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D. Don) by Parabolic Modeling of Crown Form
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Table 1-1 Specific luminous intensity on parabolic crown surface (/=1 sin
{tant (1/2V'%)}) and horizontal thickness of crown loyer whose

vertical depth (Th) is L.Om(VY+1—-vV% IgecTh

x 0 1 2 3 4 5 6 7
sin {tan~1(1/2V' %)} 1,000 | 0.447 | 0.3331 0.277| 0.242§ 0,218 | 0.200] 0,186
VXFI-vx) 1,000 | 0.414] 0.318] 0,268 | 0,236 | 0.213| 0.196 | 0.182

x 8 9 10 o3| s o]0 ] as

i

sin {tan"* (1/2V/%)} 0.174| 0.164 | 0.156 | 0.149 | 0.137 | 0.128 | 0.111 | 0.099
(VXF1=V% 0.172 ] 0.162| 0.154 1 0.147 1 0.136| 0.127, 0.110 | 0.099

x: distance from crown top X BEEM,SDES
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ME TR S hekREE (CD &HE (H), Hx@E (S Loz, ROk
SIGRUTFTHT L, BfRERD B LIt L.
(1) PRALABREE
MILARBHETR, B RSEDCHIKICETAS D, THROMEDERMBRELL L.
o T COXIRBHAT TR, ERMERE (C) B, #E (H) LFELEIIER
TTHD,
Cl=H,

OHEBHERCH L&D TOXIBRINLRBREELE U2 IKEE L, BEOKLH
WENEET — 2 OWBIRTLN &, - BEFTHEBMC R, HREEESN0.375 ¢, Cl=H H5K
MELEDELK.

(2) HESERROEA

WEDSIERA &L B &, HNERE (S 1R0&E3. ZOXSBRET TR, HYEHT
BiZ0&LID

Cl=0,

DHEMMBAR L2 5.
(3) WHEDOWIWMEDE &
WA, HOEBEZONS SO, EGEEL [0.37525r>0] OMENICH2EATE
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WTTT, BEEBETIRE s RSEWRIC LT, Ol & H EoBFRERDIET
%, W OBRRN R OB TIC S 2 C & 8Rw bhi. '

4) R HER , ;

R OEEMTER MR & B L O k> TRESN B & Uiclid, MR
(Sr) $30.375T Cl=H, Sr 75 0 T Cl=0 &30, ZOMTRNFERYRETIcHs &
WIS NI. COBOMEEYS S 7 LORFIC L » TIRIT Uiz & & A, RO &5 IEIm LS
W bR

SR RE DZE AL S iATE DL MRE Lic & & A, HaHUE & B A5 IC A BE
Sr oM ERy, 0251 TOMOBEMERTbOEMES N TE, ~FHEHH
Hoy=x" (n=1) B 0<x<l OWPANT y>x &> TFEE L IOTCNE WS
BEEMBETH S,

CORE, HIEHMEE (C) &ty (H) LolfiE, RROLI3REELLZLDLE
fEah s, V

Cl=f(Sr)(H+1)sn ~1 . , (2.2)
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Fig. 2-1 Relations between length of living crown and both height of tree

H and relative density of forest Sr, whele Sr=102(N « H)~"5
Sz

Cl=(2.125-38r) {(['1'*‘1)(5-“3'7'5)0'7%1}
M2-1 BRI OHE & SRR & OB
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T, f(Sr) & g(Sr) iitic Sr D%,
Bl 0<Sr<o0.375.

COESBHEANBERETTr s 7B 2w A, M2-1IkRRTEH12 Sr i
ORI S HhiEERRE N, choohiERiE, ROBRTRICL > TERENS
FER LT .

Cl=(2125—3SO{(H¥FD<£%yJ-—1} (2.3)

2.2. HBIRERHE (@) EHEHMER

BEOEAERLE LTOMNTER, WABERES 0LSr<0.375 ofERNTHNIE, £
NENOMBEEHENBRBECE U TYvHT 20T, 20484 TTCORELRBEOHER
BEMBLTENE, ZOBRAEOTARERE RBid FHORERRERIOKENE
B 2ENT A E0HERE. —F, 3 RSHBRBOTHBESEA TN, R
B OBAORBAESNERIHEC L > TRHDON, COME%E, TIROBEARMED
PWEEEEOGEHETNE, ZORETCORBEMREREENT A C LNMEEENLE. 22
T, $TRE R KWt T 2 EHERREOE(LEHE L, Z0RE (e &
TTORBILRAEEERT 2 it L.

) #WEElCE KEHEROE

HERY BRI T ORENBN-DEHET, PRTHEOERE L Kic 100%
OWEREELILZ. UL, WELSEICHEET 2 LLBROFECHROEENNb > T
FAFMUBWONIBEMBE LY, Bicld, HERRKERLZ LALLE K BELIESK
LISy, BEREHELOEENE LT, MECHEIEESINS. COHKE #HE
WERIETFETTE. N2-2R3FAENDOWRBRERLLSDTH A0, ZOEN%E
BwdC EolkkS.

COWMETRR, BE 7.5m »H5 125m OFHEAT, REOREEESRRT L0
L, 2 RioSatER, ZoRoLHREROREEEER (C) 2RO X5 IKBE
THZEIT Lk

SRR EASAK

H<5.5m, C.=0.8 (H+5.5)*, (2.4.1)

5.5m<H<7.5m, C.=0.8+(H —5.5) X107, (2.4.2)
e B

7.5m=H<I12.5m C.=1.0, (2.4.3)
RIBREASMR Cthln~E k)

12.5m<H Co=1—(H—12.5) + 1072, (2.4.9

2T C BMEREERER

(D frich > KEHREROEIE
HArE, 15HA 5 35O 3 RBeRK A LgE, 15H, 2ShoREgBERR,
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o 2.4) Rick-THRRENZSDLEEBLTION, 383 (40 FEHATIEHD B3m
DT iz, hEoBticdd 2 AMoBei0 s, Mok 2 K084 8 EE
T B, HESESERBESEIETS 100 BIRLEWY. 2T, Hifr 3 Shoks
WOEER CL s, ke hEBORMERO C. © 90 BTH B EE LK.
Cl=0.9C, @5
B, ESROBSHcI LTS, RRGEBERFS L.
(3) EHEIRGE () R
MEE C! oEETOMERR C 1F (1, 2) Rk
Co=q CI*® 2.6)
B - CTBURRHE O Y BmEm B iZ
7 Ci=ma?Cl,
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EHBEER C 2Rk s &
Cy=naNCi=nNa*Cl.

—75, WO (2, 4) ANTHEE UhEWETRE C 28X 5L, ha B OWEW
Himat € i@

C,=C,x 10*,
aNa?Cl=C,x 10%,

a=1"(Ce- 109+ (# NCD) =V ({C,-Sr*"HY) + (= CI) . Q2.7
2L, 3T
a=vV'CL8r H7-Cl. ~ (2.8)

Q2.7 ROMGE /57 CHRTEE, H2-3WRTESDVTEYD, WELERK
a R OH & OBMED, HRIE Sr SOk » TRENTV S, MEAEL,
MISHEREE DS A & I8 A B ERIEERBR S BN EEMICH B EERLTHS.

Expanding coefficient of crown
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Fig. 2-3 Relations between expanding coefficient of crown (@) and both
height of tree (H) and relative density of tree (S7)

2-3 WEHE o oG

2.3. WEHKE
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Cvx’—-«-Jﬁ ¥t dx=1r agjx dx = nzoz” xt, : (2.9

BIELR Cl OISR
‘ (4

Cv’==J Ty

o

(2.10)

U LB oREOMER, HOESHE L THEORELL>TNE. 22T, »2
Ty E—FERICHEE U7 BT, dEREAT Uicihic, F—HERICHTTT 26054
BE (SFallc k)i, F—EiERSheMER, F—StRoRETicd 2R
PEOOT, AR THIET 2HROF—EEL 5N 5), BHEOHHEE»S, tLi
W AETIOMEEZZ LG, chBBEOSRENEMEARELIZTTH S

AR, EESEE LTV EOEOMER (EHER) 2 ¥ &L, ik,
BB ODIC, BEOHEIRBERE 4 ~SEHORKEBRMICENbDETEE, &
BB TcEbah s,

z{ﬂ—IX—kﬁﬂ. .10

Cyxe= nza

fiEL x—-H20,
xlW OBE/R x—l=
: TTT, Cox i3, MR x OREAH.
Fie, AMEE Cl OFEER Cv 3

Co= ngz{cﬂ-(CV—h02}. (2.12)

o2l Cl—-H=0.
MAOEEAREED, X0 ks kKEadnsd s, ha B ofEERR, MAREE N %
ERUTRRO I I 5.

Co=N- ”fz{cﬂ—(CL—w)n. (2.13)

z o Co: WEOHE

3. REEROHRAHREI & B E 7)) ORIE

IR R RS B 385 1 & - CRBRILET D ERYHEEEL TS, TLTH
BOLERREERCEATIEELONTHS. #sT, TRETRITELHT ey
W LT, MOOKERSHEESN, < ORI &AM B & ORI B R BIHRRD
Shhid, EFVOESEBERINAZC LR3I THS '

3. 1. MREEICRIA L7IciRREsR

WA, MR, HBGL MEHNAERK T A4 ORHT T, Lhrd, LEOHms
Bohhg, FREEEADZC LBk, 20T ~SE~HETHEEIh T EELS
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N 5 #HIR O EE R OISR BHRE U, RO 3HIRD b D ERIR L.
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T, SERBH UL WEH,LH WS OMEE, 20 EFEFRHCERS NI
FRE & F—-ONIECFICH SMESENEELENEOT, WRIEHTH 52D
BET, CHERMMICESR LeBFick>T, FLER BfTbhTnad0EAHTE
3%

20T, COWETE MEE,S Im ORSOBE Lz EFEMHEIcER s
HREEEL ChiIKk- TELBATDR TSSO LERT.

WEH AT I m BB T 2/HEOAIE 214 Riek-T

Co= T2 (- (cl-1)?).
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#3-1(D BRSO F g ¥ b W R
Table 3-1(1) Yield and related data of Sugi forest in Obi district

Hofr 1o A H N+N"y  Sr Cl o cv 14 D
10 8.0 1909 0.286 6.5 0.505 | 26844 113.6| 13.8
15 11,0 1459 0,238 7.2 0,551~ 49218 { 200.1 19,3
20 14,0 1003 0.226 8.2 0.617 ; 68972 287.4| 253
25 16.7 718 0,223 9.3 0,676 | 88124 | 369.8 | 31.2
30 19,1 551 0.223 1 10.3 0.725 1 106334 | 443.9 | 36.4
35 21,2 457 0.221 11.0 0,762 1 123184 | 511.6 | 4i.1
40 23.2 396 0,217 1 11.4 0.792 ; 138832 | 5742 ] 45.4
45 25.0 352 0.213 . 11.8 0.817 | 153391 632.9 1 49.4
50 26.5 318 0,212 12,2 0.839 | 166046 | 688,61 53.1
55 27.8 291 0,211 2.6 0.857 | 176807 | 741.7] 56.5
60 29.0 270 0,210 12,9 0.873 | 186417 | 792.9 | 59.7

W ofr 2 & A H N4+N'|  Sr Cl « (oid 14 D
10 6.7 3048 0.270 5.3 0.442 1 17435 73.71 10.9
15 9.2 2015 0,242 6,3 0.499 | 35137 139.0] 15.3
20 1.7 1403 0,228 7.2 0.560 | 51663 | 211,21 19.8
25 13.9 1026 0.225 8.1 0.614 | 68151 | 280.0 1 24.2
30 15.9 798 0.223 8.9 0,657 | 83645 343,01 28.4
35 1.7 650 0.222 9.6 0.695 . 98135 401.2 | 32.3
40 19.3 552 0,221 10.2 0.726 | 111403 | 455.4 | 35,9
45 20,8 481 0.219.1 10.7 0,753 | 123658 | 506,51 39.3
50 22,1 429 0.218 1.2 0.775 1134811 555.1 42,5
55 23.2 388 0,219 11,6 0.795 | 144435 . -601.8 | 45.5
60 24,2 357 0.219 ¢ 12,0 0.812 152905 | 646.6 | 48.3

o6t 3 4 A H N+ N’ Sr Cl o cv v D
10 5.4 E 3449 0. 315 4,9 0.433 | 12541 54,4 8.9
15 7.4 2499 0.270 5.8 0.468 | 25987 96,3 | 12,7
20 9.4 1672 0. 260 6.9 0.525 | 37817 | 1447 l6.6
25 i1 1227 0,257 7.8 0.576 | 49812 | 195,91 20.3
30 12,7 968 0.253 8.6 0.618 | 61346 | 245.0] 23.7
35 14.2 804 0,248 9.2 0.649 | 72602 | 289.9 ] 26.7
40 15.4 692 0.247 9.8 0.676 | 82644 | 332,1 29,4
45 16.6 611 0.244 10.2 0.699 | 91720 | 372.2 | 31.9
50 17.7 551 0. 241 10.6 6.719°1 100484 | 410.8 | "34.2
55 18.6 504 0.239 | 11,0 0.736 | 108146 | 447.6 | 36.4
60 19, 4 466 0.239 0 11,3 0,751 | 114681 | 4831 38.5

A: forest age H: height of tree (m)

N-+-N’: density of forest tree(/ha)

Sr: relative density: distance among surround stem per height of tree

Cl: length of liveing crown a: expanding coeff. of crown D: DBH (cm)

CV: Accumulated volume of annual growth of crown (m®)
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£3-1 TE A K F 4 & BRI
Table 3-1:(2) Yield and related data of Sugi forest in Kumamoto district

WO 1 A A | H | NeN| s c | « cv v D
10 6.2 3750 0,263 4.9 0.416 | 20056 88, 4 9.2

15 8.6 3086 0. 209 5:2 0.444 | 39293 . 167.51 13.1

20 10,8 2292 0.193 5.8 0,491 54959 | 244,4 | 16.6

25 12.9 1361 0.188 6.3 0.541 ¢ 70311 317.9} 19.8

30 14.9 1361 0.182 6.8 0.580 | 85731 386.7 1 22.7

35 16,7 1132 0,178 7.2 0.613 | 100380 | 450,9 | 25.4

40 18. 4 969 0. 175 7.5 0,642 | 114064 | 510.6 | 27.9

45 20.1 847 0.171 7.8 0.669 | 127405 | 566.3 | 30.3

50 21.5 752 0,170 8.0 0.693 | 139591 617.7 1 32.6

55 22,9 675 0,168 8.3 0.714 | 150604 | 665.4  34.8

60 24,3 612 0. 166 8.5 0.735 | 161552 ¢ 709.9 | 36.9

o 2 % A H | N+N'| Sr Cit o v 14 D
10 5.2 5863 0,251 4.1 0,365 | 10576 45,5 7.4

15 7.2 3906 0,222 4.8 0.411 | 24377 99.6 1 1.1

20 9.0 2661 0.215 5.6 0.463 1 36840 | 156,41 14.4

25 10.8 1965 0.209 6.2 0.511 49805 | 212.4 ¢ 17.4

30 12.4 1564 0. 204 6.7 0.550 1 62916 1 267.3 | 20.2

35 13.9 1306 0,199 7.1 0.581 | 75369 @ 320,7| 22.8

40 15.3 1123 0,195 7.5 0.607 | 87193 372.1| 25.2

45 16,7 983 0. 191 7.8 0.632 | 98666 | 420.7 | 27.4

50 17.9 873 0, 189 8.1 0.654 | 109346 | 466,5 | 29.5

55 19.1 783 0.187 8.3 0.675 | 119206 | 509.6 | 31.3

60 20,2 708 0,186 8.6 0,695 | 128627 | 550.2 | 33.1

LI YA B3 A H | NN |~ Sr Cl « cv 14 D
10 4,2 5611 0.318 3.9 0. 381 6682 29.3 5.7

15 5.8 4444 0.259 4.6 0.396 | 18387 68.0 8.9

20 7.2 3334 0. 241 5.2 0.430 | 28074 110.0 | I1.8

25 8.6 2610 0,228 5.7 0.464 | 37522 1 1525 14.4

30 9.9 2085 0.221 6.2 0.498 : 46928 | 194,31 16.8

35 L1 1720 0,217 6.6 0,529 | 55970 | 234,9 19.0

40 12.2 1461 0.214 7.0 0,558 | 64571 273.5 | 21.0

45 13.3 1274 0,211 7.3 0.581 | 72980 ¢ 309.1 22.9

50 14.3 1131 0,208 7.6 0.602 | 81082 | 342,91 24.7

55 15,2 1018 0. 206 7.9 0.620 | 88458 | 375,01 26.4

60 16.1 926 0,204 8.2 0.638 | 95496 | 405.6 28,0

Co= N, P25 (CB—(Cli—1)7), (3.1

J M ORHMBICEIE T 2 JER OB

gy

v

MR CV, |
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Table 3-1(3) Yield and related data of Sugi forest in Amagi district
ok 1o A H [ NeN' | sy cl @ cv v D
10 5.0 | sa62 | 0271 42 | 0.375] 6747 30.7] 7.2
15 8.3 | 2793 | 0,228 5.5 | 0.455| 24959 | 104.1 113
20 | 112 | 2421 | 0181 | 5.5 | 0.487| 47357 | 1829 15.0
25 | 13,5 | 1829 | 0173 | 6.0 | 0.535| 65539 | 253.5| 18.2
30 153 | 1457 | 0.171| 6.5 | 0.573| 80719 | 313.5| 20.2
35| 16.8 | 1200 | 0.172] 6.9 | 0.606| 93371 | 368.0| 23.9
4 | 18.0 | 1022 | 0174 | 7.3 | 0.633] 101059 | 419.5| 26.3
45| 19,1 | 902 | 0.174 | 7.7 | 0.656 | 113380 | 469.5 | 28.7
50| 20,0 | 80 | 0,176 8.0 | 0.675 121578 | 517.0 | 31.0
ss | 207 | 740 | 0.178 | 8.3 | 0.691 | 128189 | 563.0| 33.4
60 | 214 | 678 | 0.179| 8.6 | 0,707 | 133951 | 607.0| 35.7
W 2 A H | NeN | s c @ cv v D
10 3.4 | 6659 | 0.360| 3.4 | 0.377] 4734 18.8] 6.0
15 6.5 | 3750 | 0.251| 4.9 | 0.416 20649 74.0| 9.3
20 9.0 | 3205 | 0,196 5.1 | 0.441 | 40886 | 137.8 | 12.4
25 | 11,0 | 2460 | 0,183 5.5 | 0,484 | 56865 | 195.8 | 15.0
30 | 126 | 1950 | 0180 | 6.0 | 0.523| 70442 | 244.0| 17.3
35 | 13.8 | 1605 | 0.181 | 6.4 | 0,553 81603 | 287.3| 19.5
40 | 148 | 1390 | 0.181 | 6.7 | 0.577| 90733 | 328.0 21.5
45 | 157 | 1230 | 0,182 7.0 | 0.597 | 98741 | 366.0| 23.5
S0 | 16.4 | 1105 | 0.183| 7.3 | 0.615| 105495 | 397.5| 25.4
55 1 17.0 | 985 | 0.187 | 7.7 | 0.633 | 110984 | 324.6 | 27.3
60 | 17.5 1 890 | 0.192 8.0 | 0.650 | 115680 | 450.0 | 29.]
Wk 3o ; A H | NeN'| sr cl Y cv v D
15 4.7 | 4764 | 0308 4.3 | 0.395] 11137] 45.1] 7.8
20 6.8 | 3758 | 0.240| 4.9 | 0.415| 25968 | 96.6| 10.4
25 8.5 | 3221 | 02071 5.1 | 0,438 39004 | 139.6 | 12.7
30 9.9 | 2538 | 0.2001| 5.6 | 0.474| 49531 | 178.0 | 14.7
35 10,9 | 2077 | 0.201 . 6.0 | 0.504 | 58098 | 214.1| 16.6
40 | 116 | 1752 | 0.206| 6.5 | 0.530 | 64458 | 245.6 | 18.3
45 | 12,3 | 1529 | 0.208! 6.8 | 0.553| 69908 | 270.0 | 19.7
50 | 128 | 1368 | 0.211 | 7.1 | 0.570 | 74689 | 290.0 | 20.9
55| 13,2 | 1250 | 0.214 | 7.4 | 0.584 | 78348 | 303.5| 22.0
60 | 13.5 | 1158 | 0.218 | 7.7 | 0.595| 81234 | 313.0] 23.1
cv, =:2:‘3:Cvim~-§~§ﬁ’: Qi (Cl—(Cl,—1)?) (3.2)

JEMOMSORME V, 13
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Fig. 3-1 Schematic explanation of parabolic crown layer; lower is 44 depth
layer and upper is 1, 0m depth layer. where 4% anual increment of

tree higtht
3-1 VERMIcERE ¢ 3 80E S BEET 1L.0m OBFER

V,=KCV,—= KS"CU;-»!&ZZ_,N! @ {Cl—(Cl~1)?) . (3.3)

LT K BMBERRE.

BRI, MBS ERIMOR D SRARBEME,  EHRO MESESERENL TS
m,mﬂé£mﬁxﬁ*$ﬁmé,ﬁf,m%%m%kw,omf(zﬂzﬁwbchz
Q7 KXo a #HEMT S, 20T (2.13) RO N, a,, ClL B8R 51D T Bl
L OBTEERIHILEN S aacm@ S S EORTERERBATLURERRE T3 &
(3.2) RNoWEgRBAmE»E N5,

T ORI, B2 OMSIHRICE > TEHIEL, Th®, K2 OFHAMIEE
ST N, RO E R OB EER & OBGTRE T 5 EHEE RS
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Fig. 3-2 Relation between volume of forest stand (main stem) and accumu-
lated volume of 1.0 depth parabolic crown layer of forest

BI3-2 B (1 maeiHy) oBIARTE MM (EHR) Lol

BRNG, JEAS, KIED 3757 X 3 Hhb o HAMIBER i DO CTHEABBM AR L, ©
N &EEMRRBHE (m*/ha) EOBBRERLLLONRKI-2TH 5.

KO HOEI e U B ik Hic, ML, WEORMATMAT 2Icoh
T, HRGOMBHEMSYIR LT 38 EHOMBAEERZIIRT 2 &0 5 HiRMERASED
i, Udd, #fusgd, Bk -T K& figsoncnsc & GhirsgEng
MEHEE BN B EMREIN T 5.

ZOMERE, KiE ZHGEHBFAEEAONIEIERELTHHLELDTEHE 2D
T, TORDICHIBMBTHT BIREERT C &, HEOMEMLRERDS, #5E ki) 2
TIONTET U, Fih, fric k> THSAN 2 2 &1, OB TFic >0 THiFE/L
TERBETTICEEBRULTHAE. CNOOBERELTE, BE FF) skEkR3iE
ETFRIHE A UTC, FLSE S MBER I EE T 3RAREAC ENELZ SN, &
foo ARMBAL OB T, BUSEEE Y D MR Y, SEMLERMETFTLTVIC &%
BEILOND.

3.3 RERCEMSNIHEHTE & HOHEE OBIR
HIfiORF TR, WEET Ilm OEIOMERICER UTHITEfT -0 Th 3755,
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Volume of forest stand
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Accumulated annual growth of forest crown

Fig. 3-3 Relation between volume of forest stand (main stem) and accumulative
volume of annual growth of forest crown

X3-3 AR A U 7o el O BADIRER & AR (MR & iR

BRAERFHRL, 2, 34boe
¥V =0.0042 CV 5. 08
HBIERE R=1.00 % Se=0
NEAMT 2P, 2, 3EHOLA
V =0.004 CV—4,29
R=0.0999 Se=8.31 m*/ha
KHF 281, 2, 3&5hoEs
¥V =0.0042 CV—16. 26
R=0.99 Se=21.93m%ha
SHF R EkL, 2, 3SHoEA
¥V =0,00429 CV—8. 32 (3.8)
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BHEDOD M TEEINYEEL, ZO/MEHLLD TFHICH 3R OLILITEE
HEEN, SEOWMEBERKCESL TR &, <A77 (EED, 1964) itk
S TIRZEXN, 7, BE (1983a) Higk-TEAlIKL > TEEINTVWS. TTT,
NRAFEF VXTI EROMBERERF T2 L, EEOBIORBHERED 1 £5
OEERI, ZOMEBELD RICEAT S ERCEAL, Z0FELID TOBRE (BT
B KRERTBEEZONEZHLIT, FMOBELZENEE, 20Wuio itk sl
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WRTEBDTHB.

9, BiHEOLDI, HWES SNSRI OEEEE LTERRINIBEAEEZ 5.

R D e y=ox%,
BREDOKEHERE ny=ra’x,
EED x A (BE»S x OEBEOK) KB 3ES (BX) dx OMEARR

rytdx=nwa’xdx,
COMBTEESNEZHME dv
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K : MERERARK
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H=-=x ==

g BBIEE R

Increment of stem
sectlon

Fig. 4-1 Schematic explanation of relation between growth of stem by pipe
model and tree crown. Relation between appearance crown valume
and increment of stem section is shown in following equation;
dg(H~x) =K ro®xdx

Ra-1 Bk HRER L oMo Te

dy=dg'(H—x),

dg/(H—x)=Kmno*xdx,

. X "
dg’'=Krna? H——xdx‘

Bt (H—x) OWAE, Sbic x &) LEOWEORIWROEANER 50T, £
hbeRfic k3 FHNERRE ¢ LT

| gu=37na2j o dx 4.1

=K' nmo(HIln H-x—HIn(H-x)}. (4.2)
T x! WHE» GO
¢ x ALy FoBIEHMEEIC L D EEIR A WTERAEER

ko, EEERE LTOs F 7 MEOKRED, MBERCEBRT 6D EEL
EAOBBRRTS 200 BHEIE, WEOREN KT 2 1 F50HERMEE L s
WAEBCRES LT &M, FHOKRELTEONTOEDT, | ESOFEERMEE
OHMEBICHEETIOOE LT (2.24) RAEEBIET S, FHIEERE (LED 1B, BE
OMERE, chd dh (1ESOMBERER) KU TS LB E D TREL
N ERBBDT, HWHRFHEOUMFEER ¢ BRR K-> TRENB L LIS
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gi=Knod(H;In Hj—(H;—4dh)In(H,—4h) — 4h,— 4k, In(H,— %)} ,

FefZL x>Cl OB & x=Cl.
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C()im (H, In Hy— (H,— Al )In(H,— dh) — dhy— dh, In(H,—3)) . 4.5)
RIEUL x>CL OBAR x=Cl & &
gr=KnatCx);. 4.5
BEOWEMERR ¢ © JHEHOBAM T8b5 JFEERBEOMHER G B

Qzﬁ@nKﬂﬁﬁC@L, (4.6)
Pl o
& D, i3

D;=2/G [ . 4.7

ChoDEBRERVT, EROHSOMBEREMEET ST ENFHEEIS.
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Height of tree

Fig. 4-2

K4-2

HWEERE on
Diameter of tree

Calculated stem profile every ten
years by following equation;
D=2 {42 ‘Elj‘% a2 CCO NS

Cx)y == (Hyln H—~(H;~—4hDIn(H,
""“d}l{)"“l)h"‘"dh( In (me)},

x = Cl in case of x>CI
10@,1_!%0)4}3‘&2‘,1/1\ CEMA) iz &
TREN D HEEHRITI (4R
60 4RI DT TR (3 R T 37
cm THLEDIHFLT, Bl
/K—]‘VCJD7 DI bhinb b kW u' Jx%lll
Tl 27em oL LT,

A

T, WHEOKB S EOHERITLS
TZOMORIEERSS L L.

IRHERIC IR LT H B SR &
Ricdk - T, B5ERE (CL), #RIRRAK
(a) ERTEER (4h) &Ekphid
46y & @7 Hick->THER /J>.,],x~
S, BRETROHEE S TETH 5. K
4-20%, MBI THE K K=
42 ZT B LA REARHbDT 1 o X
FRMBITRTH 5.

B 4-2 OR/RIZIE — R, JERIcBISER
WHEL LA TBIRE & L, ﬁf.i’fi@al_,ﬂi &R
LSEBDTH B COWBFTMOE
BMEERMLTHD &, FiEO LD N
RICHLINTOIEBRMED /hEL,
Ml 2T ICONTEDEBRKEL LT

B EmRAlisha

Bl G 1100 20 300 40050 60

oy

;‘;, ] 9.2 16.5 227 27.932. 6.36.9
eS| 9.1 15,3 19,3 22.4 24.8 26.9

Ci

ET BB, HEEFEELAT, wElick
> C, A ¢ UKL O NS O TR %
s Lice T A (4.6) ROWAERTY,
FEHNTIERL U e Bl 315 S de.

G,::Kﬂaﬁi‘;(](x),. (4.8)

L3 (4.60) & BB AR, ROE
Thb

o RBERIKIRARIC o & (4.6) o
A A bRI DL & A Cﬂm LTEALY
BEH a ELTRORRAEH - 7-DTH
B0, (4.8) i, HEERMOMKEG j©
MW &S U o« KEZEL, &%
ELTHREHR L

o (4.8) RNOA, JEEERIO B
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DIHFEHD a; DEE, o Lo Eh-
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Fig. 4-3 Correlation between measured D. B, H. of standard tree in yield
and estimated D. B. H by following equation;

D, =2(42a3 ?’JaC(x):/fc}"'E‘

®4-3 BEEIRRECEHEE BRSO (o) il LT L R i & S
% & ORG

BT BVEHRCBBEOBRHNETTHD, b UHEBBRETER-THWEE Lt bH#ARE
LI > TOBIERDSE . HMAKERICSARENE,2E, 1,000 KD MoARERG, 1,000
AR QR EEDNIE, FNHSM0EBOBMAK LT IMBRIE DTS LM, 554Kk
MR DIHEARDS, Z0tHhd, O&DIHPIERE LTERLS SRR, 3, &0
ABWEBL BT ENMNKE. 2%, WHRCIZLZN OB OBHRBIERLTS
B8, ZOHBEROBEEME HMHEE2Z0ETW->THET 2RRWNIDEHTELL,
2 BOERBEZRW - Zo AN, SHMBEOBEREL > TNET EE2YE > TN 3.
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k&iﬁ,%$$wﬁﬂmi,@8)ﬂc& BEBAE DS TR LB, 0
#id, (4.6) ROESIBERBKBETT2d0EEALND
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W, :n%*‘m, 10 454 e, 40 4EAENG, 60 4REIFDEMARBUW Y, B2 Vidll-> TEx
RIBRIOERE (4.9) RICL > THA LD TH 555 4045, 60 EDRAKD, Lhin
WG, HEERED b, BA3MPICREOKERTH T &, 40FLORHEARS, 604
ETRBEEPIT O/MERER BT & mﬁﬁwmﬁﬁxi,%wﬁm,ﬁéaﬁﬁﬂﬂ
BT Th, MEOEIHBRT A EENTEALONG. RoAAR, KYERIROE
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WNEEE
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Fig. 4-4  D. B.'H. growth curve of standard tree: at-different: age class (in
yield table) such as; 10 years old, 40'years old and 60 years old.
and appearance curve showed by yield table

Bi4-4 104, 4044z, GO4EE A IRRE O BARAL B MRl Rkl & IR
RSWTO 2 R L OERAERES



86

g e pLES 20540
To#H x MoK E MK E Hk KR
_ oo

20
Fig. 4-5

B4-3

#Ee424R Radius of stem cm

Analized stem profile of Obi Sugi (low' density, middle site) by
estimated on parabolic crown model; (1) .appearance profile every
ten years, equation (4.6), (2) tree rings profile every ten years of
standard ‘tree. at 60 years old, -(3):at 40 years:old and (4) at .20
years: old.  Case.of :(2).:(3) -(4) are estimated by .equation (4.9)

NG REIHHEF VR R > THEE LicA R4 (thii) oS
(O BOERTRY) :

oo

3 Height of tree
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Fig. 4-6 Appearance stem profile estimated by equation (4.8) Each carve
show profile of standard tree in class of every ten years
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®5-1 AWM SHALT 1LOm BIRY (43 K5 B OWERE, H
L DAL AT O D2
Table 5-1 Calculated volume of 1,0m depth parabolic crown layer of forest
and annual growth of crown layer on different yield table
where, (1) site classification, (2) forest age, (3) H: height of
standard tree, (4) Cuv,,: forest crown volume of 1.0m depth pa-
rabolic layer, (5) forest crown volume of annual growing layer
and (6) difference between Cv,,~Cuvyy,
Mgkl % m W F HE S 1 U A R )
Obr district Kumamoto district Amagi district
BLlil H | Coye | Coyy 7 H | Cup i Cugy 7 H: 1 Coy | Cuyy b
(l)j(Z) (31 (4) {5) (6) 3) {4) (51 (6) {3l () (5) (8)
10 8.0, 5,646 4,295 1,35l 6.2 5,321 3,209 2,112 5.00 2,699 1,349 1,350
15 11,00 6,727, 4,575 2,152 8.6/ 7,054] 3,848 3,206 8.3 6,190 '3,643] 2,547
20. 14,0, 6,509 3,851 2,658 10. 8 6,761 3,133 3,628 11,21 7,377, 4,480, 2,897
251 16.7, 6,789 3,830, 2,959 12,9 7,057, 3,070, 3,987 13,51 7,0520 3,637 3,415
300 19.17.7,163 3,642 3,521 14.9 7,415 3,084] 4,331 | 153 7,309 3,03 4,273
L350 21020 7,4600 3,370 4,090 | 16.7] 7,574 2,930 4.644 | 16,8] 7,474 = 2,531 4,943
401 23,2 7,571 3, 1300 4,441 18.4} 7,652] 2,737, 4,915 18.0; 7,667 2,138 5,529
45 25.00 7,581, 2,912 4,669 | 20.1] 7,675 2,668 5,007 | 19.1} 7,806 1,864 $, 942
30p 26.5 7,660 2,531 5,129 1 21,507,667 6,4370 5,230 | 20.0} 7,881, 1,640 6,241
55 27.8/ 7,548 2,152 5,396 | 22.9| 7,646 2,203 5,443 20,7 7,9120 1,322 5,939
60 29,00 7,522 1,922, 5,600 | 24,317,608 2,190 5,418 21.4/7,913 1,152} 5, 685
10, 6.7 5394 3,487 1,907 5.2 4,091 2,115 1,976 3.4 2,637 946| I, 691
15 9.2, 6,203 3,541 2,662 7.2 5,794 2,760, 3,034 6.:5 6,248 3,183 3,065
200 11,7 6,610, 3,305 3,305 9.0/ 6,413 2,493 3,920 9.0 7,301 4,048 3,253
25 13,9, 7,002f 3,298 3,704 10.8| 7,020{ 2,593 4,433} 1.0 7,055] 3,196 3,859
300 15,9 7,3120 3,099 4,213 12.4| 7,524 2,6221 4,902 12. 6} 7,371 2,716 4,655
thi3s 1770 7,530; 2,898 4,632 | 13.9] 7,806 2,491 5,315 13.8 7,706 2,232 5, 474
40 19.3) 7,678 2,654 5,024 | 15.3] 7,911, 2,365 5,546 | 14.8 7,9411 1,826 6,115
45 20.8 7,760 2,431} 5,309 | 16.7] 7,960 2,295 5,665 157 8,040, 1,601 6,422
501 22.1 7,803 2,23L 5,572 17.9 7,958 2,136 5,822 16.4] 8,029 1,351 6,04
S5 23,20 7,836 1,925 5,911 1 19.1} 7,938 1,972 5,966 | 17.0 8,025 1,098 3,660
60 24,21 7,865 1,694 6,171 1 20,2, 7,907 1,884 6,023 17.5 8,114 939, 5, 466
10: 4,2 5,208 2,786 2,422 4.2 3,454 1,485 1,969
15 5.8 6,313 2,988 3,325 5.8 6,795| 2,601 4,194 4,7, 5,224 2,475 2,749
200 7.2 6,461 2,629 3,832 7.2 6,875 2,153 4,722 6.8 7,332 3,296 - 4;036
25| 8.6/ 7,096 2,666 4,429 8.6/ 7,176] 2,100, 5,076 8.5 7,406 2,897 4,509
30) 9.9 7,596 - 2,560 5,036 9.9 7,431 2,090 5,341 9.9 7,283 2,339 4,944
RI3S] 111 7,905 2,505 5,400 1 11,1 7,715 2,009 5,706 i 10.9] 7,594 1,904 3,690
40; 12,21 8,069  2,2311 5,838 12,2/ 7,974 1,911 6,063 1 11.6] 7,894 1,413l (6,066)
45 13,3/ 8,180 2,017} 6,163 | 13.3 8,1520 1,869 6,256 | 12,38, 1720 1,211} (5,903)
50, 14,3 8,244) 1,948 6,196 | 14,3 8,233 1,800, 6,433 12,8 8,382 1,063 (5,786)
55 15.21 8,274 1,703 6,571 | 15.2 8,275 1,639 (6,596 13.2 8,526 813 (5,483)
60| 16.1; 8,274 1,452 (6,315)) 16.1] 8,294 1,556 (6,481)| 13.5] 8,646 641} (5,284)
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Kumamoto Sugi (moderate density)
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Fig. 6~1 Relation between forest age and volume of living forest crown
which is estimated by parabolic layer model. where living crown
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Fig. 6-3 Relation between height of tree (H) and erlativl density ((Sr)
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Summary

As a result of surveying to crown form of Sugi (Cryptomeria japonica D.
Don) in forest it is considered that the appearance of crown form is expressed
by the parabolic shape.

Y= x5,
where y: radius of crown (m).
x: distance from crown top (m).
a: expanding coefficient of crown radius, which is increased
accompany with decrease of tree density.
Cr=q-CI",
Cr: maximum radius of crown bottom.
Cl: length of living crown.

Horizontal thickness of parabolic layer between surface parabola and inner
parabola which is surface of former crown is in proportion to luminous in-
tensity on the same phase of parabolic surface, so it seemed that the parabo-
lic crown model is physically reasonable under light condition.

As a result of measurement to forest stand, it is recognized that length of
living crown (CI) is regulated by both density of forest stand and height of
tree. ‘

Their relation is expressed by following equation (Fig. 2-1).

Cl= (2. 125350 {1+ 16"y
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where H: height of standerd forest tree (m).
N tree density of forest stand (number, of stem/ha).
Sr: relative density (ratio between average distance from
surrounding tree and height of tree). '
As for expanding coeflicient of crown, it is shown in following equation.
a=v"(Cc.SrEHY /(- Cl) .
After crown closed, degree of crown closure (Cc) is regulated following
relations (Fig. 2-4).
Cec=1.0, when 7, 5(m) = H < 12, 5(m),
Ce=1—(H—12,5).10"%, when 12, 5(m) =L H,
in the low site class (height of tree at 40 years old<I13m).
Cc'=0,9.Cc,
In this study; following two relation are investigated. The one is relation

between volume of forest stand and accumulative volume. of: forest crown
which is calculated with. paraboric crown model., The other is relation bet-
ween stem form (mainly D. B. H.) and volume of parabolic crown layer.

() Volume of forest stand

Accumulative growth of forest during j years is recognized as volume of
forest stand at j age (V,), and accumulative volume of annual growth of
crown layer during j years (CV,) is shown in following.

CV,=0. 5.7 YN, a2 {CB~ (Cli— 4By} ,

=
where 4k, annual increment of height of tree at { age:

In - this report, V; and CV, are aquired or calculated by following published
some yield tables which are classified in three rank of site, and individually
characterized by typical density; Obi district is low density, Kumamoto district
is: 'moderate density and Amagi district is slightly high density.

Investigation ~of relation between 7V, and CV; brought as following
equation: this equation is shown in simple linear relation ‘regardless of dif-
ference of age, density and site class (Fig. 3-3).

Vi=4,29-CV,;-107%~-8,32

=4, 2.5V N,10. 5 w2 (CE— (Clyi— d1)?} - 1073 (m?),
Fosly

coefficient or correlation R =0.995
standard error Se=18.6 (m®
As a result, it is expected that increment of stem volume is in proportion
to increment of crown volume,
(2) - Stem form
It is well known as a pipe model produced matter by assimilatory of some
crown is equally supplied to stem surface below the crown. Therefore, annual
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increment of stem section is propotioned to annual increment of crown.
When parabolic crown model applied to this pipe growth model, diameter
(D;) of stem at x (arbitary point on stem) is expressed by following equation.

D=2+ (K- S a5 Clxis,
i=0
C(xX) = {H1,(H)— (H,—4h) L, (H,~4h) ~ dh,— 4l 1, (H,—x)} ,
but case of x> Cl; x=CI,
C(x); value are calculated by data in the yield tables above mentioned.
Diameter at 1.2 m height (D. B. H.) is estimated by both different equa-
tion.

=
131.21“‘”:2. {42. 1}30 at C(x) )%,
T

A i==i
Dy py=2-{42 % 3, C(x)}".
{=0
On the comparison: between  both estimated value -and measured value of
D. B. H. following results are recognized.

13L2i <Dy = Dy {Fig. 4-4)
Dyp=1,004. Dy 5,—0. 153(cm). (Fig. 4-3)
R =0,995

Se=1.24,

but K =40~42,

These results suggest that standard tree on j vears old forest given by
the yield table has been dominant tree before -j age, and he has kept larger
expanding coeflicient, and he has been keeping to produce larger growth mat-
ter, and then his D. B. H, has kept larger value than average value on younger
forest (before j age).

Based on . above mentioned results, we: will be able to:describe stem form
and ring form under the voluntary conditions such as different density control,
if we have taken height growing curve (Fig. 4-2, Fig. 4-5, Fig. 4-6).

(3) Respiration value

It is considered that constant depth of parabolic.layers -on -different -tree
crown have similar function of assimilatory over. certain. level. Therefore,
volume of 1.0m depth parabolic crown layer is in propotion tototal assimila-
tory value. The other hand, we have already known that net produced value
is in propotion to volume of annual growth of crown layer.

We will be able to estimate respiration value as difference value between
total assimilatory indicated by 1.0m depth parabolic crown layer and net
produced value indicated by annual growth of crown layer. As a result, it is
recognized that respiration value is more larger in higher tree and in lower
site class (Fig. 5-1~5-4).





