Coefficient of the equation (2) and its standard deviation for each plots

Name of plot | Stand age(yrey| Sumber of Suandard
: - PEATESI sample trees by deviation -
49 129 1.2857 0. 2556
N : :
:ifdm}fﬁm i 54 123 1. 3259 0. 2224
60 71 1.6918 0. 3528
o £ 43 20 1, 2651 0. 1755
o h 48 41 1, 2007 0. 2348
Kirishima 53 424 1. 1468 0.222
x m CE 45 202 1. 2851 0. 2714
f‘{xomauio ¥ 59 138 2. 0867 0. 3352
55 635 1.6149 0. 2866
o 1 43 91 0.9427 0.2302 0.1822
49 203 0.7189 0. 2447 0. 0989
Manzen No. 54 743 0. 8544 : 0,1310

Table 4.

Behz A 7e Nistove RO E
Coefficient of the equation (4) and its standard deviation for each plots

S B % by Coefficient SL,‘-Z é{gg g
& andar:
Name of plot bo b be E b3 deviation
e 1y
:demﬁ%ra 5 1806 0.0499 0.2018 -0, 0024 0. 2726
s ¥
F??irishima fit 1,3789 -0, 0259 0. 2099 C. 0001 0. 2162
A i -
Hontans H 5281 0.0124 —0.0008 0. 2956
= =
l{j/[ag;enl N;)J 1 0, 6744 0.0172 0, 2535 -0, 0029 0. 1468
able 5. FHEN & B IOMEAINZ 220 AR K S
MR o Ll
Comparison of the volume increments estimated from height-diameter
and height-diameter-age equations
ROl (GE e S 4 ) 1% lk B
=B LN S iﬁggisai g; e*; = Volume increment per ha

P _ Stand age increment T W o W A3
Name of plot (yvs.) per ha. Equation (2) Equation (4)
(m%) (m?) (m?)
EA R 4954 0,7916 5,088 7.748
Tarahara 54~~60 0. 2206 7. 664 4,746
% B 4348 1, 2751 11,277 12. 949
Kirishima 48~-52 0.4613 A, 800 7,843
N i R 4550 1,9477 17,358 15, 045
Hontano 5055 0.9392 6, 201 7. 306
Vil 1. 0083 &, 3872 12, 857

Manzen No.l

0, 2081

10, 880
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Coraparison between height-diameter

M
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Table 6.

RO BFRICEY SRR SerE (8

Flaps

. 11 o

A
e

(,ompamson between the stand hei ght
derived from height-diameter curves
at each remeasurements and height-
diameter-age curves.

D (4 ROFBH

Coefficient of the equation (4) for each sample plots

. i il
Nama of plot

Koshisashi

i

A, Maruyama

i Tankaino

4 Osuzu
Natsuki
Aoidake

Sugisaki

Manzen Na. 2
Manzen No, 3

¥ 1 i ()
F P b Ag& at remeasurement
01 % 3 (yr%)
0, 0393 0, 0008 53, 58
| —~0,0118 0., 0007 43, 48, 33
0,011 —0,0011 46, 51, 57
a. —0, 0013 42, 47, 53

—~0, 0018 <0
0, 2086 -0, 0003 42,
0.2685  —0.0019 43,
92708 0. 0010 43,
L1814 O, 0009 48, 53, 58

B~ddom D S F 5 857
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Table 7. [UHERERBIORAN O & OMA RS
List of stand structure for each permanent sample plots

OB oo EI f&?; %dﬁ -4 :[gl 1?1 5 \;r'%;
e A o 2 . Stand | ; asal area | Volume per
Name of plot Afrca Age Av. dia. height I:t%;gf per ha ha
(ha) (yrs.) (em) (m) ” (m?) (m?)
" e 0,23 48 22.0 14,2 1, 201 47,39 344, 7
%)@hi‘a‘h'm 53 22,9 15,5 1,202 51.16 398.5
OSTISAs 58 23.9 17.2 1,165 54. 21 471.5
4 - 168 43 17,6 2,168 55, 68 4213
Nl[:m ama 48 18,5 2,098 59. 63 4580
Maruyama 53 19. 1 2,035 62.03 492.2
Ly 0. 50 46 18,3 2,408 502. 8
N N 15 o D . 5
i‘%l*a ,mf{m = 51 19.5 2, 306 570. 3
L ANy 57 20. 6 2,188 661.9
0.49 42 17,1 12, 4
i 47 17.9 12.9
Osuzu 53 19.5 14,0
58 21,0 15,1
, . 1,02 45 22,1 12.9 1,109 4,20 291.3
oaped H 50 24.5 136 i 108 53, 94 366. 6
ontar 55 25,8 | 14.0 1,083 58. 64 403.1
0.77 40 15.5 1,526 49, 86 396, 9
=) A 45 16.6 1,491 57, 46 480, 4
Natsuki 50 17.7 1,482 62,74 558, 4
55 18,9 1,471 66,91 638.2
B 0.31 38 18.7 2.9 i, 466 42.27 289.1
B L. 43 19.6 13,9 1, 466 46. 21 335. 2
Kirishima 48 21,1 14,8 1,444 52.58 399.6
0.863 37 19,3 1,639 50. 86 79.5
#H o4 iR 42 20. 0 1,602 54, 35 425, 4
Aocidake 47 21.5 1,574 60, 14 489.9
52 22.3 1,511 61,61 523.7
1,02 3 7.9 12.2 2, 146 55.22 348.9
oo B 43 18,4 13.2 2,101 57.38 391, 3
Manzen No.i 19.6 14,3 2,042 63.42 468, 5
54 20, 2 15,4 1,956 64. 46 502, 8
0,25 38 18,2 11.5 1,661 263, 2
T o2 E 43 18.7 12.2 1,649 284.8
Manzen No.2 49 20.0 12.9 1,645 341, 9
20,5 13.5 1,637 377.3
0.25 38 53.95 299, 4
JE o3 43 57.43 340.1
Manzen No.3 49 ; 61,95 398, 4
54 l 61,99 420, 0
” w053 48 23,2 16.0 1,085 47,51 289,7
Sogisaki 24,1 16.7 1,077 51,12 433,0
Pugl 58 25.2 17,5 1,041 53,75 466, 5

7 HAER ha B TH B,
Note : Number of trees, basal area and volume are values per ha, respectively.

(m), d=d. b h (m)

B 3 14.8% TH o ie

BRI (MCA) 3, b okdohsd,
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Stand density expressed with various measure for each sample plots

SR b TS PR X
We il Crowr
Basal area competition
per ha factor

s '
iy 5

ZON I R R S
Stand age

density " Stand

Name of plot ratio deﬂéily %

(yr) (m?) (%) %) (%)
56,0

i
Koshisashi

5. 64, 5

i | 77.3 100, 3
yAR A8} 48 Q 100
4 30, 1 100,

Maruyama - a1 g Lwi 3

46 90,9 114,01
51 94,6 116.0
57 96,5 120, 4

PN
¥
Osuzu

. 45 47,0
/t\ “‘ 50 49,5
Hontano 55 49,5

Natsuki

57,0 8
60,6 &
65,9 69,8
66, 5 75, 4
eI 69,6 77,72
Aoidake 73,7 79,7
74,5 80, 2
38 283.2
71O 443 i 2875
Manzen Nool 49 4 302.9
54 64,5 301, 3
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S [P </
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= 5 (MCA)
=2, 010(2) + 34, 390( il >+101 376( 5 dl) ................................. (8)
&

Z 2, m=1ha &l bhER
Uisids T, 1ha OMERICHT 2 ESRTED ULBEEEAE
i, RApSRKDEND.

T H B EES R (CCF)

b/ TR O R O

(2) BIRSEE

B EHEE (TAR) 13, Cmisvay & Scrumacuer® ORE L 7o OMEEEORE T, RS SREMIAL
KEREE LD LdBigic, fully stocked ORSEGERE LT, MAARERLETET 20 ICKER

BANDEBEEICHT A BEROEBENOT AR TH 2 .

Lirl, fully stocking OFBIZMBHTHD, BIAEHEER» GREM BEA L T5a Kicky
BEA S I OE/ND SHFERSESNL OT, BICESCHESHE ST, WEDhh - & & i
<, BETERA LTOBMNS OHT, HASLD O PHEERMAT 5 5 2 SO HSE, fully
stocked B4y & LTI € X & Lo
D 'Y YT H YT

W T 2 HAS 0 OEBEM, $0bD HHEMEEENS C LRTEELOT, Tablel IR
LTH 5 plot MO L RBEHS NG ENTVS C& o, T0 plot OEREMNTH
AREEERERD I,

¥ =0.062201) 0. 9318( 32 ) +7.0388( £ a2) oo e (10)

LT, V= Jf%‘f&j’”bfuﬂ/\u’ﬁj}

(10) K, <O XHUEMFD, VY S DR
T&bo

Lieti-C, (10) TH
ST LA,

FBE L VI ENS plot DA MCT, BAREEERERY, Chdb SEOE-—-EE
B EEEREE, Tableld KRG ISCHEELVSVIKOVTEHELNS SDPRNTH - 720

B, BWELALTEOBKEHERE, KOLBDTHDo

BE LRSS EELRL LTOLEELS
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DERIZ T B R = 15 e
KEEETHBILL o v b
Number of plots classified by tree-area ratio

. I R : B
Density level Range of tree-area ratio l\umbsr of plots

1 100~ 145 (%) 17

I 75~ 99 26

il 50~ 74 10

Table 10. g Y / i
Allocated ground area for a tree estimated from tree-area ratio
equations for each density levels

Lo Ik

|

RO B - B < ! oo v Density level
Average diameter R :
(cm) i I : 1
6 1,95  (m?) 2.44  (m?) ;
10 2.96 3,38 ‘
14 4,59 6,89
18 6.83 12,98 i

ZeHhTiEdi,

Table 12 R4 55

by ORI
AL, L
INGRETOY S

—

Kb OMICIRFENED LN D, Lizdi-T (14 KD

e L
VTR ESERH T

Db TN G &

TGO Edn b, BE L 1O plot i

BT

ELmbo, 0y Rkl

Table 11,

Regression coefficient of the equation (14) for each deasity level

Pl k@ (14) SR

s L N % % Coefficient U S
o Densxtbs level Coef. of determination
by b1 %)
}: w{'\ 0’79
a -0, 0219
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Table 12.

ity
T

LR EO (14) Kok

Covariance analysis of the equation (14) for each density level

E w G ; Surn, of sq. o . .
Source Slope d. f. of residuals Mean squres ¥
Level I -0, 035% 15 0,07701
Level 11 —0.0216 24 0. 12316
Tevel I -0, 0170 8 0. 09956
EERE  Unknown 47 0, 29973 0. 00638
Between slopes 2 0. 00597 0. 00299 1 F=2.134
Common regression —0,0235 49 0. 30570 0, 00624
Between level 2 0., 49840 0. 24920 39, 936%%
Compound regression —0,0228 51 0.80410

DRSS T

HEEOWMBICHOL N LY

JrO D E MR O

Lok A 100330 &S D,

BN Table 7

Table 13. CCF T8 L7

BB LNTINS

AVEYRYREN

pee ] e
[ESWARY L T

N5 ILH

B L & OB K

INTO%

W T EMh P odie L

Coefficient of the TAR equation classified by CCF

e DRY

EEZLNED, TIMHL

o s
TLIR

| S %

CCF o #5 W 7 a

v M

#% #  Coefficient

e e

ot ] T N Y ; S‘candard
Density level Range of CCH No. of plot b by | be deviation
i
i 250~ 300 48 - 60,46 4,7
i3 200 ~- 250 62 105,16 5,7
it 150 ~- 200 46 137. 46 8,2
2 Total data 56 2,99 |—19.84 | 188,21 15,5
g Yield table’s data 95 1,70 |— 9.90 | 176,79 14,9
Table 14. #EE L~ S L OBRS 720 HHF R
Average ground area allocated to a single tree in terms of stand
average diameter for each CCF classes
@ L ~r Density level 1 il il v
CCROffi Range of CCF ’ i 200250 | | 150~200 100
& ¥ % I {(11 W4 5% ol ,
Average d;amuez - Allocated area % to level W i 4 B Allocated area
(cm) (m“) (%) m?)
10 y 36, 4 3. 16 3,87 7,01
14 3. 63 36. 8 4,27 3,31 9. 86
18 4, 89 37,1 5,76 7.19 13,20
22 6,35 37.8 7.59 2,51 17,01
26 5. 00 37.5 89,78 12,26 21,32
30 9. 86 37.8 12,25 15, 46 26,10
34 11,89 37.9 15,09 19,10 31,37
8.0 | 1827 23.18 37.18
40 38.1 19,98 25,38 40,19




Table 18 & 4 fil--67

feavasvial

SrA

518, Nrzson 63, Wewcer
g S i fully stocke

YT

3

d2 X HAMICA oo oermermrnereeonn -
=2. 010

{rooce

MCA 34, B90 d + 15
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Table 15, Wikt e TRA, CCF & SDR & oM
Relationship between the basal area ratio and TAR,
CCF and SDR
Ferd el ™ 2 et 4 {)\,:" ?\E % ;i;’]’\ 26
B BE o 5 i % ¥ Coefficient Cosf. o ‘ =
Measure of der* ity 5 » dctermmauon :
o 1 ‘
(%) ’
Bk 5 & B Tree-area ratio 0, 445 1. 016 99.9 | 0.66
WEsae Ry Crown competition factor 1,442 1. 016 99, 8 Z 0.75
MSBE N Stand density ratio 1,021 1,022 99.6 | 1,18

Table 16. TAR, CCF, SDR OMHEBRERT Kl OBRE

Linear correlation between tree-area vatio, crown competition factor
and stand density ratic

- o R R o
. . . (77 Sy gy LOOE bR A 3
o o RE # ¥ Coefficient Coat. of .
Measure of density : 5 determination ’
i o b1 o (%)
i %% N2
TAR CCF  Between TAR and CCF -2, 252 2,709 99,0 C. 38
TAR SDR  Between TAR and SDR 0, 203 0.743 99,8 L0074
CCF SDR Between CCF and SDR 0.881 | 0,274 99,7 1. 00
GSDR—-‘»T’L’(E2 Hmanid
w1 ORLE OB, e ()]

LT, Y=
X=TAR, CCF b &® SDR

KR T, Table8 IRLTH 2 lBHIC
H &R R

AT,

5 LR
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(23) B & @7~ (29) KTHEH S5 [k DUAREE DI
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AR TS

CEE L, B, Lo

E DIRG ; 7o A A

EUT, (80 NoREERD

TP, Y VT HYTHRMCOOT,

7’\.‘%1.}_1 r\_,. Table 17 ;\_/j\ e

BiL 66% TH -7,
Fre s FHMTONTE

REESE LT, (30_\) &
AR, FNEN64.0%, 64.5% TH - To
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EYYRTAYTIDOT
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Table 17, %

-t byl beld O

e and precisions of the equation (30) for
each measures of density

=0 o

Regression coel

LA S
Coefl, of
determination

(%)

Table

of the equation (30) for each

N

Regression coefficis
density per cent

and precisions

H : PN

Standard number

bpecies

Coefl, o
determination
{940
K G

2.0893 73,0

e, (230 - ’
73,0

2.2421 73,90

Hinoki

BO~120 % &




FEEAN O ELE O
EOWSEL, ZREOMSD

3 DBEERN G,

¥ (23) BXU (29) #H-

L L, CRLDBHROINGEELTO IR BT AL0THY,

HEBIZE DR S5
= PR TE O B R R

=3 :’ih['j«, tf;bnnj y&% N nLF@/K{EuLJ' = %}9::

LT, WBBIEENETHS S,
6. WEEMTHEENRER
£ U OF S et 3

& A, CORBLOBEECLTE

Hokbh BN
ST, (30) A diEsic M 8. Crarnowskt” D

T B IR OHEE

v 95 (30) MOBRKEHRBE
Regression coefficients and precisions of the equation (30) for data of
Amakusa and Kurate district

« % " e BB | B 2
“ Coefficient Coeff. of Standard
Data source p | . | p,w 1ot | determination deviation
0 Lo Lo (%) (em)
E;rnzégnt N 1, 3970 10311 | —2. 4091 88.6 0,98
e A Sk o
7§hxakﬁsq %ﬁ_trgz N 0. 5504 10954 | 1, 4946 87,0 0.99
% OF B B s R o5 4 o
Kurats U;gt - 1.4080 | ~—5,1892 92, 4 0. 44
Table 20. HEOREI &0 (33) OG- HEEE
Regression coefficlents and precisions of the equation (33) for
each measures of density
e A y wr e g P i
g ke K H\'\ & FE 2N e I B A
Standard n:j\mber o Coeflicient Coeff, of Standard
& of trees ; ‘ b determination deviation
bo ; 1 (%) {cm)
(43> Y T ) D ATAG 1. 2655 34, 7 ; 1, 24
Derived from eq. (23) 2. 4149 1, 2635 &4, 7
27y Fic kA 5 Due PR P
Derived from eq. (27) 2. 2481 L 256( R L2l




BRI I
PRI B EY

(2%

3 M 1 3! R I I S I e' 2
()}lgg,}),ﬁ,;h!zl(,gﬁgﬂ{,1) et PO i (43

20y )

Pable

dg=1, 3970+ 1. 0311 4~

4091 12

¢ dge=0, 5904+ 1. 0954 4~ 1. 4046 D

SEOF Rl
E O A B
S, 5. of restduals

S
/\) B

Unknown

Table 22.
Comparison between the equation (80) for
Tapaxr’s data and dominant trees

€Y

| i ]
- | F
ar | ‘
Between slapes . P 5
Between levels ! 10917 1.
Unknowrn 94 i 103, 1885 !




— 24 — # 265

Bl aRsdT 5 0 Kok

Comparison between the equation (30) for Tavaxr’s data
and all trees

Factor T4 f

Between slopes 2 1/ F=1,104

il Between levels i 1/ F =38 375

Unknown 94

Table 24. (37) 3

Degree of contribution of stand height and density
in the equation (87)

B A H oW I
Factor d. f. *
Contribution by stand height 1 363, 6621 359, 24%%
Contribution density % 1 23.1868 22,91%
Unknown 97 1.0123
Table 25, BRED (30 g ;
Minimum allowable error of estimate in the equation (30)
for each data source
Allowable B Allowabie s
o Aldlowable ervor o o owable Error
: (cm) Data source (em)
! Tavaxr ¢f al. 1,83 Eok All trees 1,36
ok Dominant 1,54 4 Compound 1,74

F. Frepse™® 13, 98 E LCH

N
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- (Table 23,

LR

AL DY

; ssion coefficient and precision of the eguation (42)
for each measure of density

J& 73 7 B

Measure of density

7 ais}
Standard
deviation

13

LLEIC S o, 126 0,700

Tree-area ratic

DL 2

(20l X B WEHA 6. , i 5 gy 0 o
Density per cent derived from eq. o

o
&
&
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Table 27,

Regression coefficient aud precision of the equation (42) for
each data sources

¥t Coefficient Coeff. of  '&otam 4"
N . L U
Data source bo by byX 102 geter(rg;gmtxon deviation
A Dominant 30, 0,0676 99, 1 0,115
A0 All trees 0 0. 0. 2004 9é. 1 0.217
& M Kurate plot & 0. 0,0588 98, 2 0. 064
[BRHD  Hinoki permanent plots 5000, 0.1702 98,2 1 e

Table 28.

Regression coefficient and precision of the equation (43) for
each data source

. # b R
“ K Lodhuun Coeff. of Stan dard
ater G i .
Data source bo deviation
A Dominant 0. 5392
A All trees 0, 4564
# Kurate plot 0. 3020
Hinoki permanent plots 0.4768 ¢ 0.4813 98,0 | e

W, (40) LTS

LD

CEEENERRE TR L,

AT, B s HILE DR A

iy l(
HOBR DA

A MR HEE RO

AHE T

B g &

SR
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bog se==3, 77290, 0358 &
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B, 17.7%
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Table 29, CCF o7 7 2ilickd sz (63) (64) s F¥K
Regression coefficient of the eguation (53) and (64) for
each CCF classes

W ' 7 B

CCE 7 3 o2 Basal area per ha, Stand volume per ha.
CCF class ,

© (00) dg b1 l){; ’ .51
180 ~ 200 1, 3268 0. 1596 7,945 2.6927
250 ~~ 250 1, 4181 0. 1696 —8.9189 3, 1085
260 ~ 300 1, 4590 ! 1, 1851 —8, 5528 3. 5690

|
T

v/ F D

L oROPERRIE SIS 90.3%, 87.0% ThHU,

WA L TOAZ EBbrate

w<~

;\‘EEO)E«’\:T/I/L“:/H T {),;Jﬁi/ﬁ;, )o 3\ 7‘39
O, WEHSEL

8 %ﬁ%ﬁm?ﬁh

FEDRE S UTHONE,

LRzl i —SRICERWD BT Do

A

WL, T DR,

ho(2—log Dy)

log Dy=2+ (log Dg—2) (hoity)
............ 59)
s S O IR D,

DR

ST, OBMRIE, K

EESAN- Y13 iSI

Fig. 4 MEFHEDE
Change of stand demxty




Table 30.
Esamination of hypothesis on change in stand density (Hinoki
permanent plots)

ey -
5933

Estimation from
eq. (59)

A

0

Af

yme of plot Initia '
me of plot iitial or

density O yvrs.
(%
Koshisashi | 64, 51

i il Maruyama

Tankaino

59,40

& Osuzu

&1, 70

61. 80

O I
58, 65
Hontano 80, 38

Natsuki

B Kirishima

Aoidake

Manzen No.1 89,75 a0, 6
30, 44 93, 22
Manzen N 5

Manzen No.3

2+ (log Dy

dr -
g L8

7, (59), (BO) &
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Table 31.

Precisions of stand volume derlveu from observed and estimated
density per cent

Precisions Standard dmnatzon Allowable error
SN TR S TR TE
Predictive period Observed Observed Estimated

(yrs) (m¥) (m?®) (%) (%>
3 : 33.08 34,11 15,3 15,6
10 32,28 34, 7¢ 12.9 13.0

Table 32, BROEEOHLIZOOT ey eThvT)

Examination of hypothesis on changa in the stand density

E W A O X FoE O Final density
. . Initial density | 92 i (59) K,
e > 3 A \ 4 =
Location Plot Observation (59)
(/u ( ) <OJ>
- 2 75,9 84, 1 79.0
L ¥ 3 69. 6 77.% 75,5
i 4 | 68,9 77 73.0
Kurate ! 66. 2 74.9 712
" o A-1 45,0 50,0 51,1
~ e A-T 48.9 52.9 56, 2
. B-1 84.8 83.0 83, 8
Minamata B-I 911 87.2 88.3

Table3l JWRT XK, BEAED

SRRty W, Liedi-T, %

‘)9>, (80) T ARy , s % 510 F 0 TR I TR

E2 e

S, B (4

EERE LT

£ (60) ROL

fﬁ ;L)a&f’ () f&.u\”_:\%/‘N{{I
LR, TiE3R

A LTS D o P P

AT, 5~10 41

WD RAZEWddratre THOX

RO S B, RS & AR EF O

FIC DT DA O RSB AR LT



index

- Gr
Stand

height
{m)

N

- )“'
umber of
stems

v 1.
Basal are
per ha.

Volume per ha.

(m#y

¢

(m?*)

13,

26,99

]
v

9.0
10,1

josd

Nz
~

[l

770

Mote : These table shows the diameter of average basal avea tree for the

average stand diameter
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Table 34.

i

Prediction of vields controled with number

iy

HOR MR K| B RO

=

Dominant

OB )

Age

B4tk

i

Site index (yrs) height A‘y, dia. | Number of Density Basal area
PR (m) {em) stems | per cent (%) | per ha, (m?%)
4 6,5 6, 6 3, 625 80.9 12,40
5 7.2 7,4 3,124 73.5 13,40
6 7.8 8.1 2,771 68,7 14, 28
7 8.4 8.8 2,522 65,8 15,28
10 8 3.0 9.4 2,326 63,7 16,11
9 9.5 9.9 2, 180 2.3 16,88
10 10.0 10,4 2,044 60.8 17. 46
11 10,4 10,8 1,942 59,6 17.92
12 10,8 11.2 1,852 58,6 18, 34

14,
15,
16,
17,
18,
19,
20,12
20,77
21,

10
30
19
31
20

4 7.8 8.1 2,730
5 8.6 9,0 2,400
& 2.3 9.8 2, 160
7 10,1 10,8
12 8 10.8 11,2
g 11,4 11,9
10 12,0 12.5
11 12,8 13,0
12 13,0 13,5
4 9.6
5 10,7
1.5
7 12,8
14 & 5 13,1
9 13.2 13,8
0 14,0 14,6 1,277
i1 14,7 15,2 1,224
2 15,4 15.8 1,194

54,
52.
51,
51,
51,
51,
52,

MOy N G0 N0 Wi

i 00

953

5
5

w

TR
O FHIR I,
(1) Bk

i ST

AOTHR

AF==0,53924+0. 4818 &

BEADHST

log D=2+ (log Do~ 2) (Ad/ A

bkl

7. Note : This table shows the diameter of average

12, 14 20 THERR Ltce

(jg:}’ 683440,9932 1. 9431 Do
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vield table of Amakusa

of trees in the

A

All trees

) W T KB OR

Volume Av. dis Number of Density

Wro i
Basal area
per ha. {m?2)

%) by
Volume
per ha, (m?%)

per ha. (m?%) (cm) stems | per cent (%
45,7 6,2 1{
53.6 7.2
7.9

o
Lo O

O
ES

N o

3,73

Y b

._.»—‘
30N D) N
LN &

~J
SR o]

[s¢
2
Oy O

61,5
60, @
60, Z

59.8

]

s

N >
P

o s .
] )}‘i Wi

(A) ha Bl

(5) WHEDE
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SRBRGITIR S 2655

PRRIRRE & Uteo

D2 ORI X A IGET B, Table 38, 34 105T,
10, FEOBEEEFNCL 2 NBEOLLE

T PR EROFIER, WALLIEE

FEE TR R Lo 8 R o PN R
COTHBIEICR L2 £ 0 0 EMRNOERR, BEEAER0% TERE LEENES 7258546
L, 80% iR LIc & & 60% 1078 B &5 IKIMRETTL S BAI >0 T, A 12 OB MEOLCF
WEAER L T
B OB TR, WHEEOEA EF U CEEMERTRLN D OT, BECERERRLREOEWAD
ARE Utco BBEOERTR, MERMTHELN A ETHERERAT 20T, FHEOEML (60) KTk
WHTEE Uz, 125, (60) R OB LIRS ., BIROARR L
A HLEE, WEOABERADKRELT, 4
FFHOEHFRTRAKRADEER, Table3s [iRkd L5 ki BN : & 72 -T, 65.0~62.7%
EUFOIRIEL IR T AD, (60) X oRdFERVUCE4.3% &b, Lbl, 20280
OEFEARAE AT, (7 R THEML LCHTARTEEEE 02 0.20~0.30mm TEHHET &5, L
DT, (B0) NTHMABEOEEFRLLTELOE Hil, CO2 &BHOERFNIC X5 TR
#% Table 35, 36 WRT,
B L OAW TR FRETE - o 4 BIHOY

SEFTIC K B URER A, HAIENK 12, R 12 4F,

ASED DRSS 5 & LTRD RS Table 37 5RY . X, 2L L THHEOEGERLT

BEBEOURDHFBLIUD -BECLAEEC HIELE, ETHERE - TV, 23) X LED
ENAEBARI L AEHOREEZHNT G7) R, 61 XBXU 60) X, BEENEZEHTLO
CHES B2 BESH R I 2B TANTRTHY, BEEHET RS TI28EE RO

Table 35. FRIFMEEN 60% 1078 5 & ) WIREMIRATL 5 Ba o TR
Prediction of yields controled with survived stand density 60%
at every year

W oy % R Surviving trees A kAR All trees e E
4 MO | PERE EmEESH MOH
e Stand R o 7 . AR Vields
fg&g. , | height | Ay. dia. | No. of ‘\;;;ng Ay. dia. gg;wg;;n V;g;*;ig, )
() (cm) stems () {cm) %) (m?) {(ra¥)
4 7.8 8.3 2,423 55,06 8.2 65.0 3.4
5 8.6 9.1 2,262 68,7 9.0 64, 3 4.6
& 9.3 9.8 2,133 80,7 9.7 63,6 3.6
7 10.0 10.5 2,010 93.7 10,4 63.7 4.4
8 10.8 11.2 1,894 107.1 11,1 63.7 5.1
9 11,4 11,8 1, 801 119.0 11.8 63,1 4,9
10 12.0 12,4 1,711 131.4 12,4 63. 2 5.4
11 12,5 13.0 1,639 141.9 12,9 62.7 5.0
12 13.0 3.5 1,570 152.6 13.4 62.7 158, 2




Table 36.

Prediction of

vields Wlth schedule

survived (iensmy 6075 at density B0%

that will be thinned to

i Denst Y Av. dic f ste " Voi e per ha Yield
) per cent v. dia. . of stems Jolume per ha. ields
Aae (VIS s “ e 3
Age (yrs) @) (em) €N (m¥) (m9)
2
4 7.9
5 &, 6
Thinning G. 0
& 9.6
7 10,3
g 10,9
3
10
12
Total 202.8
wmpﬂrxson betwwn prediction of yi f_id by
density control methods
(i i il G

Control methods

ield

225, 7
iy R
1 ﬁo 152, 1 1.3
O(‘(\/ S ﬁ:{}} E [”i Ll\: (550 N4 194, ¢
fl e O, 4 P 4
Thinning to 60% at every vears -
80% 103% 60% 1B o ) o
Thmnmg, e {:O % at arrived 30% 187.0 1T 02,8
¢ f‘f: ]
162, 9 8.7 171.6

Yield Lable
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T A EA, BUMICh: 2 REEERNCE SRR, BRETREENTROEEINL, SiHEo
TRD SN LREBCHNT, PHTFRATL Y FECOWTRETECEE L,
TMT%m7m%bTwé,&*@@%0ﬁ?Lkzwmwnufgmmm.w,10@@%
FICBT 2HEESE LTS b & Ui, TOEE, EREOBMEN LRI &0
PURMHBRI T 2 2 & & Lk,

2. BEEHERICL S

MROMROBERERI, BHIRESE & HIACRIKEIINT 228, £0RINMER LN B 0hs
Y, HARBTRRICGEL, TOREKBOBINE & QICHDT 5. COEAOEIEE, Hik, %
BTED 2T B, LT, BIRESNTOAREREER DS L, KO Enc i, o
ESIUCNOORAMERELEARZTRAAREPERE UT, HERSNICE - THETROVESES L
HEREED T 5,

AREETH, BRE VTR TS 2 B, FiioEREE AT A KRR T97TH
D, $TCHHRBINTOIMERNR, BEAEH LD 3EROMASHEEGATNAEDT, 2OMNT
WEBEORIFTH - L 3HOMERLEY, EROKIEEORELERL LTHY, RESMELD

UMEERET A T & & Ui,

PR TP BRI OV THEE, B O 0 S5 A K DEERES Y O A R,
i

v

~

BEEIL - 2 REREERR, ROLBDTH .
(1) Gruscuow & Evans® A3 Slash pine KM Lz b o
Ty=bo+ 0y (A) + 5o (8) + 83 (D) + 5y (D) -+ b5(AS) + b AD)
4By (ADE) +Bg(SD) 4 bg(SIEY corvererroeiiiniii e (62)
(2) Danus'® 2% Lodgepole pine KW Lizd o
Ly=by+ by (A) + b3 (A%) + 53(A%) +55(8) +55(S52) + 54 (D)
by (ASY F by (AD) 4Bg(SD)  orerrvvrariivriinniiiiriine i (63)
(3) Newsow 5 By —ZwvicHELLEED
Ly=bo+ b (A +82(S) + b (D) +5,(D%) + 5 (SAY)
+0s(DAY) by (DBA) 4+ hg(SD) +bg(SDB) vvovvenvenevnen (64)
CoT, 3OOERE, FHDLHE, Wi, HOEEBIURERR, FERCHOOLTOALDE
B <, RO KD ICHED .
Iy = 5 ORIk
S =Pl ¥ & ML SR Tz 50 HRIC B BT E
=M T, BIARHER fo O BT Lo
&SIz, Danws ZUAIOMDIC ha H7o D R, BEE L CHESSENEROTRITRER2ET
WHOT, FEIZOWTHRE L,
Ly=bot by (A) + ba( A% + By (A%) +5,(G) + b5 (G -+ bs (D)
by (AG) 4 by AD) A+bg(GID) «orvreeoveeasitioviin e (65)

LT,

Hpbilc X 345




Gruscgow ok X708

o 1L Gy
L*f j/J))I’D ’{m(/)Z

o m

L7 (62),

VT G T0% Db

(64)

Precision of various growth prediction equations

s oK

i B

(uation Grust

SHOW 1

Diasms

Me@ sure of

i'ii
density

~
o
K
3

N
O

- 1 46,3 1
bmag area per ha. 16, 16
s, TAR o

‘Basal drea for site, 2,

Table 39. 473

Precision of various
significant variables

t o R 91 |
Hauation '\/icamro of dcrmt} Significant variables IR
% (SDR) YSDR. S (SDR)E -
‘3 and dcnsit} ratio i A, AXSDR, §x(SDR) 35.6 5.
Gruscaow ~d_1§;‘?i1td210 i A, AXTAR, SX{TAR)*® 35,2 15, ¢
i
ha &7y (G) 2 . L an
Pasﬁ area per ha. G SXGE ! S 1
5DR SR, SXSDR 18,4
Danums TAR TAR, 5XTAR 15,6
G SA, AL AR SXG 16,0
SDR (SDR)%, S (5DR)2 34,5
Nrrsox AR {TAR)?, SX(TAR)? 33.8
G G, SxGH
Dansts 7 TAR LA, A2, A% TAR, TARXG 0.5 15,6

P A=FRES

Note ¢ A==Age

S==5ite index
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LD L LHEREISRVDE LV, HH
*® Nrevsow b OREREFRRIC, MOWBEIE, BASHE, ha S0 WHES OISR,
W EBRENEROLOVTNEEEOREE UTHC T, AU LS RlERESE o h s S L,

TS ER DA L5 REBMEER TR ARERE, WEMBICE T U iEmioBEL,

BOHC L HMEEEERL Ho s B4, Dasus

T-

(47 L CTHEINLB/NOF BB UL YOBEORER DT AR TN 30%,
HHEBOSHOX T BY &30, NHRHEHOBBIWNT M HFDRNET EL SN -
G

3. MPWER MERELY SHYLCABREERS L CINERTARIC & AR
RS 7 G5, BN EER O BRNC X B MR O PRF AR U, B0 I& R SOV I 0 R
EIERICEH D f R B R
Ui Ly dlEi Lo
BUBETET, i

T KBTI DOV TER Ui,
) OBRBICYNTE, FRENMTLERDTHADT, BEED

TR X S R Esikd 5

MEREEE, TOBMCE - CTHEOES
‘q I\‘%;xj\ Z \% o
APFETEH, TOXDEHETHET

R OO Mt

HATE D BE&0THITHRC

9 2 5T AR I A B RE—R A L2 BB & O WA OB IR, I D
HAHRIC L UC, Bl e >N THEAO  RAW A 0h LR A HNA 51186 0T, HREHEE
DO TH AT AT RS R PR L 7o

BB E O EORENESE, SELAREFLLT,

WAL, 3858 FEICD T 5 AERIE T MRarE DY
o e 18 23R, RATHOMREED .
B =75, 77— 63. 020, 9864) ¢
L T e T s (66)
"* © ZEE, he i OSBRI,
i e )
- : §4E T LIl b ORI
T kL, S0AER N & LT BRI kT St
i : ‘ Z DOHI i T E DL, Cormist® OFEEK
40 5 " ’50% ﬁff % Lo THIE IR 88~~58 D rhlic 72 4 48 A2
Fig. 5 0 £ % 8 G L, BT & @ S84 R LU R OB E A
Site index curves for the data R L LC, Fig, 10 0RTHAIESEE» DA b

of permanent sample plots. P ABEDIRAEE, HATOBBMMD bR 48 4
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B

o3 ;.L.\

E LIS AR
R LI & EAH AN

Courrer® O W28

log Va0, 7049+ 0. 0285 S+0. 9758 log G—10. 1611 A% wormermsenne (68)

CHLN T

CHTIEY (72) R
AVIdA =0, 4984 V*(In () A1+ 8, 0209 V¥A"14-0, 05329 V*SAY

G208 TH A" e oreconemmamnaomnrsorins s irn oo 72

AU LT Crorres A
(3)
1) TR ENAD

BGIdA=G1(3. 6986+0. 0661 S—1n G) A3
(3, 698640, 0661 S—1n &) MG = A YA

DDy
3 G(3. 6986+0. 0661 $—1n G~ J{z(‘f»—{ 1‘34-441&

~1n(5. 69860, 0661 S—1n Gp) +1n (3. 6986+-0. 0661 S—In Go)

=10 Ap~1in Ay
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C DR, QT A

1L, BN O PHIRE LR 12,
I Gy=3. 6986+ 0. 0661 5~ Ay A,71(3. 6986+ 0. 0661 S—1n Gy)

COT, Gp=l:RWEE, Go=IEWTE,
= IR, Ao=IIT i
{(73) Ii/(:?ﬁ?jif‘j‘“z)j@/\,c@, i 5% T 6.0% 0
FRIC LT, 72) KTRSWA2MRRERICET 288 FRVEHOT, HEUIER FHRE R 7,
@2 Koo

R B LBIE D,

1jVedV[dA=~0.4984(In G} A™1+3.0209 A-1+0, 05329 S4 1
—31.9208 A2
dV| Ve (0. 4984 (In G) A"1+3. 0209 A~1+0, 05329 SA4-1
—31.9208 A" dA
InG T (73) ROBMBEAN, FUERE, WROBOWH

Oy UTBE L, RICRT RSB O

In Vy=1In Vo431, 9208(A, 1~ A1) + (1. 177640, 02035 §)
X (In Ap—In Ao) — Ao(1. 843340, 03294 S—0. 4984 In Gy)
KLA ™ Ag™) coerereiimin (74)
CCC, V=R, Vo=MEiik
L RTHET 554, BRESS T, 6.7% O
(4) BER-EEEEO TR
Miﬁaiméé ‘?IEM%Z‘”‘“% THRnIfnic (67) RTRT MR LR UBoRE, WEEEs

SR R K}:/\l)}(‘)

10.9’, ng;“—‘bo'i'ﬁs'ﬁ'bz };og (‘;+53A I N DT (75)
z OD»K:"¢ 3 u&‘%ﬁ_ﬂhﬁ?bf‘ Z%QVC ’ibfﬁ“”r’ﬁ'{“\.f’ «:rfx,o
log dg>=== 56680, 01814 S—0. 1580 log G—11. 6950 A1 ~vervvereenncnn (76)

PR, 61.0% TH - 7o,
(78) e LT, BB oBEIC SO T Is R e A B,
d(dg)/dA=—~0.2458 d *(In G) A-1+1. 6231 d A1
40,0227 J*85A-1—95, ggggjgazeAﬂ .............................. @D
T LT, dF=(76) WA
ZOROWEEEIT, 85.5%

DB UTEL 2T 0328, i
BEEE Uk (76) RoMSHSENTY DRABNH L3, Crorrer OWTE,
PRBREERER L D ELEBLODT, 77) REFOTE PR AEL © 2 & L,
SR UL Y, SR PEEROFINRE L TREEE:.
In(dy) p=1n{dy)e+25. 2238(A, 1~ Ao" 1) + (0. 7136 +0. 0064 S)
X (tn Ap—1n Ag) — Ao (0. 9095-+0. 0163 §—0. 2459 1n G¢)
X {Ap e Ay ) o (78
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Table 40. IHEE O FHkA $ e f B DR
Predictive vield controled with basal area of main crops
in the yield table of Kyfshd district

it W 4

it i ;
N ik er Basal area per ha. YVolume 85O B
€D I e st | v e e |
’ AR S S A Vield
P Before After Standard | Before
Age (yrs) thir. thin. | ‘ thin. {(m3)
(m*) (m%) (m?*) (m?)
30 a5
35 37
40 ;
45
50
55

il For L AE 2 el
T BT D

Om? Qs o, 358

iz, Fig 6-1 25 3L0m? Tk 5, Fig 6-2 240 L7,

£ #MIT

271 m® &

31 0m? iz

% 20.6cm AR D .
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Table 41, 54T L WHBERREAZ 40m2 242 X 5 0E8T 5800
Predictive yields controled with the schedule that will be thinned
back at subsequent five-year intervals to a basal area of 40m?2
) oy @ o Wi il bity ¥ bit
Hk W Av. diameter Basal area per ha. Volume per ha.

M0 A0 DR MR R R ER BT RDOIR OB E dE I IR ORY Vield
roray | Before | After Before | After Standard | Before _
Age (yrsd | "nin 7 thin | thin. | thin. thin. (m?)

(cm) (em) (m?y (m#) (m%y (m?¥
30 7.9 L3800
a5 ! 18,4 18,6 41,7 40,0 3., ¢ 271 260 11
40 19.6 20, 4 5, 1 40,0 300 265 35
45 1 217 40.0 23. ¢ 311 265 46
50 24,0 5.0 40,0 18,58 310 257 | 53
55 26,8 4,0 280 280
2+ Total | 425
Table 42. 3 BEMOBEERHRC X 5 MK
Predictive volume vyields depended on three
control methods of stand density
v owm K G N NN
Final yield nning yie otal yie

" Control met‘md (m¥) (m%;)} (m%

i i 64

Unthinning 422 0 472

0% WE 3 o Wy iR 29 . 3

Basal area in vwld table 320 L8 : 438

MRS 40m2 ¥ TR . 4 =

Thinned back to 40m? 280 149 425

5% Tabled0 12, EME%, Fig 7-1~7-3 |

DS 40 m? 1070 B LD WA T, BB ARTIN
CRRTEAR DB
v, Fig. 62, 6-3 ILBT, CTEOME, SHHEELRD D, T
D EER I X B T
clE 425 me A7 Id HHIVRER 12 280m3

T OBAORIER
& 40md DERE U T A5,
f&?}b; /Z\_AJJ) )

ha B VAEERDEEHTE D,

Z :)3/1‘:—5: ﬂa) A Table 42 D F (/’7'@‘ % e
&S, (82) X ofEfisis Fig 1L IZRT LS

BYRT 7 7ERNNE BH RO,

HEHCRBEDER I
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2. REFTORBEBRZCET 5WME

1. BITTERLICH (I SELEEBEORE
HIE Tk~ & S e, Brrrsrucs OBEHE A L7 angle gauge 1K X HHIEMIE, S0F HO D ba
HROWEMEELT L0, ERAREILAS LT, £HO angle gauge THE LAWEREZ, ®
BREEEOREE Lebohs, OB ET 3 RMENLHIPHERRNENERN LTRES L
HOBREINTV B,
(1) sEAaEE

Lemmon & Scaumacser?® (3, BAAkOhiEiibsad LT angle gauge TR Ui EZ0)]
REBEALOBPFEFETUCHHLTO S EOMER L -T, 4BWHONEREND angle gauge

BT, RIGRTHHT, Ponderosa pine @ plot TEANXEAADEMED acre iz b WilHE
D, CHERMEES LTRATH S,

1) WL, 10, 20, 30, 40 0 angle gauge THISE L7 & Wi

(@) (L) THEE L 4 T80 angle gauge 10X A WHER O

8) WE 10, 20 O angle gauge 1T X A WEH QL

4) 30, 40 O angle gauge 12X AWEEOFY
TR L T TR

B RICHRTEL

(i) #HEARTER, 4FHBORKO angle gauge THLE L/ acre B DiERE, BRICELT
Ty b L, RO—KEFELERD S
Gmbyt by (BATF) +vreermieramnicniinoin e s (1)

7, G=acre B DWER, BAF=H
(i) &RT, BEKO d.b.h, KRd 2 NI RECER LT 5.

BAF=43880/(4d)% v s s (2)
20T, d=in BArc#EbH L d. b h
Gi)  (2) ®mTkeik BAF %, (1) KA LT acre b h WiEHEA RS 5,

U-~(5) TRbdiz acre H 7z OWERE, RIORTEBREREEICANT, BEVPIMTHERED
W8 - e
log Ty=bo+by (11 A) +ba(1/ A2+ by(G) + by (Gl A)
550 S/ A) 4 Bg(8) by (G AZ) A4 By STAZ) + v eoreericirioniiionin (3)
A=k,
G=acre 720 BIEH, S=HRHER

Table 43 107%¢ 3 51z, WM EE 10 ® angle gauge Tl 7o acre H7 0 IERIC L A THE
PIRS: & SRR S

(2) MBS

Seuret® {3, —EOHTEREREHD angle gauge THEE L TR ON S BACRO R B RIL, #5r
EOWHERO-—HEEMICT ¥9, FRUURETRDZICEERAEDTLD ok, Tofics LTE
BMARMT D AEME L 2 LT, MEMEY: (angle summation method, AS ¥) #BE LT3,

LT, Ig= 5RO




Precision of the equation (3) in which the measure of paim
density is estimated by various basal area factors

P
Sum of squaxe of

residuals
W ‘ y 19, 110
Rasal area por acre mtnﬁaied from mm area factor 10 P
” 20 ” . R
7 ” 20 19, 721
1 30 7" .
- 70 LA 0
7 s 30 20, o4
“ 403 ” .
a1 9s7
s 2”7 40 21, 28

WrRRE SRS 10, 20, 30, 40 2T 19, a1
Average ‘r;asal area cstmmtcd from basal area factor 10,20, 30, and 40 ’ :
” 10, 20 4 1 1
o : ” 10 and 20 L9, 338

o
o 30, 40 ” 20, B&D

” ” 230 and 40

] Lizm—h—&iDEis
,xﬂ (nm per acre estimated from modified factor

Parrerrics OF Ak, i EHOATTOEER, ToRO 4 b h &

= AL

Lfzdia"C, ¢

e 23 .
WEBEIFARE RS T

G;_z(l 1) 5. 625(Dy/ L)

E-SR

s plot ) acre B

TR acre B h

- %

PTER Y f2 8 o RHE plot T,

i /b‘ }\fn

DAREDOTROIEDTH B,
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Table 44, MEMAE S EAMTERICL AMEB LRV () RNl E

Precision of the equation (7) used with the basal area follow to
angle-summation and angle-count method

bl iz WO MO | P O OM & oW R W S
" Method Heavy thinning | Moderate thin. k Unthinning All combined

O I Bk 0,0133

Angle-summation 0.0201 0. 0208 0.0210
i e i
:’fﬁgi-c&xﬁ 5 0. 0201 0.0217 0.0223 0. 0243
7 SR A FSRUTH B

Note : Precision expressed by standard error.

Table 44 R4 5 518, MEMEEIC X AW

Fioo ot BHERZEMN NE 3D, BRO
& BRIBAT U A B4, R (angle count method, ACH) k2 H DL DT ENTING ElNT

PEIR (3 New Zealand @ Radiata pine @ 4 O SHIERHC DO, SEMOBRRER SR
FIREEORE L O BERE, B, HESMTHEEZ BOTHRE L. M8 U BREEORE
R, BICRTHETRE Uk acre &7 VAL, WiEH, Reosxe O BEEY, Homvel OFNHBE
B, Vezma ORPFREEREELTE 3,

1) MO plot (0. 001~0,05 acre)

{2) BARD /5 WE0PEEHOME plot

{3) Brown ORI HIEEE K

) EmBEd (ER8 L 18

(6 MEMEE (77 1~18)

FRMBEORBEOME & 5 FHO FER EDBGRE, ME, BRI FET R Uk
B, BEMEETHEE L acre H 7m0 KBS, B ST

B, BEMFRICES acre bR, RRTRD TS,

=]

CART

7;) }'J\(F’\‘TQ\ZJO

N 1)/
N= 21( 2 ag )"

n n-1
=75, 625 ¥ m§ﬁ>2('w 1 1 ) .................................... (
& 6M0m)([«i i=0 8¢ +2g /% “8>

C T, N=acre H DAL, gi=7 V7 ENFRRADKER
Dy=JPEAD 4. b he, Li==8RA0R &R RK & ORI

X5} 2 0B RNT, mENEETRnc acre B DAY, WEERE
HHBOD 4 Be O Lo TR R R AR U,

Tog Fg=bot b 1og d4balog M rerervmvinii (93

LT, lg=5HRHOL

M= B AR D IR
Table 45 12533 & H g, acre Bz H AR, WHEHOVWTNWEEREEL LTHVW TS, BLE R
EPIRERLE Ol L L, acre B RO FHHEBRBEEORE S L TR BA TCNT VWS &R

AT
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C G T

Table 45,

Precision of diameter increment of individual tree estimated from number
of stems and basal area per acre by angle summation method

.

woOM &
Multiple corre]atlon Coe

Ns

Stand " o N
Number Basal area per acar Basal area per acar
A Lo (%) Lo (%) 0,855 0,870
B i 1.2 0, 0. 880
o} 1.3 Q. 0,925
D 2.4 0, 0,871

(3) ek
Qe® 3, BRARD,

AL FEE e 3354 [ 5 < LT 4 /}K@‘j 4

#8 (zone of influence) @ BT 0 WiE

pe ’) &Lt

BRDRHE

411,20, 1. 85, 1. 45 feet “TH B,

SHAS, 52, 41, 86 {t¥acre @ angle gauge AT, O

R (75, 625/ BAF)Y2. 4

D@l e TR T4

S=BAF- $1 A,+i/A
=1

[YeaF P

{\:

VU, RSk 2o R

TOT, G HEOS

/{\\/’;[v'
‘zone count (feld)” &7, 1033,

BYHHLEELTO S,

AR & AR
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ARCHED LI AMEBE
obliqgue & E. viminalis ©, FEGRPICER T 16
, HESEREZ B L TN D,
Iyo=byb byl b By ooovree oo (13)
LT, lg= AEOWTER
S=HAH o/ H#

WANATE KR XD plot FlE gauge IKOWT, kM EHOBHBEORER LS (18) Ko
O FOME Fig. 13 10RT . bbb s L5, zone count AR < MO HMBEO REE,

35115 PR <

107z plot 013 gauge [T L ABEATKT, WE L
A X TR, BEOEOKE AR LT S,

NWANAILT

SEH
=3
>

Ty
~
#
=

R
94
(O
\_.
bt
o
W

=
)

g
>3

ag e OB &z, plot T/l gauge OEH

dbh D2

AS(I)= ﬂ*l‘*j]lw
Zc “”xl ﬁ]‘ﬁ VA

25¢

HmEr ks (13) RO

20F
. \ s . ; . ; Residual mean square obtained by the
0 3 20 A 5 R .
oo B,éLA. Fim - ¢ @ 80 equation (12) used various meaures of
70 40 80 ) i 2 3 point density.
VO EFE FIERR

Table 46. #88DJH 0D T T B C
Precision of basal area increment of individual tree estimated
from various point density estimation methods

B EE W e Tk BHoksEs | E BB
s . . . . . . Coeff, of deter-
Point density estimation method Optimum size mination (%)
EREOH 1 i) Fee 55 1
Llrculm plot \Vlth LGR‘-}‘rdnL radius 4050 feet 82.1
d. b oh. CHAEE RO 2 b 2. 3~2, 5 ft/inch 50,7
Circular plot with radius pmport‘om‘ d.b.h. of subject tree| of d.b. h. e
EoM W ' 7~-8 ftiacre 80. 2
Angle count )
O I B (hLAREED) 78 ft¥acre 9.9
Angle summation (including subject tree) e
” ( ” )] 78 ft¥acre 80, 3
” (excluding subject tree) R
H## & ¥ (model) 2550 ft¥acre 81.0
Zone count i
1% (field) 25~-40 ft¥acre 80. 6
” e
N |
d b.h & i 65,8
No density variable |




- B OO BRI BE T S 0K

%

f
Y
Pty

DE I

zone count (field) 3
RO B i A o
zone count {model) 7%

HThb

SR CH Y, B

Ve B -
LT Tin,

Fig. 9 FHATREH ’53:0,9'?2&),;
Diagram to obtain the “area
potentially available”

J (¥ 7

% plot #

G- TV S T S e
B A & TR
R
ble, APA)

5. APA %
AN Lt b A Fig, 10 12081,

APA 2@y

Aoy Broww I, 1 403 1112 124

D*v:swn of stand area by the
potentially available” methaé.

dot grid AT G,

Wy plot TR 32--67 12 ER LMK L

R LD T

s oacre B0 OKRE,

ENY
ENEINE G NOR
THD,
TR R

J

Swvrre 5 13, North Carolina #{i2 FALER 22

. WELT

-7
T,
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Table 47. SO K E S OFRFHEIC L L s
Precision of diameter increment estimated from various
expession of crown size
2N 43 Stand A B C
N——— o
I Age (vrs. 9 5
HEOKS & A - a '

Crown size

BRELETR s O, s9.0 0
Crown length and clear stem length 62.% uo 59.0
Hwoo® B (e « oy P
Crown 1ength 57.9 54,7 48,1
3} G (R cg - ‘
Total hei;,ht °8.2 48. 4 5.9
B B R 42. 4 40,5 26.7

4
Ratio of (L‘) and (&)

KT W o o
Clear stem length Z0 0 2 11.6

T BERIERRTRULTH S,
Note : Precision expressed by coeff. of determination.

RS T A &, D iR KT E
EROEABES S MEBERVE L, SHAERCES L ABEORENE LN LN, 2k
RICH L TREE D EOBRERESNED - 7o,

MRS, MADREEAOREL LTRELOFBELZEATHHOT, MOETHOS & U,
EHEMEORE XICH T 2RBEEEROINETH L EB/AT0E,

AR & OBIRAE BRI LT, BREOR ES 570w, RADBOMOEE L BR

OEVBRE R EET A ERO 4, Red cak 10207 Warp® 350 -~ T b,

i, Bk FHA OB BARD EAE IR SR BN LE A, Haweey &
Swrrs DFF Lok T, BHEAE S DOMERICHEL, S5 EIKBRFACEENLRESARD
YIRS 4 A SRS & OFEEEE L OB
Ay FAEAR, IR, BRI L, 5 4, 8, 2, 1 0O

Mok B OBTEESE, AETER OB, ERAREBRR L OMOBIEI KLHT 4 LREL,
AT BB A ¥ (crown competition index, CCI) X&-3rr, HMEHED REL L

TR T A,

Table 47 w\./T\@ﬁ(j\ @.4 #

AR Y

FIEEL, CI= B R ORBR IS 2 fi8
D={ARAR L #IAR L OB

Red cak O 5 HOEEHRMCDOT, BREE/MEL CCL L OBFA R THIF L.

LCR =+ 51 (CCI) vrermrreaere s ittt (16)

27T, LOR= e B
CORDBLER R, Table 48 1WRT,

5 DFRE C A LT, CCL #k4ME, B LU7

MR LR, vallic s bosRET, &

wl\
}4\\-

J

ERITE O Sebi,  SERSE RO /2 24 J10D 4
Bid 44% ThH 7




Precision of live crown ratic estimated from the crown
ion index and the sum of ratio of d. b, h./distance

25 (d.b. h./REHE)
5o (db.h/distance)

Stand Age (vrs.)

Coeff. of determination (%)

3 Nature 10 15

AR Plantation 16 a7

” 48 27

Nature 41

i 37
LOR =161, 3537, 78 log(CCL —60, 12lng & v e an

[GE9-YINAC 3 o

3. WROBE LB L OB

a8y s, aodkd

Lipedw/dt 13,

(NAR),




~ B4 - WHHARER MY H 265 %

ye=bfwodwidi=s fI) oo
WAOES, 4B8 (b SR L ORI
OBESB LN,

i, iR

LT, ve=RETRR
Ui T, MROERIE 2D RNE 0 ROBERS, ROXIICELTEMNTE S,
Po=1J0adufdt==Bf(T) orccrreriirrieriii @5
LT, Py
(258) XY, MK BIRD &S, HOBEOEKE LTELTLENTES,
B =0 eBF(F) <o rrereere e e e

FCHES, BIOMADDRET S, RERREOLARN
FoTHEY, 21T, HBRAICEY 3 MADRILERE ]
PR, JERLEREOPREL S, RERBROETEDT L ENTE

Gujdt=Fo (1) == Co R +ovveemreerses it e 20
7T, F=RH{LEEa

. [k 7
Eikie &)

» FMREOEADP ORO L HICELT L EBTE S,

Lieid =T,

fEAL, WRRCE (r, B) i3, EWE
A 72 D OB (a—7) 12, HRPE
EDWFRHR (R) d-—EEERLoN507T, @D XBROLD

FIOEEBE (@) 1,
MR RTH B, il
EOBEMTHEDL R

TEPTEE,

SNl ¥iNe

dvjdi=Fef({)— A’ Fk
s FU J) v (80)
MERERILZ, EREILOBIEBENBERIES D, BARTIOEOWSE, WARNET 2BEETR
BHT&2ETAH L, WEOH b RBSEBRIC 550 7T, (B0) K
BROLHSKFELTENTELD,
Qjdm= (I veoerme et (31)
T ORERp SHRDER, B & BRI B
2. MAEOZRIZBRBEOEERE
CERBLEI, FHHIEI LD, AMDLOMBRERKEO LTH ST
DA LT T, LIRS LT, #0REI, Bear-Lavserr O LY, A THRHL N

FEDHHLEMTE D,

BT 5B, Wik

Do

f}"[u E - L TR (32}
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0T, BEOZY BEEE (S8 1, bk

PERLC B 2 R O X » TEB% S h, Fig 11
TR L DK avb, cd OHICH BHHE D 1/3 &
b~c ORIICH 248, THbbABTHELL e~f D
MICKE S 28, BEESRSERDEE 20 5 L IUE
L, feal 2 OMAICHT 28000 & 480, Bt
BELUTHERTECEABEL TS,

MOADEE & BE & OBRERIT T 21082 » T

B S AR SRR OBBAETRL T L X
Ltz

3 RAALBEER, BHEBLOBMG

N, 11 5% Y EV ) e .

o Fe 1L R 0 BB FIPADRIFEIC & » TR S 1 5 BRI M
Diagram to explain the exposing angle.

B lioh s

SRS, oM
EDBRE R Lo

& HD, & CTREMIEORY
T 5 HA DR & VNIRRT, B I SERTC A L
B &3 2 P ERR Ok e HEERY, B3

i
BIZOOT,

HIREDEEORAICB T2, H5 10, SHMIMICHY 5 KBEEDS X UHRIE, RETRHOND.
sin A==sin g sin 8+ cosdcosdcos
............................................. (33)
sin A==sin wf cos 8/cos A :
LT, h=KEE B, =Y, e=15°hour, A= kB0 LA
%7, HLREORD 2 ANE 1i: FFHRIC LS o TRD & S eRad iz,

WROEHIRFEPEND,

@‘
o
=y
w\\
=
=
2
I
S
ki)

Te=1L ({1 (sin b cos ! cos o+ cos k sin 6)231/2 cos (wi -+ a) cos &
+ (sinkcoslcoso+cosksing)eing] oo (34)

lo=HEOME T, »0I 60calcm 2hour? &5 %

a=tan"1(sin ksin {/cos kcos6—sin k cosising)
t EADH, b 2HOADOBETEDL UL ¢, CofEO 1 BELDO aMEE, Kl
TENBENS,

13
=" rar
51
= ]gf {1—(sinkcoslcosg+cosksing)?H/?sin(ut+a) cosd
-
+ (sinkcoslcosg+cosksine)sing-s LZ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (35)
by

5B, COFEORDHE, HOAD OELL, (84) EBINOT, L DINTIGTRD 724
DTHH
BHEERNE, f, 0 2FF

Co, GO XpSEMURL &, & 5

B LA &, 8 DRIE LTRM .

s

8 EDHE G DE

D HOD LY

by 2> % OHADFEED B DAL B
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(35) K> ty, ty DAL DIFNNT, Hal

" s , HhEE (B
HEEAs Kk 3 T LELEI Y

Declination

., Hour angle | Azimut}
Time Chour) angl Azin of the sun
PN (C) @
N Y
Mol Sunrise 34, 5 —79. 2
7
3
@ B
13 { .
0 47.5
13 ¢
Al 11 Mk P A 14 ¢
e - . 15 2
s A K 15 o
17 7.7
i A0 Sunset 0.5

Ho3 Y,

750 &

Fig. 12
1319 i
The sun locus at the nursery in Forest
Experimental Station Kyfsh( Branc. (35° N.
L, 131° E. D), during tree growing season.




BUZ/R UTH 2 KB, 20 H0
FBPROAD LD THYD, o
HOER, BHECERAEEDLLTHS

BB XU RN 1d 2 Ekpo
L&, EOMUEARA RO LI
EEOREOENM L LT,
R L 7o AT
7 & R ORI LT, F DM
2 BRI S RLE O A & A A sk
W, AKBBEIRE & DR R BEN

AR, RO EAERA

s

WANATL

:

K& BDIZIFITONT,

oy

ABBHERE Dt &
BB AR THILAELEL L, TOMA
HESE LN S
Fig. 13, 14 2R3,

ST TN

= DRERE

D&%

ENHO™B S,

Rt
COHAIT
D XD HEORMTH 5,

BADERAS 20, &

N
Ltedi» T, AW DO iz (33)

”;£0W~é»(§ﬁﬁm)

KD
cosi=(sinA—singsind)/cos8coss
= (cos($/2) ~sin g sin §)/
CoOB6Cos S
{ == —zz-cos‘ 1{{cos(¢/2)
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HERBEY
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R DRI
Exposing area for each parallel type
shading equipments.

100°

Fig. 14 PEF
Exposing area for cylindrical type
shading equipments,

L Lfrtc

Iy Io[ -(cosgcosdsin ot + singsin . tj -------------------------------- (37)

NS 1007 o IR 2 10> B R,

RV 180° (open X)) A5 20° T
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Table 50 I/ LTH 4.
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sy 1007 o PR O B BRI &
Period and intensity of the solar radiation for the cylindrical
type shading object with the exposing angle 100"

1 7 i Moo M i e j
. Solar Jatitude Period : Intensity
Date : - 5 | (hour) ( (cal cm~2day ™)
' 500

661
759

10, 18
it 7

A T g

Table 51. ; # -
Average period and intensity of the solar radiation per a day for each
cvlindrical type shading object with various exposing angles

& (I A R ) ¢ j
(cal cm~fday 1)

o e ip H B
A T . : : '
oot 1 Period (hour) Intensity

BXDOSng 1 000 m B’{é 50 8 30 0 i‘\] I{a:;r
angle | Tnterval of 10 days | Interval of 30 days Interval of 30 da
12, 64 ‘; 12,64 448
10,98 10, 98 419 419

N

i

S e e o ohe JELTT R
ST s A KB R

Table 52, Nafy WA AM B B LU
Declination of the sun at period of the light begin to come and
finish by the parallel type shading object (Angle 40%)

e I 1 \ e oW i 1A i J WL ows

Bonmo ok B owm o 4 oa KWW
Date i Declination (° /) | Date Date Declination (% /)

3, 48 &, 20 68 42 .18 | 15
4. 23 7,020 1 67 46 10, 18 26
5. 48 8. 19 63 37 11, 36 50

Heell A7 B X L) Tk e o EREES

Lo
- A

Table 51 (o978, S TN LDT,

£13, Table 52 i)

LA o R

& [ RA

44’\)\ [P
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Table 53,

ERYIOZRCED 1 B AR & B &
Average period and intensity of solar radiation per a day for each
parallel type shading objects with various exposing angles

7 HOROR R H E = BOR OB R H 4 =

Angle Period  Intensity Angle Period Intensity
) (hour) (cal cm~2day~1) @) (hour) (cal cm~2day~1)
180 12,64 448 80 5,08 253
160 11,04 422 60 3. 38 192
140 9. 46 396 40 2,46 129
120 7.92 355 30 1.84 97
100 6. 42 308 20 1,22 635
- LT, Hys

13 40

X» & i A B
& &I
SV ED 1 Bt
300
i Table 53

(1S it 8|

% WIRLTH %,

Eg n B 1 B 7o D oG H R,
~ B DBEBEIURT 5 & Fig 150
X G Ds120° 2
0 & WA T BRI D JER O

-6

- P o 180 s , ~
B A () Hefs DN T 5 SR, BB

Fig. 15 kM & alEN, 0%
Relations between average period and
intensity of solar radiation per a day,
and the exposing angles.

DI, 1207 LIF I HAT 0 <

SBARBRIPITIL T A,

- BIE & OWERAE e F L A 1

SNAWMARDET BB ERET S,
3 ICTRY D B IEIR A LT A DY, O 2T IR

CHRER DD L Ui,

> THTEIET 545, TR

PLEEALLNDLDT, HIHRAEOEXZEDLS Lieife TN & BBMIBE RIS 7



Fig. 16 J :
Exposing area at a point on the stem
of the subject tree.
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Fig. 17 i 1
Cvlindrical type shading
equipment.
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Date crossed the boundary of veneered

Fig. 18 PRl plates and the sun locus at Kumamoto.

Parallel type shading equipment.

50 cm PR~ = YA O RHIIRIC S U/ NRJED R R LT, Av PTG
TEH O =Y iRE FE &, Fig. 19 IRT L1,
BEHICI - BET, TOWEXGEE ULHAOME

DENHLBHIETE AL DL

54 DEEHTH S,

EE Uz HHARDMHRER
RASEH A DR = YR OES R &N

L

o, ERER LT
, Table

SO, WOESICUMNEED, BAROAED
DITPTHLOTHERT L& Ui,

ok, BiRiCH AL
B, 1ROEEHEE R

{“"

Table 54. 5.7 oiri E 2
Position of veneered plates and pened for ad}usting
their height to keep up the given angle

= f AR EHED oo A Position of plate
/f\nbrle; Distance from seedl- : - o e
-(% ing to plate (cm) Side j First | Second Third
i
50 25 &, 10~ 7,10 4,10 5. 10 3,15~ 3,22 10.18~11, 17
7,10~ 9,80 9,18~10,80
. 10 6,10~ 7.10 4 5. 10 3,15~ 4,10 | 10,18~11.17
; 7,10~ 9.80 9, 18~-10. 80
20 35 5. 11~ B, 10 3,18~ 5,10 10, 8B0~11.17
8,90~ 2,29
€0 50 5,10~ 8.90 3,15~ 4.21 10, 18~~11,17
3. 1910, 80

WO LA OB 25, 75, 125em TH B,
Note : The distances to the seedling position from the boundary of plates position are 25, 75 and 125 em,
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WR80g, Hifcn ) 20g

THAD Table 55 17

5 G Wited

AL

Table &5.

Height and width of each shading equipment for various exposing

%k e | i

; 713 T
g e
Equipment Cylindrical type

¥

i
Parallel type

i & e X
X-Ie‘zié;l'lt (cm) ( Width 9 (cm) Hf;i ;_zht (cm)
20 142
30 149
40 g Q6
60 3 87
80
100 1

Note : The width and height are measured from a seedling position.
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3. BEEFILOKE
> X BNz ¢ AY

BEIK 2T, REOoREE

TR,
NI DT R Jo= %, TA SOEYFNERE - T 208085 5, 1l

EDTHOFRUOHRILL B ET, BES

O oo OB ES

@l

Uin L, @RS 2850 B

RO I, oy
BEOBRBETT - 7,

TR HEOHTEREORE CTHREOR

HOMENHE S BH - 70D T, 5K

AR 5 ity

5 A A
HEOWHER
Y, ZEED, PR OO LT, ARG
KROEEEFVELTHELUTHEpEPE, RELHER &
L& Ut
AR

e

b Lien VAT ¢ v 7 s S8snTE

SRR DN & R,

MBS LT 5, CoTRIh Lo, B

R CREPERE S ©

EORRE, mRTELIN

BikE, f=REENE,
A, B=ITEMNTL,99 X — 4 —
13, REERD—DTEH A
AONTRDE S wHEDE S,

Bi DD

f2 D OERE OR%

Ed AT, BRIt s L %o

LT, a K=
(40), (41) ROBREBAHE—ETHTHWRT L, o BPEEETLHER OB THTT 2

Wz (40) T 4D ROBEEBEBRLTNIE, —BESNica Y2 F 4« » 7 T2 0 ERES
TR ST R W

A oD AT
TR L kO
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BHAHDT, FHHMEREERE L
CRA 3 HDOBAEREHNT, ROBEORILC DN TR L.

BUSEAEREM, MWARO K E RO (42), (43) XS
DR, BICHTE, 4 Y TR

EERPSED ST,
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Table 56, &0y (42), (48) Ko

Slope coefficients of the equation (42) and (43) for various
dimension of seedling at each measurement years

e

Total weight

Dimension of seedling

i
4 Hedght

w = g

1966 K I, kok
1967 kS | s
1969 ok

| 11053/ 4o
1966 wok o
1967 # -
1969 *

Table 57,
Coefficients of determination of the equation (42) sad (43
for various amount of seedling at each vear of measurement

RORE LD (42), (43 Moikd

A
Total weight

HoA o K s
Dimension of seedling

(%6)

i,

L 4 .}.‘)

A
Measurement veax

1969 wK 28,9 A%
1967 7ok 43,6 *

1969 54,2 H% 10,8

1966 83,5 Fk
1967 44,0 * B
1949 44,

Table 58, ] DA 25 (43)
Regression coefficients of the egquation (43) for
basal diameter of seedling at each days slapsed

Regression coefhicient

o
1

Days elapsed (day) b | o

1o
152

. 1967 4EEE DR
SR ST

H oo

T 1 -
o2

%

A
a2y

Table 59 (¢

WhH 4 B
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Table 59. B BRC & OBEFEEOHEME & EHE
Comparison between observed and estimated base
diameter of seedling at each days elapsed

Z % #%® ) 2] A Days elapsed
Anglc 110 152 207 251
it E E I g R I iy Y
@) st, Obs. Bst. Obs Bst. | Obs. Hst. Obs.
(mm) (mm) (man) (mm) (mm) | (mm) (mm) (mm)
l
20 2.09 2.1 2.21 2,20 2,61 ‘ 2, 64 3.11 3,20
30 2. 81 2.22 2. 49 2.50 2.98 ‘ 2.99 3.81 3, 49
40 2. 49 2. 60 2. 66 2.76 3.21 i 3.25 3.75 3.85
60 2.59 2.41 2.86 2.74 3. 48 i 3,54 40,3 4,20

LLEMTE S,

D\i

A TE E Ui & S OKBSBICENT 3, BAEMRE L RAORERNLE
4 BEFRRXOKH
MECERLIE LA, b/ FHAORILEE, AEBORRBRERE, —RShicn VAT v 7 iR
Lt TE Y, TNBAREERE UoRERER (12), U8 RE, HEFHRE LTEATE 2.
EOEMIC, RLOURT v 7 BN S, KDL LTHNM SO 2V THEE Ui

i

S X 7= ETEMc B3 5 population QMK D ORINERE, RO X ICRDLEN L,
UNAN =y — ON +eeoseeseisssssmsmss s s (44)
T, N=k Wik 5 population DAE X,
=58 O B AT, C=EK
Coopsr® 13, Ponderosa pine [>T (44) A HTHERD TR LR, il THRBRERNED
AN ERTTN DS,
Vjvedvldt=ro+rit—CS
2 G1J£ =0, 000035 Svrvvoreeveereemcrmmanmmansis st 45
LT, S=MAREORET
S ofebhbEEmERy, =1 LThi

1wedw|dt= b0+b1‘/d; ............................................................... (46)
CTT, w=THADKES, ¢=3Nf

FROEE Lwedwldt 13, WO EIWLRDLT T LBTE L.
1o dw]dt = (og w108 W) [(Ep—Lg) «rrerrrssrminmroe. 4n
T, wy, we=WEEXUHKDKRS
ty, te=UE B UKD W
tp—ts=1, FhE EOEBIMIZ-NT, () ROBEE (46) RICANNRERME SN 5

log wg—log ws=Dbe+b1/¢
SEER S EZNE, BEORE SERKTTH?

ok, WE

IogwE::bD -by log ZL’Q+Z)2 LT R RRERTRRLEIRTRL

(49) RTHMUERE LTHOTOAMEORS &, 2 TRES S 52

i i A

7,

Frersel? O TRz,



Table 60. (49) stk H447 :
Degree of contribution of each variable in the equation (49) to
estimate base diameter and total weight of nursery

B Measurment vear i 1966 1967

1969

oI Basal diameter

43, O

b il Exposing angle 11, 4%
kA Initial dimension 2.4 23, 4%%
e Total weight
bl Exposing angle 47, Gk 34, (k¥
CEE Initial dimension 10, 7% 0.0

B F ofeRd,
Note : Numerical values showes the /¥ value,

Table 61. R
Coeflicients of determination for various estimating equations
at each measurement vears (%)

bl i e 4 Measurment year

3’; ,ﬁU i‘j\: 19(37 969
Equation oo /g HH :
Basal dia. Total wei Basal dia,

(42) 83.5 86. 5 7.0 54.2

(43) 3,5 89. 7 75.3 44.8

(48) 70,6 2. 4 78,6 86, 8

(493 9%, 4 94, 1 77,5 84,8

(50} 85.9 81.6 77.4 45,3

Table 62, B o
Index of fitness for various estimating equations
b | it 28 s Measurment vear
1966 1967 1969

L
Equation

HiE

G
sal dia.

(42)
(43
49
(50)

(42), (48), (48), (49, (60 il
FDERNC & T fo bR,

0. 381 3. 488 0, 354

1. 855
0,372 ‘ 3, 031 0. 390 2.224
0.219 2.525 0, 851 1,923
0.-398 i 1, 085 0, 373 1. 836

512, 1967 4 BED MR

N7
Lo

logw=by-+byjd- T ¢

=

3l LT, 196647, 1967 4, 1969
HsE BT Table 61 1230,

Sl W U

i
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B, (43) KA TARIN TV B RSN, 5

ST B LTS RS I, LIt T, Formvarl® OEZELT

BNTWAHDT, (43)

PEBERSHE 0SS
I={w]s (2. 3026)
T, F=#AEN w=HROKES

s=ZTRH 15O
15k, (48) FIdHk
Wize

Table 62 (TR T L H, WHOKS SLER

2, [ )= BT
CDHEER TR D, HENERMORES FTVEHLROLITEL SNE OTH

Gir (49) R S IETE » BN OHET
L UTHO 2o 3R, B UBEOHEERETH - .

LiehisT, THERE LTHBEORE S z4idy (49) MO X I HEORMTSNTO S0, &
HEEOREARHET M0 (42), 43), GO RTHATHEA D, &bk @) R, HFROME
HLTWB XS, Mﬁ&wwwﬂmqﬁacfgaﬂmf,Aii(%%(m)ﬁ%mmfﬁﬁ%@&
LokE L,

5. RHREBOETRFHROBH

PGB A S NATRESCTREED TE LY, A THERDOZY 2B,
BIFRERT, HABICHAT S LOS B ML -T, 48), (B0) BOZIHORDbDIT,
OFRAREHRET Table 63 RT .

T LT, M, B DWVENERNT S, B LD
e Syt ) L
BHEISTARE L TO B M NOEMAD, EHEROeT V& UTHER U] SEATE OO YR

X B TS - 72 1967 SEBEO¥RNT, (43) WA BT B EEVE, Tablebd iRy, 0k, HE

Table 63, CBOBREHES &0 48), (B0) XOMLBRE (%)

Coefficients of determination of the equation (43) and (50) used with various
criterion of the quantity that a seedling taken the sun beam (%)

A e Meas., year 1966 1967 1969
| o
% @ s  Equation (43) ! (50) 3 | o ONINC)
%5 % Criterion | B 58 B ¢ Basal diameter
2 Angle 85.5 85.9 44,0 46.6 4408 45,3
FORR R Period 83.5 82.0 43,9 47.5 44,6 45,2
"0 H B Intensity 83,7 82,3 44,0 47,8 45, 4 46.0
L H B Total weight

Oy Angle 89,7 81.6 75, 3 77,4
H W Period 89.6 81,4 75,3 77,4
Moo&F Intensity 89,8 81.9 75.3 /7.5




WORYT D

2 pee e

Ay ¥R LA
- (KA D R

Coefficients and preciston of the equation (43) for each light
intercepting equipments

Farallel type R

bo . b | R® b

Basal diameter

0L{%) 0. 2056
’)

4 48, 5(%)
0324, 46.5

0, 2406 0.
0. 2431 0, 0321 45,5

Intensity

weight

Angle
Period
Intensity

0, 0370

Table 65. #

Covariance analysis of the equation (43) for each light
intercepting equipments

Total weight

A )J,
Mean ¥
square

KAy AN

i

g
Mean
_square

Criterion Source

0. 001110
0.000018 | 1/ F=61.7

62 12, 8K

SN Unknown 20 0, 000919 2
A i " : Between coeff. i 0, 001580
] 3t i oY ~ -
Angle Between const. 1 0. 004679

Unknown

2 T O 5 I -
ot Between ¢ 1 1
Period - i 1

Between const. ! 1

Unknown 20
Between coeff. i
Between const, o 0.000031 1

&

Intensity
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LT3,

1 zyze= BRI B 72 © BB

eld, BEBBMNCCTHERELTVALEAR, 2 VAT « v 7RO LS TERBGCRINLERR
W, 1&8b05.

(62) T %1 & xe WHFRHY, oL AW 2 BAUREOR T 1 BN T3 Bda s, 1| BABROF
TOREMENTOAEA L AR LTRSS, FIOBEIK XL - TRBEORNS L EEZRICAND &,
TRTHETE B LIBT3,

1w ==by+ by (1x2+1/x9) +bg(L 2y~ 1/ 23) + bgl 172
s By by (57 4 By [Kg -t Bl X1dig o+ ovcorsormorminmniinii i (53)

BokOMEERE LOHME TR, WAROESMLHMFMOEKO LS &L aBoindikamt, &

Yoy & LCHOTE 208, MkGOEET B AMIC K - T, 2k b LBPRINL, 2D

SREIC O TEAE E OKR bH LO MR, MR TREMNSER I TO 20 LT, PR

BRERENTHWALETH D, LT, RIS XCHEILFC 0T 28H 25k, 63) {0
Xy, % IARATHC L& Lice il dLMOERIRENEO PRI EERHRY 120 © ¢, B

YA REROTEM LB OERG O LEPE LS L, AOMDEEREDUTHOE M THE DL L
2o

Fie (83) T xws WEEMIH L DR RUTHEY, COBRICIEREER ST 22 28T
EUNOT, FEMEAREE UTRY, BEEERORRE 2 UTIERLH TR,

1jsr=Bg+ by D1+ balgeb Baldydig ++vreervrresrreraniien i (54)
TOT, w=EAROBEILHE Py =HPEHF I D EESE A,
Py=FAL A OEIH T, EHTRTE py=o00, FIRL

(64) BOHBEBEREE, Table 66 R .

wiEale sk (48) & G4 XORBEHREERE TS &, AEEOERECHEHON L Z &dihh
=77 (Table 67),

Tl ¢r1=9g

SX, (B4 NOBHEEREORE

WAt U7cisB, Table 68 1/Re XD ICHBAHERE, 880U

PTRIZDOT S, HFELZEREGDDONZOODT, COFERRLT, METFHRE UTREAERT S
&

Vs m=Bo -+ byf byt Dol g <o (55)
(65) ROBRYE K UPIEFRLE, Table 69 KIRT .
ke G0 X, EREPOIFIIEEZERTNEROLIICRLT T ENTE L,
longbo-kbi/qbﬁbg/% ............................................................ (56)

(55) K& (56) OMERE, (61) R+ Furwvar OBGIERTHE Lic L A, Table?l i©
RTEDEBIRE LT ED0T

JA R i

M ECAE &S U AROROTERER 50 MR ClE Lo s, BB ERT Lkl (68) Kic &




Table 66.

Regression coefficients and coeffi

(54) DR

the equation (54)

B

cients of determination for

A e o e “ * o Regression coefhcient e s R
N NIPIIVN & R?
Dimension b b b bs .
N 1 2 | : @
. :
Basal dia. 0,19 38,7640 | - 6.3726 47,4
Total weight 0. 047 10, 9393 73.2

i - 30, 8833

Table 67. (42) & (54 KD
Comparison between the precision of the eguation (43) and (54)
by thier coefficient of determination

ka3

N 15

i
i
|
|
{
!

T i [ (i)
Mmension d > NI
Dimensior Parallel type Cylindrical type
T % Basal dia. (#5) 48,5 (%) | a7 4 (%)
55,2 w‘ 73.2

Total weight

Table 68, (54)

Test of the significance of an interaction term in the

equation (54)

! - s o s
5 o | Rasal dia. Total weight
- N
Sourc Mean square ’ F Mean square F
Interaction term 0. 000161 k 0, 003784 3.72
- H , P, 1 P,
Unknown i 0., 000900 ! 0. 001018
Table 6%, (565) 37
Regression coefficients and coefficients of determination for
the equation (55)
iz i e ¢ NN
s o A3 X i Z % Regression coeff. I
Dimension 3’ |
e b ! b b
I e : ! 2 (%)
R ! ! . )
Basal dia, : 0.2078 ! 2 46.9
Total weight 0, 0584 i 2.7 68, %

Table 70.

Regression coeflicients
the equation (66)

(56> DL

and coefficients of determination for

t
! CA S resaion coaf
I T - S R % Regression coeff, -
Dimension i
mension , ; ’\
: ! ba (%)

Basal dia.
Total weight
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Table 71, (85) & (56) RO EIEK
Index of fitness for the eguation (55) and (56)

HROKE X Dimension Eq. (55) Eq. (56)
o % Basal dia. 0. 3835 0.3784
4 B B Total weight 2. 3584 2.0918

Table 72. $5# BT & DS B (65) RiC kA (mm)

Comparison between observed base diameter and estimated value by
the equation (55) for each days elapsed (mm)

2 Y 4 % T N = Days
Angle 0 152 207 251
R | T g 1
EWS (g‘) Est. Obs. Est. Obs. Est. Obs. Est. | Obs.
4 I
St M Parallel type
20 | oo 2,13 2 2.23 2,20 2 3,10 3.20
30 | oo 2,30 2 2.49 2,50 2,9 3,52 3. 49
40 1 oo 2. 40 2 2,64 2.77 3. 20 3,77 3,85
60 | oo 2,51 2 ). 81 2.74 3 4.07 4,20
F el piv) Cylindrical type
40 | 40 2.24 2,65 2.90 2.94 3,15 3.19
60 | 60 2.38 2,78 2,21 3,17 3,56 3,42
80 | 80 2. 47 2 2,80 3. 40 3,42 3,81 3,92
100 | 100 2.52 2,63 2.94 3.04 3. 53 3,55 3.98 4.07
R (%) 29.9 53, 4 52,1 46,9

B3, Table72 AT K H D XO—FAR LT A,
ZOEDEHRENS, 65) T 66) RTRTWETFIRc D,
BRI, FIEMOMRICERE CITEA 50 L1l Ui

FOREE Uiz

5. ZABTERDLLEABRBEL L 2MAOREDHER

L MAROBRZEOTRSG %
BERBOLRHHELLT,

DR DH

2T, & 2 FHARI DO TPIE
ST R

R <, G RELE (56) RO CED LB FHRT

ALY, ek
VT A

INBHEMEL, &

i, BB L/ & D IR ORI X Z
Cdo THEHIC b 4
B oBAIE, Bk
J FHARIC K 2 EROBAE L
CRFEHETHEOT,

W

THD, TNSODH

- '..x'{
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Table 73, BEEIC X 28 EE RO
Example of out put

EXPOSING ANGLE TO THE SUM

TREE DIREC NUMBER OF MEASURMENT
NO TION 1 2 3 4 5

138 CENT 0, 0000 0. 0000
646 B 168, 6125 22, 6043
204 B 43,8222 40, 3681
140 B 49, 0089 52, 8889
135 SE 14, 2396 13, 2405
137 SE 34, 6850 34,9920
139 SE 44, 6803 48,6778
117 SE 32,1070 31,1916
119§ 22, 3202 25, 3073
116§ 33,2184 33. 4389
118§ 31,8572 33, 0550
133 SW 41, 0986 35, 9628
125 SW 27,9769 31,9055
122 SW 145, 7988 42,7132
131 W 30. 8402 29. 5253
130 W 43,0196 43, 9823
216 W 45, 2451 46, 0247
129 W 56. 1873 53, 0450

Table 74, ¥ K Kk -

List of sample trees

& B Kirishima (52 yrs.) Tarahara (60 yrs.)

MRy R LE n P gy B8 TR S
d{ me? H(e&g)ht “\}Zrowﬁ C]aszﬂ d(‘gif)l‘ I%;g)ht {%mwg claszs)(

26. % 16. 94 Dom. 22,5 # Codom.
14, 1 12.-03 Int. 12.8 % Int.
16, 2 14, 58 Codom. 15,8 ” ”
18.3 14, 06 7 38.0 % Dom.
19,6 15, 82 Dom. 17,5 ” ”
17.8 14,72 Codom, 22,2 # & Codom.
22.0 15, 58 Dom.
13,1 2.08 Int.
15,1 13,97 7 7
215 15, 28 L Dom. |

¢ Table 74 o, SEACKOMEREREE Fig. 20, 21 wid,
BRI O & DA RAA D RSB EELER LT 0T, —RICHLoR TN S
AALIEER RO PEET R A LT, Bl bs B 1 B L Lo B RE M R A vk & S 1 LTI

L/:’}CO
(1) SBERBHcL 22~ =2
o ORI IR SR T R R R R g

R TI 20~-60 4E1CDUT, B4R

FERIGE Lok ko

LEHTHERY, A4 Fh—T%0ER Ui,

&
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woooE
Fig. 20 #hEsk Fig. 21
ree height growth curves Tree hught yrowth curves
(Kirishima plot) (Tarahara plot)
Table 75. i DR
Coethcients of the T}]()d}h(,d cxponentml equation for each plots
\
: % % “sefficie
o B m | % %Yy Coefficient
Plot , :
| K ; a b
Kirishima ‘ 17.C - 11,73 0. 8047
e Tarahara 12,93 0, 8844
R

Table 75 ¢

TR ')

it A

f
30

JSiges s ee e
AT B AR, B

hyp= Er% st (hg— ];5)

Wi, A=t

CEBT A H
Linlc BT A E :

o



Table 76. BiAOHE R D A
Fitness of tree height growth curves for each plots

i I i WOH — 1 : 3
Plot Beginning—Base age End —» Eaa
Kirishima 4, BAK 6.8
Tarahara 11_ 20 4,50

= 0.5m & Llcdk &0 a? O,

Note : value when the allowable error is (.5m.,

%T’L Z) o

Gt k5 Cormis®® (3, BERR T &2,

SAL5 ihREEE D

Dokt

RSN D, Ledi-T,

PEr 2’“’_‘ (hg— Big)B (1, 96)2/FE2 v (63)
i1

Bagm= It g4 S5 (BtpFLp) [Sgreveeeessrrnerneessinineeis i (64)

2 0,50 m ¢
'-’L/LV»H

ML, Table 76 1ikd L 51T (69 TR x* D,

AV LR

HEBOBEGE LN, o DRI ETI - SO BRI DO T

75 - FORRAE 20.5m T x2 DEEE CH D G AD

s (60D, (1) TR Lo Ak Bbi, i - BT L -0, Gk

4. EFICEGCEER
MR DB & OBEGRIRIT D 725,




Table 77.

Stand structure in Loblolly pine experimental plot
at each time of measurement

S L I . Mgy M i
Average dia. | Stand height | g7 g P ostems Basal area Volume
{cm) ‘ (m) el S (%) (%)
Plot planted 2,000 seedlings
i
& 7
9
10 9. e
it 8
12 7.8
Plot planted 4

I
8 9.0 6.7 3,733 25, 8 107.0
g 4 4
10

1413 9.1

, Plot planted
5 |

i
9 :
G |
i !

Table 78, ./ &l

Stand environment and structure for each permanent
sample plots of Hinoki

1 ‘ bil
e No. L | Manze

B

v

Nikawa Mo.!

0o e
cawa No,2

Arxen (ha) 0.30
Elevation (1) 340
Slope )

Direction

Age

Av. diameter (cm)

Stand height {(m)

No. of stems

Basal area (m%)

Volume (m3)

5o Wy (Pinus faedn L) FREL, BR324

AR 36 453 A 4

Fe A GYTE
L/ PR %') Vol

4, 3,000 AL, 6,000 AKIZ0.04 ha (20X20m), 4,500 4 0.03ha (20x15m) T,

AERT LS,
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b/ R, TEAEMBENOLL B 2 BB, BIOMBAEREEROTEL B
SRS Ulco BB B XU ME %, Table 78 103,

E 1 BB &8 2 HRBRIIE,  5AENID 33 RO - X, '
WL TWD, MERBAEAMTH 0%, MEET 14~15% TH - 72, i

BOWMAER R RERIREREa I TV,

3 b=

SO MM OB BT, 54

CRICH LT L B U3 SaBRIE, 37 B0 e Ltk MBADBREA RV CRIRIZTE
HILTOE,

AR, BBOMESHSIRERIC S 2 ko hhr s, SHBRES
WMOECBATEEDOTH B,
TR & BAM L OBFRET
T8y O3 MORREERBRRICOVTE, 8FAENS 1244EF T, 7/ +RBICD VT,

EC1~2K, EHMY30 ST, Bk

s AN TR

=00

KDER, ¢i=1 FRRE DM

Table 79. F— =Y RREK L0 (65) MOMEERE (%)
Coefficients of determination of the equation (65) for each Loblolly
pine experimental plots at each time of measurement (%)

5 & X P i Age (yrs.)
Plot 8 9 10 ‘ 1 12
2, 000X 2,000 seedlings 85. 8 85,5 91,7 89.5 82, 4
4, 000X 4,000 seedlings 81.8 79,6 82.9 79.0 73.1
6,000KK 6,000 seedlings 50, 8 60, 7 47,6 56,9 59,6
Table 80. & 7 FHBMT &0 (65) ROBEEHEKR (%)
Coeflicients of determination of the equation (65) for
each permanent sample plots of Hinoki
®OoBRoW R I oz H o 1 & B O 3 5
Plot | Nikawa No. 1 Nikawa No, 2 Manzen No. | Manzen No.3
R (%) 58.7 i 57.0 46,9 65,8

Table 81. # KRBT L0 (66) MoORERE (%)
Coefficients of determination of the equation (66) for
each species and plots (%)

it b Species Loblolly pine Hinoki
- B e Age : .
® R KX A e 2t B S AP S
Plot 1 12 . Plot Re
2, 0004 X 2,000 seedlings 85,1 81.0 Nikawa No. 1 42.1
4,000KX 4,000 seedlings 82.5 7.7 »  No.2 56. 4
6, 000 % 6,000 seedlings | 67.5 65,6 |




e 2 D 6, 000 /;x ‘( Pﬂ,\/) R

(65) LB

Lol i WLl EHEL NG

fedt, /A R fRdT 3 FlOBE, dee

Bk, 78wV RO

RIS NEAC-1240 kb, ©0F SEET D S e S LR L TR HDTH D,

o RS, T4 ey ® 11, 124840k X

an«ié'ulV L

DRI N, (88 &

8 i

BT s S B R TT Table

DR

G ey D 2,000 KK, B LS THRHEN

7’-?: J«.« 1
Do TN DD, T Ay D 4,000 KRB, 6,000 AKRCTH, 8 TP A SR

D i SRS
P 5O LT,

QJ¢

RIRASR < I8,

FATHAII S AWE S s L R, e TS L

Seodn
VEIDRET

1A R

WL, 3 FRKATIE,

TR

AN 1S

LOT R

gl

AT 2%

BEIL L S ROB L LS b
6. YA L NSERE L OBERER

T O A R L

)

F Lo, % ORRARS

1

BEVERLT, 5 AMRAC

(BT Table 82, 83

N
i3

DR, (65) ROV
1‘,’([:;;;;({;0..}[)1/'(‘1)1+[)2/(lf)ﬁ,.b3 gt Byl Bl g e e o (B7)

Table 82, F-— #=ViRBKZ Lo (67) MOk (%)

Coefficients of determination of the equation (67) for each
Loblolly pine experimental plots at each measurement times (%)

| Lk N 3 o
% B 5% oo Age (yrs.)

¥ |
Plot | 8 9 J 10 1 12
; :
2, 0007 5000 seedlings 85.3 L 99,0
FX 4,000 seedlings | 78.3 75,3 L 758
£, D00A K 6,000 seedlings k 49,0 | 61.2 | 54,3
Table 83, v/ #HBpAT L0 (67) A
Coefficients of determination of the equation (67) for
each Hinoki permanent sample plots
oo e i i

Manzen No.

Plot . Nikawa No, ! Manzen No, 3

K (%) 60,7

47. 6 \ 66. 5
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Table 84, #I¥E, BT E0 (68) ROUEBE (%)

Coefficients of determination of the equation (68) for
each species and plots (%)

b T Species Loblolly pine Hinoki
o oo 1 / 3 . S
BB K O B G B SR B
Plot 1 ‘! 12 Plot R
2, 000X 2,000 seedlings 82,9 80, 2 Nikawa No. 1 46,9
4,000 seedlings 78,3 74,5 ” No. 2 55.5
6, 000 X 6,000 seedlings 64,2 65.8

3 HMIK DM &8
j.c

KD

COEEbE
EL, HRgsT
AREBAFZLMN2ETE, WINOHREMCONTHIFE

7. BEOZNBICK BEERER

WARDRER

FNEZZONG, FOPE LT, HRORKDMAE
HADREF IR, BROLMAICK T BHRDOK
5, ik

UTehs= T, BUAROIIE

T, Ty DR

= DEEDEESIED E DT,

RO E
MHEREY ST 4, 3

B EEThE,

VR TR A AR L,
LAERIE T O B

AR (66), (68) ROWBHK (%)
Coefficients of determination of the equation (66) and (68)
estimated from the past exposing angle to the sun (%)

\ ar Lown M OMER  Measurement time of the angle
AOK & X ®omox g OIONERE &
mensi . Age | B | 1 3 A B\ 4 4 R
Dimension Plot (yrs) Present | 1 year ago 3 yrs.agol 4 yrs.ago
2,000 AKX 12 81.0 85,8 84.5 73,7 68,7
2,000 seedlings 11 85,1 86.0 75.0 70,0
oA B 4000 xx 17 77,7 82,8 85.8 81.5
4,000 %eecﬁlmgs 11 82.5 85,8 81,9 8.9
Tree volume | o o
8, QOU 7 12 65,6 72,0 64,9 64, 4 54,0
6, 000 seedlings 11 67,6 68,0 65,5 55,7
2,000 KK 12 80.2 85,6 85.0 77,4 73.1
2,000 seedlings 1l 82.9 a3.2 76.3 73.0
4,000 AX i2 74,5 78.9 80.8 77,3 73,6
4,000 seedlings 11 78.3 80.7 77.3 76,0
6, 000 AKX 12 65,8 70,0 62,7 55.5
6, 000 seedlings i1 &4, 2 65,0 64,7
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Table 86, #l/ %

BRULE 5 o(85), (873 i
Coefficients of determination of the squation (65) and (67) estimated from
the exposure angle to the sun measured at present and 1 vear ago (%)

L7

‘o
(%)

A

B Tree volume | W% i % dbh

: a ; i 1
Present i year ago ‘ Present 1

5, (68)
(40), (41

LT

£pvpn

(65,

8. BRI, MEEREOHENE

LT, & BHEET,

T, Freusel® ¢

-3



Table 87.

K

ABBPAmE W65 E

F ey ORBIK S LHEC Lo (66), (68) HOER
Regression coefficients of the equation (66) and (68) for each Loblolly
pine experimental plots and each time of measurement

|

" " Mo OE % d. b h, i Mok M OB Tree volume
EIN i
Age % il Regression coefficient
gy | o | o | ow [ ow | om [ on | ow | e
2, 000K X 2,000 seedlings
12 -0, 1508 1. 1597 0. 7486 0, 9558 —1.8770 4, 4562 3, 2279
11 —0. 0536 1, 1585 0. 6035 0.9866] —~1,7770 4, 8268 3. 5469
10 0. 0074 1.2783 0, 3478 1.1380] —1.7286 5, 9087 4, 3824
9 Q. 0641 1, 3399 0. 1955 1, 3032, —1.7388 6, 6906
4, 000K X 4,000 geedlings
12 — (0, 0638 0. 5550 0. 5530 2, 0290 5. 9537 5,7728 1. 7892 19, 6378
11 —0, 0807 1,1017 0, 6098 1, 6460 A, 6024 12,5935 3. 3478 13,8577
10 —0,1014 1. 4328 0, 5318 1. 6361 7894 14,1837 2. 0324 17,3717
9 -0, 0795 1. 4502 0. 5635 1,9154 7,2187 15, 5951 2.8474 19, 2735
o 6, 000Z X 5,000 seedlings
12 0, 3045 0, 2994 0. 8249 0, 4435 —1,2990 1. 7458 4, 6323 2, 2620
11 0.5292) —0,0517 0, 7954 0, 4081 ~0, 2810, —0.0089 4, 7959 2.1990
10 0. 4917 0, 0438 0, 8300 0.5204, -0,5123 0, 7307 4, 9585 3. 1204
9 0, 5740, —0, 0880 0.9511 0,3818, —0,0416] —0.1451 5, 9909 2, 1020
Table 88, F—# =Y ORBRR LD (66), (68) RoREHEE (%
Coefhcients of determination of the eguation (66) and (68) for
Loblolly pine experimental plots (%)
AOKE & ® B K W B Aee (vrs.)
Dimension Plot 9 { 10 1 1 12
2,000 AKX o ) J
2,000 seedlings 70,2 76,0 86, 4 85,8
Bk H R 4,000 KK 54 6 85. 3 85,5 6.8
4,000 seedlings o R 09 =
Tree volume ! i
6,000 KK . , . .
6,000 seedlings 55,2 67.9 68.0 72.0
2, 000 /i‘ {Z{ ey - Q- [o¥=4
2, 000 s;ediings 70.2 6.0 83.2 85.6
g WM R 4000 K
5000 KB 78.2 79.9 80.7 78.9
d b b ! s
6,000 AKX - . o o
6,000 seedlings 7.0 66,7 63.0 70,0

75" Y KD 6,000 4
&, (68) K, &
Tk

—

BT &

IR S
J FREHIC DT (65) K, (67) sUTHEARM R

HEDE LTI TE 2Dt UET N E, §

MHENDT,

<, e

AR o 2 IS 20T (66)

T DHEE



Table 89,

v of the

" Hinoki

nis and coefficients of determinatior
and (67) for permanent sample plots o

Regression coefh
equation (

Regression coeflic

Tree volume
ot

Nikawa  No,o 1
L No. 2
Manzen  No, 1

” Mo, 3

Fi

Nikawa MNo. 1
o N,
Manzen No. i
i No. &

Table 0. 4
Minimum percentage of il

{68) and (68) (Loblolly pine)

error i

Plot

X Tree volums 41,6 40,3

) seedlings 4 bh

¥

. i
y A Tree volume 34,3 |
P T t

seedlings & b h 17.3 i

Table 91,
Minimum percentage of the allowable
(66) and (683 (Hinoki) (%)

NG,

eryor in the equation

W Plot

D k& #H

Dimension Eqguation

j
E - A P -
awa No. 2| Manzen Mo, 1| Manzen No. 2

Tree volume

d. b h
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9. BARVEOMTHE
P TH L LS 0@ mai g s LT, (65) E it (66) THAMBE A e T 2 86, 27~
RRLEDLNERD L, il DHETETIE 14~20% 1§51

EAFRTNL IO,

BAMBI S R BT EWTE, BEIEEREHERNT 5 it
SNBOT, (67) RF ik (68) NTHEE LcEmER &, AR RICA R Kb, Mg,
Br’f?rfiz’-’r%}?%i?@ﬁ“éjﬁi&%m%ﬁf U7ze Table 92 105/ L H i, F—& = Yy HTHE6~10%, ./ BT
i 8~10%, EOFFRERLEETNEIVEVIFRENE LN,

LiedtoC, BHAEROTHARQBERIT AT Baid, 67) R/l (68) Tl Licim
EEREETHEE LB A RO, MR, OMBAE T 2 FEY

THDONTITROLNTHA DS, T OHERECR L%

AR OEE O S, W

FEIC L D FHROBITER TR, WEORE SALEICEY e (49 MO

L RHEE XU WEE RO K (55) SR (56) ROMERER, Table78 I0RT XK
’ic‘:/»c:’fb(fiofb\ég

Uledis T, éﬁﬁ&t(/)l’;‘dgﬁ”\mf;i_(n'})) ST, BEOR AT B DT IR THE AT - 2o

%4
(%

Table 92, BUKS B OBEEHEE I & F0E SHERERIT X 2 HEE01

Percentage of the allowable error in the direct and the two way approach
to tree volume estimation (%)

G A BB Y Experimental plot of Loblolly pine

B OB OK o' B B oW Age (yrs)
Plot Estimation method 9 ; 10 | i1 % 12
v (66) =, . 38.0
N e N N 4 4
2,000 AKX Equation (66) 42,6 41.6 40, 3
; (68) = & FRHE . J S
\bos TN G . 332
2,000 seedlings Eq. (68) and actual height 29,3 31.0 29.7 3.2
i A I5E (66) X ] 243 57 a1 1
4,000 A Eqmmn (66) 34.3 34,3 27.1 3l
ol < (68) It (}:» %*ﬁ’rﬁl‘ 26 7 SR ’ 4
4,000 seedlings | Eq. (68) and actual height 0.0 w2 1.4 23.9

b/ % H B Ml Experimental plot of Hinoki

WooE F ik BB # Plot

Estimation method Nikawa No.1 | Nikawa No.2 | Manzen No. 1| Manzen No. 3
£y =P l
}?cfgat%n (65) | 38,2 39,0 43, 4 43,2
(67) X & FERE qc 29 4
Eq. (67) and actual height 29.8 i1 4.9 2.4




Table 93, ©w/ 70}

g A (

e

Fitness of the equation (70) for experimesntal plots of Hinoki

Plot

i

7

2 P
Initial dia.

Nikawa No.l lNikawa No.2|ManzgenNo.lManzen No.3

an GE -
16 4 F}I{f 5.2 36, 3
10 years ago 7.g
98, & 29,1 G9, 9 99,9
4,3 i 3.8 1,2 0.7
Correlation coeficients between the last and initial diameter
i 7% il 1 = = 2
Initial dia. kawa No. 1 Nikawa No. 2

0,975

0,963

0,991

10 vears agao

50 4R H 5 years ago

0,993

Table 95, : (%)
Percentage of the allowable error for the volume estimation method
from the estimated diameter and the actual height (%)

s kA '§

1

Plot

i
10 years ago 17.8 {
5 years ago 9.9 4.9 |
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W Uiz
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%, Table 86 i

k-] L] & & ®
oG F
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A [

# s @ @ ®
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@ @ ® & %

Fig, 22 U
Scatter diagram of trees in a
hypothetical stand.

Table 96.

Exposing angles to the sun and estim
sample trees and thinning schedule

s for each

Fuposing angle

$oti-

: e C oL - irectic

Experimen- Thinning| Height of Z fir Direction mated

tal plot schedule | neighborhond d.bh.
dia. (con) (m) ‘ (m) (o)

9

A
B
LR C
! D
MNikawa :
No, 1

17,5 A
B
I
D

)
~

"‘x 16,2

= Lo CQ
OO L0 00 L
s

o
o

Nikawa B o, . 56,9
PR 303 17,0 A 1e, 36, %

No. 2 B 46,9

< 20,6

0
S
<}
e

30 UK

[eRe e ey

Loblolly

&, a 11.9 A 10,6 53, 4 20,6

pine 2,000 B 53. 4 19, 4
soedli C 34,0 20,1
seedling o 340 T
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A LOSAC0. 72012, 20 4 60, 4B %) oroerror a8

(7 TaRy =

s rd e 104402, 010+ 34, 890d + 151, 376d2) oo (19

1. 03160 587

Go

(GesoR

J e o

=

log m=

;

Log #3900 0, DBZ2 forrrerrormimsirsrsrs e e 28

C B0 120%)

Yomw 123, TO3G 0. Q260 Jrerrconrovrmnomnins TR FUTTUTN 29
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ATEG 40, ABIB Jierrvemerecnernrnens e e




Z C, Dg, 440 = ,,-)'j H kB ‘«j L)

Dy, A=K BY2BEES B LU
CNODRREDPS, =) VT HYTHRSKDONT LI A A

TREOERFEER LI,
FREEACH

gg::l. BB34F0,00325—1. G431 10 - rerrrrnemrionviseini i &)

RATTEIRE

DEERIO S OMOMEE & R o
T Tze 1%, COWETREIMICO L 2 PHHEETERIZ 02D,
BT, RICRT 2 &0 OFERHRE L,
(1) mEE#EERc s 2 Hk
HALIRH, MR OB LR RO BIEDO R4S
BHSER B LR Licds, BEEORE, R L2 BRBELALHED ONT, EcH
IR, ERET 33~40% TH - 72,

(2) WARRRTOH

RO ER, At by

NANBTITIEORE

sl SR L oo L 2

BREP R R - D i3 B IR AR TR

B D PO B ORI LT, IRICR o
log G=by+ b5+ bz A 1+ bg(log Gg) A1+ 8,547
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Mensurational Studies on the Relation between the Density

and the Growth in Even-Aged Pure Stand

Hitoshi Awavat®

Summary

Even though the growth process of forest trees depends mostly on natural forces, the
density is a most important factor of them for it can be artificially controlled.

Therefore, the explications of the relation between the growth process of forest trees and
the density are very important problems in forest management.

In this report, the author examined various theories for the measure of density and then
compared different growth estimation equations or yield prediction methods which used the
multiple regression eguation confaining the measure of density as an independent variable.
From these examinations, he has derived the measure of density which is suitable for even-
aged pure stand and the universalized vyield prediction methed that can be employed to various
density control systems,

In Part I, the relation between growth or yield and density for the mass of trees, i e.
the stand was discussed.

In Chapter 1, the measure of stand density and their features were discussed.

There were many theories for the measure of stand density, but in this report, merely

the measures derived from the usual forest measurements as in the following were examined.
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{1} Forest Mapagement Division



1) Number of trees per hectare in relation to average stand diameter.
2y Number of trees per hectare in relation to stand height (average height of dominant and

codominant).

Accordingly, to carry out the growth measurement, the vield prediction method was
divided into two cases which methods were based on temporal sample plot data and permanent
sample plot data; therefore, the suitable measure of density and the prediction method for
each case were examined,

In Chapter 2 the relation between growth and density for the former was analyzed by
the statistical method about the sample plot data for the yield table (Hinoki and Acesia mol-
lissima) and the periodical measurements of permanent plots.

In the permanent plots of Hinocki, stand heights and stocking volumes were calculated by
the diameter-height-age curves for each plot as follows:

BiA St Bad Fhad A oo beeens I¢ 4)

<

av'n

where d, h and A denote the diameter of b, h., tree height, and stand age respectively.

For the purpose of determining the measure of stand density, it is necessary fo define
pury g Vs v

the stand with standard density.

The st

ands having average growing space per tree as narrow as possible among the
closed and sound stands were designated as the fully stocked one.

These were selected as follows:

In Acasia, the tree-area equat ol on average density was calculated from all sample
plot data of the yield table for Amakusa district as follows:

V=0, 0622(#) —0, 9318 (T ) -+ 7. 0388 (4% o (103
where vV, # and ¢ denote the tree-area ratio, the number of trees per hectare, and diameter
of b, h. respectively.

Sample plots were divided into three density levels according to calculated tree-area ratio
aril then tree-area equations for each level were obtain. Based on the comparison of the
average growing space for each diameter class calculated from these equations, stands having
range of tree-area ratio from 110 to 149 were defined fully-stocked stand because they had
minimum growing space and maximum number of trees per hectare for same stand height.

In Hinoki, the equation of crown competition factor was determined from the relation
between diameter of b. h, and crown diameter of isolated trees collected nearby Kinpoo-Zan in

Kumamoto Prefecture.

where CCF is crown competition factor in percentage.
Data of sample plots for the yield table for KytshG district and periodical measurements
of permanent plots were combined and classified into three density levels according to CCF.
Then tree-area equations for each level were obiained. The average growing space of
density level ranged CCF from 250 to 300 showed minimum to the space of other levels and
constant ratio to the space of open growth stands. From these findings, he concluded that
the plots involved in this level was the fully-stocked stand,
Based on such fully-stocked stand, the author obtained various measures of stand density
as follows:
Acasia:

(1) Tree area ratio calculated from the following equation.
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Y =0, 0159 (5 — 0. 05650 (F0gG) +1. 92507 (32d2)  --ovrovrernienns an
(2) ‘Tree area ratio calculated from the equation (10).
(3) Ratio of number of trees of actual stand to standard stand with same stand height

(stocking percentage). Number of trees of standard stand is decided by the next equation.

Tog 723, 8858—0,0850 5 «+oerrrerrrres i 23
where # is the standard number of trees and k4 is the stand height.
Hinoki:
(1) Tree area ratio in percentage calculated from the following equation,
V() =0.72(n)+12. 200 d) 4+ 60, 46(Zd2)  rrvrrremriernsiniiinens 15)

(2) Stand density ratio expressed by ratic of the number of trees of actual stand to maxi-
mum number. The maximum number is obtained by the following equation.
log Rmax =5, 13651, 3563 log B rrerreerini v e (16)
(3) Crown competition factor calculated by the equation (9).
(4) Ratic of basal area of actual stand to standard basal area which are given by the
following egquations.
Grar=md? X 104/4(0. 72X 12,20 d -+ 60, 46 d2) -rvvvveereraesnnininiinn
Geer = wd? X 104/4(2, 010+ 34, 890 4 151, 376 d%)

where d is average diameter.
(5) Stocking percentage based on standard number derived from the following eguations.
log n==3, 6909 —0. 0322
log7=23, 70390, 0260

where the equation (28) is obtained from sample plots having itree area ratio ranged from 80

to 120, and the equation (2%) based on sample plots having 100 over,

The relation between tree-area ratio, stand density rvatio and crown competition factor,
that were expressed by the function of the average diameter and the number of trees, were
considered almost perfectly linéar. Moreover, the relationship between the ratio of basal area
and the measures described above were indicated by a straight line.

Therefore in the following description, the tree-area ratio was used mainly as a measure
of stand density. The validity of these measures was decided by the precision of the diameter

corresponding to average basal area estimated from the following equation.

where d, is the diameter corresponding to average basal area and D is & measure of stand
density.

For hoth species, the measure depending on the stand height showed good precision in
the average diameter estimation as compared with the measure depending on the average
diameter,

Therefore, the stocking percentage based on the relation Dbetween the number of trees
and the stand height for the stand having higher tree-arvea ratio was regarded the suitable
measure for the density of even-aged pure stand,

For the investigation of the adequate method for estimating stocking volume, the precision
of various methods for data of the permanent plots were compared with each other.

(1) The method using the formulas for estimating the diameter corresponding to average

basal area and the stand form height.
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Multiplying the estimated diameter corresponding to average basal area by the actual
number of trees, we can obtain the basal area per hectare. The stocking volume of the stand
are determined by the multiplication of the basal area described above and the stand form
height estimated from the following equation.

Jo I b Dy e ee e s s ( 43)
where 4 F is the stand form height.

When the stocking volumes are estimated by this method, it will be necessary to permit
the error of 16,19, due to the fact that the values of the chi-square computing from the

equation (46) does not register significant at the 5 per cent level

S (1.96)3 X0 (3~ 3

where » and y denote the estimated value and the actual value respectively, and P is the
allowable error.

(2) The method using the equation of competition-density effect. When the equation with

the coefficients published by T, Awno are used in the estimation, it will be necessary to allow
the ervor of 28, 0% over.

(3) Stand volume equation involved the crown competition factor as an independent variable.

When the following equation is s for estimating the stocking volume, the last allowable
£ method.
Voms gt byt by COCTY oo (56)

where V is the stocking volume and CCF is crown competition factor,

ervor will be 16, 1%, the same as the fix

Change of stand density according to the growth of the stand could be approximate by

the following relation except a few experimental sample plots that the stocking ave increasing

over 100%.

D (o Do—2) (Aol Ay oo e (60)

where [ is the initial stocking percentage, I is the future stocking percentage, and Ag and

log £y

Ay are initial and future stand age.

In order to showing an explanatory example of the yield prediction methods based on the

data of the temporally plots, the yield prediction tables for Acasia were consiructed from the
following equations in which the various method of stand density control were adopted.
Standard number of frees:
Tog me=3. 88580, D359 f1er+ceervereemermamasi e e (23)
Stand density: £
Average diameter: d,=1.6834--0.99824~1, 943100 e R EISCTREEE {
0,5392-+0, 4818 %

Approach to standard density: the equation (60)

gl

Stand form height: AF

1

As a next step, the author researched the methods based on the continuous inventory of

the permanent plots (In order to improve the precision of vield prediction).

Since he had not the ohservations extending over long periods, the following analyses
were carried out on the hypothesis that the gross periodic growth of each plot had an inde-
pendent relationship to each other.

(1) The method depending on the growth equation.

Various eqguations in which the site index, stand age and the measures of stand density

described above are included as the independent variables, were fitted to the data, and then

their precision was compared, From these comparisons, it was made clear that the difference
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of the precision ascribed to measures and forms of the equation had almost never been re-
cognized, and the test of goodness of fitness were not significant.

(2) The method depending on the fluxional calculus of the equations for estimating stand
parameters.

Following equations will indicate the good fitness for the data of the permanent plots.

log V=by+byS+ylog G-HbgA™ oo (673
log G=bo+b1S+ b A1+ bg(log Go) A 145,541
log (fgmbo+b15+bg 10g GAbgA v i s (75)

where V is the growing stock per hectare, G is the sum of the basal area of b.h., dy is the
diameter corresponding to average basal area, S is the site index, 4 is the stand age and G,
is the sum of initial basal area.

The equations for estimating the growth derived from the differentiation of the above
equations, provide the good fitness for all stand parameters; accordingly, projected values for
stand parameters were calculated from the following equations derived from these differential
equations.

In Gp=3. 69864-0. 0661 S— A, 1(3. 6986+ 0. 0661 S—In Go)

.................................................. (73)
In Vp=In Vo381, 9208( A, 1— Ao D)
+ (1. 177640, 02035 8) (In A, ~1In Ay
— Ao(1. 843340, 03294 S—0. 4984 In Gy) (A, 1~ A1)
................................................... (74)
10(dg) p=1n(d o+25. 2238( A4, 1~ AT
+(0.7136-+0, 0064 8) X (In A, ~1In Ay)
— 40(0. 9095 +0. 0163 S—0. 2459 In Go) (A, 1 — Ay™1)
................................................... (78)

where the subscript 0 and p indicate the initial and the final value of the period respectively.
When the final stocking volume of the period are estimated hy the equation (78), we should
allow the error of 6.7% for about 5 years period.

From these results, the method described above will be given a reliable estimation in
comparison with the methods based on temporal sample plot data. For reference, then, the
construction method of the yield prediction table for various control method is indicated, ac-
cording to the equation (73), (74) and (78).

In Part ¥, the relationship between growth and density of each tree in a stand was
discussed in order to provide the vield prediction methods by means of the simulation analysis.
Because the yield prediction methods for the stand discussed in the previous part had the
following weak poinis:

(1) When we want to determine the various control systems from the data used to the
construction of the yield prediction tables, their goodness of fitness will be not very ap-
propriate.

(23 For the purpose of the comparison with various control systems directly, enormous
expense and a long experimental period will be necessitated.

In Chapter 1 and 2, introduction and previous studies related to the point density hased
on Birreruer’s theory were mainly investigated.

In Chapter 8, the author examined the point density expressed with the quantity of the
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solar radiation that a single tree in the stand received. As the previous suggestion for the
point density took into account mostly the measure of the density in the horizontal direction,
it was thought that the difference of tree growth in a stand depended on the possibility of
the received solar radiation. As a concrete evaluation of the possibility, the author adopted
the angle that is formed by the line connecting a point on the stem of a subject tree and
the tips of surrounding trees, and the center line of the stem, defining this angle as the
exposing angle.

The exposing area to the sunbeam formed with the crowns of surrounding trees shows
a complex shape, but, for simplification, the relationship between the average period and
intensity of solar radiation per a day in a growing period, and the exposing angle for the
following shelters are examined.

1) Shelters like a wall with constant height setting in equal distance from the point to east
and west side,
2)  Cylindrical shelters centered at the point.

From these examination, it was proved that the exposing angles had an exact functional
relationship for the period and intensity of solar radiation.

In Chapter 4, the author made parallel and cylindrical type shading equipment previously
described, and then analyzed the result of the experiment in which seedlings of Hinoki were
grown under the condition miting the guantity of the solar radiation for various exposing
angles. From these experiments, the difference of the exposing angle produced a distinct
effect for the base diameter and total weight of seedlings at the end of a growing period,
but the effect for the height of seedlings could almost never been recognized.

Various formulas of growth model derived from the logistic curve in which the exposing
angles were used as a measure of density, were fitted to these data.

Such equipment makes extremely different shapes in exposing area and in both cases the
following equation was indicated to have sufficient suitability of fitness.

Tiig = Byt By @1 Baf g worevrermrrrr G (55)

where, #; is the sum of exposing angles in the east and the west direction, ¢y is twice the
exposing angle in the west, and w is size of seedlings.

In Chapter 5, the direction from the east-northeast to the west-southwest was divided
into 3 or 5 sections for the simplification of the exposing area of a tree in the stand, and
then angles for the surrounding trees included in each section were calculated from the fol-
lowing equation, and the minimum values of these angles were adopted as the exposing angle
in the section. .

p==tan W d! (h+ hg— 213 hg)) e (B8
where, ¢ is the exposing angle in degree, d is the distance from the subject to the surround-
ing tree, £ is the total height of surrounding tree, kg is the total height of the subject tree
and &, is the difference of level between the base of the subject and the surrounding tree.

The relationship between the growth of tree and these exposing angles was examined for
the following data.

(1) Continuous measurements on loblolly pine experiment plots in the Kyfisht Branch,

Government Fore

Experiment Station.
(2) Data of continuous inventory plots on Hinoki in Kyfshl district. When the diameter

of b, h, and the stem volume are estimated from the following equations, at least, it will be
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necessary to permit the following error.

1) From 15% to 20% for the diameter of b. h.

2) From 30% to 40% for the stem volume.
loblolly pine: 1fw==bg+ bifPy-+bo/ gt bslps

. &
Hinoki: Tjw=bo+ 231 bild:
=

When the past exposing angle was used in place of the present angle in the previous equation,
similar result was obtained.

When the diameters are estimated from the following equation in which the past diameter
is included in the independent variables and the tree volumes are calculated from the tree
volume equation by means of these diameters and actual heights of sample tree, the allowable

error in percentage of volume estimation has been reduced to about 5~10%.

where, 4y and d are the diameter of beginning and end of the growing period respectively,
and ¢ is the directional section; in this report, 3 and 5 sections for Loblolly pine and Hinoki
were used respectively. )

In Chapter 6, the author showed that the growth of diameter was effected by the rejection
method of thinning trees, even though the same intensity of thinning was applied, according
to the equations for estimating diameter described in the previous chapter, and suggested
that the effect of imaginary thinning could be estimated approximately by the simulation
method. Still it will be possible to predict the growing process .and the yield for various
control methods of density according to the similar method, if we can predict the development

of the stand parameters by means of the stem analysis.



