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The P o l i t i c a l Economy of Over lapp ing Genera t ions 
by John Bryant 

Th is paper p resen ts an a n a l y s i s o f the fo rmat ion o f the i n s t i t u t i o n s o f 

money and o f a f u tu res market i n an o v e r l a p p i n g - g e n e r a t i o n s model . The c r u c i a l 

assumption i n t h i s a n a l y s i s i s t ha t there i s a beg inn ing of t ime, so t h a t one 

cannot brush a s i d e the problem o f the development o f i n s t i t u t i o n s by assuming 

tha t i t occur red i n the i n f i n i t e p a s t . T h i s paper does v i o l a t e what are 

t y p i c a l l y taken to be the l e g i t i m a t e bounds o f economic a n a l y s i s i n d i s c u s s i n g 

e s s e n t i a l l y p o l i t i c a l i n s t i t u t i o n s . However, i t seems to the author t ha t i n 

s tudy ing f i a t money, which i n p r a c t i c e , and p o s s i b l y i n h e r e n t l y , i s a nonmarket 

phenomenon, one has l i t t l e cho ice but to do s o . " I t i s because i t a lways was" i s 

j u s t not a s a t i s f a c t o r y answer. 

There are two reasons f o r the i n t r o d u c t i o n o f the nonmarket 

i n s t i t u t i o n o f a f u t u r e s market i n a d d i t i o n to the i n s t i t u t i o n of money. In the 

f i r s t p l a c e , the two i n s t i t u t i o n s bear an obv ious r e l a t i o n to each other as the 

model shows. Second ly , t h i s paper was i n p a r t mot iva ted by the d e s i r e to produce 

a model i n which a "bank ing s e c t o r " i s a nonmarket phenomenon, the c o l l a p s e o f 

which cou ld have severe and endur ing e f f e c t s . Th i s i s one e x p l a n a t i o n f o r the 

p e r s i s t e n c e o f r e c e s s i o n and depress ions.—' ' In the model both money and a 

f u t u r e s market serve to a l l ow c o s t l e s s exchanges s u b s t i t u t e f o r c o s t l y exchanges 

between i n d i v i d u a l s . However, the reasons tha t the two i n s t i t u t i o n s are non-

market phenomena are o p p o s i t e . The problem w i th i n i t i a t i n g the money market i s 

tha t i t i s va l uab le to do so , so how do you a l l o c a t e the se i gno r i age? The problem 

w i th i n i t i a t i n g the fu tu res market i s t ha t i t i s c o s t l y to do s o , so how do you 

impose the cos t? Th is d i f f e r e n c e i s impor tan t . I f the economy " c o l l a p s e s " i n 

the sense o f gene ra t i ng low ou tpu t , the i n s t i t u t i o n of money can immediate ly 

r e c o v e r , wh i l e the f u t u r e s market cannot . 

- ' s e e Bryant [1] . 
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The a n a l y s i s i s performed on a p a r t i c u l a r , s imp le example o f an 

economy. Th is approach i s taken to make the a n a l y s i s t r a c t a b l e , and because the 

example proves r i c h enough to i l l u s t r a t e the i n t e r e s t i n g i s s u e s . 

The paper i s o rgan ized as f o l l o w s . F i r s t the b a s i c s t r u c t u r e o f the 

model i s p r o v i d e d . Then the po la r case where the c o s t l y t r a n s a c t i o n s are 

p r o h i b i t i v e l y c o s t l y i s d i s c u s s e d . We t u r n next t o the g e n e r a l case o f c o s t l y 

t r a n s a c t i o n s . In t h i s s e c t i o n we f i r s t cons ide r on l y the i n s t i t u t i o n o f money 

be fo re adding the p o s s i b i l i t y o f a f u t u r e s market . Next we tu rn to a b r i e f 

d i s c u s s i o n o f the p o s s i b l e c o l l a p s e o f the f u t u r e s market, and the insu rance o f 

f u tu res c o n t r a c t s . L a s t l y we tu rn to the i s s u e of the enforcement o f c o n t r a c t s , 

the i n s t i t u t i o n o f which i s i m p l i c i t i n the p reced ing d i s c u s s i o n . 

I. The Model 

The model i s a v e r s i o n o f Samuelson 's [6] pure consumption loans model . 

Time i s d i v i d e d i n t o d i s c r e t e p e r i o d s . N two-per iod l i v e d i n d i v i d u a l s are born 

per p e r i o d . Each i n d i v i d u a l i s endowed w i t h one u n i t of l a b o r i n h i s f i r s t 

pe r i od o f l i f e . There are two t echno log ies f o r p roduc ing the s i n g l e t r a n s f e r a b l e 

but nons to rab le consumption good. These t echno log ies e x i s t a t p h y s i c a l l y 
g 

separa te s i t e s . At s i t e one an input o f n u n i t s of l abo r t h i s p e r i o d produces n 

u n i t s o f output per u n i t o f i npu t t h i s p e r i o d , -1 < 8 < 0 . The re fo re , t o t a l 

output i s i n c r e a s i n g , concave, and has i n f i n i t e s l ope a t z e r o . At s i t e two an 
g 

inpu t o f N-n u n i t s o f l abo r t h i s pe r i od produces (N-n) u n i t s o f output next 

pe r i od per un i t o f i n p u t . Trade between the two s i t e s i s p o s s i b l e at goods cos t c 

per u n i t o f goods t r a d e d . 0 < c < 1. 

A l l i n d i v i d u a l s have the same pre fe rence o r d e r i n g over consumption 

bund les . Let C . , R + x R + be the i n d i v i d u a l ' s consumption o f the consumption 

good i n h i s two pe r i ods of l i f e . The i n d i v i d u a l i s i n d i f f e r e n t between consump­

t i o n bundles tha t d i f f e r on ly i n regard to the labor inpu t o f the i n d i v i d u a l . 



- 3 -

For C 1 , C2 > 0 h i s p re fe rences are ordered by the consumption f u n c t i o n 0 (C^ ,Cg) = 

l o g C 1 + l o g C2« Any bundle w i t h C 1 , C 2 > 0 i s p r e f e r r e d to any bundle w i t h C | f 

C p C 0 x R + u R + x 0 . F o r C , C . C 0 x H H U H * * x 0 the bundles are ordered by 

l o g C 1 , i f i t e x i s t s 

l o g C_, i f i t e x i s t s 

L a s t l y , C 1 = C 2 = 0 i s the l e a s t p r e f e r r e d bundle i n R + x R + . The l o g u t i l i t y 

f u n c t i o n i s chosen because i t i s s i m p l e , income and s u b s t i t u t i o n e f f e c t s are 

e x a c t l y o f f s e t t i n g , and i t s a t i s f i e s the usua l p r o p e r t i e s f o r guaran tee ing an 

i n t e r n a l s o l u t i o n . 

At b i r t h i n d i v i d u a l s choose a techno logy . They are ordered and jump 

s e q u e n t i a l l y to a technology s i t e a t which they are s tuck f o r l i f e . I n d i v i d u a l s 

who jump to s i t e i w i l l be r e f e r r e d to as type i , i = 1, 2 . In g e n e r a l we w i l l 

ignore the i n t e g e r problem, and assume tha t the i n d i v i d u a l s can always e q u a l i z e 

the r e t u r n a t the two s i t e s . Th i s can be made r i g o r o u s by hav ing a continuum of 

i n d i v i d u a l s . Be fo re they are ordered and jump the i n d i v i d u a l s have the o p t i o n o f 

ho l d i ng a mass meet ing . Th is mass meeting takes up a p r o p o r t i o n a of t h e i r l abo r 

i npu t 0 <_ a< 1. We assume tha t they a l l meet, or do not meet, but t h i s seems an 

innocuous assumption as a l l i n d i v i d u a l s are i d e n t i c a l . No c o l l u s i o n can occur 

a f t e r the i n d i v i d u a l s are ordered and jump. 

I I . P r o h i b i t i v e l y C o s t l y Trade 

F i r s t we cons ide r the case f o r c = 1, so tha t t rade between the s i t e s 

i s i m p o s s i b l e . In a l l tha t f o l l o w s we cons ide r p e r f e c t f o r e s i g h t e q u i l i b r i a . 

There i s a nonmonetary e q u i l i b r i u m . In tha t e q u i l i b r i u m i n d i v i d u a l s 

at s i t e one consume on ly i n the f i r s t p e r i o d , and i n d i v i d u a l s a t s i t e two consume 

only i n the second p e r i o d . S ince a core s o l u t i o n r e q u i r e s tha t i d e n t i c a l 

i n d i v i d u a l s consume i d e n t i c a l l y we conclude tha t a t s i t e one each i n d i v i d u a l 
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8 8 consumes n and a t s i t e two each i n d i v i d u a l consumes (N-nJ . Moreover, the 

6 
i n d i v i d u a l s w i l l jump so as to e q u a l i z e u t i l i t y a t each s i t e , so l o g n = 

g 

log(N-n) or n = N/2 . 

We have assumed tha t i n d i v i d u a l s are a l l o c a t e d t o 3 i t e s by 

s e q u e n t i a l l y " jump ing" to them by i n d i v i d u a l c h o i c e . There i s a q u e s t i o n whether 

t h i s a l l o c a t i o n dev ice would be ma in ta ined . A c o a l i t i o n might be ab le to s e t up 

a dev ice tha t would a l l o c a t e i n d i v i d u a l s acco rd ing to the outcome of a l o t t e r y . 

In such a l o t t e r y sys tem, p r e l o t t e r y a l l i n d i v i d u a l s would be t r ea ted e q u a l l y , 

and the c o a l i t i o n would impose i t s unequal pos t l o t t e r y d i s t r i b u t i o n . Such a 

system would, a t b e s t , maximize expected u t i l i t y . Fo r the moment l e t us assume 

the more g e n e r a l u t i l i t y f u n c t i o n 0 ( C . , C 2 ) = l o g C 1 + Y l o g Cg , 0 < Y < c o . Then 
8 8 Y Y our o r i g i n a l a l l o c a t i o n dev ice produces l o g n = l og ( (N-n ) ) or n = (N-n) . The 

best l o t t e r y a l l o c a t i o n w i l l s o l v e : 

max § l o g n B

 + l o g ( N - n ) B Y . 
0 < n < N 

Th is i s so l ved by n = ( N - n ) ^ e ^ " 1 . Th i s equa ls our above s o l u t i o n on ly a t Y = 1 • 

For Y ^ 1 o u r i n d i v i d u a l s p r e f e r a r i s k y a l l o c a t i o n dev ice to a r i s k l e s s one. 

However, as we assumed Y = 1 > w e need not worry t ha t i n d i v i d u a l s have a mot ive to 

meet j u s t to change the a l l o c a t i o n d e v i c e . 

Let us now c o n s i d e r a monetary e q u i l i b r i u m . As money can on l y be used 

to " t r a n s f o r m " goods today i n t o goods tomorrow, i t w i l l on ly be h e l d at s i t e one. 

Moreover, any monetary e q u i l i b r i u m w i l l a l l o w the i n d i v i d u a l to consume i n both 

pe r i ods o f l i f e i n s i t e one, so on ly s i t e one i s used , n = N. In what f o l l o w s we 

w i l l use t ime s u b s c r i p t s on ly when necessary . From g e n e r a t i o n two on the 

i n d i v i d u a l s ' problem i s : 

g 
max log [N -z ] + l og tuz ] 

z 
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where z i s the goods va lue o f the i n d i v i d u a l h o l d i n g o f money, and IT i s the r a t i o 

o f the goods va lue o f a u n i t o f money tomorrow to the goods va lue o f a u n i t o f 

money today. Th is i s maximized at z = N / 2 . S ince i n d i v i d u a l money h o l d i n g s are 

the same i n each p e r i o d we conclude tha t IT = 1 i s the on ly monetary s o l u t i o n . I t 

shou ld be noted tha t t h i s r e s u l t tha t the on l y p o s s i b l e monetary e q u i l i b r i u m i s 

the n o n i n f l a t i o n a r y e q u i l i b r i u m i s not a gene ra l r e s u l t , but r a t h e r depends upon 

2 / 

our cho ice o f u t i l i t y func t ion .— 

For the "monetary e q u i l i b r i u m " to indeed be an e q u i l i b r i u m , we must 

guarantee tha t a f u tu re gene ra t i on w i l l not f i n d i t advantageous to c o l l u d e to 

r e j e c t gene ra t i on o n e ' s money and se t up i t s own monetary sys tem. T h i s i s the 

" s e i g n o r i a g e p rob lem. " That i s , we must have tha t the u t i l i t y o f g e n e r a t i o n one 

(Degenerat ion one)) i s l e s s than or equal to the u t i l i t y of gene ra t i on two, or 

l o g [ ( 1 - a ) B + V ] + l o g ( N e / 2 ) < l o g ( N 6 / 2 ) + l o g ( N 8 / 2 ) 

or 

a > 1 - (j)p > 2". 

The re fo re , a necessary c o n d i t i o n f o r the monetary e q u i l i b r i u m to be 

Nash i s t ha t the c o l l u s i o n meet ing use up more than h a l f the i n d i v i d u a l ' s l a b o r 

endowment. We do not have to worry about i t be ing worth gene ra t i on one ' s wh i le 

to meet, s i n c e t h i s i s the only way they can get consumption i n both p e r i o d s . We 

have, then, the r a t h e r p a r a d o x i c a l r e s u l t tha t the wor ld w i th h igh meet ing cos t 

i s Pare to s u p e r i o r to the wor ld w i th low meeting cos t i f the monetary e q u i l i b r i u m 

ob ta i ns i n the former. 

In t h i s wor ld a f u t u r e s market w i l l not be set up. The f i r s t 

i n h a b i t a n t s of s i t e two ( i f there are any) can get no consumption i n t h e i r f i r s t 

pe r iod o f l i f e , and cannot be compensated fo r " s e e d i n g " a f u t u r e s market by 

- See, f o r example, Bryant [1 ] . 



- 6 -

g i v i n g up goods i n t h e i r second pe r i od o f l i f e f o r promises o f goods i n the 

f o l l o w i n g p e r i o d . 

There i s an a l t e r n a t i v e i n s t i t u t i o n to money which must be c o n s i d e r e d . 

Suppose a system o f c o s t l e s s lump sum taxes can be s e t up by gene ra t i on one. The 

imposed tax sequence w i l l so l ve 

max t 1 

k 1 ' ^2 ' * * * 

s . t . l o g l N ^ - t ^ . , ] + l o g t j > l o g [ ( 1 - a ) 6 + V ] + l o g t r 

j = 2 , 3» • • • • 

g 

The s o l u t i o n i s t = ( t , t , t , . . . ) where log [N - t ] + l o g t = 

l o g ( 1 - a ) * * 1 B ^ + l o g t , or t = [1-( 1 - a ) ^ J N 6 , which i s f e a s i b l e f o r any a . I f a 

monetary e q u i l i b r i u m i s f e a s i b l e then a > 1 - (4-) 8*1 or (1-a) < ( r ) 8+1. In t h i s 
1 d 2 

case t = [ l - ( 1 - o ) e + 1 ] N 6 > [ 1 - ( ( | ) 8 + 1 ) 8 + 1 ] N e = ^ = z . In o ther words, suoh a 

tax s t r a t e g y i s a t l e a s t as b e n e f i c i a l to gene ra t i on one as the money s t r a t e g y . 

That a c o s t l e s s system o f lump sum taxes can s u b s t i t u t e f o r the monetary s o l u t i o n 

i s , o f c o u r s e , w e l l known. 

Why, then , would the monetary e q u i l i b r i u m ever appear? One answer i s 

tha t a c o s t l e s s system o f lump sum taxes i s not f e a s i b l e . Moreover, the repeated 

cos t o f lump sum t a x i n g exceeds the cos t o f p reven t i ng c o u n t e r f e i t i n g (which we 

have i m p l i c i t l y assumed to be z e r o ) . Th i s argument ga ins f o r c e when one 

cons ide rs tha t the pure consumpt ion- loans model i s c a p t u r i n g the i d e a tha t not 

a l l c o n t r a c t s are f e a s i b l e and c o s t l e s s , and money can he lp to " b r i d g e " some o f 

the gaps . In r e a l i t y , us ing tax to produce op t ima l a l l o c a t i o n s i s very 

c o m p l i c a t e d , and t h e r e f o r e l i k e l y to be a very c o s t l y p rocedure . 

I I I . The Genera l Case. 

We now tu rn our c o n s i d e r a t i o n s to the case where 0 < c < 1. Whi le i n 

the f o l l o w i n g d i s c u s s i o n we w i l l assume f o r e x p o s i t i o n a l c l a r i t y tha t c i 0 , the 



- 7 -

reader can go through the same arguments w i t h c = 0 . He w i l l conc lude tha t there 

i s no monetary or f u t u r e s e q u i l i b r i u m , t ha t n = N /2 , and C 1 = C 2 = (N /2 ) ^ /2 a t 

both s i t e s . 

F i r s t we examine the case where there i s no f u t u r e s market , and 

cons ide r the nonmonetary e q u i l i b r i u m . Le t d 1 be the l end ings o f type one i n d i v i -

2 

d u a l s , d be the borrowings o f type two i n d i v i d u a l s and Q the ra te o f r e t u r n on 

l o a n s . Then our problem i s : 
8 1 1 ( type one i n d i v i d u a l s ) max l o g i n - d ] + l o g i n d ] = I 

d 1 

( type two i n d i v i d u a l s ) max l o g [ ( 1 - c ) d 2 ] + l o g l ( N - n ) 8 - -fi-d2] = I I 

w i t h nd 1 = ( N - n ) d 2 = D 

and I = I I . 

The max imiza t ion problems are so l ved a t 

d 1 = n 6 / 2 and -fi- d 2 = ( N - n ) e / 2 . 1-c 

By the symmetry o f the problem we can conclude tha t n = N/2 and ft = 1 - c ( t h i s 

can be demonstrated by a l i t t l e a l geb ra as w e l l ) . 

Now we t u r n to the monetary e q u i l i b r i u m wi thout the f u t u r e s market , 

which i s a s u b s t a n t i a l l y more d i f f i c u l t prob lem. From g e n e r a t i o n two on our 

problem now can be w r i t t e n a s : 

8 1 1 max l o g i n - z - d ] + log[ ir(z+d )] = 1 

z , d 1 

max l o g [ ( 1 - c ) d 2 ] + l o g [ ( N - n ) S - d 2 ] = I I 

c 2 

n d 1 = ( N - n ) d 2 = D 

I = I I . 



- 8 -

Note tha t we have a l r e a d y imposed the r e s u l t tha t the r a t e s of r e t u r n 

on money and l end ing must be i d e n t i c a l f o r p o s i t i v e l e n d i n g . The max im iza t ion 

problems are so l ved a t z + d 1 = n B / 2 and -r—- d 2 = ^ N " n ^ . P l u g g i n g these i n t o I 
~^ 8 

and I I , the e q u a l i t y o f I and I I then i m p l i e s t ha t ( j pn ) ^ = " ^ P * D e f i n i n g Z = 

n z , these th ree equat ions can be r e w r i t t e n a s : 

(1) Z + D = n 6 + 1 / 2 

(2) -T— D = ( N - n ) 6 + 1 / 2 1 - c 

(3) n B / ( N - n ) B = ( 1 - c ) / i r . 

G iven TT , these th ree equat ions un ique l y determine Z , D, and n. I t 

immediate ly f o l l o w s tha t IT = 1 i s the on l y p o s s i b l e cons tant r a t e of i n f l a t i o n as 

any o ther r a t e a l s o determines a unique z . L e t t i n g prime r e f e r to the next 

p e r i o d v a l u e , i f IT s 1P then Z = Z* and TT = Z ' / Z = 1. 

We know tha t the on ly cons tant i n f l a t i o n monetary e q u i l i b r i u m i s the 

n o n i n f l a t i o n a r y monetary e q u i l i b r i u m . Is t h i s the on l y p o s s i b l e monetary 

e q u i l i b r i u m ? We w i l l demonstrate below tha t t h i s i s not the c a s e . The 

c o n c l u s i o n i s tha t a unique and constant p r i c e monetary e q u i l i b r i u m i s not a 

robust r e s u l t . Our demonstrat ion proceeds by a t tempt ing a c o n v e n t i a l p roo f tha t 

the cons tan t p r i c e e q u i l i b r i u m i s the on l y monetary e q u i l i b r i u m . 

8 S 

F i r s t we show tha t dZ/dTT > 0 . P l u g g i n g (3) i n t o (2) we get D(N-n) / n 

= ( N - n ) 8 + 1 / 2 or D = n 6 ( N - n ) / 2 . From (1) we have then tha t ( n S + 1 / 2 - Z ) = n 8 ( N - n ) / 2 

or 

(4) Z = ( n - N / 2 ) n S . 

t o t a l l i n g d i f f e r e n t i a t i n g (4) we have dZ/dn = (1+8)n B - 6 n 6 " 1 N / 2 > 0 . However, 

t o t a l l y d i f f e r e n t i a t i n g (3) y i e l d s dn/diT = " ( N g ^ ( > 0 . Then dZ/dTT = 

(dZ/dn)(dn/di r ) > 0 . 
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Now we attempt to show tha t dZ/dir > 0 and TT i 1 y i e l d s a c o n t r a d i c t i o n . 

Le t TT = 1, Z = 2 s o l v e (3) and (4). Suppose i n a monetary e q u i l i b r i u m a t some 

p e r i o d t , > 1. Then Z f c > Z. Then Tr f c + 1 > Tr f c, . . . , o r Z i s i n c r e a s i n g 

t h e r e a f t e r a t an i n c r e a s i n g r a t e , which i s imposs ib l e as Z < 2 ( N / 2 ) ^ . So f a r so 

good. But now suppose a t some p e r i o d t , TT. < 1. Then u . i s mono ton i ca l l y 

dec reas ing t h e r e a f t e r . There fore Z approaches z e r o . By (4) e i t h e r n approaches 

zero or N /2 . S ince a t Z = n = 0 , (1) c o n t r a d i c t s (2) i t must be tha t n approaches 

N /2 . The re fo re , from (3) TT i s dec reas ing mono ton i ca l l y to ( 1 - c ) . We have the 

p o s s i b i l i t y o f i n f l a t i o n r i s i n g mono ton i ca l l y to . Where the p roo f f a l l s 

down i s tha t i f Z i s the on l y form o f s a v i n g , one can bound Z below, but here we 

can on l y bound Z + D below as i n ( 1 ) . The i n t r o d u c t i o n o f the p o s s i b i l i t y o f 

c o s t l y t rade a l s o i n t r oduces the p o s s i b i l i t y o f i n f l a t i o n , but a t a r a t e which i s 

bounded above, w i t h t h i s bound depending on the cos t o f t r a d e . 

Next we check to see whether the n o n i n f l a t i o n a r y monetary e q u i l i b r i u m 

i s , i ndeed , a Nash e q u i l i b r i u m . F i r s t we must show tha t f o l l o w i n g gene ra t i ons 

w i l l not have mot ive to meet, r e j e c t gene ra t i on o n e ' s money, and se t up t h e i r own 

money. That i s to say , we must as i n the c = 1 case i n s u r e tha t the s e i g n o r i a g e 

does not exceed the cos t o f meet ing , U (genera t i on one: monetary) < U(genera t i on 

two: monetary) . Wi th some a lgeb ra i t can be shown tha t the second p e r i o d 

B+1 8 

consumption o f a genera t i on one i n d i v i d u a l o f type one i s ( 1 - c ) ( 1 - a ) ( N / 2 ) . 

As the r e t u r n from money " p r o d u c t i o n " i s a lump sum, i n the f i r s t gene ra t i on n = 

N / 2 , and the r a t e of r e t u r n on c o n t r a c t s se rves to share Z w i th type two i n d i v i ­

d u a l s , ft = (1 -c ) - Z / [ ( 1 - a ) ^ + 1 (N/2)^ + 1 ] . Now the consumption a f t e r g e n e r a t i o n 

one i s independent o f a , so f o r a c l ose enough to one U(genera t ion one: monetary) 

< Degenerat ion two: monetary) , s i n c e l i m Degenerat ion one: monetary) * - c o . 
ct+1 

Th is i s no t , however, s u f f i c i e n t f o r the monetary e q u i l i b r i u m to 

o b t a i n . We must a l s o show tha t the f i r s t genera t i on i s b e t t e r o f f meet ing and 

i n s t i t u t i n g money than not meet ing and hav ing the nonmonetary e q u i l i b r i u m 
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o b t a i n . We need U(nonmonetary) < Degenerat ion one: monetary) < Degenerat ion 

two: monetary) . We know tha t U(nonmonetary) < Degenerat ion two: monetary) . 

We a l s o know tha t a t a = 0 D(genera t ion one: monetary) > D(nonmonetary) 

Moreover, as Degenerat ion one: monetary) i s mono ton i ca l l y dec reas ing w i thout 

bound i n a , we know tha t there i s a f e a s i b l e range o f a . So the n o n i n f l a t i o n a r y 

monetary e q u i l i b r i u m can o b t a i n f o r a range o f a not so low as to make the 

s e i g n o r i a g e a t t r a c t i v e to fu tu re g e n e r a t i o n s , nor so h igh as to make s e i g n o r i a g e 

u n a t t r a c t i v e to the f i r s t g e n e r a t i o n . 

So f a r we have ignored the p o s s i b i l i t y o f type two i n d i v i d u a l s o f 

genera t i on one " s e e d i n g " a fu tu res market . Type two i n d i v i d u a l s o f g e n e r a t i o n 

one cou ld g i v e up goods to type two i n d i v i d u a l s o f gene ra t i on two i n r e t u r n f o r 

promises to goods the next p e r i o d . Now gene ra t i on one i n d i v i d u a l s have no use 

f o r such p romises . However, when i n d i v i d u a l s o f gene ra t i on two type two d e l i v e r 

on t h e i r p romises , i n d i v i d u a l s o f genera t i on th ree type two can buy the goods 

w i th promises of goods tomorrow, and so on . As w i th money, we assume tha t 

m a i n t a i n i n g t h i s f u t u r e s market i n s t i t u t i o n i s c o s t l e s s . Wi th t h i s i n s t i t u t i o n 

type two i n d i v i d u a l s can be main ta ined w i thout c o s t l y t rade w i th type one i n d i v i ­

d u a l s . But why would genera t i on one se t up such an i n s t i t u t i o n ? They would do so 

on ly i f i t would i n c r e a s e genera t i on two 's demand f o r money enough so tha t 

gene ra t i on one type one i n d i v i d u a l s would s u b s i d i z e gene ra t i on one type two 

i n d i v i d u a l s f o r " s e e d i n g " the market. Our task i s to show i f and when such an 

i n s t i t u t i o n would be se t up, and what i t s consequences would be. 

F i r s t we examine the consequences o f such a f u t u r e s i n s t i t u t i o n by 

examining t h i s problem o f genera t i on two and f o l l o w i n g g e n e r a t i o n s . Le t i be the 

number o f goods tha t a type two i n d i v i d u a l buys i n the f u t u r e s market w i th 

promises o f P i u n i t s o f goods next p e r i o d . Then the problem from genera t i on two 

on can be w r i t t e n : 
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8 1 1 max l o g [ n p - z - d ] + log[irz+ftd ] = I 

z , d 1 

max log [ (1 -c )d 2 +! l ] + l o g [ ( N - n ) 0 - P j l - d 2 ] = I I 

w i th n d 1 = ( N - n ) d 2 

(N-n f c )J l f c = ( N - n t _ 1 > P t . 1 J l t - 1 t = 2 , . . . 

and I s I I . 

1 f t Q 2 The max im iza t ion problems are so l ved a t z + d = n p / 2 and ?% + -7*— d = 

. The max im iza t ion problems a l s o imply TT > ft, = i f d 1 > 0; P < ,® Q^2 , = 
2 N P 1 

i f d > 0 . P l u g g i n g i n t o I and I I , the e q u a l i t y o f I and I I i m p l i e s v.. 8 = , L > 
(ti-nr \/TtP — 

— , = i f d \ d 2 > 0 . 
TT 

1 2 
D e f i n i n g L = (N-n)2, and remembering tha t Z = n z , D = nd = (N-n)d we 

have 

(5) Z + D = h e + 1 / 2 

(6) PL + -A- D = ( N - n ) 6 + 1 / 2 
1 - c 

" > < N ^ j « = W i T 2 ' " D > 0 -

Le t us examine our e q u a t i o n s . F i r s t suppose tha t the s o l u t i o n has 

D > 0 f o r a l l t . Fu r the r suppose > 0 . Then 

L - P L - V l L . f t j L 
L t - P t - 1 L t - 1 " ( 1 . c ) 2 L t - 1 - Z 2 ( 1 . c ) 2 ( t - 2 ) L 2 -

p 

The re fo re , Z t approaches ze ro a t l e a s t a t the r a t e (1 -c ) as L i s bounded above. 

Converse ly i f Z f c i s bounded below then D must be ze ro a f t e r a f i n i t e number of 

p e r i o d s . 
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Now we cons ide r such a monetary e q u i l i b r i u m where Z i s bounded below. 

To do t h i s we examine equa t ions (5 ) - (7 ) w i t h D = 0 . (5) i m p l i e s t ha t TT FC = 

( _ t_ f l ) 8+1 > ^ _ P t _ i L f c _ i and (6) imply P f c = ( N . n

b P lugg ing t h i s i n t o (7) 
t t— 1 

and r e a r r a n g i n g y i e l d s 

n t 1 : • 1 U B — N -

£ f c i > ^ + i 
t+i 

D e f i n i n g 6 by n. = (1+6.)N/2 we have 

(1+6 t )N/2 = 1 N 

( f - ^ N 

<1+W fj 
1-8 

+ 1 

or 

( 8 ) « t * 1 - 6 t 1 U £ 

1 + 6 t + 1 

S ince 0 < JZQ < 1» i t f o l l o w s tha t | S f c | < max { | 6 f c _ 1 | , | [ } • But t h i s i m p l i e s 

tha t | N/2—n^. | must be e i t h e r nondecreas ing or non inc reas ing f o r a l l t . Suppose 

i t i s nondecreas ing . Then | 6 t | i s a nondecreas ing sequence bounded above (by 

N /2 ) . The re fo re , | 5 t | has a l i m i t . But i t f o l l o w s from (8) (p lugg ing i n 5 t = 

5 t - 1 = 5 t+1^ t h a t 151 = 0 1 3 t h e o n l v p o s s i b l e l i m i t p o i n t . S i m i l a r l y i f |N /2 -

n f c | i s n o n i n c r e a s i n g . We conclude tha t n f c approaches N/2 . The re fo re , a monetary 

e q u i l i b r i u m w i th Z s t r i c t l y bounded away from ze ro approaches the s o l u t i o n n = 

n / 2 , z = ( N / 2 ) 8 / 2 , I = ( N / 2 ) 8 / 2 , D = 0 , and C 1 = C 2 = ( N / 2 ^ / 2 f o r both types o f 

i n d i v i d u a l s . 

For any > 0 the economy can ach ieve i n the l i m i t the " o p t i m a l " 

a l l o c a t i o n o f i n d i v i d u a l s e q u a l l y d i v i d e d between the two t e c h n o l o g i e s , consum­

ing e q u a l l y i n both pe r i ods and engaging i n no c o s t l y t r a d e . But w i l l gene ra t i on 

one choose L 2 > 0? 
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In the f i r s t p l a c e , type one i n d i v i d u a l s o f g e n e r a t i o n one can be g i ven 

l e s s i n payment on t h e i r loans to type two i n d i v i d u a l s to o f f s e t any g a i n i n the 

va lue o f money. We conclude tha t f o r d Z 2 / d L 2 > 1-c i n c r e a s i n g L 2 i s wor thwhi le 

f o r gene ra t i on one ( t h i s argument can e a s i l y be made r i g o r o u s ) . Moreover, f o r Z , 

D > 0 we have from (5 ) - (7 ) Z + D = n 6 + 1 / 2 , JJZ^)2 L + y ^ D = ( N - n ) B + 1 / 2 , and 

n * V ( N - n ) ^ = (1-C)/TT . I f we take TT = 1, then d Z / d L | 7 r _ 1 = - d D / d L | 1 T _ 1 = - ( - y ^ ) = 

> 1-c. Cons ider the n o n i n f l a t i o n a r y monetary s o l u t i o n w i t h L = 0 , Z = Z . 

Now i f Z 2 = Z + h o l d i n g TT f i x e d a t one i m p l i e s Z f c = Z g = Z + r^-, t > 2 . But we 

know tha t Z f c approaches ( N / 2 ) B + 1 / 2 f o r L 2 > 0 . The re fo re , i f Z < ( N / 2 ) B + 1 / 2 f o r 

L 2 s m a l l we have not ove rs ta ted dZ/dL by f a i l i n g to c o n s i d e r f a l l i n g TT. SO i f Z < 

( N / 2 ) B + 1 / 2 gene ra t i on one w i l l se t L 2 > 0 . 

What can be s a i d about Z / (N /2 )^ + 1 / 2 ? Z s a t i s f i e s n 6 / ( N - n ) 0 = 1-c and Z 

= ( n - N / 2 ) n e , (3) and ( 4 ) . Le t Z» = (N/2)^ + 1 / 2 . From (4) we conc lude tha t Z / Z * = 

1 8+1 8 

(N/2) ^ 1 ^ " n ^ ' D e f i n e X by n = A N / 2 . P lugg ing t h i s i n t o the p rev ious 

3Sion and ri 
1/8 

8 
exp ress i on and rea r rang ing y i e l d s Z / Z * = 2X [ X - 1 ] . S u b s t i t u t i n g X i n t o (3) 

y i e l d s X = 2 ^ | r p ^ y 1 / 8 . These two equat ions y i e l d 

r n ,1/818+1 s ,8+1 
(9) Z / Z * = [ ° - 0 ) . . • 2 

[ U ( 1 - c ) 1 / e ] S + 1 

Th is i m p l i e s tha t f o r g i ven c , Z / Z * can be anywhere i n the i n t e r v a l 

8+1 

(c ,2 ) depending upon 8 and fo r g i ven 8 can be anywhere i n the i n t e r v a l (0 ,2 ) 

depending upon c . S e t t i n g L 2 > 0 cou ld a c t u a l l y cu t the l i m i t i n g va lue o f money 

almost i n h a l f . On the o ther hand, f o r some cho ices o f c and 8 , Z / Z * can be very 

s m a l l , and genera t i on one does s e t L 2 > 0 . W i l l g e n e r a t i o n one ever se t L 2 = 

8+1 

(N/2) / 2 so tha t the economy moves a t once to the " o p t i m a l " a l l o c a t i o n ? No, 

f o r a t L 2 = Z* the re tu rn to genera t i on one on L 2 i s 
Z* -Z Z * -Z . Z 
T T " = ~ = 1 • Z» < U c ' 
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Th is r e s u l t i s not s u r p r i s i n g . At D = 0 (5 ) - (7 ) become Z = n 8 + 1 / 2 , PL = 

8+1 8 8 * 
(N-n) / 2 , n / ( N - n ) p = 1 A l M l D i f f e r e n t i a t i n g t h i s system y i e l d s d Z / d L | i f _ 1 < 0 . 

The economy w i l l not move to the " o p t i m a l " a l l o c a t i o n immed ia te ly . F o r 

some parameters va lues i t can converge to the " o p t i m a l " a l l o c a t i o n . However, f o r 

some va lues of c and 6 gene ra t i on one w i l l not set > 0 , a l though any amount o f 

L 2 a l l ows the economy to converge to the " o p t i m a l " a l l o c a t i o n . We have a 

s o l u t i o n tha t any s o c i a l we l fa re f u n c t i o n w i t h i n t e r p e r s o n a l comparisons o f 

u t i l i t y and p o s i t i v e weights on a l l genera t ions would f i n d subop t ima l . Note t h a t 

the p o s s i b i l i t y t ha t L > 0 does not change our argument that the monetary 

e q u i l i b r i u m i s indeed Nash, a l though the se t o f a f o r which t h i s i s so may 

change, as s e t t i n g up both money and f u t u r e s markets may be more a t t r a c t i v e than 

s e t t i n g up the money market a l o n e . 

So f a r we have not cons ide red the p o s s i b i l i t y o f gene ra t i on one t a x i n g 

to recover the cos t s of " s e e d i n g " the f u t u r e s market . T h i s i s because we have 

a l ready assumed tha t t a x i n g to generate an op t ima l a l l o c a t i o n o f goods i s c o s t l y . 

However, one cou ld " f i n a n c e " the s e t t i n g up o f a f u t u r e s market by a one- t ime t a x 

on type one i n d i v i d u a l s of gene ra t i on two. Suppose such a one-t ime tax has ze ro 

cos t g i ven tha t genera t i on one has met. Then genera t i on one w i l l se t L 2 > 0 and 

f i nance i t w i th such a tax i f necessa ry , as t h i s i s a way to s u b s t i t u t e c o s t l e s s 

f o r c o s t l y t r a n s f e r s . 

IV . C o l l a p s e o f the Futures Market 

We now wish to b r i e f l y cons ide r what happens i f the p r o d u c t i o n 

t echno log ies are very o c c a s i o n a l l y and u n p r e d i c t a b l y sub jec t to independen t l y 

d i s t r i b u t e d downward shocks . I f i t i s the type one technology tha t i s h i t by a 

3hock i n p e r i o d t , then type one genera t i on t i n d i v i d u a l s w i l l pay l e s s f o r 

s t 
money, but w i l l s e l l i t to the t+1 gene ra t i on at an unchanged p r i c e . The 
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economy s imp ly con t inues where i t l e f t o f f . Even i f the t g e n e r a t i o n type 
of 

o n e ' s get ze ro ou tpu t , they w i l l d e s i r e the money, and the t-1 g e n e r a t i o n w i l l 

be w i l l i n g to p a r t w i t h i t a t zero p r i c e . In c o n t r a s t , i f the type two techno logy 

i s " h i t , " the e f f e c t s are o f l onger d u r a t i o n . Fewer t + 1 s t g e n e r a t i o n i n d i v i d u a l s 

w i l l be of type 2 , and the economy w i l l then converge back to the " o p t i m a l 

a l l o c a t i o n . " I f the type two 's ge t ze ro output the f u t u r e s ' market c o l l a p s e s , 

and w i l l not regenera te i s e l f . Indeed, i t may not be worth i t f o r f u t u r e 

gene ra t i ons to bear the cos t o f meet ing j u s t t o se t up the f u t u r e s market , and 

the economy i s permanent ly reduced to the Z = Z , L = 0 s o l u t i o n . 

However, the q u e s t i o n cannot j u s t be l e f t h e r e . I f i t i s not too 

c o s t l y to ma in ta i n c o n t i n u o u s l y and to f i nance when needed, gene ra t i on one may 

se t up a system o f i n s u r i n g i n d i v i d u a l s a g a i n s t a bad r e t u r n to a t echno logy . 

There i s good reason why op t ima l i nsu rance may not be p rov ided p r i v a t e l y . 

Insurance c o n t r a c t s can be w r i t t e n on l y by i n d i v i d u a l s who are s imu l t aneous l y 

a l i v e before the bad outcome i s r e a l i z e d . For example, i f the bad outcome i s 

known as soon as i n d i v i d u a l s get to the techno logy and be fo re they can communi­

c a t e , they are j u s t out o f l uck w i thout a "government" insurance sys tem. Even i f 

they can s i g n c o n t r a c t s before the outcome i s known, f u tu re gene ra t i ons cannot be 

s igned i n t o a " s t r i n g " o f s u b s i d i e s f o l l o w i n g a bad outcome. However, s i n c e 

"government" i nsu rance would be f i nanced by c o s t l y t a x e s , such m u l t i g e n e r a t i o n 

schemes of government insurance a l s o would be o f l i m i t e d s i z e . 

One s imp le insurance dev ice i s f o r the "government" to guarantee type 

two i n d i v i d u a l s ' promises to d e l i v e r . For some s p e c i f i c a t i o n of the tax 

f i n a n c i n g of the i n s u r e r ' s payout the economy w i l l s imp ly s t a y a t the " o p t i m a l " 

a l l o c a t i o n f o l l o w i n g a shock, a l though the re i s no reason tha t t h i s shou ld i n 

g e n e r a l be the o p t i m a l i nsu rance scheme. A bankruptcy law i s another s imp le 

means o f i n s u r i n g the type two i n d i v i d u a l s aga ins t the bad outcome. However, i t 

may be unnecessary as the promises to pay t raded i n the f u t u r e s market may be 
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made con t ingen t upon the outcome o f the techno logy . In a d d i t i o n , there needs to 

be a guarantee tha t the f u t u r e s market w i l l con t inue to e x i s t i n o rder to p r o t e c t 

f u t u r e gene ra t i ons i n t e r e s t s . A s imp le bankruptcy law does not do t h i s , and type 

two i n d i v i d u a l s have no mot ive to i s s u e the a p p r o p r i a t e con t ingen t f u t u r e s 

c o n t r a c t s once they are a t s i t e two. 

N a t u r a l l y , i nsurance schemes p r i v a t e or "government" may be l i m i t e d by 

mora l hazard prob lems. Moreover, the "government" insurance schemes are l i m i t e d 

by gene ra t i on o n e ' s knowledge of the s t o c h a s t i c s t r u c t u r e o f the t e c h n o l o g i e s . 

I f genera t i on one i s not o m n i s c i e n t , the insu rance schemes may never be put i n t o 

p l a c e . Or they may be put i n t o p lace on l y a f t e r a p a r t i c u l a r l y bad outcome makes 

i t wor thwhi le f o r a f u tu re genera t i on to meet and do s o . Or they may be put i n t o 

p l ace on l y as a by-product o f a f u t u r e gene ra t i on meeting f o r some other purpose. 

V. P l u n d e r i n g and I n c a r c e r a t i o n 

So , f a r we have assumed tha t c o n t r a c t s are c o s t l e s s l y e n f o r c e d . T h i s 

seems an unreasonable assumpt ion on the s u r f a c e . C l e a r l y type one i n d i v i d u a l s 

have mot ive to c o u n t e r f e i t money, and type two i n d i v i d u a l s have mot ive not to 

meet t h e i r c o n t r a c t s . More g e n e r a l l y , i n d i v i d u a l s have mot ive to take each 

o t h e r ' s ou tpu t . We now in t roduce technology which does r e s u l t i n c o s t l e s s 

enforcement o f c o n t r a c t s . 

F i r s t we in t roduce the technology of p l u n d e r i n g . An i n d i v i d u a l can 

take goods from another aga ins t h i s w i l l , but the s t e a l e r r e c e i v e s l e s s goods 

than he takes from the i n d i v i d u a l . P l unde r i ng i s a c o s t l y a c t i v i t y . Indeed, 

g i ven the p o s s i b i l i t y o f p l u n d e r i n g , the on ly Nash e q u i l i b r i u m i s f o r everyone to 

consume n o t h i n g . 

Second ly , we assume an i n c a r c e r a t i o n techno logy . There e x i s t s a 

technology f o r an i n d i v i d u a l t ak i ng another i n d i v i d u a l ' s goods and a l s o keep ing 

him from s t e a l i n g or consuming i n tha t and any fu tu re p e r i o d . However, the cos t 



- 17 -

o f i n c a r c e r a t i o n s u b s t a n t i a l l y exceeds the va lue o f any goods s e i z e d . The on l y 

Nash e q u i l i b r i u m i s s t i l l ze ro consumpt ion. 

T h i r d l y , l e t us suppose tha t s e t t i n g up and m a i n t a i n i n g a system o f 

r u l e s en fo rced by the t h r e a t o f i n c a r c e r a t i o n i s c o s t l e s s . The on l y c o s t s are 

the normal i n c a r c e r a t i o n cos t when a v i o l a t i o n o c c u r s , and the cos t of meet ing to 

se t up the r u l e s . Under these c i rcumstances g e n e r a t i o n one w i l l meet to s e t up 

the r u l e s aga ins t p l unde r i ng and o ther c o n t r a c t v i o l a t i o n s en fo rced by 

i n c a r c e r a t i o n . Otherwise ze ro consumption r e s u l t s . Moreover, once i t has se t up 

the sys tem, no one w i l l v i o l a t e the r u l e s , so the system i s c o s t l e s s . 

With the cu r ren t se t up o f our model , as genera t i on one d e f i n i t e l y 

meets i t a l s o i n i t i a t e s any of the o the r i n s t i t u t i o n s we have d i s c u s s e d which are 

f e a s i b l e . We need not wor ry , f o r example, t ha t s e t t i n g up the i n s t i t u t i o n o f 

money i s not worth the meeting cos t f o r gene ra t i on one, a l though we s t i l l do need 

to worry tha t i t i s wor thwhi le f o r f u tu re gene ra t i ons to do s o . 

Th is assumption on p lunder ing and i n c a r c e r a t i o n i s not e n t i r e l y innocuous, 

however. The f i r s t genera t i on cou ld dec ide to tax ( i f i t s cheaper than p l u n d e r ­

ing) pa r t of the next g e n e r a t i o n ' s ou tpu t . The second gene ra t i on would e i t h e r 

have to put up w i t h t h i s , or be reduced to no th ing i n t h e i r f i r s t p e r i o d , as 

i n c a r c e r a t i n g the e n t i r e f i r s t genera t i on i s i m p o s s i b l e . There i s a t h i r d 

p o s s i b i l i t y . The f i r s t gene ra t i on may not have the o p t i o n of p l a y i n g 

S t a c k l e b e r g . The second genera t i on cou ld " c a l l t h e i r b l u f f " by i n s t i t u t i n g an 

a n t i - t a x i n c a r c e r a t i o n or p l unde r i ng r u l e . A member o f genera t i on one t r y i n g to 

c o l l e c t the tax would then back down. R e a l i z i n g t h i s , gene ra t i on one on l y 

imposes a tax s m a l l enough tha t genera t i on two i s i n d i f f e r e n t to pay ing i t or 

meeting to r e j e c t gene ra t i on one ' s i n s t i t u t i o n s , and s i m i l a r l y f o r a l l f u tu re 

g e n e r a t i o n s . Everyone i s taxed to the po in t o f r e v o l t as d i scussed i n S e c t i o n 

I I . A f o u r t h p o s s i b i l i t y i s the one we have assumed, tha t t a x i n g , or p l u n d e r i n g , 
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i s so c o s t l y t ha t each gene ra t i on i s b e t t e r o f f w i t h the i n s t i t u t i o n s o f money 

and f u t u r e s , and wi thout t a x i n g or p l u n d e r i n g . 

V I . Conc lud ing Comments 

The main c o n c l u s i o n to be drawn from the p reced ing e x e r c i s e i s tha t one 

can model a wor ld where the nonmarket i n s t i t u t i o n s o f money and a f u t u r e s market 

w i l l be i n i t i a t e d and ma in ta ined . They need not be the unexp la ined product of 

the m y t h i c a l i n f i n i t e past ma in ta ined by an unexp la ined adherence to conven t i on . 

Moreover, i n such a model the economy can converge to the " o p t i m a l a l l o c a t i o n " 

where c o s t l y t r a n s a c t i o n s are fo regone, marg ina l p roduc ts are equated between 

t e c h n o l o g i e s , and marg ina l u t i l i t i e s equated. However, we a l s o have observed 

tha t t h i s happy c i rcumstance may not occu r . N e i t h e r i n s t i t u t i o n may be 

i n s t i t u t e d , or money may be i n s t i t u t e d wi thout the f u t u r e s market . 

There have been important by -p roduc ts o f t h i s i n v e s t i g a t i o n . We have 

found tha t r i s k y technology r a i s e s the p o s s i b i l i t i e s o f endur ing r e a l e f f e c t s 

from shocks to the fu tu res market , and v a l u a b l e "government" i n s u r a n c e . T h i s has 

obv ious a p p l i c a t i o n i n the study o f r e c e s s i o n , d e p r e s s i o n , and the banking 

system. We have a l s o found tha t an i n f l a t i o n a r y monetary e q u i l i b r i u m i s p o s s i b l e 

i n an o therw ise s t a t i o n a r y wor ld even w i th c a r e f u l l y chosen u t i l i t y f u n c t i o n s . 

That the on l y monetary e q u i l i b r i u m i s the n o n i n f l a t i o n a r y one i s not a robus t 

r e s u l t . 
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