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5,384

- 72 2003 2 5
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22

2004 12 1,131
30 40
20 M
S 2004 1
1,000
8 20
(
1999 72.8%
)
16 1974 80,486
2003 11,602
2003 72.9%
14.2%
22
2002 2,233 1,040 2004 2,594 970
300
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S/C Ltda 2001  58-66

2002 3

ABAN Brazilian

70 2004 5
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1,200
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34

35

2-5

20

3 http://www.keidanren.or.jp/japanese/policy/2004/029/honbun.html
35
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12 31

1989 8,281 555 521 74 406 10,340
(80.1) (5.4) (5.0) 0.7) (3.9) (1.04)

1990 8,359 639 1,559 160 510 11,044
(70.0) (5.3) (13.1) (1.3) (4.3) (1.11)

1991 8,377 744 4,218 508 637 15,353
(54.6) (4.8) (27.5) (3.3) (4.1) (1.26)

1992 8,263 1,183 5,715 754 769 17,988
(45.9) (6.6) (31.8) 4.2) (4.3) (1.34)

1993 8,151 1,257 6,320 888 748 18,688
(43.6) (6.7) (33.8) (5.3) (4.8) (1.41)

1994 8,025 1,293 6,504 1,025 918 19,313
(41.6) (6.7) (33.7) (5.3) (4.8) (1.43)

1995 7,899 1,357 7,616 1,171 839 20,566
(38.4) (6.6) (37.0) (5.7) 4.1) (1.51)

1996 7,702 1,476 10,259 1,430 966 23,926
(32.2) (6.2) (42.9) (6.0) (4.0) (1.70)

1997 7,625 1,641 12,516 1,565 1,059 26,856
(28.4) (6.1) (46.6) (5.8) (3.9) (1.81)

1998 7,492 1,748 13,248 1,671 1,157 28,203
(26.6) (6.2) (47.0) (5.9) (4.1) (1.87)

1999 7,352 2,042 13,611 1,788 1,322 29,199
(25.2) (7.0) (46.6) (6.1) (4.5) (1.87)

2000 7,182 2,425 15,574 2,057 1,635 32,457
(22.1) (7.6) (48.0) (6.3) (5.0) (1.92)

2001 7,194 2,840 16,737 2,380 1,882 35,114
(20.5) (8.1) 47.7) (6.8) (5.4) (1.97)

2002 7,048 3,319 17,012 2,562 2,161 36,792
(19.4) (9.0) (46.2) (7.0) (5.9) (1.99)

2003 6,802 4,024 17,619 2,765 2,653 39,048
(17.4) (10.3) (45.1) (7.1) (6.8) (2.04)

2004 6,602 5,270 19,095 3,112 3,645 3,959
(15.8) (12.6) (45.8) (1.5) (8.7) )

12 31 () ()
( )
1994 1995 1996 1997 1998 1999

4.436(1,644) | 4,468(1,564) | 5,050(1,857) | 7,027(2,417) | 7,696(3,266) | 7,254(2,753)
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566(261) 743(287) 880(386) | 1,084(458) 722(249) 541(188)
1,864(688) | 1,531(520) | 1,647(572) | 2,559(869) | 3,560(1,768) | 2,936(1,328)
789(340) 755(318) 883(363) | 1,007(359) | 1,133(457) | 1,026(409)
584(146) 723(177) 771(231) 897(298) 972(327) | 1,158(265)
*k*k *k*k *k*k *k*k 192(79) 204(95)
2000 2001 2002 2003 2004
9.258(3,718) | 9,749(3,912) | 9,119(3,512) | 11,512(4,870) | 12,524(5,339)
685(226) 678(332) 793(362) 1117(577) | 1,572(729)
4,078(1,975) | 4,205(1,703) | 2,996(1,104) 3,625(1,539) | 3,381(1,399)
1,207(486) 1,591(758) 1,856(762) 2,447(1,201) | 2,436(1,184)
1,121(255) 1,122(284) 1,434(399) 1,649(443) | 2,196(712)
o 596(287) 413(212) 719(359) | 1,134(535)
6 1
3 2003 12 31
211,491 149,164 4,808 1,176 36,424
43,470 3,095 15,756 4,744 4,638
144,409 34,154 13,837 8,059 36,256
167,270 45,006 57,336 6,384 23,143
39,048 6,802 17,619 2,765 4,024
2003 12 31 1,915,030
4
2003 11 467 738 | 1,205 449 1,654(985)
2004 1 533 1,248 | 1,781 814 2,595(1,435)
2004 6 831 2,280 | 3,111 1,392 4,503(3,359)
2 9 2004 6 14
2009 12,000
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1

2

Chuan-Zhong Li and Karl-Gustaf Léfgren, Renewable Resources and Sustainability :
A Dynamic Analysis with Heterogeneous Time Preferences, Journal of Environmental

Economics and Management, Vol.40, 2000, pp.236-250.

Dasgupta and Heal[14] Solow[30] Stiglitz[31]

(single-peaked)
3)

Chichilnisky[10,11]
Ramsey (dictator-

ship)
(utility stream)

Chichilnisky (terms)
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Heal[17]  Chichilnisky

Chichilnisky
Chichilnisky[10,11] [17]
Plato
Heal[17]
(utilitarian) (conservationist)
6>0 o=0
u(c, x) c t X
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t u.>0 uy>0 Uee <0 Uy <0
c X
x=f(x)-c, x(0)=xo (1)
f(x) 0<x<xt f(x)>0 0O0<x<X f'(x)>0 f'(X)=0
X<x<xt f'(x)<0 (the growth function) X
(the golden rule resource stock)
¢ (the ecological carrying capacity)
Clark[12]
(¢H) t c>0 x20 c X
(2
U. =[5 u(c, x) exp(—ét)dt (2)
(€))
U, = lim [ u(c, x) exp(—ct)dt 3
-0
0>62>0 -0
(©))
U =aU:+ AU: = [ u(c,x) p(t)dt (4)
a B a+p=1 p(t) = exp[-a(t)t] a(t) =
- In{Bexp(-Ot)+aexp(-Ot) Ht at) e oS
t
a(
a(0)=a6, a'(t)<o0 lima(t)=0—>0 (5)
tow
[5,35] &=0
p() lime,., p(t) =5 [y p(t)dt
(Courant[13] ) pt)=exp(-61) lim_,., p(t)=0



o p(t)dt

(the objective functional)(4)

[c(®.x®]
(6) (a feasible programme) [c*(t) , x* (V)]
Jim inf{ foule™ (), x" (©)Ip(t)dt - jgu[c(t),x(t)]p(t)dt}zo 6)
[c*(O).x*(D)] (the catching up criterion)
[28,29]
(¢)) “4) (the current
value Hamiltonian)H(t)=u(c,x) + q(f(x) - ¢) q X
(a co-state variable) %
g =u(c, x)
q=[h(t) - f'(x)]a —u(c,x) Q)
0< t|im inf q(®)[X(t) — x(t)]
S=0 h(t) = d[a(t)t]/ dt = a0 /[ + Sexp(@)] X(@)
)
U € X
c=c(x,q) X q c
©) X
(€Y
x=f(x)-c(x,q)
d=[h(t) - f'()]q —uy(c,x) (8)
B=0 h(H)=6
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Clark[12]
uy(c,X)/uc(c, x)=
a=0 h(t)=0
x = f(x)-c(x,q)
G =—af'(x) - udc,x)

@
t (non-autonomus)
(©)) (the autonomus system)
®) (€))
x=0 ¢=0 (10)
t="f(X)
u(c,X) =—qf '(X)
€ =c(X.0) 7 =uc(E,X)

(T, %)/ U(E, X) = — F'(X)

TREENTR f'(X)
(the green golden rule)

X
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(the modified golden rule path)

¢ = f(x) f/(x) +
®) (©)
9)
©)
®)

lim,_,., h(t) =0

©) (x,q)
(10)
(10) 11
(11)
f(x) Heal[17]

X Phelps[26] f'(X)=0

(®)



(9)

®

lim [ h(t) [Y'* = exp(- 0)
t—owo

R =|h(t) |1/t In(R)

L'Hospital
lim;_,, R=exp(-0)

BenaTm and Hirsh[4]
©

0>0

2O=0®.9°(®) exp(-0)

lim |27 (t) - 2°(t) M < exp(- 0)
t—w

BenaTm and

h(t)

7

irsh[4]
12)

limese | 2 ©) = 2°()[= 0

h(t)

h(®
(12)

h(t) = af l(a + Bexp(et )

R

%(m(ae) —In(a + Bexp(ét)))

limi_ IN(R)=-6

®

®) Z(O=0®,a*(®) ()

13)
(13)

(the Euclid norm)

@) 2

(13)

(convergent utility streams)
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[21]

X(0)=xy >0

(the augmented curvature matrix)

*

1 -1
H q ;'h(1+77 )

B= 1
;h(l+ 77_1) —H XX
definite) 9 t
7=(X,Q)

n=dq/dh-(h/q) g h 9 H

V(t,x) =—gx
Wy () 4 =Wy X W(x)
value function) [7,19] W

V(t,X) = =Wy, X% >0 Y

V(t,x)<0 (8) (14)

V(t, x) = — (X — G

= — (g% + hgX + GH g0 — XH 3, %)

= (4,%B(4,%)" <0

(x,9) t q
(an internally implicit demand system)
X
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® O

®

(positive

®)
(GAS)

V>0 q=
(a strictly concave
W,, <0

(the time derivative)

D)

5.1] GAS

[3.9] H* q

(the rate of time dis-



count)© B

h (variation)

®

H* g

10)

(the green golden rule steady state)

7=(X.7) GAS
h=0 (8)
X
X
[28]
() 2°() @ O

Au = v(z" () —v(z° (t)]dt{ < oo

2(t) = (x(v),a(t))

(15) Au

v(z(t) = u(c(x,).x)

B [7]

(dominance)

(15)

(the compromise solution) z*(t)

I OBRAO)

Au 7*(t)

Au? (2" (1) = [§ exp(-)[v(z? (1) - v(z" (©))]dt
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(2" (1) = [ v () - vz ()t

v@®)  vEE®)
v@'®) - vz ()
(duality result)

8 z*(1)
(16)
aAu? (2" (1) + pau (2" (1) :{m(it?}aAu‘g (z(t)) + Bau® (z(1)) (16)
—aau? (z(t)) - pAu° (z(t)) t 2(t)
(16) MaX gy liMy .. ol exp(-6t) + BN (z(t))dt
~ lolaexp(=a)v(z? (1)) + Au(z° ()]t z(t)
p(t) =exp(- a(Ht)
CU max gy I pOV(z(D)dt 7*(t) )
(16)
(16) )
C°OXM] [MXM]
[c* (O x*()]
Uyc(C,x) >0 ouy (c,x)/oc>0
Uyc(C,x) >0
x(0) =xo >0
¢ c§
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*
cd <cy<ch

exp(-9)

sistent)

exp(- a(ht)

an
a B
@) (time con-
[5,17,33]
*(.9*(M) T t>T
t>T T
T T
T
p(t)=
T t>T
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(time
inconsistency)

T
T t>T p(t) =exp(-a(t- M)
(18)
¢ =f(x)
= () + 22X (18)
Ug(c,x")
a(0)
t>0
a(0) = ad
(8) ht) = a6 (8) af <06
K z (a compact neighborhood) To
rad (9] K
T K To -T
t=0 T
TO Tn (Tn > TO )
To-T T
K
Pollak[27]
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(long run
maximum sustainable utility)
®)
a(®

(the maximum long-run sustainable utility)

f(x)-c=0 maX ¢ ) U(C, X)
c X (19)
Uy (€,%) /U (€, %) =—f'(X) (19)
max, u( f (x),x) X
U (6, %) f'(X)+uy (€, %) =0
® O
x*(t) ®)
min lim q” (©)x(t) = lim q" (t)x" (¢) (20)
X(t) t—>w t—o
[29] )
Iitminf q (t)-(x®)-x" () =0 (21)
(19
Weitzman[34] t

(a static equivalent)
Weitzman
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[1,16,23,25]

C)) t
(22) t
dH (t)/dt = h(t)q(t)x(t) (22)
c X q (23)
dH (t)/dt = aH (t)/ dc(t) - ¢(t) + oH (t) / ox(t) - X(t) + OH (t) / 6q(t) - q(t) (23)
OH(t)/ac(t)=0 oH (t)/oq(t) = x(t) G(t) = h(t)q(t) — oH (t) / ox(t)
(23) (22)
h(t) >0 qt)>0 (the stable saddle point path)
t x(t) >0 x(t) <0 X=X
u(e, X) 1) (steady
technical progress)
t
t (the current utility) [2,15,22,25,34]
H (t) (24)
B (H® -u(c™(5),x" () exp(-a(s)s)ds = 0 (24)
(25)
T - FUCT X ) epaEs)ds 5)
| exp(-a(s)s)ds
a(t)=6>0 at)=6=0
H (t) (26) (21N
H(t) =0 u(c” (s), X" (s)) exp(~6s)ds (26)

H(t) = (; m S[Pu(c”(s),x () exp(~as)ds

_ lim e e &) expl
_TlinooT—tjt u(c (s),x (s))exp(—ss)ds
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<o @n

(the standard

utility based net national income)[34]

Plato

exact bound)

Chichilnisky[10,11]

Heal[17]
Heal[17] Heal
(the catching up criterion)
[28]
(the utility sequences)
(the
(GAS) GAS
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K z(s)eK
S (15)

Au = [V () —v(Z° (E)1dt + [P [v(z" () - v(2° (1)t

(" @) -vE O] <

Yealo) —v(zo(t))‘dt
X v q v

I

vz ) - v @)t <

DV () (2O - 2 @)t

<M[P

2 (t) - 2° (t)‘dt

DV(Z*G)){av(z*(t))/ax*(t) L }
0 —ov(z (t))/oq (t)
M = SUPgss D\7(z*(t))“ < ‘z*(t)—zo(t)‘ m>1
t" (high order) exp(-0)

I

2°(t) - zo(t)}dt [13]

co<cl co > ¢f
gc =Ug(C,X) <0 gq=uc(c,x)
do <0 X(0) = Xq X=f(x)-c %°(0) < x(0)
O) (infinitesimal) 7 > 0 9@ <q’() X(2)<x°(z)
G/q=h—f'(x)-uy(c,x)/q h<d —f'(x")<—f'(x%) Uye(C.X) = 0
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—Uyg (€7 X7) < —uy (c?,x?) 4" (@)/q"(r) <¢°(2)14° (x) t>0

t>0 ¢yt @) > el
t>0 X (t) < x?(t) c(t) > c?(t)
lime_, X (8) = X" < limg_,, x(t) = x¢ R<x <xf
¢ >c? ug (e x") > uy (c?,x%) 0-1'(x%) > -f'(x") lim_,.. G(t) =0
(the asymptotic shadow value) q(t)
* * 9 9
lim q"(0) = 22 ) i g0 = LX)
t—oow — f'(x ) tow 06— f'(x )
do <df q4"()/a° () <a’(®)/a’ (1)
1) SJFR
William A. Brock Peter
Berck Larry Karp
2) Chuan-Zhong Li, Department of Economics, T&S, Uni-
versity of Dalarna, S-781 88 Borlédnge, Sweden.
3) Krautkraemer[20]
4) 8 Brock and Gale[6]
(the critical discount rate) )
5
6 (asymptotically autonomous equations)  Markus[24]
BenaTm and Hirsch[4] Thieme[32]
7
8 H” q
X (Brock and Malliaris[7])
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10

11

10.

11.
12.

13

q dg/dh
(a chain rule)
Carlson and Haurie[8]
(a catching-up

optimal programme)
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