0000020030 oooooooooboo
0s510 010 111-120 ooooooo
©2003 DOOOOOO

Joogoodoogognon

oo oogf

Ooo0oO 20020 9040000 20030 20 500

a g

cooooooOoooOooobooocOoOoobooOoOoOoobooOoOoOoOoOboOoOoboOoobobOboOoOooon
uobboooobobooooobooOoooOoOoOoOoooOboOooooobooOoOooobOboOooboooooo
obboooobooooooocooobooooooOobooboOoobobooooobooOoooobooo
oboooobooooooocooooocOooooOoOoOoooOooOoobOoboOoooobooOoooobooa
obboooobooooooocoooooOoobooooobooooOoboOoooobooOoooobooa
ooooobOo0CcO00o0ooOo0-ooboO0ODb0OO0OO00OYeshimetoOOOOOODOOOOOOO
goboooobooboooobobooooooooooooobboooobboooooboOooooDooo
U0 Yoshimoto OO OO DODOOOOODODOOOOODOOOOOODOOOODODOOODODDOO
goboooobooboooobobooobooogobooooboobooooboooooDboOooooboo
goooobooooooooooooooboboooooooboobooooooobobooooooo

uooooobooooboocooboooobooobOboOoobooOoobooooon

1. 0000

1.1 000

gobooooooooobcooooooooooOoOoOboOoOoOoOoOobOboOooobboOoonoo
uboooobooooocoooooooOobOo0obbooooOooOOoOobooO0b0o0o0n e 0O
obobOoOoobobOoooboomesmoooooooooooooommyr2mononooa
gobobooooobooooooocooooocOooooOoOoOoooOoOoOoOoOoOoboOobOboOooboDbOoa
oooocooo

—mt (mt)k_l
(k—1)"

oobOooboooo ;000000 ¢ 0

(1.1) Fi(t) = me meR>0, keN

J+1 Gl mt)E1
(12) q = /] Fr(t)dt = /] me” "™ ((k? o dt
0ooooboOdigret O
=~ e (mt)* T(k+1 k
(1.3) E(t) :/0 tFk(t)dt:/o e (]i—)l)!dt: mEk— 1; k
(1.4) E@) :/“ 2 Fy(t)dt = m/w<mt)k+le_mtdt: k(lin—i; 1)

'00DD00D0OD DOODODOO0O0O0O0113-8657 00000000 1-1-1; hiroshim@fr.a.u-tokyo.ac.jp



112 000000 51000 1030 2003

ooo
(1.5) o*(t) = B(#) - B(t)” = =
00000000000 mO0k000000 EQ)0O0D0DO0 o2 00000000000
00000000000000000000000000000000000000 Ga(k,m)
0000000000000000000000000000000000000000000
00000020020 00000000%000000000000000000 6000
ooooo

Fi(t)=0, t<b

(1.6) e gyt
Fi(t) = me_m(t_“% 7

gopobgsgopbooboobbuoobbuoobbooboobobooboboobbOog g
goobod ¢ 0O

t>b

_ q;
172(]»;
i=1
gooboooooo g 0oooooo
000 Yoshimotd] 19961 00000000 ODOODOOOODOODOODOOOODOO

k-1 ¢
(1.8) Fip(t) = m(t)e_g(t)% 0000 gk = /0 m(7)dr

0o0oo0ooooooooooooooggog o, 000000000 ooooogg
o@moooo0 Ad0000000mOm@) 00000000000 0000 g)0O0O000
000000000000 0o00oooDooooOo0O0dOdd Yoshimotd] 1996b10 O g(¢) O
gooboobooooooboboboUoboooboobOobUoooooDobUoboboooooo
000000000 Yoshimotd] 1996a, 1996b[L 1 1.8 00O OO0OODOOODOOOODOOO
10000000000000000 Yoshimotd] 2001all] 00O 0O OO Mitscherlich O O O O
gooboobooooobouobooooboboooboboobUoooooDoboboooooo
rgoboobooobooobooboobooboobooobooobobDbooboobboob 14
gobobooobOboOdODl Yoshimotd] 2001bl 0O OO OOMODO Logistic 0 U Gompertz [ U
Richards U0 DD O0O0O0OOOOO0ODODODOO RichardsUODODODOOOOODOOOODODO
gooogo

(1.9) Fi(t) = Mf(t)e 99 0 1Cx 1 (1 — e 9M)Ft (g9 M=k

abe—at(l _ e—at)b—l
1— (1—eaty
1
g(t) =In 1— (1 _ e,at)b

0000 f(t) =

a,beR>0, MeN

U000 Yeshimoto U O OO DODODODOOODUOODODOODDOODOOODODODODODOODLOODOO
goobobooobbooobboo0 kobbboobboobboob



ooooooooboooooo 113

1.2 00000

gooooobofbrnimooobooooooooocooooooooooooboboooooo
uoooooooobooooooOocOobOoobOoobOoOoboboOoboboOobboOoboboooooo
oboboooobooooooocooooocOooooOooboOoobooboboOoooobooOoooboDbOoo
Oi1giomoooooooooooooooooooooonooonoo

gobooooboocooooooboooooOoooooOoooooOooobooooboOoooboo-ooo
goboooooobooooooobboooooomg@miomuoooo 2000000
gboobobooboboobobob3sgboskbOoobomsmemooogn
gobooobomiimooboooooooomiimgooooooobooooobooboooo
gopboobooooooo

2. gOooOod

21 0OO0OO0O-O0O0OO
oooboooooooooboOoooooooomze2o0nob2em 000000000
uobobooooooocooobooooooboooooOobooOoooOoOoOoobooOoboOooooboboOon
goboocobooooboocooooobooooon
oomisMismoooooooooooooooobobobooooooooooooo-o
uboooobooooboooboooobobo ooboooobOboOobooOoobOboOomo2o02t 0O
U0 M2o0100000000CCO00COO0OO0O0OCCOO0OOOCOOOCOOO0-OODOoo
gopooboooboooo
gobooooooobooogoooboboooooobooooobooboooooobooooooooo
goboooobooboboooooooooooooooboooooboooooboooobooboo
goooobooogoboooboooobooobooboobooooo yO0bD00000 P
od

(2.1) Pp=> sipi, j=1,2,...,1
=1

O000p00i00000000s,,;,00:0000j0000000000-00000s0
00000000 O0O0000OP 00000000000000000000000O000
0000000000018 0000000000000000000000000000
0000 100000000000000000000000M01.80000 g(t)00g(0)=0
00 lim—eeg(t) =co 0000000000000 000000000000000ORDOO
ooo

(2.2) y(t) = Zaiti, an >0

i=1
000000000190 00000 Richards O
(2.3) y(t) =M1 —e "), M,a,beR >0
ooooooao

22 0O0O0OO0OOkODOOC

ooooooooooooooooooooooob««—-100:000000 (>2)00
uobbooooooooboboOoooooooobooooOobOboOobOCocOoOobOOOo0OobO kODOO
000000000000000000000000M1.3M1500 k=22 0oooo

a2(t)




114 000000 51000 1030 2003

00000110 ¥0000000000000000M 20020000 400000000
0000000000000000000000000000000000
00018M19M 0 0E®) = [ tF(t)dt 0 E(?) = [F¢FR()dt 0000000000
000 Mx(z) = [ F()d¢ 00000000000000000KO00000000000
0000000000000 Yoshimotd 1996b, 2001b(0 0 1.800 1.900 k000000000
00000000000MmM18M g(¢) D230 00000000000000000000
000000000000000000000000000%00000000000000
0000000000000000000000000000000000000

(2.4) k= Zs:wipi
i=1

udbbwb0O 00000 0w, 0000000000 bOO0 300000 bboooobo

ogoo 1. wwooooooooooooooooooooogoood
1 r

2. = 7 5 ':1525"'5

9 L W ;

udb g,,00:0000000 j000D000000O0

OooO0d 2. ;0000000000000 0O0000O000O000O0000

=1 figii

Z;:1fj

gooo /b0 ooboooboobbobboobboooboobboobooboboo
goooooono

(2.6) w; =

oo 3. w, dbbooboboobboobobbooobooo

gogboboooboooboobboobobooobobooo

3. gpoooa

3.1 JOgOob-ooog

gobooooboboobooboboobobobbob0 —hoobmobooo
gooboooobbbooobbooobbooobbuooobboobbboO 20020 500
O0m*00000000008014ecm O 10,8000 000000 10140 24em 0 14,060 000
gbob ng24030em 0 15,8200 000000030embO0 1994000000000000
gobobodobuoouo4000boobbob2ogoboobbooboobg 1o
googoboboooooobbbodoo oo bbooobobbbboooo
gobobooobooobbo-gobbm2223gbbogboboobbooboobooon
goobooooobz2tb23tgggboooobooooobooobobooobbooo
D0 10000 m*00000000000000D0000O0O00DOO0O0O0O0OO220M0030
o000 e 0 3.0620 a2 O —0.0680a3 0 0.0005 0 000230 MO 44.7940a 0 0.1130 0
Uisdobodoboo1oboobobobo1gobboobboooboooboo

3.2 k00O
30b00bo0oooOobooU0o k0O0b0OO00bO0O0Ob0 2000000000 2000000
oobobooooomyrooocooooboooooooooooooooocoooooOon



ooooooooboooooo 115

01 DODO00O0OO000O0O0ODOObD

o ERAEHES ALK
8~14cm 14~24cm 24~30cm 30cm~ (F/m®)
1 1 0 0 0 10,800
2 0.988 0.012 0 0 10,839
3 0.877 0.122 0.001 0 11,203
4 0.778 0.221 0.001 0 11,525
5 0.691 0.308 0.002 0 11,825
6 0.613 0.384 0.002 0 12,051
7 0.544 0.439 0.013 0.004 12,333
8 0.483 0.476 0.036 0.006 12,598
9 0.429 0.507 0.056 0.008 12,807
10 0.381 0.534 0.073 0.012 13,017
1 0.338 0.556 0.089 0.018 13,235
12 0.300 0.572 0.104 0.025 13,426
13 0.266 0.583 0.117 0.033 13,579
14 0.236 0.591 0.129 0.043 13,756
15 0.210 0.595 0.141 0.054 13,941
16 0.186 0.598 0.152 0.064 14,097
17 0.165 0.599 0.162 0.074 14,242
18 0.147 0.601 0171 0.081 14,358
19 0.130 0.603 0.180 0.087 14,465
20 0.116 0.604 0.189 0.091 14,550
21 0.103 0.606 0.197 0.094 14,624
22 0.091 0.608 0.205 0.096 14,689
23 0.081 0.610 0.212 0.097 14,739
24 0.072 0.611 0.219 0.098 14,787
25 0.064 0.611 0.226 0.099 14,831
26 0.056 0.611 0.233 0.099 14,856
27 0.050 0.611 0.239 0.100 14,906
28 0.044 0.611 0.245 0.100 14,936
29 0.039 0.610 0.251 0.100 14,963
30 0.035 0.608 0.257 0.100 14,986

* RARBI A A EL Tm® B 1Y, 8~14cmT10,800M, 14~24cmT
14,060, 24~30cmT15,820M, 30cmLl ET19,940MZFIMA.

16,000
15,000

€ 14000

T

% 13000 ¢

% 12,000 o HAE

8 BIEAHEE
11,000 | - - - Richards= {5 &
10,000 :

0 5 10 15 20 25 30

Bk (1EER=5%F)

01 0000-0D0000

go20ddbbooobooobbbooobbbooobbooobboo sgbbooo
goboobogbooboobooboobooboobboobo bbb 20 kOOO
goo-oobooboobooooooooooobooboooboobooboboboboDbOoo



116 000000 51000 1030 2003

02 0D0O0O0O0O0OO0OO0kODO

ERAES p
8~14cm 14~24cm 24~30cm_ 30cm~

r—2X1. 0.32 0.50 0.13 0.05 13,565

r—2Xx2. 0.15 0.59 0.18 0.08 14,360

—X3. 0.08 0.08 0.08 0.75 18,345

0.25

0.20

— AKXMBEETIL
—_ R ET L

015
i
‘@ 0.10

0.05

0 5 10 15 20 25 30
vk (180 8R=54F)

02 00000O00COD

03 00000000000
T (B0HR) 5> B (EHERD)

AXMEETILA 12.56 17.79
A A ET LB 20.96 144.29
AKMEETILC 11.49 3.30
A AKMEHEETILD 17.26 712

REHEETIL 10.86 11.92

30 k0000000000000 O0ObOO0O0OO0O0DO0OO0

oob100020 k0010000 150000000000 190 00000000000
oooooobOocooooocoooOOoOoososkO000O0DOOO0OO0O0OOCOOOODOO0OO0
goboocooocooo

3.3 ODOOgo

gobooobobooobos3spoobomismood 1m1eMuon 2@ 19000 10 1.90
goobo 2000000000000 ADBOCODOOODODODODOOOODOODO 20
goobooooooboooboobooboboooboomimoobooboooooboooo
gbdbd00b0oboboobobooboobobobooobooboboo3goooobooon
gooooobooboon

goboboobboobboosobogoboobbo AUBObDooboooboooo
goobooboooboobooboobbobbobodbogboobbobobooboo
goboboobboobbooybgobobooobbo cobooboobboobbooo
gooboobooboboobooboobbobbobbooboobooobLobooboo
gbobgs0bobooboobobobmgooooooooon

gogbobooboobuoobobolbbobboobobo Abcoobbbooobooo
goboboobbooboobbo 2bboobbooobo BOUDObDODO0DDbDOU0ODEOO
gobobooobo 2bogbboooboobobobodboobboobbobob 1obboo



ooooooooboooooo 117

04 0000O0D0OD0OD0ODOOOOOOO
fnkk ERREH R HEBEN
1

0 0.000 0
2 0 0.000 0
3 1 0.001 1
4 1 0.007 6
5 1 0.022 22
6 7 0.046 45
7 27 0.074 73
8 60 0.099 98
9 96 0.115 113

10 122 0.120 118
11 131 0.114 112
12 124 0.100 99
13 106 0.083 82
14 85 0.065 64
15 65 0.049 48
16 48 0.035 34
17 34 0.025 24
18 24 0.016 16
19 17 0.011 11
20 12 0.007 7
21 8 0.004 4
22 6 0.003 3
23 4 0.002 2
24 3 0.001 1
25 2 0.001 1
26 0 0.000 0
27 0 0.000 0
28 0 0.000 0
29 0 0.000 0
30 0 0.000 0
B 984" 1.000 984
*I%EAGJEE%J:, HBEZHIZ1000E45
LY.

goobooboobuoooob1gboobbooboobooboboo1bobooboo
goobooboobobooboobboobboobobooboobbobbooboo
goodgoooboobbooooooobobbooooobbbbooo 10 kOOUOO
g2s5joboogoooboogoooo -cboobooboobobobooboobbooooba
goboooboobooboobooboobobboobobbo0 kOobobboboboo
goobooboobuooboobbobboobboobooboobobobbobbooboo
ggobooobooobboooboooboo

gobdig k00bb1obooboooooooboob Abobboboobooo
goooood

34 OO0OOOODOO

goboobooboooooAdO0O0OOOOO0OoooOoOoOoOoooOobooOoOoOoooooboobcOonoon
oobobobo4000CO0O0000ADDOOCOOODOOOOOODOOOOOODOCOOODOCOO
o000 AOCOO0OOO0ODOOO0OO 100000000 1000000CODOCOOOOOOODOO
uobboooobooooooocoooobooOooooOoOoOooOooOoOoOoOooOoboOoooOoboOoobooOoa
220 x*00 16700000000 10000000000000D0D000O0O0OO0O0OOD0
obboooobooooooocooooocOooooOoOoooboboboboOoooobooOoooobooo
gobooooooboobooooboooboooboboOoobOoOooooooao



118 000000 51000 1030 2003

1.00
080 | |MEEBETL
0.70 |
0.60 |
@050 F
0.40 |
030
0.20
0.10 |
0.00

0 5 10 15 20 25 30
ER (18R R=54F)

03 0000000

OAKEHEETILA
BEEBETIL

0 5 10 15 20 25 30
Bk (1R R=54F)

04. OO0OODODODODO

oomi7ooooooocoooocooobo3gooooooocooooooobooOooonn
obooobooc0oAO0O0ODOOO0 30000000000 0000000 2600000000
gobCbcdooolobobOOoOobOOOOoOoOOOOOOOOOOOOOOOOOOOODOO
o0 Ad0OCOO0O01OO0oOO0O0OO0OOOO0OCO0O0bOcOoO0oOOoOoOOoOobOOoOoOOoOooOoDo
uobbooooobooooobooooOoOooOoooboOoboOoOoOobooobooOoOoooobOoOoOoOooOooOoo
uboooobooo2000000000000oo0oo0oobOoOo 20000000000
gobooobooooobooooooooOooooooobooooobocbo AOOOOoooDOoo
ooboooooooo

gbobobobobobobobooboobooboboboobobob4b0bDODOD 800
Uha000O0OD0OOO0OO0OOO0OOODODOO ADODODODOOO0ODOhIDOODOO
b0 830 ha00000000200000000000000O000O00O00O00O0O0O0O 30
gobooboooobobooobooooboooobobooooooon

gooooooooooooooobooo AbObOooooooooooboooooobogo
gooooooogoboooooooooooooooboooobooboooooboooooDooboo
goboooboooobobooobooooboobboooobooobooooo

4. O0O00O0O

U000 Yoshimotd] 1996a, 1996b, 2001b 000000 OOOOO0OO0OOOODOOOO



ooooooooboooooo 119

gobooooooooobooooooooobooooOobOboOoOoOoOboOoooDOoOoooobOoo
uobooobooooobo-cooobooobooooboboOobOOb0 20000C000DOO0DOO
uobboooobooooooocosbooooooooooooooOobocOooooboocOoooobooo
obobooooooocooobooOoooobooooOobooooooOoooooOooooboboOon
O0DO0Yoshimoto OO OOOOOOOOOOODOOOODOOOODOOODOOOOO
gobbooooobooooooooOooooOooooOooobOboOoOooOoOoOOoOooDOoOonoo
gopbooobooboogoooobooooooooobooooooooboboooobooDooDboo
gobooooobobooooobboooooooooooobobooooooboooooboooooboo
goboobooobooooboooboooooooon

coooooo

0020020 ODOOODOODOOODMODODODOOOODOOO0—210000000DOO0OO0
00 —O0000000D0000000 OO 100k-7200000000000000O

Joo00o0oboO0obooo0dm20010 OODODOOOOOOOODOOODOOOODOOOOODOOO —Od
00000000 b0obU0—O0oO0O0obO0o01120p. 1530

goboooobo 9970 021 000000000000 DODUO0O0O0 —ODOOOODO
o000 —Omooooooo

000019590 O000D0OODOO0O0OOO0OODOODOODODOOD10036-380

00019720 0O0DODOODOODOO0OOO0OOOOIIOOODOSs’40 2342430

godoO020020 ODOOOOOODOODOTIODODODOOODOOO —2100D0O0O0OODObOO
oo00—0O0b0oboboboobobob b™»mboh100127rb0b0ob0o0ooooobon

Yoshimoto, A 1996all A new stochastic model for harvesting behavior with application to nonsta-
tionary forest growth and supply, Canadian J. For. Res., 26, 1967-1972.

Yoshimoto, A 1996bl1 Economic analysis of harvesting behavior using the modified Gentan proba-
bility theory, J. For. Res., 1, 67—72.

Yoshimoto, A 2001all Gentan probability analysis with a state-dependent discrete forest growing
model, J. For. Res., 6, 101-110.

Yoshimoto, A.0J 2001bl Application of the logistic, Gompertz, and Richards growth functions to
Gentan probability analysis, J. For. Res., 6, 265—272.



120  Proceedings of the Institute of Statistical Mathematics Vol. 51, No. 1, 111-120 (2003)

Estimation of Gentan Probability Based on Price of Logs

Takuya Hiroshima

(Graduate School of Agricultural and Life Science, The University of Tokyo)

Gentan probability is defined as the probability that a newly planted forest stand will
be harvested after a certain period. This probability is derived from the Poisson process
and the waiting time theory, and has been applied to yield prediction in Japan. For
estimating the probability, the mean and variance of cutting age are required, although
it is hard to obtain such a data in practice. In this paper, the analysis of Yoshimoto’s
Gentan probability is conducted using the price function of logs. First, two types of time-
dependent log price curves are estimated by the OLS method for the growth function
of Yoshimoto’s Gentan probability. Next, parameters of the Gentan probability density
function are determined on the basis of three hypothetical cases. Finally, six cases of the
Gentan probability distribution are derived and are compared with the actual distribution
derived from the observed mean and variance of the cutting age. The result is that one
case of the distributions of Yoshimoto’s Gentan probability is almost consistent with the
actual one. This implies that the Gentan probability based on the price function of logs
may be useful for yield prediction.

Key words: Gentan probability, log price, Poisson process, waiting time, yield estimation.



