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MINOWA, Mitsuhiro : A theoretical approach to forest growth modeling (IV)
Individual tree growth and allometry derived from the log-MITSCHERLICH
equation and a generalized WEIBULL distribution, respectively J.Jap. For.

Soc. 66: 183~191, 1984

This paper concerns the derivation of an individual

tree growth model and allometry by using the log-MITSCHERLICH equation presented

in previous papers and a generalized WEIBULL. distribution, respectively.

First,

the log-MITSCHERLICH equation is applied to individual tree growth modeling,
producing a power transformation which gives the relationship between tree sizes
at different ages in the stand development and resulting in the WEIBULL distribution

type growth.

It indicates that there is a good coincidence between the log-

MITSCHERLICH type growth and the WEIBULL distribution type growth. Second, by
transforming the WEIBULL distribution into a linear differential equation and by
taking the two variables together, a generalized WEIBULL distribution and the
corresponding allometry are derived. Some height-diameter curves are discussed

in terms of the derived distribution type allometry.

Finally, the tree growth

" models and the distribution models presented are compared with other ones devel-
oped by BAILEY, YAMAKURA and SHINOZAKI, KIKUZAWA, and UENO.
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1. BERERETATLSH

BAILEY(2) 13, =k SHIOSHMOEHR L5 Bl ad
B, BA LV <104EEE T (tree-level growth model)
LIRS VRO EEDEF L (stand-level diameter
distribution model) & PRARHEERL, KD X 5HkE
K

Xo=Po+B1(X1—B3)F2 (1
B, T4 TANTH, ABPERSAEOWERET L L
BHEBLM Lo = 2°C, X1, Xo bk t1, £ WRE
BELE, Bo B BB BREHTH %,

ML) 1L, VA4 TADTN ST y=A4 28
TR LTEOHERETHZ LR LB, Z0F
DRV T R OB #
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Tehb,

dy _ N
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Individual tree growth types derived from

the log-MITSCHERLICH equation
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F#-l. A TASHRIONFEHEFD 5 2 - 2 DZEAL
(MR SO D
Time-trend of the parameters of the WEIBULL distribution and of the power
transformation* derived from the log-MITSCHERLICH equation using unthinned
plot data of a Cryptomeria japonica plantation
TN P 7= 4 = ¥ 20 TATNAT 2 —& S_FEHA O
Fagd  REEY TALE WERE R AT A
oD (No/ha) (cm) (em) ’ L B R E . a5
25 6, 250 11.5 1.9 0.17 5.0 7.2 3.8
30 6, 250 13.6 2.1 0.15 6.0 8.4 4.1 g 22 ? ;:1{
35 6, 200 14.6 2.6 0.18 7.0 8.5 3.2 0.79 L12
40 6, 150 15.4 2.8 0.18 8.0 8.3 2.9 0' . 104
48 5, 500 16.9 3.1 0.18 9.0 8.9 2.8 0‘ 89 104
50 5, 350 17.1 3.3 0.19 9.0 9.1 2.6 O. 2 113
57 4,900 18.5 3.4 0.18 11.0 8.5 2.3 0' o7 1.00
60 4,850 18.7 3.5 0.19 11.0 8.7 2.3 0: o7 1.00
65 4, 300 19.9 3.6 0.18 12.0 8.9 2.3 0.86 113
70 3,900 20.1 3.6 0.18 13.0 8.0 2.1 : . :
* D@ +u)=alt+u)+A- (D) —a())B
Source: TAKEUCHI and others (18)
£E-2 VA TAGHEIONF LRI D5 2 — 2DE
(it OHE)
Time-trend of the parameters of the WEIBULL distribution and of the power
transformation® derived from the log-MITSCHERLICH equation using thinned
plot data of a Cryptomeria japonica plantation )
#, B EBEE EHEE  BEEE  ggey vATIAT A IgRERe
ge Density mean Xo C ™ = R % %
(¥yD) (No./ha) (cm) (cm) v a b ¢ A B
11 3,837 12.4 3.3 0.27 1.0 12.6 3.9
16 3,489 14.4 3.6 0.25 3.0 12.7 3.5 g ,;; é ;g
20 1,922 18.1 3.5 0.19 5.0 14.4 . 4.2 0.66 L15
25 1,688 20.2 4.0 0.20 7.0 14.6 3.7 0.54 124
30 1,688 21.8 4.7 0.22 9.0 14.3 3.0 0.84 1.05
35 1,362 24.3 5.1 0.21 11.0 14.9 2.8 0.79 103
43 ‘ 929 28.5 6.1 0.21 13.0 17.4 2.7 0.97 0.99
45 929 29.4 6.4 0.22 13.0 18.4 2.8 0.63 116
52 929 3.4 7.3 0.23 15.0 18.5 2.4 0.94 Lot
55 922 319 7.6 0.24 15.0 19.1 2.4 0.95 0.99
60 915 33.4 8.2 0.25 15.0 20.8 2.4

* DE+uw)y=alt+u)+A-(D@)—a(@))B
Source: TAKEUCHI and others (18)
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y=A x8

DO ER SR, BR L UQIRE ErBITIRTEE
ZBDRERTHDS, =2 TlE, PLHFARELT, B
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35, ,
X, eRRDEDAT A= 2R 2DV 4 7 AHH

s=5 () e -(5)7] v
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B, BT A -2 THBo HET,

oo [ s on] (2]

OWHAONEE 2@ E D, f=In(In@/R)) LH\WTE
Lo 32 &

dx x

—d}f— n 12)
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e DB, x OHREMRCE LW &hhbhbe
e, (12) REBEI>T5 &,
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Litho Tetil, %e=2(0) Thbh, DED o XHEH
BT, fEO0R=e) EBITB s DETHB, Lich
T, BHICIDY

R:e~1:exp[—< ;:;’ >01

THBEPD, Thhb To=by &itd, TDI5L, 7
A TG SRR ETAE ((12) Fik (18)
) CEHETB L, oD F 2—x (by, cp) OB
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HHEMRTH D, Lind, (12) 40 (13) R LE
DAL T WIEREOFTERNTH %,
SR, (12 R (10) RoFEERE AT &,
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FELS-Van SOEST D& XiThs
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#-3. HER, #E~NDOVA IAFHOH TULD,
B IOBEMBERT D5 2 — 2 DHE
Height-diameter curve* derived from a pair of
the WEIBULL distributions and their parameters
for an experimental thinning plot of Chamae-

cyparis obtusa .
(Age: 34 yr: No.of stems: 142)
1) Diameter (D=17.4cm: ¢g=3.8cm)

Observed Cal ful ated Rgﬁ%:e
R(ID D(I) D(1) ER(I)
0.993 9.0 9.1 -1.2
0. 958 11.0 10.9 0.6
0.880 13.0 12.7 2.3
0.746 15.0 14.6 2.8
0.486 17.0 17.3 —-1.9
0.331 19.0 19.0 0.2
0.176 21.0 21.0 0.2
0. 085 23.0 22.7 1.1
0.014 25.0 26.0 -3.8
0. 007 27.0 27.0 -0.0
Parameters: ap="T.0 2o=11.556 c,=2.919
2) Height (H=13.5m; og=2.1m)
Observed Cal/f:ul ated R:ﬁ:g;re
R(ID H(I) H(I) ER(I)
0.993 8.5 8.5 —0.4
0.958 9.5 9.7 -2.0
0. 908 10.5 10.5 0.3
0.838 11.8 11.2 2.8
0. 690 12.5 12.3 1.8
0.556 13.5 13.1 31
0.338 14.5 14.4 0.9
0.176 15.5 15.5 -0.3
0. 056 16.5 17.0 —3.0
0.028 17.5 17.7 —-11
0.007 18.5 18.8 -1.8
Parameters: ag=17.0 Yo=7.192 cy=3.208

* H=ay+A- (Dv—-aD)B: A=1.92, B=0.91
Source: Laboratory Silviculture (17)

ZOBRERFEDLT, COBRNPLADIED, HEEIRE
HThbo MIEOCHEAERITBALER (18 Kok
EhmRto 5 2—x2 A, BO{EIX, ZE~T2—2%
ap, ay DEDFHCHEFE LT B, & DB HIL, A=
1.92, B=0.91 7®DC, HEllliE (18) Ro~<+EH B
I1EEV, 8B, "3 DIVATARTFTRA—% 34 &
ci¥,. (13) K& (16) XNz
x=2o(fD? (fi/=elt, p=1/c)

DL Licth, 73 v 7Ok X hRbid DT
H5bo

WIZ, T DENT A TG HES, YV A T sy
FinbFnBEHE, TcExid,

dx
S2 g

d

d; a
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T BSTEDFEREE L B 22T, b g, s XERT
Hho (19 R, s=0 oL &, Wk 2, y 2L dic
TATAGHRCHIGBECRE T 5, ThIFLT,
S0 D EEEX, s OEEEZFHHEY, yExvAS
AR BLTRD biJThbH, ZOEZHE, KV
~7§®§’§:§?I§(12)FC%L\'C, GOMPERTZ X% log-MI-
TSCHERLICH I, 5p K—HL LIt A& D Eh & % » 7K
MUTHhHB, (19 REERE/IETHEL &

x:xoepf (20>
{ y=PBxe?” +(yo—Bxde¥ (3 n
y=(s2o f+yo)e?’ (p=0 22)

Eleb, ZTT,

B=s/(p—D

zo=2(0), yo=y(O
Thbo

0) FirFmD (13) REFM U TH D, “hiext LT

@D i, =0 B8RRI L5120 008 MR L
TWwh, LichisT, Q1) R EEND=EDDAF 2
-2 B,90,0) BERDBIETOTELHELT S,
fekzE, @O RE @ RD fEHEETS L,

2
y=Ba+(yo—Ban) () @3)

(A=g/p)
EiBHDT, TOREFIFLT QL RDATA—2%
M RD B2 FEPELONRS, Tibb, (20 X
DAF 2= T, p HRIROH R THEMICRDTHEE,
DNT (28) RDARTFA—2%F I v/ DFEL L bk
ETho EOWELELT BYud NEEB L5 Th
IXvwbirThs, Z0FLIE, B2, 13) TR
T, w-p (0: FHERME, o0 FREE) +5Y=7
FYU—ERALT, 0BEDAT A - 2REE LY
EARBRCE L THSD,
XC, z=ylx ERTE, (23) R,

z=B+a x" @4

BT A—ZMN3EAD TR EN D, L,
{ a=(yo—Bxy) x,7*
r=4—1

Thbo 20 b, “F4—% (B, a, T) HNEEZ
BE, A=qlp & (25) XX b, @ KL QD
KDRF 2 =2 (B,Y0,9) DHEET %, FBOFRKD e
7 FEERBRER (1) 2AWT, FivrsoFEek
DENRTA—ZERDDE, B4 DI5ENRD, TOD
BE&b, ¥=D—ap, y=H—ag ThHho LT,
BEERRNCEL TS e L,

S8 =g+ a(D—ap) @6)

(25)
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FE-4 IRV 4 TSR L UB SR
HDRF 2 — 2 OHETE

‘Height-diameter curve* derived from a gener-
alized WEIBULL distribution and its parameters
for an experimental thinning plot of Chamae-

' cyparis obtusa

Calcu-

F=log (log (1/R)) Actual lated Rgll,igi;’ €
R Fcn  HD a0 ER(OD
0.993 —4.958 8.5 8.5 —0.5
0.958 —3.149 9.5 9.7 2.6
0.908 —-2.338 10.5 10.6 0.6
0.838 —1.733 1.5 11.3 ~1.8
0.690 —0.991 12.5 12.4 -1.0
0.558 —0.539 13.5 13.2 -2.5
0.338 0.081 14.5 14.4 —0.6
0.176 0.552 15.5 15.5 0.2
0. 056 1.059 16.5 16.9 2.5
0.028 1.274 17.5 17.6 0.3
0. 007 1.602 18.5 18.6 0.7

- Values of the parameters:

B=++ 0.371 a=+1.150 2=+0.504 . s=--0.005
2= +11. 556 p=-0.343 €y=+2.915 a,=-+7.000
yo=+ 8235 q=+0.173 cy=+5.789 ay=-+6.000

* H=ayg+p(D—ap)+a(D—ap)t
Source: Laboratory Silviculture (17)

AW D, = OEEEMENL BB EL LT,
TROREY DX (28

H—1.2
. D
BEHEATWS (A=2, r=1),

F-4 OHEFIFEIRDO LBV TH b,

D EE (D) HFHOF—20hb, £HEEET K,
Ri=nytaggtaget BFHET S, 2L, N;
i HHOEEBORE, NEBARBETr Lk,
ny;=Ny/N ThH%,

2) Ry & xim (20) KEDTUID, 72— X &,
D EEDD, T2 L, #=Di—ap ThH5b,

3) ®BE (Ho afnb, H Gl R #5E
5,

4 D Ry eRINT 5 2 (=Dy—ap) BT TRERD
oS a—x xo, p BFAWT (20) XBHEHEL,
%y & yy(=Hi—ag) @ @O REHTEDT, -2
Sx—x Ba,k (=r+1) 2ED %,

F-3 LFEAFHKLCADE, & R EHIET S
Hy DHERER, ETHEOES P EHE->TWBE LS
K&z 5e (26) X 0 BEMEHERXDO AT 2 -2 1HS
XGRS, BERIL holhbll Thb, LHLED
ERRZ TN THD, ETAHT, sbyhbdevg
TADFERES B, (A9 RE D =0 (s=0) &7
D, ZOBED L 10) ROMIEREFRRB—33

=B+a-D
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Height-diameter curve
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Height
T
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K-2. v IAgamo—gik s EEmihg

Height-diameter curve derived from a

generalized WEIBULL distribution
H=ay+p(D—ap)+a(D—ap)*

BoFE-4 DEREZRD L, B=0.371, 1=0.504 T b,

BA% 2 743720, At B=0.91 (£-3) X /s
> TWwho EDEBIE, BE A, B=s/(p—aq), A=qlp
HBEREBUT, (19 XD<F 2—x (h,q,5) 2B
BELTED, slyDnd, «&yOENEERRYS
CLTELS D 2 TEERIEETH D,

PR, yD&EBRTA TANHENSTHAEESIT DU

TOBETHHN, s LyRNEbvA TARHM T
WEHEETE, Ly,

dx

W_px+ry+u

27
—Z—yf—=sx+qy+v @
70D — IR M RN TEE I WD, Z0BEEY
£ b FRERTIE A, 23) R dinT ot
HERIPEONDG, Tebb, ThECRANE=D
D — AR, 7) ROBHRITEETH B, (27) T,
FERBNERETH—o DRI AT A BEHKT D &
IR (23 D log-MITSCHERLICH F5% & k%73 %
DTHY, V4 TADHRED LENERBLHL T
60
BRI, zEyofmERicl, Fohba sy D
HERRZFET D &0 ) AEOE 2 FrBEeRd
L, ®-2 O X5 b, ' '

v, # £

AETR, B, ZHOEBELHEL IRE TORE
& DRI OWTEET 5,
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