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where

C =Consumption,

K =Capital stock, K = LS

dt

I =Investment,

O =Rate of depreciation,

p =Rateof time preference,

E = Expenditure for pollution control,
P 0. Py a’P
oK’ OE )k
@K) = Production function, ¢ >0, ¢ <0.

>0,

P = Pollution, 6—P >0,
oK
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= Zdstd oga 2o,

A28k (production function):

=f(z,k)=Azk,
0<z<l1

_L4

oA71M, z= A A2 T AtesE TR AleS, (122
=
=

A A = gl

2 A¥fE3H=(pollution):

x=g(zl-2zy)=2 T =AF"%, B>0

XA M| X representative consumer)?] &-83H5:

1-o %
U(c,x):%—w, 00, y>1, >0

Social planner’s problem:
mmﬂﬁ [L‘* ¢X*

s.t. E=Am—c

=Az""1k

Aol A AAISE 2E S social planner] 7golA Abs| 4] 3
= Felrd F714e AFE(ong-run growth rate) [&(—)o]
o] 3tAMFE wee Afo o] AH A= AAAG o] HWE
par
=

2
A He At v 7ol oele] SaelA mi= A ol



M ZA88esy BAe 53 A

4

s AT 27

LAHA e FolE= At HiEH|&o] Frlste] AR SHAIAY
Aol HA} vrolA] O(zero) 0.2 H-3sh7] wjit-o|t). upebA] 374 9

o] R g = 1e]e ) Rebelo(1991)7} 33l uhe}l o] A

/1\_]-_

fex]

“

AL ARl tla) TRl ol X% Al A4
Fol% r

WAA 7 A %5 (endogenous growth model) Foll Al 14
Ah(human capital) 28-S Q1A AL o] ©gh o] ofe} A
Aoju NS, VeSS 55 T 45 Aolgt pgste Al
783}k (neoclassical) 7 Al =3 ol A &2 A2 (physical capital)

o FAMel A BAS NATORA NG G| &

39l A= we 9l FUHmany identical) Y414

[e)
Rom QT35S 0(zero) & &2 7}74 3}
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3£% ZH] ZH(representative consumer)®| HEE A -starz}f g}

Ak T B (two sectors) ¥ B A AR 2 Q1 F 2FR o] YA
84 (two factors) = :rL*éQOJ o1tk 2 WA xgx}_r_h# EES)
(final output)E AAelE HEo @A B2 zEI) Az} ELS Al
dezz AR glod, AME: dehie AdEs
(production function)+= W53 Z T},

y =(zk)* (1-wh) ™ =z°k*((1-wh) ™
0<a < 1, 0<z<l1

lI-u = A AL 5 Phesw FolEE s

u o= AR ARAR F QAR FHo] FAbuE v
z = AA BARE F AdeLsE FYHE vE
1=z = AA 4 T L98Ad FHH= v&

L ook=%
AE HSAE 2R% L YA s B S8 ¢ )2
8l T} 7ol AE(FAHHEY
k=y-c
!

=
"F3)e g8 BAEE HEoY] Y] 44 xR Eol) a

G ogom thgat 2o wAlel gaA ARAE(Me] F L.

h=8uh, (8>0: production parameter)



I AA43RY BAS B A%7h5%

7)1 QA AR 2 Ao A BT AFEE = Aol A
Ao} Q1A afEo] A Aot

QARG ALgFI, AR ) TR EA] )%

& Yehita 7pEe.

O o O

LHd2 HFA At AANA TS b

=
(inevitable byproduct)e]2} 7}F43tal, L AvlEd2 oLt

9 A N AL B M 2ol Sl 93
S W) wEe], AAHY) T L AuEx)] BAE T} Zo] 7
g,

i

vy, mE x=z%y=z"""k ((1-wh) ™ B>0

vpxjuto 2 oA AH|Ake] =7FE 83 (instantaneous utility
function)= &3 T}

ey =0 _0x(0"

, 0>0, y>1, >0
1-0

23 #}o] ﬁJ/]» = -Z‘—O] byl whet S o] Aol gk A



30

L}, Social planner’s problem

el Al AlAI gk o] A &Ttsds AdAT G A=A 9] oF

£ Algat7] el E 4 social planner?] 7oA AFs] ] A <

&l (socially optimal solution)E T3k 23 A o] AA| = ofok

gk Zlolt}. social planner®] 3%+ F-Hst AW -S 7H (infinitely
o

lived) T2 AnB]x}e] H A & &(lifetime utility)S =3} A
© 2 A social planner's problems £kt t}e-3 7t}

af 7 dx(1)7 ]dt
14

maxf0 e [ -0

st. k() =2 Ok O((1-u®)h(®) ™ —c(0)

h(t) =8 u(t) h(t)
x(t) = 2°®* ()k® (O)((1 - u(®)h(t)) ™
0<z(t)<1

o] 714 p>0= A|7HA 5 E-(rate of time preference)s LFER ™

2] 7] S (notation)+= ©| A3} FL3Io}

9] ¥4 A7 (current value) Hamiltonian-&

1-o
" 1“:-% o (@-wn) ] e (0 -wm) -
+A,0uh +p(l-2z),
1-o
00, H=" %) (y=c)+A,Buh +p(i-2)
1-0 vy




He B A&7Hsn

M AAAEEE &4 3
7} k¢ hel ##EH costate variables©]
ojt}. F-52 A ek}

,9_
=

o gev v is 4
]

= z9 FEAx

Zd 3] Kuhn-Tucker conditions ©]-&
kel of ko

JJr @9 LagrangeAls
st uet z9o] F

Z z<lOu=0 pz00 z=1

H(1-2)=0; =,
A H A Y&l ¢, u, 28ar zol ik 14 ZA(first-order
condition)& g8t o5 Zoh

a—HZOD ¢’ =\
dc
oH
—=00 )\6h— A
u ( - (px)
(;H—OD —(pox([3+1)—+01)\y n=0
Z

Kuhn-Tucker conditiong ©]-&3}o] 9] zol tigk 14 24L& ¢
& A o] AT 7 ATk

Ayz@B+Dx' . or

If z=1, then
Ay =@B+Dx" if z<1
gk a2 e dvrE 9 A giddEtd 2o HAXE
ol & % qlrk
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- e gk T
O

.=
QLIJAI[k“((1—1;)h)"°]1_y]2, if N<&L[k“((1-u)h)l°]y_]s

where HZWN) and llJ:(P(B’fl)

if

f

9 Aol B 5
° =
L T

= T Re] L9AE AR =
= At T

g

N
N

(potential output)©] &7 A1k7]E (critical level of output)el] ™
e st et 2kl 4 flae BojFal ok 5, 9
o] A 7§Xﬂ‘3%}€:‘£ Bt A Aol dA VIEA

et Aeols LA R BA e A
ol HAolghs AIE HolFaL glof, A

5
Gio] e Aol MEHAE 98 B nhs A4
& AEL o

J
il
T

Potential output = y,(t) = k(t)* ((1-u(th(t)) ™

RN
=1
Critical level of output =y, (t) = Bl"' 1))\ l(t)%

where A, is a shadow value of physical capital.
Bl(t)—l if y,(0<y. (1),

o D
B <1 if y,1)>y. ().

U, =42 2 Akt o] Fei 4 &4 u)(optimal dynamic



allocation)= 1%k Ny 9] Euler equations A 2lstd 247} ofg
I

: : O v A 0
A =ph, = 0 A, =ph, —U(KI—G)%+(1—G)%+AZ5UD
0 0

holA 7wl W@ 1 231& olgstel 91 2,9 Buler

equatione H53f o] ©edtd 4 glrh

>,

222p-5
N D

flo] 215 9ol= BEyA Foxl S4B AL e
=2 ¥4 (law of motion), ZF 2] @" o, A%, 1ea
transversality condition 5& ©]-&3tH A= ALSH A9 fiRE T
g Utk

2 A AA g BE S social plannere] YJgolA +Agk Az}
£ Qofel o 2ol B A3 o] Fr|H o Au]| AL

i

=

AR B e &u g Zrlela QAXEL O wE &5
vz__

[e)

o

Thste] A&HQl ARGl ol AL g welFn

EQJ

+y-1
(1-a)By

>0, &>p,



Aol ]l wel B x| A A o] TAhSE AS
A sle] LA (constant)dHA] THE 7] wjFEoln, o] FAoE F

_ ¢ O
c_lHa Y p 1 4aB HaHd u)ha —pO= constant
c o[p+1k opB+lg O k O 8

-a
S22 SHHMAM = ap X=E; %agl ku)h% = constant

e, obg) 49 AvelA wi AT go] BHow 29 F
Hge S()ow e} B0 AS fushs Aol gake
A @A E Aakslol Stk A2 ol gl S, x(2.9
Wl AAtolU ARt} S7hge] sow o7} 1ur 2 49 o
e ANHoE Fade AL nAFL A, o714 o

2=

of the marginal utility of consumption):= 7]¢1¢] &
A Aol gt 7o F A 7HAE REgshe Aoz A 3

3) 09 99 1/ A v 7k 289 A €= A (intertemporal
elasticity of substitution for consumption)2. 24 AZE42] A7} ¢
o A7I7} 18 Ave RS G453 dof, & AT A
RS AA AT wel B3He A0 FrIHeR FagreE A}
Ae AAsTa & F 9o o E o] Hall(1998)2 1/0¢ =7]7}
0(zero)dll 7}7-¢-9, Ogaki and Reinhart(1998)+ 1/0¢] =77} <F
040 ettt A2 AWME AAsHA
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7h&ol vtor go] 1HY 2 44 L9 AV|How Fashe 4
HE RoFa Q) Anje] A g 88 A (elasticity of the
marginal utility of consumption)2 YEFE o= 71912 dutan]
Aol gk 2o A T E vt ets slowmA gl tiE

RO FEol FL4F BN Aol Hrke A2 A

= ?_1"1 T — 7%
O 22 E-Ao] Fygd wel XA AR ] o] A
= AL Asle] YA (constant)dtA THE7] wjFol| 7}ssc)
wheba] 22710k FRAR G S R Aol uA RIS

w3k Aol ZAdEEE e = A (H o) Ak (potential
output)©] 4A 7]F X (critical level)ol] m]Edl= 7 Go= o gk

%A ke Aol Arolehs ok
i
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ZF(socially optimal level) 74 Q. A5

(socially optimal

fo] a2 o

E(polluters)oll Al AFs] 4 o =2

LXK
level) 7}4]

A 34171
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o AREEE
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7135}
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s17] 918l Aela
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g 2 el oe)r}
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Ageh

gl AgE = B

L
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e B}

ATl A 2708 5

S|
A
o] 1A 2} (human capital)

R

ﬁo
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© 24 Uzawa(1965)-Lucas(1988) -

¢}

o
T

‘_ao

7t

SEEEER

)
—_
o
B
U

317 Al (pollution tax),
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A2 sk=(production function):

y = (k) (1-wh) ™ =2z°k*((1-wh) ™
0<a<l, 0<z<l1

1-u = AA AR F Baers FyE HS
u = A A T AR FH4 ol FAEHE HlE
z = AA BHARE F ANesw FAEE vE
1-z = AA SR T ogWA o] FY= = n&

1222 %4 (accumulation):

f1:5uh

A o AufEe] BA:

X =7 or x=7%y =7°Ck® (1=wn)™
y

o] % AH] Z}(representative consumer)®] & -8
-0 Yy
U =2 @7 550 y>1, 90
1-o Yy
social planner’s problem:

[ 1- o‘(t) X[t)y
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22Ok (@O)((1-u®)h(t)) ™ —c(t),

S u(t) h(t),

k()

s.t.

h()
x(t)

2% 0k (t)((1 - u(t)h(t)) ™,

0<z(t)<l.

3}

!

Aol A
social planner®] ¢

A7l ol

424 o]
R B

sfef A

e S 57

il

o]

jze]
®r
‘_a
®r

jruze]

X

1) A el =28 (static model)

o)
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BIEEEEE

=
=4

3} 9147} el

BN

A

ERE R

ki3

4

7%

-
R

s} gom oj7)4 y
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ZA, BE BAAHLI QAAHES At £9T u) & 5 9

Aol AL S ofvlshs A8t (potential output)s H

[¢]
ERuith A3 o], HAl Akt T oz At FRiEe= v,

1z SAmMEge] FYuE ez GAYNE 2 G E
% 7re] #AE the 2o

sk=2 T 43 social planner’s problem

o 1o a(B+l) Y
max (z'y,) _<P(Z y,,)
2[70,1] 1-0 Y

0>0, y>1

o3 AL AT)el whet zo] HAA = vt 2ol T

ZD(yP) =1 if y, <y,

y-1+o

DI((BH)V*HG)
y,)= cAL iy, >y,

» B

A7 y =
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24 ALk A7)9ke] Blale] et @ Aol iR E = =
AL ] W &S AA s 7]+ (critical level of output)©]
2} & = 9tk Yol F3F 2o HAXE AYsF L LB} QA
of sty v o] HA AL Bl AnEF HA QL HEEF
S T3k oh;]r

il

IN

Ny, =y )=y, if Yo S Ve

Ye

IN

Xy, =y, if Yo

y-1+o

¢ (y,)= ¥ (y,) = yeBir- ”Gyp(B”)v w0 if Yp 2 Ve

(B+1)(y-1+0) B(1-0)
X (y ) =Y, By-lra Y B+hy-lvo if ¥, 2 Y.

2) A&7 Ast A S M peke] AgEjA # A4 (optimality)
E

o

7 27 Al (pollution tax)
AR A LB|AY & 3} A= social planner’s
problem¥} 7|22 o2 v} o HHO| AN 7S AH] R A

el Erha PR W 20l S BAAE W ARAR

oo
i
)

oiE Y% B2 £ Fol @ Aolth L. Ggul o] et 7]
e olgs Frhstelr] A LTS Wz Yol Ay
719e) oleFejal BAS Bal AGAANA AB A0 2P
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2 fESE #AE 448 F A,
B AE ANA 919 AT} L GNEGSE o] §5

S|
o] z& xoy o ¥2 Teid

11
x OB+ |, a(B+D)

z = yp
231 o] ThA A B v @] ek 0 9B A%
FEANRRE T3} o] =

o}
29l AAFQ A (normal input) & F
=

[
max 1= (keh'= f B xPT — (¢k +wh + Tx)
»nLX

st x<k®h'™®

o714 1, wis Z12F BAA T} QAR 0] 2T S (rental rate)

L
L= (k%' B xPT — (k +wh + Tx) + p(k®h'™ —x)

oF a1 of7|A u20= o x9o F5243 #HE Lagrange Al
olt}, F-5214) ¢k(inequality constraint)dloll A o] &=tz = 93t
Kuhn—-Tucker condition<
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a—L:k“h“}‘ -x20, u=0,andif x <k*h'"™ thenp=0

ou

o
IS
K
M
i
=
2
=
rot
—
0
N
ax
N
Y
rlo
vl
dlo
K
i
lo
i)
off
1>

P
ay, l-a B+l B+l
oL _opreag P gihTD) Tx
ok +1 k
pL L
apl-ay B+l B+l
L o0 wa-ayp P HKh D T x
oh +1 h

gk g7 AL A kb, xoll diste] qtRgelEW
(constant returns to scale)?] 71&S YeERY I 7] djtel 714
o] Fol(zero-profit) Z=710] T3 o] A {3t

1 L
(kO(hHJ[)l g1 x P = rk + wh +1x

A, Fe A A ko] &S W] S 7 9-(inequality constraint
is not binding), & x <k®h'@°] WEE u] o] F= 3= 93 14
AASHE o SR AE H A2

o
o] social planner’'s problemol| A T

ol

?:5_]__ A]’ﬂ -%] ;5_1] %]:(X :(LIJ)\I)(B»A)H (kuhl—u)Bn , if x <kuh1—u )_, 71—:]_‘11:‘%‘ %

rlo

AE ARslel & Aotk ABHAL ot At EsHA

=
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A9 A A 0 dFL olTHAE A% 1A AAZA B
Fgomm T8 & A 1 e vt gk

_ 1 ag, 1-ayI-y )P
r_ﬁ(qml(k h'ey )

r:a%%ﬁ_ (A, (ko))
w=(l —a)%%gg (WA, (ko))

A4, F-5A A o] F+45S WS 7 $-(inequality constraint is
1

A7E g1 olskall A 71

PPAZ 3 FAEAAE FDE A3 4 gonz @

o o

o] Agede o #Zo] 14 HAXAY Fol&x7(zero-
profit condition)& EF ©]-83dlo] EXAE T} QA o] 2]

Has AT

r>a%3—%}ﬂ L wz(l- a)%%iﬁ

tk+wh=(1-1k"h'"", and— —
wh 1-a
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Eal 2 7hs R 9

fr

Ut 22 Aol

r=a(l- T)BEE g rDm%ﬁ% ,a%@
1 — (] — g _\HB i J
w=(1-a)1 T)%g O rDé(]l G)%%g, (1 a)%gg

wheba] 919 7 7HA] e Aol A ek B AL} AR =}
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<R E lI-1> 7h&2l ALBOl bz ety
Short Run Long Run Ambiguous
Micro | -0.30~-0.39 (USA) -0.77~-0.83 (USA)
Pooled -015~-038 -1.05~-14 (OECD#)
time-series/ Vicro | (CECD*) ~1.24 (Europe)
. acro
cross-section | M| 0 15 (Burope) -055~-09 (OECD 18#%)
-0.6 (Mexico) -1.25~1.13 (Mexico)
M -051 (USA)
1 0~-067 (USA)
Cross—Sectionf
Mean -1.07
Macro
(-0.77~1.34)(OECD*)
Micro
Time-Series
Macro | -0.12~-0.17 (USA) -0.23~-0.35 (USA)
Avg. 053
Avg. 026 (0~-1.36) Avg. -058 (0~-2.72) (-0.02~-159) (USA)
Meta-Analyses . . . .
(International) (International) Mean -0.71] Mean -0.53 (Time-series)

and Surveys . . . .
Mean -0.27(Time-series)| (Time-series) Mean -0.84 Mean -0.18 (Cross-sect.)

Mean -0.28 (Cross-sect.)| (Cross-sect.) Mean -0.86 | -0.53 (Panel data)
-0.1~-0.3 (22 estimates)

T * OECD except Luxembourg, Iceland, and New Zealand.

#x OECD 18 countries include: Canada, US, Japan, Austria, Belgium,
Denmark, France, Germany, Greece, Ireland, Italy, Netherlands,
Norway, Spain, Sweden, Switzerland, Turkey, and UK.

2FE: OECD(2001).



<FE W-2> 778 A2l 744 & &(OECD)

Short Run Long Run Ambiguous
—().: s 0. Norway
Pooled Micro 0433 (Norway) 0.442 (Norway)
. . -02 (USA)
time-series/

cross=section | Nacro [ -0.158~-0.184 (USA) -0.263~-0.329 (USA)

Cross-Section| Micro | -0.4~-1.1(Norway) -0.3~-1.1 (Norway)
Macro -1.42 (53 Countries)
025 (USA) -05 (USA)
Time-Series | M
ime-Series | Macro | o> (sa) -06 (USA)
Meta-Analyses
eta-Analyses -006~-09 02~-46 005~-012 (4 studies)

and Surveys

Zts: OECD(2001).

<FE N-3> 71783 A2l JHA e Y A7 ZHOECD 4t

Short | Long
References

run | run
J. Aasness and B. Holtsmark, Norway, Household data (1993) -0.2
B. Halvorsen and B. Larsen, Norway, Household data, Dynamic model (1998) [ -0.33 | -0.42
M.Parti and C. Parti, USA, Household data (1930) -058
MF. Morss and J. L. Small, USA, (1989) -0.23 [-0.38
P. Baker, R. Blundell and J. Micklewright, UK, (1989)

(Their paper includes results for sub-groups of households.) -0.76
R.KH. Dennerlein, Germany, Household data, Discrete-continuos choice (1987) -0.38
J.A. Dubin and D.L. McFadden, USA, Discrete-continuos choice (1984) -0.26
J.T. Bernard, D. Bolduc and D. Blanger, Canada, Discrete-continuos choice (1996) | -0.67
ER. Branch, USA, Expenditure Survey data (1993) -0.2
C. Garbacz, USA, partial elasticities (1983) -0.193

A& Nesbakken (1998), “Price Sensitivity of Residential Energy Consumption
in Norway”, Discussion Papers No. 232, Statistics Norway Barde and
Braathen(2002)ll 4 7} <1-&.
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<Abstract>

A Study on Sustainable Development and
Optimal Environmental Tax

O-sung Kwon

Sustainable development, which has been a world-wide
concern as a new paradigm, can be summarized as the
improvement in environmental quality, economic growth, and
social development. Specifically, if we focus on the
environmental and economic sides, sustainable development can
be interpreted as development that takes into account the
welfare of future generations as well as that of current
generation, which depends not only on the consumption of
produced goods but also the environmental quality.

This paper develops a simple theoretical model that is
consistent with the empirical evidence of an inverted U-shaped
relationship between pollution and per capita income, which is
so—called environmental Kuznets curve in this literature. It is
shown that the dynamic behavior of pollution is determined by
the magnitude of the elasticity of the marginal utility of
consumption. Since the elasticity reflects the importance of
environmental quality relative to consumption goods, it turns out
to be more effective to improve environmental quality as we

place more value on environmental quality.



By incorporating the issue of environmental externality into
an endogenous growth model, I investigate the circumstances
under which growth can be sustained with the optimal control of
pollution, and hence the sustainable development can be
achieved. Economic growth is sustainable, and in the long run it
1s optimal for human capital to grow more rapidly than physical
capital, output, and consumption. In the long run, pollution
declines for realistic parameter values, which explains a
downward sloping part of an inverted U-shape relationship
between income and pollution. It is shown that the more
stringent  pollution control leads the improvement in
environmental quality, while the human capital, which is
relatively cleaner than physical capital, plays an important role
as a source of the sustained growth.

Since pollution acts as an externality in the model presented
in this paper, a competitive equilibrium is not Pareto efficient
without government intervention. Thus, in order to study the
problem of implementing the social optimum in a market
economy, I examine the optimality of three different kinds of
environmental policy instruments; pollution tax, pollution—permit
trading system (pollution voucher), and direct regulation. This
paper shows that the optimum can be implemented with a
pollution tax or with a voucher system. Also, it is shown that
the socially optimal rate of pollution tax should increase

proportionally to the growth rate of consumption.
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