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Statistical Study of the Preservation of Natural Forest (I)
—Ecological model of natural forest and its computer simulation—

Masatugu Isida

The aim of this study is to describe the ecological structure of natural forest by statistical
model and to follow up the process of forest growth or change in the long term by computer
simulation. The results of this study is anticipated to be of use for the preservation and protec-
tion of natural forest. In order to construct the model, we set the following assumptions.

1. Soil quality and water supply are equally distributed in the stand.

2. The growing speed of each tree depends on its species, light supply and opression by
surroundings.

3. Wind and snow damage are large in exposed part of stand. (upper story and boundary
trees)
4. Damaged tree stops growing temporarily and its period depends on the degree of
damage.
5. Heavily opressed or damaged tree dies.
6. Growth formula is
4H|4t=P(H,—H)
where P is the function of light supply and species and H, is the constant which depends on
species.
7. Law of death
i) amount of opressed part of crown
ii) conditional random (damage)
iii) systematic (artificial effect)
8. Sprout of sampling
i) conditional random
ii) systematic
The English report of this study will be published in near future (Computer Science Mono-
graphs, The Institute of Statistical Mathematics)

The Institute of Statistical Mathematics
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BRI 28K J O3 2EERE CV (J) 3HEOEE BT EXABLREL T
CV ()= D—CR(])ICR (I) —1.) » PL (])
THETH., (FE5RBR)
2T D IEAMOERE, CR BKEEEE, PL RESETOBERCHTHIHRTH S,
BA I ofLEERE CV X
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V=3 v (J)

T CV RATHIUT 0, LIHKRAESIEL EEL.
viii) & ¥
IHIIRER OREBIT A ED H I E, WER (&
BEORZBROMEL LEIR) RRDBIDEAGD, B
_ DEBIEHEEE B L ZOMELEV- O T
% . AR RN B TROELE B4 A FIHL T, 8bits
CR (K) & 16 bits DA A LER L TE o,
ix) BEERBOHE
BOR EEEOHE FFHED vi) BETEREOKZD [ U] %3|&
YBR[ U] DB B TERZIE
WhH, FRUADBEDOEER P (3E (IS) LZXHE S oEETHHEL, BHIKR
9 LR

P = (PX (IS) — PN (IS)) *S + PN (IS)
2T PX BBKREER, PN QH/NMNMERTHS.
x) BE4EROHE
1EBOBEY H2 LTl
H2(I)=H1({I) +Px (1. —H1 I)/HX (IS))
Xt i
H2 Ih)=H1 [ % (1. +P)
L35, BEL HX (IS) 38 IS 0B AKEETH 5.
xi) MEROERAK
FTRIED vi) OWERTRIKRE, B
S (#XE) > SO (15)
CV (EEE) < CVOo (S)
DEBTHBAZF- 2. EROBDIBENCEDLCERTHD. X, FEOBEFRNCE
LHEARE S, S8, SREELCPHESRG L LTRARZBRETIEL V.

6. TLITVXLEDIR

—RILavEa—% v a3 VOHBIEREEE, HFEREKRCRANY IO
RADTEDHKYE L DLENDD, €y MEYEHCHETHIIEEDOKIE L &EE1R
RARENBDTH BN, TDLDHRILT w5 ax Ty 75 THRHERTNIRLR, Ll
CHIIFENKRETHD, ABRDERLAREHTHLD TR 4D model DEEHSTITFHERE
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e 75 AEETICKS T,

a A€V —~HNOLDITESKT 2 Bytes DERAZHERATS.

b. $ES M 5 H41i: SUBROUTINE #F L 7ols,

c. BESTOLERBEYELL CHAEHERXTS.

d ZAEE/EONBEBEER L.
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X D, YD) &Ltcbzn8sE (b, dbEMA 1 & L %40 CIEKS ¥ T) 0F
fra ID b5,

DX =X (]) — X (I)

DY=Y () =Y ()

ID=1

IF (DY.LT.DX) ID=1ID + 1

IF (DY.LT. — DX) ID=1ID +1

IF (PY.GE.0.) GO TO 10

ID=1ID +1
DY =— DY

10 IF (PX.GE.0.) GO TO 20
ID=9—1ID
DX =— DX

20 IF (DY.GE.DX) GO TO 50
R=DY|DX

IF (R.LE.0.14) GO TO 30
IF (R.LE.0.5) GO TO 40
D = DX %0,806847 + DY %0, 597979
GO TO 100
30 D=DX
GO TO 100
40 D = DX x0.958148 + DY % 0. 302233
GO TO 100
50 R=DX|DY
IF (R.LE.0.14) GO TO 60
IF (R.LE.0.5) GO TO 70
D = DY %0.806847 + DY %0.597979
GO TO 100
60 b=DY
GO TO 100
70 D = DY x0,958148 + DX %0. 302233
100 -+-eeceee
BE_AMOESE D
D =SORT (DX *DX + DY » DY)
THHET LI RABROHERHE LEBETRA L EROKHEOH EE IS (K19 L
T) B PHERHCREG., LHLEFOBER2 Y Af Lo TKRBISES D, HEBYEZ
BERXT AL « SVYEFTVZOEREYRNLLENRDS.

7. ZRETEFL
BRxDBHEREETADa v —F v ial-v s VvRET 5 HEAERKER HITAC
8700 T3/ D 5 BEMEAET A, N DOBHXDT AT A—ZDHEEYVACLE 2
TABELHEAXRVETC LIRETHS. L2 T, MPRGORFR 15 A~ 2REIRED
HERALLTZREET A ZEoT, ZOEFARBARNEILFAO—2>DHEKRLCD LD S
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PROGRAM ECOSIM

UNI-DIMENSIONAL FOREST MODEL (1973/10)

DIMENSION H1(2000)2H2(2000)sDX(2000)515(2000)
DIMENSION PX(B8)sPN(8)>HX(8)sNEW(8)

INITIAL CONDITION

500
510
520
530
540

15

NUMBER OF REGENERATION
DATA NS/3/3NEW/20:30250/
MAXIMUM HIGHT
DATA HX/35,930.925./
GROWTH (MAX, AND MIN,)
DATA PX/0,550.650,7/>PN/0.250,150,0/
NATIVE TREES
DATA H1/10.510,910./30X/10,220.230./
DATA 15/251,3/
DATA H2/10.510,510./

WRITE(65500) (I»I=1,NS) )

FORMAT(1HO, 'SPECIES®»13X,8110)
WRITE(65510) (HX(I)sI=1>NS)

FORMAT(1HO» "MAXIMUM HEIGHT (M)'»2X»8F10,0)

‘WRITE(65520) (PX(I1),I=15NS)

FORMAT(1HO, 'GROWTH (M) PER YEAR'/1H ,5Xs'MAX,t',11X28F10,1)
WRITE(6,530) (PN(I)sI=15NS)
FORMAT(1H »5X»"MIN.'511X,8F10,1)
WRITE(65540) (NEW(I)»I=1,NS)
FORMAT(1HO, 'REGENERATION'/1H 22X, 'TREES PER YEAR',4X,8110)
CALL PLTCK

CALL PLOTS (BHJUUKEI 20.0)
CALL PLOT (0.:25,5-3)

NC=3

YE=0.

CALL ITIZU (DXsIS»H1sNCsYE)
DO 10 ID=1s6

DO 11 1Iv=1,50

YE=YE+1,

N=NC

DO 14 I=1sNC
IF(HL(I),LT,10.) GO TO 14
K=1S(1)

L=NEW(K)

X={

D=H1(1}#4,

DS=DX(I1)-D

IF(DS'LT'OQ) ADS:Q.

DE=DX(¢(I1)+D

X=(DE-DS)/X

DO 15 J=1,L

N=N+}

IF(N,GT,2000) GO TO 600
H1(N}=0,5

IS(N)=K

P=J-1

DX(N)=DS+p3tX
IF(DX(N),LE,250,) GO TO 15
DX(N)=250,

GO TO 14

CONTINUE



59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

80
81
82
83
84

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
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14

1800

1700

100
150

160
200

210
12

CONTINUE

N1=N=1

DO 1700 I=1sN1

W=0DX(1)

LM=1I

DO 1800 J=I,sN

IF(W,LE,DX(J)) GO TO 1800
W=DX(J)

LM=J

CONTINUE

IF(LM,EQ,I) GO TO 1700
DX(LM)Y=DX(I)

DX(1)=W

W=H1(LM)

H1(LM)=H1(I)

H1(l)=W

IW=1S(LM)

IS(LMY=IS(])

I1S(1)=1IW

CONTINUE

D0 12 I=1,N

v8=0,

SF=1,

VF=0,

DO 100 J=1>N

K=1=-J

IF(K,EG,0) GO TO 150
D=DX(1)~DX(K)

IF(D,GT,10,) GO TO 150
IF(H1(K),LE.H1(I)%0,5) GO TO 100
V=1,+(H1(K)=5,%D)/H1(])
IF(V,GT.VB) VB=V

CONTINUE

D0 160 J=1sN

K=1+J

IF(K,GT.N) GO TO 200
D=DX(K)=-DX(1)

IF(D,6T,15,) GO TO 200
IF(H1(K),LE H1(I})%0,5) GO TO 160
S=1,~(H1(K)=0,63D)/HL(])
IF(S,LT,SF) SF=$S
Val,+(HL(K)=5,%D)/H1 (1)
IF(V,GT,VF) VF=V

CONTINUE ’

IF(SF.LT,0,) SF=0,

V=VB+VF

L=1S(1)
1F(L,EQ,1,AND,V,GT.0.5) GO TO 210
IF(L..,EQ,2,AND,V,GT,0.4) GO Tgo 210
IF(L,EQ,3,AND,V,GT,0.3) GO TO 210
P=(PX(L)=PN(L))3%SF+PN(L)

H2C( 1) =H1(I)+P% (1, ~H1CI)/Z7HX(L))
GO TO 12

H2(I)=0,

COMTINUE

NC=0

DO 13 I=1,N

IF(H2(1),EQ,0,) GO TO 13



117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

13
11
10
600

610
700

330
350

400
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NC=NC+1

H1(NC)=H2(¢ 1)
DX(NCI=DX(1)
IS(NCI=IS(I)

CONTINUE

CONTINVE

N=NC

CALL 1TIZU (DXs1S,H1sNsYE)
COKTINUE

GO TO 700

NYE=YE

WRITE(65610) NsNYE
FORMAT(/////1H0>2110)
CALL PLOT (0,3-25,5-3)
CALL PLOTE

CALL PLTCE

STOP

END

SUBROUTINE ITIZU (DsISsHsNsYE)

DIMENSION B(N)>IS(NIsHIN)FX:11093)9sFY(10s3)
DATA FX/0.05+-0,7530.5>-0.520,8+0,73-0,5+0,8+»~0,9520,05
#0,052~0,8550.150,350.550,650.250.2,-0,9550,05,
#Q.05’*0.85’-0.230.2,0,6:0.730}5?0.1150;95’0i05/
DATA FY/1.435~0.291.15-0,2+2,4:-1,950,9-1,430,25-~1,4%
#1,490,450,891.150,8,-0.55-1,5~1,139~0,5+=1,4>»
#1,450,590.491,750,5,-0.12-0,6>-1,95-0,55-1,4/
CALL NUMBER (3.55-1,3,0,3>YE,270.5-1)

CALL SYMBOL (3.5»~2,550,3+4HYEAR270,94)

CALL PLOT (4,20,y-3)

DO 400 I=1sN

FH=H(11/45,

LS=IS(1)

IF(H(1)L,LT,1,) GO TO 400

IF(H(D),LT.5.) GO TO 350

Y=0,1%FH-D(1)3%0.,1

CALL PLOT (X:Y»2)

DO 330 K=1,10

X=X+FY(K>LS)*FH

Y=Y=-FX{K>LS)#FH

CALL PLOT (X»Y:2)

GO TO 400

Y=~D(1)3%0,1

FH=H(1)%0,1

CALL PLOT (X»Ys2)

CALL PLOT (FH»Y22)

CALL PLOT (X»Y»2)

CONTINUE

CALL PLOT (0.9-25,22)

RETURN

END
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