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Susanne Soretz1. I N T R O D U C T I O NW it h in t he an a ly s i s o f s u s t a i n a b le de ve l o p me n t, o n g o in g g r o wt h u s u a l ly i si n e v it a b ly l i n ke d t o e n v i r o n me n t a l de g r a d at i o n. O n t he o t he r h an d, t heg r o wt h p r o c e s s f o s t e r s a b at e me n t a c t i v it i e s t h at re d u c e p o l l ut i o n. B o t ha s p e c t s, p o l l ut i o n c a u s e d b y c a p it a l a c c u m u l at i o n an d re d u c e d b y a b at e me n t ,a re an a l y ze d w it h i n a s t o c h a s t i c e n d o ge n o u s g r o wt h m o de l. H o u s e h o l d sp e r c e i ve p o l l ut i o n t o b e i n p a rt e x o ge n o u s t o i n d i v i d u a l de c i s i o n s. T h i s m i sHp e r c e p t i o n i s p a r a me t e r i ze d an d c an b e s h o wn t o i n d u c e a m b i g u o u s e f fe c t s o ne q u i l i b r i u m g r o wt h a s we l l a s o n o p t i m a l e n v i r o n me n t a l p o l i c y. R i s k i si n c o r p o r at e d in t he an a ly s i s, a s it i s an i m p o rt an t fe at u re o f e n v i r o n me n t a lp r o b le m s : f ut u re e n v i r o n me n t a l c o n s e q ue n c e s o f p re s e n t a c t i o n s a reun c e rt a i n. R i s k a f fe c t s i n d i v i d u a l de c i s i o n s a s we l l a s t he i m p a c t o f an ye n v i r o n me n t a l p o l i c y .D ue t o m i s p e r c e p t i o n , de c e n t r a l i ze d g r o wt h de v i at e s f r o m o p t i m a l g r o wt h,an d an a c c e l e r at i o n o f e n v i r o n me n t a l de g r a d at i o n l e a d s t o c o un t e rH a c t i n gg r o wt h e f fe c t s. It i s s h o wn t h at t he o p t i m a l l e ve l o f p o l l ut i o n an d o p t i m a lg r o wt h a re in f l ue n c e d in a m b i g u o u s w ay s b y un c e rt a i n t y , de p e n d i n g o n t hede g re e o f re l at i ve r i s k a ve r s i o n. An o p t i m a l f i s c a l p o l i c y i s de r i ve d c o n s i s t i n go f in c o me an d c o n s u m p t i o n t a x at i o n a s we l l a s a s u b s i dy o n in d i v i d u a la b at e me n t e x p e n d i t u re s. D ue t o p a rt i a l in d i v i d u a l s e n se o f re s p o n s i b i l i t y f o re n v i r o n me n t a l de g r a d at i o n , t he o p t i m a l s t r u c t u re o f f i s c a l p o l i c y i s s h o wn t ob e h i g h l y s e n s it i ve t o e n v i r o n me n t a l an d p re fe re n c e p a r a me t e r s.V a r i o u s p re v i o u s s t u d ie s an a ly z e t he i m p a c t o f e n v i r o n me n t a l i s s ue s o nt he e n d o ge n o u s g r o wt h p at h, f o r e x a m p le , G r a d u s an d S m u l de r s ( 1 9 9 3 ),L i gt h a rt an d v an de r P l o e g ( 1 9 9 4 ), B o ve n b e r g an d S m u l de r s ( 1 9 95 ), J o n e san dM an ue l l i ( 1 9 95 ), B y rn e ( 1 9 97 ) o r S t o ke y ( 1 9 9 8 ). In t he s e c o n t r i b ut i o n st w o m a in q ue s t i o n s a re a d d re s s e d. F i r s t , t he p a p e r s an a ly ze w he t he r
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1 3 1e n v ir o n m e n ta l ma i n t e na n c e is c o ns is t e n tw i t h o n g o i n g gr ow t h. S e c o n d,e n v ir o n m e n ta lp o l i c i es w h i c h e na b l e s us ta i na b l e gr ow t h a s a n o u t c o m e o fma r k e t e q u i l i b r i u m, a r e a na ly z e d. A g h i o n a n dH ow i t t ( 1 9 9 8 , p . 15 2 )s u m ma r i z e t ha t ‘ t h e p r o b l e m o f f i n i t e , n o nr e n ew a b l e na t ur a l r es o ur c es . . .ap p e a r s t o b e l e s s o f a n o b s ta c l e t o s us ta i na b l e d e v e l op m e n t t ha n is t h ep r o b l e m o f e n v ir o n m e n ta lp o l l u t i o n ’ . As l o n g a s p o l l u t i o n is a n i n es c ap a b l eb y p r o d u c t o f c o ns u m e d g o o ds , t h e r e is a tr a d e� o f f b e tw e e n c o ns u mp t i o n a n dp o l l u t i o nw h i c h l i m i ts op t i ma l gr ow t h. I n t h e l o n g r u n, op t i ma l gr ow t h c a ne v e n c e a s e , i f t h e e n v i r o n m e n ta l c o s ts a r e s u f f i c i e n t ly h i g h (s e e , f o r e xa mp l e ,S t o k e y 1 9 9 8 ) . I n c o n tr a s t, e n v i r o n m e n ta lp r e f e r e n c es ha v e n o e f f e c t o n l o n g�r u n gr ow t h i f t h e r e is n o n�p o l l u t i n g h u ma n c ap i ta l a c c u m u l a t i o n o r a na b a t e m e n t t e c h n o l o gy , f o r e xa mp l e a s i n t h e s e t t i n g o f G r a d us a n d S m u l d e r s( 1 9 9 3 ) o r B y r n e ( 1 9 97 ) .A n i mp o r ta n t e x t e ns i o n o f t h is c hap t e r is t h e f o r ma l i za t i o n o f t h e m is �p e r c ep t i o n o f i n d i v i d ua l i n f l u e n c e o np o l l u t i o n. T h ep e r c ep t i o n o fp o l l u t i o n isp a r a m e t e r i z e d a n d i n c l u d es t h e c a s e o fp e r f e c t k n ow l e d g e a s w e l l a s t h e c a s ew h e r e p o l l u t i o n is a p ur e e x t e r na l i ty . A l t e r na t i v e ly , o n e c o u l d t h i n k o f ap a r t ia l i n d i v i d ua l s e ns e o f r esp o ns i b i l i ty f o r e n v ir o n m e n ta l d e gr a da t i o n. T h isma r k e t fa i l ur e l e a ds t o fa r � r e a c h i n g i mp l i c a t i o ns f o r e q u i l i b r i u m gr ow t h a sw e l l a s op t i ma l f is c a l p o l i c y . E n v ir o n m e n ta l d e gr a da t i o n i n d u c es c o u n t e r �a c t i n g i n c o m e a n d s u b s t i t u t i o n e f f e c ts o n t h e e q u i l i b r i u m a b a t e m e n t r a t i o a n dgr ow t h. D u e t o s e c o n d� o r d e r e f f e c ts a s s o c ia t e dw i t h u n c e r ta i n ty , e q u i l i b r i u mgr ow t h a n d t h e s tr u c t ur e o f op t i ma l f is c a l p o l i c y d ep e n d c r u c ia l ly o n t h eu n d e r ly i n g e n v ir o n m e n ta l a n d p r e f e r e n c e p a r a m e t e r s . T h e a s s u mp t i o n o fp a r a m e t e r i z e dp e r c ep t i o n r e la t es t o t h e s e t t i n g o f c o n g e s t i o n e f f e c ts w i t h i nt h ep u b l i c g o o ds l i t e r a t ur e , f o r e xa mp l e , a s us e d b y E dw a r ds ( 1 9 9 0 ) , G l o m ma n dR a v i k u ma r ( 1 9 9 4 ) o r T ur n o vs ky a n dF is h e r ( 1 9 9 8 ) .F ur t h e r m o r e , u n c e r ta i n ty i s i n tr o d u c e d i n t o t h e m o d e l. A l t h o u g h r is k i s a nes s e n t ia l c ha r a c t e r is t i c o f e n v ir o n m e n ta l d e gr a da t i o n, t h e r e a r e f ewc o n tr i b u t i o ns w h i c h f o c us o n t h e i mp a c t o f u n c e r ta i n ty o n p o l l u t i o n a n da b a t e m e n t i n a dy na m i c s e t t i n g . C la r k e a n d R e e d ( 1 9 9 4 ) a na ly z e t h e r is k o fa n e n v ir o n m e n ta l c a ta s tr op h e a n d B a r a n z i n i a n d B o ur g u i g n o n ( 1 9 95 ) d is c us st h e i mp a c t o f e n v ir o n m e n ta l d e c r e a s e o n t h e p r o b a b i l i ty o f s ur v i va l . R e is( 2 0 0 1 ) s h ow s t ha t gr ow t h i n cr e a s es w i t h a r is e i n t h ep r o b a b i l i ty o f f i n d i n g ac l e a n t e c h n o l o gy . T h e i mp l i c a t i o ns o f u n c e r ta i n ty a b o u t f u t ur ep r e f e r e n c esf o r t h e op t i ma lp r es e r va t i o n o f e n v ir o n m e n ta l a s s e ts a r e s h ow n b y B e l tr a t t i e ta l. ( 1 9 9 8 ) ,w h e r e a s C h i c h i l n is ky a n dH e a l ( 1 9 9 8 ) f o c us o n u n k n ow n r is ks . I nt h e m o d e lp r es e n t e d h e r e , p o l l u t i o n e v o l v es s t o c ha s t i c a l ly d u e t o a n a g gr e ga t ep r o d u c t i v i ty s h o c k.T h e c o ns i d e r a t i o n o f u n c e r ta i n ty i s i mp o r ta n t, b e c a us e i t c ha n g esi n d i v i d ua l i n t e r t e mp o r a l d e c is i o ns a s w e l l a s a ny d e c is i o nw i t h r e sp e c t t op o l l u t i o n a n d a b a t e m e n t. U n d e r u n c e r ta i n ty , a ny f is c a l o r e n v i r o n m e n ta l
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1 3 2p o l ic y a f fe c ts n o t o n l y e x p e c t e d v a lu e s o f e c o n o m ic v a r i a b l e s b u t a l s o t h e i rv o l a t i l i t y. H e nc e, r i s k� a v e rs e i n d i v i du a l s a d d i t i o n a l l y r e s p o n d t o t h i s c h a n g ei n u nc e r t a i n t y w i t h i n t h e i r s a v i n g s d e c i s i o n. T h e c o u n t e r� ac t i n g i m p ac t o ff i s c a l p o l ic y o n l o n g� ru n g r o w t h u n d e r u nc e r t a i n t y w as d e m o ns t r a t e d f i rs t b yE a t o n ( 1 9 8 1 ) a n d t a k e n u p i n t h e e n d o g e n o u s g r o w t h s e t t i n g, f o r e x a m p l e b yT u r n o vs k y ( 1 9 9 3, 1 9 95 , 2 0 0 0 ), S m i t h ( 1 9 9 6 ), C o rs e t t i ( 1 9 97 ) o r C l e m e ns a n dS o r e tz ( 1 9 97 ) .T h e c h a p t e r i s o r g a n i z e d as f o l l o ws . A f t e r a n i n t r o du c t i o n t o t h eas s u m p t i o ns i n S e c t i o n 2, m a r k e t e qu i l i b r iu m i s d e r i v e d i n S e c t i o n 3 . T h ei n f lu e nc e o f ( p e rc e i v e d ) e n v i r o n m e n t a l d e g r a d a t i o n as w e l l as t h e i m p ac t o fu nc e r t a i n t y a r e a n a l yz e d. I t i s s h o w n t h a t t h e g r o w t h e f fe c t o f p o l lu t i o n i sa m b i gu o u s a n d h i g h l y s e ns i t i v e t o p a r a m e t e r s e t t i n g s . O p t i m a l e n v i r o n m e n t a lp o l i c y, w h ic h c o ns i s ts o f i nc o m e a n d c o ns u m p t i o n t a x a t i o n as w e l l a s as u b s i d y o n i n d i v i du a l a b a t e m e n t e x p e n d i tu r e s , i s d e t e r m i n e d i n S e c t i o n 4 .T h e s e ns i t i v i t y o f e x p e c t e d g r o w t h w i t h r e s p e c t t o e n v i r o n m e n t a l a n dp r e fe r e nc e p a r a m e t e rs i s r e f l e c t e d w i t h i n a h i g h l y s e ns i t i v e s t ru c tu r e o fo p t i m a l f i s c a l p o l ic y w h i c h i s i l lu s t r a t e d nu m e r i c a l l y. S e c t i o n 5 g i v e s a s h o r ts u m m a r y.2. T H E M O D E LP o l lu t i o n i s r e l a t e d t o t h e p r o du c t i o n o f a s i n g l e h o m o g e n e o u s g o o d a n d c a nb e r e du c e d t h r o u g h a b a t e m e n t ac t i v i t y. S i nc e p o l lu t i o n i s m o d e l e d as a f l o wv a r i a b l e, I r e fe r t o p o l lu t a n ts w h ic h d i s s o l v e r a t h e r qu ic k l y. T h e p o l lu t i o nfu nc t i o n r e c u rs i n G r a du s a n d S mu l d e rs ( 1 9 9 3 ) a n d v a n M a r r e w i j k e t a l .( 1 9 9 3 ): t h e l e v e l o f p o l lu t i o n d e p e n ds o n t h e r e l a t i o n b e t w e e n p h y s ic a lc a p i t a l a n d a b a t e m e n t e x p e n d i tu r e 1 .P o l lu t i o n, P

(

t

), i s a s s u m e d t o d e p e n d o n t h e r a t i o b e t w e e n a g g r e g a t ec a p i t a l, K
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 

. ( 8 . 1 )I n t h i s c h a p t e r, t h e as s u m p t i o ns a b o u t p o l lu t i o n a r e e x t e n d e d as t h ep e rc e p t i o n o f i n d i v i du a l i n f lu e nc e o n a g g r e g a t e p o l lu t i o n i s p a r a m e t e r i z e d.T h e r e l e v a n t r a t i o b e t w e e n a b a t e m e n t a n d c a p i t a l i s p e rc e i v e d t o d e p e n d o nt h e r a t i o b e t w e e n a g g r e g a t e a b a t e m e n t a n d a g g r e g a t e c a p i t a l, o n t h e o n eh a n d, a n d t h e r a t i o b e t w e e n i n d i v i du a l a b a t e m e n t ac t i v i t i e s , e
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), o n t h e o t h e r:
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η = δ∈   
   

. ( 8 . 2 )T he p e r c e iv e d re la t io n b e tw e e n p o l lu t io n co n t ro l a n d c a p i ta ls to c k isde no te d by

p

, w h e re t h e i n de x
p

re fe rs to p e r c e p t io n 2 . T h e p a ra me te rde f i nes t he e x te n t to w h i c h t h e a g e n ts p e r c e iv e p o l l u t io n to b e e xo ge no us tot h e i r i n d i v i du a l de c is io ns a b o u t c a p i ta l a c c u mu l a t io n a n d a b a te me n t e f fo r t .T he s e t t i n g o f p e r c e p t io n i n e qu a t io n ( 8 . 2 ) re l i es o n t he fo r mu la t io n o fco n g es t io n e f fe c ts i n t he p u b l i c go o ds l i te ra tu re (s e e , fo r e xa m p l e , E d w a r ds1 9 9 0; G lo m m a n dR a v i ku ma r 1 9 9 4 ) . I n t hes e te r ms , t he p a ra me te r co u l da ls o de no te t h e j o i n t de g re e o f r iv a l ry b e t w e e n c a p i ta l a n d a b a te me n t i n t h e‘ p ro du c t io n ’ o f p o l lu t io n (s e e T u r no vs ky 1 9 95 , p . 4 05 ) .S i n c e a l l a ge n ts a re i de n t i c a l a n d p o p u la t io ns iz e is no r ma l iz e d to u n i ty ,i n d iv i du a l a n d a g g re ga te v a l u es a re e qu a l i n e qu i l i b r iu m . N e v e r t he l es s ,w i t h i n i n d iv i du a l o p t i m iz a t io n a g g re ga te c a p i ta l as w e l l as a g g re ga t ea b a t e me n t a re g iv e n e xo ge no us ly . H e n c e , t h e p e r c e p t io n p a ra me te r is ame as u re fo r t he c o ns c io us nes s o f i n d iv i du a l i n f l u e n c e o n p o l l u t io n . T he p o la rc as e = 0 re f l e c ts p e r fe c t i n d iv i d u a l k no w l e d ge a b o u t p o l lu t io n . O n t he o t h e rha n d , = 1 co r res p o n ds to t h e c as e w he re i n d iv i du a ls p e r c e iv e p o l lu t io n to b eco m p l e te ly e xo g e no us to i n d iv i du a l de c is io ns . F o r a p e r c e p t io n p a ra me t e rb e t w e e n z e ro a n d o ne , p a r t o f t h e i n d i v i du a l i n f lu e n c e o n p o l l u t io n is ta ke ni n to a c co u n t .A l te r na t iv e ly , t h e de g re e o f p e r c e p t io n co u l d b e i n t e r p re te d as t he de g re eo f res p o ns i b i l i ty fo r e nv i ro n me n ta l co n c e r ns . I n d i v i du a ls w i t h a h i g h e rs e ns eo f res p o ns i b i l i ty fo r t he e nv i ro n me n t ( lo w e r ) g iv e mo re w e i g h t to t h e i r o w na c t iv i t i es i n t h e de te r m i na t io n o f a g g re ga te p o l l u t io n . I n s p i t e o f t hei n f i n i tes i ma l i n d iv i du a l i n f l u e n c e o n p o l lu t io n , w h i c h res u l ts o u t o f t heas s u m p t io n o f a co n t i nu u m o f ho us e ho l ds i n t h e e co no my , a ge n ts w i t h lo wa c t as i f t he y w o u l d de c i de a b o u t t h e b e ha v io r o f t h e w ho l e s o c i e ty .P hys i c a l c a p i ta l p ro du c es t h e ho mo ge ne o us go o d a c co r d i n g to t h e l i ne a ri n d iv i du a ls to c has t i c p ro du c t io n fu n c t io n :

[ ] [ ]

( ) ( ) ( )

f k t Ak t dt dz t= +σ

( 8 . 3 )w h i c h re l a tes to R e b e lo ( 1 9 9 1 ) i n t he de te r m i n is t i cs e t t i n g a n d to E a to n( 1 9 8 1 ) i n t he s to c has t i c v e rs io n . 3 A l i ne a r te c h no lo gy is c hos e n as i t e na b l esco ns ta n t ma r g i na l p ro du c t iv i ty o f c a p i ta l w i t ho u t p ro du c t io n e x te r na l i t i es .H e n c e , t he fo c us is o n e nv i ro n me n ta l ma r ke t fa i l u res . U n c e r ta i n ty isi n co r p o ra te d i n to t he mo de l t h ro u g h t h e p ro du c t iv i ty s ho c k

dz

(

t

) , w h i c h is a
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1 3 4Wie ne r p r o c e s s w it h

dz ~ N

( 0, dt

). Ex p e c t e d c a p it a l p r o du c t iv i ty i s g iv e n by

A. T he re i s a c o nt i nu u m o f h o m o ge ne o u s i n d iv i d u a l s w h o h av ee nv i r o n me nt a l p re fe re n c e s a n d m ax i m iz e i nt e rt e m p o r a l e x p e c t e d u t i l i t y .E nv i r o n me nt a l qu a l it y b e c o me s re le v a nt a s p o l l u t i o n a f fe c t s i n d iv i d u a lu t i l ity . T h i s w i de ly u s e d f o r mu l at i o n re l ie s o n t he e a r ly a p p r o a c he s o fF o r s t e r( 1 97 3 ) a n d G ru v e r ( 1 97 6 ) w h o a n a ly z e e nv i r o n me nt a l a s p e c t s w i t h i nne o c l a s s i c a l g r o wt h m o de l s a n d w a s t a ke n u p, f o r e x a m p le , by S mu l de r s a n dG r a du s ( 1 9 9 6 ) , M o ht a d i ( 1 9 9 6 ) , By r ne ( 1 9 97 ) a n d S t o ke y ( 1 9 9 8 ) w it h i n t hee n d o ge n o u s g r o wt h se t t i n g. T he i n d iv i du a l s a re a s s u me d t o l iv e i n f i n it e lyl o n g a n d t o h av e a d d it iv e ly s e p a r a b le p re fe re n c e s. He n c e , i nt e rt e m p o r a lu t i l ity re s u lt s i n :

[ ]0 0 e x p ( ) ( ), ( )

U E t u c t P t dt

∞  = −ρ 
  
∫

( 8 . 4 )w it h t he c o n s t a nt r at e o f t i me p re fe re n c e > 0 a n d t he e x p e c t e d v a l u ec o n d i t i o n a l o n t i me 0 i n f o r m at i o n

E 0.I n s t a nt a ne o u s u t i l i ty ,  u, i s a s s u me d t o b e o f t he c o n s t a nt re l at iv e r i s k7av e r s i o n ty p e :

u

[

c

(

t

) , P (

t

) ]= 1( ) ( ) 11l n ( ) l n ( ), 1c t P t

c t P t

−ε−γ   ∀ ε ≠
− ε
− γ ε =

( 8 . 5 )w he re > 0 de n o t e s t he e nv i r o n me nt a l p re fe re n c e p a r a me t e r a n d > 0re p re s e nt s t he de g re e o f re l at iv e r i s k av e r s i o n. S mu l de r s a n d G r a du s ( 1 9 9 6 )s h o w t h at t h i s t y p e o f p re fe re n c e i s t he o n ly o ne t h at a l l o w s f o r s o c i a l lyo p t i m a l st e a dy 7 s t at e g r o wt h. It c o m b i ne s t w o ne c e s s a ry fe at u re s : a c o n s t a nti nt e rt e m p o r a l e l a s t i c ity o f s u b s t i t u t i o n a n d a n i nt r at e m p o r a l e l a st i c i ty o fs u b s t it u t i o n b e t we e n c o n s u m p t i o n a n d p o l l u t i o n w h i c h i s u n i ty .P o l i cy c o n s i s t s o f i n c o me a n d c o n s u m p t i o n t ax at i o n at t he c o n s t a nt r at e s

ya n d

c

a n d a c o n s t a nt s u b s i dy r at e o n i n d iv i du a l a b at e me nt e x p e n d it u re s,

e

.T he g o v e r n me nt b u d ge t re s u l t s i n :

y c eAkdt cdt edtτ + τ = τ . ( 8 . 6 )D u e t o t he s p e c i f i c s t ru c t u re o f t e c h n o l o gy a n d p re fe re n c e s, t he e c o n o myre a c he s t he s t e a dy s t at e w it h o u t a ny t r a n s i t i o n a l dy n a m i c s. He n c e , a c o n s t a ntt ax 7 t r a n s fe r s c he me i s s u f f i c i e nt t o re a l iz e P a re t o 7 o p t i m a l g r o wt h. I n t he
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1 3 5fo l l o w in g s e c t i o n, t h e r e s u l t in g m a c r o e c o n o m i c e q u i l i b r i u m i s d e r iv e d.A f t e r w a r d s, c o n d i t i o n s fo r o p t i m a l e n v i r o n m e n t a l p o l i c y a r e d e t e r m i n e d an di l l u s t r a t e d n u m e r i c a l l y.3. E Q U I L I B R I U M G R O W T H A N D P O L L U T I O NA B A T E M E N TIn d iv i d u a l s a r e c o n f r o n t e d w i t h a t r a d eo o f f b e t w e e n c o n s u m p t i o n, c a p i t a la c c u m u l a t i o n an d p o l l u t i o n c o n t r o l . H e n c e, t h e y d e c i d e a b o u t c o n s u m p t i o nan d i n d i v i d u a l a b a t e m e n t e f fo r t t o g e t h e r w i t h c a p i t a l a c c u m u l a t i o n i n o r d e r t om a x i m iz e i n t e r t e m p o r a l e x p e c t e d u t i l i t y w i t h g i v e n i n i t i a l v a l u e s fo r p h y s i c a lc a p i t a l an d t h e p r o d u c t i v i t y s h o c k. G o v e rn m e n t a c t i v i t y a s w e l l a s a g g r e g a t ev a r i a b l e s a r e c o n s i d e r e d e x o g e n o u s t h r o u g h o u t u t i l i t y m a x i m i z a t i o n an dp o l l u t i o n i s p e r c e iv e d t o d e p e n d o n in d i v i d u a l b e h av i o r a s d e f i n e d in ( 8 . 2 ) .B u i l d i n g o n t h e a s s u m p t i o n s m a d e in t h e l a s t s e c t i o n, c a p i t a l e v o lv e sa c c o r d in g t o : [ ( 1 ) ( 1 ) ( 1 ) ] ( 1 )
y c e ydk Ak c e dt Ak dz= − τ − + τ − − τ + − τ σ

( 8 . 7 )an d d u e t o t h e p r o p e r t i e s o f t h e s t o c h a s t i c d i s t u r b an c e, t h e v a r i an c e o f c a p i t a lr e s u l t s in : 2 22 2 2 2 2[ ] [ ] ( 1 )

k y

E dk E dk
A k

dt

−
σ = = − τ σ . ( 8 . 8 )F u r t h e r m o r e, t h e a d d i t i v e s e p a r a b i l i t y o f i n t e r t e m p o r a l u t i l i t y l e a d s t o at i m e o s e p a r a b l e s p e c i f i c a t i o n o f t h e v a l u e f un c t i o n g iv e n b y e x p (– t

)

J

[

k

(

t

) ] .A c c o r d in g t o I t ô ’ s L e m m a, t h e s t o c h a s t i c B e l l m an e q u a t i o n c an n o w b ew r i t t e n a s : 4 2e x p ( ) (, ) e x p ( ) ( )[ ] 1e x p ( ) ( ) e x p ( ) ( ) .2 k

t u c P t J k

E dk
t J k t J k

dt

Β = −ρ −ρ −ρ

′ ′′+ −ρ + −ρ σ

( 8 . 9 )T o s o lv e t h e o p t i m iz a t i o n p r o b l e m o f t h e in d i v i d u a l, m a x i m iz a t i o n i s d o n ew i t h r e s p e c t t o c o n s u m p t i o n, a b a t e m e n t an d c a p i t a l . I n d i v i d u a l c h o i c e a b o u tt h e l e v e l o f p o l l u t i o n c o n t r o l, e, i s b a s e d o n t h e fo r m u l a t i o n o f p e r c e i v e dp o l l u t i o n i n e q u a t i o n s ( 8 . 1 ) an d ( 8 . 2 ) . M o s t s t u d i e s w h i c h an a l yz e t h e i m p a c to f p o l l u t i o n o n g r o w t h a s s u m e t h a t t h e a g e n t s n e g l e c t t h e i r i n d i v i d u a l
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1 3 6c o n tr i bu t i o n t o a g gr e g a t e e n v i r o n m e n t a l r e s t o r a t i o n c o m p l e t e ly. H e n c e,o p t i m a l i n d i v i du a l a b a t e m e n t a c t i v i ty i s z e r o. I n my m o d e l, t h a t a s su m p t i o nc o r r e s p o n d s t o t h e s p e c i a l c a s e w h e r e t h e p e r c e p t i o n p ar a m e t e r i s s e t = 1.N e v e r t h e l e s s, i f < 1 a p p l i e s, t h e a g e n t s f e e l a t l e a s t p ar t i a l ly r e s p o n s i b l e f o rt h e i r i m p a c t o n p o l lu t i o n. T h e r e i s a n i n d i v i du a l c h o i c e a b ou t a b a t e m e n ta c t i v i ty a n d i n d i v i du a l ly o p t i m a l e n v i r o n m e n t a l e x p e n d i tu r e s ar e p o s i t i v e( a l t h ou g h n o t P ar e t o o p t i m a l ).M a x i m i z a t i o n o f ( 8. 9 ) w i t h r e s p e c t t o c o n su m p t i o n a n d e n v i r o n m e n t a lc a r e t o g e t h e r w i t h c a p i t a l a c cu mu l a t i o n l e a d s t o t h e f o l l o w i n g n e c e s s ar yc o n d i t i o n s : ( 1 ) ( 1 ) ( )

cc P J k−ε −γ −ε ′= + τ

( 8. 1 0 )1 ( 1 ) 1( 1 ) ( 1 ) ( )

ec P e J k−ε −γ −ε − ′αγ − δ = − τ

( 8. 1 1 )1 ( 1 ) 1( 1 ) ( ) ( 1 )

yc P k J k A
−ε −γ −ε − ′  −αγ − δ + − τ −ρ 2[ ] 1( ) ( 1 ) ² ² ² ( ) 0.2y k

E dk
J k A k J k

dt

 ′′ ′′′+ + − τ σ + σ =  

( 8. 1 2 )T h e s e c o n d i t i o n s ar e d e r i v e d fr o m e qu a t i o n s ( 8. 1 ) a n d ( 8. 2 ) w h i c ht o g e t h e r d e s c r i b e p r i v a t e p e r c e p t i o n o f p o l lu t i o n. C o n d i t i o n ( 8. 1 0 ) i nc o m b i n a t i o n w i t h ( 8. 1 1 ) e qu a l i z e s m ar g i n a l u t i l i ty o u t o f c o n su m p t i o n a n da b a t e m e n t a s p e r c e i v e d b y t h e i n d i v i du a l s. I n t h e c a s e o f p e r f e c t a n t i c i p a t i o no f t h e i n d i v i du a l i n f lu e n c e o n p o l lu t i o n ( = 0 ) , s t a t i c e f f i c i e n c y r e su l t s. I f <1 , m ar g i n a l u t i l i ty o f p o l lu t i o n c o n tr o l i s u n d e r e s t i m a t e d a n d c a p i t a la c cu mu l a t i o n i s a c c o m p a n i e d b y a n e g a t i v e e x t e r n a l i ty. C o n d i t i o n ( 8. 1 2 )a s su r e s t h e e qu a l i ty o f i n s t a n t a n e ou s m ar g i n a l u t i l i ty a c r o s s t i m e a n d l e a d s t oi n d i v i du a l ly o p t i m a l c a p i t a l a c cu mu l a t i o n.A d d i t i o n a l l y , t h e tr a n s v e r s a l i ty c o n d i t i o n mu s t b e s a t i s f i e d i n o r d e r t oa s su r e f e a s i b l e c o n su m p t i o n p a t h s :l im [e x p ( ) ( ) ] 0.

t
E t J k

→∞
−ρ =

( 8. 1 3 )W i t h t h e l i n e ar t e c h n o l o gy c o n s i d e r e d h e r e, t h e t r a n s v e r s a l i ty c o n d i t i o n i se qu i v a l e n t t o t h e c o n d i t i o n f o r a p o s i t i v e c o n su m p t i o n r a t i o , i f gr o w t h i sP ar e t o o p t i m a l ( s e e M e r t o n 1 9 6 9 ). A s l o n g a s e qu i l i b r iu m g r o w t h d e v i a t e sfr o m o p t i m a l gr o w t h, o n ly p r e f e r e n c e a n d t e c h n o l o gy p ar a m e t e r s w i l l b ec o n s i d e r e d t h a t a d d i t i o n a l ly s a t i s fy t h e t r a n s v e r s a l i ty c o n d i t i o n.
! !
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1 3 7Ma l l i a r is a n dB r o c k ( 1 9 8 2, p. 17 8 ) s h o w t ha t t he re e x i s ts a c l o s e d f o r ms o lu t i o n t o t he s ys te m g iv e n b y ( 8 . 1 0 ) t o ( 8 . 1 2 ) s i n c e re la t iv e r is k a v e rs i o n i sa s s u me d t i me i nv a r ia n t (s e e e qu a t i o n ( 8 . 5 ) ), t h e ma r g i na l p r o du c t o f c a p i ta l i sa s s u me d t o b e c o ns ta n t (s e e e qu a t i o n ( 8 . 3 ) ) a n d t h e v a r i a n c e o f c a p i ta l i sp r o p o r t i o na l t o t he s qu a re o f c a p i ta l ( s e e e qu a t i o n ( 8 . 8 ) ). I n t h i s c a s e , t he ree x i s ts a s t e a d y s ta t e w i t h c o ns ta n t e x p e c t e d g r o w t h. T h e c o n j e c tu re c o ns i s tso f t h e de f i n i t i o n o f a c o ns u m p t i o n ra t i o r a n d a n a b a te me n t ra t i o a c c o r d i n gt o :
c

k
µ = a n d e

k
η =

( 8 . 1 4 )w h i c h a re b o t h c o ns ta n t i n t he s te a d y s ta t e . I n t r o du c i n g t h i s i n f o r ma t i o n i n t oe qu a t i o n ( 8 . 1 0 ) l e a ds t o ( 1 )( ) ( ) / ( 1 )
cJ k k−ε αγ −ε ε

ρ′ = µ η + τ . F u r t h e r m o re ,i n d iv i du a l a n d a g g re ga te v a r i a b l e s a re e qu a l i n e qu i l i b r iu m, K = k

a n d
 E = e,du e t o t h e n o r ma l iz e d p o p u la t i o n s iz e . C o m b i na t i o n w i t h ( 8 . 1 1 ) a n d ( 8. 1 2 )y i e l ds t he f o l l o w i n g c o n d i t i o ns f o r i n d iv i du a l l y o p t i ma l c o ns u m p t i o n a n da b a t e me n t de c i s i o ns :

{

[ ] }

1( 1 ) / ( 1 ) ( 1 ) ( 1 )( 1 ² ) ²( 1 ) ( 1 ) ( 1 ) ² ² ² / 2c y

y

A

A

− θ
+ τ µ = ρ − θ + ε − − τ

ε − θ + θ

− ε − ε − θ + θ − τ σ

( 8 . 1 5 )a n d ( 1 ) ( 1 )

e c− τ η = θ + τ µ . ( 8 . 1 6 )T he p a ra me te rs , a n d a p p e a r j o i n t l y i n b o t h e qu a t i o ns a n d a res u m ma r iz e d f o r n o ta t i o na l c o nv e n i e n c e w i t h i n = ( 1– ). i n c re a s e s a se nv i r o n me n ta l de c a y a c c e l e ra te s ( i n c re a s i n g ), e nv i r o n me n ta l p re fe re n c e sga i n i m p o r ta n c e ( i n c re a s i n g ) o r p e r c e iv e d re s p o ns i b i l i t y f o r p o l lu t i o n r is e s( de c re a s i n g ). T o e ns u re fe a s i b i l i t y, < 1 is a ne c e s s a r y c o n d i t i o n. I n o t he rw o r ds , e nv i r o n me n ta l de c a y a s p e r c e iv e d b y t he i n d iv i du a l s s h o u l d n o t b e t o os t r o n g. O t h e r w i s e t he p r iv a t e l y p e r c e iv e d ma r g i na l p r o du c t o f c a p i ta l w o u l db e c o me ne ga t iv e . E qu a t i o ns ( 8 . 1 5 ) a n d ( 8 . 1 6 ) p r o v e t ha t t he c o n j e c tu re ds te a d y s ta t e e x i s ts : c o ns u m p t i o n ra t i o a s we l l a s a b a t e me n t ra t i o a re i n de e dc o ns ta n t o v e r t i me .T he p r o p e ns i t y t o c o ns u me ( 8 . 1 5 ) de p e n ds o n t he u n de r l y i n g p a ra me te rsa s we l l a s o n t he f i s c a l i ns t ru me n ts . A b a te me n t i s p r o p o r t i o na l t oc o ns u m p t i o n (s e e e qu a t i o n ( 8 . 1 6 ) ), s i n c e w i t h t he i ns ta n ta ne o u s u t i l i t y



Implications for Economic Development and Environmental Policies

1 3 8fu n c t io n co n s i de re d he re , co n s u m p t io n a n d e n v i ro n me n t a l q u a l i ty a rec o m p l e me n t a ry go o d s (

ucP

< 0 ) a n d t h e i n t r a te m p o r a l e l a s t i c i ty o fs u b s t i t u t io n b e tw e e n co n s u m p t io n a n d p o l l u t io n i s u n i ty.A r i s e o f t h e t a x r a te o n co n s u m p t io n o r o f t he a b a t e me n t s u b s i dy l e a d s toa de c re a s e i n e q u i l i b r i u m co n s u m p t io n a n d a n i n c re a s e i n e q u i l i b r i u ma b a te me n t e x p e n d i t u re s a s t he re l a t i ve p r i c e s c h a n ge. T he i m p a c t o f a ni n c re a s e i n t he i n co me t a x r a te i s a m b i g u o u s , de p e n d i n g o n t he m a g n i t u de s o fi n co me a n d s u b s t i t u t io n e f fe c t s a n d w i l l b e a n a ly z e d l a te r i n mo re de t a i l.N e ve r t h e l e s s , s i n c e co n s u m p t io n a n d a b a te me n t a re co m p l e me n t a ry go o d s ,t he y a re i n f l u e n c e d i n t he s a me d i re c t io n b y i n co me t a x a t io n.I f e n v i ro n me n t a l p re fe re n c e s v a n i s h ( = 0 ) o r i n d i v i d u a l s ne g l e c t t h e i ri n d i v i d u a l i n f l u e n c e o n p o l l u t io n co m p l e te ly ( 1 ) , m a r ke t e q u i l i b r i u mco r re s p o n d s to t h e l i ne a r s to c h a s t i c e n do ge no u s g ro w t h mo de l w i t ho u te n v i ro n me n t a l a s p e c t s. I n b o t h c a s e s , i n d i v i d u a l a b a te me n t a c t i v i t i e s a re z e roi n t he l i m i t. I n t h e f i r s t c a s e , t h e re i s no ne g a t i ve i m p a c t o f p o l l u t io n o nu t i l i ty. H e n c e , p o l l u t io n co n t ro l c a n no t e n h a n c e u t i l i ty. I n t h e s e co n d c a s e ,i n d i v i d u a l s a re no t aw a re o f t he i r i n f l u e n c e o n d i s u t i l i ty f ro m p o l l u t io n.T he re fo re , t h e co s t s a re p e r c e i ve d to do m i n a t e t he b e ne f i t f ro m p o l l u t io nco n t ro l fo r a ny p o s i t i ve v a l u e o f a b a te me n t e x p e n d i t u re s 5.W i t h t he s o l u t io n s ( 8. 15 ) a n d ( 8. 1 6 ) o f i n d i v i d u a l u t i l i ty m a x i m i z a t io n , t hee x p e c t e d g ro w t h r a te o f t h e e co no my , , c a n b e o b t a i ne d f ro m t h e c a p i t a la c c u m u l a t io n e q u a t io n ( 8. 7 ):

[ ]
[ ]

( 1 ) ( 1 )[ ] ( 1 ² ) ²( 1 ) ( 1 )( 1 ² ) ( 1 ) ² ² ².2 ( 1 ² ) ²y

y

AE dk

kdt

A

− τ − + θ ρ
ϕ = =

ε − θ + θ

ε − ε − θ + θ
+ − θ − τ σ

ε − θ + θ

( 8. 1 7 )E q u i l i b r i u m e x p e c te d g ro w t h c a n b e d i v i de d i n tw o p a r t s. T h e f i r s t te r m o ft he e x p e c te d g ro w t h r a t e ( 8. 1 7 ) co r re s po n d s to t he Ke y ne s– R a m s e y R u l e o ft he co r re s p o n d i n g de t e r m i n i s t i c mo de l. T he s e co n d te r m de s c r i b e s t here s p o n s e o f a r i s k8 a ve r s e i n d i v i d u a l to u n c e r t a i n ty. E q u a t io n ( 8. 1 7 ) s ho w st h a t t he i m p a c t o f u n c e r t a i n ty o n g ro w t h i s a m b i g u o u s a n d de p e n d s o n t hed e g re e o f re l a t i ve r i s k a v e r s io n. I n ge ne r a l , u n c e r t a i n ty h a s a p o s i t i v e i n co mea n d a ne g a t i v e s u b s t i t u t io n e f fe c t o n s a v i n g s. O n t he o ne h a n d , a n i n c re a s e i nr i s k re d u c e s e x p e c t e d u t i l i ty o u t o f fu t u re i n co me f lo w s. H e n c e , s a v i n g s a rei n c re a s e d i n o r de r to co m p e n s a t e fo r t h i s i m p a c t a n d to e q u a l i z e e x p e c t e dm a r g i n a l u t i l i ty a c ro s s t i me ( p o s i t i ve i n co me e f fe c t ). O n t h e o t h e r h a n d ,c a p i t a l a c c u m u l a t io n ge t s l e s s a t t r a c t i ve fo r r i s k 8 a ve r s e i n d i v i d u a l s i f
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1 3 9u n c e r ta i n ty i n c r e a s e s. T h e r e i s a n i n c e n t iv e to d e c r e a s e sa v i n g s ( n e ga t iv es u b s t i t u t io n e f f e c t ) .W i t h t h e l i n e a r t e c h no l o gy c o n s i d e r e d h e r e, t h e i n c o m e e f f e c t do m i na t e s i ft h e d e g r e e o f r e la t i v e r i s k a v e r s io n i s a b o v e u n i ty ( > 1 ) . I n t e r m s o fL e l a n d( 1 9 6 8 ) o r S a n d mo ( 1 97 0 ) , > 1 i m p l i e s a mo t i v e fo r p r e c a u t io na ry s a v i n g s.T ha t i s, u n c e r ta i n ty l e a d s to a n i n c r e a s e i n t h e e q u i l i b r i u m g ro w t h ra t e i n t h i sc a s e. I f r e la t i v e r i s k a v e r s io n i s s u f f i c i e n t ly lo w ( < 1 ) , t h e o p p o s i t e a p p l i e sa n d u n c e r ta i n ty ha s a n e ga t i v e g ro w t h e f f e c t.F u r t h e r mo r e, e q ua t io n ( 8 . 1 7 ) s ho w s t ha t n e i t h e r c o n s u m p t io n ta x no ra b a t e m e n t s u b s i dy ha s a n i m p a c t o n t h e e q u i l i b r i u m g ro w t h ra t e. B o t hi n s t r u m e n t s a f f e c t a l l t i m e i n c r e m e n t s to t h e s a m e e x t e n t a n d t h e r e fo r e do no tc ha n g e t h e i n t e r t e m p o ra l a l l o c a t io n. T h e r e fo r e, t h e go v e r n m e n t c a n f i r s tc ho o s e t h e i n c o m e ta x ra t e i n o r d e r to a d j u s t c a p i ta l a c c u m u l a t i o n to t h eo p t i ma l l e v e l. I n a s e c o n d s t e p , t h e a b a t e m e n t s u b s i dy i s d e t e r m i n e d to e n s u r et h e o p t i ma l l e v e l o f p o l l u t io n. F i na l ly , t h e c o n s u m p t i o n ta x i s c ho s e n tob a l a n c e t h e go v e r n m e n t b u d g e t. O p t i ma l e nv i ro n m e n ta l p o l i c y w i l l b ed i s c u s s e d f u r t h e r i n t h e n e x t s e c t i o n.E nv i ro n m e n ta l a s p e c t s i n f l u e n c e e q u i l i b r i u m g ro w t h t h ro u g h p e r c e i v e dp o l l u t i o n, a s m e a s u r e d b y . T h e i m p a c t i s a m b i g uo u s a s t h e r e a r e v a r i o u sc o u n t e ra c t i n g e f f e c t s w h i c h l e a d to a s t ro n g s e n s i t i v i ty o f t h e g ro w t h e f f e c t sto t h e d e g r e e o f r e l a t i v e r i s k a v e r s i o n. T h e e f f e c t i v e ra t e o f t i m e p r e f e r e n c ea n d e f f e c t i v e r e l a t iv e r i s k a v e r s i o n d e p e n d o n e nv i ro n m e n ta l p a ra m e t e r s a swa s s ho w n fo r t h e d e t e r m i n i s t i c s e t t i n g, fo r e xa m p l e, b y Mo h ta d i ( 1 9 9 6 ) .N e v e r t h e l e s s, s i n c e i n t h e mo d e l c o n s i d e r e d h e r e i n d i v i d ua l a b a t e m e n ta c t i v i ty i s i n c l u d e d, t h e i m p a c t o f r e s p o n s i b i l i ty fo r t h e e nv i ro n m e n t i sa m b i g uo u s : O n t h e o n e ha n d, w i t h i n c r e a s i n g p e r c e iv e d p o l l u t i o n t h en e ga t iv e i m p a c t o f c a p i ta l a c c u m u l a t io n t h ro u g h p o l l u t io n o n u t i l i ty i s g i v e nmo r e w e i g h t, s a v i n g g e t s l e s s a t t ra c t i v e a n d e q u i l i b r i u m g ro w t h t e n d s to fa l l,o n t h e o t h e r ha n d, a r i s e i n p e r c e i v e d e nv i ro n m e n ta l d e c a y i n c r e a s e s t h ei n c e n t i v e fo r i n d i v i d ua l a b a t e m e n t a c t iv i t i e s.I n o r d e r to e n ha n c e t h e a b i l i ty fo r f u t u r e p o l l u t i o n c o n t ro l, c a p i ta la c c u m u l a t i o n t e n d s to b e i n c r e a s e d to ha v e e a s i e r a c c e s s to a b a t e m e n t go o d si n t h e f u t u r e. S m u l d e r s a n d G ra d u s ( 1 9 9 6 ) a na ly z e t h e s a m e c o u n t e ra c t i n gi n c o m e a n d s u b s t i t u t i o n e f f e c t s o f p o l l u t io n o n g ro w t h w i t h i n t h ed e t e r m i n i s t i c s e t t i n g w h e r e p o l l u t i o n i s a p ro d u c t iv e i n p u t a n d c a u s e sd i s u t i l i ty .I n t h e mo d e l c o n s i d e r e d h e r e, t h e g ro w t h i m p a c t o f p e r c e iv e d p o l l u t io n i sq u i t e c o m p l e x a s s e c o n dp o r d e r e f f e c t s d u e to u n c e r ta i n ty ha v e to b e ta k e ni n to a c c o u n t. F i g u r e 8 . 1 s ho w s t ha t t h e o v e ra l l g ro w t h e f f e c t o f p e r c e i v e de nv i ro n m e n ta l d e g ra da t i o n d e p e n d s o n t h e r e l a t i o n b e t w e e n t h e d e g r e e o fr e l a t iv e r i s k a v e r s i o n a n d t h e p o l l u t io n i m p a c t m e a s u r e d b y t h e c o m p o s e dp a ra m e t e r . T h e r e l e v a n t p a ra m e t e r s w e r e s e t a s fo l lo w s : t h e p ro d u c t iv i ty
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Figure 8.1 Growth impact of perceived pollutionW i t h i n t h e s ho w n i n t e r v a l o f r e l a t i v e r i s k a v e r s io n ( 0. 5

≥ ≥

3 ), t h eg ro w t h i m p a c t o f p e r c e i v e d p o l l u t i o n c h a n g e s s i g n i f i c a n t l y . F o r a l l r i s ka v e r s io n s l e s s t h a n 0. 5, t h e g ro w t h e f f e c t i s qu a l i t a t i v e l y t h e s a m e a s i nF i g u r e 8. 1 a a n d fo r r i s k a v e r s io n s g r e a t e r t h a n t h r e e t h e c u r v e r e m a i n sq u a l i t a t i v e l y t h e s a m e a s i n F i g u r e 8 . 1 d. T h e m a g n i t u d e o f t h e e n v i ro n m e n t a lg ro w t h e f f e c t g e t s l a r g e r w i t h i n c r e a s i n g d e v i a t i o n o f r e l a t i v e r i s k a v e r s i o nf ro m u n i t y .4. E N V I R O N M E N T A L P O L I C YT o d e r i v e o p t i m a l e n v i ro n m e n t a l p o l i c y, m a x i mu m i n t e r t e m p o r a l l i f e t i m eu t i l i t y h a s to b e d e t e r m i n e d. B e c au s e o f t h e a s s u m p t i o n s a b o u t t h ep ro d u c t i v i t y s ho c k, c a p i t a l a t t i m e

t

fo l lo w s a g e o m e t r i c W i e n e r p ro c e s s a n di s lo g no r m a l l y d i s t r i b u t e d. T h e r e fo r e, i t i s p o s s i b l e to d e t e r m i n e a n e x p l i c i t
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1 4 1s o lu t i o n f o r l i fe t im e u t i l i ty ( 8. 4 ). G iv e n t h e i n i t ia l v a lu e s o fc a p i ta l
k 0 a n d t h es t oc ha s t ic p r oc e s s

z 0 a t t i m e 0, c a p i ta l e v o lv e s a c c o r d i n g t o :0 01( ) e x p ² ² [ ( ) ] .2k t k t z t z
  = ϕ− α σ + ασ −  
  

( 8. 1 8 )S i nc e p o p u la t i o n s iz e i s n o rm a l i z e d t o u n i ty , a g g r e ga t e a n d i n d iv i du a le c o n o m ic v a r ia b l e s a r e e qu a l i n e qu i l i b r iu m . T h e r e f o r e , r e l e v a n t p o l lu t i o nw i t h o u t i n f o rm a t i o na l a s y m m e t r i e s i s g iv e n b y
P = – i n d e p e n d e n t l y f r o mp e rc e p t i o n. U s i n g t h e p r o p e r t i e s o f t h e s t e a dy s ta t e (c o n s ta n t c o n su m p t i o na n d a b a t e m e n t ra t i o s ) a n d t h e g o o d s m a r k e ti c l e a r i n g c o n d i t i o n j * = A – * –* , m a x im a l e x p e c t e d l i fe t i m e u t i l i ty r e s u l t s i n :* * 1 * ( 1 ) 1 0* 12( ) .( 1 ) ( 1 ) ( ² ² )A k

U
A

−ε αγ −ε −ε−ϕ −η η
=

 − ε ρ − − ε ϕ − ε σ 

( 8. 1 9 )T o d e v e l o p P a r e t o i o p t im a l g r o w t h a n d a b a t e m e n t a c t iv i ty , e x p e c t e dl i fe t im e u t i l i ty ( 8 . 1 9 ) i s m a x im i z e d w i t h r e s p e c t t o t h e e nv i r o nm e n ta le x p e n d i tu r e ra t e , * , a n d t h e g r o w t h ra t e , * :* ( 1 )( 1 ) ² ²( 1 ) 2A A
αγ − ε η = ρ+ ε − + ε σ ε + αγ −αγ  

( 8. 2 0 )* 1 1 ² ² .( 1 ) 1 2A
A

 + αγ ε −
ϕ = −ρ+ ε σ ε + αγ −αγ + αγ 

( 8. 2 1 )P a r e t o i o p t im a l p o l lu t i o n c o n t r o l a s d e t e rm i n e d b y e qu a t i o n ( 8. 2 0 ) d i f fe r sf r o m t h e c o r r e s p o n d i n g d e t e rm i n i s t ic m o d e l w i t h r e s p e c t t o t h e s e c o n d t e rm .T ha t i s, o p t im a l e nv i r o nm e n ta l c a r e i nc r e a s e s ( d e c r e a s e s ) w i t h u nc e r ta i n ty i fr i s k a v e r s i o n i s l e s s ( h i g h e r ) t ha n u n i ty .H e nc e , i n g e n e ra l t h e o u tc o m e o f t h e d e t e rm i n i s t ic m o d e l c a n n o t b ea p p l i e d t o t h e c a s e o f u nc e r ta i n ty . I f r i s k a v e r s i o n i s su f f ic i e n t l y h i g h ( > 1 ) ,o p t im a l p o l lu t i o n c o n t r o l i s o v e r e s t i m a t e d b y t h e s e t t i n g w i t h o u t r i s k (a n dv ic e v e r s a ). T h i s d e v ia t i o n i s du e t o t h e m o t iv e o f p r e c a u t i o na ry s a v i n g s.W i t h su f f ic i e n t l y r i s ki a v e r s e i n d iv i du a l s, o p t im a l sa v i n g s i nc r e a s e w i t h r i s i n gu nc e r ta i n ty . T h i s i nc r e a s e i n c a p i ta l a c c u m u la t i o n i s a c c o m p a n i e d b y ar e du c t i o n n o t o n l y o f m o m e n ta n e o u s c o n s u m p t i o n b u t a l s o o f c u r r e n te nv i r o nm e n ta l e x p e n d i tu r e s. T h e o p p o s i t e a p p l i e s f o r a n e c o n o m y w h e r e r i s ka v e r s i o n i s b e l o w u n i ty .
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1 4 2T he i m p a c to f e n v iro n me n t a l de c a y, d e no te d b y , o n P ar e to �o p t i m a lgro w t h ( 8. 2 1 ) is a m b i g uo us a n d de p e n ds o n t he d e gr e e o f r e l a t i ve r is ka v e r s io n a n d t he i n te r te m po r a l e l as t i c i t yo f s u b s t i t u t io n , r e s p e c t i v e l y. A g a i n ,t he r e ar e co u n te r a c t i n g i n co me a n d s u b s t i t u t io n e f fe c ts 6. T he s u b s t i t u t io ne f fe c to f a c c e l e r a t e d e n v iro n me n t a l de gr a d a t io n ( i n cr e as i n g ) l e a ds to ade cr e as e i no p t i m a l c a p i t a l a c c u m u l a t io n a n d he n c e i n t h e gro w t h r a te . I nco n tr as t , t h e i n co me e f fe c t i n d u c e s a n i n cr e as e i n c a p i t a l a c c u m u l a t io n ,b e c a us e a r is e i n e n v iro n me n t a l de c a y i n d u c e s mo r e ne e d fo r f u t ur ea b a te me n t a c t i v i t i e s . O n t he o t h e r h a n d , e q u a t io n ( 8. 2 0 ) s ho ws t h a to p t i m a la b a te me n t u n a m b i g uo us l y i n cr e as e s w h e n e n v iro n me n t a l de gr a d a t io n ge tsmo r e s e r io us .O p t i m a l e n v iro n me n t a l po l i c y c a n no w b e d e te r m i ne d. T he go v e r n me n tfo s t e r s i n d i v i d u a l a b a t e me n t a c t i v i t i e s t hro u g h t he r a t io b e t we e n a b a t e me n ts u b s i d y r a te

e

a n d co ns u m p t io n t a x r a te

c

a n d a d j us ts c a p i t a l a c c u m u l a t io nt hro u g h t h e i n co me t a x a t r a te

y

. Mo r e s i m p l y , o p t i m a l t a x a t io n e q u a l iz e sm ar g i n a l e x p e c t e d u t i l i t yo f co ns u m p t io n a n d m ar g i n a l e x p e c te d d i s u t i l i t yo fpo l l u t io n. T he go ve r n me n t b u d ge t is b a l a n c e d b y a gro w t h � ne u tr a lco ns u m p t io n t a x. H e n c e , o p t i m a l f is c a l a n d e n v iro n me n t a l po l i c y c a n b ede co m po s e d i n to t wo s te p s . F ir s t , o p t i m a l i n co me t a x a t io n e ns ur e s t hee q u a l i t yo f e q u i l i b r i u m e x p e c te d gro w t h , , a c co r d i n g to ( 8. 17 ) a n d P ar e to �o p t i m a l e x p e c te d gro w t h , * , as g i v e n b y ( 8. 2 1 ). S e co n d , t h e go ve r n me n t h asto a d j us t i n d i v i d u a l po l l u t io n co n tro l , , de te r m i ne d i n ( 8 . 1 6 ) to t h eco r r e s po n d i n go p t i m a l v a l ue , * , de r i v e d i n ( 8 . 2 0 ).T he i m p a c to f i n co me t a x a t io no n e x p e c te d e q u i l i b r i u m gro w t h ( 8. 17 )r e s u l t s i n t he we l l � k no w n a m b i g uo us gro w t h e f fe c to f i n co me t a x a t io n i n as to c h as t i c gro w t h mo de l. I t c a n b e de co m po s e d i n to a gro w t h � d i m i n i s h i n gd i s to r t io n ar y e f fe c t w h i c h is as so c i a te d w i t h t h e r e d u c t io n i n e x p e c te d c a p i t a lr e t ur n a n d a n a m b i g uo us gro w t h e f fe c t w h i c h i s as so c i a t e d w i t h t h e de c l i ne i nc a p i t a l r i s k. As a lr e a d y e x p l a i ne d a bo v e , t he i n d i v i d u a l r e s po ns e o n ade cr e as e i n r is k de p e n ds o n t he de gr e e o f r e l a t i ve r is k a v e r s io n a n d m a y e n du p i n a te n de n c y to i n cr e as e o r de cr e as e s a v i n g s . Fo r a de t a i l e d d i s c us s io no ft he co u n te r a c t i n g e f fe c ts o f t a x a t io n w i t h i n s to c h as t i c mo de ls o f e n do ge no usgro w t h , s e e fo r e x a m p l e , E a to n ( 1 9 8 1 ) , T ur no vs k y ( 1 9 95 ) , S m i t h ( 1 9 9 6 ) ,Co r s e t t i ( 1 9 97 )o r C l e me ns a n d So r e tz ( 1 9 97 ). I n t h e mo de l co ns i d e r e d h e r e ,t he gro w t h e f fe c to f a c h a n ge i n t h e i n co me t a x r a te is g i v e n b y :

[ ]{ }1 ( 1 ² ) ( 1 ) ( 1 ) ( 1 ) ² .( 1 ² ) ² y

y

A
A

∂ϕ
= − + − θ ε − ε − θ + θ − τ σ

∂τ ε − θ + θ

( 8. 2 2 )I f r i s k a ve r s io n is h i g he r t h a n u n i t y , i n d i v i d u a ls h a ve a mo t i ve fo rp r e c a u t io n ar y s a v i n gs w h i c h ar e r e d u c e d b y i n co me t a x a t io n. H e n c e , gro w t h
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1 4 3d im in is he s un am b ig u o us ly w it h an i n c re as e i n t he in c o m e t a x r at e. I f r is ka ve rs i o n is b e l o w un it y, i n c o m e t a x at i o n le a ds t o an i n c re as e i n p re c a ut i o n a rys a v i n g s. Ne ve rt he l e s s, i t c an b e s h o wn t h at a p o s i t i ve c e rt a in t y e q u i v a l e n t o fc a p i t a l re t u rn is a s u f f i c ie n t c o n d i t i o n f o r t he d o m i n at i o n o f t he n e g at i ved is t o rt i o n a ry g r o wt h im p a ct o f in c o m e t a x at i o n 7. T h is c o n d i t i o n c an b ein t e r p re t e d in t he f o l l o w i n g w ay : w i t h a p o s i t i ve c e rt a i n t y e q u i v a le n t r is kd o e s n o t d o m i n at e t he m o de l. T he t e c hn o l o g y is ‘ c e rt a i n e n o ug h ’ t o e n s u ret h at t he e f fe c t s o f t he un de r ly in g de t e rm i n is t i c s t r u c t u re p re v a i l. A n e g at i vec e rt a in t y e q u i v a l e n t w o u l d de s c r i b e a s i t u at i o n w h e re t he un c e rt a i n c a p it a lin c o m e f l o w y i e l ds t he s am e ut i l i t y as a c e rt a in i n t e re s t r at e w h i c h isn e g at i ve. W it h t h is a rg um e n t, i t b e c o m e s im m e d i at e ly o b v i o us t h at a p o s i t i vec e rt a i n t y e q u i v a le n t is a n e c e s s a ry c o n d it i o n f o r fe as i b le s o l ut i o n s. T oc o n c l u de, in c o m e t a x at i o n un am b ig u o us ly re d u c e s e q u i l i b r i um e x p e c t e dg r o wt h, i n de p e n de n t ly f r o m t he de g re e o f re l at i ve r is k a ve rs i o n .S in ce i n c o m e t a x at i o n in f l ue n c e s c a p it a l r is k, e q u at i n g e q u i l i b r i um g r o wt h( 8. 17 ) an d o p t im a l g r o wt h ( 8. 2 1 ) le a ds t o a q u a d r at i c f un c t i o n i n t he o p t im a lin c o m e t a x r at e,
y

*,
[ ]

[ ]

[ ]

[ ]{ }

* *( 1 )( 1 )( 1 ² ) ( 1 ) ² ² ( 1 ) ² ( 1 )2 1( 1 ) ( 1 ² ) ² ² ²1 2( 1 ) ( 1 ) 0. y yA A

A
A

+ −

− − − + − + − 
 

 −
− + − + + + 
+ − + − − =

ε αγ αγ

ε
θ ε θ θ σ τ τ

ε
αγ ε θ θ ε σ

αγ

θ θ ε αγ αγ αγ ρ

( 8. 2 3 )T he s o l ut i o n w i l l b e an a ly ze d n um e r i c a l ly , as t he im p a c t o f p e r c e i ve dp o l l ut i o n ag a in is q u it e c o m p le x. F i g u re 8. 2 i l l us t r at e s t he e f fe c t o f p e r c e i ve de n v i r o n m e n t a l de g r a d at i o n, ag a i n m e as u re d b y , o n t he o p t im a l i n c o m e t a xr at e. T he p a r am e t e r v a l ue s a re t he s am e as i n F ig u re 8. 1 (

A = 0. 25 , = 0. 0 1,= 0. 0 3 ). It c an b e s e e n t h at o p t im a l i n c o m e t a x at i o n de p e n ds c r u c i a l ly o n t hede g re e o f re l at i ve r is k a ve rs i o n . T h is re f le c t s t he s e n s it i v i t y o f t hee n v i r o n m e n t a l g r o wt h e f fe c t w i t h re s p e c t t o t he de g re e o f re l at i ve r is ka ve rs i o n w h i c h w as s h o wn i n F ig u re 8. 1.F ig u re s 8. 2 c an d 8. 2 d s h o w t he p o s i t i ve im p a c t o f p o l l ut i o n o n t he o p t i m a lin c o m e t a x r at e o n e w o u l d h a ve e x p e c t e d. W i t h an i n c re as e in e n v i r o n m e n t a lde g r a d at i o n, , o r i n m i s p e r c e p t i o n, 1– , t he n e g at i ve e xt e rn a l e f fe c t o fc a p i t a l a c c um u l at i o n i n c re as e s. T he re f o re, t he n e e d f o r i n t e rn a l i z in g i n c o m et a x at i o n r is e s. N e ve rt he le s s, F i g u re s 8. 2 a an d 8. 2 b de m o n s t r at e t h at t here l at i o n is re ve rs e d i f r is k a ve rs i o n is s u f f i c ie n t ly l o w. I n t h at c as e,
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1 4 4u n c e r ta i n ty l e a ds to a d e c r e a s e i n a c c u m u l a t io n w h i c h i n t u r n d e c r e a s e s t h eo p t i ma l i n c o m e ta x ra t e.T h e i n f l u e n c e o f t h e p e r c e p t i o n p a ra m e t e r i s i s o l a t e d i n F ig u r e 8 . 2 a s t wof u n c t i o ns a r e g iv e n i n e a c h d i a g ra m. T h e s o l i d l i n e s ho ws t h e c a s e o f h ig hi n d iv i d ua l s e ns e o f r e s p o ns i b i l i ty ( = 0 . 1 ) a n d t h e da s h e d l i n e i s a s s o c i a t e dw i t h l o w i n d iv i d ua l s e ns e o f r e s p o ns i b i l i ty ( = 0 . 9 ) . F ig u r e s 8 . 2 a a n d 8 . 2 bd e mo ns t ra t e t h a t w i t h mo d e s t r e l a t iv e r i s k a v e rs io n ( < 1 ) t h e i s o l a t e d i m p a c to f p e r c e p t i o n i s to o s ma l l to b e c o m e v i s i b l e. N ev e r t h e l e s s, t h e p e r c e iv e de nv i ro n m e n t a l d e g ra da t i o n, , c o n t a i ns t h e p e r c e p t i o n p a ra m e t e r , s o a ny

ceteris paribus

c h a ng e i n a l s o a f f e c t s p e r c e iv e d e nv i ro n m e n t a l i m p o r t a n c ea n d t h ro ug h t h i s c ha n n e l i n fa c t i n f l u e n c e s o p t i ma l i n c o m e t a xa t i o nc o ns i d e ra b l y .
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Figure 8.2 Optimal income tax rateT o d e f i n e o p t i ma l f i s c a l p o l i c y c o m p l e t e l y , t h e s u b s i d y ra t e o n i n d i v i d ua la b a t e m e n t a c t iv i ty ,

e

, ha s to b e d e t e r m i n e d. I t r e s u l t s r e s i d ua l l y f ro me q ua t i ng e q u i l i b r i u m p o l l u t io n c o n t ro l ( 8 . 1 6 ) a n d o p t i ma l a b a t e m e n t ra t io( 8 . 2 0 ) us i ng e q u i l i b r i u m c o ns u m p t io n a c c o r d i ng to ( 8 . 15 ) . T h e s e ns i t iv i ty o f
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1 4 5t he o p t im a l a b a te m e n ts u bs i dy r a te t o p e r c e iv e d e nv i r o nm e n t a l de c ay a n d t ore l a t iv e r is k av e rs i o n is c l a r i f i e d b y t he a r g um e n ts g i v e n a b o v e a n d i l l us t r a te di n F i g u re 8. 3 . F i g u re 8. 3 a c o m b i ne s l o w re l a t i v e r is k av e rs i o n ( = 0. 8 ) w i t hh i g h s e ns e o f re s p o ns i b i l i ty f o r e nv i r o nm e n t a l as p e c ts ( = 0. 1 ). T hec o u n te r p a r t f o r l o w re s p o ns i b i l i ty ( = 0. 7 ) is g iv e n i n F i g u re 8. 3 b. T he c as eo f h i g h re l a t i v e r is k av e rs i o n ( = 3 ) t o ge t he r w i t h s t r o n g v e rs us m o de s tc o ns c i o us ne s s ( = 0. 1 v e rs us = 0. 7 ) is i l l us t r a te d i n t he F i g u re s 8. 3 c a n d8. 3 d.A g a i n, o ne w o u l d e x p e c t a p os i t i v e re l a t i o n b e t we e n t he de g re e o fp o l l u t i o n a n d t he o p t im a l s u bs i dy r a te o n a b a te m e n t as g i v e n i n F i g u re 8. 3 .Ne v e r t he le s s , F i g u re s 8. 3 a, 8. 3 b a n d 8. 3 ds h o w t h a t p e r c e iv e d p o l l u t i o n a ls om ay i n d u c e a de c re as e i n t he o p t im a l s u bs i dy r a te o n a b a te m e n t, de p e n d i n go n t he de g re e o f r is k av e rs i o n. C o m p a r i n g F i g u re 8. 3 a w i t h 8. 3 b , o r 8. 3 c w i t h8. 3 d, re s p e c t i v e l y , s h o ws t h a t a n i n c re as e i n m is p e r c e p t i o n a l o ne i n de e d l e a dst o t he e x p e c te d i n c re as e i n t he s u bs i d y r a te .
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1 4 6 W it hr e s p e c t to o p t im a lg o v er nm e nt a l po l i c y, i t c a n b e s t at e d t h at o p t im a lf i s c a l v ar i a b l e s ar e h ig h l y s e n s i t i v e t o e n v ir o nm e nt a l a n d pr e f er e n c ep ar am e t er s. O p t im a l po l lu t io n co ntr o l d e p e n d s o n r e l at i v e r i s k a v er s io n a n di nt er t e m po r a l e l a s t i c it y o f s u b st it u t io n, r e s p e c t i v e l y, a s t h er e ar e co u nt er�a c t i ng i n co m e a n d s u b st it u t io n e f f e c t s. Co n s i d er i ng a d d it io n a l l y t h e s e co n d�o r d er e f f e c t s o f p ar t i a l i n d i v i du a l r e s po n s i b i l i t y fo r e n v ir o nm e nt a l d e c a y, t h eam b ig u o u s g r o wt h e f f e c t o f po l lu t io n i s r e f l e c t e d i n h ig h l y s e n s i t i v e po l i c yi m p l i c at io n s.5. C O N C L U S I O N SI n t h i s c h a p t er po l lu t io n a n d a b at e m e nt ar e a n a l y z e d i n a s to c h a s t i c m o d e l o fe n do g e no u s g r o wt h. P ar t i a l p er c e p t io n o f t h e i n d i v i du a l i n f l u e n c e o ne n v ir o nm e nt a l d eg r a d at io n i s t a k e n i nt o a c co u nt a n d c a n a l t er n at i v e l y b ei nt er pr e t e d a s a p ar am e t er i z e d s e n s e o fr e s po n s i b i l it y fo r t h e e n v ir o nm e nt o ra s p ar am e t er i z e d r i v a lr y i n t h e ‘ pr o du c t io n ’ o f po l lu t io n. Du e to t h e p ar t i a lr e s po n s i b i l i t y fo r e n v ir o nm e nt a l a s p e c t s , e qu i l i br iu m g r o wt h i s a f f e ct e d i n a nam b ig u o u s w a y b y a n i n cr e a s i ng ( p er c e i v e d ) po l lu t io n. T h e im p a c t o fe n v ir o nm e nt a l d eg r a d at io n o n g r o wt h i s h ig h l y s e n s i t i v e to t h e d eg r e e o fr e l at i v er i s k a v er s io n.O p t i m a lg r o wt h a s w e l l a so p t im a l a b at e m e nt a c t i v i t y d e p e n d am b ig u o u s l yo nr i s k a n d o n t h e s tr e ng t h o f e n v ir o nm e nt a l d e c a y. R i s k a f f e c t s t h e o p t im a li nt er t e m po r a l a l lo c at io n t hr o u g h t h e m o t i v e fo r pr e c au t io n ar y s a v i ng s. I f t h ed eg r e e o fr e l at i v e r i s k a v er s io n i s h ig h er ( lo w er ) t h a n u n it y , i n cr e a s i ng r i s ki n du c e s ar i s e ( f a l l ) i n pr e c au t io n ar y s a v i ng s a n d t h er e fo r er e du c e s ( i n cr e a s e s )t h e o p t im a l a b at e m e nt r at io . A n a c c e l er at io n o f e n v ir o nm e nt a l d e c a y o rs tr o ng er pr e f er e n c e s fo r a c l e a n e n v ir o nm e nt u n am b ig u o u s l y i n cr e a s e P ar e t o �o p t im a l a b at e m e nt , b u t l e a d to co u nt er a c t i ng i n co m e a n d s u b s t i t u t io n e f f e c t so no p t im a l e x p e c t e dg r o wt h.T h e s e t o f f i s c a l i n s tr u m e nt s w h i c h i s co n s i d er e d i n c lu d e s i n co m et a x at io n, co n s u m p t io n t a x at io n a n d a su b s i d y o n a b at e m e nt a c t i v it y. T h e s et hr e eg o v er nm e nt a l p ar am e t er s ar e su f f i c i e nt to a c h i e v e t h e P ar e to o p t im u m .T h e s e n s i t i v it y o f e qu i l i br iu m g r o wt h w it h r e s p e c t t o e n v ir o nm e nt a l a n dpr e f er e n c e p ar am e t er s l e a d s t o a g r e at v ar i e t y o f o p t im a l f i s c a l po l i c i e s ,d e p e n d i ng o n t h e u n d er l y i ng p ar am e t er v a lu e s.N O T E S1. In c on tr a s t, f o r e x a m p l e , F o r s t e r ( 1 9 7 3 ) , v an d e r P l o e g an d W i t h a g e n ( 1 9 9 1 ) , S t o k e y ( 1 9 9 8 )o r J on e s an d M an u e l l i ( 2 0 0 1 ) d e f i n e o u t p u t t o b e t h e s o u r c e o f p o l l u t i on an d , f o r e x a m p l e ,
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1 4 7Lu p ta c i k a n d S c hu be r t ( 1 9 8 2 ) a n dv a n de r P lo e g a n d W i t h a ge n ( 1 9 9 1 ) c o n s i de r a s to c kv a r i a b le. I t i s s t ra i g h t fo r wa r d t h a t w i t h t he l i ne a r p ro du c t i o n te c h no lo g y a s s u me d he re, t heo u t c o me s a re i n de p e n de n t o f t he s o u r ce o f p o l l u t i o n. F u r t he r mo re, w i t h t he u s u a l a d d i t i o na la s s u m p t i o n s t he re s u l t s re ma i n u n c ha n ge d fo r a s to c k p o l l u ta n t.2. T he u n de r l y i n g fo r mu l a t i o n o f p e r ce iv e d p o l l u t i o n i s b a se d o n t he d i s c u s s i o n o f t he e a r l ie rv e r s i o n
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i n Wa ge n i n ge n. I a m g ra te fu l to A na B a l c a oRe i s fo r t h i s s u g ge s t i o n.3. W i t h t he a s s u m p t i o n o f c o n s ta n t re tu r n to s c a le, t he e q u i l i b r i u m nu m be r o f f i r m s i si n de te r m i na te. He n c e, t he re ma y a r i se a c o n f l i c t w i t h t he a s s u m p t i o n o f pe r fe c t c o m p e t i t i o n.Ne v e r t he le s s, to ke e p t he mo de l a s s i m p le a s p o s s i b le, I re f ra i n f ro m t he u s u a l a s s u m p t i o n o fs p i l lo v e r ( s e e Ro me r 1 9 8 6 ) to c o m b i ne de c re a s i n g i n d iv i du a l re tu r n s w i t h c o n s ta n t a g g re ga tere tu r n s.4. S e e, fo r e x a m p le, M a l l i a r i s a n d B ro c k ( 1 9 8 2, p p. 8 1 a n d 1 1 0 ).5. I n o r de r to ma i n ta i n fe a s i b le s o l u t io n s fo r 0, fo r e x a m p le, t he go v e r n me n t wo u l d hav e top ro v i de p o l l u t i o n c o n t ro l.6. Fo r t he a m b i gu o u s i m p a c t o f ‘ g re e ne r p re fe re n ce ’ o n o p t i ma l g ro w t h i n t he de te r m i n i s t i cse t t i n g, se e S mu l de r s a n d G ra du s ( 1 9 9 6 ).7. A p o s i t iv e ce r ta i n t y e q u iv a le n t re qu i re s [ ( 1– )+ ]
A
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