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ABSTRACT 

T h i s pape r examines the l i m i t i n g b e h a v i o r o f c o o p e r a t i v e and n o n c o o p e r a t i v e 
f i s c a l p o l i c i e s as c o u n t r i e s marke t power goes t o z e r o . In t he f i r s t p a r t we 
p r o v i d e s u f f i c i e n t c o n d i t i o n s f o r t h e s e p o l i c i e s t o c o n v e r g e . In t he s e c o n d 
p a r t we p r o v i d e examples where t h e s e p o l i c i e s d i v e r g e . B r i e f l y , we show t h a t 
i f t h e r e a r e un removab le d o m e s t i c d i s t o r t i o n s t h e n t h e r e can be g a i n s t o 
c o o r d i n a t i o n between c o u n t r i e s even when c o u n t r i e s have no a b i l i t y t o a f f e c t 
w o r l d p r i c e s . These r e s u l t s a r e a t v a r i a n c e w i t h t he r e c e i v e d wisdom i n t h e 
o p t i m a l t a r i f f l i t e r a t u r e . The key d i s t i n c t i o n i s t h a t we mode l e x p l i c i t l y 
t he s p e n d i n g d e c i s i o n s o f t he government w h i l e t he o p t i m a l t a r i f f l i t e r a t u r e 
does n o t . 
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F r e n k e l and R a z i n (1985) r e c e n t l y c a l l e d f o r , f a n a n a l y s i s w h i c h 

would d e t e r m i n e t h e o p t i m a l p a t t e r n o f government s p e n d i n g a l o n g t h e l i n e s o f 

the o p t i m a l t a r i f f l i t e r a t u r e . ' 1 T h i s pape r i s a f i r s t s t e p i n t h i s d i r e c 

t i o n . We c o n s i d e r a w o r l d economy composed o f a number o f c o u n t r i e s i n w h i c h 

governments choose p o l i c y t o max im ize the u t i l i t y o f consumers i n t h e i r c o u n 

t r i e s . W i t h m u l t i p l e p o l i c y m a k e r s we need f i r s t " t o t a k e a s t a n d on how t h e y 

i n t e r a c t . We c o n t r a s t two p o l a r r e g i m e s . In one r e g i m e , p o l i c y m a k e r s a c t i n 

a c o o r d i n a t e d f a s h i o n , c h o o s i n g p o l i c y c o o p e r a t i v e l y t o m a x i m i z e w o r l d w e l 

f a r e . In the o t h e r r e g i m e , t hey choose p o l i c i e s n o n c o o p e r a t i v e l y t o m a x i m i z e 

t h e i r own w e l f a r e . As has l o n g been r e c o g n i z e d , the c o n s e q u e n c e s may be q u i t e 

d i f f e r e n t i n t h e s e two r e g i m e s . In p a r t i c u l a r , t he l i t e r a t u r e on o p t i m a l 

t a r i f f s shows t h a t s u b s t a n t i a l d i s t o r t i o n s and r e d u c t i o n i n w o r l d w e l f a r e c a n 

r e s u l t i f governments a r e u n a b l e t o commit t o c o o p e r a t i o n . Here d i s t o r t i o n s 

a r i s e f rom the monopoly power o f l a r g e c o u n t r i e s . A s t a n d a r d r e s u l t i s t h a t 

i f c o u n t r i e s become s m a l l r e l a t i v e t o t he w o r l d economy, t h e s e d i s t o r t i o n s 

v a n i s h and t a r i f f p o l i c i e s i n t he two r e g i m e s c o n v e r g e . 

We a s k whe the r an a n a l o g o u s r e s u l t h o l d s f o r f i s c a l p o l i c y — w h e t h e r 

c o o p e r a t i v e and n o n c o o p e r a t i v e f i s c a l p o l i c i e s c o n v e r g e as c o u n t r i e s become 

s m a l l . F i s c a l p o l i c i e s a r e mode led on c h o i c e s o f s p e n d i n g l e v e l s on p u b l i c 

goods and t h e i r means o f f i n a n c e . U n l i k e t he l i t e r a t u r e on o p t i m a l t a r i f f s , 

we model e x p l i c i t l y the s p e n d i n g d e c i s i o n s o f g o v e r n m e n t s . T h i s d i f f e r e n c e 

t u r n s ou t t o be c r u c i a l t o the r e s u l t s . 

In t h e f i r s t p a r t o f t he paper we c o n s i d e r a model w i t h lump-sum 

t a x e s . The c h o i c e o f p u b l i c good e x p e n d i t u r e s a f f e c t s w o r l d r e l a t i v e p r i c e s 

even though t h e s e revenues a r e r a i s e d t h r o u g h lump-sum t a x e s r a t h e r t h a n 

t h r o u g h p r i c e - d i s t o r t i n g t a r i f f s . As e x p e c t e d , t h e n o n c o o p e r a t i v e e q u i l i b r i u m 

y i e l d s a l owe r l e v e l o f w e l f a r e t han the c o o p e r a t i v e e q u i l i b r i u m . F o r t h i s 
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mode l we show t h a t t he a n a l o g u e o f the s t a n d a r d t a r i f f r e s u l t h o l d s : a s 

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

c o n v e r g e . 

We then c o n s i d e r a model w i t h d i s t o r t i n g t a x e s . In t h i s c a s e t h e 

t a r i f f r e s u l t does n o t go t h r o u g h : t he c o o p e r a t i v e and n o n c o o p e r a t i v e p o l i 

c i e s a r e g e n e r a l l y d i f f e r e n t , even i n the l i m i t . An i m p l i c a t i o n o f t h i s i s 

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

a t i v e p o l i c i e s d i v e r g e even i f t h e monopoly power o f i n d i v i d u a l c o u n t r i e s goes 

to z e r o . T h i s s u g g e s t s t h a t i f t h e r e a r e un removab le d o m e s t i c d i s t o r t i o n s , 

t h e r e can be g a i n s t o c o o p e r a t i o n between c o u n t r i e s even i n m a r k e t s where t h e y 

have no monopoly p o w e r . 1 

S i n c e t h i s r e s u l t i s a t v a r i a n c e w i t h s t a n d a r d r e s u l t s r e p o r t e d i n 

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

i t . In a c o o p e r a t i v e e q u i l i b r i u m consumers e q u a t e t h e i r m a r g i n a l r a t e s o f 

s u b s t i t u t i o n t o the a f t e r t a x p r i c e . C o n s e q u e n t l y , t he w o r l d ( o r p r e t a x ) 

p r i c e s do no t p r o v i d e any c o u n t r y w i t h t he c o r r e c t s i g n a l o f t h e m a r g i n a l 

r a t e s o f s u b s t i t u t i o n o f consumers i n o t h e r c o u n t r i e s . Hence , i n t h e l i m i t i n g 

n o n c o o p e r a t i v e e q u i l i b r i u m , c o u n t r i e s do no t have the c o r r e c t i n c e n t i v e s t o 

choose d o m e s t i c s p e n d i n g a p p r o p r i a t e l y . The r e s u l t i n g e q u i l i b r i u m i s , i n 

g e n e r a l , s t r i c t l y worse than t he c o o p e r a t i v e e q u i l i b r i u m . 

Throughou t t he paper we r e s t r i c t o u r s e l v e s to s t a t i c mode ls i n o r d e r 

t o a v o i d p rob lems a s s o c i a t e d w i t h t he t ime i n c o n s i s t e n c y o f o p t i m a l p o l i c y . 

R o g o f f (1985) and Kehoe (1986b) have shown i n dynamic s e t t i n g s t h a t c o o p e r a 

t i v e e q u i l i b r i a may be P a r e t o dom ina ted by n o n c o o p e r a t i v e e q u i l i b r i a . An 

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

c o o p e r a t i v e e q u i l i b r i u m be t ime i n c o n s i s t e n t . In t h i s pape r we a t t e m p t i n 

s t e a d t o i s o l a t e and u n d e r s t a n d f a c t o r s t h a t cause n o n c o o p e r a t i v e e q u i l i b r i a 



t o d i v e r g e f rom c o o p e r a t i v e e q u i l i b r i a . Our main f i n d i n g i s t h a t s u c h a 

d i v e r g e n c e r e s u l t can h o l d i n s e t t i n g s w i t h d i s t o r t i n g t a x e s . In p a r t i c u l a r , 

we show the d i v e r g e n c e r e s u l t can h o l d even i n a s t a t i c m o d e l . O f c o u r s e , i n 

dynamic mode l s w i t h d i s t o r t i o n s i t i s p o s s i b l e t o have b o t h o f t h e s e r e s u l t s 

h o l d i n g a t t h e same t i m e . 

The pape r i s o r g a n i z e d as f o l l o w s : s e c t i o n 1 d e s c r i b e s the b a s i c 

model and e s t a b l i s h e s some p r e l i m i n a r y r e s u l t s . S e c t i o n 2 p r o v e s t h a t i n t h i s 

model t h e two s o l u t i o n s conve rge as t he economy i s r e p l i c a t e d . S e c t i o n s 3 and 

4 g i v e examp les i n w h i c h t h e s e s o l u t i o n s d i v e r g e . In s e c t i o n 3 t h i s happens 

b e c a u s e t h e economy i s n o t r e p l i c a t e d and i n s e c t i o n 4 because o f a t a x d i s 

t o r t i o n . In s e c t i o n 5 we summar ize b r i e f l y and a l s o s u g g e s t some e x t e n s i o n s 

o f t h e a n a l y s i s . 

1. Monopo ly D i s t o r t i o n s 

C o n s i d e r a w o r l d economy composed o f a f i n i t e number o f c o u n t r i e s . 

E q u i l i b r i a o f t h i s economy a r e compared under two r e g i m e s : i n t h e f i r s t , 

gove rnmen ts s e t p o l i c y c o o p e r a t i v e l y ; i n t he s e c o n d , governments p l a y a n o n -

c o o p e r a t i v e game. The re a r e two ma in r e s u l t s . F i r s t , n o n c o o p e r a t i v e e q u i l i b 

r i a t y p i c a l l y do n o t c o i n c i d e w i t h c o o p e r a t i v e e q u i l i b r i a . S e c o n d , c o o p e r a 

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

Under b o t h r e g i m e s , governments t a k e i t as g i v e n t h a t , f o r e a c h 

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

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

What d r i v e s t h e r e s u l t s i s t h a t f o r a f i x e d number o f c o u n t r i e s a change i n 

p o l i c y by any c o u n t r y changes w o r l d p r i c e s . In a n o n c o o p e r a t i v e e q u i l i b r i u m , 

i t i s o p t i m a l f o r e a c h government t o d i s t o r t i t s d e c i s i o n away f rom the 

( w o r l d ) s o c i a l opt imum i n o r d e r t o t a k e a d v a n t a g e o f i t s power t o a f f e c t w o r l d 

p r i c e s , t h a t i s , i t s monopoly power . In a c o o p e r a t i v e e q u i l i b r i u m , howeve r , 
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i t i s no t o p t i m a l f o r a l l governments t o d i s t o r t t h e i r d e c i s i o n s away f rom the 

s o c i a l op t imum. 

The n o n c o o p e r a t i v e and c o o p e r a t i v e e q u i l i b r i a can be e a s i l y com

p u t e d . R e c a l l t h a t f o r each s e t t i n g o f p o l i c y , p r i v a t e a g e n t s a r e i n c o m p e t i 

t i v e e q u i l i b r i u m . We t h e r e f o r e s o l v e f i r s t f o r t he c o m p e t i t i v e e q u i l i b r i u m 

f o r an a r b i t r a r y s e t t i n g o f government p o l i c y . The c o m p e t i t i v e e q u i l i b r i u m 

a l l o c a t i o n s and p r i c e s a r e t h e n used to e x p r e s s each g o v e r n m e n t ' s o b j e c t i v e 

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

m e n t s . F i n a l l y , we s o l v e f o r t h e g o v e r n m e n t s ' p o l i c i e s under the two r e g i m e s . 

A . C o m p e t i t i v e E q u i l i b r i a f o r P r i v a t e Agen ts 

C o n s i d e r a w o r l d economy composed o f a f i n i t e number o f c o u n t r i e s I 

w i t h b o t h p r i v a t e and p u b l i c g o o d s . Each c o u n t r y i s p o p u l a t e d by a l a r g e 

number o f i d e n t i c a l c o n s u m e r s , say L , and a gove rnmen t . F o r e a s e o f n o t a t i o n , 

l e t L e q u a l 1. Consumers i n e a c h c o u n t r y have endowments o f two p r i v a t e 

g o o d s . The government o f each c o u n t r y has a c c e s s t o a p r o d u c t i o n t e c h n o l o g y 

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

b e n e f i t s o n l y r e s i d e n t s o f t he c o u n t r y . Each government pays f o r t h i s p u b l i c 

good by l e v y i n g lump-sum t a x e s on i t s i n h a b i t a n t s . 

In p a r t i c u l a r , a consumer o f c o u n t r y i i s endowed w i t h a p o s i t i v e 

amount y * o f each ( p r i v a t e ) good n and i s t a x e d T 1 u n i t s o f good 1 f o r i = 1, 

I, and n = 1, 2 . T h i s consumer chooses c^ u n i t s o f good n and r e c e i v e s 

g 1 u n i t s o f t he c o u n t r y - i - s p e c i f i c p u b l i c g o o d . Consumer i ' s p r e f e r e n c e s o v e r 

the c o n s u m p t i o n b u n d l e ( c ^ c ^ g 1 ) a r e g i v e n by 

( 1 . 1 ) u ( c r c 2 , g ) . 
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We assume t h a t e a c h u 1 i s monotone, s t r i c t l y c o n c a v e , and 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 , and t h a t t he m a r g i n a l u t i l i t y o f e a c h good goes t o i n f i n i t y as 

the amount o f each good goes t o z e r o . T h i s c o n s u m e r ' s budget c o n s t r a i n t i s 

( 1 . 2 ) c * + p c * = y * - x 1 + p y * , 

where p d e n o t e s t he p r i c e o f good 2 r e l a t i v e t o good 1. The consumer , t a k i n g 

as g i v e n the p r i c e p and t he t a x - s p e n d i n g p o l i c y ( x ^ g 1 ) o f t h e government o f 

c o u n t r y i , chooses p r i v a t e good consump t i on c^" and c^ t o m a x i m i z e ( 1 . 1 ) s u b 

j e c t t o ( 1 . 2 ) . L e t t he demand f u n c t i o n s f o r t h i s consumer be d e n o t e d by 

C ^ T 1 ^ ) f o r n = 1, 2 , where t he e x p l i c i t dependence o f t h e s e f u n c t i o n s on t he 

endowments i s s u p p r e s s e d . 

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

t h a t c o n v e r t s p r i v a t e good 1 i n t o a c o u n t r y - i - s p e c i f i c p u b l i c g o o d . F o r 

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

c o e f f i c i e n t . The budge t c o n s t r a i n t f o r t he government o f c o u n t r y i i s 

( 1 . 3 ) g 1 = T 1 . 

S i n c e government s p e n d i n g a l w a y s e q u a l s t a x e s , government i ' s p o l i c y i s summa

r i z e d by x 1 and r e f e r r e d t o e i t h e r as " s p e n d i n g " o r " t a x e s . " 

Ma rke t c l e a r i n g i n good m a r k e t s 1 and 2 r e q u i r e s 

i=1 i=1 i=1 

and 

( 1 . 5 ) I 4- £ y * . 
i=1 i=1 

L e t x = ( x 1 , . . . ^ 1 ) and c n = ( c 1 , . . . , c J ) f o r n = 1, 2 . 
n n n 
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A c o m p e t i t i v e e q u i l i b r i u m i s an a l l o c a t i o n o f p r i v a t e c o n s u m p t i o n 

( c ^ ^ ) , a p r i c e p , and a v e c t o r o f government t a x - s p e n d i n g p o l i c i e s T s u c h 

t h a t t h e s e c o n d i t i o n s h o l d : 

• F e a s i b i l i t y . The c o n s u m p t i o n and government s p e n d i n g v e c t o r s s a t i s f y 

( 1 . 4 ) and ( 1 . 5 ) . 

• Consumer m a x i m i z a t i o n . The consump t i on a l l o c a t i o n s and c ^ m a x i m i z e 

( 1 . 1 ) s u b j e c t t o ( 1 . 2 ) g i v e n x 1 and p f o r each i = 1, I. 

N o t i c e s e v e r a l f e a t u r e s o f t h i s e q u i l i b r i u m , w h i c h we w i l l use l a t e r . F i r s t , 

g i v e n t h e g o v e r n m e n t ' s b u d g e t , we can e x p r e s s the m a x i m i z e d v a l u e o f consumer 

i f s u t i l i t y as 

( 1 . 6 ) VHT\P) = u ^ c ^ x S p ) ^ ^ 1 , ? ) ^ 1 ] . 

N e x t , f o r any g i v e n v e c t o r x , t he m a r k e t c l e a r i n g c o n d i t i o n s t o g e t h e r w i t h t h e 

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

t i o n o f x , say 

( 1 . 7 ) p = p ( x ) . 

F i n a l l y , n o t i c e t h a t f o r a g i v e n v e c t o r x o f government p o l i c i e s , t h e p r i v a t e 

consump t i on a l l o c a t i o n s and p r i c e s i n t he above e q u i l i b r i u m w i t h p u b l i c goods 

a r e i d e n t i c a l t o t h o s e i n an economy w i t h o n l y p r i v a t e goods i n w h i c h c o u n t r y 

i c o n s u m e r s ' p r i v a t e good endowments a r e y^ - x 1 and y * , r e s p e c t i v e l y and x 

e n t e r s t h e u t i l i t y f u n c t i o n as a f i x e d p a r a m e t e r . B e c a u s e o f t h i s , i t i s 

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

a l l o c a t i o n s ( c ^ c ^ x ) t h a t s a t i s f y ( 1 . 4 ) and ( 1 . 5 ) and t h a t t a k e x a s g i v e n . 
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B. M o n c o o p e r a t i v e and C o o p e r a t i v e E q u i l i b r i a 

In t h e l a s t s e c t i o n government p o l i c i e s were a r b i t r a r y . In t h i s 

s e c t i o n we c o n s i d e r p o l i c i e s t h a t a r e outcomes o f e i t h e r a n o n c o o p e r a t i v e o r a 

c o o p e r a t i v e game among g o v e r n m e n t s . In b o t h o f t h e s e games, gove rnmen ts m a x i 

m ize the u t i l i t y o f t h e i r r e s i d e n t s t a k i n g as g i v e n t h a t t h e s e p r i v a t e a g e n t s 

a r e i n a c o m p e t i t i v e e q u i l i b r i u m . T h i s f a c t can be u s e d t o e x p r e s s t h e o b j e c 

t i v e f u n c t i o n s o l e l y i n te rms o f government p o l i c i e s . 

F o r a g i v e n p o l i c y x 1 and p r i c e p, t he m a x i m i z e d v a l u e o f u t i l i t y o f 

a consumer i n c o u n t r y i i s g i v e n by ( 1 . 6 ) . We can combine ( 1 . 6 ) w i t h ( 1 . 7 ) t o 

e x p r e s s t h e o b j e c t i v e f u n c t i o n o f t he government o f c o u n t r y i s o l e l y a s a 

f u n c t i o n o f x , say a s R 1 ( x ) , where 

( 1 . 8 ) R ^ x ) = V i [ x i , p ( x ) ] . 

G i v e n t h e s e o b j e c t i v e f u n c t i o n s , we d e f i n e a n o n c o o p e r a t i v e e q u i l i b  

r i u m f o r gove rnmen ts t o be a v e c t o r x o f government p o l i c y s u c h t h a t f o r e a c h 

c o u n t r y i , x i m a x i m i z e s ( 1 . 8 ) g i v e n x - i = ( x ^ , . . . j X ^ " 1 , x i + ^ , . . . j X 1 ) . A n o n -

c o o p e r a t i v e e q u i l i b r i u m i s a v e c t o r o f government p o l i c y x , an a l l o c a t i o n o f 

p r i v a t e c o n s u m p t i o n ( c ^ ^ ) and a p r i c e p s u c h t h a t t h e s e c o n d i t i o n s h o l d : 

• N o n c o o p e r a t i v e e q u i l i b r i u m f o r g o v e r n m e n t s . The v e c t o r x c o n s t i t u t e s a 

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

• C o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e a g e n t s . G i v e n x , t he a l l o c a t i o n 

( c ^ ^ ) and t h e p r i c e p c o n s t i t u t e a c o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e 

a g e n t s . 

In a n o n c o o p e r a t i v e e q u i l i b r i u m e a c h government c h o o s e s p o l i c y 

s e p a r a t e l y t o m a x i m i z e i t s c o u n t r y ' s o b j e c t i v e f u n c t i o n . In a c o o p e r a t i v e 

e q u i l i b r i u m , gove rnmen ts i n s t e a d choose p o l i c y j o i n t l y t o m a x i m i z e a w o r l d 
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o b j e c t i v e f u n c t i o n . We w i l l assume the w o r l d o b j e c t i v e f u n c t i o n i s a w e i g h t e d 

a v e r a g e o f t h e i n d i v i d u a l c o u n t r y ' s o b j e c t i v e f u n c t i o n s . F o r an a r b i t r a r y 

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

governments r e l a t i v e t o X t o be a v e c t o r x o f government p o l i c i e s t h a t m a x i 

m i z e 

I . . 
( 1 . 9 ) I x V ( x ) . 

i=1 

A c o m p l e t e d e f i n i t i o n o f a c o o p e r a t i v e e q u i l i b r i u m i n c l u d e s an a l l o c a t i o n 

(CyC^) and a p r i c e s y s t e m p s u c h t h a t t h e s e c o n d i t i o n s h o l d : 

• C o o p e r a t i v e e q u i l i b r i u m f o r g o v e r n m e n t s . The v e c t o r x c o n s t i t u t e s a 

c o o p e r a t i v e e q u i l i b r i u m f o r governments r e l a t i v e t o X . 

• C o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e a g e n t s . G i v e n x , t he a l l o c a t i o n 

( c ^ c ^ ) and p r i c e p c o n s t i t u t e a c o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e 

a g e n t s . 

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

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

t h e s e w e i g h t s . Such w e i g h t s r e s p e c t p r i v a t e o w n e r s h i p i n t h e s e n s e t h a t t h e y 

s e t t o z e r o an e x c e s s s a v i n g s f u n c t i o n a s s o c i a t e d w i t h a p l a n n i n g p r o b l e m i n 

w h i c h b o t h p r i v a t e consump t i on and government s p e n d i n g a r e c h o s e n . We w i l l 

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

p r o b l e m . To t h i s e n d , c o n s i d e r t he f o l l o w i n g p l a n n i n g p r o b l e m : F o r a g i v e n 

v e c t o r X = ( X ^ , . . . ^ 1 ) o f n o n n e g a t i v e w e i g h t s l e t 

I 
( 1 . 1 0 ) W(X) = max { I X ^ u ^ c ^ c ^ x 1 ) ] } 

{ c ^ c ^ x } i = 1 
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s u b j e c t t o 

i=1 ' 

I I I 

i=1 

and 

I I 

L e t p-| and p 2 d e n o t e t he Lag range m u l t i p l i e r s on t h e s e c o n s t r a i n t s , and l e t 

p = P2 /P1 be the n o r m a l i z e d Lag range m u l t i p l i e r . W r i t e t he s o l u t i o n t o t h i s 

p r o b l e m a s ( c ^ X ) , c 2 ( X ) ,x(x) , p ( X ) } and c a l l i t a ( w o r l d ) s o c i a l opt imum r e l a 

t i v e t o X . 

F o r e a c h c o u n t r y i d e f i n e t he e x c e s s s a v i n g s f u n c t i o n s 1 ( x ) t o be 

L e t S d e n o t e t he s e t o f w e i g h t s t h a t y i e l d s e x c e s s s a v i n g s o f z e r o i n e a c h 

c o u n t r y , t h a t i s , 

C a l l S t he s e t o f w e i g h t s t h a t r e s p e c t p r i v a t e o w n e r s h i p , c a l l a s o c i a l o p t i 

mum r e l a t i v e t o some X i n S a s o c i a l opt imum t h a t r e s p e c t s p r i v a t e o w n e r s h i p , 

and c a l l a c o o p e r a t i v e e q u i l i b r i u m r e l a t i v e t o some X i n S a c o o p e r a t i v e 

e q u i l i b r i u m t h a t r e s p e c t s p r i v a t e o w n e r s h i p . We t h e n h a v e : 

P r o p o s i t i o n 1: A c o o p e r a t i v e e q u i l i b r i u m t h a t r e s p e c t s p r i v a t e o w n e r s h i p i s a 

s o c i a l opt imum t h a t r e s p e c t s p r i v a t e o w n e r s h i p . 

p r e c i s e way t o s t a t e t h e p r o p o s i t i o n i s : f o r any X i n S , t h e s e t o f c o o p e r a 

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

( 1 . 1 1 ) s 1 ( x ) = [ y J - c ^ x j V u ) ] + p U U y ^ - C g U ) ] . 

( 1 . 1 2 ) S = { x e R ^ | s 1 ( X ) = 0 f o r i = 1 , . . . , l } . 

The p r o o f o f t h i s p r o p o s i t i o n i s i n t h e a p p e n d i x . A s l i g h t l y more 
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t o the same X . The i n t u i t i o n b e h i n d t h e p r o p o s i t i o n r u n s s o m e t h i n g l i k e 

t h i s : T h i n k o f t h e c o o p e r a t i v e m a x i m i z a t i o n p r o b l e m as a s e a r c h a c r o s s p o l i 

c i e s (and t h e r e f o r e a c r o s s c o m p e t i t i v e e q u i l i b r i a g i v e n t h e s e p o l i c i e s ) f o r 

t he one t h a t y i e l d s the h i g h e s t v a l u e o f t h e o b j e c t i v e f u n c t i o n . We know t h a t 

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

mal g i v e n t h e government p o l i c y . The o n l y c i r c u m s t a n c e , t h e n , t h a t c o u l d 

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

chosen o p t i m a l l y . 

To u n d e r s t a n d how government s p e n d i n g c o u l d be c h o s e n s u b o p t i m a l l y , 

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

m igh t t h i n k t h a t f o r any s u c h X , a c o o p e r a t i v e e q u i l i b r i u m r e l a t i v e t o X i s a 

s o c i a l opt imum r e l a t i v e t o X . I t i s e a s y t o s e e , howeve r , t h a t t h i s i s n o t 

t r u e . R e c a l l t h a t i n ou r c o o p e r a t i v e e q u i l i b r i u m t h e o n l y c h o i c e g o v e r n m e n t s 

make i s t he l e v e l o f government s p e n d i n g . S u p p o s e , i n s t e a d , we c o n s i d e r e d a 

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

make lump-sum t r a n s f e r s between r e s i d e n t s o f e a c h c o u n t r y . In t h i s e q u i l i b 

r i u m , f o r any v e c t o r f o r w e i g h t s , t he gove rnmen ts w i l l s e t government s p e n d i n g 

o p t i m a l l y and t hen w i l l use a s e p a r a t e s e t o f i n s t r u m e n t s — t h e lump-sum t r a n s 

f e r s — t o a c h i e v e t h e o p t i m a l income d i s t r i b u t i o n a c r o s s c o u n t r i e s . In c o n 

t r a s t , i n ou r c o o p e r a t i v e e q u i l i b r i u m t h e s e two g o a l s must be a c h i e v e d by a 

s i n g l e s e t o f i n s t r u m e n t s , t he l e v e l s o f government s p e n d i n g . I f t h e w e i g h t s 

chosen do n o t r e s p e c t t h e i n i t i a l d i s t r i b u t i o n o f i ncome , t he gove rnmen t 

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

h i g h e r ( l o w e r ) w e i g h t s t han t h e i r endowments j u s t i f y a r e compensated i n u t i l 

i t y te rms by i n e f f i c i e n t l y h i g h ( l ow) l e v e l s o f government s p e n d i n g . In t h e 

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

t h i s i n i t i a l d i s t r i b u t i o n o f endowments i s nonempty , and t h a t t he amount o f 
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government s p e n d i n g f o r a c o o p e r a t i v e e q u i l i b r i u m r e l a t i v e t o s u c h w e i g h t s i s 

o p t i m a l . 

We n e x t show t h a t w i t h a f i x e d number o f c o u n t r i e s , t he c o o p e r a t i v e 

e q u i l i b r i a t y p i c a l l y do n o t c o i n c i d e w i t h t he n o n c o o p e r a t i v e e q u i l i b r i a . To 

d e m o n s t r a t e t h i s , compare t he f i r s t - o r d e r c o n d i t i o n s o f t he n o n c o o p e r a t i v e 

e q u i l i b r i a w i t h t h o s e o f t h e c o o p e r a t i v e e q u i l i b r i a . In a n o n c o o p e r a t i v e 

e q u i l i b r i u m , t h e government o f c o u n t r y k c h o o s e s s p e n d i n g x^ t o s a t i s f y 

< " 3 > 

3x 3x ^ 3x 

T h i s i s e a s i l y t r a n s f o r m e d i n t o 

k 

(,.,4) . ^ • ( j £ < £ > iEjj . 0 
U^ 3x 

by u s i n g t he d e f i n i t i o n o f R i n e q u a t i o n ( 1 . 8 ) . We c a l l t he f i r s t t e rm i n 

e q u a t i o n s ( 1 . 1 3 ) and ( 1 . 1 4 ) t he d i r e c t e f f e c t o f a change i n p o l i c y and t he 

s e c o n d te rm t he i n d i r e c t ( o r g e n e r a l e q u i l i b r i u m ) e f f e c t . The d i r e c t e f f e c t 

measures t he impac t o f a change i n p o l i c y by a government on t h a t c o u n t r y ' s 

r e s i d e n t s a t a g i v e n w o r l d p r i c e p . N o t e , howeve r , t h a t w i t h a f i n i t e number 

o f c o u n t r i e s , a change i n s p e n d i n g by one government a l s o a f f e c t s t h i s w o r l d 

p r i c e . The i n d i r e c t e f f e c t measures t h e impac t on r e s i d e n t s o f a change i n 

government s p e n d i n g s o l e l y i n te rms o f c h a n g i n g t h i s w o r l d p r i c e . 

In a c o o p e r a t i v e e q u i l i b r i u m t h a t r e s p e c t s p r i v a t e o w n e r s h i p , t h e 

sum o f t he i n d i r e c t e f f e c t s i s z e r o . F o r each c o u n t r y k government s p e n d -

k k k 
i n g x must s a t i s f y -1 + U

T ^ U ] ' ®* ^he wedge between t h e s e two f i r s t - o r d e r 

c o n d i t i o n s i s t h e te rm 
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( 1 . 1 5 ) ( y W ) 

wh i ch we c a l l t he monopoly d i s t o r t i o n . 

In t he c o o p e r a t i v e a l l o c a t i o n , the f i r s t - o r d e r c o n d i t i o n s r e q u i r e 

t h a t government s p e n d i n g be chosen o p t i m a l l y , t h a t i s , t o e q u a t e m a r g i n a l 

r a t e s o f s u b s t i t u t i o n w i t h m a r g i n a l r a t e s o f t r a n s f o r m a t i o n . In t h e n o n c o o p 

e r a t i v e a l l o c a t i o n , howeve r , t he monopoly d i s t o r t i o n d r i v e s a wedge be tween 

the o p t i m a l d e c i s i o n and the n o n c o o p e r a t i v e d e c i s i o n s . B a s i c a l l y , i n t he 

n o n c o o p e r a t i v e a l l o c a t i o n each government t a k e s i n t o a c c o u n t i t s e f f e c t on 

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

bu t a l s o t o i n f l u e n c e p r i c e s i n a d i r e c t i o n t h a t b e n e f i t s i t s r e s i d e n t s . In 

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

n e t e x p o r t e r o f good 1. A t t h i s a l l o c a t i o n , a n o n c o o p e r a t i v e government o f 

t h i s c o u n t r y wou ld have an i n c e n t i v e t o r a i s e i t s s p e n d i n g a l i t t l e , t h e r e b y 

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

p r i c e o f e x p o r t s ( l o w e r i n g the r e l a t i v e p r i c e p o f i m p o r t s ) and i n t h e p r o c e s s 

make i t s e l f b e t t e r o f f . L i k e w i s e , i f a t t he c o o p e r a t i v e l e v e l o f s p e n d i n g 

c o u n t r y k i s a n e t i m p o r t e r o f good 1, t hen a n o n c o o p e r a t i v e government o f 

t h i s c o u n t r y wou ld have an i n c e n t i v e t o l o w e r i t s s p e n d i n g a l i t t l e , t h e r e b y 

i n c r e a s i n g t he n e t p r i v a t e s u p p l y o f p r i v a t e good 1 and l o w e r i n g t he r e l a t i v e 

p r i c e o f i m p o r t s ( r a i s i n g t he r e l a t i v e p r i c e o f e x p o r t s ) . 

In g e n e r a l , t h e n , t he n o n c o o p e r a t i v e and c o o p e r a t i v e e q u i l i b r i a do 

n o t c o i n c i d e when t h e r e i s a f i n i t e number o f c o u n t r i e s b e c a u s e o f monopo ly 

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

a l s o be a n o n c o o p e r a t i v e e q u i l i b r i u m i s one i n w h i c h t h e r e i s no t r a d e . In 

t h i s s p e c i a l c a s e monopoly d i s t o r t i o n s d i s a p p e a r and gove rnmen ts have no 

i n c e n t i v e s t o d i s t o r t s p e n d i n g d e c i s i o n s t o a f f e c t w o r l d p r i c e s . 
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2 . C o n v e r g e n c e i n R e p l i c a Economies 

In s e c t i o n 1 we showed t h a t , g i v e n a f i n i t e number o f c o u n t r i e s , 

n o n c o o p e r a t i v e and c o o p e r a t i v e e q u i l i b r i a t y p i c a l l y do n o t c o i n c i d e . T h i s i s 

so because i n t h e n o n c o o p e r a t i v e e q u i l i b r i a i t i s i n e a c h g o v e r n m e n t ' s i n t e r 

e s t t o t a k e a d v a n t a g e o f i t s monopoly power and d i s t o r t i t s d e c i s i o n away f r o m 

the s o c i a l op t imum. In t h i s s e c t i o n , we show t h a t i f t h e economy o f s e c t i o n 1 

i s r e p l i c a t e d , t hen t he monopoly d i s t o r t i o n s go t o z e r o , and t he n o n c o o p e r a 

t i v e and c o o p e r a t i v e a l l o c a t i o n s c o n v e r g e . 

C o n s i d e r r e p l i c a t i n g t he economy o f s e c t i o n 1 a f i x e d number o f 

t i m e s , say J . E v e n t u a l l y we w i l l l e t J go t o i n f i n i t y . The J t h r e p l i c a e c o n 

omy has c o u n t r i e s i n d e x e d by i j f o r i = 1, I and j = 1, J , where i 

r e f e r s t o t h e t y p e o f c o u n t r y and j r e f e r s t o t he r e p l i c a t i o n number . A l l J 

consumers o f t y p e i have the same u t i l i t y f u n c t i o n s and endowments: 

( 2 . 1 ) u l j = u l 1 and y l j = y i 1 f o r a l l j = 1, J . 

The demand f u n c t i o n o f consumer i j f o r good n i s d e n o t e d by 

C ^ ( T \ p ) f o r n = 1 , 2 . Ma rke t c l e a r i n g f o r good 1 t hen r e q u i r e s 

( 2 . 2 ) n c ; v j p ) + n t i j = n y ; j . 
j i J i j i 

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

government s p e n d i n g . L e t us w r i t e t h i s f u n c t i o n as 

( 2 . 3 ) p = p ( T J ) 

where T J = ( x 1 1 , . . . , t 1 1 ; . . . ; T 1 J , . . . , x I J ) . The o b j e c t i v e f u n c t i o n o f t he g o v 

ernment o f c o u n t r y i j i s 
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( 2 . 4 ) R i J ( T J ) = V I J [ T i J , p ( T J ) ] , 

where J i s d e f i n e d a n a l o g o u s l y to ( 1 . 6 ) . 

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

a r e d e f i n e d as i n t he l a s t s e c t i o n . We f o c u s on e q u i l i b r i a t h a t a r e s y m m e t r i c 

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

i s , T-^J = x i 1 f o r a l l i and j . From now o n , t h i s symmetry r e q u i r e m e n t w i l l be 

u n d e r s t o o d . We t h e n h a v e : 

P r o p o s i t i o n 2 : As the number o f r e p l i c a t i o n s goes t o i n f i n i t y , t h e n o n c o o p e r 

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

o w n e r s h i p . 

The p r o o f o f t h i s p r o p o s i t i o n i s a s t r a i g h t f o r w a r d a p p l i c a t i o n o f 

t h e d e f i n i t i o n o f a r e p l i c a economy, t o g e t h e r w i t h a l i t t l e p r i c e t h e o r y . F o r 

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

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

a r e z e r o . In t he J t h r e p l i c a economy, t he monopoly d i s t o r t i o n f o r c o u n t r y k1 

( t h e f i r s t r e p l i c a o f t y p e k) i s 

The p r o p o s i t i o n i s p r o v e d by show ing t h a t t h i s d i s t o r t i o n goes t o z e r o a s J 

goes t o i n f i n i t y f o r e a c h t y p e k o f c o u n t r y . 

C o n s i d e r f i r s t an economy w i t h J e q u a l t o 1, t he o r i g i n a l economy. 

In t h i s economy, t he m a r k e t c l e a r i n g c o n d i t i o n , 

( 2 . 6 ) lo]]
 + l x i 1 = \y\\ 

i=1 ' i=1 i=1 
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d e f i n e s t h e e q u i l i b r i u m p r i c e f u n c t i o n p ( T 1 ) and t h e p r i v a t e c o n s u m p t i o n 

a l l o c a t i o n s { c i 1 | i = 1 , . . . , i } . To e v a l u a t e how a change i n s p e n d i n g by t h e 

government o f a c o u n t r y o f t y p e k a f f e c t s t h e e q u i l i b r i u m p r i c e , - d i f f e r e n t i a t e 

( 2 . 6 ) t o o b t a i n 

, T K 1 - 3 c k 1 / 3 x k 1 

( 2 . 7 ) M i l = ] . 
, k1 1 - 1 

) 3C.. / 3 p 
1=1 1 

Now c o n s i d e r an economy w i t h J g r e a t e r t h a n 1. In s u c h an economy, t he m a r k e t 

c l e a r i n g c o n d i t i o n , 

J I . . J I . . J I . . 
( 2 . 8 ) I I • l I x 1 J = l l y J , 

j=1 i=1 J=1 i=1 j=1 i=1 

d e f i n e s t h e e q u i l i b r i u m p r i c e f u n c t i o n p ( T t J ) and t h e p r i v a t e c o n s u m p t i o n 

a l l o c a t i o n s [c1^ | i = 1 , . . . , I; j = 1 , . . . , J } . To e v a l u a t e how a change i n s p e n d i n g 

by a government o f a c o u n t r y o f t ype k, s a y c o u n t r y k 1 , a f f e c t s t h i s p r i c e , 

d i f f e r e n t i a t e ( 2 . 8 ) t o o b t a i n 

J , 1 - 8 c f 1 / 3 x k 1 

( 2 . 9 ) M l _ ) = _ _ _ l 
, k l J I 
3 T I i a c ; j / 3 P 

j=1 i=1 

From t h e d e f i n i t i o n o f a r e p l i c a economy, c ^ ( p , x ^ ) = c ^ ( p , x ^ ) 

f o r a l l i and j , and by o u r symmetry a s s u m p t i o n x ^ J = x ^ f o r a l l i and j . 

Thus i n an e q u i l i b r i u m o f t he J t ' 1 r e p l i c a economy, we can w r i t e ( 2 . 8 ) a s 

( 2 . 1 0 ) J I C ; \ p , x i 1 ) + J I x 1 1 = J I yi\ 
i=1 i=1 i=1 
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wh i ch i s e q u i v a l e n t t o ( 2 . 6 ) . Tha t i s , t he c o m p e t i t i v e e q u i l i b r i a o f t h e J u £ 1 

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

r e p l i c a t e d J t i m e s . In p a r t i c u l a r , w i t h concave u t i l i t y f u n c t i o n s a l l c o n 

sumers o f t h e same t y p e g e t t he same a l l o c a t i o n . T h i s i m p l i e s 

J I 3 c ^ I 3 c , 1 

( 2 . 1 D I I - T 1 - = J I 

J = 1 i=1 3 P i=1 9 P 

Combin ing ( 2 . 7 ) , ( 2 . 9 ) , and ( 2 . 1 1 ) g i v e s 

3 P ( T J ) _ 1 3 p ( T 1 ) 
K d m } k1 " J k1 * 

3x 3T 

U s i n g ( 2 . 1 2 ) and t he f a c t t h a t t he e q u i l i b r i a i n t h e r e p l i c a economy a r e t he 

r e p l i c a t e d e q u i l i b r i a o f t he o r i g i n a l economy, we have t h a t a s J goes t o 

i n f i n i t y t h e monopoly d i s t o r t i o n ( 2 . 5 ) goes t o z e r o f o r each c o u n t r y . The 

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

3 . D i v e r g e n c e i n N o n r e p l i c a Economies 

In t he l a s t s e c t i o n , r e p l i c a t i o n was shown t o c a u s e t h e c o o p e r a t i v e 

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

t h a t c o u n t r i e s become s m a l l i n two w a y s . F i r s t , each c o u n t r y ' s endowment, a s 

a f r a c t i o n o f t he w o r l d endowment, c o n v e r g e s t o z e r o . S e c o n d , e a c h c o u n t r y ' s 

s o c i a l l y o p t i m a l l e v e l o f government s p e n d i n g , as a f r a c t i o n o f t he w o r l d 

endowment, c o n v e r g e s t o z e r o . In t h i s s e c t i o n we p r e s e n t a p a r a m e t r i c examp le 

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

s o l u t i o n s d i v e r g e . [ T h i s example i s c l o s e l y r e l a t e d t o Devereux ( 1 9 8 6 ) . ] 

In the p r e v i o u s s e c t i o n , t he o r i g i n a l economy had I t y p e s o f c o u n 

t r i e s and two p r i v a t e g o o d s . A t e a c h s t a g e o f t he r e p l i c a t i o n p r o c e s s , t h e 

number o f t y p e s o f c o u n t r i e s and goods rema ined f i x e d as r e p l i c a s were 
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a d d e d . Each c o u n t r y t hus became s m a l l r e l a t i v e t o t he number o f c o u n t r i e s o f 

the same t y p e . In c o n t r a s t , t he p r e s e n t examp le has o n l y one c o u n t r y o f e a c h 

t y p e , and a t e a c h s t a g e we add a c o u n t r y o f a d i f f e r e n t t y p e , w h i c h has monop

o l y power o v e r a new g o o d . T h i s d i f f e r e n c e i n how we add c o u n t r i e s and goods 

i s c r u c i a l t o t h e r e s u l t s . 

In p a r t i c u l a r , l e t t h e r e be I c o u n t r i e s ( i n d e x e d i = 1 , . . . , I ) and I 

p r i v a t e goods ( i n d e x e d n = 1 , . . . , I ) . Consumers i n c o u n t r y i own the w o r l d 

endowment o f good i and own no o t h e r g o o d s . O n l y t he government o f c o u n t r y i 

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

c o u n t r y - s p e c i f i c good a t a o n e - t o - o n e r a t e . 

In a d d i t i o n , l e t c ^ d e n o t e the c o n s u m p t i o n o f p r i v a t e good n by 

consumers i n c o u n t r y i , l e t y^ d e n o t e the c o u n t r y i consumer endowment o f good 

i , and l e t x^ d e n o t e t he amount o f p r i v a t e good i t h a t i s c o n v e r t e d by t h e 

government o f c o u n t r y i i n t o a p u b l i c g o o d . L e t e a c h t y p e o f c o u n t r y be 

s y m m e t r i c i n t h e s e n s e t h a t t he u t i l i t y f u n c t i o n s and endowments a r e symmet

r i c : 

. . . . I . 
1/1 1 1\ r 1 , 1 , 1 u ( c , , . . . , c T , x . ) = ) 7 I n c + I n x . r ' I' l L * I n l n=1 

and 

y j = y ] f o r a l l i = 1, I. 

L e t p = ( p < ] , . . . , p j ) d e n o t e t he p r i c e s o f t h e p r i v a t e g o o d s . Consumers i n 

c o u n t r y i s o l v e the p r o b l e m 

. . I 1 

( 3 . D V 1 ( x 1 , p ) = max { \ j I n c ' + l n x j } 
r i i n=1 
{ C } 

s u b j e c t t o 
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I . . 
I p c 1 = p.(yl-xl), 
* V n n l l l n= i 

where c 1 = ( c * , . . . , C j ) and the consumer and t h e government budge t c o n s t r a i n t s 

a r e a l r e a d y c o m b i n e d . The r e s u l t i n g demand f u n c t i o n s a r e 

i 1 p i ( y i " T i ) 

Marke t c l e a r i n g r e q u i r e s 

I . 

( 3 . 3 ) J c 1 + x n = yn
 f o r n = 1, . . . , I. 

x . L . n n
 Jn J J 

1=1 

S u b s t i t u t i n g t he demand f u n c t i o n s i n t o t h e m a r k e t c l e a r i n g c o n d i t i o n s g i v e s 

the e q u i l i b r i u m p r i c e s , 

1 1 
y — T 

( 3 . 4 ) p = — f o r n = 1, I, 
* n n n ' 1 ' 

y — x Jn n 

where we n o r m a l i z e d p r i c e s by s e t t i n g p-j = 1. S u b s t i t u t i n g t h e s e p r i c e s i n t o 

the demand f u n c t i o n s g i v e s the e q u i l i b r i u m a l l o c a t i o n s 

( 3 . 5 ) c * = ( y ^ ) / 1 ^ o r n = 1, . . . , I, and i = 1, . . . , I. 

G i v e n t h e s e , t h e o b j e c t i v e f u n c t i o n o f t h e government o f c o u n t r y i can be 

w r i t t e n as 

( 3 . 6 ) R ( T 1 , . . . , T i ) = ), Y l n — i — + l n T i « 
n=1 

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

( 3 . 7 ) - j i 1 i + \ = 0 f o r i = 1, I, 
y . - T . x . 
J I I I 
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w h i c h , g i v e n ou r symmetry a s s u m p t i o n , i m p l i e s t h a t t h e n o n c o o p e r a t i v e l e v e l o f 

government s p e n d i n g i s 

( 3 . 8 ) ,} . 

C o n s i d e r n e x t t he c o o p e r a t i v e s o l u t i o n . G i v e n t h e symmetry o f t h e 

e x a m p l e , any v e c t o r o f w e i g h t s t h a t p l a c e s an e q u a l w e i g h t on e a c h c o u n t r y 

w i l l r e s p e c t p r i v a t e o w n e r s h i p . Such a c o o p e r a t i v e s o l u t i o n m a x i m i z e s w i t h 

r e s p e c t t o x = , . . . , x | ) : 

I I I n x n 

( 3 . 9 ) I x V ( x ) = £ I in ^ + m T f . 
i=1 i=1 n=1 

The f i r s t - o r d e r c o n d i t i o n s f o r t h i s p r o b l e m a r e 

( 3 . 1 0 ) - . 1 . + \ = 0 f o r i = 1, I. 
y . - x . x . 
J l l l 

I f we impose symmet ry , t h e c o o p e r a t i v e l e v e l o f government s p e n d i n g i s g i v e n 

by 
1 

( 3 . 1 1 ) 

T h u s , as t h e number o f c o u n t r i e s goes t o i n f i n i t y , t h e c o o p e r a t i v e and n o n -

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

Even though the number o f c o u n t r i e s i n t h i s example goes t o i n f i n 

i t y , e a c h t y p e o f c o u n t r y m a i n t a i n s monopoly power o v e r a g o o d . A g i v e n 

c o u n t r y i has two s o u r c e s o f monopoly power o v e r p r i v a t e good i . F i r s t , i t 

has monopo ly power i n e n d o w m e n t s — i t i s t h e o n l y c o u n t r y w i t h endowments o f 

good i . S e c o n d , i t has monopoly power i n p r o d u c t i o n — i t i s t he o n l y c o u n t r y 

t h a t can c o n v e r t p r i v a t e good i i n t o a p u b l i c g o o d . N e i t h e r o f t h e s e s o u r c e s 
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o f monopoly power goes t o z e r o as new t y p e s o f c o u n t r i e s a r e a d d e d . I t i s 

p o s s i b l e t o c o n s t r u c t examp les i n w h i c h e i t h e r s o u r c e o f monopoly power a l o n e 

c a u s e s the two s o l u t i o n s t o d i v e r g e , bu t t h e a l g e b r a i s somewhat t e d i o u s . 

4 . D i v e r g e n c e i n an Economy W i t h Tax D i s t o r t i o n s 

In s e c t i o n 1 we c o n s i d e r e d a s i m p l e mode l i n w h i c h t he o n l y d i s t o r 

t i o n was t h e monopoly power d i s t o r t i o n . In s e c t i o n 2 as we r e p l i c a t e d t h e 

economy t h e d i s t o r t i o n went t o z e r o and t he two s o l u t i o n s c o n v e r g e d . In t h e 

l a s t s e c t i o n t he monopoly d i s t o r t i o n d i d n o t go t o z e r o and t h e s o l u t i o n s 

d i v e r g e d . In t h i s s e c t i o n and t he n e x t we d e s c r i b e economies w i t h o t h e r 

f e a t u r e s t h a t l e a d t o i n e f f i c i e n t e q u i l i b r i a . B e c a u s e o f t h e s e f e a t u r e s , t h e 

two s o l u t i o n s do n o t c o n v e r g e even i f monopoly d i s t o r t i o n s go t o z e r o . I n 

d e e d , i n ou r examp les t he s o l u t i o n s d i v e r g e . In t h e example i n t h i s s e c t i o n 

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

l a p p i n g g e n e r a t i o n s s t r u c t u r e . 

C o n s i d e r an economy i d e n t i c a l t o t h e one i n s e c t i o n 1 e x c e p t t h a t 

t h e r e a r e d i s t o r t i o n a r y t a x e s i n s t e a d o f lump-sum t a x e s . F o r s i m p l i c i t y l e t 

a l l c o u n t r i e s be i d e n t i c a l . S i n c e t h e r e i s o n l y one t y p e o f c o u n t r y , t h i n k o f 

an economy w i t h J s u c h c o u n t r i e s a s t h e J t h r e p l i c a o f an o r i g i n a l economy 

w i t h one c o u n t r y . F i n a l l y , l e t t he d i s t o r t i o n a r y t a x be a l i n e a r t a x on t h e 

consump t i on o f t he f i r s t g o o d . 

A r e p r e s e n t a t i v e consumer i n c o u n t r y j ( j = 1 , . . . , J ) s o l v e s t h e p r o b 

lem 

( 4 . 1 ) max { u J ( c J , c J , g J ) } 

{ c J } 
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s u b j e c t t o 

( 1 + x J ) c J + pc;J = y J + p y J , 

where x J i s t he consump t i on t a x imposed by t he government o f c o u n t r y j on i t s 

r e s i d e n t s ' c o n s u m p t i o n o f good 1. T h i s p r o b l e m y i e l d s demand f u n c t i o n s 

c ^ ( x ^ , p ) f o r n = 1, 2 . The government o f c o u n t r y j c h o o s e s t a x e s x J and 

government s p e n d i n g gJ t o s a t i s f y i t s budge t c o n s t r a i n t 

( 4 . 2 ) g j = x J c J . 

We d e f i n e a c o m p e t i t i v e e q u i l i b r i u m a s i n s e c t i o n 1. The ma rke t c l e a r i n g 

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

p o l i c i e s , s a y p = p ( x ) . 

To d e f i n e t h e o b j e c t i v e f u n c t i o n s o f g o v e r n m e n t s , f i r s t s u b s t i t u t e 

t he c o n s u m e r ' s demand f u n c t i o n s and t h e e q u i l i b r i u m v a l u e o f t h e g o v e r n m e n t ' s 

budge t c o n s t r a i n t i n t o t h e c o n s u m e r ' s u t i l i t y f u n c t i o n and o b t a i n 

( 4 . 3 ) V J ( x j , p ) = u J [ c J ( x j , p ) , c J ( x j , p ) , x J c J ( x j , p ) ] . 

G i v e n t h i s s u b s t i t u t i o n , d e f i n e t he o b j e c t i v e f u n c t i o n o f t h e government o f 

c o u n t r y j t o be 

( 4 . 4 ) R J ( x ) = V J [ x J , p ( x ) ] . 

The f i r s t - o r d e r c o n d i t i o n s f o r t he n o n c o o p e r a t i v e l e v e l o f t a x e s a r e 

( 4 . 5 ) 4 = 4 + — ^ = 0 f o r k = 1 t J . 

3x 3x 3p 3x 

A g a i n t he f i r s t - o r d e r c o n d i t i o n s a r e t h e sum o f d i r e c t and i n d i r e c t e f f e c t s . 

The d i r e c t e f f e c t s can be w r i t t e n a s 
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: 4 . 6 ) 
ay* k ! ^ 
3 x k ' " 1 3 x k 

k k 
U 1 C 1 

u 

. k 
k ^ 2 
2 3 x k 

u k 3£^ 
T 3 x k p c o n s t a n t 

k / , * k . u / k a c , 
1 + _ T / « + T 1_ 

( 4 k\ k I k _ k 
1+T ) u 1 y c 1 ax 

and t he i n d i r e c t e f f e c t s as 

( 4 , 7 ) 
av ap  
a P a x k = 

i . a c * , „ k „ k 1 k 2 k ag ap 
1 ap 2 ap x ap . k 

o T 

k k 
° L _ ( k k } 3p_ k ( k f ° K 3p_ 

k, i y 2 c 2 \ k V T ap ' k* 
( 1 + T ) 

where , f rom the marke t c l e a r i n g c o n d i t i o n s , we have 

( 4 . 8 ) 
3 T k 

[ c k + ( 1 + T k ) a c k / 3 T k ] 

I ( l + T j ) a c ^ / a p 

J = 1 

R e c a l l t h a t the d i r e c t e f f e c t s measure how a change i n government p o l i c y 

a f f e c t s t h a t c o u n t r y ' s r e s i d e n t s a t a g i v e n w o r l d p r i c e , w h i l e i n d i r e c t 

e f f e c t s measure how a p o l i c y change a f f e c t s r e s i d e n t s by a f f e c t i n g t h e w o r l d 

p r i c e . W i t h d i s t o r t i o n a r y t a x e s , b o t h e f f e c t s a r e c h a n g e d . The d i r e c t 

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

equa ted w i t h the m a r g i n a l r a t e o f t r a n s f o r m a t i o n . R a t h e r , t h e s e te rms a r e 

m o d i f i e d by the e l a s t i c i t y o f consump t i on w i t h r e s p e c t t o the d i s t o r t i o n a r y 

t a x . The i n d i r e c t e f f e c t s a r e now composed o f two t e r m s . The f i r s t t e rm i n 

( 4 . 7 ) i s a n a l o g o u s t o t he i n d i r e c t e f f e c t i n ( 1 . 1 4 ) — b o t h r e p r e s e n t monopo ly 

d i s t o r t i o n s . The second te rm i n ( 4 . 7 ) , c a l l e d t he t a x d i s t o r t i o n e f f e c t , 

measures how much t h e p r i c e changes t h a t r e s u l t f rom a t a x change a f f e c t 
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u t i l i t y by c h a n g i n g t he l e v e l o f p u b l i c goods p r o v i d e d . Note t h a t i f consump

t i o n o f good 1 were c o m p l e t e l y i n e l a s t i c w i t h r e s p e c t t o i t s p r i c e , t h i s 

second d i s t o r t i o n wou ld be z e r o and o n l y t he monopoly d i s t o r t i o n wou ld be 

l e f t . 

Compare t h i s s o l u t i o n w i t h t he c o o p e r a t i v e s o l u t i o n . G i v e n t h e 

symmetry o f t he e x a m p l e , e q u a l w e i g h t s r e s p e c t p r i v a t e o w n e r s h i p . We w i l l 

c o n s i d e r a s y m m e t r i c s o l u t i o n i n w h i c h a l l p o l i c i e s a r e e q u a l . The f i r s t -

2 
o r d e r c o n d i t i o n s f o r t he c o o p e r a t i v e a l l o c a t i o n a r e 

J 3RJ . - k J 

3x 

In c o n t r a s t t o t he model i n s e c t i o n 1, t h e e x t r a d i s t o r t i o n t h a t r e s u l t s f r o m 

t a x e s c a u s e s t he i n d i r e c t e f f e c t s n o t t o c a n c e l . I n d e e d , t h e sum o f i n d i r e c t 

e f f e c t s i s 

( 4 . 9 ) r 3R^ 3V^ V 111 1P_ o 

j = 1 3 x k ' - k + - 3 P - k " ' j=1 3 P 3x-

( 4 . 1 0 ) r 3V£ 3p_ 

j=1 3 P 3 x k 

J 

I 
j = 1 

3 C j 3p_ 

J 3x 

I t i s t h i s sum o f t he t a x d i s t o r t i o n s t h a t c a u s e s t h e two s o l u t i o n s t o d i 

v e r g e . To see t h i s , l e t p ( T J ) r e p r e s e n t t he e q u i l i b r i u m p r i c e f u n c t i o n w i t h J 

i d e n t i c a l c o u n t r i e s . As i n P r o p o s i t i o n 2 

( 4 i n 9 P ( T J ) _ 1 3 p ( T 1 ) 

3 x k " J 3 x k * 

Impos ing symmetry and u s i n g ( 4 . 1 1 ) , we d e f i n e the n o n c o o p e r a t i v e s o l u t i o n by 

( 4 . 1 2 ) 1 + 1 + 
ac^ 

FT 
T T 

3C-

u« c 1 ap 
ap(T 1 ) _ 

3 x 
0 , 

w h i l e t he c o o p e r a t i v e s o l u t i o n i s d e f i n e d by 
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( 4 . 1 3 ) 1 + t u 

u 
T 

u 

U, c 1 3p 
T T 1 ap(T ' ) = o. 

The wedge between t h e s e s o l u t i o n s i s 

( 4 . 1 4 ) 
J - 1 \ t _ ! f l ap(T 1 ) 

J u - C- 3p 3T 

We can use ( 4 . 8 ) t o show t h a t , i n g e n e r a l , t h i s wedge i s n o n z e r o and t h u s 

t h e s e two s o l u t i o n s w i l l d i v e r g e as the number o f c o u n t r i e s J goes t o i n f i n 

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

r e l e v a n t income and s u b s t i t u t i o n e f f e c t s c a n c e l and t h i s wedge i s z e r o . 

( 4 . 1 3 ) , ( s e e a l s o f o o t n o t e 2 ) t o see t h a t i n a c o o p e r a t i v e e q u i l i b r i u m , t h e 

m a r g i n a l o f s u b s t i t u t i o n between p r i v a t e and government c o n s u m p t i o n i s e q u a t e d 

to t he m a r g i n a l r a t e o f t r a n s f o r m a t i o n . T h u s , t h e c o o p e r a t i v e e q u i l i b r i u m 

y i e l d s the same s o l u t i o n a s t he e q u i l i b r i u m w i t h lump sum t a x e s . Deno te t h e 

r e l a t i v e p r i c e i n t he c o o p e r a t i v e e q u i l i b r i u m w i t h lump sum t a x e s by q and t h e 

p r i c e i n t he c o o p e r a t i v e e q u i l i b r i u m w i t h d i s t o r t i n g t a x e s by p . We have t h a t 

p = q ( 1 + x ) . C o n s i d e r now the p r o b l e m f a c e d by one c o u n t r y i n t he l i m i t i n g 

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

f e r e n t , suppose t h a t t he w o r l d p r i c e i t f a c e s i s g i v e n by p, t he c o o p e r a t i v e 

e q u i l i b r i u m p r i c e w i t h d i s t o r t i n g t a x a t i o n . I t i s easy t o see t h a t even i f 

t h i s c o u n t r y can use lump sum t a x a t i o n i t w i l l n o t choose the same l e v e l o f 

s p e n d i n g a s i n the c o o p e r a t i v e e q u i l i b r i u m . T h i s i s because t he w o r l d p r i c e p 

does no t s i g n a l t he c o r r e c t m a r g i n a l r a t e o f s u b s t i t u t i o n f o r consumers i n 

o t h e r c o u n t r i e s . Of c o u r s e , s i n c e t h i s c o u n t r y has a c c e s s o n l y t o d i s t o r t i n g 

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

n o n c o o p e r a t i v e e q u i l i b r i u m and t he c o o p e r a t i v e e q u i l i b r i u m do no t c o i n c i d e . 

The i n t u i t i o n f o r t h i s r e s u l t i s as f o l l o w s : We can u s e ( 4 . 8 ) and 
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I t i s wo r t h n o t i n g t h a t a l l r e s u l t s i n t h i s s e c t i o n h o l d i f t h e 

i n s t r u m e n t a v a i l a b l e t o governments i s a t a r i f f r a t h e r t han a c o n s u m p t i o n 

t a x . We c o n s i d e r e d a c o n s u m p t i o n t a x r a t h e r t h a n a t a r i f f f o r two r e a s o n s . 

F i r s t , we wanted t o examine a model w i t h i d e n t i c a l c o u n t r i e s f o r n o t a t i o n a l 

c o n v e n i e n c e . O b v i o u s l y , a t a r i f f c a n n o t r a i s e r e v e n u e s i f t h e r e i s no 

t r a d e . S e c o n d , n o t e t h a t w i t h i d e n t i c a l c o u n t r i e s , t h e r e i s no monopo ly 

d i s t o r t i o n e f f e c t [ see ( 2 . 5 ) ] . C o n s e q u e n t l y , t he o n l y s o u r c e o f d i s t o r t i o n 

l i e s i n t he way t a x e s d i s t o r t p r i v a t e d e c i s i o n s . S i n c e we wanted t o f o c u s on 

t h i s i s s u e , we c o n s i d e r e d a c o n s u m p t i o n t a x . In a p p e n d i x B we c o n s t r u c t an 

e n v i r o n m e n t where t he o n l y i n c e n t i v e f e a s i b l e means o f r a i s i n g r e v e n u e s i s 

t h r o u g h a l i n e a r t a r i f f . T h i s a p p e n d i x i s i n t e n d e d t o p r o v i d e one p o s s i b l e 

m o t i v a t i o n f o r i n v e s t i g a t i n g t he p r o p e r t i e s o f economies w i t h d i s t o r t i o n a r y 

t a x e s . The a p p e n d i x i s a l s o o f i n d e p e n d e n t i n t e r e s t because i t p r o v i d e s a 

s i m p l e e n v i r o n m e n t where o n l y l i n e a r t a x e s can be l e v i e d . 

5 . C o n c l u s i o n 

We have e x t e n d e d t h e a n a l y s i s o f t a r i f f p o l i c y t o s i m p l e mode l s o f 

f i s c a l p o l i c y . We show f i r s t t h a t i f lump sum t a x e s a r e a v a i l a b l e , t h e n t h e 

b a s i c r e s u l t s on t a r i f f p o l i c y c a r r y o v e r t o f i s c a l p o l i c y : as e a c h c o u n t r y 

becomes s m a l l i n t he w o r l d economy, t he n o n c o o p e r a t i v e a l l o c a t i o n s c o n v e r g e t o 

the c o o p e r a t i v e a l l o c a t i o n s . S e c o n d , i f r e v e n u e s must be r a i s e d t h r o u g h 

d i s t o r t i n g t a x e s , i n g e n e r a l , t h e s e s o l u t i o n s do n o t c o n v e r g e . 

We have made t h e s e p o i n t s i n s i m p l e m o d e l s , bu t t he i n t u i t i o n b e h i n d 

them i s g e n e r a l . In the l i m i t i n g n o n c o o p e r a t i v e e q u i l i b r i u m each c o u n t r y u s e s 

a d i s t o r t i n g t a x t o a t t e m p t t o a c h i e v e two c o n f l i c t i n g g o a l s . I t s e e k s t o 

p r o v i d e an o p t i m a l l e v e l o f government s p e n d i n g and a t t he same t ime t o e q u a t e 

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



- 2 6 -

However , s i n c e o t h e r c o u n t r i e s a l s o must use d i s t o r t i n g t a x e s , t h e w o r l d p r i c e 

does no t r e f l e c t t he m a r g i n a l r a t e s o f s u b s t i t u t i o n o f consumers i n o t h e r 

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

c o o p e r a t i v e e q u i l i b r i u m . S i m i l a r r e s u l t s may h o l d f o r o t h e r t y p e s o f d i s t o r 

t i o n s , s u c h as i n c o m p l e t e m a r k e t s . 

T h i s pape r i s r e l a t e d t o s e v e r a l s t r a n d s o f l i t e r a t u r e . 3 F i r s t , i t 

i s r e l a t e d t o o t h e r a n a l y s e s o f f i s c a l p o l i c y i n a w o r l d economy. In te rms o f 

s t r a t e g i c a n a l y s e s o f f i s c a l p o l i c y , we u n i f y the r e s u l t s o f B a c k u s , D e v e r e u x , 

and P u r v i s ( 1 9 8 6 ) , Devereux ( 1 9 8 6 ) , Hamada ( 1 9 8 6 ) , and Kehoe ( 1 9 8 6 a ) . We 

h a v e , however , l i m i t e d ou r a t t e n t i o n t o s t a t i c mode ls i n o r d e r t o a v o i d i s s u e s 

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

s i d e r e d by L u c a s and S t o k e y (1983) and by P e r s s o n and S v e n s s o n ( 1 9 8 6 ) . Once 

t h e s e s i m p l e mode ls a r e w e l l u n d e r s t o o d , i t wou ld be i n t e r e s t i n g t o e x p l o r e 

dynamic mode ls o f p o l i c y i n w h i c h a key i n g r e d i e n t i s t h e i n t e r a c t i o n be tween 

t i m e i n c o n s i s t e n c y and c o o p e r a t i o n . R o g o f f (1985) and Kehoe (1986b) a r e 

examples o f t h i s t y p e o f a n a l y s i s . I n t e r e s t i n g n o n s t r a t e g i c mode l s o f t h e s e 

i n t e r a c t i o n s have been d e v e l o p e d by F r e n k e l and R a z i n (1985 and 1 9 8 6 ) . 
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F o o t n o t e s 

L G i v e n t h a t ou r r e s u l t s w i t h d i s t o r t i n g t a x e s a r e somewhat a t odds 

w i t h r e c e i v e d w isdom, i t i s n a t u r a l t o ask whe ther o t h e r s o u r c e s o f i n e f f i 

c i e n c y l e a d t o s i m i l a r r e s u l t s . I n an e a r l i e r v e r s i o n o f t h e pape r we showed 

t h a t f o r an o v e r l a p p i n g g e n e r a t i o n s economy w i t h an i n e f f i c i e n t c o m p e t i t i v e 

e q u i l i b r i u m , t he n o n c o o p e r a t i v e p o l i c i e s do n o t c o n v e r g e t o t h e c o o p e r a t i v e 

p o l i c i e s . 

2 

U s i n g ( 4 . 8 ) i t i s e a s y t o show t h a t t he c o o p e r a t i o n s o l u t i o n c o i n 

c i d e s w i t h t he e q u a l w e i g h t s o c i a l op t imum. T h a t i s , t h e c o o p e r a t i o n s o l u t i o n 

w i t h p r o p o r t i o n a l c o n s u m p t i o n t a x e s e q u a l s what wou ld be t he c o o p e r a t i v e 

s o l u t i o n w i t h lump sum t a x e s . T h i s s p e c i a l f e a t u r e o f t h e c o o p e r a t i v e e q u i 

l i b r i u m a r i s e s b e c a u s e t h e r e i s symmetry and t h e r e i s no p r o d u c t i o n . I f we 

change e i t h e r o f t he a s s u m p t i o n s t h i s r e s u l t w i l l n o t h o l d . However , t h e 

a l g e b r a o f t he r e s t o f t he d e r i v a t i o n s i s somewhat t e d i o u s . The d e t a i l s o f 

t he more g e n e r a l c a s e a r e a v a i l a b l e on r e q u e s t . 

3 T h i s pape r i s a l s o r e l a t e d t o a l a r g e l i t e r a t u r e i n m a t h e m a t i c a l 

economics w h i c h c h a r a c t e r i z e s W a l r a s i a n e q u i l i b r i a as t h e l i m i t o f n o n c o o p e r a 

t i v e e q u i l i b r i a . [ S e e , f o r e x a m p l e , t he r e c e n t symposium i n t h e J o u r n a l o f  

Economic Theory ( 1 9 8 0 ) . ] To h e l p c l a r i f y t h i s r e l a t i o n s h i p , c o n s i d e r t h e 

f o l l o w i n g t w o - s t a g e m a n i p u l a t i o n game i n a p u r e exchange economy i n h a b i t e d 

o n l y by p r i v a t e a g e n t s . In s t a g e 1 t h e s e a g e n t s d e c i d e how much o f t h e i r 

endowments t o d e s t r o y . In s t a g e 2 , g i v e n t h e r e m a i n i n g endowments , t h e y 

p a r t i c i p a t e as p r i c e - t a k e r s i n a c o m p e t i t i v e e q u i l i b r i u m . T h i s m a n i p u l a t i o n 

game i s c l o s e l y r e l a t e d t o t he games s t u d i e d i n t h i s p a p e r . Indeed t h e r e may 

be a way to a d a p t some o f t he r e s u l t s i n t h i s l i t e r a t u r e t o p r o v e a more 

g e n e r a l v e r s i o n o f p r o p o s i t i o n 2 , w h i c h wou ld c o v e r c e r t a i n t y p e s o f n o n r e p 

l i c a e c o n o m i e s . 
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Append i x A 

P r o o f o f P r o p o s i t i o n 1 

The b a s i c l i n e o f argument i s a s f o l l o w s : F i r s t , we c o n s i d e r a 

c o o p e r a t i v e e q u i l i b r i u m i n w h i c h gove rnmen ts a r e a l l o w e d t o make t r a n s f e r s 

between c o u n t r i e s . We show i n Lemma 1 t h a t f o r any v e c t o r o f w e i g h t s t h i s 

e q u i l i b r i u m i s a s o c i a l op t imum. In Lemma 2 , we show t h a t a nonempty s e t o f 

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

r i u m a r e z e r o . Comb in ing t h e s e two lemmas g i v e s us p r o p o s i t i o n 1. ( L e t us 

remark t h a t we v i e w t h e s e e q u i l i b r i a w i t h t r a n s f e r s s i m p l y a s a c o n v e n i e n t 

c o n s t r u c t f o r p r o v i n g p r o p o s i t i o n 1; we a r e n o t p a r t i c u l a r l y i n t e r e s t e d i n 

them i n t h e i r own r i g h t . ) 

To s e t up lemma 1, we need s e v e r a l d e f i n i t i o n s . We f i r s t d e f i n e a 

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

w e i g h t s X : f o r b r e v i t y , c a l l t h i s a X - c o o p e r a t i v e e q u i l i b r i u m w i t h t r a n s 

f e r s . T h i s e q u i l i b r i u m i s composed o f a c o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e 

a g e n t s and a c o o p e r a t i v e e q u i l i b r i u m f o r g o v e r n m e n t s . We b e g i n w i t h t h e 

c o m p e t i t i v e e q u i l i b r i u m . L e t x 1 d e n o t e t he amount o f good 1 t h a t e a c h a g e n t 

i n c o u n t r y i t r a n s f e r s t o t h e r e s t o f t he w o r l d . L e t x = (x\...,x^) w i t h 
1-1 . 

x = - £ x be t he v e c t o r o f s u c h t r a n s f e r s . F o r a g i v e n v e c t o r o f government 
i=1 

s p e n d i n g T and t r a n s f e r s x , a c o m p e t i t i v e e q u i l i b r i u m i s an a l l o c a t i o n o f 

p r i v a t e c o n s u m p t i o n ( c * ^ ) and a p r i c e p s u c h t h a t t h e s e c o n d i t i o n s h o l d . 

• M a r k e t c l e a r i n g . The c o n s u m p t i o n and government s p e n d i n g v e c t o r s s a t i s f y 

( A D I c } • I x 1 = I y] 
i=1 i=1 i=1 
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and 
I . I . 

(A2) I o1
 = I y1 

i=1 i=1 

• Consumer m a x i m i z a t i o n . The c o n s u m p t i o n v e c t o r s a t i s f i e s 

, . i , i i . i , i i i * 
V ( x , x ,p ) = max u ( c « , , T ) 

r i l i 
{ c r c 2 } 

s u b j e c t t o 

(A3) c 1 + p c 2 = y 1 - x - x + p y 2 . 

S u b s t i t u t i n g t he r e s u l t i n g demand f u n c t i o n s i n t o the marke t c l e a r i n g c o n d i 

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

t r a n s f e r s , say p = p ( x , x ) . L e t R 1 ( T , X ) = V 1 [ P ( T , X ) , T 1 , X 1 ] and d e f i n e a 

X - c o o p e r a t i v e e q u i l i b r i u m w i t h t r a n s f e r s f o r governments t o be a v e c t o r ( t , x ) 

t h a t s o l v e s 

I . . 
R ( X ) = max I X 1 R 1 ( T , X ) . 

{ T , X } i=1 

We t h e n h a v e : a X - c o o p e r a t i v e e q u i l i b r i u m w i t h t r a n s f e r s i s a v e c t o r 

( x , x , c « , c 2 , p ) s u c h t h a t t h e s e c o n d i t i o n s h o l d . 

• C o o p e r a t i v e e q u i l i b r i u m f o r g o v e r n m e n t s . The v e c t o r ( T , X ) c o n s t i t u t e s a 

X - c o o p e r a t i v e e q u i l i b r i u m w i t h t r a n s f e r s f o r g o v e r n m e n t s . 

• C o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e a g e n t s . G i v e n ( T , X ) , t he v e c t o r 

( c < j , c 2 , p ) c o n s t i t u t e s a c o m p e t i t i v e e q u i l i b r i u m f o r p r i v a t e a g e n t s . 
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N e x t , a \ - s o c i a l opt imum i s a ' v e c t o r (T9QyQ^9p) t h a t s o l v e s 

I 
W(X) = max £ X u ( c ^ C p , ! ) T 2 ' 

{ T , C 1 , C 2 > i=1 

s u b j e c t t o 

<A4) I c\ + I x 1 = J y\ 
i=1 i = 1 i=1 

i=1 i=1 

where p d e n o t e s the n o r m a l i z e d L a g r a n g e m u l t i p l i e r f o r t h e s e c o n s t r a i n t s . 

N o t i c e t h a t a v e c t o r ( T , X , C , J , c 2 , p ) i s a X - c o o p e r a t i v e e q u i l i b r i u m 

w i t h t r a n s f e r s o n l y i f i t s a t i s f i e s ( A 1 ) - ( A 3 ) and ( A 6 ) - ( A 8 ) where 

k 
U 2 

(A6) -f = p 
u 1 

r V , i 3 f i i -v k r k k, r , i i , i i , 3p_ A 

i=1 3x i=1 3x 

(A8) 2,x — ^ = -x u 1 + x u 1 + I \ u 1 ( y 2 - c 2 ) = 0 
i=1 3x i=1 3x 

f o r k = 1, I. N o t i c e a l s o t h a t a v e c t o r ( x , c . j , c 2 , p ) i s a X - s o c i a l o p t i 

mum i f and o n l y i f i t s a t i s f i e s ( A 4 ) - ( A 5 ) and ( A 9 ) - ( A 1 1 ) where 

k 

(A9) - f = p 
U 1 

(A10) u k = u k 

x 1 

file:///-social


( A l l ) X k u k = X * u * 

f o r k = 1, . . . f I. 

W i t h t h e s e d e f i n i t i o n s , i t i s s t r a i g h t f o r w a r d t o e s t a b l i s h t he f i r s t 

lemma. 

Lemma 1: F o r any n o n n e g a t i v e X , a X - c o o p e r a t i v e e q u i l i b r i u m w i t h t r a n s f e r s i s 

a s o c i a l op t imum. 

P r o o f : S i n c e t he c o o p e r a t i v e e q u i l i b r i u m p r o b l e m R(x) i s s i m p l y t he s o c i a l 

opt imum p r o b l e m W(x) combined w i t h t he c o n s t r a i n t t h a t p r i v a t e a g e n t s a r e i n a 

c o m p e t i t i v e e q u i l i b r i u m , we have W(X) > R(X) f o r any g i v e n X . N e x t , by c o n 

c a v i t y t he X - s o c i a l opt imum i s u n i q u e . T h u s , i f we can choose t r a n s f e r s s u c h 

t h a t t he X - s o c i a l opt imum t o g e t h e r w i t h t he t r a n s f e r s i s a X - c o o p e r a t i v e 

e q u i l i b r i u m , we a r e t h e n done . To t h i s e n d , l e t ( T , C < ] , C 2 p) be t he u n i q u e 

X - s o c i a l op t imum. We c l a i m ( x , x , c 1 , c 2 , p ) i s a X - c o o p e r a t i v e e q u i l i b r i u m where 

(A12) x K = y * - c * - x K + p ( y 2 - c | p f o r k = 1, I. 

To see t h i s n o t e t h a t i f t he s o c i a l opt imum s a t i s f i e s ( A 4 ) - ( A 5 ) and 

( A 9 ) - ( A 1 1 ) , t h e n t h e s o c i a l opt imum p l u s t he t r a n s f e r s s a t i s f y ( A 1 ) - ( A 3 ) and 

k k 

( A 6 ) - ( A 8 ) . T W O d e t a i l s a r e w o r t h n o t i n g . F i r s t , (A11) r e q u i r e s t h a t X u^ be 

c o n s t a n t f o r a l l i i n t he s o c i a l op t imum. U s i n g ( A 5 ) , we can see t h a t t h e 

b r a c k e t e d te rms i n (A7) and (A8) a r e z e r o , t h u s (A7) and (A8) a r e e q u i v a l e n t 

to (A10) and ( A 1 1 ) , r e s p e c t i v e l y . S e c o n d , t he d e f i n i t i o n o f t r a n s f e r s (A12) 

i m p l i e s t h a t t he p r i v a t e a g e n t s ' budge t c o n s t r a i n t s a r e s a t i s f i e d . 0 

In t he n e x t lemma, we show t h a t the s e t o f w e i g h t s t h a t r e s p e c t 

p r i v a t e o w n e r s h i p i s nonempty . These w i l l t u r n o u t t o be e x a c t l y t he s e t o f 

w e i g h t s f o r w h i c h t he o p t i m a l t r a n s f e r s o f lemma 1 a r e z e r o . 
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Lemma 2 : T h e r e e x i s t s a nonempty s e t S o f n o n n e g a t i v e w e i g h t s X s u c h t h a t f o r 

each X i n S t h e e x c e s s s a v i n g s o f each consumer i s z e r o . 

P r o o f : The p r o o f i s a f a i r l y s t a n d a r d a p p l i c a t i o n o f a f i x e d p o i n t t heo rem 

a l o n g t he l i n e s o f N e g i s h i (1960) and M a n t e l ( 1 9 7 4 ) . R e c a l l t h a t t he e x c e s s 

s a v i n g s f u n c t i o n o f t he i ^ * 1 c o u n t r y i s 

(A13) sh\) = [ y j - c j U J - T ^ X ) ] + p (x ) [y^-c* (x) ] 

and i s d e f i n e d f o r a l l X i n A where 

I . 
(A14) A = {xeR | X X > 0 f o r a l l i and £ X L = 1 } . 

i=1 

These e x c e s s s a v i n g s f u n c t i o n s have s e v e r a l p r o p e r t i e s we w i l l 

e x p l o i t i n t h e p r o o f . F i r s t , g i v e n our a s s u m p t i o n s on u t i l i t y f u n c t i o n s , t h e 

maximum theorem g u a r a n t e e s they a r e c o n t i n u o u s f u n c t i o n s o f X . S e c o n d , f e a s i 

b i l i t y i m p l i e s t hey sum t o z e r o . T h i r d , t hey a r e p o s i t i v e l y homogeneous o f 

deg ree z e r o . T h i s f o l l o w s f rom the f a c t t h a t i f we m u l t i p l y t h e v e c t o r o f 

w e i g h t s X by a p o s i t i v e s c a l a r , t he a l l o c a t i o n s and n o r m a l i z e d L a g r a n g e m u l t i 

p l i e r t h a t r e s u l t f rom the s o c i a l opt imum p r o b l e m a r e u n c h a n g e d . F i n a l l y , 

t h e s e f u n c t i o n s s a t i s f y 

(A15) i f X i s i n A and X 1 = 0 , t hen s 1 ( X ) > 0 , 

t h a t i s , i f consumer i r e c e i v e s a z e r o w e i g h t i n t h e s o c i a l op t imum, t h e n 

consumer i ' s e x c e s s s a v i n g i s n o n n e g a t i v e . 

N e x t , d e f i n e t he f i x e d p o i n t map g : A A where g = ( g ^ , . . . , g * ) and 

m a x [ o , X i + s 1 ( x ) ] 
(A16) g X ( X ) = — . 

I m a x [ o , X J + s J ( X ) ] 

J = 1 
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N o t i c e t h e d e n o m i n a t o r i n (A16) i s a l w a y s p o s i t i v e . T h i s i s t r u e s i n c e 

£ j [ \ J + s J ( \ ) ] = 1 i m p l i e s [ x J + s J ( X ) ] > 0 f o r some j , w h i c h i m p l i e s 

£ j m a x [ o , x J + s J ( X ) ] > 0 . Then s i n c e the s a v i n g s f u n c t i o n s a r e c o n t i n u o u s and 

the m a x ( * , « ) f u n c t i o n i s c o n t i n u o u s , the f u n c t i o n g i s c o n t i n u o u s . S i n c e t h e 

g 1 ( X ) a r e n o n n e g a t i v e and sum t o 1, we know t h a t g ( x ) i s i n A . T h u s , f i s a 

c o n t i n u o u s f u n c t i o n t h a t maps t h e compact convex s e t A i n t o i t s e l f . So by 

B r o u w e r ' s theorem we know t h e r e i s a nonempty s e t S o f w e i g h t s s u c h t h a t 

g ( X ) = X f o r a l l X i n S . 

To f i n i s h t he p r o o f we must show t h a t a f i x e d p o i n t o f f i s a z e r o 

o f s , t h a t i s , g I ( X ) = X 1 f o r a l l i i m p l i e s s I ( X ) = 0 f o r a l l i . I f X i s a 

f i x e d p o i n t o f g , t hen 

(A17) a x 1 = m a x [ 0 , X 1 + s 1 ( X ) ] f o r a l l i , 

where a = £ j m a x [ o , X J + s J ( X ) ] . T h i s i m p l i e s 

(A18) a x 1 = X 1 + s 1 ( X ) f o r a l l i , 

s i n c e f rom (A15) we know t h a t i f X 1 = 0 , t hen s 1 ( X ) > 0 . Summing (A18) o v e r 

a l l consumers g i v e s 

(A19) a ^ . x 1 = ^ . x 1

 + l^Hx). 

S i n c e t he sum o f t h e s e s a v i n g s f u n c t i o n s i s z e r o , we have a = 1. Thus by 

(A18) we have s I ( X ) = 0 f o r a l l i . 0 

Comb in ing t h e s e two lemmas g i v e s u s : 

P r o p o s i t i o n 1: A c o o p e r a t i v e e q u i l i b r i u m t h a t r e s p e c t s p r i v a t e o w n e r s h i p i s a 

s o c i a l opt imum t h a t r e s p e c t s p r i v a t e o w n e r s h i p . 
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P r o o f : A more p r e c i s e s t a t e m e n t o f t he p r o p o s i t i o n i s : f o r any X i n S , a 

X - c o o p e r a t i v e e q u i l i b r i u m ( w i t h o u t t r a n s f e r s ) i s a X - s o c i a l op t imum. Compar 

i n g (A12) and ( A 1 3 ) , we see t h a t t h e t r a n s f e r s u s e d t o s u p p o r t a g i v e n 

X - s o c i a l opt imum a r e s i m p l y the e x c e s s s a v i n g s t h a t r e s u l t f r om t h a t o p t i 

mum. T h u s , by lemma 2 f o r any X i n S , t h e s e o p t i m a l t r a n s f e r s a r e z e r o , so 

f o r s u c h a X , a X - c o o p e r a t i v e e q u i l i b r i u m w i t h t r a n s f e r s i s a X - c o o p e r a t i v e 

e q u i l i b r i u m ( w i t h o u t t r a n s f e r s ) . T h e n , by Lemma 1, s u c h a c o o p e r a t i v e e q u i 

l i b r i u m i s o p t i m a l . 0 
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Append i x B 

We c o n s t r u c t an e n v i r o n m e n t f o r w h i c h t he o n l y i n c e n t i v e f e a s i b l e 

means o f r a i s i n g r e v e n u e s i s t h r o u g h a t a r i f f . Thus we p r o v i d e one p o s s i b l e 

m o t i v a t i o n f o r i n v e s t i g a t i n g t he p r o p e r t i e s o f economies w i t h c e r t a i n t y p e s o f 

d i s t o r t i o n a r y t a x e s . 

Our e n v i r o n m e n t and a n a l y s i s r e l a t e d t o t he work o f Hammond 

( 1 9 8 7 ) . Two f e a t u r e s o f t h e e n v i r o n m e n t p l a y a c r u c i a l r o l e . F i r s t , we 

assume t h a t governments can o n l y o b s e r v e t r a d e s between d o m e s t i c r e s i d e n t s and 

f o r e i g n e r s , o r between i t s e l f and o t h e r a g e n t s . In p a r t i c u l a r , i t c a n n o t 

o b s e r v e t r a d e s among d o m e s t i c r e s i d e n t s . S e c o n d , we assume t h a t a l l t r a d e s 

a r e anonymous, so t h a t i n d i v i d u a l s p e c i f i c t a x e s c a n n o t be l e v i e d by t he 

gove rnmen t . 

B . 1 . C l o s e d Economy 

We b e g i n by d e s c r i b i n g a c l o s e d economy i n w h i c h t h e r e a r e u n o b 

s e r v e d t r a d e s among d o m e s t i c r e s i d e n t s and o b s e r v e d t r a d e s between t h e g o v e r n 

ment and t he d o m e s t i c r e s i d e n t s . We w i l l show i n S e c t i o n B2 how the mode l can 

be r e i n t e r p r e t e d as an open economy. 

The re a r e t h r e e c o m m o d i t i e s : t he f i r s t two a r e p r i v a t e c o n s u m p t i o n 

goods and the t h i r d i s government c o n s u m p t i o n . T h e r e i s a c o n t i n u u m o f a g e n t s 

d i s t r i b u t e d on the u n i t i n t e r v a l a c c o r d i n g t o t h e Lebesque measure X . The 

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

i n c r e a s i n g q u a s i c o n c a v e u t i l i t y f u n c t i o n . F o r a g e n t i t he u t i l i t y o f t h e 

c o n s u m p t i o n b u n d l e (c-j ( i ) , c 2 ( i ) ,Cg( i ) ) i s U(c-j ( i ) , c 2 ( i ) , C g ( i ) ) . 

Consumers 1 endowments o f t he p r i v a t e c o n s u m p t i o n goods a r e i n d e p e n 

den t draws f rom a c o n t i n u o u s d i s t r i b u t i o n f u n c t i o n G ( y ^ , y 2 ) d e f i n e d on t h e 

compact i n t e r v a l [ 0 , ^ ] x [ 0 , y o ] . [We w i l l use t he r e s u l t s o f Judd (1985) and 
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U h l i g (1987) f o r t he l a w s o f l a r g e numbers w i t h a con t i nuum o f i n d e p e n d e n t 

random v a r i a b l e s . ] The t e c h n o l o g y s e t f o r t h e economy i s 

Z = { ( z r 2 2 , z 3 ) | R ( z r z 2 , z 3 ) < 0 } . 

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

government , f o r t r a n s f o r m i n g p r i v a t e goods i n t o a p u b l i c g o o d . 

An a l l o c a t i o n f o r t h i s economy i s a t r i p l e o f Lebesque m e a s u r a b l e 

f u n c t i o n s c = ( c - | , c 2 , c 3 ) and a t r i p l e o f p r o d u c t i o n d e c i s i o n s z = 

( z - j , z 2 , z 3 ) . An a l l o c a t i o n i s f e a s i b l e i f z € Z , 

( B . 1 ) J* c 1 ( i ) x ( d i ) = z 1 + J y 1 ( i ) d G ( y ) 

( B . 2 ) J c 2 ( i ) \ ( d i ) = z 2 + J y 2 ( i ) d G ( y ) and 

c ^ ( i ) = z ^ a l l i . 

The i n f o r m a t i o n s t r u c t u r e and t h e t r a d i n g a r r a n g e m e n t s o f t h e e c o n 

omy a r e a s f o l l o w s . P r e f e r e n c e s , t e c h n o l o g y and t he d i s t r i b u t i o n g o v e r n i n g 

endowments a r e common k n o w l e d g e . I n d i v i d u a l a g e n t s ' endowments and consump

t i o n d e c i s i o n s , howeve r , a r e p r i v a t e l y o b s e r v e d . I n d i v i d u a l s can c o n d u c t 

t r a d e s e i t h e r w i t h the government o r p r i v a t e l y amongst t h e m s e l v e s i n a compe

t i t i v e marke t p l a c e . P r i v a t e t r a d e s a r e n o t o b s e r v e d by the g o v e r n m e n t . 

The government t r a d e s t he two p r i v a t e goods w i t h a g e n t s a t t h e 

p r o d u c t i o n l o c a t i o n . D u r i n g the t r a d i n g p e r i o d a g e n t s can t r a d e a s many t i m e s 

as t hey w i s h e i t h e r a t t he c o m p e t i t i v e m a r k e t p l a c e o r w i t h t he government a t 

t he p r o d u c t i o n l o c a t i o n . Each t ime an i n d i v i d u a l a r r i v e s a t t h e p r o d u c t i o n 

l o c a t i o n t h e government o b s e r v e s the amount o f p r i v a t e goods he w i s h e s t o 

t r a d e . However , the government c a n n o t o b s e r v e the i d e n t i t y o f t he t r a d e r a n d , 

i n p a r t i c u l a r , i t does n o t know i f t he i n d i v i d u a l has t r a d e d w i t h i t p r e 

v i o u s l y d u r i n g t he t r a d i n g p e r i o d . 
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A p p l y i n g the R e v e l a t i o n P r i n c i p l e [ see Myerson ( 1 9 7 9 ) , H a r r i s and 

Townsend ( 1 9 8 1 ) , and D a s g u p t a , Hammond, and M a s k i n ( 1 9 8 2 ) ] t o t h i s e n v i r o n m e n t 

i t f o l l o w s t h a t t he B a y e s i a n Mash e q u i l i b r i u m outcome o f any mechan ism i s a l s o 

a t r u t h - t e l l i n g B a y e s i a n Nash 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 mechan i sm. 

In the r e v e l a t i o n mechanism each consumer r e p o r t s h i s endowment 

v e c t o r . C l e a r l y , i n c e n t i v e f e a s i b i l i t y r e q u i r e s t h a t a l l o c a t i o n s depend o n l y 

upon the endowments o f consumers (and n o t upon t h e i r " n a m e s ' 1 ) . T h u s , an 

a l l o c a t i o n i s a p a i r o f f u n c t i o n s c<| and C 2 w h i c h map t h e endowments o f e a c h 

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

p r o d u c t i o n d e c i s i o n s z = ( z - p Z ^ z ^ ) . T h i s a l l o c a t i o n i s r e s o u r c e f e a s i b l e i f 

z € Z , 

( B . 3 ) J c n ( y ) d G ( y ) = z^ + J y n d G ( y ) f o r n = 1,2 and c 3 = Zy 

I t w i l l be u s e f u l t o r e w r i t e an a l l o c a t i o n as f o l l o w s . L e t t - j (y ) 

and t 2 ( y ) deno te the n e t t r a d e f u n c t i o n s o f t he government w i t h a consumer who 

r e p o r t s an endowment v e c t o r y . The c o n s u m p t i o n o f p r i v a t e goods o f a consumer 

w i t h endowment y i s 

^ ( y ) = y 1 + t ^ y ) and c 2 ( y ) = y 2 + t 2 ( y ) . 

An a l l o c a t i o n can be r e p r e s e n t e d as a p a i r o f n e t t r a d e f u n c t i o n s t ^ ( y ) , t 2 ( y ) 

and a t r i p l e o f p r o d u c t i o n d e c i s i o n s z = ( z - j , z 2 , z ^ ) (where z ^ i s u n d e r s t o o d t o 

be e a c h a g e n t ' s c o n s u m p t i o n o f the p u b l i c g o o d ) . T h i s a l l o c a t i o n i s f e a s i b l e 

i f z € Z and f o r n = 1,2 

( B . 4 ) J" t n ( y ) d G ( y ) = z n . 

Now l e t p d e n o t e t he p r i c e o f t h e second good r e l a t i v e t o the f i s t 

i n the c o m p e t i t i v e marke t p l a c e . 
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A consumer w i t h an endowment y = ( y ^ ) can t r a d e i n t he p r i v a t e 

marke t t o any endowment y = ( y ^ , y 2 ) that s a t i s f i e s 

( B . 5 ) y 1 + p y 2 = y 1 + p y 2 , 

and r e p o r t y a s h i s t r u e endowment. T h u s , i n c e n t i v e c o m p a t i b i l i t y r e q u i r e s 

t h a t 

(B .6 ) U ( y 1 + t 1 ( y ) , y 2 + t 2 ( y ) , y 3 ) > u ( y ^ ( y ) , y 2 + t 2 ( y ) , y 3 ) 

f o r a l l y t h a t s a t i s f y ( B . 5 ) . C o n s e q u e n t l y , i n c e n t i v e c o m p a t i b l e n e t t r a d e 

f u n c t i o n s can v a r y o n l y w i t h t he v a l u e o f c o n s u m e r ' s income e v a l u a t e d a t 

p r i v a t e marke t p r i c e s . 

Nex t we c l a i m t h a t i n c e n t i v e c o m p a t i b i l i t y r e q u i r e s t h a t t h e n e t 

t r a d e f u n c t i o n s s a t i s f y 

( B . 7 ) t ^ y ) + p t 2 ( y ) = 0 a l l y . 

To s e e t h i s , suppose f i r s t t h a t f o r some y , t-j ( y ) + p t 2 ( y ) > 0 . Then any 

consumer who e i t h e r s t a r t s w i t h o r who t r a d e s on t h e p r i v a t e marke t t o t h e 

v e c t o r y can t r a d e once w i t h the government and l e a v e w i t h a s t r i c t l y h i g h e r 

i n c o m e . The consumer can r e p e a t e d l y show up and c o n d u c t t h i s same t r a d e e a c h 

t ime and i n c r e a s e h i s income t o i n f i n i t y . O b v i o u s l y , s u c h a mechanism w i l l 

n o t be b o t h i n c e n t i v e c o m p a t i b l e and r e s o u r c e f e a s i b l e . Suppose n e x t , t h a t 

f o r some y , t - j (y ) + p t 2 ( y ) < 0 . Then any consumer w i t h endowment y w i l l be 

s t r i c t l y b e t t e r o f f by r e p o r t i n g an endowment o f z e r o t o the government and 

c o n d u c t i n g a l l t r a d e s i n t h e p r i v a t e marke t p l a c e . T h i s c o n t r a d i c t s t h e 

r e q u i r e m e n t t h a t t r u t h - t e l l i n g be an e q u i l i b r i u m . Thus ( B . 7 ) h o l d s . 

F i n a l l y , s i n c e any consumer can u n d e r t a k e t r a d e s i n t he p r i v a t e 

marke t p l a c e , any i n c e n t i v e c o m p a t i b l e n e t t r a d e f u n c t i o n s must s a t i s f y 
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( B . 8 ) U ( y 1 + t l ( y ) , y 2 + t 2 ( y ) f y 3 ) = max t K c y c ^ ) 
C 1 , C 2 

s u b j e c t t o 

c i + p c 2 - y i + V y ) * p ( y 2 + f c 2 ( y ) ^ -

U s i n g ( B . 6 ) , t he c o n s t r a i n t s on c o n s u m p t i o n a l l o c a t i o n s imposed by ( B . 8 ) 

reduce t o 

( B . 9 ) 

and 

( B . 1 0 ) c ^ y ) + p c 2 ( y ) = y + p y 2 

where the d e r i v a t i v e s i n ( B . 9 ) a r e e v a l u a t e d a t ( c ^ ( y ) , c 2 ( y ) , y ^ ) . 

T h u s , t he c o n s t r a i n t s on a l l o c a t i o n s by r e s o u r c e f e a s i b i l i t y and 

i n c e n t i v e c o m p a t i b i l i t y can be summar ized by z € Z 

( B . 1 1 ) z n = J ( y n - c

n ( y ) ) d G ( y ) f o r i = 1, 2 , 

and z ^ = y ^ , t o g e t h e r w i t h ( B . 9 ) and ( B . 1 0 ) . 

B 2 . Open Economy 

We c o n s i d e r a v a r i a n t o f t h e mode l i n s e c t i o n 4 i n w h i c h t h e r e a r e a 

con t i nuum o f consumers i n each c o u n t r y and i n w h i c h t he o n l y s o u r c e o f r e v 

enues f o r e a c h government i s a t a r i f f . We d e m o n s t r a t e t he e q u i v a l e n c e be tween 

the s e t o f outcomes o f a t a r i f f e q u i l i b r i u m and the s e t o f ou tcomes i n d u c e d by 

i n c e n t i v e f e a s i b l e mechan i sms . We w i l l c o n s i d e r t h e l i m i t i n g r e p l i c a economy 

i n w h i c h e a c h c o u n t r y t a k e s w o r l d p r i c e s as g i v e n . I t w i l l be c l e a r how t o 

g e n e r a l i z e t he a n a l y s i s t o c h a r a c t e r i z e t he who le sequence o f r e p l i c a e c o n 

o m i e s . 
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C o n s i d e r a s p e c i f i c c o u n t r y . In i t t h e r e a r e a c o n t i n u u m o f c o n 

sumers w i t h t h e same endowments and p r e f e r e n c e s as i n s e c t i o n ( B . 1 ) . L e t q 

d e n o t e t he w o r l d r e l a t i v e p r i c e o f t he s e c o n d good t o t h e f i r s t . Assuming t h e 

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

p = q ( 1 - x ) . L e t t he government have s o l e a c c e s s t o a t e c h n o l o g y t h a t t r a n s 

fo rms the f i r s t p r i v a t e good i n t o a c o u n t r y s p e c i f i c p u b l i c good a t a o n e - f o r -

one r a t e . 

Mow l e t t i n g c - j ( y ) , C 2 ( y ) d e n o t e t h e c o n s u m p t i o n o f a consumer w i t h 

endowments y = ( y ^ ^ ) we can w r i t e t h e budge t c o n s t r a i n t o f t he government a s 

( B . 1 2 ) g < qx J* ( y 2 - c 2 ( y ) ) d G ( y ) . 

The p r o b l e m f a c e d by a consumer w i t h endowments y i s t o c h o o s e c - | ( y ) , c 2 ( y ) t o 

s o l v e 

max U ( c 1 ( y ) , c 2 ( y ) , g ) 

s u b j e c t t o 

( B . 13) c ^ y ) + q ( 1 - x ) c 2 ( y ) = y i + q ( 1 - x ) yr 

The s o l u t i o n t o t h i s p r o b l e m i s summar ized by t he budge t c o n s t r a i n t ( B . 1 3 ) and 

t h e f i r s t o r d e r c o n d i t i o n 

U 2 
( B . 1 4 ) rf- = q ( 1 - x ) . 

u 1 

The government c h o o s e s a t a r i f f r a t e t o m a x i m i z e s o c i a l w e l f a r e 

s u b j e c t t o t h e c o n s t r a i n t s imposed by t h e c o m p e t i t i v e e q u i l i b r i u m . C l e a r l y 

t he g o v e r n m e n t ' s p r o b l e m i s e q u i v a l e n t t o c h o o s i n g a t a r i f f r a t e T , a s p e n d i n g 

l e v e l g , and a l l o c a t i o n r u l e s C j ( y ) and c 2 ( y ) t o m a x i m i z e w e l f a r e s u b j e c t t o 

( B . 1 2 ) - ( B . 1 4 ) . 
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We c l a i m t h a t t h e c o n s t r a i n t s on t h e g o v e r n m e n t ' s p r o b l e m a r e e q u i v 

a l e n t t o t h o s e imposed by a t r u t h - t e l l i n g B a y e s i a n Nash e q u i l i b r i u m o f a 

r e v e l a t i o n mechan ism. To see t h i s , s p e c i a l i z e t he t e c h n o l o g y s e t o f t he 

p r e v i o u s s e c t i o n t o 

Z = { ( z r z 2 , z 3 ) | z 3 < z 1 + q z 2 } . 

In s e c t i o n ( B . 1 ) we e s t a b l i s h e d t h a t t he c o n s t r a i n t s imposed by r e s o u r c e 

f e a s i b i l i t y and i n c e n t i v e c o m p a t i b i l i t y a r e z € Z , z 3 = y 3 and ( B . 9 ) - ( B . 1 1 ) . 

O b v i o u s l y ( B . 9 ) and ( B . 1 0 ) c o i n c i d e w i t h ( B . 1 3 ) and ( B . 1 4 ) . Nex t u s i n g ( B . 1 1 ) 

and p = q ( 1 - x ) we can w r i t e t he t e c h n o l o g y c o n s t r a i n t z 3 < z<| + q z 2 a s 

( B . 1 5 ) z 3 < J ( c 1 ( y ) - y 1 ) d G ( y ) + J ( c 2 ( y ) - y 2 ) d G ( y ) . 

Now add and s u b t r a c t t h e te rm 

P f ( c 2 ( y ) - y 2 ) d G ( y ) 

f rom t h e r i g h t - h a n d s i d e o f ( B . 1 5 ) . T h e n , u s i n g t h e budge t c o n s t r a i n t ( B . 1 3 ) 

t o c a n c e l t e r m s , we can w r i t e t h e r e s u l t i n g e q u a t i o n as 

Z 3 - ( f e ^ ( c

2

( y ) - y 2

) d G ( y ) " P J" ( c 2 ( y ) - y 2 ) d G ( y ) . 

C o l l e c t i n g t e r m s , i d e n t i f y i n g z 3 w i t h g , and u s i n g q = p / ( 1 - x ) we can r e w r i t e 

t h i s e q u a t i o n as 

g < qx J ( c 2 ( y ) - y 2 ) d G ( y ) . 

T h u s , t h e two s e t s o f c o n s t r a i n t s a r e e q u i v a l e n t . 

So f a r we have c o n s i d e r e d a r b i t r a r y u t i l i t y f u n c t i o n s . Suppose now 

t h a t t h e u t i l i t y f u n c t i o n o f each consumer i s 

u ( c 1 , c 2 , g ) = v ( c 1 , c 2 ) + w(g) 
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where v i s homogenous o f d e g r e e o n e . R e c a l l t h a t any h o m o t h e t i c u t i l i t y 

f u n c t i o n can be r e p r e s e n t e d by a l i n e a r homogenous u t i l i t y f u n c t i o n . As w i l l 

become c l e a r t h e key p r o p e r t y we use i n t he f o l l o w i n g i s h o m o t h e t i c i t y ; we 

assume homogene i t y f o r c o n v e n i e n c e . 

u t i l i t y . We c l a i m t h a t i n any i n c e n t i v e f e a s i b l e mechan ism s u c h a government 

w i l l choose t h e same p o l i c i e s as a government w h i c h m a x i m i z e s the " r e p r e 

s e n t a t i v e " a g e n t ' s u t i l i t y f u n c t i o n . T h a t i s , we show i n any i n c e n t i v e f e a 

s i b l e mechanism 

( B . 1 6 ) J" [ v ( c 1 ( y ) f c 2 ( y ) ) + w ( g ) ] d G ( y ) = v t f c ^ y ) J c 2 ( y ) ) + w ( g ) . 

R e c a l l t h a t i n any i n c e n t i v e f e a s i b l e mechan ism the m a r g i n a l r a t e o f s u b s t i t u 

t i o n between t h e p r i v a t e c o n s u m p t i o n goods i s e q u a l f o r a l l c o n s u m e r s . From 

h o m o t h e c i t i c i t y t h i s i m p l i e s 

^ ( y J / c ^ y ) = k f o r a l l y . 

Thus we can w r i t e the l e f t - s i d e o f ( B . 1 6 ) a s 

L e t t h e government m a x i m i z e an e q u a l l y w e i g h t e d sum o f c o n s u m e r ' s 

v ( k , 1 ) J c 2 ( y ) d G ( y ) + w ( g ) . 

We can w r i t e t h e r i g h t - s i d e o f ( B . 1 6 ) as 

S i n c e J c / J c = k ( J c ^ / f O = k, we a r e d o n e . 



- 4 3 -

R e f e r e n c e s 

B a c k u s , D . , D e v e r e u x , M . , and P u r v i s . D. 1986. A p o s i t i v e t h e o r y o f f i s c a l 

p o l i c i e s i n open e c o n o m i e s . F o r t h c o m i n g i n I n t e r n a t i o n a l A s p e c t s o f  

F i s c a l P o l i c y e d i t e d by J . F r e n k e l . 

D a s g u p t a , P . , Hammond, P . , and M a s k i n E . 1979. The i m p l e m e n t a t i o n o f s o c i a l 

c h o i c e r u l e s : Some g e n e r a l r e s u l t s on i n c e n t i v e c o m p a t i b i l i t y . Rev iew o f  

Economic S t u d i e s 4 6 : 1 8 5 - 2 1 6 . 

D e v e r e u x , M. 1986. The i n t e r n a t i o n a l c o o r d i n a t i o n o f f i s c a l p o l i c y and t h e 

te rms o f t r a d e : An e x a m p l e , mimeo, U n i v e r s i t y o f T o r o n t o . 

F r e n k e l , J . , and R a z i n , A . 1985. Government s p e n d i n g , d e b t , and i n t e r n a 

t i o n a l economic i n t e r d e p e n d e n c e . The Economic J o u r n a l n o . 379 ( S e p t e m 

b e r ) : 6 1 9 - 3 7 . 

. 1986. F i s c a l p o l i c i e s i n a w o r l d economy. F o r t h c o m i n g i n 

I n t e r n a t i o n a l A s p e c t s o f F i s c a l P o l i c y e d i t e d by J . F r e n k e l . 

Hamada, K. 1986. S t r a t e g i c a s p e c t s o f i n t e r n a t i o n a l f i s c a l i n t e r d e p e n 

d e n c e . V o l . 3 7 , n o . 2 : 1 6 5 - 8 0 . 

Hammond P . 1987. M a r k e t s as c o n s t r a i n t s : M u l t i l a t e r a l i n c e n t i v e c o m p a t 

i b i l i t y on c o n t i n u u m e c o n o m i c s . Rev iew o f Economic S t u d i e s L I V : 3 9 9 - 4 1 2 . 

H a r r i s , M. and Townsend, R. 1981. R e s o u r c e a l l o c a t i o n unde r a s y m m e t r i c 

i n f o r m a t i o n . E c o n o m e t r i c a 4 9 : 3 3 - 6 4 . 

J u d d , K . L . 1985. The law o f l a r g e numbers w i t h a c o n t i n u u m o f i i d random 

v a r i a b l e s . J o u r n a l o f Economic Theory 3 5 : 1 9 - 2 5 . 

Kehoe , P . 1986a. C o o r d i n a t i o n o f f i s c a l p o l i c i e s i n a w o r l d economy. R e 

s e a r c h Depar tment S t a f f R e p o r t 9 8 . M i n n e a p o l i s : 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 ( f o r t h c o m i n g J o u r n a l o f M o n e t a r y Econom ics 1 9 8 7 ) . 

. 1986b. I n t e r n a t i o n a l p o l i c y c o o p e r a t i o n may be u n d e s i r 

a b l e . R e s e a r c h Depar tment S t a f f R e p o r t 103 . M i n n e a p o l i s : 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 . 



- 4 4 -

L u c a s , R . , and S t o k e y , N . 1 9 8 3 . O p t i m a l f i s c a l and mone ta ry p o l i c y i n an 

economy w i t h o u t c a p i t a l . J o u r n a l o f M o n e t a r y E c o n o m i c s n c . 1 2 : 5 5 - 9 3 . 

M a n t e l , R. 1 9 7 1 . The w e l f a r e a d j u s t m e n t p r o c e s s : I t s s t a b i l i t y p r o p e r t i e s . 

I n t e r n a t i o n a l Economic Rev iew 1 2 : 4 1 5 - 3 0 . 

M y e r s o n , R. 1 9 7 9 . I n c e n t i v e C o m p a t i b i l i t y and t h e b a r g a i n i n g p r o b l e m . 

E c o n o m e t r i c a 4 7 : 6 1 - 7 4 . 

N e g i s h i , T . 1 9 6 0 . W e l f a r e econom ics and e x i s t e n c e o f an e q u i l i b r i u m f o r a 

c o m p e t i t i v e economy. M e t r o e c o n o m i c a 1 2 : 9 2 - 7 . 

P e r s s o n , T . , and S v e n s s o n , L . 1 9 8 6 . I n t e r n a t i o n a l b o r r o w i n g and t i m e - c o n s i s 

t e n t f i s c a l p o l i c y . The S c a n d i n a v i a n J o u r n a l o f Econom ics v o l . 8 8 , n o . 1 : 

2 7 3 - 9 5 . 

R o g o f f , K. 1 9 8 5 . Can i n t e r n a t i o n a l mone ta ry p o l i c y c o o p e r a t i o n be c o u n 

t e r p r o d u c t i v e ? J o u r n a l o f I n t e r n a t i o n a l E c o n o m i c s v o l . 1 8 , n o . 3 - 4 ( M a y ) : 

1 9 9 - 2 1 7 . 

U h l i g , H. 1 9 8 7 . A l aw o f l a r g e numbers f o r l a r g e e c o n o m i e s . 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 , Work i ng Pape r n o . 3 4 2 . 



J 

I 


