
Research Department 
Federal Reserve Bank 
of Minneapolis 



F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s 
R e s e a r c h Depar tmen t 

A RECONSIDERATION OF 
THE PROBLEM OF SOCIAL COST: 
FREE RIDERS AND MONOPOLISTS 

V . V . C h a r i and L a r r y E . J o n e s * 

Work i ng Pape r 324 

R e v i s e d J u l y 1988 

NOT FOR DISTRIBUTION 
WITHOUT AUTHOR APPROVAL 

" C h a r i , F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s and U n i v e r s i t y o f M i n ­
n e s o t a ; J o n e s , K e l l o g g G r a d u a t e S c h o o l o f Management , N o r t h w e s t e r n 
U n i v e r s i t y . L a r r y J o n e s t h a n k s t he N a t i o n a l S c i e n c e F o u n d a t i o n 
and t h e S l o a n F o u n d a t i o n f o r f i n a n c i a l s u p p o r t . 

The v i e w s e x p r e s s e d h e r e i n a r e t h o s e o f t he a u t h o r s and no t n e c e s ­
s a r i l y t h o s e o f t he F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s o r t h e 
F e d e r a l R e s e r v e S y s t e m . T h i s paper i s p r e l i m i n a r y and i s c i r c u ­
l a t e d t o s t i m u l a t e d i s c u s s i o n . I t i s n o t t o be q u o t e d w i t h o u t t h e 
a u t h o r s ' p e r m i s s i o n . 



A b s t r a c t 

T h i s paper examines t he v a l i d i t y o f one v e r y s p e c i a l 

v e r s i o n o f C o a s e ' s Theorem. The v e r s i o n we examine i s t h a t i n any 

economy i n w h i c h t he p r o p e r t y r i g h t s a r e f u l l y a l l o c a t e d , c o m p e t i ­

t i o n w i l l l e a d t o e f f i c i e n t a l l o c a t i o n s . One r e p e r c u s s i o n o f t h i s 

r e s u l t i s t h a t one way t o " s o l v e " t h e p u b l i c goods p r o b l e m wou ld 

be to a l l o c a t e p r o p e r t y r i g h t s f u l l y , t r a n s f o r m i n g t he economy t o 

a p r i v a t e goods one and l e t m a r k e t s do t h e i r wo rk . T h i s i s p a r t i ­

c u l a r l y a p p e a l i n g due to i t s d e c e n t r a l i z e d n a t u r e , bu t one must 

q u e s t i o n t he c l a i m t h a t t he m a r k e t w i l l l e a d t o e f f i c i e n t ou tcomes 

i n t h i s c a s e . T h a t i s , t he p r i v a t i z e d economy c r e a t e d above i s o f 

a v e r y s p e c i a l t y p e w h i c h , a s i t t u r n s o u t i s h i g h l y s u s c e p t i b l e 

to s t r a t e g i c b e h a v i o r . We show t h a t t h e " m e c h a n i s m " s u g g e s t e d 

above i s no t l i k e l y t o work w e l l i n econom ies w i t h e i t h e r p u r e 

p u b l i c goods o r " g l o b a l " e x t e r n a l i t i e s . B a s i c a l l y , t he f r e e - r i d e r 

p r o b l e m m a n i f e s t s i t s e l f a s one o f monopo ly power i n t h i s p r i v a t e 

goods s e t t i n g . On t he o t h e r h a n d , i f t he p u b l i c goods o r e x t e r ­

n a l i t i e s a r e " l o c a l " i n n a t u r e , t h e r e i s r e a s o n t o hope t h a t t h i s 

(and pe rhaps o t h e r ) mechan i sm(s ) w i l l work w e l l . 

The work i s r e l a t e d t o t he r e c e n t l i t e r a t u r e on t he 

f o u n d a t i o n s o f W a l r a s i a n E q u i l i b r i u m i n t h a t i t p o i n t s up a r e l a ­

t i o n s h i p between t he a p p r o p r i a t e n e s s o f W a l r a s i a n e q u i l i b r i u m a s a 

s o l u t i o n c o n c e p t , t he i n c e n t i v e s f o r s t r a t e g i c p l a y , t he a g g r e g a t e 

l e v e l o f c o m p l e m e n t a r i t i e s i n t he economy and t he p r o b l e m o f 

c o o r d i n a t i n g e c o n o m i c a c t i v i t y . 



Over t he y e a r s , two a p p r o a c h e s have e v o l v e d c o n c e r n i n g 

t he a l l o c a t i o n o f r e s o u r c e s f o r the p r o v i s i o n o f p u b l i c g o o d s . 

The f i r s t , i d e n t i f i e d l o o s e l y w i t h Coase ( 1 9 6 0 ) , h o l d s t h a t i f 

t h e r e i s a p r o b l e m a t a l l , i t i s t h a t t h e r e s o u r c e s o f t he economy 

a r e no t f u l l y a l l o c a t e d . T h a t i s , p r o p e r t y r i g h t s a r e no t f u l l y 

a s s i g n e d and m o r e o v e r , i f t hey w e r e , c o m p e t i t i o n wou ld l e a d t o an 

e f f i c i e n t a l l o c a t i o n . T h i s l a s t s t a t e m e n t has come t o be known a s 

C o a s e ' s Theorem. 

The s e c o n d a p p r o a c h , even more l o o s e l y a s s o c i a t e d w i t h 

Samue lson [ t h r o u g h h i s paper ( 1 9 5 4 ) ] , e s p o u s e s q u i t e a d i f f e r e n t 

v i ew h o l d i n g t h a t t h e " f r e e r i d e r " p r o b l e m i s b o t h s i g n i f i c a n t and 

i m p o r t a n t and t h a t i n d i v i d u a l s w i l l s t r a t e g i c a l l y m i s r e p r e s e n t 

t h e i r t r u e d e s i r e s r e g a r d i n g t he p r o v i s i o n o f p u b l i c g o o d s . 

The c o n t r a s t between t h e v i e w s on p o l i c y be tween t h e s e 

two s c h o o l s o f t h o u g h t i s e q u a l l y s t r i k i n g . A c c o r d i n g to t h e o n e , 

n o t h i n g need be done s a v e t he deve lopmen t o f a s y s t e m f o r t h e f u l l 

a s s i g n m e n t o f p r o p e r t y r i g h t s ( p e r h a p s t he c o u r t s a r e t h o u g h t t o 

s e r v e t h i s p u r p o s e ) . A c c o r d i n g t o t he o t h e r t h e r e i s an i m p o r t a n t 

r o l e f o r t he government i n a c t i v e l y p a r t i c i p a t i n g i n t he p r o v i s i o n 

o f p u b l i c g o o d s . 

T h i s d i f f e r e n c e o f o p i n i o n would n o t m a t t e r i f i t c o u l d 

be c l e a r l y i d e n t i f i e d t h a t one o r t he o t h e r o f t h e a p p r o a c h e s was 

" r i g h t . " The p r o b l e m i s t h a t b o t h a p p r o a c h e s have i n t u i t i v e 

a p p e a l . In p a r t i c u l a r , one can t h i n k o f examp les i n w h i c h i t 

seems l i k e l y t h a t t he C o a s i a n p o l i c y recommenda t ion wou ld be 

s u c c e s s f u l — M e a d e ' s a p p l e o r c h a r d and b e e k e e p e r examp le a s w e l l a s 

t he c l a s s i c examp le o f t he candy -make r n e x t t o t he d e n t i s t — a s 
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w e l l a s examp les i n w h i c h i t seems l i k e l y t o f a i l — a c i d r a i n and 

n a t i o n a l d e f e n s e come t o m i n d . I d e a l l y one wou ld l i k e one t h e o r y 

w h i c h g i v e s t he i n t u i t i v e l y c o r r e c t p r e d i c t i o n f o r a l l o f t h e s e 

e x a m p l e s . 

The p u r p o s e o f t h i s p a p e r i s t o t r y t o b e g i n to d e v e l o p 

a p r e c i s e answer to t h e q u e s t i o n o f whe the r C o a se o r S a m u e l s o n i s 

" r i g h t " ( i . e . , f o r w h i c h economies does t he C o a s i a n a p p r o a c h g i v e 

t he " r i g h t " a n s w e r , e t c . ) . Of c o u r s e , t h e i d e a l s i t u a t i o n wou ld 

be t o have a taxonomy t h r o u g h w h i c h one c o u l d c l a s s i f y e c o n o m i c 

s i t u a t i o n s by w h i c h o f t h e above a p p r o a c h e s i s a p p r o p r i a t e . We 

w i l l f a l l c o n s i d e r a b l y s h o r t o f t h a t g o a l , bu t we hope o u r r e s u l t s 

w i l l s h e d some l i g h t on t he i s s u e . 

To do t h i s w i l l r e q u i r e s e v e r a l s t e p s . We w i l l have t o 

adop t some c o n v e n t i o n a s t o t he changes t h a t t a k e p l a c e when a 

p u b l i c goods economy i s " p r i v a t i z e d . " We w i l l have t o a d o p t some 

s t a n d a r d s f o r what c o n s t i t u t e a t h e o r y o f d e c e n t r a l i z e d e x c h a n g e , 

e t c . The t e c h n i q u e s used bor row h e a v i l y f r om t h e l i t e r a t u r e on 

mechanism d e s i g n , p i o n e e r e d by H u r w i c z ( 1 9 7 2 ) . 

The r e m a i n d e r o f t h i s paper i s o r g a n i z e d a s f o l l o w s : 

S e c t i o n 2 c o n t a i n s two i l l u s t r a t i v e e x a m p l e s . S e c t i o n s 3 and 4 

c o n t a i n a more g e n e r a l a p p r o a c h t o t he f r e e - r i d e r p r o b l e m i n 

p r i v a t i z e d p u b l i c goods e c o n o m i e s . S e c t i o n 5 g i v e s an i n i t i a l 

v i ew on t h e d i f f e r e n c e s between " g l o b a l " and " l o c a l " e x t e r n a l i ­

t i e s . S e c t i o n 6 o f f e r s c o n c l u d i n g comments. 



2 . Examp les 

We b e g i n w i t h a s i m p l e bu t s t a n d a r d e x a m p l e . We f o l l o w 

the a p p r o a c h t o t he p r o b l e m s u g g e s t e d a b o v e - - w e s t a r t w i t h an 

economy w i t h an o b v i o u s e x t e r n a l i t y , add t he needed m a r k e t s , 

a s s i g n t he p r o p e r t y r i g h t s f o r t h e s e new g o o d s , p o s i t a f o rm f o r 

c o m p e t i t i o n and c a l c u l a t e t he e q u i l i b r i u m . 

Example 1: C o n s i d e r a s i m p l e economy i n w h i c h t h e r e i s a town 

w i t h a number o f f i r m s e a c h p r o d u c i n g t h e same f i n a l p r o d u c t f o r 

s a l e t o an e x t e r n a l m a r k e t . Assume t h a t e a c h p r o d u c e r owns a 

f a c t o r y w h i c h p r o d u c e s smoke i n a d d i t i o n t o t he o u t p u t . Assume 

t h a t t h e smoke emana t i ng f rom each f a c t o r y s p r e a d s u n i f o r m l y o v e r 

a l l l o c a t i o n s t h r o u g h o u t t he town and i s ( f o r s i m p l i c i t y ) p r o p o r ­

t i o n a l to t he o u t p u t o f t he f a c t o r y . T h e n , t he t o t a l smoke o v e r 

any l o c a t i o n i n t he town i s p r o p o r t i o n a l to t he t o t a l o u t p u t o f 

t he i n d u s t r y . Assume t h a t e a c h f i r m can p r o d u c e a s much o f t h e 

o u t p u t a s i t l i k e s a t z e r o m a r g i n a l c o s t and t h a t demand f o r t he 

f i n a l o u t p u t i s l i n e a r i n p r i c e . We assume t h a t t he f i r m s a r e 

p e r f e c t c o m p e t i t o r s i n t he o u t p u t m a r k e t . T h i s i s c l e a r l y some­

t h i n g t h a t we c o u l d f o r m a l i z e t h r o u g h e i t h e r B e r t r a n d p r i c e com­

p e t i t i o n among any f i n i t e number o f f i r m s o r a p p r o x i m a t e a r b i ­

t r a r i l y w e l l by a s s u m i n g q u a n t i t y c o m p e t i t i o n among t he f i r m s and 

l e t t i n g t he number o f f i r m s be t a k e n t o be v e r y l a r g e . Assume 

t h a t t he demand f o r t he f i n a l p r o d u c t i s g i v e n by 

D(p ) = a - bp 
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where a > 0 , b > 0 , and a > b . F i n a l l y , we assume t h a t t h e r e a r e 

n r e s i d e n t s i n t h e town. We assume f o r s i m p l i c i t y t h a t t h e r e s i ­

d e n t s have u t i l i t y f u n c t i o n s o v e r money and smoke c o n s u m p t i o n o f 

the f o rm U ( m , s ) = m - ( s / n ) (we w i l l s e e i n a moment why i t i s s / n 

and no t s ) . 

F o r t h i s e x a m p l e , i n the a b s e n c e o f smoke p r o d u c t i o n 

r i g h t s i t i s c l e a r what t h e e q u i l i b r i u m w i l l b e : p* = 0 , a g g r e ­

ga te o u t p u t o f b o t h t he f i n a l good and smoke w i l l be a and t h e 

u t i l i t y o f t he r e s i d e n t s w i l l be m* - a / n where m* i s t h e i r i n i ­

t i a l a l l o c a t i o n o f money. The examp le i s s t a n d a r d e n o u g h — i n 

t h e i r c a l c u l a t i o n s o f p r o f i t m a x i m i z i n g p r o d u c t i o n p l a n s , t he 

f i r m s have i g n o r e d the s o c i a l c o s t o f t h e i r p r o d u c t i o n o f smoke 

t h e r e b y " i m p o s i n g " an e x t e r n a l i t y on t he r e s i d e n t s . T h u s , t he 

market a c t s a s i f t he m a r g i n a l s o c i a l c o s t o f b o t h o u t p u t and 

smoke i s z e r o w h i l e i n r e a l i t y i t i s $1 ( $ 1 / n o f bu rden o f e a c h 

r e s i d e n t f o r e a c h u n i t o f smoke p r o d u c e d ) . 

I t i s c l e a r what t he C o a se camp wou ld s u g g e s t f o r t h i s 

economy—the p r o b l e m i s t h a t no m a r k e t s f o r p o l l u t i o n o v e r t h e 

h o m e s i t e s e x i s t s . The s o l u t i o n i s e q u a l l y s t r a i g h t f o r w a r d . 

Namely , i n t r o d u c e t h e s e m a r k e t s and l e t c o m p e t i t i o n p r o c e e d a s 

u s u a l . I t i s h e r e t h a t we b e g i n to have p r o b l e m s . F i r s t , how do 

we f o r m a l l y t r e a t t h e s e goods i n b o t h t he p r o d u c t i o n and consump­

t i o n s i d e s , and s e c o n d , how a r e t he endowments o f t h e s e new goods 

t o be a s s i g n e d and what a r e t h e i r i n i t i a l q u a n t i t i e s ? To h a n d l e 

t h e s e p r o b l e m s , we w i l l have t o be a l i t t l e more f o r m a l and i n t r o ­

duce a l i t t l e more n o t a t i o n . 
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L e t s ^ be the amount o f smoke consumed a t l o c a t i o n i . 

L e t s d e n o t e t he v e c t o r o f smoke c o n s u m p t i o n . T h e n , we assume 

t h a t r e s i d e n t j has a u t i l i t y f u n c t i o n o v e r money and t he two 

t y p e s o f smoke g i v e n b y : 

u J ( m , s ) = m - S j / n , j = 1, 2 , n . 

T h u s , as i s u s u a l , r e s i d e n t s o n l y consume smoke a t t h e i r own 

l o c a t i o n s and s o , t h e r e a r e no e x t e r n a l i t i e s i n c o n s u m p t i o n . We 

endow each o f t he h o u s e h o l d s w i t h S u n i t s o f smoke r i g h t s where S 

i s a l a r g e p o s i t i v e number ( a t l e a s t a s l a r g e a s a ) . N o t e t h a t 

smoke r i g h t s a r e a good r a t h e r t h a n a bad f rom t h e c o n s u m e r s ' 

p o i n t o f v i ew and t h a t i f t he r e s i d e n t s e l l s s u n i t s o f h i s smoke 

r i g h t s (and t h e y a r e a l l used to p roduce s m o k e ) , h i s u t i l i t y wou ld 

be 

m - s / n = m + ( S - s ) / n - S / n . 

T h u s , u t i l i t y i s i n c r e a s i n g i n t h e c o n s u m p t i o n o f smoke r i g h t s a s 

we e x p e c t e d . (No te t h a t i t i s a s i f t h e u t i l i t y f u n c t i o n has been 

r e o r i e n t e d by s h i f t i n g i t by - S / n , h o w e v e r . ) 

In k e e p i n g w i t h t he s p i r i t o f c o m p e t i t i v e p r o d u c t m a r ­

k e t s , we assume t h a t t he f i r m s t a k e t he p r i c e s o f t he smoke r i g h t s 

a s g i v e n when m a x i m i z i n g t h e i r p r o f i t s . No te t h a t f rom the f i r m s ' 

v i e w p o i n t i t i s a s i f t he v a r i o u s t y p e s o f smoke r i g h t s a r e i n p u t s 

to t he p r o d u c t i o n p r o c e s s and i f a f i r m wan ts to p r o d u c e q u n i t s 

o f t he f i n a l good i t must p o s s e s s q u n i t s o f each o f t he t y p e s o f 

r i g h t s . 



- 6 -

B e f o r e c a l c u l a t i n g what seems t o be a r e a s o n a b l e e q u i ­

l i b r i u m f o r t h i s economy we s h o u l d n o t e what t h e p e r f e c t l y com­

p e t i t i v e outcome i s . I t i s s t r a i g h t f o r w a r d t o c h e c k t h a t t h i s i s 

f o r each o f t h e smoke r i g h t s t o s e l l f o r a p r i c e P j = 1 / n , t he 

f i n a l good s e l l s f o r p = 1 and t he q u a n t i t i e s a r e a - b o f f i n a l 

p r o d u c t ( a s s u m i n g t h a t a > b, w h i c h we have assumed) and o f e a c h 

o f t he two t y p e s o f smoke. I t i s e a s y to s e e t h a t t h i s e q u i l i b ­

r i u m i s e f f i c i e n t (and i s t he L i n d a h l e q u i l i b r i u m o f t he o r i g i n a l 

economy) . 

G i v e n t h a t t he m a r k e t s f o r t he i n d i v i d u a l smoke r i g h t s 

a r e so t h i n , i t i s n a t u r a l to q u e s t i o n o u r a s s u m p t i o n o f p r i c e -

t a k i n g b e h a v i o r . F o r t h i s r e a s o n , we examine a d i f f e r e n t , more 

s t r a t e g i c , n o t i o n o f e q u i l i b r i u m . No te t h a t t h i s i s no t c o n t r a r y 

t o C o a s e ' s o r i g i n a l i n t e n t i n any way . In f a c t , Coase seemed t o 

t h i n k t h a t e f f i c i e n t a l l o c a t i o n s wou ld a r i s e o u t o f s t r a t e g i c 

b a r g a i n i n g between t he p a r t i e s i n v o l v e d ( a l t h o u g h t h e a r t i c l e i s 

s u f f i c i e n t l y vague a s t o make any s t a t e m e n t s o f t h i s s o r t n e c e s ­

s a r i l y c o n j e c t u r a l ) . R e s t a t e d , what we a r e l o o k i n g f o r i s a 

s t r a t e g i c j u s t i f i c a t i o n f o r C o a s e ' s o p t i m i s m w i t h r e g a r d to t he 

e q u i l i b r i u m i n t h i s economy. T h i s i s t h e m o t i v a t i o n f o r c o n s i d e r ­

i n g t h i s and t he e n s u i n g e x a m p l e s . 

F o r t he moment we assume t h a t t h e f o rm o f c o m p e t i t i o n 

t h a t t a k e s p l a c e i s f o r r e s i d e n t s t o s e t p r i c e s f o r t h e i r s i t e 

s p e c i f i c smoke r i g h t s f u l l y c o g n i z a n t o f t he e f f e c t s t h a t t h i s 

w i l l have on t he p r o d u c t i o n o f t he f i n a l good and the i n c e n t i v e s 

o f h i s n e i g h b o r t o p r i c e h i s smoke r i g h t s . Thus, , i f r e s i d e n t i 

p r i c e s h i s smoke r i g h t s a t p^ , f i r m s w i l l a c t a s i f t h e i r m a r g i n a l 



- 7 -

n 
c o s t o f p r o d u c t i o n i s ) p . . H e n c e , i n t h i s c a s e , t he p r i c e i n 

i=1 1 

t he f i n a l goods m a r k e t i s ( b e c a u s e o f o u r a s s u m p t i o n o f p e r f e c t 

c o m p e t i t i o n i n t he f i n a l good m a r k e t ) £ p . . T h e n , o u t p u t i s q ( p ) 

: a • b p . ) and r e v e n u e s f r om s a l e s f o r t he h o u s e h o l d s a r e r i = 

P i ^ ( p ) g i v i n g u t i l i t y m* + - q / n . I t i s s t r a i g h t f o r w a r d t o 

check t h a t g i v e n t he p r i c e s e t by o t h e r r e s i d e n t s , t he b e s t p r i c e 

f o r r e s i d e n t 1 i s g i v e n b y : 

From t h i s i t i s s t r a i g h t f o r w a r d t o c a l c u l a t e t h a t t h e 

e q u i l i b r i u m p r i c e s f o r t he smoke r i g h t s a r e g i v e n by 

a J. 
b n . . . p. = a l l l . 

1 n + 1 

Hence , f rom t h e f i r m s p o i n t o f v i e w , t h e m a r g i n a l c o s t o f p r o d u c ­

t i o n (and hence t he p r i c e o f t he f i n a l good a s w e l l ) i s 

n r a 1_i 
n + 1 l b + n J * 

As a p o i n t o f c o m p a r i s o n , i t i s u s e f u l to c o n s i d e r t h e 

c a s e where t he r e s i d e n t s a r e no t a d v e r s e l y a f f e c t e d by t he smoke 

a t a l l ( i . e . , u t i l i t y i s g i v e n by U(m,s )=m) . In t h i s c a s e , an 

easy c a l c u l a t i o n shows t h a t t he e q u i l i b r i u m p r i c e o f t he smoke 

r i g h t s i s p^ = a / ( n + 1 ) b . Hence t he m a r g i n a l c o s t o f p r o d u c t i o n o f 

t he f i n a l good (and i t s p r i c e ) i s g i v e n by - - ^ ( r ) . No te t h a t 

t h i s even e x c e e d s t he monopo ly p r i c e o f t h e o u t p u t ( w h i c h i s 

a / 2 b ) . T h u s , t he e q u i l i b r i u m i s even l e s s e f f i c i e n t t han monopo ly 

u s i n g t he s t a n d a r d p r o d u c e r p l u s consumer s u r p l u s m e a s u r e . 



- 8 -

A s i m i l a r a rgument h o l d s when we r e c o g n i z e t h a t what t he 

r e s i d e n t s a r e s e l l i n g t o t he f i r m s i s a p r o d u c t i v e i n p u t t o t h e 

f i r m . I t i s a s i f each r e s i d e n t i s s e l l i n g an o u t p u t w h i c h c o s t s 

$ 1 / n p e r u n i t t o p r o d u c e ( t h e d o l l a r c o s t o f t h e l o s s o f one u n i t 

o f smoke r i g h t s ) and i s m a x i m i z i n g p r o f i t s . I f t h e s e two r e s i ­

d e n t s c o u l d g e t t o g e t h e r and s e l l t h e i r i n p u t s t o t he f i r m s 

j o i n t l y , t hey c o u l d do much b e t t e r . In t h i s c a s e , i t i s e a s y t o 

s e e t h a t the b e s t p r i c e f o r them to c h a r g e i s ( 1 + a / b ) / 2 ( n + 1 ) 

a p i e c e g i v i n g t he f i n a l p r o d u c t p r i c e o f ( 1 + a / b ) / 2 . I t i s easy t o 

see t h a t t h i s p r i c e i s l o w e r t han t h a t c a l c u l a t e d a s t h e e q u i l i b ­

r i u m above ( s i n c e a / b > 1 ) . 

I t i s p r o b a b l y no t s u r p r i s i n g t h a t t he e q u i l i b r i u m i s 

i n e f f i c i e n t s i n c e we have g i v e n t h e r e s i d e n t s an e l e m e n t o f monop­

o l y power w h i c h they e x p l o i t . In l i g h t o f t h i s , a n a t u r a l q u e s ­

t i o n t o a s k i s what happens when t he number o f r e s i d e n t s i s 

l a r g e . From ( 2 . 1 ) we s e e t h a t a s t he p o p u l a t i o n s i z e g r o w s , t he 

e q u i l i b r i u m p r i c e o f t h e f i n a l p r o d u c t c o n v e r g e s m o n o t o n i c a l l y t o 

the r e s e r v a t i o n p r i c e , a / b . 

Note t h a t t h r o u g h ou r c h o i c e o f n o r m a l i z a t i o n , we have 

c o n s t r u c t e d a sequence o f econom ies i n w h i c h t he L i n d a h l e q u i l i b ­

r i u m i s unchanged as a f u n c t i o n o f t he p o p u l a t i o n s i z e , n , i n t h e 

s e n s e t h a t the o u t p u t and p r i c e o f t he f i n a l p r o d u c t a r e i n d e p e n ­

den t o f n . Of c o u r s e , t h e p r i c e s o f t he i n d i v i d u a l smoke r i g h t s 

do change w i t h t h e p o p u l a t i o n s i z e a s they a r e g i v e n by 1/n i n t he 

n - t h economy. ( T h u s , we have a d o p t e d t he n o r m a l i z a t i o n r e c o m ­

mended by M i l l e r o n ( 1 9 7 2 ) . R o b e r t s (1976) u s e s an a l t e r n a t i v e 

n o r m a l i z a t i o n i n w h i c h t h e r e s e r v a t i o n p r i c e i s n a / b and u = m - s 

f o r a l l n . ) 
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T h i s i s no t t h e end o f t h e s t o r y , h o w e v e r , as t he n e x t 

example s h o w s . 

Example 2 : T h i s examp le i s a s l i g h t m o d i f i c a t i o n o f Example 1. 

C o n s i d e r an economy l i k e t h a t c o n s i d e r e d above where t he o n l y 

d i f f e r e n c e i s t h a t t h e r e a r e two towns e a c h w i t h n r e s i d e n t s and 

many p r i c e - t a k i n g p r o d u c e r s o f t he f i n a l p r o d u c t . To make t he 

p r o b l e m a s s i m p l e a s p o s s i b l e , we a b s t r a c t away f r om the f a c t t h a t 

t he f i n a l p r o d u c t i s now b e i n g p r o d u c e d a t d i f f e r e n t l o c a t i o n s . 

T h a t i s , we w i l l p r o c e e d a s i f t r a n s p o r t a t i o n c o s t s f o r t he f i n a l 

p r o d u c t a r e z e r o and hence consumers t r e a t o u t p u t a t t he two 

l o c a t i o n s a s p e r f e c t s u b s t i t u t e s . Rough l y s p e a k i n g , t h i s i s 

e q u i v a l e n t t o a s s u m i n g t h a t n e i t h e r town has a s p e c i f i c p r o d u c t i v e 

a d v a n t a g e o v e r t he o t h e r . T h i s i s , o f c o u r s e , a s t r o n g assump­

t i o n , bu t g r e a t l y s i m p l i f i e s m a t t e r s . 

Assume t h a t demand f o r t he f i n a l good i s e x a c t l y a s i n 

Example 1. F i n a l l y , assume t h a t smoke f r om t h e f a c t o r y i n c i t y 1 

has no e f f e c t on t he r e s i d e n t s o f c i t y 2 and v i c e v e r s a . 

I t i s easy t o s e e t h a t t h e r e a r e many c o m p e t i t i v e e q u i ­

l i b r i a f o r t h i s economy w h i c h d i f f e r o n l y i n t h e p r o p o r t i o n o f 

f i n a l o u t p u t p r o d u c e d i n the two c i t i e s . T h u s , i n a l l o f t he 

e q u i l i b r i a , p* = 0 and q * = a , bu t any c o m b i n a t i o n o f q u a n t i t i e s 

wh ich sum t o a can a r i s e i n e q u i l i b r i u m . 

Now, l e t us i n t r o d u c e new i n d i v i d u a l i z e d p o l l u t i o n 

ma rke t s as we d i d i n Example 1. I t i s e a s y to see t h a t t h e r e i s a 

f u n d a m e n t a l d i f f e r e n c e between t h i s economy and t h e one c o n s i d e r e d 

e a r l i e r — i n o r d e r t o p r o d u c e a u n i t o f o u t p u t a f i r m need no t buy 

one u n i t o f smoke r i g h t s f rom e a c h h o u s e h o l d , r a t h e r i t need o n l y 
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p u r c h a s e one u n i t f rom each h o u s e h o l d i n t he c i t y i n w h i c h i t 

p l a n s t o p r o d u c e . I t i s e a s y to s e e how t h i s change m igh t have a 

s u b s t a n t i a l impac t on t he n a t u r e o f t h e e q u i l i b r i u m — n o w f i r m s may 

be a b l e t o g e t r e s i d e n t s i n t h e two c i t i e s t o compete a g a i n s t one 

a n o t h e r i n p r i c i n g t h e i r smoke r i g h t s . I t i s i m p o r t a n t t o n o t e 

t h a t t h i s i s s o even though i n some s e n s e m a r k e t s a r e j u s t a s t h i n 

a s t h e y were b e f o r e — i n d i v i d u a l s s t i l l have monopoly power o v e r 

t he smoke r i g h t s a t t h e i r i n d i v i d u a l l o c a t i o n s — b u t now t h e s e 

p r o d u c t s a r e no l o n g e r s o c o m p l e m e n t a r y . In f a c t , t h e r e i s now a 

p e r f e c t s u b s t i t u t e f o r each o f the smoke r i g h t s and moreove r a 

p e r f e c t s u b s t i t u t e f o r an e x h a u s t i v e l i s t o f a l l o f t he smoke 

r i g h t s o f e a c h c i t y . T h a t i s , t h e r e i s now a p e r f e c t s u b s t i t u t e 

f o r e a c h o f t he two p r o d u c t i o n s i t e s ( i . e . , c i t i e s ) . 

F o r m a l l y , l e t s ^ be t he amount o f smoke consumed by 

consumer i , i = 1, 2 n , where f o r s i m p l i c i t y we w i l l assume 

t h a t r e s i d e n t s 1 t h r o u g h n l i v e i n c i t y 1 and t he r e s t l i v e i n 

c i t y 2 . T h e n , we assume t h a t 

U i ( m , s 1 , . . . , s 2 n ) = m - S j V n . 

I t i s immed ia te t h a t t h e L i n d a h l e q u i l i b r i a ( t h e r e a r e many) o f 

t h i s economy have e a c h smoke r i g h t p r i c e d a t 1/n and t he f i n a l 

o u t p u t p r i c e d a t 1. 

As b e f o r e , we assume t h a t c o m p e t i t i o n p r o c e e d s by r e s i ­

d e n t s s e t t i n g p r i c e s f o r t h e i r i n d i v i d u a l smoke r i g h t s , w h i c h a r e 

then t a k e n a s g i v e n by t h e p r o d u c i n g f i r m s . We assume t h a t t h e r e 

a r e a l r e a d y p r o d u c i n g f i r m s i n b o t h c i t i e s ( t h i s i s p r e s u m a b l y 

i r r e l e v a n t — w e c o u l d have them choose t h e i r s i t e s a s a f u n c t i o n o f 
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the announced smoke r i g h t s p r i c e s w i t h the same r e s u l t ) and t h a t 

as b e f o r e , t hey behave a s p e r f e c t c o m p e t i t o r s i n t h a t they c h a r g e 

m a r g i n a l c o s t f o r t h e i r o u t p u t . T h u s , l e t t i n g p^ be t he p r i c e 

announced by r e s i d e n t i and be t h e sum o f t he p r i c e s i n c i t y 1 

and t he sum o f p r i c e s i n c i t y 2 we s e e t h a t t he p a y o f f t o 

r e s i d e n t i a s a f u n c t i o n o f t he announced p r i c e s i s g i v e n b y : 

nu + ( a - b n 1 ) ( p i - 1 / n ) i f 1^ < n 2 

U i ( p 1 , . . . , p 2 n ) = m. + ( a - b n 1 ) ( p . - 1 / n ) / 2 i f 1^ = n 2 

m. i f n 1 > n 2 

i f i = 1, n and s i m i l a r l y i f i = n + 1, 2 n . 

No te t h a t we have assumed t h a t o n l y o u t p u t f rom the 

cheape r c i t y i s s o l d ( i . e . , t he one w i t h t he l o w e r c o s t o f p r o d u c ­

t i o n n) and t h a t i n c a s e o f t i e s , t he marke t i s s p l i t e v e n l y . 

These a r e a s s u m p t i o n s w h i c h a r e f a m i l i a r i n e c o n o m i c s , we d i s c u s s 

them i n more d e t a i l b e l o w . 

I t i s easy t o s e e t h a t t he L i n d a h l e q u i l i b r i u m ( i . e . , 

P j = 1/n f o r a l l i ) f o r t h i s economy i s a s y m m e t r i c e q u i l i b r i u m o f 

t he game a s g i v e n — i f any i n d i v i d u a l r a i s e d h i s p r i c e , no p r o d u c ­

t i o n wou ld t a k e p l a c e i n h i s c i t y and hence he wou ld be no b e t t e r 

o f f t h a n b e f o r e , o f c o u r s e he c o u l d no t l o w e r i t and hence t h i s i s 

an e q u i l i b r i u m . As i t t u r n s o u t , t h i s i s t he o n l y s y m m e t r i c 

e q u i l i b r i u m f o r t he game i n w h i c h t h e r e i s p o s i t i v e o u t p u t o f t he 

f i n a l p r o d u c t . The argument f o r t h i s i s f a m i l i a r — i f a l l c h a r g e 

some p r i c e h i g h e r t h a n 1/n any i n d i v i d u a l c a n , t h r o u g h l o w e r i n g 

h i s own p r i c e o n l y s l i g h t l y , b r i n g a l l o f t he p r o d u c t i o n o f t h e 

i n d u s t r y t o h i s c i t y . S i n c e t he m a r g i n a l b e n e f i t o f t h i s change 
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i s 1 and t h e m a r g i n a l c o s t i s 1 / n , t he consumer w i l l be b e t t e r o f f 

by mak ing t h i s c h a n g e . 

No te t h a t t h e r e a t l e a s t two o t h e r t y p e s o f e q u i l i b r i a 

a s w e l l . These a r i s e due t o a d i f f i c u l t y i n c o o r d i n a t i n g p r i c e 

o f f e r s among r e s i d e n t s i n a g i v e n t own . The f i r s t o f t h e s e o c c u r s 

when f o r a l l c o m b i n a t i o n s o f n - 1 r e s i d e n t s o f each t own , the sum 

o f t he o f f e r e d p r i c e s i s l a r g e r t h a n t he c h o k e - o f f p r i c e , a / b . In 

t h i s c a s e , i t i s easy t o s e e t h a t no i n d i v i d u a l r e s i d e n t c a n , by 

l o w e r i n g h i s p r i c e u n i l a t e r a l l y , l o w e r t he m a r g i n a l c o s t o f p r o ­

d u c t i o n i n h i s town to t he p o i n t t h a t any f i r m c o u l d b r e a k even 

and s e l l a p o s i t i v e q u a n t i t y . The s e c o n d t y p e o c c u r s i n a s i m i l a r 

f a s h i o n . T h a t i s , i f a l l o f t h e r e s i d e n t s o f one town c h a r g e t he 

one town e q u i l i b r i u m p r i c e s o u t l i n e d i n Example 1, and a l l g r o u p s 

o f n - 1 r e s i d e n t s o f t he o t h e r town c h a r g e p r i c e s summing t o more 

t h a n t h a t o f t he f i r s t town, an e q u i l i b r i u m i s o b t a i n e d . A g a i n , 

s i n c e no i n d i v i d u a l i n t he s e c o n d town can l o w e r h i s p r i c e enough 

u n i l a t e r a l l y , t h e r e w i l l be no p r o d u c t i o n i n t h a t t own . 

Some comments 

(1 ) A l t h o u g h we have p r o c e e d e d a s i f t h i s was a l l o r i g i ­

n a l , t h a t i s n o t q u i t e t r u e . Example 1 was i n f a c t c o n s i d e r e d by 

C o u r n o t i n a q u i t e d i f f e r e n t s e t t i n g . C o u r n o t ( i n c h a p t e r 9) 

f ramed the p rob lem a s one o f comp lementa ry monopo ly . He c o n s i d ­

e r e d a model i n wh ich t h e r e i s a m o n o p o l i s t p r o d u c e r o f z i n c , a 

m o n o p o l i s t p r o d u c e r o f coppe r and a p e r f e c t l y c o m p e t i t i v e m a r k e t 

f o r t he p r o d u c t i o n and s a l e o f t he a l l o y , b r a s s . He assumed t h a t 

demand f o r t h e f i n a l p r o d u c t ( b r a s s ) i s l i n e a r and t h a t t he o n l y 

p o s s i b l e u s e o f coppe r and z i n c i s f o r t h e p r o d u c t i o n o f b r a s s . 
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I t i s easy t o s e e t h a t t h i s i s f o r m a l l y e q u i v a l e n t to t he examp le 

we c o n s i d e r e d above w i t h two r e s i d e n t s . (Note t h a t C o u r n o t c o n ­

s i d e r e d t he a n a l o g u e o f t h e c a s e we o u t l i n e d above i n w h i c h t h e 

d i s u t i l i t y f rom smoke on t he p a r t o f t he r e s i d e n t s i s z e r o . ) In 

a d d i t i o n , he c o n s i d e r e d t he n - i n p u t complementary monopoly p r o b l e m 

a n a l o g o u s t o ou r e x a m p l e . 

(2 ) Many p e o p l e w i l l p r o b a b l y no t f i n d the above examp le 

t oo s u r p r i s i n g . T h a t i s , even though t he number o f r e s i d e n t s i s 

i n c r e a s i n g , t he m a r k e t s f o r smoke r i g h t s a r e h i g h l y i n d i v i d u a l i z e d 

and hence i n t r i n s i c a l l y " t h i n . " T h u s , a l t h o u g h i t m i g h t be s u r ­

p r i s i n g t h a t t he p r o b l e m g e t s worse a s t he number o f r e s i d e n t s 

g r o w s , i t s h o u l d no t be s u r p r i s i n g t h a t t he i n e f f i c i e n c y does no t 

go away. T h i s i s c l e a r l y r e l a t e d t o t he v iew a d o p t e d by Ar row 

( 1 9 7 0 ) , where he s t a t e s t h a t a l t h o u g h you can g e t r i d o f t h e 

e x t e r n a l i t y p r o b l e m by c r e a t i n g m a r k e t s f o r smoke r i g h t s , t h e s e 

m a r k e t s a r e l i k e l y t o be t h i n s o t h a t p e r f e c t c o m p e t i t i o n may n o t 

be t he c o r r e c t n o t i o n o f e q u i l i b r i u m t o emp loy . One must be 

c a r e f u l i n mak ing t h i s judgement t oo h a s t i l y however . The f a c t 

t h a t o n l y one i n d i v i d u a l i s s e l l i n g i n t he marke t f o r the i n d i v i d ­

u a l i z e d smoke r i g h t s does no t n e c e s s a r i l y i m p l y he has marke t 

power he can e x p l o i t . I n d e e d , t he model examined i n M a s - C o l e l l 

( 1 9 7 5 ) , H a r t ( 1 9 7 9 ) , and J o n e s (1984) g i v e s an example i n w h i c h i t 

i s p o s s i b l e f o r each i n d i v i d u a l to have s o l e o w n e r s h i p o f some 

g o o d , y e t due to t he f a c t t h a t good s u b s t i t u t e s e x i s t t he i n d i ­

v i d u a l s have no marke t power . In c o n n e c t i o n w i t h the examp le 

p r e s e n t e d a b o v e , t he t h i n ma rke t s argument by i t s e l f wou ld l e a d 

one t o b e l i e v e t h a t i n d i v i d u a l r e s i d e n t s have marke t power i n t he 
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l o c a l r e a l e s t a t e marke t a s w e l l . I t i s easy t o see t h a t t h i s 

w i l l n o t be t r u e i f n i s s u f f i c i e n t l y l a r g e and p o t e n t i a l r e s i ­

d e n t s have r e a s o n a b l e u t i l i t y f u n c t i o n s o v e r l a n d . T h a t i s , 

a l t h o u g h i n d i v i d u a l s have m o n o p o l i e s o v e r t h e i r s p e c i f i c s i t e s , i t 

i s r e a s o n a b l e to e x p e c t t h a t d i f f e r e n t p l o t s a r e v e r y good s u b s t i ­

t u t e s f o r one a n o t h e r . A l l t h i s i s no t to say t h a t t he t h i n 

m a r k e t s argument i s w rong , j u s t t h a t i t i s much too s u b t l e an 

i s s u e t o p a s s o v e r w i t h o u t t h o u g h t . In summary, b o t h t he monopo ly 

power on t he p a r t o f t h e i n d i v i d u a l s and t he f a c t t h a t t he goods 

a r e comp lementa ry i n t he p r o d u c t i o n p r o c e s s seem c r u c i a l i n t h e 

e x a m p l e . Of c o u r s e , examp le 2 h i g h l i g h t s the i m p o r t a n c e o f t he 

c o m p l e m e n t a r i t i e s even more . 

(3) The re i s a n o t h e r r e a s o n t h a t t he r e s u l t s o f examp le 

1 m i g h t be e x p e c t e d . T h i s w i l l be f a m i l i a r t o a l l i n p u b l i c f i ­

n a n c e . A s i m p l e r e i n t e r p r e t a t i o n o f the game we have o u t l i n e d 

above w i l l make t h i s c l e a r . Suppose t h a t i n s t e a d o f a s s i g n i n g 

p r o p e r t y r i g h t s and l e t t i n g r e s i d e n t s p r i c e t h e s e r i g h t s a s t h e y 

s e e f i t , we had i n s t e a d a s k e d r e s i d e n t s t o announce t h e i r p e r u n i t 

damages due t o t h e smoke o v e r t h e i r p r o p e r t y . They would t h e n be 

p a i d t h e p r o d u c t o f t h i s amount w i t h t h e t o t a l q u a n t i t y o f smoke 

p r o d u c e d . T h i s p rog ram wou ld be f i n a n c e d by " t a x i n g " the f i n a l 

good by an amount (ad v a l o r e m ) e q u a l to t he t o t a l p e r u n i t a n ­

nounced damage. I f we m a i n t a i n o u r a s s u m p t i o n t h a t f i r m s i n t he 

o u t p u t marke t a r e p e r f e c t c o m p e t i t o r s and t h a t t he r e s i d e n t s f u l l y 

and c o r r e c t l y a n t i c i p a t e t he e f f e c t s o f t h e i r announcements on t h e 

o u t p u t m a r k e t , we s e e t h a t t he game t h a t we g e t i s f o r m a l l y e q u i v ­

a l e n t t o t he one we have o u t l i n e d a b o v e . 
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Of c o u r s e , i t s h o u l d n o t s u r p r i s e anyone t h e outcome o f 

t he game i s i n e f f i c i e n t when s t a t e d i n t h i s way. The r e a s o n i s 

s i m p l e — t h e r e i s a f r e e - r i d e r p r o b l e m . T h i s i s e x a c t l y what seems 

to be c a p t u r e d by t he s t r a t e g i c p r i c i n g f o r m u l a t i o n o f t he s i t u a ­

t i o n w h i c h we have p r e s e n t e d a b o v e — e a c h r e s i d e n t has an i n c e n t i v e 

t o f r e e - r i d e on t he o t h e r s h o n e s t r e v e l a t i o n s o f t h e i r c o s t due t o 

p o l l u t i o n ( i . e . , t r u t h t e l l i n g i s n o t an e q u i l i b r i u m ) and i n so 

d o i n g , t hey r e a c h an outcome w h i c h i s , i n some ways , t e r r i b l y 

i n e f f i c i e n t . T h u s , i t s h o u l d be no s u r p r i s e t h a t t he i n e f f i c i e n c y 

does no t go away i n l a r g e economies a s t h i s i s e x a c t l y t he s i t u a ­

t i o n i n w h i c h t h e f r e e - r i d e r p r o b l e m i s commonly b e l i e v e d t o be 

most s e v e r e . 

M o r e o v e r , t h i s a l l o w s us t o see t h a t t he f r e e - r i d e r 

p r o b l e m i s f o r m a l l y e q u i v a l e n t t o one o f marke t power . T h i s i s a 

theme w h i c h w i l l r e c u r i n t he n e x t s e c t i o n . 

(4) I t i s i n t e r e s t i n g t o n o t e the r o l e o f t he s t r a t e g i c 

f o r m u l a t i o n o f t he e q u i l i b r i u m p r o b l e m c o n s i d e r e d h e r e . The 

d i f f e r e n c e i n t he e f f i c i e n c y r e s u l t s between the p e r f e c t l y c o m p e t ­

i t i v e e q u i l i b r i a i n t he o r i g i n a l p u b l i c goods economy and t he 

p r i v a t e m a r k e t s v e r s i o n a r i s e s b e c a u s e o f the d i f f e r e n c e s i n 

p e r c e p t i o n s abou t t h e c o n s t r a i n t s f a c e d by d e c i s i o n m a k e r s . T h a t 

i s , i n t he p r i v a t e m a r k e t s v e r s i o n o f t he economy, a g e n t s a c t a s 

i f t h e y c o u l d s e t smoke l e v e l s i n d e p e n d e n t l y o f t h e a c t i o n s o f t h e 

o t h e r a g e n t s . T h u s , t he f a c t t h a t t h i s i s no t p o s s i b l e i s imposed 

o n l y i n e q u i l i b r i u m , no t i n the i n d i v i d u a l d e c i s i o n s . I n t r o d u c i n g 

s t r a t e g i c p l a y r e i n t r o d u c e s t h e s e s o c i a l c o n s t r a i n t s i n t h e i n d i ­

v i d u a l d e c i s i o n makers p rob lems g i v i n g r i s e to the a d v e r s e e f f e c t s 

on w e l f a r e . 
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(5 ) We s h o u l d p o i n t o u t t h a t the c o n n e c t i o n be tween 

p u b l i c goods econom ies and p e r f e c t c o m p l e m e n t a r i t i e s i n p r i v a t e 

goods economies has been used e a r l i e r i n F o l e y ( 1 9 6 7 ) , M i l l e r o n 

(1972) and S t a r r e t t ( 1 9 7 2 ) . In t h e s e p a p e r s , i t was u s e d p r i ­

m a r i l y as a d e v i c e t o f a c i l i t a t e t he p r o o f o f t he e x i s t e n c e o f 

L i n d a h l e q u i l i b r i u m . However , t he r e l a t i o n s h i p between t h i s 

e q u i v a l e n c e and p r o b l e m s o f marke t power was no t e x p l o i t e d . 

(6 ) The e x i s t e n c e o f c o m p l e m e n t a r i t i e s i n t he a s s o c i a t e d 

p r i v a t e goods economy seems t o c a p t u r e p r e c i s e l y t he n o t i o n common 

i n t he p u b l i c goods l i t e r a t u r e o f n o n e x c l u s i o n ( t h a t i s c o m p l e ­

m e n t a r i t i e s i n o u t p u t s r a t h e r t han i n i n p u t s ) . T h i s s u g g e s t s a 

way o f d e f i n i n g p a r t i a l l y p u b l i c goods a s the d e g r e e o f c o m p l e ­

m e n t a r i t y between t h e i n d i v i d u a l i z e d goods i n t he a s s o c i a t e d 

p r i v a t e goods economy. T h i s a l s o r a i s e s the q u e s t i o n o f whe the r 

t he r e s u l t s s u g g e s t e d by t h e s e examp les h o l d up i n t h i s more 

g e n e r a l c l a s s o f e c o n o m i e s . 

The p rob lems caused by c o m p l e m e n t a r i t i e s a r e r e c u r r e n t 

themes i n t he l i t e r a t u r e on the f o u n d a t i o n s o f p e r f e c t c o m p e t i ­

t i o n . Examples i n c l u d e H a r t ( 1 9 8 0 ) , Makowsk i ( 1 9 8 0 ) , and J o n e s 

(1984) and (1985) i n a d d i t i o n t o t he r e f e r e n c e to C o u r n o t men­

t i o n e d a b o v e . 

(7 ) Mote t h a t what we have done w i t h Example 2 i s the 

s t a n d a r d B e r t r a n d t r i c k — h a v e two p l a y e r s compete t h r o u g h p r i c e s 

w i t h c o n s t a n t c o s t s ( c o n s t a n t m a r g i n a l d i s u t i l i t y o f s m o k e ) . 

Hence , the s t a n d a r d o b j e c t i o n s t o t h i s a p p r o a c h a p p l y . T h a t i s , 

i s e f f i c i e n c y w i t h o n l y two towns i s t oo s t r o n g to be p l a u s i b l e ? 

M i g h t t hey c o l l u d e , e t c ? T h i s i s e x p l o r e d i n more d e t a i l i n 

s e c t i o n 5 . 
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(8 ) Note t h a t i f p e r f e c t e x c l u s i o n was p o s s i b l e a t t he 

town l e v e l i n t h a t t he f a c t o r i e s c o u l d p e r f e c t l y and c o s t l e s s l y 

l i m i t t h e p o l l u t i o n i n one c i t y t o o n l y one r e s i d e n t ' s p r o p e r t y 

t he s t r a t e g i c fo rm p r e s e n t e d h e r e wou ld g i v e r i s e t o t h e L i n d a h l 

e q u i l i b r i u m w i t h o n l y one c i t y and two r e s i d e n t s due t o t he s t a n ­

d a r d B e r t r a n d a rgumen t . T h i s i s j u s t f u r t h e r e v i d e n c e t h a t t he 

p r o b l e m h e r e i s t h e c o m p l e m e n t a r i t i e s — w i t h two r e s i d e n t s and 

c o s t l e s s e x c l u s i o n t he two smoke r i g h t s become p e r f e c t s u b s t i ­

t u t e s . Of c o u r s e , c o s t l e s s p e r f e c t e x c l u s i o n i s a v e r y s p e c i a l 

c a s e ( t h i s i s e x a c t l y what we assumed by h a v i n g two c i t i e s w i t h no 

o v e r l a p i n smoke) bu t i t does s e r v e as a r e m i n d e r o f t he i m p o r ­

t a n c e o f t he c o m p l e m e n t a r i t i e s . 

(9 ) In te rms o f t he i n t e r p r e t a t i o n o f Coase s u g g e s t e d 

e a r l i e r a s d e s c r i b i n g a mechanism f o r t he p r o v i s i o n o f p u b l i c 

g o o d s , we can now g i v e a b e t t e r ( a l t h o u g h s t i l l v e r y i m p e r f e c t ) 

summary o f i t s u s e f u l n e s s . I t i s c l e a r f rom Example 1 t h a t t h i s 

mechanism w i l l n o t work i n f u l l g e n e r a l i t y . F u r t h e r , i t i s c l e a r 

t h a t t h e mechan ism can do v e r y b a d l y i n " l a r g e e c o n o m i e s . " How­

e v e r , Examp les 1 and 2 t a k e n t o g e t h e r s u g g e s t t h a t t he p r o b l e m 

w i t h t h e l a r g e economies r e s u l t o f Example 1 i s t he h i g h d e g r e e o f 

c o m p l e m e n t a r i t y . T h i s s u g g e s t s a n o t h e r d e f i n i t i o n o f what i t 

means f o r an economy t o be l a r g e i n t h e c o n t e x t o f p u b l i c goods 

p r o d u c t i o n ( i . e . , a s i n Example 2 ) . F u r t h e r i t s u g g e s t s t h a t 

t h e r e may w e l l be an i n t e r e s t i n g c l a s s o f l a r g e economies i n w h i c h 

t he Coase mechanism (and p e r h a p s o t h e r mechan isms a s w e l l ) p e r f o r m 

t h e j o b o f a l l o c a t i n g t he . c o s t s o f e x t e r n a l i t i e s r e a s o n a b l y 

w e l l . We s h o u l d e m p h a s i z e a t t h i s p o i n t t h a t t h i s seems ( a c c o r d -
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i n g to t he e x a m p l e s ) t o be l i m i t e d t o t h o s e economies i n w h i c h 

b o t h t h e e x t e r n a l i t i e s a r e l o c a l i n n a t u r e and t h e r e a r e a l a r g e 

number o f p o t e n t i a l l o c a t i o n s . T h u s , i t seems q u i t e p l a u s i b l e 

t h a t t he mechanism w i l l work f o r M e a d e ' s (1952) b e e k e e p e r and 

a p p l e o r c h a r d example ( i f t h e p r i c e c h a r g e d by t he o r c h a r d owner 

i s t oo h i g h , go to a n o t h e r o r c h a r d ) . I t seems r e a s o n a b l e t o 

e x p e c t t h a t i t m igh t work i n C o a s e ' s examp le o f candy maker and 

n o i s e c r e a t i o n (move t he candy f a c t o r y ) . I t seems h a r d t o b e l i e v e 

t h a t i t p r e s e n t s a r e a s o n a b l e s o l u t i o n t o e i t h e r t h e a c i d r a i n 

p r o b l e m o r t he p rob lem o f a l l o c a t i n g f unds f o r n a t i o n a l d e f e n s e . 

The r e a d e r w i l l n o t e t h a t t he f o r c e o f t h i s comment i s 

v e r y much i n t h e s p i r i t o f T i e b o u t ( 1 9 5 6 ) . In f a c t , T i e b o u t i s 

q u i t e e x p l i c i t ( i n h i s commentary) t h a t he v i e w s h i s c o n t r i b u t i o n 

as one o f d e t e r m i n i n g when C o a s e ' s argument i s l i k e l y to be c o r ­

r e c t . 

3 . A More G e n e r a l A p p r o a c h 

We now p r o v i d e a more g e n e r a l f ramework f o r a n a l y z i n g 

p u b l i c goods p r o v i s i o n i n a d e c e n t r a l i z e d , o r m a r k e t - l i k e e n v i r o n ­

ment . F i r s t we c o n s i d e r t he g l o b a l e x t e r n a l i t i e s p r o b l e m . In 

s e c t i o n 5 we e x t e n d our a n a l y s i s to l o c a l p u b l i c g o o d s . We t r a n s ­

fo rm the e n v i r o n m e n t w i t h e x t e r n a l i t i e s i n t o an economy w i t h w e l l -

d e f i n e d p r o p e r t y r i g h t s and a g i v e n t e c h n o l o g y . T h i s a l l o w s us t o 

a n a l y z e t he outcomes o f g e n e r a l m a r k e t - l i k e m e c h a n i s m s . To t h i s 

end c o n s i d e r an economy d e s c r i b e d as f o l l o w s . The commodi ty s p a c e 

i s R N + 1 . The l a s t commodi ty i s i n t e r p r e t e d as a n u m e r a i r e c o n ­

s u m p t i o n g o o d . The r e m a i n i n g c o m m o d i t i e s , i = 1, n , a r e 

i n t e r p r e t e d a s c o n s u m p t i o n o f smoke r i g h t s . The re a r e n c o n -
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s u m e r s . T h e i r consumpt ion s e t s a r e g i v e n by = R " + . The 

p r e f e r e n c e s o f consumer i a r e g i v e n by 

N o t i c e t h a t each consumer c a r e s o n l y abou t c o n s u m p t i o n 

o f h i s smoke r i g h t s , t h a t i s smoke p r o d u c e d o v e r h i s l o c a t i o n . 

L e t x 1 d e n o t e t he consump t i on o f good j by consumer i . The endow-
J 

ment v e c t o r o f consumer i , d e n o t e d by w 1 i s g i v e n by 

w 1 = q . > 0 , w 1 , = m. > 0 f o r a l l i , and 
I M i ' n+1 I ' 

Wj = 0 , i * j , i , j = 1 n . 

The t e c h n o l o g y s e t f o r t h i s economy i s g i v e n by 

Y n = { y E R n + 1 | y l = y 2 = - . . = y n = - q , y r y 2 ? . . . > y n ^ o , y n + 1 > o and 

and R ( q ) > y n + 1 } . 

Note t h a t the d e s c r i p t i o n o f t he endowments ( w h i c h a r e 

t he p r o p e r t y r i g h t s ) conveys t o each a g e n t monopoly power o v e r 

smoke p r o d u c e d a t h i s l o c a t i o n . The c o m p l e m e n t a r i t i e s i n h e r e n t i n 

p u b l i c goods a r e c a p t u r e d i n t he d e s c r i p t i o n o f the t e c h n o l o g y . 

To r e l a t e t h i s economy t o t he demand f u n c t i o n s s p e c i f i e d i n t h e 

e x a m p l e s , we can s e t R(q) = q D ~ ^ ( q ) . 

A f e a s i b l e a l l o c a t i o n i s d e f i n e d by 

n n 
I x 1 - y = I w 1 

i=1 i=1 

and 

y e Y J n 



- 2 0 -

H a v i n g c o m p l e t e d m a r k e t s and a l l o c a t e d smoke r i g h t s t o 

i n d i v i d u a l r e s i d e n t s we can now " l e t m a r k e t s w o r k . " I t i s c l e a r 

t h a t c o m p e t i t i v e e q u i l i b r i a y i e l d e f f i c i e n t outcomes f o r t h i s 

economy. I t i s a l s o c l e a r t h a t t he monopo ly power i n h e r e n t i n 

t h i s economy makes c o m p e t i t i v e b e h a v i o r a s u s p e c t a s s u m p t i o n . 

T h e r e f o r e we c o n s i d e r a more g e n e r a l d e s c r i p t i o n o f t h e w o r k i n g s 

o f a m a r k e t p l a c e . F i x t h e number o f p l a y e r s n . E a c h p l a y e r 

c h o o s e s an a c t i o n a^^ f rom an a c t i o n s e t A ^ , i = 1, n . L e t a 

d e n o t e t he v e c t o r o f a c t i o n s . 

A mechanism f o r ou r economy i s a c o l l e c t i o n o f a c t i o n 

s e t s and outcome f u n c t i o n s x ( a ) and y ( a ) w h i c h map the v e c t o r o f 

a c t i o n s i n t o t he s p a c e o f f e a s i b l e a l l o c a t i o n s . We assume t h e r e 

i s a c l a s s o f a l l o w a b l e p a y o f f s l h . L e t u = ( u « , . . . , u n ) e U = 

(U^ x . . . x U n ) . L e t N(u) d e n o t e t he Nash e q u i l i b r i u m c o r r e s p o n ­

dence g i v e n a mechan ism. 

C o n s i d e r now an a l t e r n a t i v e mechanism w i t h a c t i o n s e t s 

f o r each p l a y e r g i v e n by U. The i n t e r p r e t a t i o n i s t h a t e a c h 

p l a y e r r e p o r t s t he u t i l i t y f u n c t i o n s o f a l l p l a y e r s i n t h e e c o ­

nomy. L e t t^ ( t h e " t y p e " o f p l a y e r i ) d e n o t e t he v e c t o r o f u t i l ­

i t y f u n c t i o n s r e p o r t e d by p l a y e r i and l e t t d e n o t e the v e c t o r o f 

t y p e s r e p o r t e d by a l l p l a y e r s . A r e v e l a t i o n mechanism i s a c o l ­

l e c t i o n o f t y p e s e t s and a l l o c a t i o n f u n c t i o n s x r ( t ) , y r ( t ) w h i c h 

map r e p o r t e d t y p e s i n t o t he s p a c e o f f e a s i b l e a l l o c a t i o n s . We now 

show t h a t t he e q u i l i b r i u m outcomes o f any mechanism can be i m p l e ­

mented a s e q u i l i b r i u m outcomes o f a r e v e l a t i o n mechan ism. L e t 

d e n o t e a s e l e c t i o n f rom the Nash e q u i l i b r i u m c o r r e s p o n d e n c e , N ( u ) , 

o f an a r b i t r a r y mechan ism. D e f i n e t he outcome f u n c t i o n i n t h e 
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r e v e l a t i o n mechanism by x r ( t ) = x[^^(t^)f^^(t^),...,^^{t^)) and 

l e t y r ( t ) be d e f i n e d s i m i l a r l y . No te t h a t i n t h i s f o r m u l a t i o n , 

t he a c t i o n c h o s e n f o r p l a y e r i i s t he e q u i l i b r i u m a c t i o n f o r t h e 

e n v i r o n m e n t i n w h i c h he c l a i m s to be p l a y i n g . S i n c e t he v e c t o r o f 

a c t i o n s i m p l i e d by i|i c o n s t i t u t e an e q u i l i b r i u m f o r t h e o r i g i n a l 

mechan ism, i t f o l l o w s t h a t t r u t h - t e l l i n g i s a l s o an e q u i l i b r i u m o f 

t he r e v e l a t i o n mechanism and y i e l d s t he same o u t c o m e s . We have 

p roved t he f o l l o w i n g t heo rem. 

Theorem 1: ( R e v e l a t i o n P r i n c i p l e ) 

Suppose t he Nash c o r r e s p o n d e n c e f o r some mechanism i s 

nonempty f o r a l l u € U . Then t h e r e i s a r e v e l a t i o n mechan ism f o r 

w h i c h t r u t h t e l l i n g i s an e q u i l i b r i u m y i e l d i n g t he same o u t c o m e s . 

We t h e r e f o r e r e s t r i c t a t t e n t i o n to r e v e l a t i o n mecha ­

n i s m s . E x a c t l y t he same l o g i c a p p l i e s even w i t h p r i v a t e i n f o r m a ­

t i o n . In t h i s c a s e , a r e v e l a t i o n mechanism y i e l d s t he same o u t ­

comes a s the B a y e s i a n Nash c o r r e s p o n d e n c e o f an a r b i t r a r y mecha ­

n i s m . 

The s p a c e o f p o s s i b l e u t i l i t y f u n c t i o n s we c o n s i d e r i n 

t he r e v e l a t i o n mechanism i s = { u t i l i t y f u n c t i o n s o v e r smoke 

r i g h t s on [0 ,Q] w h i c h a r e n o n d e c r e a s i n g , w i t h u^ (0 )=0 } . 

A s s o c i a t e d w i t h a r e v e l a t i o n mechanism f o r o u r economy 

a r e outcome f u n c t i o n s x ( t ) and y ( t ) w h i c h s a t i s f y f e a s i b i l i t y and 

y ( t ) € Y^. I t w i l l be c o n v e n i e n t t o l e t deno te t h e c o n s u m p t i o n 

o f the n u m e r a i r e consump t i on good by consumer i and t o l e t q 

deno te t he amount o f smoke p r o d u c e d . Then t h e s e ou tcome f u n c t i o n s 

must s a t i s f y 
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( 3 . 1 ) I m . ( t ) < I S 1 + R ( q ( t ) ) 
i i 

and 

n 
( 3 . 2 ) I x\(t) = q - q ( t ) , j = 1, n 

i=1 J J 

f o r a l l t € U n * n where i . and q , deno te t he endowments o f t he c o n -

s u m p t i o n good and smoke r i g h t s r e s p e c t i v e l y . 

The p a y o f f s i n t he r e v e l a t i o n mechan ism a r e then g i v e n 

by 

V . ( t ) = m i ( t ) + u . ( x j ( t ) ] 

f o r a l l t e U n x n . F o r n o t a t i o n a l c o n v e n i e n c e , l e t q . = x!" . I t 

w i l l a l s o be c o n v e n i e n t t o l e t u deno te t he v e c t o r o f t r u t h f u l a n ­

nouncemen ts . 

We can d e f i n e a s e q u e n c e o f mechan isms a s t he p o p u l a t i o n 

s i z e n c h a n g e s . N o t e , o f c o u r s e , t h a t t he u n d e r l y i n g commodi ty 

s p a c e and t he s p a c e s o v e r w h i c h t he outcome f u n c t i o n s a r e d e f i n e d 

a l s o c h a n g e . As we change t he p o p u l a t i o n s i z e , we a l s o a l l o w t h e 

u t i l i t y f u n c t i o n s t o c h a n g e . We deno te t he u t i l i t y f u n c t i o n o f 

consumer i by u ^ ( q ^ ; n ) . We now p r o v e t h a t under a s e t o f a x i o m s , 

t he e q u i l i b r i u m o u t p u t o f t he r e v e l a t i o n mechan isms c o n v e r g e s t o 

z e r o . Suppose t h e r e f o r e t h a t t he sequence o f mechanisms s a t i s f i e s 

A 1 . V o l u n t a r y T r a d e : F o r a l l n , f o r a l l u n € U n x n 

m i ( u , n ) + u i ( q . ( u , n ) ; n ) > nL + u ^ q . j n ) . 

A 2 . C o n t i n u i t y : F o r a l l 5 > 0 , t h e r e e x i s t s e >-0 s u c h t h a t f o r 

a l l n , f o r a l l i = 1, . . . , n 
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| q ( u f n ) - q ( u _ i , t i , n ) | < 6 

i f 

| t ( x ) - u . ( x ) | < e f o r a l l x € [ 0 , Q ] , 
J J 

f o r a l l j = 1, . . . , n . 

Ax iom A1 i s one way o f r e p r e s e n t i n g t h e i d e a t h a t e a c h 

consumer has a r i g h t no t t o be a f f e c t e d by smoke u n l e s s he c o n ­

s e n t s . Ax iom A2 ( w h i c h p l a y s a c e n t r a l r o l e i n t he p r o o f ) r e ­

q u i r e s t h a t no mechanism p u n i s h d e v i a t i o n s f rom t r u t h - t e l l i n g t oo 

s e v e r e l y . F o r e x a m p l e , mechanisms w h i c h s i m p l y impose e f f i c i e n t 

a l l o c a t i o n s and s e v e r e p e n a l t i e s f o r d e v i a t i o n a r e d i s a l l o w e d . 

One s u c h examp le i s a mechan ism w h i c h g i v e s e a c h consumer h i s 

endowment i f t h e r e i s any d i s a g r e e m e n t among consumers a b o u t 

r e p o r t e d u t i l i t y f u n c t i o n s . I f a l l consumers a g r e e i n t h e i r 

r e p o r t s , t he mechanism computes t he L i n d a h l e q u i l i b r i u m f o r s u c h 

an economy and g i v e s e a c h consumer t he a s s o c i a t e d a l l o c a t i o n s . 

W h i l e t h i s mechanism i s e x t r e m e l y d i s c o n t i n u o u s , i t i s p o s s i b l e t o 

c o n s t r u c t s i m i l a r mechan isms w h i c h a r e c o n t i n u o u s , bu t p u n i s h 

d e v i a t i o n s s e v e r e l y e n o u g h . A key f e a t u r e o f A2 i s t h a t we r e ­

q u i r e t h a t mechanisms be u n i f o r m l y c o n t i n u o u s a c r o s s t h e s e q u e n c e 

o f e c o n o m i e s . Thus the power o f any i n d i v i d u a l t o a f f e c t a g g r e ­

g a t e outcomes by s m a l l d e v i a t i o n s i s l i m i t e d u n i f o r m l y a c r o s s t he 

sequence o f e c o n o m i e s . 

An a l t e r n a t i v e , and s t r o n g e r , c o n d i t i o n i s t h a t a s m a l l 

change i n any c o n s u m e r ' s r e p o r t has a c o r r e s p o n d i n g l y s m a l l e f f e c t 

on t he a l l o c a t i o n s r e c e i v e d by e v e r y o t h e r consumer . T h i s l a t t e r 

c o n d i t i o n m igh t p e r h a p s be more s u i t a b l e f o r e n v i r o n m e n t s where 
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t he n o t i o n o f a g g r e g a t e outcome i s more d i f f i c u l t t o d e f i n e . 

Mechanisms s a t i s f y i n g A1 and A2 seem to us t o c a p t u r e two key 

f e a t u r e s o f marke t mechan i sms . Hence we s a y t h a t a s e q u e n c e o f 

mechanisms s a t i s f y i n g A1 and A2 i s d e c e n t r a l i z e d . 

In s e c t i o n 5 we show t h a t t h e s e t o f d e c e n t r a l i z e d 

mechanisms i s nonempty . We c o n s i d e r a p r i c e - s e t t i n g game a s i n 

example 1. I t can be v e r i f i e d t h a t t he r e v e l a t i o n mechan ism 

s a t i s f i e s A 2 . 

We now s t a t e o u r ma in theorem 

Theorem 2 : ( D e c e n t r a l i z e d Mechanisms y i e l d z e r o o u t p u t i n t h e 

l i m i t ) 

C o n s i d e r a sequence o f u t i l i t y f u n c t i o n s u ^ ( 1 ) ; u ^ ( 2 ) , 

u 2 ( 2 ) ; U j ( 3 ) , u 2 ( 3 ) , u ^ ( 3 ) ; . . . . Suppose t he r e v e n u e f u n c t i o n 

R(q) i s bounded above by K < » . Assume t r u t h t e l l i n g i s an e q u i ­

l i b r i u m o f t h e r e v e l a t i o n mechanism f o r e a c h n and d e n o t e t h e 

e q u i l i b r i u m o u t p u t l e v e l by q n = q ( u ( n ) , n ) . I f A1 and A2 a r e 

s a t i s f i e d l i m q n = 0 . 
n*<*> 

P r o o f : Suppose n o t . Choose subsequences i f n e c e s s a r y s o t h a t 

\ 
l i m q = d > 0 . In what f o l l o w s , we d r o p t he s u b s c r i p t k f o r 
n-»a> 

n o t a t i o n a l c o n v e n i e n c e . S i n c e R(q) i s b o u n d e d , u s i n g ( 3 - 1 ) we 

have t h a t 

7 m . ( u , n ) < 7 m. + K. 
1 l 

From e q u a t i o n ( 3 . 2 ) u s i n g q ( u , n ) > 0 i t f o l l o w s t h a t 

q . ( u , n ) < q . . f o r a l l i . Hence f rom A1 we have t h a t m . ( u , n ) > in. 
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f o r a l l n and f o r a l l i . T h i s i m p l i e s t h e r e i s some s e q u e n c e i 1 ? 

±2, • • • , s u c h t h a t 

l i m [m. ( u , n ) - m . ] = 0 . 
n*co n n 

From A1 t h e r e f o r e 

l i m u . ( q . ( u ) ) = u . ( q . ) . 
n->-<*> n n n n 

Choose 6 > 0 s o t h a t d - 6 > 0 . From A2 we have t h a t 

t h e r e e x i s t s E > 0 s u c h t h a t 

| q ( u , n ) - q ( u _ . , t . , n ) | < 6 i f I t ^ - u J < E f o r a l l j . 

C o n s i d e r an a l t e r n a t i v e s t r a t e g y f o r i n g i v e n by t r u t h ­

f u l r e p o r t i n g o f the u t i l i t y f u n c t i o n s o f o t h e r p l a y e r s and 

u(x,n) = u. (x,n) + I x. 
n 

The p a y o f f s f o r i n a r e t hen g i v e n by 

V ( u , u ) = m ( u _ . , u , n ) + u^^ ( q . ( u _ . , u , n ) ) . 
n " n n ~ n n n n 

From A1 we have t h a t 

m. ( u _ i , u , n ) + u . ( q . ( u _ i , u , n ) ) > m\ + u . ( q . ) . 
n ~ n n n n n n n 

U s i n g t h i s f a c t , t he d i f f e r e n c e i n u t i l i t i e s be tween t h i s a l t e r n a ­

t i v e s t r a t e g y and t r u t h t e l l i n g i s g i v e n by 

A = V (u , u ) - V (u ) > [u (q ( u , n ) ) - u (q ( u , n ) ) ] 
n n n n n n n 

+ [in +u. ( q . ) ] 
n n n 

- [m. ( u ) + u i ( q i ( u ) ) ] 
n n 
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where we have s u p p r e s s e d t he dependence on u . f o r c o n v e n i e n c e . 
n 

Add ing and s u b t r a c t i n g u . ( q . ) t o t he r i g h t s i d e we g e t a f t e r 
n n 

r e a r r a n g i n g t h a t 

A A A A 

A n - K ( q i ( u ' n ) ) " u i >1 " K ( u » n ) ) - u i (Q j )) 
n n n n n n n n 

+ [mi ( q . )-m. ( u ) - u . ( q i ( u ) ) ] . 
n n ~n n n n 

We have a l r e a d y a r g u e d t h a t t he t e rm i n t he l a s t s q u a r e 

b r a c k e t s goes t o z e r o . C o n s i d e r t he te rms i n t he f i r s t two b r a c k -

e t s . These a r e g i v e n f r om the d e f i n i t i o n o f u by 

§ [ Q i - < i ( « ) ] • 
n n 

From f e a s i b i l i t y we have t h a t 

q . - q . (u) > q ( u , n ) . 
n n 

From A2 we have t h a t q ( u , n ) > q ( u , n ) - 6 . S i n c e q ( u , n ) 

c o n v e r g e s to a p o s i t i v e c o n s t a n t d we have t h a t 

l i m a > d - 6 > 0 . 
n 

Hence , t h e d i f f e r e n c e i n u t i l i t i e s i s s t r i c t l y p o s i t i v e 

f o r l a r g e enough n . 0 

Monopo ly Power and t he F r e e R i d e r P r o b l e m : 

We have t r a n s f o r m e d ou r e n v i r o n m e n t i n t o a p r i v a t e 

o w n e r s h i p economy and shown t h a t d e c e n t r a l i z e d mechan isms l e a d , i n 

g e n e r a l , t o e x t r e m e l y i n e f f i c i e n t ou tcomes w i t h a l a r g e enough 

p o p u l a t i o n . In t h i s f o r m u l a t i o n , monopoly power i n the o w n e r s h i p 

o f smoke r i g h t s p l a y s a c e n t r a l r o l e i n g e n e r a t i n g i n e f f i c i e n t 
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ou t comes . A l t e r n a t i v e l y , we c o u l d have f o r m u l a t e d t h i s a s a 

mechanism d e s i g n p r o b l e m i n an e n v i r o n m e n t w i t h e x t e r n a l i t i e s . In 

t h i s c a s e , t he p r e f e r e n c e s o f t he a g e n t s o v e r smoke a r e g i v e n by 

m. - v . ( q ) 

where q i s t h e amount o f smoke p roduced i n t he town and v̂ ^ i s a 

n o n d e c r e a s i n g f u n c t i o n on [ o , Q ] . A n a l o g o u s l y t o t he p r i v a t i z e d 

economy, a r e v e l a t i o n mechanism i s a c o l l e c t i o n o f t y p e s e t s f o r 

a g e n t s and outcome f u n c t i o n s m ( t ) , q ( t ) w h i c h s p e c i f y c o n s u m p t i o n 

v e c t o r s o f t he n u m e r a i r e good and p r o d u c t i o n o f smoke r e s p e c ­

t i v e l y . F e a s i b i l i t y r e q u i r e s t h a t a mechan ism s a t i s f y ( 3 . 1 ) . 

C o n s i d e r a sequence o f mechanisms a s the p o p u l a t i o n s i z e , n , 

c h a n g e s . Suppose t h a t t he sequence o f mechan isms s a t i s f i e s 

A 1 . Ve to Power : F o r a l l n , f o r a l l v e U n * n 

n u ( v , n ) - v i ( q ( v , n ) ; n ) > m \ - v ^ O j n ) 

A 2 . C o n t i n u i t y F o r a l l 6 > 0 , t h e r e e x i s t s e > 0 s u c h t h a t f o r 

a l l n , f o r a l l i = 1, . . . , n 

| q ( v , n ) - q ( v _ . , t . , n ) | < 6 

i f | t . ( x ) - v . ( x ) | < e f o r a l l x € [ o , Q ] f o r a l l j = 1, n . 

The v e t o power , o r i n d i v i d u a l r a t i o n a l i t y c o n d i t i o n A T 

makes more e x p l i c i t t h a t the v o l u n t a r y t r a d e a x i o m A1 i s a d e ­

s c r i p t i o n o f the l e g a l e n v i r o n m e n t u n d e r l y i n g t he p r i v a t i z e d 

economy. The o b v i o u s q u e s t i o n o f a l t e r n a t i v e l e g a l e n v i r o n m e n t s 

i s a d d r e s s e d i n s e c t i o n 4 b e l o w . 
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I t i s e a s y t o p r o v e a l o n g t he l i n e s o f t heo rem 2 t h a t i f 

t he revenue f u n c t i o n i s bounded , t he e q u i l i b r i u m o u t p u t o f smoke 

c o n v e r g e s to z e r o . T h i s f o r m u l a t i o n o f t he p rob lem shows t h a t ou r 

r e s u l t o f ex t reme i n e f f i c i e n c y does no t depend upon t he p a r t i c u l a r 

way t h a t we have p r i v a t i z e d t he p u b l i c goods economy. In f a c t , 

t he p r i v a t i z e d p u b l i c goods economy f o r m u l a t i o n i s i n some ways 

more g e n e r a l t han t he p u b l i c goods f o r m u l a t i o n . To see t h i s , 

c o n s i d e r t he f o l l o w i n g p r i v a t i z e d economy. L e t t he endowment o f 

smoke r i g h t s f o r e a c h a g e n t be t he same, say q . R e s t r i c t a t t e n ­

t i o n t o mechan isms w h i c h a l l o c a t e p o s i t i v e c o n s u m p t i o n r i g h t s a t 

l o c a t i o n i o n l y to consumer i . T h a t i s , l e t x^ = 0 i f i i j . 

D e f i n e 

u . ( x j ) = - v . ( q - x j ) 

C l e a r l y , t heo rem 2 c o n t i n u e s t o a p p l y . In the p u b l i c 

goods f o r m u l a t i o n , t h e f r e e r i d e r p r o b l e m i s made e x p l i c i t . The 

p r i v a t i z e d economy makes e x p l i c i t the r o l e o f monopoly power . 

T h i s i s t h e s e n s e i n w h i c h t he two p rob lems a r e e q u i v a l e n t . 

N o r m a l i z a t i o n o f Demand 

We t u r n now t o t he p a r t i c u l a r n o r m a l i z a t i o n o f demand we 

have c h o s e n . As t he p o p u l a t i o n s i z e n changes we have k e p t demand 

f o r t he f i n a l good u n a f f e c t e d . Suppose now t h a t demand f o r the 

f i n a l good grows a t r a t e n . We show t h a t t he r a t i o o f e q u i l i b r i u m 

o u t p u t to t he e f f i c i e n t l e v e l o f o u t p u t goes t o z e r o as n g e t s 

s u f f i c i e n t l y l a r g e . T h u s , w h i l e o u t p u t i t s e l f need no t go to 

z e r o , i t i s a r b i t r a r i l y f a r f rom the e f f i c i e n t l e v e l . 
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Suppose t h e r e f o r e t h a t P>n(q) = n R ( q ) . Suppose t h a t 

t h e r e i s a number K s u c h t h a t f o r a l l n 

R n ( q ( u , n ) ) < nK . 

Suppose a s b e f o r e t h a t t h e r e i s a t r u t h - t e l l i n g e q u i l i b ­

r i u m o f the r e v e l a t i o n game a s s o c i a t e d w i t h t h i s mechan i sm. 

C o n s i d e r the f o l l o w i n g t r a n s f o r m e d game. We use c a r e t s to d e n o t e 

the t r a n s f o r m e d game. The s t r a t e g y s p a c e s a r e u n a l t e r e d . The 

outcome f u n c t i o n s f o r t he t r a n s f o r m e d game a r e d e f i n e d by 

„ _ m i ( u , n ) 
m^(u ,n) = 

' , ~ > q ( u , n ) 
q ( u , n ) = M V * . 

F o r t h e t r a n s f o r m e d game, t he bounded r e v e n u e s c o n d i t i o n 

must a l s o be c h a n g e d . T h i s now r e a d s 

R ( q ( u , n ) ) < K. 

We now p r o v e t h a t i f ( m n , q n ) i s an e q u i l i b r i u m outcome 

o f t he o r i g i n a l game ( m n , q n ) i s an e q u i l i b r i u m outcome o f t he 

t r a n s f o r m e d game. The o n l y c o n d i t i o n we need t o v e r i f y i s f e a s i ­

b i l i t y i n t he t r a n s f o r m e d game. Bu t t h i s i s immed ia te s i n c e R n ( q ) 

= n R ( q ) . R e c a l l t h a t f o r t he t r a n s f o r m e d game, t he e q u i l i b r i u m 

o u t p u t l e v e l q c o n v e r g e s t o z e r o . Now, i n g e n e r a l , i n the t r a n s ­

formed e n v i r o n m e n t , the e f f i c i e n t l e v e l o f o u t p u t i s u n i f o r m l y 

bounded away f rom z e r o . Hence , i n g e n e r a l , i n t h e o r i g i n a l e n v i ­

ronment , t he r a t i o o f e q u i l i b r i u m o u t p u t t o t he e f f i c i e n t l e v e l o f 

o u t p u t c o n v e r g e s t o z e r o . 
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P r i v a t e I n f o r m a t i o n 

I t t u r n s o u t t h a t w i t h a p p r o p r i a t e m o d i f i c a t i o n s , we 

o b t a i n r e s u l t s s i m i l a r to theorem 2 when i n d i v i d u a l s have p r i v a t e 

i n f o r m a t i o n abou t t h e i r v a l u a t i o n s f o r smoke. Of c o u r s e , i n t h i s 

c a s e t h e t y p e o f an i n d i v i d u a l i s o n l y h i s u t i l i t y f u n c t i o n . The 

r e v e l a t i o n mechanism r e q u i r e s each i n d i v i d u a l to r e p o r t h i s u t i l ­

i t y f u n c t i o n . Suppose t h a t ( u 1 , u 2 , . . . ) i s a random v a r i a b l e drawn 

1 ? 

f rom some d i s t r i b u t i o n an U x U x . . . . The a x i o m s now r e a d : 

A T . V o l u n t a r y T r a d e : F o r a l l n , f o r a l l i , f o r a l l u i e U i 

E [ m . ( u , n ) | u . ] + E [ u . ( q . ( u , n ) ; n ) | u . ] > m. + u . ( q . ; n ) . 

A 2 ' . C o n t i n u i t y : F o r a l l 6 > 0 , t h e r e e x i s t s an e > 0 s u c h t h a t 

f o r a l l n 

| E ( q ( u , n ) | u . ) - E ( q ( u ^ , u , n ) | u ^ ) | < 6 

i f | u ( x ) - u ( x ) | < e f o r a l l x e [ 0 , Q J . 

G i v e n t h e s e a x i o m s , i t i s s t r a i g h t f o r w a r d t o p r o v e t h a t 

qn * 0 i n p r o b a b i l i t y . 

1 P 

Theorem 3 : C o n s i d e r a random v a r i a b l e (u , u , . . . ) drawn f rom a 

g i v e n d i s t r i b u t i o n on U x U x . . . . Assume t r u t h t e l l i n g i s an 

e q u i l i b r i u m o f the r e v e l a t i o n game and deno te t he e q u i l i b r i u m 

o u t p u t l e v e l by the random v a r i a b l e q ' x q* 1 x . . . . 

I f A T and A 2 ' a r e s a t i s f i e d q n + 0 i n p r o b a b i l i t y a s n 
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P r o o f : C o n s i d e r a draw o f t h e random v a r i a b l e (u , u , . . . ) . The 

r e v e l a t i o n mechan ism must s a t i s f y A 1 1 and A 2 ' f o r t h i s r e a l i z a t i o n 

o f t he random v a r i a b l e . The o b v i o u s m o d i f i c a t i o n o f the p r o o f o f 

theorem 2 shows t h a t f o r t h i s r e a l i z a t i o n , q n 0 . S i n c e A T and 

A 2 ' h o l d w i t h p r o b a b i l i t y o n e , t h e r e s u l t f o l l o w s . 0 

When t h e r e i s no p r i v a t e i n f o r m a t i o n , i t i s c l e a r t h a t 

mechanisms w h i c h s a t i s f y ou r a x i o m s l e a d , i n g e n e r a l , t o i n e f f i ­

c i e n t o u t c o m e s . However , w i t h p r i v a t e i n f o r m a t i o n , i n t e r i m e f f i ­

c i e n t mechan isms [ d e f i n e d as i n Ho lms t rom-Mye rson (1983) ] c a n n o t 

p u n i s h i n d i v i d u a l s t oo s e v e r e l y f o r s m a l l d e v i a t i o n s from t r u t h -

t e l l i n g . H e n c e , i t i s p o s s i b l e t h a t a l l i n t e r i m e f f i c i e n t mecha ­

n i s m s y i e l d z e r o o u t p u t i n t he l i m i t . Rob (1987) p r o v e s s u c h a 

r e s u l t w i t h an i n d i v i s i b l e p u b l i c good and under t he a s s u m p t i o n 

t h a t t he d e n s i t y f u n c t i o n f r om w h i c h t he u t i l i t y v e c t o r i s drawn 

i s bounded . We c o n s t r u c t an examp le to show t h a t i n t e r i m e f f i ­

c i e n t mechan isms need n o t y i e l d z e r o o u t p u t i n t he l i m i t . The 

examp le a l s o d e m o n s t r a t e s t h e r o l e p l a y e d by u n i f o r m c o n t i n u i t y i n 

theo rem 3 . 

Example 3 : Suppose t he u t i l i t y f u n c t i o n s a r e g i v e n by 

u \ ( m , q ) = m - e i q 

where 6^ i s i d e n t i c a l l y , i n d e p e n d e n t l y d i s t r i b u t e d a c r o s s i . 

9^ i s d i s t r i b u t e d u n i f o r m l y o v e r [ 0 , 1 / 2 n ] w i t h d e n s i t y p n and 

u n i f o r m l y o v e r [ 1 / 2 n , 1 ] w i t h d e n s i t y r n g i v e n by 

r n = ( P n / 2 n ) / ( 1 " ^ -
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The i n v e r s e demand f u n c t i o n i s g i v e n by 

D " 1 ( q ) = 1 - f . 

Our a i m i s no t t o c h a r a c t e r i z e i n c e n t i v e e f f i c i e n t 

mechan isms . R a t h e r we c o n s t r u c t a p a r t i c u l a r mechanism f o r w h i c h 

t he sum o f t h e e x p e c t e d u t i l i t i e s o v e r a l l i n d i v i d u a l s i s bounded 

away f r om z e r o w i t h p o s i t i v e p r o b a b i l i t y . T h u s , we r e s t r i c t 

a t t e n t i o n to e f f i c i e n t mechanisms w h i c h m a x i m i z e t he sum o f t he 

e x p e c t e d u t i l i t i e s o f t he a g e n t s . I f s u c h e f f i c i e n t mechan isms 

y i e l d z e r o o u t p u t i n t h e l i m i t t hey y i e l d z e r o u t i l i t y . Then we 

have a c o n t r a d i c t i o n and t h e r e f o r e t h e d e s i r e d r e s u l t . 

C o n s i d e r , t h e r e f o r e , t he f o l l o w i n g mechan i sm. I f a l l 

a g e n t s r e p o r t 8 . € [ 0 , 1 / 2 n ] t hen q = 1, o t h e r w i s e q = 0 . ( F o r 

t h i s e x a m p l e , t he e f f i c i e n t o u t p u t l e v e l u n d e r f u l l i n f o r m a t i o n i s 

1 when 9 i = 1 / 2 n a l l i . ) I f q = 1, e a c h a g e n t r e c e i v e s an e q u a l 

s h a r e o f t he r e v e n u e s . 

I t i s c l e a r t h a t f o r any consumer i , i f 9^ < 1/2n a 

dominan t s t r a t e g y i s t o r e p o r t t he t r u e v a l u e o f 9 . Hence , i n 

t h i s c a s e 

1 1 n ~ U 
E [ v n | 9 . < 1- ] > 1 (p / 2 n ) if - 9 . 

L i ' l 2 n J n K n 4 l 

The sum o f t he e x p e c t e d u t i l i t i e s t h e n s a t i s f i e s 

n , n-1 . 
T EV« * | ( p n / 2 „ ) - i . 

i = 1 
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I t i s c l e a r t h a t t h e r e a r e many s e q u e n c e s p n w h i c h y i e l d 

w e l f a r e l e v e l s bounded away f r om z e r o . F o r e x a m p l e , s u p p o s e p n = 

2 n ( 1 - 1 / n ) . Then 

l i m IEV;=1 
n-»<= i=1 

F u r t h e r m o r e , t h e p r o b a b i l i t y t h a t 9^ < 1/2n f o r a l l i 

c o n v e r g e s t o u n i t y . E f f i c i e n t mechanisms must y i e l d a t l e a s t a s 

h i g h a u t i l i t y l e v e l . H e n c e , t he o u t p u t o f smoke c a n n o t c o n v e r g e 

to z e r o . The ax i om v i o l a t e d by e f f i c i e n t mechan isms i n t h i s 

example i s A 2 1 . The p a r t i c u l a r mechanism we c o n s i d e r i s d i s c o n ­

t i n u o u s a t 8 . = 1 /2n . However , i t i s s t r a i g h t f o r w a r d t o p r o v e 

t h a t f o r f i x e d n , the e f f i c i e n t mechanism y i e l d s o u t p u t l e v e l s 

w h i c h a r e c o n t i n u o u s i n 9 . Bu t t h i s sequence o f mechan isms does 

n o t y i e l d o u t p u t l e v e l s u n i f o r m l y c o n t i n u o u s i n 9 . 0 

4 . A l t e r n a t i v e P r o p e r t y R i g h t s 

Our r e s u l t s e m p h a s i z e t he r o l e o f monopoly power i n 

p r o d u c i n g i n e f f i c i e n t o u t c o m e s . However , t h e r e a r e two s o u r c e s o f 

monopoly power i n t he economy c o n s i d e r e d i n s e c t i o n 3 . F i r s t t h e 

d i s t r i b u t i o n o f endowments, o r p r o p e r t y r i g h t s , g i v e s e a c h c o n ­

sumer monopoly power o v e r smoke p r o d u c e d a t h i s l o c a t i o n . S e c o n d , 

e a c h p e r s o n c a r e s o n l y a b o u t smoke p r o d u c e d o v e r h i s l o c a t i o n . 

Thus t h e r e i s a s o u r c e o f monopoly power a r i s i n g f rom p r e f e r ­

e n c e s . We w i s h t o d i s e n t a n g l e t he e f f e c t s o f t h e s e two s o u r c e s . 

A n a t u r a l q u e s t i o n ( s u g g e s t e d by C o a s e ' s p a p e r ) i s to examine t he 

p r o v i s i o n o f p u b l i c goods under a l t e r n a t i v e p r o p e r t y r i g h t s d i s ­

t r i b u t i o n s . In p a r t i c u l a r , s i n c e we w i s h to u n d e r s t a n d t he p r o b ­

lem caused by monopoly power a r i s i n g f r om p r e f e r e n c e s i t i s c o n -
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v e n i e n t t o endow i n d i v i d u a l s o u t s i d e t he town w i t h smoke r i g h t s 

and have them behave c o m p e t i t i v e l y . T h i s e l i m i n a t e s t h e monopo ly 

power a r i s i n g f rom o w n e r s h i p . One can t h i n k o f t h e i n d i v i d u a l s 

who own t h e smoke r i g h t s a s n e i t h e r c a r i n g a b o u t smoke no r t he 

f i n a l g o o d . A l t e r n a t i v e l y , we can t h i n k o f t he government a s 

a u c t i o n i n g o f f t he smoke r i g h t s . 

The s i m p l e s t i n t e r p r e t a t i o n o f what f o l l o w s i s t h a t t h e 

government a u c t i o n s o f f a f i x e d q u a n t i t y o f smoke r i g h t s . How­

e v e r , we c o n s i d e r more g e n e r a l mechan isms where t he q u a n t i t y o f 

smoke r i g h t s i s s u e d depends upon t h e r e p o r t e d t y p e s o f i n d i v i d ­

u a l s . 

We show t h a t i f t h e r e a r e many r e s i d e n t s i n t h e t o w n , 

each o f whom c a r e s v e r y l i t t l e abou t the smoke ( a l t h o u g h t he 

a g g r e g a t e l o s s i s p o s s i b l y s i g n i f i c a n t ) t he r e s i d e n t s d o n ' t buy 

any o f t he smoke r i g h t s . As b e f o r e , we r e s t r i c t a t t e n t i o n t o 

r e v e l a t i o n games. The s t r a t e g y s p a c e f o r e a c h p l a y e r i i s g i v e n 

by c o n s i s t i n g o f n o n d e c r e a s i n g , smooth f u n c t i o n s on [ 0 , Q ] . 

These f u n c t i o n s a r e i n t e r p r e t e d a s u t i l i t y f rom smoke r i g h t s . L e t 

U n = U 1 x . . . x u"n where t he number o f r e s i d e n t s i n t he town i s 

n . We d e f i n e a mechanism s l i g h t l y d i f f e r e n t l y h e r e than e a r l i e r . 

The outcome f u n c t i o n s w h i c h c o n s t i t u t e a mechan ism a r e 

now d e s c r i b e d . The same q u a n t i t y o f smoke r i g h t s i s i s s u e d f o r 

each l o c a t i o n and i s d e n o t e d by q ( u ) . The amount o f smoke p r o ­

duced i s deno ted by q ( u ) . Denote t h e c o n s u m p t i o n o f smoke r i g h t s 

a t l o c a t i o n j by consumer i by x j ( u ) . Smoke r i g h t s no t p u r c h a s e d 

by consumers a r e r e t a i n e d by t he government o r t he demand s e c t o r 

o f t h e economy and used t o p roduce smoke. Consumers i n t h e town 
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pay a p r i c e p i ( u ) p e r u n i t o f smoke r i g h t s a t l o c a t i o n i . A 

mechanism i s t hen d e f i n e d a s a s e t o f outcome f u n c t i o n s 

p ( u ) , x ( u ) , q ( u ) , and q (u ) s a t i s f y i n g 

n 
( 4 . 1 ) I x\(u) = q(u) - q ( G ) , j = 1, n 

i = 1 J 

and 

n n n 
( 4 . 2 ) I p . ( G ) I xhu) + R ( q ( u ) ) = q(G) £ p , ( G ) . 

i=1 1 j=1 1 i=1 1 

E q u a t i o n ( 4 . 2 ) d e s e r v e s some comment. I m p l i c i t i n t h i s 

f e a s i b i l i t y c o n d i t i o n i s t h a t t he amount o f smoke r i g h t s made 

a v a i l a b l e i s v a l u e d by t he government o r t he demand s e c t o r a t t h e 

p r i c e s o f smoke r i g h t s a t e a c h l o c a t i o n . T h u s , i n e f f e c t , t h e 

mechanism does no t p e r m i t p r i c e d i s c r i m i n a t i o n be tween t he r e s i ­

d e n t s o f t he town and t he owners o f t h e smoke r i g h t s . E q u a t i o n 

( 4 . 2 ) i s t h e n d e r i v e d by n o t i n g t h a t t he f i r s t t e rm on t he l e f t i s 

t o t a l e x p e n d i t u r e s by town r e s i d e n t s on smoke r i g h t s and t he 

second te rm i s r e v e n u e s f rom s a l e o f t he c o n s u m p t i o n g o o d . A g a i n , 

f o r c o n v e n i e n c e , l e t q^̂  = x ^ . 

We d e f i n e a sequence o f mechanisms a s the p o p u l a t i o n 

s i z e changes e x a c t l y a s e a r l i e r . To p rove ou r n e x t theo rem we 

need s t r o n g e r a s s u m p t i o n s than t h o s e made e a r l i e r . Suppose t h a t 

the sequence o f mechan isms s a t i s f i e s 

B 1 . V o l u n t a r y T r a d e : F o r a l l n , f o r a l l i = 1, n , f o r a l l 

..nxn u € U , 
-

u ( q . ( u , n ) ; n ) - I p ( u , n ) x . ( u , n ) > 0 . 
j J J 
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n 

B 2 . D i f f e r e n t i a b l e Outcome F u n c t i o n s : For a l l n , f o r a l l u e U ' 

f o r a l l i , x 1 ( u ^ , a u ) , p ( u i , a u ) a r e smooth f u n c t i o n s o f a 

when they a r e p o s i t i v e and t h e r e a r e r e a l numbers k ^ , k 2 s u c h 

t h a t 

d x * d p . 
I—r1! < k „< » and h — I > k „> 0 1 d a 1 2 ' d a 1 2 

f o r a l l i and j = 1, . . . , n . 

A sequence o f mechanisms w h i c h s a t i s f i e s t h e s e a x i o m s i s 

s a i d t o be smooth and d e c e n t r a l i z e d . We now p r o v e a theorem t h a t 

e s s e n t i a l l y s t a t e s t h a t consumers w i t h i n a town do n o t p u r c h a s e 

any smoke r i g h t s i n t he l i m i t . 

Theorem 4 : (Smooth D e c e n t r a l i z e d Mechanisms Lead t o I n e f f i c i e n t 

o u t c o m e s . ) 

C o n s i d e r a sequence o f smooth u t i l i t y f u n c t i o n s f o r 

consumers u ^ ( q , n ) , u n ( q , n ) w i t h ^ ™ d u ^ / d q = 0 f o r a l l 

q € [ 0 , Q ] . Suppose a l s o t h a t t h e r e i s a number K s u c h t h a t 

R ( q ) / q < K. Assume t r u t h - t e l l i n g i s an e q u i l i b r i u m o f t he r e v e l a ­

t i o n game f o r e a c h n and d e n o t e t he e q u i l i b r i u m amount o f smoke 

r i g h t s a t l o c a t i o n j bough t by consumer i by x ( i , j , n ) = 

X j ( u , n ) . Denote t h e e q u i l i b r i u m p r i c e p e r smoke r i g h t by 

p ( i , n ) . I f B1 and B2 a r e s a t i s f i e d then 

l P d . n ) l x ( i , j , n ) = 0 . 
i=1 j=1 

P r o o f : Suppose n o t . As u s u a l , we d rop s u b s c r i p t s on s u b s e q u e n c e s 

and suppose t h a t t o t a l e x p e n d i t u r e s conve rge to a p o s i t i v e c o n s ­

t a n t . C l e a r l y , t o t a l e x p e n d i t u r e s s a t i s f y 
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I I p ( j , n ) x ( i , j , n ) < I [I p(j,n)][l x ( i , j , n ) | . 
i j i j j 

From ( 4 . 1 ) , ( 4 . 2 ) , and t h e a s s u m p t i o n t h a t R ( q ) / q i s 

b o u n d e d , t he sum o f t he p r i c e s i s bounded. By h y p o t h e s i s , t h e 

l e f t s i d e c o n v e r g e s t o a p o s i t i v e number. H e n c e , t h e r e i s some 

s e q u e n c e o f consumers i n a n d a P o s i t i v e number d s u c h t h a t 

l i m l x ( i n , j , n ) > d . 
n+«o j 

C o n s i d e r t he f o l l o w i n g d e v i a t i o n f o r i n . L e t t h i s 

consumer r e p o r t u t i l i t y f u n c t i o n s o f the form 

u . = a u . w i t h a > 0 . 
n n 

L e t 

and 

p ( a , n ) = p(u_i , a u i , n ) 
n n 

x ( a , n ) = x X ( u . , a u . , n ) . 
n n 

From B2 t h e s e a r e d i f f e r e n t i a b l e i n a n e i g h b o r h o o d o f 

o = 1. The u t i l i t y o f i n i f he r e p o r t s ctu.̂  i s g i v e n by 

( 4 . 3 ) u ( a ) = m. + ut ( x . ( a , n ) ) - I p . ( a , n ) x . ( a , n ) . 

n n j 

D i f f e r e n t i a t i n g ( 4 . 3 ) and u s i n g t he f a c t t h a t t r u t h -

t e l l i n g i s an e q u i l i b r i u m , we have 

u ' ( 1 ) = u • (x (1 ,n) )x ! (1 ,n) - J p'(1,n)x (1,n) 
n j J J 

- I p ( 1 ,n )x ' ( 1 ,n ) = 0 . 
j J J 
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From the h y p o t h e s i s i n t he t h e o r e m , u 1 c o n v e r g e s t o 

z e r o . We have a l r e a d y a r g u e d t h a t t he sum o f t he p r i c e s i s 

bounded . S i n c e x ' ( - ) i s bounded ( s e e B2) t he f i r s t and l a s t t e r m s 

conve rge t o z e r o . Because p ' ( - ) i s u n i f o r m l y bounded away f r om 

z e r o , t he sum o f smoke r i g h t s bought by consumer i c a n n o t c o n v e r g e 

to a p o s i t i v e number . We have o b t a i n e d t h e d e s i r e d c o n t r a d i c ­

t i o n . 0 

We have shown t h a t t o t a l e x p e n d i t u r e s on smoke r i g h t s 

c o n v e r g e s t o z e r o . T h i s i m p l i e s ( g i v e n ou r a s s u m p t i o n o f f i n i t e 

r e s e r v a t i o n p r i c e ) t h a t e i t h e r t he sum o f t h e p r i c e s c o n v e r g e s t o 

z e r o o r p u r c h a s e s o f smoke r i g h t s c o n v e r g e s t o z e r o . In t he f i r s t 

c a s e , f rom ( 4 . 2 ) i t f o l l o w s t h a t p r o d u c t i o n o f smoke c o n v e r g e s t o 

z e r o . T h i s i s c l e a r l y i n e f f i c i e n t i n g e n e r a l . In t h e s e c o n d c a s e 

we have i n e f f i c i e n t ou tcomes i f t he government a u c t i o n s o f f a 

f i x e d q u a n t i t y o f smoke r i g h t s . We c o n j e c t u r e t h a t even when t h e 

amount o f smoke r i g h t s depends upon t h e r e p o r t e d t y p e s t h a t o u t ­

comes a r e i n e f f i c i e n t . S i n c e consumers a r e n o t b e i n g compensa ted 

f o r s u f f e r i n g smoke, t hey have e v e r y i n c e n t i v e t o o v e r s t a t e t h e i r 

t r u e a v e r s i o n to smoke. 

We now p r o v e t h a t under s l i g h t l y s t r o n g e r a s s u m p t i o n s 

abou t t he sequence o f u t i l i t y f u n c t i o n s , we can r e p l a c e t h e d i f ­

f e r e n t i a b i l i t y ax i om B2 by a weaker c o n t i n u i t y a x i o m t o o b t a i n a 

theorem s i m i l a r t o theorem 4 . I n d e e d , we can even d rop t he r e ­

q u i r e m e n t o f a f i n i t e r e s e r v a t i o n p r i c e . The theorem i s c l o s e l y 

r e l a t e d t o theorem 1 i n R o b e r t s ( 1 9 7 6 ) . L e t = x . . The c o n t i n ­

u i t y ax i om i s 
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B 2 ' . C o n t i n u i t y : F o r a l l 6 > 0 , t h e r e e x i s t s e > 0 s u c h t h a t f o r 

a l l n and f o r a l l i i f | t j j ( x , n ) - U j ( x , n ) | < e f o r a l l 

x e [ 0 , Q ] , f o r a l l j , t h e n 

| q . ( u _ . , u . , n ) - q . ( u _ i , t i , n ) | < 6. 

We now s t a t e and p r o v e a theorem t h a t d e c e n t r a l i z e d 

mechan isms l e a d t o i n e f f i c i e n t o u t c o m e s . 

Theorem 5 : ( D e c e n t r a l i z e d mechan isms y i e l d i n e f f i c i e n t ou tcomes) 

C o n s i d e r a sequence o f smooth u t i l i t y f u n c t i o n s f o r 

c o n s u m e r s . Assume t h a t t h e r e i s some B < » s u c h t h a t d u i ^ ' n ^ d c * 

< B / n f o r a l l i and f o r a l l n , f o r a l l q € [ 0 , Q ] . Assume t r u t h -

t e l l i n g i s an e q u i l i b r i u m . Denote t he e q u i l i b r i u m amounts o f 

smoke r i g h t s a t l o c a t i o n j bought by consumer i by x ( i , j , n ) and 

t he p r i c e pe r smoke r i g h t by p ( j , n ) . I f B1 and B 2 ' a r e s a t i s f i e d 

by a sequence o f mechanisms t h e n 

l i m I p ( j , n ) I x ( i , j , n ) = 0 . 
n+<» j i 

P r o o f : We f i r s t show t h a t 

( 4 . 4 ) l i m n[max £ p ( j , n ) x ( i , j , n ) ] = 0 . 
n->-a> i j 

The theorem t h e n f o l l o w s i m m e d i a t e l y . S u p p o s e , t h e r e ­

f o r e , t h a t ( 4 . 4 ) d o e s n o t h o l d . A g a i n , c h o o s e s u b s e q u e n c e s i f 

n e c e s s a r y and d r o p t he s u b s c r i p t on t h e s u b s e q u e n c e . T h e r e i s 

some sequence o f consumers i n whose e x p e n d i t u r e s a r e max ima l o v e r 

a l l consumers s u c h t h a t 

l i m I p ( j , n ) x ( i n , j , n ) = d > 0 . 
n+a, j 
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C o n s i d e r t h e f o l l o w i n g d e v i a t i o n f o r i . L e t 

u . = 0 . From B1 we have t h a t t o t a l e x p e n d i t u r e s by i n 
n 

f o r a l l n . Hence , t he d i f f e r e n c e i n u t i l i t i e s between t h i s d e v i a ­

t i o n and t r u t h - t e l l i n g i s g i v e n by 

( 4 . 5 ) A n = V . ( u ; n ) - V . ( u ; n ) 

= uL ( q j ; n ) - ui ( q " ; n ) + £ p ( j , n ) x ( i n , j , n ) 
n n j 

where q n = q . ( u . , u . ,n ) and q " i s d e f i n e d s i m i l a r l y . I f q " i s 

n ~ n n 1

 n 

g r e a t e r t han q.^ t hen ( 4 . 5 ) i s p o s i t i v e and q^ canno t be an e q u i ­

l i b r i u m ou tcome. T h e r e f o r e q " < q " . S i n c e t h e u t i l i t y f u n c t i o n 

i s d i f f e r e n t i a b l e , t h e r e i s some Q n € ( q " , q " ) s u c h t h a t 

d u . ( Q n ; n ) 

nA = n ( q " - q " ) + n J p( j , n ) x ( i n , j , n ) . 
j 

Choose 6 = d / 2 B . C l e a r l y , f o r l a r g e enough n , | u - u | i s 

a r b i t r a r i l y c l o s e t o z e r o . Hence , f o r l a r g e enough n , q " -

q i < 6 . U s i n g t h e f a c t t h a t m a r g i n a l u t i l i t i e s a r e bounded by B / n 

we have 

nA > ^ > 0 . n 2 

T h i s c o n t r a d i c t s t he s u p p o s i t i o n t h a t ( p , x ) i s an e q u i ­

l i b r i u m ou tcome. 0 

A g a i n , s i n c e t o t a l e x p e n d i t u r e s c o n v e r g e to z e r o , d e ­

c e n t r a l i z e d mechanisms l e a d to i n e f f i c i e n t o u t c o m e s . 
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The F r e e R i d e r P rob lem R e v i s i t e d 

As t h e d i s c u s s i o n f o l l o w i n g theorem 2 i n s e c t i o n 3 

i n d i c a t e s , ou r r e s u l t s a r e no t f u n d a m e n t a l l y a f f e c t e d by t h e f a c t 

t h a t we have c h o s e n t o a d d r e s s t he p u b l i c goods p r o b l e m i n a 

p r i v a t i z e d economy. T h i s i s b e s t seen by c o n s i d e r i n g a p u b l i c 

goods economy where t he government a u c t i o n s o f f a f i x e d q u a n t i t y 

o f smoke r i g h t s q . Denote t he amount o f smoke r i g h t s bought and 

used f o r p r o d u c t i o n by q . The rema inde r i s a l l o c a t e d to t h e town 

r e s i d e n t s . The p r e f e r e n c e s o f consumers i n t h i s p u b l i c goods 

economy a r e g i v e n by 

m. - v . ( q ) . 

The i n d i v i d u a l r a t i o n a l i t y c o n d i t i o n a s s o c i a t e d w i t h B1 

f o r t h i s p u b l i c goods economy i s now 

B 1 " I n d i v i d u a l R a t i o n a l i t y . F o r a l l n , f o r a l l i = 1, n , 

f o r a l l v € U n x " 

m ^ v . n ) - v . ( q ( v , n ) ; n ) > m\ - v ^ q j n ) . 

In e f f e c t , i n t h i s p u b l i c goods economy, r e d u c t i o n i n 

t he q u a n t i t y o f smoke r e q u i r e s unanimous c o n s e n t . The r e l a t i o n ­

s h i p between t he p u b l i c goods and t he p r i v a t e goods economy can be 

seen by s i m p l y d e f i n i n g 

u L ( q ) = v . ( q ) - v . ( q ) . 

A g a i n , t he p u b l i c goods f o r m u l a t i o n makes c l e a r e r t h e 

f r e e r i d e r p r o b l e m . The p r i v a t e goods f o r m u l a t i o n e m p h a s i z e s t h e 

r o l e o f monopoly power . B e c a u s e the r e s u l t s a r e the same, t h e two 

f o r m u l a t i o n s a r e , i n a s e n s e , e q u i v a l e n t . 
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5 . More L o c a l P u b l i c Goods 

Our a im i n t h i s s e c t i o n i s t o e x p l o r e e q u i l i b r i u m o u t ­

comes o f d e c e n t r a l i z e d mechan isms i n t he c o n t e x t o f a l o c a l p u b l i c 

goods economy. The r e s u l t s a r e s p e c i a l i n many ways and so they 

s h o u l d be i n t e r p r e t e d a s s u g g e s t i v e o n l y . 

To do t h i s , we f i r s t want t o r e l a x t h e a s s u m p t i o n o f 

c o n s t a n t m a r g i n a l d i s u t i l i t y o f p o l l u t i o n used i n Example 3- The 

r e a s o n f o r c e n t e r i n g a t t e n t i o n on t h i s a s s u m p t i o n i s s t r a i g h t f o r ­

w a r d . The c o n s t a n t m a r g i n a l d i s u t i l i t y s i t u a t i o n i s q u a l i t a t i v e l y 

u n r e p r e s e n t a t i v e i n t he s e n s e t h a t i n t h i s c a s e i t does no t ma t ­

t e r , f rom a s o c i a l p o i n t o f v i e w , what q u a n t i t y o f smoke i s p r o ­

duced i n w h i c h t own . T h a t i s , q u a n t i t i e s a r e i n d e t e r m i n a t e i n t h e 

L i n d a h l e q u i l i b r i u m ( a l t h o u g h t he sum o f q u a n t i t i e s i s d e t e r m i ­

n a t e ) , en more g e n e r a l s i t u a t i o n s , o p t i m a l i t y w i l l r e q u i r e p o s i ­

t i v e p r o d u c t i o n i n a l l t o w n s . In t h i s c a s e , t he p r o b l e m f a c e d i s 

more s i g n i f i c a n t t h a n s i m p l y g e t t i n g t he p r i c e r i g h t i n t he m a r k e t 

a s a w h o l e , i t r e q u i r e s s e t t i n g t he q u a n t i t i e s r i g h t w i t h i n towns 

as w e l l . 

T h u s , ou r p r i m a r y g o a l i n t h i s s e c t i o n i s t o r e l a x t he 

a s s u m p t i o n o f c o n s t a n t m a r g i n a l d i s u t i l i t y . To t h i s e n d , we 

assume t h a t i n d i v i d u a l u t i l i t y f u n c t i o n s a r e o f t he fo rm U ( m , s ) = 

m - u ( s ) where s r e p r e s e n t s t he c o n s u m p t i o n o f smoke by t he i n d i ­

v i d u a l and u i s t w i c e c o n t i n u o u s l y d i f f e r e n t i a b l e . The m a j o r 

p r o b l e m we f a c e now i s t he c h o i c e o f a s t r a t e g i c f o rm f o r c o m p e t i ­

t i o n . The d i f f i c u l t y l i e s i n t he by now s t a n d a r d p r o b l e m o f 

g i v i n g a r e a s o n a b l e d e s c r i p t i o n o f p r i c e c o m p e t i t i o n w i t h i n c r e a s ­

i n g c o s t s . T h a t i s , how i s t he o u t p u t t o be s h a r e d among t h e 
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c o m p e t i t o r s i n t h e e v e n t o f u n e q u a l c o s t s ? T y p i c a l l y t h i s i s 

h a n d l e d t h r o u g h t h e i n t r o d u c t i o n o f some (by i t s n a t u r e a r b i t r a r y ) 

r u l e f o r r a t i o n i n g consumers . U n f o r t u n a t e l y , t he r e s u l t i n g d i s ­

c o n t i n u i t i e s u s u a l l y p r e c l u d e t he e x i s t e n c e o f pu re s t r a t e g y 

e q u i l i b r i a i n much g e n e r a l i t y and hence s h o u l d be s e r i o u s l y q u e s ­

t i o n e d . 

F o r t u n a t e l y , i n o u r s i t u a t i o n , t h e r e i s a s i m p l e and 

n a t u r a l way a r o u n d the p r o b l e m . T h i s i s t o make t he f i r m s i n t he 

town p e r f o r m an a c t i v e s t r a t e g i c r o l e . F o r m a l l y , we model a two 

s t a g e game i n w h i c h r e s i d e n t s s i m u l t a n e o u s l y s e t p r i c e s f o r t h e i r 

p o l l u t i o n r i g h t s a t t he f i r s t s t a g e . These f i r s t s t a g e c h o i c e s 

then d e t e r m i n e ( c o n s t a n t ) m a r g i n a l c o s t s f o r f i r m s (one p e r town 

f o r s i m p l i c i t y ) l o c a t e d i n t h e towns and t h e s e f i r m s p l a y a o n e -

s h o t s i m u l t a n e o u s move C o u r n o t q u a n t i t y s e t t i n g game. I t i s e a s y 

to s e e t h a t t h i s s t r u c t u r e smooths o u t t he p a y o f f d i s c o n t i n u i t i e s 

(as a f u n c t i o n o f p r i c e s ) d i s c u s s e d a b o v e . F o r n o t a t i o n a l s i m ­

p l i c i t y , we w i l l assume t h a t t h e r e a r e t he same number o f r e s i ­

d e n t s i n e a c h town. L e t t h i s number be n . 

The e x p e r i m e n t s we c o n s i d e r c o n s i s t o f r e p l i c a t i n g b o t h 

t he number o f towns and t he s i z e o f a g g r e g a t e demand f o r t h e f i n a l 

p r o d u c t i n s u c h a way a s t o h o l d t he L i n d a h l e q u i l i b r i u m c o n s t a n t 

t h r o u g h o u t t he e x p e r i m e n t . T h u s , l e t D m ( p ) = mD(p) where D(p) i s 

g i v e n by a - bp a s i n t he e x a m p l e s . Assume t h a t t h e r e a r e m 

t o w n s , and l e t U. . = m. . - u . . ( s . ) deno te t h e u t i l i t y f u n c t i o n o f 
i j i j i j i 

r e s i d e n t j i n town i , where s ^ i s t he amount o f p r o d u c t i o n i n town 

i . Assume t h a t u j j ( ° ) = 0 f o r a 1 1 *• a n d J ( p o l l u t i o n i s c o s t l e s s 

a t t he m a r g i n when you have none) and t h a t u ! j i s s t r i c t l y 

i n c r e a s i n g . 
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L e t be t he p r i c e announced by r e s i d e n t j i n town i 

and l e t q i be t he l e v e l o f o u t p u t c h o s e n by t he f i r m i n town i . 

L e t Q = deno te a g g r e g a t e o u t p u t and l e t p^ = I JPJJ d e n o t e t he 

m a r g i n a l c o s t o f f i r m i . T h e n , t he p a y o f f t o f i r m i g i v e n an 

a r r a y o f s t r a t e g i e s i s g i v e n by 

n . = q . { m a x ( D " 1 ( Q ) , 0 ) - p . } . 

P a y o f f s to t he r e s i d e n t s a r e d e f i n e d i n t he o b v i o u s way. N o t e 

t h a t we have s u p p r e s s e d t h e s u p e r s c r i p t m f o r n o t a t i o n a l c o n v e ­

n i e n c e . 

P r o p o s i t i o n 1: G i v e n any a r r a y o f p o s i t i v e p r i c e s p i j : 

1. T h e r e i s a u n i q u e e q u i l i b r i u m i n q u a n t i t y c h o i c e s by t h e 

f i r m s . 

2 . These q u a n t i t i e s depend c o n t i n u o u s l y on t he p r i c e s P J J . 

3 . F o r a r r a y s o f p r i c e s s u c h t h a t q^ i s p o s i t i v e , i t i s l i n e a r i n 

P i j f o r a l l j . 

4 . F o r a r r a y s o f p r i c e s s u c h t h a t q i i s p o s i t i v e , t he s l o p e o f q^ 

( a s a f u n c t i o n o f p,=) i s b f -m+m/^m+l) } . 

T h i s i s a s t a n d a r d r e s u l t and hence t he p r o o f w i l l n o t 

be g i v e n . C l e a r l y the r e s u l t depends b o t h on ou r a s s u m p t i o n o f 

c o n s t a n t c o s t s and t he a s s u m p t i o n t h a t t he demand c u r v e i s l i n e a r . 

L e t q ^ p ) deno te t he e q u i l i b r i u m q u a n t i t y c h o i c e o f f i r m 

i g i v e n t he f i r s t s t a g e p r i c e c h o i c e s by a l l r e s i d e n t s i n a l l 

t o w n s . (Note t h a t t h i s may w e l l be z e r o i f p^ i s h i g h e n o u g h . ) 

The p r o p o s i t i o n i m p l i e s t h a t q^ has a l l o f t he o b v i o u s p r o p e r ­

t i e s : I t i s s t r i c t l y d e c r e a s i n g i n p . . f o r a l l j a s l o n g a s i t i s 
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p o s i t i v e , i t i s s t r i c t l y i n c r e a s i n g i n p. f o r a l l k and j a s l o n g 

a s q. i s p o s i t i v e , e t c . Most i m p o r t a n t l y , i t f o l l o w s t h a t i n t h e 

r e g i o n where q . i s p o s i t i v e t he d e r i v a t i v e c o n v e r g e s t o i n f i n i t y 

a s t he number o f te rms goes t o i n f i n i t y . A l l o f t h i s i s j u s t t o 

s u p p o r t t he i n t u i t i v e argument t h a t e a c h town becomes more and 

more l i k e a p r i c e t a k e r i n the o u t p u t marke t a s n goes to i n ­

f i n i t y . ( D e t a i l e d p r o o f s o f t h e s e c l a i m s a r e a v a i l a b l e f r om t h e 

a u t h o r s upon r e q u e s t . ) 

In f a c t , t he r e s u l t s c o n t a i n e d i n p r o p o s i t i o n 1 a r e 

b a s i c a l l y a l l we need t o show t h a t , i n t h e l i m i t , i n t e r i o r e q u i ­

l i b r i a a r e a p p r o x i m a t e l y e f f i c i e n t a t t he i n d i v i d u a l town l e v e l . 

We h a v e , 

Theorem 6 : C o n s i d e r a sequence o f games a s o u t l i n e d above w i t h n 

f i x e d and m •* <=. 

1. E x i s t e n c e : T h e r e i s a pu re s t r a t e g y e q u i l i b r i u m s u c h t h a t 

q ^ p ) > 0 f o r a l l i . 

2 . C o n s i d e r a sequence o f e q u i l i b r i a w i t h q^ (p ) > 0 f o r a l l i , 

i f u j j i s bounded away f rom z e r o , p^j c o n v e r g e s t o u l ^ ( q ^ ( p ) ) 

a s m * co. 

3 . In the s y m m e t r i c c a s e t he e q u i l i b r i u m p r i c e c o n v e r g e s t o t h e 

L i n d a h l p r i c e , t he e q u i l i b r i u m p e r town q u a n t i t y c o n v e r g e s to 

t h e (one town) L i n d a h l l e v e l . 

Tha t i s , i n t h e l i m i t , t he c o o r d i n a t i o n p r o b l e m a t t he town l e v e l 

d i s c u s s e d above does no t a p p e a r (hence i t i s b o t h P a r e t o o p t i m a l 

and i n d i v i d u a l l y r a t i o n a l ) . 
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P r o o f : 

(1) The argument t h a t an e q u i l i b r i u m e x i s t s f o r t h i s 

game i s a c t u a l l y q u i t e s t r a i g h t f o r w a r d , i t i s g u a r a n t e e i n g t h a t 

q^ (p ) i s p o s i t i v e f o r a l l i t h a t c a u s e s t h e d i f f i c u l t i e s . T h a t 

i s , a s i n t he e x a m p l e s , h a v i n g a l l r e s i d e n t s i n a l l towns s e t 

p r i c e s h i g h e r t h a n t he r e s e r v a t i o n p r i c e f r o m t h e demand c u r v e 

g i v e s an e q u i l i b r i u m w i t h q i ( 0 ) = 0 f o r a l l i . To show t h a t t h e r e 

i s an e q u i l i b r i u m w i t h p o s i t i v e o u t p u t i n a l l t o w n s , we w i l l 

d e f i n e a new game i n w h i c h t h e s t r a t e g y s e t s o f t h e i n d i v i d u a l 

r e s i d e n t s depend on t he a c t i o n s o f a l l o t h e r r e s i d e n t s o f a l l 

towns ( i . e . , a pseudogame) . We w i l l show t h a t t h i s new game h a s 

an e q u i l i b r i u m , t h a t a l l e q u i l i b r i a o f t h i s game have p o s i t i v e 

a c t i v i t y i n a l l towns and f i n a l l y t h a t any e q u i l i b r i u m o f t h i s new 

game i s a l s o an e q u i l i b r i u m o f t h e o r i g i n a l game a s w e l l . 

From the p r o p o s i t i o n , i t f o l l o w s t h a t g i v e n any a r r a y o f 

s t r a t e g y c h o i c e s by a l l r e s i d e n t s i n a l l towns o t h e r than town i , 

t h e r e i s a p* s u c h t h a t s a l e s by f i r m i a r e a l i n e a r (and d e c r e a s ­

i n g ) f u n c t i o n o f p i f o r < p* and z e r o f o r p^ > p * . M o r e o v e r , 

p* i s a c o n t i n u o u s f u n c t i o n o f t he p r i c e s s e l e c t e d i n t h e o t h e r 

towns . L e t the p e r m i s s i b l e c h o i c e o f s t r a t e g i e s , <j>j be d e f i n e d 

b y : 

* (p , . . . , p p , . . . , p m n ) = { p | p + I p <p*} 
k * j 

i f T p. . < p* and 4>. = {0} o t h e r w i s e . 
k * j l k J 

I t f o l l o w s t h a t <j)j i s nonempty , c o m p a c t , and c o n v e x 

v a l u e d f o r a l l p r i c e c h o i c e s by a l l o t h e r r e s i d e n t s and i s c o n t i n ­

uous . 
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C o n s i d e r t he pseudogame i n w h i c h e a c h a g e n t i s r e ­

s t r i c t e d i n h i s c h o i c e o f s t r a t e g i e s t o <t>j. I t f o l l o w s f r om the 

l i n e a r i t y o f demand on 4)̂  and t he c o n v e x i t y o f u^ j t h a t the u t i l i ­

t i e s a r e q u a s i c o n c a v e i n each a g e n t s ' own a c t i o n s . T h u s , i t 

f o l l o w s f rom D e b r e u ' s r e s u l t (1962) t h a t an e q u i l i b r i u m i n p u r e 

s t r a t e g i e s e x i s t s . 

The argument t h a t p r o d u c t i o n i s p o s i t i v e i n a l l towns i n 

e q u i l i b r i u m f o l l o w s f rom our a s s u m p t i o n t h a t u | j ( 0 ) = 0 . 

To s e e t h a t t he e q u i l i b r i u m o f t he pseudogame i s an 

e q u i l i b r i u m f o r t he o r i g i n a l game one o n l y need check t h a t no 

o m i t t e d s t r a t e g i e s can do any b e t t e r . T h i s f o l l o w s i m m e d i a t e l y , 

howeve r , s i n c e a l l o m i t t e d s t r a t e g i e s g u a r a n t e e a p a y o f f o f z e r o . 

(2 ) To see t h a t t h i s h o l d s , f i r s t n o t e t h a t q^̂  i s g i v e n 

b y : 

, _ , > m m . r tn i mb r 
( 5 ' 1 ) <*i = m~TT a + bPilm7T - m l + m-7T . / A ' 

k * i 

I t f o l l o w s t h a t , i n e q u i l i b r i u m , r e s i d e n t j i n town i behaves l i k e 

a m o n o p o l i s t f a c i n g a l i n e a r demand c u r v e o f t he f o r m : 
m m „m 

q . . = a . . - 6- . p . . 4 i j l j P i J H i j 

where B^V • 0 3 and a'lV/s'jV i s bounded above by a / b . 

The r e m a i n d e r o f t he p r o o f c o n s i s t s o f show ing t h a t a 

m o n o p o l i s t , f a c i n g a s e r i e s o f l i n e a r demand c u r v e s behaves more 

and more l i k e a p r i c e t a k e r and hence i s o m i t t e d . 

(3) The p r o o f i s i m m e d i a t e . 0 
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Comments on Theorem 6 : 

(1 ) T h i s r e s u l t seems t o s u b s t a n t i a t e our d i s c u s s i o n 

above c o n c e r n i n g t h e e a s e w i t h w h i c h " g o o d " a l l o c a t i o n s can be 

r e a l i z e d i n l o c a l p u b l i c goods e c o n o m i e s . However , t h i s i s a 

l i t t l e m i s l e a d i n g s i n c e i t i s e a s i l y seen t h a t t h e argument d e ­

pends on o u r a s s u m p t i o n o f s i m u l t a n e o u s p r i c e s e t t i n g as o u r model 

o f m a r k e t c o m p e t i t i o n . T h a t i s , t he argument i s : S i n c e any one 

town i s s m a l l r e l a t i v e t o t he m a r k e t a s a w h o l e , town r e s i d e n t s 

t a k e t h e p r i c e o f t h e f i n a l good a s a p p r o x i m a t e l y g i v e n when they 

make t h e i r d e c i s i o n s . S i n c e we have assumed s i m u l t a n e o u s p r i c e -

s e t t i n g , Nash e q u i l i b r i u m r e q u i r e s t h a t each r e s i d e n t a c t a s i f he 

t a k e s t h e o t h e r r e s i d e n t s ' p r i c e s a s g i v e n when s e t t i n g h i s own. 

These two f a c t s t o g e t h e r , i m p l y t h a t i n e q u i l i b r i u m each r e s i d e n t 

i s a p p r o x i m a t e l y t a k i n g t h e p r i c e o f h i s own smoke r i g h t a s 

g i v e n . As we s e e b e l o w , mechan isms w h i c h do no t imp l y p r i c e -

t a k i n g b e h a v i o r i n t he l i m i t seem t o l e a d t o i n e f f i c i e n c y . 

( 2 ) U n d o u b t e d l y symmetry i s s t r o n g e r t han n e c e s s a r y f o r 

p a r t 3 o f t h e r e s u l t t o h o l d . P r e s u m a b l y t he s t a n d a r d s o r t o f 

boundedness c o n d i t i o n s w i l l a l l o w us t o make a s i m i l a r c o n c l u s i o n . 

Our n e x t g o a l i s to e x t e n d t he i n t u i t i o n f rom t h i s 

r e s u l t t o a more g e n e r a l c l a s s o f t h e o r i e s o f m a r k e t s . From t h e 

a b o v e , i t i s c l e a r t h e r e a r e two s e p a r a t e p r o b l e m s to be s o l v e d . 

F i r s t , we must show t h a t a s t h e number o f towns g r o w s , t he demand 

f a c i n g any g i v e n town becomes i n f i n i t e l y e l a s t i c . S e c o n d , we must 

show t h a t w i t h i n e a c h t o w n , a s demand becomes more e l a s t i c , o u t p u t 

c o n v e r g e s t o t he e f f i c i e n t l e v e l . Our f o c u s h e r e i s on t he s e c o n d 

p r o b l e m : T h e r e f o r e , we c o n s i d e r t he p r o b l e m o f a town w h i c h f a c e s 
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a sequence o f demand c u r v e s w h i c h become more and more e l a s t i c . A 

more c o m p l e t e t r e a t m e n t , o f c o u r s e , r e q u i r e s t h a t we c o n s i d e r t h e 

f i r s t p r o b l e m a s w e l l . 

As b e f o r e , we r e s t r i c t a t t e n t i o n t o r e v e l a t i o n games. 

The number o f r e s i d e n t s i n t he town i s n . The s p a c e o f p o s s i b l e 

u t i l i t y f u n c t i o n s o v e r smoke i s U = {smooth , n o n i n c r e a s i n g convex 

f u n c t i o n s on [ 0 , » ) } . A mechanism i s a s e t o f outcome f u n c t i o n s 

P i ( u ) , q (u ) f o r 1 = 1 , n , w h i c h map U n x n i n t o p r i c e s p e r u n i t 

o f smoke p a i d t o e a c h consumer and t he amount o f smoke p r o d u c e d 

r e s p e c t i v e l y . F e a s i b i l i t y r e q u i r e s t h a t any mechan ism s a t i s f i e s 

I P<<U) = D " 1 ( q ( a ) ) . 
i=1 1 m 

We now d e f i n e t h e h i g h e s t p r i c e t h a t consumer i can g e t 

c o n s i s t e n t w i t h a l s o p r o d u c i n g a g i v e n amount o f o u t p u t . To t h i s 

e n d , f i x t h e u t i l i t y f u n c t i o n s o f the o t h e r p l a y e r s , u . . 

L e t A ( u _ . ) = { p , q | 3 t . s u c h t h a t ( p . ( u _ . , t . ) , q ( u _ . , t . ) ) = ( p , q ) ; . 

L e t d ^ ( q , u ^) = sup p s u c h t h a t ( p , q ) e A (u . ) . L e t U ( q ; u _ i ) 

d e n o t e t h e s e t o f u t i l i t y f u n c t i o n s t^ w h i c h g i v e r i s e to d ^ . F o r 

each u^ e. U ( q ; u ^) t h e r e i s a s e t o f p r i c e s f o r o t h e r consumers 

i n d u c e d by t h e outcome f u n c t i o n s p ( u ) , q ( u ) . We assume t h a t i t i s 

p o s s i b l e to make a smooth s e l e c t i o n f rom t h i s s e t o f p r i c e s . 

Denote t h i s s e l e c t i o n by d ^ ( q , u ^) f o r k * i . L e t Aq(u_^) d e n o t e 

t h e s e t o f q u a n t i t i e s s u c h t h a t t h e r e i s some p r i c e p w i t h ( p , q ) e 

A ( u _ i ) . 

As b e f o r e , d e f i n e a s e q u e n c e o f mechan isms a s t he i n ­

v e r s e demand D ^ ( q ) c h a n g e s . We now s t a t e t he a x i o m s w h i c h c h a r ­

a c t e r i z e a m a r k e t - l i k e t h e o r y . They a r e 
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C 1 . V o l u n t a r y T r a d e : F o r e a c h m, f o r a l l i = 1, n , f o r a l l 

n , .nxn 
u e U 

p . ( u ,m)q (u , ra ) - u i ( q ( u , m ) ) > 0 . 

C 2 . Smooth T r a d e o f f s f o r C o n s u m e r s : F o r e a c h m, f o r a l l i = 1, 

n , f o r a l l u e U P x n , t h e r e e x i s t s q ( u ^,m) s u c h t h a t 

A ( u _ . , m ) = [ 0 , q ( u _ i , m ) 

and 

d i ( q ( u _ i , m ) , u _ i , m ) = 0 . 

F u r t h e r m o r e , t he p r i c e s d j ( q , u ^,m) a r e smooth f u n c t i o n s o f o u t p u t 

q e A q ( u _ i t m ) f o r a l l j = 1, . . . , n . 

C 3 . Bounded T r a d e o f f s : The re i s some number K < » s u c h t h a t f o r 

a l l m, f o r a l l , i = 1, n 

3 d . I 
3q 

m 3d. i 

y — 
< K. 

Ax iom C2 r e q u i r e s t h a t t he r e s i d u a l demand c u r v e f a c i n g 

e a c h c o n s u m e r , g i v e n t he a c t i o n s o f o t h e r s be smoo th . F u r t h e r ­

more , we r e q u i r e t h a t t h i s r e s i d u a l demand be smooth i n t he a c ­

t i o n s o f t h e o t h e r p l a y e r s . Ax iom C3 r e q u i r e s t h a t i f a consumer 

c h o o s e s an a c t i o n r e s u l t i n g i n l o w e r o u t p u t , t he e f f e c t on t he 

p r i c e p a i d to a l l r e s i d e n t s i n t he town be o f t he same o r d e r o f 

m a g n i t u d e a s t he e f f e c t on h i s own p r i c e . 

We now s t a t e a theorem t h a t a s t he demand c u r v e becomes 

more e l a s t i c , o u t p u t i n t he town c o n v e r g e s t o t he e f f i c i e n t l e v e l . 
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Theorem 7 : ( M a r k e t mechan isms l e a d t o e f f i c i e n t ou tcomes) 

-1 - 1 ' - 1 1 

Suppose D ( • ) i s d i f f e r e n t i a t e , mDm (q ) = D 1 ( q ) , 

D 1 i s bounded and D 1 i s b o u n d e d . Suppose a l s o t h a t u V ( - ) i s 

bounded away f r om z e r o . Assume t r u t h - t e l l i n g i s an e q u i l i b r i u m o f 

t he r e v e l a t i o n game and d e n o t e t h e e q u i l i b r i u m outcome by 

p ^ ( u , m ) , q ( u , m ) . T h e n , i f a s e q u e n c e o f mechanisms s a t i s f i e s C1 

t h r o u g h C 3 , 

l i m [ p i ( u , m ) - u | ( q ( u , m ) ) ] = 0 . 

P r o o f : S i n c e p ^ ( u , m ) , q^ (u ,m) i s an e q u i l i b r i u m ou tcome, f r om C2 

i t f o l l o w s t h a t f o r e a c h i 

3d ( q ( u , m ) , u ) 
( 5 . 2 ) q (u ,m) — ^ ^ + p. ( u , m ) - u ! ( q ( u , m ) ) ] = 0 . 

d q 1 1 

From f e a s i b i l i t y and C2 we have t h a t 

n 3d ( q ( u , m ) , u ) 

< 5 - 3 > j , i q " = °™ ( q ( 5 ' m ) ) -

C o n s e q u e n t l y , t he l e f t s i d e o f ( 5 . 3 ) c o n v e r g e s t o z e r o 

a s m g e t s l a r g e . U s i n g t h i s f a c t and C 3 , we s e e t h a t t he f i r s t 

t e rm i n ( 5 . 2 ) c o n v e r g e s t o z e r o . S i n c e u'^ i s bounded away f r om 

z e r o , q (u ,m) i s bounded . The theorem f o l l o w s . 0 

We now c o n s t r u c t an examp le w h i c h v i o l a t e s ax i om C3 t o 

d e m o n s t r a t e t h e r o l e p l a y e d by t h a t a x i o m i n t he p r o o f o f t heo rem 

7 . 
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Example 4 : 

C o n s i d e r a town w i t h two r e s i d e n t s who s e t the p r i c e s 

f o r smoke s e q u e n t i a l l y . L e t D m ( p ) = ma - mbp. Of c o u r s e , p = PI 

+ p 2 where p^ and p 2 a r e t he p r i c e s s e t by t he f i r s t and s e c o n d 

r e s i d e n t r e s p e c t i v e l y . The c h o i c e o f p 2 must s a t i s f y 

( 5 . 4 ) - [ p 2 - u ' ( q ) ] m b + q = 0 . 

We u s e ( 5 . 4 ) t o d e r i v e t he d e r i v a t i v e o f r e s i d e n t 2 ' s 

e q u i l i b r i u m r e a c t i o n a s a f u n c t i o n o f r e s i d e n t T s p r i c e . T h i s i s 

g i v e n by 

-bmv^(q) - 1 

P 2 ( p 1 } = 2 + bmv^(q) ' 

We can now d e r i v e r e s i d e n t 1 ' s c h o i c e o f p ^ . T h i s must 

s a t i s f y 

- [ p r u ' ( q ) ] m b ( l - ) - p 2 ( p 1 ) ) + q = 0 . 

I t i s e a s y t o show t h a t m b ( l + p 2 ( p 1 ) ) c o n v e r g e s to 

1 / u £ ( q ) . No te f rom ( 5 . 4 ) t h a t f o r r e s i d e n t 2 , p r i c e c o n v e r g e s to 

t h i s m a r g i n a l d i s u t i l i t y . However , t h i s i s no t s o f o r r e s i d e n t 

1. The r e a s o n t h a t t he L i n d a h l a l l o c a t i o n i s n o t an e q u i l i b r i u m 

outcome i s t h a t a s y m p t o t i c a l l y , an i n c r e a s e i n r e s i d e n t 1 's p r i c e 

i s met by a d e c r e a s e i n r e s i d e n t 2 ' s p r i c e o f t he same m a g n i ­

t u d e . C o n s e q u e n t l y , the p r i c e r e c e i v e d by t he town a s a who le 

f rom the marke t i s no t c h a n g e d . No te t h a t t h i s c a u s e s ax i om C3 t o 

v i o l a t e d . 

In t h i s s e c t i o n , we have c o n s t r u c t e d a p a r t i c u l a r mecha ­

n ism w h i c h a c h i e v e s e f f i c i e n c y . We have i n d i c a t e d t he k i n d s o f 
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p rope r t i es that d e c e n t r a l i z e d t h e o r i e s of markets must have to 

achieve e f f i c i e n t a l l o c a t i o n s . Axiom C3 l i m i t s the power o f an 

i n d i v i d u a l consumer to a f f e c t the p r i c e s rece ived by o ther con­

sumers. F i n a l l y , we have i l l u s t r a t e d the r o l e p layed by t h i s 

axiom i n a s imple example. 

6. Concluding Comments 

(1) The appeal o f the r e s u l t s in s e c t i o n s 3 and 4 i s 

that they show tha t a l a rge c l a s s o f " t h e o r i e s " o f the workings o f 

markets g ive r i s e to the same p r e d i c t i o n i n l a rge economies. 

Product ion of the p u b l i c good converges to z e r o . Of c o u r s e , as 

our d i s c u s s i o n about the n o r m a l i z a t i o n of demand i n s e c t i o n 3 

suggests , there i s noth ing s p e c i a l about z e r o . Ra the r , our r e ­

s u l t s suggest t ha t , i n g e n e r a l , in l a r g e economies the p r o v i s i o n 

o f p u b l i c goods i s f a r from the e f f i c i e n t l e v e l . Two assumptions 

play a key r o l e i n our r e s u l t s . F i r s t , we requ i re tha t a l l t rades 

be v o l u n t a r y . Second, we requ i re tha t the mechanisms be un i fo rm ly 

cont inuous in the a c t i o n s o f consumers. We c a l l a sequence o f 

mechanisms which s a t i s f y these assumpt ions, a theory of d e c e n t r a l ­

ized markets . I t seems c l e a r tha t a theory o f d e c e n t r a l i z e d 

trades must s a t i s f y vo lun ta ry t r a d e . The c o n t i n u i t y assumption 

r u l es out mechanisms that confer too much power to a s i n g l e con­

sumer or cause outcomes to be unduly s e n s i t i v e to a consumer 's 

a c t i o n s . As we po in t out i n sec t i on 3, even w i th p r i v a t e in fo rma­

t i on the outcomes are o f t en f a r from those obta ined from i n t e r i m 

e f f i c i e n t mechanisms. Whi le d e c e n t r a l i z e d t h e o r i e s lead to i n ­

e f f i c i e n t outcomes w i th pure p u b l i c goods, the r e s u l t s i n s e c t i o n 

5 suggest that wi th l o c a l p u b l i c goods i t may be p o s s i b l e to 
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c o n s t r u c t d e c e n t r a l i z e d t h e o r i e s w h i c h y i e l d e f f i c i e n t ou tcomes 

( s e e a l s o comment 9 ) . 

(2 ) I t i s c l e a r t h a t t he p r o b l e m s r a i s e d h e r e a r e 

p r e s e n t i n t he c o n t e x t o f pu re p u b l i c goods a s w e l l . As s h o u l d be 

c l e a r , one d i f f e r e n c e between t he e x t e r n a l i t i e s c a s e and t he 

p u b l i c goods c a s e i s t h a t w i t h p u b l i c g o o d s , t he a s s o c i a t e d 

p r i v a t e goods economy c o n t a i n s p e r f e c t l y comp lemen ta ry o u t p u t s 

r a t h e r t han i n p u t s . 

I n f a c t , i t i s easy t o r e i n t e r p r e t ou r r e s u l t s i n s e c ­

t i o n 4 a s a p p l y i n g to t he c a s e o f p u r e p u b l i c g o o d s . ( I n d e e d , 

t h i s i s t he i n t e r p r e t a t i o n t h a t R o b e r t s (1976) g i v e s i n h i s 

w o r k . ) T h i s can be done by s e t t i n g i n i t i a l endowments o f smoke 

r i g h t s a t z e r o ( a s i n s e c t i o n 4) and r e i n t e r p r e t i n g R(q) a s a c o s t 

f u n c t i o n r a t h e r t han a r evenue f u n c t i o n . I t i s i n t e r e s t i n g t o 

n o t e t h a t t h i s d e m o n s t r a t e s one d i f f e r e n c e between p u b l i c goods 

and e x t e r n a l i t i e s . T h i s d i f f e r e n c e i s t h a t i n a p u b l i c goods 

economy t h e r e i s no need to a s s i g n i n i t i a l endowments . C o n s e ­

q u e n t l y t he s o u r c e o f m a r k e t power w h i c h c a u s e s i n e f f i c i e n c i e s i s 

due c o m p l e t e l y t o t he u n i q u e n e s s o f p r e f e r e n c e s . 

(3) The i n t e r p r e t a t i o n t h a t we have g i v e n to Coase i s 

bu t one o f many ( r i v a l i n g Keynes w e ' r e s u r e ) . Of c o u r s e , n o t h i n g 

as e x p l i c i t a s what we have done a p p e a r s i n C o a s e ' s p a p e r . C e r ­

t a i n l y , Coase never m e n t i o n s " a d d i n g " m a r k e t s a s t h e s o l u t i o n t o 

t he e x t e r n a l i t i e s p r o b l e m . The n o t i o n t h a t t h e p r o b l e m i s e s s e n ­

t i a l l y one o f m i s s i n g m a r k e t s a p p e a r s e x p l i c i t l y a s a d e f i n i t i o n 

i n H e l l e r and S t a r r e t t ( 1976) and i s o f t e n a t t r i b u t e d to Arrow 

( 1 9 7 0 ) . I t can p r o b a b l y be t r a c e d f a r t h e r back a t l e a s t i n some 
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f o r m . Someth ing v e r y c l o s e t o t h i s a p p e a r s i n Meade (1952) and i s 

one i n t e r p r e t a t i o n o f L i n d a h l ( 1 9 1 9 ) . 

O f c o u r s e , t h e c o n t e n t i o n t h a t t he who le p r o b l e m w i t h 

e x t e r n a l i t i e s i s one o f m i s s i n g m a r k e t s i s n o t t he v iew t h a t we 

have a d o p t e d i n t h i s p a p e r . Q u i t e t he c o n t r a r y , t h e q u e s t i o n we 

have c o n s i d e r e d i s whe the r once p r o p e r t y r i g h t s have been f u l l y 

d i s t r i b u t e d (we do no t deny t he d i f f i c u l t y i n d o i n g t h i s i n t h e 

f i r s t p l a c e ) , i s i t " l i k e l y " t h a t t he outcome w i l l be e f f i c i e n t . 

Tha t i s , do economies w i t h p u b l i c goods a n d / o r e x t e r n a l i t i e s 

p r e s e n t a s i g n i f i c a n t l y more s e v e r e p r o b l e m f o r d e c e n t r a l i z a t i o n 

t h r o u g h s e l f i n t e r e s t e d v o l u n t a r y exchange t h a n economies w i t h 

o n l y p r i v a t e goods? The r e s u l t s o f s e c t i o n s 3 and 4 s u g g e s t t h a t 

the answer t o t h i s q u e s t i o n i s t h a t t h e y d o . However , the r e s u l t s 

o f s e c t i o n 5 s u g g e s t t h a t t h e s e p r o b l e m s may no t be u n i v e r s a l . 

O t h e r i n t e r p r e t a t i o n s o f C o a se a r e p o s s i b l e . F o r exam­

p l e , i t has been s a i d t h a t C o a se s a i d t h a t t he d i s t r i b u t i o n o f 

l e g a l r i g h t s does no t have any e f f e c t on a l l o c a t i o n s . C l e a r l y , 

t h i s i s t he c a s e i n many o f h i s examp les bu t c a n n o t be c o n s i d e r e d 

s e r i o u s l y a s i t c l e a r l y w i l l no t h o l d e x c e p t i n v e r y s p e c i a l 

c i r c u m s t a n c e s ( e . g . , t h e income d i s t r i b u t i o n does no t m a t t e r f o r 

e q u i l i b r i u m a l l o c a t i o n s ) . T h a t i s , t he o n l y r e a s o n a b l e i n t e r ­

p r e t a t i o n i s t h a t a l l e q u i l i b r i a a r e e f f i c i e n t , bu t t h a t d i f f e r e n t 

d i s t r i b u t i o n s o f i n i t i a l p r o p e r t y r i g h t s may g i v e r i s e to a l t e r n a ­

t i v e e f f i c i e n t a l l o c a t i o n s . 

Green (1982) g i v e s a v e r y i n t e r e s t i n g i n t e r p r e t a t i o n o f 

Coase i n te rms o f t he e f f i c i e n c y o f e q u i l i b r i a o f l e g a l s t r u c ­

t u r e s . He g i v e s c o n d i t i o n s under w h i c h a l l e f f i c i e n t ou tcomes a r e 
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e q u i l i b r i a o f t he l e g a l s y s t e m . In t h i s f r amework , C o a s e ' s t h e o ­

rem wou ld s t a t e t h a t a l l e q u i l i b r i a o f t he l e g a l s ys tem a r e e f f i ­

c i e n t . T h i s i s an i n t e r e s t i n g a p p r o a c h t o t h e p r o b l e m bu t a s o f 

y e t no a t t e m p t t o p r o v e C o a s e ' s Theorem a s s t a t e d above h a s been 

u n d e r t a k e n to ou r k n o w l e d g e . 

(4 ) Note t h a t t h e p r o b l e m e x p o s i t e d i n t he examp les o f 

s e c t i o n 2 has a n o t h e r a n a l o g i n e c o n o m i c s . T h i s i s the p r o b l e m o f 

em inen t domain ( i . e . , em inen t domain i s t h e commonly u s e d s o l u ­

t i o n ) . T h a t i s , suppose t h a t a c i t y d e c i d e s t o b u i l d a new c i v i c 

c e n t e r ( o r h i g h w a y ) . To do t h i s , i t must d i s p l a c e a l l r e s i d e n t s 

i n t he a r e a o f t he p r o p o s e d s i t e . I f t he c o m p e n s a t i o n o f c u r r e n t 

owners i s d e c i d e d by h a v i n g them announce t he v a l u e o f t h e i r l o t s 

i t i s easy t o s e e t h a t t hey have a s t r o n g i n c e n t i v e t o o v e r s t a t e 

the v a l u e o f t h e i r p r o p e r t y to t r y and e x t r a c t a l l t he s u r p l u s 

f rom t h e a r r a n g e m e n t . A g a i n , the l o t s b e i n g c o n s i d e r e d a r e p e r ­

f e c t l y comp lementa ry g i v e n the s i t e and so t h e same p r o b l e m 

a r i s e s . Example 2 has a n a t u r a l i n t e r p r e t a t i o n i n t h i s c o n n e c t i o n 

a s w e l l — i f t h e r e a r e many e q u a l l y o p p o r t u n e s i t e s , c o m p e t i t i o n 

among them s h o u l d g i v e r i s e t o e f f i c i e n t o u t c o m e s . 

(5) The mechan ism d e s i g n t r a d i t i o n [ see H u r w i c z ( 1 9 7 2 ) , 

G r o v e s and L e d y a r d ( 1 9 7 7 ) , and G r o v e s and L e d y a r d (1985) f o r a 

u s e f u l s u r v e y ] has t a k e n a r e l a t e d r o u t e t o c o n f r o n t i n g t h e p r o b ­

lems r a i s e d h e r e . D i s c u s s i n g a l l t he i s s u e s r a i s e d i n t h i s l i t e r ­

a t u r e wou ld t a k e us t o o f a r a f i e l d . However , a s H u r w i c z ( 1979) 

and G r o v e s and L e d y a r d (1977) s u g g e s t and R o b e r t s (1976) demon­

s t r a t e s even more e x p l i c i t l y , mechanisms w h i c h a r e b o t h d e c e n t r a l ­

i z e d and f e a s i b l e ( i n t he s e n s e o f b a l a n c i n g t h e b u d g e t ) a r e , i n 

g e n e r a l , no t e f f i c i e n t . 
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( 6 ) An o b v i o u s q u e s t i o n to a s k i n t h i s c o n n e c t i o n i s why 

have we no t had t he p rob lems s u g g e s t e d i n S t a r r e t t ' s (1972) 

wo rk . The answer t o t h i s p r o b a b l y l i e s i n t h e f a c t t h a t we have 

i m p l i c i t l y assumed t h a t p e o p l e c a n ' t move and s e l l a l l o f t h e i r 

smoke r i g h t s . The a b i l i t y t o move wou ld c o r r e s p o n d n a t u r a l l y t o 

S t a r r e t t ' s shutdown o p t i o n . I t wou ld be o f i n t e r e s t t o s e e what 

happens i f t h i s i s i n c l u d e d a s a p o s s i b i l i t y . T h a t i s , a r e t h e r e 

p r o b l e m s w i t h n o n e x i s t e n c e i n t h i s c a s e ? (See comment 9 as w e l l . ) 

(7) Our a p p r o a c h to t he p r o b l e m s c o n s i d e r e d has been t o 

s a c r i f i c e c o m p l e x i t y i n t he e n v i r o n m e n t s i n f a v o r o f g e n e r a l i t y i n 

t h e c l a s s o f " t h e o r i e s " a l l o w e d . In d o i n g t h i s we have made many 

s p e c i a l a s s u m p t i o n s c o n c e r n i n g p r e f e r e n c e s , t e c h n o l o g i e s , e t c . I t 

i s n a t u r a l to q u e s t i o n the i m p o r t a n c e o f t h e s e r e s t r i c t i o n s . In 

p a r t i c u l a r , i t i s o f i n t e r e s t t o know w h e t h e r o u r r e s u l t s g e n e r a l ­

i z e a l o n g s e v e r a l d i m e n s i o n s . O b v i o u s g e n e r a l i z a t i o n s t o c o n s i d e r 

i n c l u d e : (a) D r o p p i n g the s p e c i a l s t r u c t u r e o f p r e f e r e n c e s t o 

a l l o w income e f f e c t s , e t c . (b ) A l l o w i n g f o r more goods b o t h 

p r i v a t e and p u b l i c . ( c ) A l l o w i n g f o r s i t u a t i o n s i n w h i c h r e s i ­

d e n t s c a r e abou t c o n s u m p t i o n o f t h e p r o d u c e d good w h i c h i s e x ­

changed f o r money a s w e l l a s t he l e v e l o f p o l l u t i o n , (d ) A l l o w i n g 

f o r p o l l u t i o n t e c h n o l o g i e s i n w h i c h p a r t i a l e x c l u s i o n i s p o s s i b l e . 

(8 ) In o u r v i e w , t he most i m p o r t a n t g e n e r a l i z a t i o n s o f 

t he r e s u l t s o b t a i n e d t o t h i s p o i n t i n v o l v e e x t e n s i o n s o f t h e 

r e s u l t s o f s e c t i o n 5 . I d e a l l y , one wou ld l i k e a s e t o f c o n d i t i o n s 

under w h i c h " m o s t " t h e o r i e s g i v e r i s e t o e f f i c i e n t ou tcomes i n 

economies w i t h l o c a l p u b l i c goods and many p o t e n t i a l " l o c a t i o n s . " 
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Th is leads one n a t u r a l l y to cons ide r a l t e r n a t i v e formu­

l a t i o n s of T i e b o u t ' s hypo thes i s . Note that the r e s u l t g iven i n 

s e c t i o n 5 d i f f e r s from the exp lana t i on o f f e red by Tiebout in a t 

l e a s t one important way. M o b i l i t y i s extremely l i m i t e d . That i s , 

we do not a l l ow agents to move a t a l l (a l though output o f the 

f i n a l good i s a l lowed to move f r e e l y ) . Th i s i n a b i l i t y to move 

leaves open the p o s s i b i l i t y tha t the va r i ous r e s i d e n t s of a g i ven 

town may be ab le to e x p l o i t monopoly power r e l a t i v e to one a n ­

o the r . Th is fea tu re can g i ve r i s e to i n e f f i c i e n c i e s even w i t h 

l o c a l p u b l i c goods. 

These c o n s i d e r a t i o n s lead one n a t u r a l l y to c o n s i d e r 

models in which town format ion i t s e l f i s endogenous (as T iebout 

does) . In t h i s regard , the recent work by Scotchmer (1985) , 

Wooders (1986), and Scotchmer and Wooders (1986) i s l i k e l y to be 

qu i t e u s e f u l . 
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