
Opt imal Con t rac ts and Compet i t i ve Markets 

Wi th C o s t l y S ta te V e r i f i c a t i o n 

Robert M. Townsend* 

Rev ised May 1979 

Working Paper #: 80 

PACS F i l e #: 2690 

NOT FOR DISTRIBUTION 

The views expressed here in are s o l e l y those of the author and do not n e c e s s a r i l y 
rep resen t the views of the Fede ra l Reserve Bank o f M inneapo l i s or the F e d e r a l 
Reserve System. 

* T h i s paper began as a j o i n t e f f o r t w i t h N e i l Wal lace and r e f l e c t s that c o l l a b ­
o r a t i o n as w e l l as subsequent comments i n many ways. I would a l s o l i k e to thank 
the p a r t i c i p a n t s of the NSF-NBER Conference on T h e o r e t i c a l I n d u s t r i a l O r g a n i ­
z a t i o n a t Ca rneg ie -Me l l on U n i v e r s i t y , March 1976; ray co l l eagues a t C a r n e g i e -
M e l l o n , e s p e c i a l l y A r t u r R a v i v , Edward C. P r e s c o t t , and Edward J . Green; and the 
r e f e r e e s f o r h e l p f u l comments. F i n a n c i a l suppor t from the F e d e r a l Reserve Bank 
o f M inneapo l i s i s g r a t e f u l l y acknowledged. I assume f u l l r e s p o n s i b i l i t y f o r any 
e r r o r s as w e l l as the views expressed here . 



ABSTRACT 

Townsend, R. M.—Opt imal Con t rac ts and Compet i t i ve Markets With C o s t l y S ta te 

V e r i f i c a t i o n 

Th is paper focuses on avo idab le moral hazard and o f f e r s one exp lana t i on f o r 

l i m i t e d insurance markets , f o r c l o s e l y he ld f i r m s , and f o r seemingly s imp le as 

opposed to con t ingen t forms of debt . Agents have random endowments o f a con­

sumption good which are such tha t there are ga ins to t r a d i n g con t ingen t c l a i m s . 

But any r e a l i z a t i o n of an endowment i s known on ly by i t s owner un less a v e r i f i ­

c a t i o n cos t i s borne. Con t rac t s i n such a s e t t i n g are s a i d to be c o n s i s t e n t i f 

agents submit to v e r i f i c a t i o n and honor c l a ims i n accordance w i th p r i o r ag ree ­
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1. I n t r o d u c t i o n 

The i n s i g h t of Arrow [1] and Debreu [7] tha t u n c e r t a i n t y i s e a s i l y 

i nco rpo ra ted i n t o genera l e q u i l i b r i u m models i s doub le-edged. I t i s t rue tha t 

one need on ly index commodit ies by the s t a te o f na tu re , and c l a s s i c a l r e s u l t s on 

the ex i s t ence and o p t i m a l i t y o f compe t i t i ve e q u i l i b r i a can be made to app l y . Yet 

i t seems there are few cont ingent d e a l i n g s among agents r e l a t i v e to those 

suggested by the theory . For example, c l o s e l y he ld f i rms i s s u e bonds which pay 

o f f a f i x e d cons tan t , independent of investment p r o j e c t r e t u r n s , a t l e a s t i f 

bankruptcy does not occu r . More g e n e r a l l y , common forms of debt are s imp le 

r a t h e r than con t i ngen t . S i m i l a r l y , i n d i v i d u a l s ca r r y i nsu rance p o l i c i e s w i th 

d e d u c t i b l e p o r t i o n s — s m a l l l o s s e s are u n i n s u r e d . 

What i s needed then are models which e x p l a i n such phenomena. Arrow [1] 

has argued tha t the observed absence o f con t ingen t dea l i ngs i s c l o s e l y r e l a t e d t o 

moral hazard and imper fec t i n f o r m a t i o n . I f a con t rac t i s con t ingen t on an event , 

then i t must be known whether or not the event o c c u r r e d . Though t h i s i n f o rma t i on 

i s l i k e l y to be a v a i l a b l e to on ly one pa r t y of the c o n t r a c t , the range of 

p o s s i b l e con t ingen t c o n t r a c t s i s l i m i t e d t o those which are e a s i l y v e r i f i e d by 

bo th . Radner [16] has f o rma l i zed t h i s n o t i o n by exogenously l i m i t i n g c o n t r a c t s 

between agents to those which are con t ingen t on the events i n the i n f o r m a t i o n 

p a r t i t i o n s of both agents . Radner a l s o suggests t ha t the i n f o rma t i on s t r u c t u r e 

o f an economy may be c o s t l y and endogenous. T h i s paper e l abo ra tes on the themes 

suggested by Arrow and Radner. A model i s presented i n which agents are 

asymmet r i ca l l y informed on the a c t u a l s t a t e of na ture and i n which t h i s 

i n fo rma t i on may be t r ansm i t t ed to o ther agents on ly a t some c o s t . As w i l l be 

no ted , the model i s s u c c e s s f u l i n e x p l a i n i n g the above-mentioned o b s e r v a t i o n s , 

a t l e a s t sub jec t to some q u a l i f i c a t i o n s . 
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Th is paper begins i n s e c t i o n 2 w i th a s i m p l e , two-agent , pure exchange 

economy i n which the endowment of the consumption good of one of the agen ts , say 

agent two, i s random. Pre fe rences and endowments are such that there are ga ins 

to t r a d i n g c la ims cont ingent on the r e a l i z a t i o n of the random endowment. But any 

r e a l i z a t i o n i s known only by agent two un less a v e r i f i c a t i o n ( aud i t i ng ) cos t i s 

borne. A c o n t r a c t i n such a s e t t i n g i s a p r e s t a t e agreement as to when the re i s 

to be v e r i f i c a t i o n and the amount to be exchanged, and a c o n t r a c t i s s a i d to be 

c o n s i s t e n t ( i n c e n t i v e compat ib le) i f agent two submits to v e r i f i c a t i o n and 

honors c la ims i n accordance w i th the c o n t r a c t . Pare to op t ima l , c o n s i s t e n t 

con t rac t s are shown i n s e c t i o n 3 to have f a m i l i a r c h a r a c t e r i s t i c s . In p a r t i c ­

u l a r , there e x i s t s a set of r e a l i z a t i o n s over which there i s no v e r i f i c a t i o n . In 

the case o f insurance t h i s corresponds to the reg ion over which no c l a ims a re 

f i l e d . For c l o s e l y he ld f i rms t h i s corresponds to the reg ion over which bonds 

pay the s t a t e d y i e l d . A v e r i f i c a t i o n se t i 3 a se t of low r e a l i z a t i o n s ; i nsu rance 

c la ims are s e t t l e d and f i rms d e f a u l t . 

The next two s e c t i o n s examine the robustness o f these r e s u l t s by 

ex tend ing the model i n s e v e r a l d i r e c t i o n s . S e c t i o n 4 i n t r oduces a random 

v e r i f i c a t i o n procedure and e s t a b l i s h e s tha t the random procedure can dominate, 

i n a Pareto sense, the op t ima l c o n t r a c t under the assumed d e t e r m i n i s t i c 

p rocedure . Though c o n s i s t e n t w i th obse rva t i ons on random a u d i t s and the l i k e , 

t h i s f i n d i n g rep resen ts a major c r i t i c i s m of the d e t e r m i n i s t i c scheme. S e c t i o n 5 

i n t roduces more agents and random v a r i a b l e s . Here ex tens ions of the e a r l i e r 

r e s u l t s are e s t a b l i s h e d , sub jec t to some exogenous r e s t r i c t i o n s on con t i ngen t 

exchange agreements. One r e s t r i c t i o n i s tha t the m-agent model be e s s e n t i a l l y 

b i l a t e r a l i n na tu re . 

S e c t i o n 6 proposes a compe t i t i ve e q u i l i b r i u m concept f o r the m-agent 

model . I t i s e s t a b l i s h e d t h a t , under s p e c i f i e d assumpt ions , an e q u i l i b r i u m 
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e x i s t s and y i e l d s op t ima l a l l o c a t i o n s . Th i s s e c t i o n represen ts an attempt to 

improve our unders tand ing of genera l e q u i l i b r i u m compet i t i ve models w i th moral 

hazard and c o s t l y i n fo rma t i on ( c . f . , Helpman and L a f f o n t [11 ] ) . I t a l s o r e p r e ­

sents a r i go rous a n a l y s i s of incomplete compe t i t i ve insurance markets . 

Sec t i on 7 presents some conc lud ing remarks. The proofs of a l l lemmas 

and p r o p o s i t i o n s are con ta ined i n an appendix . 

The remainder of t h i s i n t r o d u c t i o n dea l s w i t h the r e l a t i o n s h i p of t h i s 

paper to o ther l i t e r a t u r e . The c h a r a c t e r i z a t i o n of op t ima l c o n t r a c t s may be 

viewed i n par t as an ex tens ion of the l i t e r a t u r e on op t ima l insurance p o l i c i e s . 

Arrow [2] , [3] and subsequent ly Raviv [17] have shown tha t under c e r t a i n non-

n e g a t i v i t y c o n s t r a i n t s and i n the presence of l o a d i n g , an op t ima l insurance 

c o n t r a c t can have a d e d u c t i b l e . I t i s shown i n t h i s paper tha t cons i s t ency 

c o n d i t i o n s y i e l d the r e q u i s i t e nonnega t i v i t y c o n s t r a i n t s and tha t i t i s c o s t l y 

s t a te v e r i f i c a t i o n which can make complete r i s k s h a r i n g subop t ima l . 

Th i s paper i s a l s o c l o s e l y r e l a t e d t o the l i t e r a t u r e on imper fec t 

i n f o rma t i on and p r i n c i p a l - a g e n t r e l a t i o n s h i p s . In Spence and Zeckhauser [21] , 

S h a v e l l [20 ] , and H a r r i s and Rav iv [10] the random output o f the consumption good 

i s not exogenous, but r a t h e r depends on an a c t i o n taken by the agent . Spence and 

Zeckhauser e s t a b l i s h e d i n t h i s contex t tha t the form o f an op t ima l c o n t r a c t 

depends on the p r i n c i p a l ' s a b i l i t y to moni tor the s t a t e o f na tu re , the a c t i o n 

taken by the agent , and the output of the consumption good. Subsequent ly 

S h a v e l l , and H a r r i s and Rav iv focus on the case i n which the output o f the 

consumption good i s known to both the p r i n c i p a l and the agent , i n con t ras t to the 

model of t h i s paper , but i n which the a c t i o n o f the agent may o r may not be 

observed . Va r i ous assumptions can be made on the mon i t o r i ng technology and the 

t im ing o f o b s e r v a t i o n s . U n l i k e the model o f t h i s paper i n which v e r i f i c a t i o n i s 

p e r f e c t when i t o c c u r s , the authors a l l o w f o r o b s e r v a t i o n o f the a g e n t ' s a c t i o n 

w i th e r r o r . S h a v e l l f u r t h e r a l l ows obse rva t i ons on care to be c o s t l y and to be 
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taken e i t h e r before or a f t e r the r e a l i z a t i o n o f ou tput . The model o f t h i s paper 

a l s o emphasizes the c o s t l y nature o f o b s e r v a t i o n , but , i n c o n t r a s t , does not dea l 

a t a l l w i th the t i m i n g q u e s t i o n . 

R e t a i n i n g the pe r fec t obse rva t i on assumpt ion, i t might have been 

supposed here tha t the d e c i s i o n to v e r i f y cou ld be made ex ante a t some f i x e d 

cos t o f the consumption good and that subsequent ly a l l r e a l i z a t i o n s would be 

observed . Th is then would be the model suggested by K i h l s t r o m and Pauly [14] , 

and i t has the i m p l i c a t i o n tha t one agent p rov ides e i t h e r complete i nsu rance 

coverage to the o ther or no coverage a t a l l . S i m i l a r l y , i n S h a v e l l ' s model, i f 

care i s observed p e r f e c t l y , then an op t ima l i nsu rance p o l i c y o f f e r s f u l l 

coverage. Thus, such an a l t e r n a t i v e model might e x p l a i n the complete absence o f 

some d e a l i n g s , but i t cou ld not e x p l a i n the obse rva t i ons on noncont ingent 

d e a l i n g s noted a t the o u t s e t . 

I f i n the model o f t h i s paper v e r i f i c a t i o n were impe r fec t , and i f the 

v e r i f i c a t i o n cos t were a f u n c t i o n o f the a c t u a l r e a l i z a t i o n o f the endowment, 

then the d e c i s i o n to v e r i f y might ac t as a s i g n a l o f the r e a l i z a t i o n , and aspec ts 

of the s i g n a l l i n g - i n c e n t i v e l i t e r a t u r e might be brought to bear . In t h i s r ega rd , 

one might a l s o weaken the assumption tha t the p r o b a b i l i t y d i s t r i b u t i o n o f the 

consumption good i s known to both agen ts . In Ross [18] the f i n a n c i a l d e c i s i o n o f 

the manager a c t s as a s i g n a l to uninformed i n v e s t o r s of the r e t u r n stream o f the 

f i r m . An approach which combines the model of t h i s paper and Ross might suppose 

tha t the cho ice o f f i n a n c i a l s t r u c t u r a l s i g n a l s i n f o rma t i on which reduces ex pos t 

a u d i t i n g c o s t s . In any event , there are many aspec ts o f the present model which 

cou ld be mod i f i ed i n subsequent work. 

2 . An Economy w i th Two Agents and One Random V a r i a b l e 

I t i s supposed tha t each o f two agents has an endowment o f the s i n g l e 

consumption good o f the model. The endowment of agent two, denoted y „ , i s a 
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random v a r i a b l e w i th cumula t ive p r o b a b i l i t y d i s t r i b u t i o n F C y ^ ) . I t i s f u r t h e r 

assumed tha t y^ takes on va lues i n the i n t e r v a l [a , 81, a > 0 , and i s e i t h e r 

s i m p l e , i n which case i t has a f i n i t e number of r e a l i z a t i o n s , or con t inuous , i n 

which case i t i s assumed to have a con t inuous , s t r i c t l y p o s i t i v e dens i t y f u n c t i o n 

fCy^)*— T n e endowment of agent one, denoted y 1 , i s not random and y 1 > 0 . 

Each agent j has a u t i l i t y f u n c t i o n Uj over r i s k l e s s consumption which 

i s con t inuous ly d i f f e r e n t i a b l e , concave, and s t r i c t l y i n c r e a s i n g . I t i s assumed 

moreover t ha t U 2 i s s t r i c t l y concave w i th U£(0) = 0 0 and U^(°°) = 0 . L e t t i n g 

c^Cy^) denote the consumption o f agent j as a f u n c t i o n o f y 2 , f e a s i b i l i t y then 

r e q u i r e s tha t c 1 ( y 2 ) + c 2 ^ y 2 ^ - y l + y 2 * C o n s i s t e n t w i th von Neumann-Morgenstern 

axioms, each agent j has as o b j e c t i v e the max imiza t ion o f expected u t i l i t y , 

J U j [ c j ( y 2 ) ] d F ( y 2 ) . 

The model desc r ibed thus f a r can be g i ven va r i ous i n t e r p r e t a t i o n s . For 

example, agent two can be viewed as a f i r m engaged i n an investment p r o j e c t w i t h 

random r e t u r n y.,. Agent two may i s s u e an asse t to agent one where the asse t i s 

some c la im on the re tu rns o f the p r o j e c t . The problem i s to determine the type o f 

asse t which i s mutua l l y agreeab le to both p a r t i e s . A l t e r n a t i v e l y , agent two can 

be viewed as an i n d i v i d u a l who i s to s u f f e r some random l o s s B - y 2 > and would 

l i k e to purchase insurance from agent one. Under e i t h e r i n t e r p r e t a t i o n , exchange 

i s mot iva ted by r i s k - s h a r i n g c o n s i d e r a t i o n s . 

I f both agents were always f u l l y informed ex post as to the r e a l i z a t i o n 

( s t a t e ) o f y 2 , then they cou ld agree to an exchange con t ingen t on the r e a l i ­

z a t i o n . In genera l any such exchange which r e s u l t s i n a ( f u l l i n fo rma t i on ) 

Pare to op t ima l a l l o c a t i o n w i l l be a n o n t r i v i a l f u n c t i o n o f y^. But the purpose 

o f t h i s paper i s to e x p l a i n the absence o f such con t i ngen t d e a l i n g s : f i rms i s s u e 

bonds which pay out a f i x e d cons tan t , independent of investment p r o j e c t r e t u r n s , 

and i n d i v i d u a l s ho ld insurance c o n t r a c t s w i th d e d u c t i b l e p o r t i o n s . Consequent ly 

the f u l l i n f o rma t i on assumption must be weakened. 



Here then i t i s supposed that the r e a l i z a t i o n of y 2 i s known on ly by 

agent two un less the re i s v e r i f i c a t i o n . I f there i s v e r i f i c a t i o n , y^ i s made 

known wi thout e r r o r to agent one. V e r i f i c a t i o n i s c o s t l y i n tha t some s p e c i f i e d 

amount o f the consumption good i s f o r f e i t e d by agent two and d isappears from the 

model . The idea here i s tha t i t i s c o s t l y f o r a f i r m to make known i t s p r o j e c t 

r e t u r n to ou t s i de i n v e s t o r s . Perhaps independent a u d i t o r s must be h i r e d , and 

c o s t l y s t a te v e r i f i c a t i o n can be i n t e r p r e t e d as c o s t l y a u d i t i n g . S i m i l a r l y , i t 

i s c o s t l y f o r i n d i v i d u a l s to e s t a b l i s h c la imed l o s s e s ; the ex ten t o f damages must 

be v e r i f i e d . — 

Resources are a l l o c a t e d i n t h i s model i n accordance w i th s p e c i f i e d 

r u l e s on the execu t ion of a c o n t r a c t . F i r s t a c o n t r a c t must be d e f i n e d . P r i o r to 

the r e a l i z a t i o n of y 2 , agents agree to a con t ingen t exchange. Le t g(y^) denote 

the a c t u a l p o s t s t a t e net t r a n s f e r o f the consumption good from agent two to agent 

one as a f u n c t i o n of y_. Then l e t g denote the p r e s t a t e c o n t r a c t u a l cho ice o f the 

f u n c t i o n g . S i m i l a r l y , p r i o r to the r e a l i z a t i o n of y^ , agents agree as to when 

there i s or i s not to be v e r i f i c a t i o n , con t ingen t on y^. A v e r i f i c a t i o n r e g i o n S 

(wi th complement S ' ) i s a set o f r e a l i z a t i o n s o f y 2 such tha t the re i s 

v e r i f i c a t i o n . Then l e t S and S ' denote the p r e s t a t e c o n t r a c t u a l cho i ces of S and 

S ' , r e s p e c t i v e l y . Thus, a c o n t r a c t [g, S] i s a p r e s t a t e con t ingen t s p e c i f i c a t i o n 

o f when there i s to be v e r i f i c a t i o n and the amount to be t r a n s f e r r e d . 

Subsequent to the r e a l i z a t i o n of y^, agent two announces whether the re 

i s or i s not to be v e r i f i c a t i o n . I f there i s v e r i f i c a t i o n , s p e c i f i e d amounts o f 

the consumption good are f o r f e i t e d by agent two, y 2 i s made known to agent one, 

and agent two t r a n s f e r s what was agreed upon. ( In terms o f the n o t a t i o n , i f 

y 2 e S , g ( y 2 ) = g ^ ) - ) I f there i s not v e r i f i c a t i o n , then agent two may t r a n s f e r 

any amount c o n s i s t e n t w i th the p r i o r s p e c i f i c a t i o n of the amount to be t r a n s ­

f e r r e d when the re was not t o be v e r i f i c a t i o n . That i s , agent two may t r a n s f e r 
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g(x) f o r any x i n S * . Of course , agent two w i l l t r a n s f e r the l e a s t amount 

p o s s i b l e , so i n f a c t g ( y 2 ) = min x e g t £ ( x ) ' F i n a l l y , to r e s o l v e any i n d e t e r ­

minacy, i t i s assumed tha t i f agent two i s i n d i f f e r e n t between ask i ng f o r 

v e r i f i c a t i o n or no t , then he does not ask f o r v e r i f i c a t i o n . 

The cos t o f v e r i f i c a t i o n can be modeled f o r m a l l y i n s e v e r a l ways. One 

n a t u r a l s p e c i f i c a t i o n i s t ha t the cos t o f v e r i f y i n g y 2 i s some cons tan t , say 

y > 0, independent of the a c t u a l r e a l i z a t i o n ; t h i s s p e c i f i c a t i o n i s pursued 

f u r t h e r below. The cos t a l s o may be supposed to depend on y^ , e i t h e r d i r e c t l y 

o r , a l t e r n a t i v e l y , through the agreed-upon t r a n s f e r . Th i s l a t t e r s p e c i f i c a t i o n 

i s a l s o pursued below. That i s , l e t £ [ g ( y 2 ) ) be the cos t of v e r i f y i n g the 

r e a l i z a t i o n y 2 - — One may argue, f o r example, t ha t the cos t o f a u d i t i n g a f i r m 

i n bankruptcy proceedings depends on ou ts tand ing c l a i m s . - ^ F i n a l l y , note tha t 

s e t t i n g £ [ g ( y 2 ) ] = u, one ob ta ins the f i r s t s p e c i f i c a t i o n , a cons tant cos t of 

v e r i f i c a t i o n . 

With t h i s n o t a t i o n , we may now examine the nature o f c o n t r a c t s i n t h i s 

model. A c o n t r a c t [g, S] i s s a i d t o be c o n s i s t e n t i f 

( i ) S = S 

( i i ) g ( y 2 ) = g ( y 2 ) y 2 e [ a , &]. 

Thus, under a c o n s i s t e n t c o n t r a c t , agent two has no i n c e n t i v e to m is rep resen t , 

r e l a t i v e to the p r i o r agreement, whether there i s or i s not to be v e r i f i c a t i o n or 

to not pay o f f what was agreed upon. I t i s perhaps obv ious tha t under a 

c o n s i s t e n t c o n t r a c t the agreed-upon t r a n s f e r from agent two to agent one cannot 

depend on i n f o rma t i on which i s known on l y t o agent two. That i s , the f u n c t i o n g 

must be i d e n t i c a l l y equal to some constant C" whenever there i s not to be 

v e r i f i c a t i o n , y 2 e S ' . S i m i l a r l y , as agent two determines whether there i s t o be 

v e r i f i c a t i o n , he must have an i n c e n t i v e to ask f o r v e r i f i c a t i o n when he i s 
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supposed to do s o . That i s , the t r a n s f e r p lus v e r i f i c a t i o n cos t must be l e s s 

than C on S . These c o n d i t i o n s are s t a t e d f o r m a l l y i n 

Lemma 2 . 1 : A c o n t r a c t [g, S] i s c o n s i s t e n t i f and on ly i f gCy^) equa ls 

some constant C on S 1 and g ( y 2 ) + £ [ g ( y 2 ) l < ^ o n 5 . 

In what f o l l o w s a t t e n t i o n i s l i m i t e d to c o n s i s t e n t c o n t r a c t s . But 

i n t u i t i v e l y , a t l e a s t , t h i s r e s t r i c t i o n shou ld be w i thou t l o s s o f g e n e r a l i t y ; 

g i v e n a c o n t r a c t [g, S ] . each agent knows the a l l o c a t i o n r u l e s and can determine 

the a c t u a l t r a n s f e r g (g ,S) and v e r i f i c a t i o n r e g i o n S ( g , S ) i m p l i e d . 3o th know 

tha t i n essence they have agreed to a c o n t r a c t [h, f ] where h = g (g ,S) and T = 

S ( g , S ) . The i m p l i c a t i o n i s summarized i n 

Lemma 2 . 2 : G iven any c o n t r a c t [g, S] , there e x i s t s a c o n s i s t e n t 

c o n t r a c t [h, T] which ach ieves the same a l l o c a t i o n of r e s o u r c e s . 

Thus the r e s t r i c t i o n to c o n s i s t e n t c o n t r a c t s i s w i thou t l o s s o f 

g e n e r a l i t y . I t i s i n t h i s sense tha t the problem o f "mora l h a z a r d " i s i n t e r ­

n a l i z e d i n t h i s model . I t shou ld be noted tha t t h i s n o t i o n of c o n s i s t e n c y i s 

c l o s e l y r e l a t e d to the n o t i o n o f i n c e n t i v e c o m p a t i b i l i t y as d i s c u s s e d by Hurwicz 

[13] . A c o n t r a c t which i s not c o n s i s t e n t would r e q u i r e tha t agent two ac t i n a 

way which i s i n c o n s i s t e n t w i th h i s own (max imiz ing) i n c l i n a t i o n s under the r u l e s 

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

R e t u r n i n g to the i n t e r p r e t a t i o n s o f the model , r e c a l l tha t agent two 

may be viewed as a f i r m w i t h investment p r o j e c t r e t u r n y 2 > Then a c o n s i s t e n t 

c o n t r a c t [g, S] may be viewed as a bond which promises to pay some f i x e d cons tan t 

C u n l e s s bankruptcy i s d e c l a r e d by agent two. In t ha t event v e r i f i c a t i o n 

(bankruptcy) c o s t s are i n c u r r e d , and something l e s s than the f i x e d y i e l d i s p a i d . 

(The payment may be n e g a t i v e . ) T h i s i n t e r p r e t a t i o n o f f e r s a s imp le theory o f 
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c l o s e l y he ld c o r p o r a t i o n s . In the model a share would be a c l a i m on some 

p ropo r t i on o f the p r o f i t s ( p ro jec t r e t u rn ) of the f i r m . I n d i v i d u a l s such as 

agent one who are not " i n s i d e r s " but who h o l d shares must v e r i f y c la imed p r o f i t 

l e v e l s . P u b l i c l y he ld shares thus r e q u i r e more v e r i f i c a t i o n than o ther forms o f 

debt . (Of course , the model of t h i s paper does not purpor t to e x p l a i n the 

f i n a n c i a l s t r u c t u r e and bankruptcy d e c i s i o n s of a l l c o r p o r a t i o n s . ) 

A l t e r n a t i v e l y , agent two can be viewed as an i n d i v i d u a l who i s to 

s u f f e r some random l o s s 6 - y 2 and purchases an insu rance c o n t r a c t [g, S] from 

one. (See Arrow [2] , [3] and Rav iv [17] . ) Here C i s the premium, pa id to agent 

one independent o f the l o s s , and I (y^) = C - g ( y 2 ) i s the insurance payment t o 

agent two fo r l o s s 8 - y 2 i f a c l a i m i s f i l e d , i n which case v e r i f i c a t i o n cos t s 

are i n c u r r e d . Thus i f y 2 e S ' , then I ( y 2 ) = 0 . A l t e r n a t i v e l y , i f y 2 e S , then 

cons i s t ency r e q u i r e s tha t g ( y 2 ) + £ [ g " ( y 2 ) ] < C so tha t I ( y 2 ) - £ [ g ( y 2 ) ] > 0 . 

Th i s i n t e r p r e t a t i o n w i l l mot iva te some f u r t h e r r e s t r i c t i o n s on £ [ g ( y 2 ) ] i n the 

a n a l y s i s which f o l l o w s . 

3. A C h a r a c t e r i z a t i o n of Opt imal Con t rac t s 

The o b j e c t i v e i n what f o l l o w s i s to c h a r a c t e r i z e the se t o f op t ima l 

c o n t r a c t s . An a l l o c a t i o n of the consumption good i s s a i d to be op t ima l i f i t i s 

Pare to op t ima l among the set o f a l l o c a t i o n s which can be ach ieved by c o n s i s t e n t 

c o n t r a c t s , and any con t rac t which ach ieves an op t ima l a l l o c a t i o n i s i t s e l f s a i d 

to be o p t i m a l . I t shou ld be noted tha t the cons i s t ency c o n d i t i o n s and 

v e r i f i c a t i o n cos t s r e q u i r e t ha t op t ima l c o n t r a c t s be de f i ned r e l a t i v e to the 

i n i t i a l endowments.- ' ' I t shou ld a l s o be noted tha t op t ima l c o n t r a c t s are de f ined 

r e l a t i v e to the d e t e r m i n i s t i c v e r i f i c a t i o n procedure desc r i bed above. 

( S t o c h a s t i c procedures are d i scussed i n s e c t i o n U.) 

By d e f i n i t i o n , op t ima l a l l o c a t i o n s c o n s t i t u t e the c o n t r a c t curve o f 

the two-agent economy. Cons i s t en t w i th the p o s i t i v e i n t e n t of t h i s paper , i t i s 
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assumed here tha t agents w i l l en te r i n t o an op t ima l c o n t r a c t and thus end up on 

the con t rac t cu rve , though the p r e c i s e a l l o c a t i o n w i l l depend on the b a r g a i n i n g 

power of the two agen ts . A compe t i t i ve e q u i l i b r i u m concept which i s Pare to 

s a t i s f a c t o r y r e l a t i v e to op t ima l a l l o c a t i o n s i s the sub jec t o f s e c t i o n 6. 

7 / 

In summary, the o b j e c t i v e i n what f o l l o w s i s to solve— 

Problem 3 . 1 : F ind a f unc t i on g ( y 2 ) , a cons tan t C, and a reg ion S which 

maximize 

J U 2 { y 2 - g ( y 2 ) - C ( g ( y 2 ) ] } d F ( y 2 ) • J ^ U ^ - C } d F ( y 2 ) 
S S 1 

sub jec t t o 

J U 1 [ y l + g ( y 2 ) ] d F ( y 2 ) + J* [ y ^ C ] d F ( y 2 ) > K ( 3 - D 
S S ' 

g ( y 2 ) + £ [ g ( y 2 ) ] < C y 2 e S (3 .2) 

y-l + g ( y 2 ) > 0 f o r y 2 e S and y 1 + C > 0 f o r y ^ S ' . (3-3) 

Here c o n s t r a i n t (3 .1) s p e c i f i e s tha t the expected u t i l i t y o f agent one be no l e s s 

than some constant K. I t i s f u r t h e r r e q u i r e d tha t K > O^(y^) so tha t agent one 

i s a t l e a s t as w e l l o f f as i n au ta rky . C o n s t r a i n t (3.2) i s the c o n s i s t e n c y 

requ i rement ; t ha t g ( y 2 ) = C on S ' has a l r e a d y been imposed by s u b s t i t u t i o n . 

C o n s t r a i n t (3-3) i s the n o n n e g a t i v i t y c o n s t r a i n t on the consumption of agent one; 

by v i r t u e of the assumption U£(0) = <», the analogue f o r agent two need not be 

imposed. 

In what f o l l o w s s o l u t i o n s to problem ( 3 - D are c h a r a c t e r i z e d under 

c l a s s i c a l and n o n c l a s s i c a l assumptions on the v e r i f i c a t i o n cos t f u n c t i o n £. F o r 

the c l a s s i c a l approach, £ i s expressed as a con t i nuous l y d i f f e r e n t i a b l e , convex 

f u n c t i o n o f the t r a n s f e r f u n c t i o n , and necessary E u l e r c o n d i t i o n s f o r a maximum 

are u t i l i z e d . In c o n t r a s t , w i th a f i x e d c o s t o f v e r i f i c a t i o n , the a n a l y s i s i s 



more t e d i o u s ; a c o n d i t i o n shown by R o t h s c h i l d and S t i g l i t z [19] to be equ i va len t 

to r i s k ave rs i on i s u t i l i z e d . Under e i t h e r approach the impor tant r e s u l t i s t ha t 

the v e r i f i c a t i o n reg ion i s a lower i n t e r v a l , [a, y ) , Y < B. 

The f i r s t approach i s mot ivated by the i nsu rance i n t e r p r e t a t i o n 

8 / 

d i scussed a b o v e . - Le t I ( y 2 ) = C - g ( y 2 ) where, a g a i n , C i s viewed as the premium 

and I ( y 2 ) i s the insurance payment. R e c a l l t ha t I = 0 on S ' and I > 0 on S. Then 

on S l e t C [g ( y 2 ) ] = 4 ' [ I (y 2 ) ] where * ( I ) > 0. Hence, i n t h i s approach the 

v e r i f i c a t i o n cost i s assumed to depend on ly on the s i z e o f the insurance payment. 

I t i s f u r t h e r assumed tha t ¥ ( I ) i s convex and con t i nuous l y d i f f e r e n t i a b l e . 

Moreover, d e f i n i n g v(0) and ^ ' (O) by t a k i n g l i m i t s as I •*• 0 , i t i s assumed tha t 

T(0) = 0 and * ' ( 0 ) < 1. Th is l a s t c o n d i t i o n s t a t e s tha t the marg ina l cos t o f 

v e r i f i c a t i o n at I = 0 i s l e s s than the marg ina l payo f f to agent two from I. Note 

t ha t i f ¥ ' ( 0 ) > 1 and 4" ( I ) were convex, then I - ¥ (1 ) would be everywhere 

n o n p o s i t i v e , and no insurance would be t r i v i a l l y o p t i m a l . 

Now cons ide r 

Problem 3 . 2 : F ind a f u n c t i o n I ( y 2 ) and a cons tan t C which maximize 

J a Vy 2 +Ky 2 ) -c -y[ l (y 2 ) ] } 
sub jec t to 

r B 
J a U 1 [ y r I ( y 2 ) + C ] d F ( y 2 ) > K (3 .4 ) 

K y 2 ) > 0 (3 .5 ) 

y i - I ( y 2 ) + C > 0 . (3 .6 ) 

Under the s p e c i f i e d assumpt ions, i f I*, C« i s a s o l u t i o n t o problem ( 3 . 2 ) , then 

g«, C«, S» i s a s o l u t i o n to problem (3 .1 ) where g * ( y 2 ) = C* - I * ( y 2 ) and S* = 

{ y 2 : I * ( y 2 ) > 0 } . ^ / 
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T h i s y i e l d s 

P r o p o s i t i o n 3.1 Any s o l u t i o n I*, C* to problem (3 .2) w i t h e i t h e r y 2 

s imp le or y 2 and I ( y 2 ) cont inuous has the p rope r t y t h a t S * = { y ? : y 2 < Y ) -or some 

10/ 

parameter y.— 

P r o p o s i t i o n (3 .1 ) would o f course be vacuous i f the v e r i f i c a t i o n 

r e g i o n S * were always e i t h e r empty or the e n t i r e i n t e r v a l . I t i s shown here by 

way o f an example tha t S* can depend on the v e r i f i c a t i o n cos t i n a n o n t r i v i a l 

way. Fo r the example, suppose t h a t 0^ i s l i n e a r , ¥ ( I ) = XI w i t h 0 <_ X < 1, and y 2 

i s un i f o rm ly d i s t r i b u t e d on [a, B ] . Agent one i s c o n s t r a i n e d to have the same 

u t i l i t y as i n a u t a r k y . A s o l u t i o n to problem (3 .2 ) can be c h a r a c t e r i z e d on 

ad jacen t i n t e r v a l s . On [a, p] c o n s t r a i n t (3 .6 ) i s b i n d i n g , so I ( y 9 ) = C + y „ ; on 

[p, y] , I ( y 2 ) = ( Y - V ? ) / ( 1-X) : and on [y, 8] c o n s t r a i n t (3 .5 ) i s b i n d i n g , so 

I ( y 2 ) = 0 . Hence, f o r t h i s example, problem (3 .2 ) i s e q u i v a l e n t to f i n d i n g 
c o n s t a n t s y and C which maximize 

i P Y S 
S ^ { V 2 l y 2 * y 1" X ( C + y 1 ) 1 d y 2 ^ p

U 2 ( Y - C ) d y 2 + V J 2 ( y 2 " C ) d Y 2 } 

sub jec t to 

p y 
/ a ( C + y i ) d y 2 + / p [ ( Y - y 2 ) / d - X ) ] d y 2 = C(B-a ) 

where a < Y < B, 0 < C < S, and p = y - (1 -X) (C+y , ] ) . Le t y^ denote a max im iz ing y 

g i ven the cos t parameter X. I f v e r i f i c a t i o n i s c o s t l e s s , i . e . , X = 0, f u l l 

i n s u r a n c e i s o p t i m a l and v e r i f i c a t i o n always o c c u r s , i . e . , y^ = &. I t can a l s o 

be shown tha t we approach au ta rky as X * 1, i . e . , y-^ •*• a. ( I f X = 1, then the re 

i s no r o l e f o r i nsu rance and the v e r i f i c a t i o n r e g i o n i s empty.) In f a c t , y , car. 
A 

take on any va lue between a and S by a p p r o p r i a t e cho i ce o f X between ze ro and 

11/ o n e . — 

Under the s p e c i f i e d assumpt ions , the f u n c t i o n * i s i n c o n s i s t e n t w i t h a 

f i x e d cos t of v e r i f i c a t i o n . Yet i t has been argued by some tha t a f i x e d c o s - of 
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a c q u i r i n g i n f o rma t i on i s t y p i c a l . I t i s now e s t a b l i s h e d , a t l e a s t under some 

f u r t h e r assumpt ions , tha t the v e r i f i c a t i o n reg ion S w i l l s t i l l have the same 

p rope r t y . 

The a n a l y s i s i s f a c i l i t a t e d by the assumption tha t agent one i s r i s k 

n e u t r a l , so tha t the consumption of agent two w i l l equal some constant on S. 

Th is i s s t a t e d f o rma l l y i n 

Lemma 3.1? Any s o l u t i o n g * , C * , S* to problem (3 .1) w i t h the cos t o f 

v e r i f i c a t i o n equal to some constant u, w i th agent one r i s k n e u t r a l , and w i t h 

nonb ind ing n o n n e g a t i v i t y c o n s t r a i n t s has the p roper ty tha t the consumption o f 

agent two equals some p o s i t i v e constant on S * . 

Th i s lemma enab les one to prove 

P r o p o s i t i o n 3 . 2 : Any s o l u t i o n g * , C * , S* to problem ( 3 - D w i th y 2 

con t inuous ; w i th a f i x e d v e r i f i c a t i o n cos t u; w i th agent one r i s k n e u t r a l ; and 

w i th a n o n n e g a t i v i t y c o n d i t i o n on the consumption c | ( y 2 ) o f agent two, sup c * ( y 2 ) 

<_ y^ + u - a , has the p roper ty t ha t S * = { y 2 : y 2 < Y ) f o r some parameter y. 

The c o n t r a c t s c h a r a c t e r i z e d i n p r o p o s i t i o n s (3 .1) and (3.2) have 

f a m i l i a r c h a r a c t e r i s t i c s . V iewing agent two as the i n s i d e r o f a f i r m f i n a n c i n g 

an investment p r o j e c t , the p r o p o s i t i o n s a s s e r t the f i r m w i l l d e f a u l t on a bond 

p romis ing to pay C* and s u f f e r a c o s t l y a u d i t o n l y when the f i r m does p o o r l y , 

i . e . , when y 2 < y. A l t e r n a t i v e l y , v iew ing agent two as a purchaser o f i n su rance , 

the p r o p o s i t i o n s can be viewed as an ex tens ion o f some r e s u l t s i n the i nsu rance 

l i t e r a t u r e . Here the i nsu red f i l e s a c l a i m on ly i f the l o s s ( B - y 2 ) exceeds 

( B - y ) . Hence (8-"y) may be viewed as a d e d u c t i b l e . In the insu rance l i t e r a t u r e , 

n o n t r i v i a l d e d u c t i b l e s (ytct, 8) are generated by the assumption tha t I ( y 2 ) > 0 
.8 

and by the assumption o f l o a d i n g , ( 1 + X ) J a K y 2 ) d F ( y 2 ) < C f o r some p o s i t i v e 

cons tant X — t h a t i s , the a c t u a r i a l va lue o f the p o l i c y must be l e s s than the 

premium. In t h i s paper the f i r s t c o n s t r a i n t i s mot iva ted by c o n s i s t e n c y 
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c o n s i d e r a t i o n s , and the l o a d i n g assumption i s rep laced by an e x p l i c i t t reatment 

of c o s t l y s t a te v e r i f i c a t i o n . 

4. S t o c h a s t i c V e r i f i c a t i o n 

Thus fa r a t t e n t i o n has been l i m i t e d to a d e t e r m i n i s t i c v e r i f i c a t i o n 

procedure . That i s , v e r i f i c a t i o n occurs w i t h p r o b a b i l i t y one or z e r o , depending 

on whether or not agent two asks fo r v e r i f i c a t i o n . Th i s may be con t ras ted w i th 

schemes i n which the d e c i s i o n to v e r i f y i s determined i n a random way. One might 

con jec tu re tha t random procedures can l essen the resource cos t of v e r i f i c a t i o n 

w h i l e the th rea t o f v e r i f i c a t i o n induces hones ty . Indeed t h i s t u rns out t o be 

s o ; t h i s s e c t i o n d e s c r i b e s a s t o c h a s t i c v e r i f i c a t i o n scheme which can dominate 

the d e t e r m i n i s t i c p rocedure . I t goes wi thout say i ng tha t t h i s r e s u l t l i m i t s the 

f o r c e o f the r e s u l t s presented i n t h i s paper f o r d e t e r m i n i s t i c v e r i f i c a t i o n . 

For the purpose o f e s t a b l i s h i n g tha t s t o c h a s t i c v e r i f i c a t i o n schemes 

can dominate the d e t e r m i n i s t i c p rocedure , i t i s enough to p rov ide a s i m p l e , but 

h o p e f u l l y g e n e r i c , example. Consequent ly , i t i s assumed throughout t h i s s e c t i o n 

tha t y 2 i s s imp le w i th on ly two r e a l i z a t i o n s , y 2 ( s ) and y 2 ( t ) , 0 < y 2 ( s ) < y 2 ( t ) , 

w i th p r o b a b i l i t i e s p(s) and p ( t ) , r e s p e c t i v e l y . 

The s t o c h a s t i c scheme i s as f o l l o w s . P r i o r to the r e a l i z a t i o n o f y 2 , 

agents one and two agree to exchange s p e c i f i e d amounts con t ingen t on the 

r e a l i z a t i o n . The amount to be t r a n s f e r r e d depends on whether there i s or i s not 

v e r i f i c a t i o n , and the l a t t e r i s determined i n a random way. Agent two beg ins by 

c l a i m i n g a r e a l i z a t i o n of y 2 , e i t h e r y 2 ( s ) or y 2 ( t ) . Le t TT(W) denote the ag reed-

upon p r o b a b i l i t y tha t there i s v e r i f i c a t i o n g iven tha t y 2 (w) i s c l a imed , w = s , t . 

(Presumably there i s some machine (urn) which i s known by both agents to generate 

outcomes w i th the s p e c i f i e d p r o b a b i l i t i e s . ) Le t h(w) denote the number o f u n i t s 

o f the consumption good to be t r a n s f e r r e d from agent two to agent one g i ven tha t 

y „ (w) i s c la imed by agent two and there i s not v e r i f i c a t i o n . Le t d(w,w') denote 



- 17 -

the amount to be t r a n s f e r r e d i f y 2 (w) i s r e a l i z e d , y 2 ( w ' ) i s c l a imed , and there 

i s v e r i f i c a t i o n . Let y denote the f i x e d cos t o f v e r i f i c a t i o n as i n c u r r e d by 

agent two i f there i s v e r i f i c a t i o n . 

I t shou ld be noted tha t the scheme j u s t desc r i bed d i f f e r s i n va r i ous 

ways from the a l l o c a t i o n procedure o f s e c t i o n 2 . There agent two merely 

announced whether or not there was to be v e r i f i c a t i o n , and then , i f there was any 

d i s c r e t i o n , determined the t r a n s f e r . Here agent two announces a p a r t i c u l a r 

r e a l i z a t i o n of y^ , and, subsequent to h i s announcement, the t r a n s f e r i s com­

p l e t e l y determined, a l b e i t i n a random way. Yet these schemes are not d i s s i m ­

i l a r ; i t i s e s t a b l i s h e d below tha t any a l l o c a t i o n o f resources ach ievab le by the 

d e t e r m i n i s t i c procedure i s ach ievab le here wi thout randomiza t i on . 

I t remains to show tha t the present scheme can generate a (random) 

a l l o c a t i o n of resou rces which both agents can count o n . That i s , tha t there i s 

some known r e l a t i o n s h i p between a c t u a l r e a l i z a t i o n s of y^ and announced 

r e a l i z a t i o n s . A c o n d i t i o n on the p r o b a b i l i t i e s n(w) and t r a n s f e r s h(w) , d(w,w') 

which ensures such a r e l a t i o n s h i p i s 

M-ir(w)]U2ly2(w)-h(w)] + ir(w)U2[y2(w)-d(w,w)-u] > 

[ 1 -TT(w ' ) ]U 2 [ y 2 (w) -h (w ' ) ] + TT (w ' )U 2 [ y 2 (w ) -d (w ,w , ) - y ] (4 .1) 

f o r w, w* = s , t . I n e q u a l i t y (4.1) s t a t e s t h a t , g i ven the r e a l i z a t i o n y 2 ( w ) , the 

expected u t i l i t y of agent two i f he c l a ims y 2 (w) as a r e a l i z a t i o n i s no l e s s than 

h i s expected u t i l i t y i f he c l a ims y 2 ( w ' ) . Wi th an i n d i f f e r e n c e conven t i on , then, 

(4 .1) ensures tha t agent two would c l a i m y 2 (w) whenever y 2 (w) i s r e a l i z e d , 

w = s , t . 

For the purpose of e s t a b l i s h i n g tha t the above-desc r ibed s t o c h a s t i c 

scheme can dominate the d e t e r m i n i s t i c p rocedure , one may c o n s i d e r 
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Problem 4 . 1 : F ind the TT(W), h(w), and d(w,w') which maximize 

I p (w) { [1 - i r (w) ]U 2 l y 2 (w) -h (w) ]+TT(w)U 2 [ y 2 (w) -d (w,w) -y ]> (4 .2 ) 
w=s,t 

sub jec t to (4.1) and 

I p(w){H- i r (w) ]U l [y 1 +h(w)]+n(w)U 1 [y 1 +d(w,w) ] } > K (4 .3 ) 
w=s, t 

c 1 [ y 2 ( w ) ] > 0 (4 .4 ) 

0 < TT(W) < 1. (4 .5 ) 

Here c o n s t r a i n t (4 .3) bounds the expected u t i l i t y of agent one, (4 .4) i s the 

nonnega t i v i t y c o n s t r a i n t on the consumption of agent one, and (4 .5) r e s t a t e s tha t 

the ir(w) are p r o b a b i l i t i e s . 

Now suppose a s o l u t i o n g * , C* , S * to problem (3-1) has the p roper ty 

t ha t there i s v e r i f i c a t i o n a t y 2 ( s ) , but not a t y 2 ( t ) . Then there i s a f e a s i b l e 

12/ 

s o l u t i o n to problem (4 .1) which ach ieves the same a l l o c a t i o n of r e s o u r c e s . — 

For l e t ir(s) = 1, n ( t ) = 0 ; tha t i s , v e r i f y w i th p r o b a b i l i t y one or zero a t s and 

t , r e s p e c t i v e l y . A l s o , l e t h ( t ) = C* , d ( s , s ) = g * [ y 2 ( s ) ] , and d ( t , s ) = y 2 ( t ) -

y . Then by c o n s t r a i n t ( 3 . 2 ) , d ( s , s ) + u < h ( t ) . I t f o l l o w s tha t 

U 2 [ y 2 ( s ) - d ( s , s ) - u ] > U 2 [ y 2 ( s ) - h ( t ) ] (4 .6 ) 

U 2 [ y 2 ( t ) - h ( t ) ] > U 2 [ y 2 ( t ) - d ( t , s ) - u ] (4 .7 ) 

where y 2 ( t ) - h ( t ) > 0. With i r (s) = 1 and n ( t ) = 0, i n e q u a l i t i e s (4 .6) and (4 .7) 

are c o n s i s t e n t w i th c o n s t r a i n t ( 4 . 1 ) , and hence the d e s i r e d a l l o c a t i o n can be 

a c h i e v e d . 

I t i s now e s t a b l i s h e d tha t t h i s f e a s i b l e s o l u t i o n to problem (4 .1) i s 

not max im iz ing . In a d d i t i o n to the above s p e c i f i c a t i o n l e t h(s) = g * [ y 2 ( s ) ] . 

Then keeping TT(S) = 1 and i r ( t ) = 0 , (4 .6) and (4 .7) can be r e w r i t t e n as 
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[ 1 - i r ( s ) ] U 2 [ y 2 ( s ) - h ( s ) ] + T 7 ( s ) U 2 [ y 2 ( s ) - d ( s , s ) - y ] > 

U 2 [ y 2 ( s ) - h ( t ) ] ( 4 . 8 ) 

U 2 l y 2 ( t ) - h ( t ) ] > 

[ 1 - i r ( s ) ] U 2 [ y 2 ( t ) - h ( s ) ] + T T ( S ) U 2 [ y 2 ( t ) - d ( t , s ) - y ] . ( 4 . 9 ) 

Note tha t y 2 ( t ) - h(s) > 0 and y 2 ( t ) - d ( t , s ) - y = 0 . I t f o l l o w s t h a t , c e t e r i s 

p a r i b u s , TT(S) can be d im in ished somewhat w i thout changing the d i r e c t i o n of the 

i n e q u a l i t y i n ( 4 . 9 ) . As fo r c o n s t r a i n t ( 4 . 8 ) , note tha t w i th h (s ) = d ( s , s ) = 

g * [ y 2 ( s ) ] , agent two i s c l e a r l y b e t t e r o f f w i thout v e r i f i c a t i o n a t y«,(s) by 

v i r t u e of the resource sav ings y. Hence a d im inu t i on of TT(S) w i l l not cause 

c o n s t r a i n t ( 4 . 8 ) to be v i o l a t e d . Wi th the t r a n s f e r to agent one independent of 

v e r i f i c a t i o n a t y 2 ( s ) , c o n s t r a i n t s ( 4 . 3 ) and ( 4 . 4 ) w i l l s t i l l be s a t i s f i e d . 

Hence the re e x i s t s a f e a s i b l e s o l u t i o n to problem ( 4 . 1 ) w i t h n ( t ) = 0 and 0 < TT(S) 

< 1 which dominates the ( d e t e r m i n i s t i c ) s o l u t i o n to problem ( 3 . 1 ) . 

Given the dominance of s t o c h a s t i c v e r i f i c a t i o n , some f u r t h e r comment 

on problem ( 4 . 1 ) and i t s s o l u t i o n s would seem to be i n o r d e r . F i r s t , one may 

ques t i on whether the c o n s t r a i n t s ( 4 . 1 ) may be imposed w i thout l o s s o f g e n e r a l i t y , 

as were the cons i s t ency c o n d i t i o n s i n s e c t i o n 2 . That i s , suppose the TT(W), 

h(w) , and d(w,w') were such tha t both o f the c o n s t r a i n t s ( 4 . 1 ) were v i o l a t e d . 

Then there i s a s p e c i f i c a t i o n of t r a n s f e r s ( e s s e n t i a l l y a r e l a b e l l i n g ) which 

ach ieves the same a l l o c a t i o n and s a t i s f i e s c o n s t r a i n t s ( 4 . 1 ) . I f on ly one 

c o n s t r a i n t i s v i o l a t e d , say f o r example agent two would always announce tha t 

y 2 ( s ) i s r e a l i z e d , then there i s a modi f ied game i n which agent two must a lways 

announce y 2 ( s ) , e f f e c t i n g e i t h e r h ( s ) , d ( s , s ) , or d ( t , s ) . Hence there i s a 

mod i f i ed a l b e i t more compl i ca ted v e r s i o n o f problem ( 4 . 1 ) which may be imposed 

w i thout l o s s o f g e n e r a l i t y . 
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As to the nature of s o l u t i o n s to problems s i m i l a r to ( 4 . 1 ) , l i t t l e has 

1 V 

been d e t e r m i n e d . — One might c o n j e c t u r e , based on the r e s u l t s f o r d e t e r m i n i s t i c 

v e r i f i c a t i o n , t ha t the p r o b a b i l i t y of v e r i f i c a t i o n should be a n o n i n c r e a s i n g 

f u n c t i o n o f y^ and perhaps shou ld be zero i n s t a t e s w i th h igh r e a l i z a t i o n s . I t 

may be noted i n t h i s regard t h a t , i n the example d i scussed above, resource 

sav ings are l i m i t e d by the ex ten t to which IT (S ) can be d im in i shed w i thout 

c r e a t i n g an i n c e n t i v e f o r agent two to cheat a t y ^ ( t ) . I f were unbounded from 

below, then i t seems tha t the va lue o f the o b j e c t i v e f u n c t i o n can be made 

a r b i t r a r i l y c l ose to the cor respond ing va lue w i th op t ima l c o n t r a c t s and c o s t l e s s 

v e r i f i c a t i o n by making the IT(W) a r b i t r a r i l y c l o s e to z e r o , w = s , t . For l e t 

g # (w) denote a maximiz ing t r a n s f e r as a f u n c t i o n o f w w i t h c o s t l e s s v e r i f i c a t i o n . 

Then, i g n o r i n g n o n n e g a t i v i t y c o n s t r a i n t s , l e t h(w) = d(w,w) = g* (w) . S i n c e U^tc) 

•* -co as c •* 0 , TT(W) can be made a r b i t r a r i l y c l o s e to zero by a p p r o p r i a t e cho ice 
14/ 

o f d(w,w') w i thout v i o l a t i n g the c o n s t r a i n t s ( 4 . 1 ) . — 

In summary, s t o c h a s t i c v e r i f i c a t i o n procedures can dominate d e t e r ­

m i n i s t i c p rocedures . In f a c t , s t o c h a s t i c procedures are not uncommon. The 

t i m i n g o f bank a u d i t s by government agenc ies i s somewhat random. S i m i l a r l y , 

c o r p o r a t i o n s use s t o c h a s t i c procedures i n mon i to r i ng i n t e r n a l d i v i s i o n s . I t i s 

a l s o s a i d tha t tax a u d i t s by the IRS are determined i n par t at random. 

5 . Cons t ra ined Opt imal Con t rac t s i n an m-Agent Economy 

Th is s e c t i o n r e t u r n s to d e t e r m i n i s t i c v e r i f i c a t i o n procedures i n an 

attempt to g e n e r a l i z e the e a r l i e r r e s u l t s on o the r d imens ions—the number o f 



- 21 -

agents and unobserved random v a r i a b l e s . I t w i l l be seen tha t t h i s attempt r a i s e s 

some new and i n t e r e s t i n g problems w i th regard to the c h a r a c t e r i z a t i o n of op t ima l 

c o n t r a c t s . 

We beg in w i th a symmetric two-agent economy. That i s , the r e a l i z a t i o n 

of the endowment y , o f each agent j ( j = 1,2) i s known on ly by agent j un less a 

v e r i f i c a t i o n cos t i s borne. Each random v a r i a b l e y . i s a s s o c i a t e d w i th a 
3 

cumula t i ve d i s t r i b u t i o n f u n c t i o n F ( y . ) and takes on va lues i n the i n t e r v a l 
3 

[ a . , 3.] , a . > 0 . The y . a re a l l e i t h e r s imp le or con t i nuous . In the l a t t e r 
3 3 3 3 

case each y . possesses a con t i nuous , s t r i c t l y p o s i t i v e d e n s i t y f u n c t i o n f . . I t 
3 3 

i s assumed moreover tha t the y . a re independent so that the r e a l i z a t i o n o f y . 
3 3 

conveys no i n f o rma t i on about y ^ i i j. Each agent j has a u t i l i t y f u n c t i o n u\ 

over r i s k l e s s consumption which i s con t i nuous l y d i f f e r e n t i a b l e , s t r i c t l y 

concave, and s t r i c t l y i n c r e a s i n g w i t h U'.(0) = °> and U'.(<») = 0 . 
3 3 

P r i o r to the r e a l i z a t i o n s o f y^ and y^, both agents make exchange and 
v e r i f i c a t i o n p lans which a re con t ingen t on the r e a l i z a t i o n s . That i s , l e t 

8(y-|i72^ denote the a c t u a l p o s t s t a t e net t r a n s f e r o f the consumption good from 

agent two to agent one as a f u n c t i o n of the r e a l i z a t i o n s o f y 1 and y^, and l e t 

S ( y 1 , y 2 ) denote the p r e s t a t e c o n t r a c t u a l cho i ce o f t h i s t r a n s f e r f u n c t i o n . A l s o , 

l e t S . denote the se t o f r e a l i z a t i o n s o f y . under which there a c t u a l l y i s 
3 3 

v e r i f i c a t i o n o f y , , and l e t S . denote the p r e s t a t e c o n t r a c t u a l cho ice of t h i s 
J J 

t r a n s f e r f u n c t i o n . Thus a c o n t r a c t i n t h i s economy i s a s p e c i f i c a t i o n o f g , S 1 , 

and S 2 . 

Subsequent to the r e a l i z a t i o n o f y . , each agent j announces whether 
J 

there i s or i s not to be v e r i f i c a t i o n . I f there i s v e r i f i c a t i o n , y . i s made known 
3 

to agent i ( i ^ j ) and ( M y . ) u n i t s of the consumption good are f o r f e i t e d by agent 

J . — I t i s agreed tha t i f both agents are v e r i f i e d , then they t r a n s f e r what was 

agreed upon, i . e . , g (y^ , yg ) = g C y ^ y g ) * I f agent one i s v e r i f i e d but agent two 
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i s no t , then i t i s agreed tha t agent two can e f f e c t any t r a n s f e r c o n s i s t e n t w i th 

the known va lue of y 1 and any y 2 i n the agreed-upon n o n v e r i f i c a t i o n r e g i o n o f y 2 , 

i . e . , g ( y 1 , y 2 ) = min g C y ^ x ) where the minimum i s over x e S ^ . S i m i l a r l y , i f agent 

two i s v e r i f i e d but one i s no t , then agent one determines the t r a n s f e r , i . e . , 

S ( y 1 , y 2 ) = m a x g ( * , y 2 ) where the maximum i s over xeS; j . I f n e i t h e r agent i s 

v e r i f i e d , i t may be supposed wi thout l o s s o f g e n e r a l i t y tha t agent two determines 

the t r a n s f e r , i . e . , gCy^.y. , ) = min g(.x^,x^) where the minimum i s over ( x ^ x ^ e S ^ 

x S ^ . — ' F i n a l l y , i f some agent j asks f o r v e r i f i c a t i o n , but y . i s not i n the 
3 

agreed-upon v e r i f i c a t i o n reg ion S . , then agent j i n c u r s the v e r i f i c a t i o n c o s t , 
3 

and the t r a n s f e r i s determined as i f agent j had not asked f o r v e r i f i c a t i o n . 

Note tha t t h i s e f f e c t i v e l y p rec ludes such an event , and h e r e a f t e r we d i s r e g a r d 

t h i s p o s s i b i l i t y . (The scheme i s e a s i l y mod i f i ed to a l l ow f o r b i n d i n g non-

n e g a t i v i t y c o n s t r a i n t s . ) Any remain ing indeterminacy i s r e s o l v e d by an 

i n d i f f e r e n c e convent ion as i n s e c t i o n 2 . 

The s t r a t e g y o f t e l l i n g the t r u t h f o r agent j means the p o s t s t a t e 

announcement of whether he i s or i s not to be v e r i f i e d i n accord w i th S . and S ' . . 
J J 

Now one may de f i ne a c o n t r a c t [g, , S~2] to be c o n s i s t e n t i f ( i ) t e l l i n g the 

t r u t h i s a dominant s t r a t e g y f o r each agent j , and ( i i ) g = g~. Note tha t 

c o n d i t i o n ( i ) i m p l i e s S = S . , j r 1,2, so i n t h i s sense the d e f i n i t i o n o f 

c o n s i s t e n c y of s e c t i o n 2 has been g e n e r a l i z e d . 

The i m p l i c a t i o n s of cons i s t ency shou ld not be too s u r p r i s i n g . Under a 

c o n s i s t e n t con t rac t the t r a n s f e r f u n c t i o n g cannot depend on i n f o rma t i on which i s 

known on ly to one agent . That i s , the t r a n s f e r cannot depend on y . i f agent j i s 
3 

not v e r i f i e d . A l s o , c e r t a i n i n c e n t i v e i n e q u a l i t i e s must be s a t i s f i e d . More 

f o r m a l l y we have 

Lemma 5 . 1 : A c o n t r a c t [g, S 1 , S 2 ] i s c o n s i s t e n t i f and on ly i f 

gCy-i.Yp) equals some constant C on S ' x S ' equa ls some f u n c t i o n g 1 ( y . ) on 



S 1 x S 2 , equals some f u n c t i o n g 2 ( y 2 ) on S ! x S^, and the i n e q u a l i t i e s below 

o b t a i n : 

I ( y r y 2 ) - * 1 Cy n ) > I 2 ( y 2 ) ( y 1 , y 2 ) e S 1 x S 2 

g 1 (y . , ) - ^ ( y . , ) > c y 1 £ S l 

I ( y v y 2 ) + * 2 ( y 2 ) < I ( y ^ ( y l , y 2 ) es 1 x s 2 

I 2 ( y 2 ) + 4> 2(y 2) < C y 2 e V 

I t may a l s o be noted tha t under the dominant s t r a t e g y e q u i l i b r i u m concept f o r 

de te rmin ing the outcome of a con t rac t [g, , S 2 ] , c o n s i s t e n c y requi rements may 

be imposed w i thout l o s s of g e n e r a l i t y , as i n s e c t i o n 2 . 

One may now proceed i n an attempt to c h a r a c t e r i z e op t ima l c o n t r a c t s . 

Mot i va ted by the c l a s s i c a l approach of s e c t i o n 3, one might hope to fo rmu la te an 

analogue to problem (3 .2 ) i n which i n e q u a l i t y c o n s t r a i n t s de f i ne the space o f 

f e a s i b l e f u n c t i o n s and i n which there i s no e x p l i c i t r e fe rence to r e g i o n s . 

F i r s t , de f i ne f u n c t i o n s I 2 1 ( y 1 ) and T 1 2 ( y 2 ) as f o l l o w s . L e t l ^ ^ ) = g 1 ( y 1 ) - C 

on S v I 2 1 ( y . , ) = 0 on S», I 1 2 ( y 2 ) = C - g 2 ( y 2 ) on S" 2 , and I 1 2 ( y 2 ) E 0 on S g . 

A l s o , de f i ne a f u n c t i o n K ( y 1 > y 2 ) = g ( y 1 , y 2 ) - C - * 2 1 * y 1 ^ + ^ 1 2 ( y 2 ) o n *1 x ^2 

and zero o the rw i se . Then by s u b s t i t u t i o n i n t o the i n e q u a l i t y c o n s t r a i n t s o f 

lemma (5 .1 ) one ob ta ins the r e s t r i c t i o n s 

T 2 1 ( y 1 5 " * 1 ( y 1 5 > 0 y 1 G ^ 1 ( 5 ' 1 ) 

i 1 2 ( y 2 ) - 4> 2(y 2) > o y 2 es 2 (5 .2 ) 

ml2^^ + *i > < K ( y v y 2 ) < 

I i 2 ( y 2 ) " ( J ) 2 ( y 2 ) (y l.y2>es1 x s 2 . (5 .3 ) 
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The d i f f i c u l t y w i th t h i s approach i s c o n s t r a i n t (5 .3) and the appearance of the 

f u n c t i o n K C y ^ y g ) o n s i x S ^ . I f , however, K ( y . ,yg) were r e s t r i c t e d exogenously 

to be i d e n t i c a l l y z e r o , then g(.y^,y^) = ^ (y ̂ ) - I

1 2 ^ y 2 ^ + C e v e r y w h e r e - 0 n e 

cou ld then p o s t u l a t e tha t the cos t o f v e r i f i c a t i o n o f y^ depends on ly on the 

agreed-upon insurance payment I. . . That i s , 4).(y.) = *F.[I. . (y . ) ] w i th ¥ . (0 ) = 0 . 
l j 0 0 0 ^ 0 0 0 

Then as i n s e c t i o n 3 one cou ld fo rmula te an o p t i m i z a t i o n problem w i th the 

v e r i f i c a t i o n reg ion S . de f ined by S . = {y .(y .)>0}. Th is i s done below i n 
0 0 0 ^ 0 0 

g rea te r g e n e r a l i t y . The maximiz ing c o n t r a c t i s s a i d to be a cons t r a i ned optimum. 

1 7 / 

One should cons ide r the i m p l i c a t i o n o f the c o n s t r a i n t K (y^ ,yp ) = 0 . — 

Roughly speak ing , t h i s r e s t r i c t i o n p rec ludes c e r t a i n r i s k - s h a r i n g arrangements. 

To get some f e e l f o r t h i s suppose U.(e) = C Y + 1 / ( Y + 1 ) , U-(e) = c 0 + 1 / ( p + 1) w i th 

Y = - 1 A and p = - 1 / 2 . Then the op t ima l ( f u l l i n f o rma t i on ) t r a n s f e r f u n c t i o n g * 

i s o f the form 

2 g * ( y r y 2 ) = ( X ' 4

+ 2 y 2 ) + { ( X " V 2 y 2 ) 2 - M y ^ - X ' ' 4 y 1 ) } 1 / 2 

where X i s some p o s i t i v e cons tan t . To be noted i s tha t g * i s not separab le w i th 

respec t to y^ and y 2 as i s r equ i r ed by the exogenous r e s t r i c t i o n . Thus i t seems 

t h a t , among o ther t h i n g s , the t r a n s f e r f u n c t i o n i s cons t r a i ned i n the r e g i o n i n 

which both agents are v e r i f i e d . 

For the remainder o f t h i s s e c t i o n we cons ide r the m-agent g e n e r a l i z a ­

t i o n o f the symmetric two-agent economy. Much o f the n o t a t i o n i n t roduced a t the 

ou tse t of t h i s s e c t i o n a p p l i e s i n an obv ious way. For example, y . denotes the 
0 

endowment of each agent j , where now j = 1 , 2 , . . . , m . Le t F ( y 1 , y 2 > . . . , y m ) denote 

the j o i n t d i s t r i b u t i o n of the endowments. Aga in , independence i s assumed. Any 

r e a l i z a t i o n o f y . i s assumed t o be known on l y to agent j u n l e s s a v e r i f i c a t i o n 
0 

cos t i s borne; i n tha t event y i s made known to a l l agen ts . Le t g . . ( y . . , y ? , 

. . . , y m ) denote the net t r a n s f e r of the consumption good from agent i to agent j 
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18/ 
' Then a as a f u n c t i o n o f the r e a l i z a t i o n o f each of the endowments.— Then a s o c i a l 

c o n t r a c t {g . . . , { S . } ° . i s a p r e s t a t e agreement as to the amounts to be 

t r a n s f e r r e d and when there i s to be v e r i f i c a t i o n . Such a c o n t r a c t i s s a i d to be 

c o n s i s t e n t i f : ( i ) t e l l i n g the t r u t h i s a dominant s t r a t e g y f o r each agent j , 

and ( i i ) g = g , i , j = 1,2 m. 

Aga in , one would l i k e to f i n d an a n a l y t i c a l l y t r a c t a b l e max im iza t ion 

problem whose s o l u t i o n s c h a r a c t e r i z e an op t ima l s o c i a l c o n t r a c t . U n f o r t u n a t e l y 

t h i s i s done here on l y a f t e r imposing s e v e r a l exogenous r e s t r i c t i o n s on the 

exchanges, i n c l u d i n g tha t they be b i l a t e r a l i n n a t u r e . That i s , the agreement 

g . . i s r e s t r i c t e d to depend a t most on y. and y . . I t bears r e p e a t i n g tha t t h i s 

• J * 3 
r e s t r i c t i o n i s imposed f o r a n a l y t i c a l conven ience and i s not mo t i va ted by 

10/ 

economic c o n s i d e r a t i o n s . — Given t h i s r e s t r i c t i o n i t may be presumed tha t each 

p a i r of agents i and j adopts a resource a l l o c a t i o n procedure v i r t u a l l y i d e n t i c a l 

to the two-agent procedure d e s c r i b e d above, and , i n s i m i l a r f a s h i o n , r e s t r i c ­

t i o n s on the t r a n s f e r f u n c t i o n g „ analogous to those of the f i r s t pa r t of lemma 

(5 .1 ) may be d e r i v e d , w i t h s u b s c r i p t s i and j where a p p r o p r i a t e . Imposing 

r e s t r i c t i o n s analogous to K(» ,» ) 5 0 , the g _ can be shown to be o f the form 

S ^ ( y , , y J = I* * ( y J - I ^ ( y , ) + C . where C . j i s some cons tan t and I . . ( y . ) = 0 
1J 1 J 1J J j i . 1 J.J 1J 1J J 

on S ' . . A l so impose the r e s t r i c t i o n s tha t I. . ( y . ) > 0 . 
3 X 3 • J 

Now suppose the cos t o f v e r i f y i n g y . depends on l y on the sum of the 
3 

" i n s u r a n c e payments" from o the r agen ts . That i s , l e t the v e r i f i c a t i o n c o s t be 

* j t i i l j _ j ( y j ) ] where i s a 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 , convex f u n c t i o n w i t h 

f - (0 ) = 0 and VAO) < 1. 

Mo t i va ted by t h i s d i s c u s s i o n , t h e n , a p r e s t a t e s o c i a l c o n t r a c t 

{ g ^ } ° , , { 3 . } " i s r e s t r i c t e d to be o f the form 

T <, ) > o 
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5 j = { y j : I i j ( y j ) = ° f ° r a 1 1 i K 

By c o n s t r u c t i o n , such a s o c i a l con t rac t i s c o n s i s t e n t , and 

subsequent ly the " - " may be dropped from the n o t a t i o n . 

One may now c h a r a c t e r i z e a cons t ra ined op t ima l s o c i a l c o n t r a c t by 

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

Problem 5 . 1 : F ind f unc t i ons I., and cons tan ts C . , i , j = 1 , 2 , . . . , m 

which maximize 

/ U 1 { y 1 ^ i I i 1 ( y 1 ) + C 1 - I i I 1 i ( y i ) ^ 1 ^ i I i 1 ( y 1 ) ] > d F ( y V y 2 ' - - - ' y m ) 

sub jec t to 

/ U . { y . + y . I . . ( y . ) + C . - y . I . . ( y . ) -
J 3 3 Ll x3 3 3 Li i 

, F j [ I i I i j ( y j ) ] }dF(y 1 , y 2 yj > K. j = 2 , 3 , . . . , m (5 .4) 

I i j ( y j ) > 0 i , j = 1 , 2 , . . . . m (5 .5) 

i*-_,C. = 0 . (5 .6 ) 

Here S i s de f i ned by S . = { y , : Y . I (y )>0}. Here a l s o the cons tan ts C . may be 

i n t e r p r e t e d as a premium r e c e i v e d by agent j independent o f the r e a l i z a t i o n o f 

20 / 

the y^. Note tha t these comple te ly determine the d e s i r e d cons tan ts C^y— A l s o 

impose the b e t t e r - t h a n - a u t a r k y c o n d i t i o n , K . > J*U (y .)dF(y . ) . 
J J J J 

F i n a l l y , we o b t a i n the s o u g h t - a f t e r analogue of p r o p o s i t i o n 3.1 i n 
P r o p o s i t i o n 5 . 1 : Any s o l u t i o n I*., to problem (5 .1) w i t h e i t h e r the 

13 3 
y. s imp le or the y . and the I*, cont inuous has the proper ty t h a t each S* = 

J J ^-J J 

{y*iy*<y*} f o r some parameter y.. 
J J J J 
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6. A Pare to S a t i s f a c t o r y Compet i t i ve E q u i l i b r i u m 

The purpose o f t h i s s e c t i o n i s to ana l yze the p r o p e r t i e s o f a 

compe t i t i ve e q u i l i b r i u m concept f o r the m-agent economy. In p a r t i c u l a r i t i s 

e s t a b l i s h e d tha t a compe t i t i ve e q u i l i b r i u m e x i s t s and tha t any e q u i l i b r i u m 

a l l o c a t i o n i s a cons t ra ined optimum, i . e . , can be ach ieved w i t h a cons t r a i ned 

op t ima l s o c i a l c o n t r a c t . Th i s r e s u l t i s impor tant i n e s t a b l i s h i n g the way i n 

which agents end up on the c o n t r a c t curve and thereby suppor ts the con ten t i on 

tha t op t ima l t rades w i l l be observed. 

For the purpose o f t h i s s e c t i o n each y . w i l l be taken to be s imp le w i th 

2 1 / 
n p o s s i b l e r e a l i z a t i o n s . — The r e a l i z a t i o n y . ( s . ) occurs w i th p r o b a b i l i t y 

3 3 
p . ( s . ) , s . = 1 , 2 , . . . , n . The commodit ies which are t raded i n compe t i t i ve markets 

J J J 
p r i o r to the r e a l i z a t i o n o f the endowments are c la ims con t ingen t on the r e a l i -

22 / 
z a t i o n o f each endowment and u n c o n d i t i o n a l c l a i m s . — Le t J . . ( s . ) denote the 

i 3 3 
number of c la ims con t ingen t on the s . t h r e a l i z a t i o n o f y . purchased by agent i , 

3 3 
where one such c l a i m e n t i t l e s the ho lde r to one u n i t of the consumption good i f 

y . ( s . ) i s r e a l i z e d and zero o the rw i se . The d i r e c t i o n o f t rade i n such con t ingen t 
3 3 

c la ims i s r e s t r i c t e d : Agent i can purchase c l a ims con t ingen t on h i s own 

endowment and i s s u e c l a ims con t ingen t on the endowments of o t h e r s . That i s , 

J i i ( s i ) > 0, and J J _ J ( S J ) < 0 , i i j . Let q^.(s^) denote the p r i c e of a u n i t c l a i m 

con t ingen t on y . ( s . ) . Le t D. denote the number o f u n c o n d i t i o n a l c l a ims on the 

consumption good purchased by agent i i n the market f o r c l a i m s , where one such 

c l a i m e n t i t l e s the ho lde r to u n i t o f the consumption good r e g a r d l e s s o f the 

r e a l i z a t i o n o f the endowments. There i s no d i r e c t r e s t r i c t i o n on the d i r e c t i o n 

of t rade i n such u n c o n d i t i o n a l c l a i m s . Let r denote the p r i c e o f one such 

u n c o n d i t i o n a l c l a i m . A f t e r the r e a l i z a t i o n y ^ C s . ) , each agent i must dec ide 

whether (or not) to c o l l e c t the " i n s u r a n c e payment" J ^ J / S J ^ J i n c u r r i n g the 

v e r i f i c a t i o n cos t ^ ^ i i ^ i ^ * 
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A l l agents take the p r i c e s q . ( s . ) and r as parameters and maximize 
3 3 

expected u t i l i t y sub jec t to the budget c o n s t r a i n t . That i s , each agent i chooses 

the J ^ j ( S j ) and to maximize 

I I — I I P 1 ( I 1 ) P 2 ( " 2 ) . . . P I ( » I ) ] V J I ( « 1 ) + 

V S 2 = 1 V 1 

m 
)]} (6 .1 ) W i j ( s j ) + V V J i i ( s i 

sub jec t to 

m n 
I I < ' i ( s i ) J i i ( s i ) + r D i -j = 1 S . = 1 1 

(6 .2) 

J . i ( s . ) > 0 J

i j ( s j ) £ ° i J * 1 ( 6 - 3 ) 

J i i ( s i } " ¥ i l J i i ( s i ) ] * 0 ( 6 - M 

y i ( s i ) + f ^ J ± J ( S j ) + D i - V J i i ( s i ) ] > 0 . (6 .5 ) 

Here, (6 .2) i s the budget c o n s t r a i n t , (6 .3) r e s t r i c t s the d i r e c t i o n o f t r a d e , as 

no ted , (6 .4) ensures that the proceeds of i nsu rance cover v e r i f i c a t i o n c o s t s , and 

(6 .5 ) i s the n o n n e g a t i v i t y c o n s t r a i n t on consumpt ion. Note tha t these l a s t two 

c o n t r a i n t s cou ld be suppressed . 

A compe t i t i ve e q u i l i b r i u m i s a set o f nonnegat ive p r i c e s q * ( s . ) and r* 
«3 3 

(not a l l zero) and commodity demands .(s .) and D* f o r each agent i such tha t 
X 3 3 ^* 

( i ) J i j ^ s j ^ a n d D i m a x i m i z e (6.1) sub jec t to c o n s t r a i n t s ( 6 . 2 ) - ( 6 . 5 ) , and 

m m 
( i i ) I J i V s i ) i °» I D * i 0 (market c l e a r i n g ) . 

i=1 1 J J i= i 

The e x i s t e n c e and cons t ra ined o p t i m a l i t y o f such an e q u i l i b r i u m i s 

e s t a b l i s h e d . 



P r o p o s i t i o n 6 . 1 : Under the assumptions o f the model there e x i s t s a 

compe t i t i ve e q u i l i b r i u m . 

P r o p o s i t i o n 6 . 2 : The a l l o c a t i o n o f any compe t i t i ve e q u i l i b r i u m i s a 

cons t ra ined optimum. 

An e q u i l i b r i u m concept may be s a i d to be Pare to s a t i s f a c t o r y i f any 

e q u i l i b r i u m a l l o c a t i o n i s op t ima l and i f any op t ima l a l l o c a t i o n can be suppor ted 

as an e q u i l i b r i u m . (See Hurwicz [13] . ) P r o p o s i t i o n (6.2) e s t a b l i s h e s the f i r s t 

p rope r t y . As f o r the second, i t i s c l e a r tha t i f agents were endowed w i th the 

u n c o n d i t i o n a l and con t ingen t c la ims a s s o c i a t e d w i th a cons t ra ined op t ima l 

a l l o c a t i o n , then there would e x i s t an a u t a r k i c compe t i t i ve e q u i l i b r i u m . Hence 

the e q u i l i b r i u m desc r i bed i n t h i s s e c t i o n i s Pare to s a t i s f a c t o r y r e l a t i v e to the 

cons t ra ined op t ima l a l l o c a t i o n s desc r i bed i n the p rev ious s e c t i o n . 

F i n a l l y , some unusual c h a r a c t e r i s t i c s o f t h i s e q u i l i b r i u m concept 

shou ld be no ted . The con t ingen t c la ims which are t raded i n t h i s model are not 

anonymous. A con t ingen t c l a i m on y i s a s s o c i a t e d w i th agent j . Though f o r 

l a rge m there are many p o s s i b l e s e l l e r s o f such commodi t ies, there i s on ly one 

p o s s i b l e buyer, agent j . Hence the assumption tha t agent j i s a p r i c e taker may 

be t roub lesome. I d e a l l y , the way to proceed i n t h i s contex t i s to fo rmula te a 

game w i th endogenous p r i c e s e t t e r s , and w i th r e s t r i c t i o n s on t rade t i e d c l o s e l y 

to i n c e n t i v e c o m p a t i b i l i t y c o n d i t i o n s , and t o e s t a b l i s h tha t the e q u i l i b r i u m 

a l l o c a t i o n s of such a game approach i n the l i m i t those o f the compe t i t i ve 

e q u i l i b r i u m (as de f ined above) as the economy i s r e p l i c a t e d . I t would seem 

c r u c i a l i n e s t a b l i s h i n g such a r e s u l t tha t the " b a r g a i n i n g power" of any agent 

become n e g l i g i b l e i n the l i m i t , d e s p i t e the f a c t t ha t f o r any f i n i t e economy 

t r a d e r s do not have i d e n t i c a l i n i t i a l endowments. Casp i [6] p rov ides ev idence to 

t h i s e f f e c t i n a s imp le r ( f u l l i n fo rma t i on ) con tex t : i n a pure exchange economy 

i n which t r a d e r s have i d e n t i c a l p re fe rences and independent but i d e n t i c a l l y 
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d i s t r i b u t e d random endowments, a v a n i s h i n g f u n c t i o n of t r a d e r s r e c e i v e i n the 

core a c l a im which d i f f e r s from the mean of t h e i r common endowment as the economy 

i s r e p l i c a t e d . The po in t i s that i n the con tex t of C a s p i ' s model the monopsony 

power of each buyer i s l i m i t e d because of the presence of near ex ante 

s u b s t i t u t e s . One s t r o n g l y suspec ts t h i s r e s u l t w i l l c a r r y over to the l i m i t e d 

i n f o rma t i on contex t of t h i s model, desp i t e the need f o r i d i o s y n c r a t i c 

2 3 / 
v e r i f i c a t i o n . — 

7• Conc lud ing Remarks 

Perhaps one of the more i n t e r e s t i n g aspec ts o f t h i s paper i s the 

attempt to e x p l a i n the f i n a n c i a l o r g a n i z a t i o n o f f i rms by way of i n f o r m a t i o n 

asymmetr ies. As Ross [ 18 ] i n d i c a t e s i n t a k i n g a s i m i l a r approach, at tempts to 

r e c o n c i l e obse rva t i ons on f i n a n c i a l s t r u c t u r e w i th the M i l l e r - M o d i g l i a n i theorem 

have been l e s s than s a t i s f a c t o r y . Yet on t h i s account , a t l e a s t , t h i s paper 

cannot be termed a s u c c e s s . The model as i t s tands may c o n t r i b u t e to our 

unders tand ing of c l o s e l y he ld f i r m s , but i t cannot e x p l a i n the coex i s tence o f 

p u b l i c l y he ld shares and debt . And one would l i k e to model bankruptcy a t a 

deeper l e v e l . Thus t h i s paper can on ly be regarded as a f i r s t s t e p . 

The ex ten t to which a model may be s a i d to e x p l a i n economic phenomena 

depends on the nature of exogenous r e s t r i c t i o n s on the behav io r of agents o f the 

model, tha t i s , r e s t r i c t i o n s which are not i m p l i e d by the envi ronment . Perhaps 

the most t roublesome i s the r e s t r i c t i o n to d e t e r m i n i s t i c v e r i f i c a t i o n . There are 

a l s o exogenous r e s t r i c t i o n s on f e a s i b l e t r a n s f e r f u n c t i o n s . R i s k - s h a r i n g 

arrangements when each of two agents i s v e r i f i e d are r e s t r i c t e d i n a way which i s 

mot iva ted by t e c h n i c a l c o n s i d e r a t i o n s , and mutua l l y advantageous t rades c o n t i n ­

gent on the r e a l i z e d endowment of a t h i r d par ty are a l s o exc luded . C l e a r l y here 

as i n much of the con t rac t l i t e r a t u r e more work i s needed i n mu l t i agen t e n v i r o n ­

ments. In t h i s regard we may note aga in tha t the e x i s t e n c e and o p t i m a l i t y o f the 
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compe t i t i ve e q u i l i b r i u m concept o f s e c t i o n 6 are e s t a b l i s h e d sub jec t to these 

exogenous r e s t r i c t i o n s . As i s w e l l known, the presence i n some s e t t i n g s o f 

exogenous r e s t r i c t i o n s can a f f e c t the e x i s t e n c e of e q u i l i b r i u m . I t i s hoped tha t 

the a n a l y s i s of t h i s paper w i l l prove u s e f u l i n subsequent work i n c h a r a c t e r i z i n g 

op t ima l c o n t r a c t s and i n e s t a b l i s h i n g the ex i s t ence of e q u i l i b r i u m when fewer 

exogenous r e s t r i c t i o n s are imposed. Of course the p r o p o s i t i o n s of t h i s paper 

w i l l have more f o r c e to the ex ten t tha t the r e s t r i c t i o n s which have been imposed 

here can be de r i ved endogenously i n environments w i th more s t r u c t u r e , w i t h 

l i m i t a t i o n s on m u l t i l a t e r a l communicat ion, f o r example. 

For the most p a r t , the model dea ls w i th i n f o rma t i on i n an e n t i r e l y 

c l a s s i c a l way. There has been some d i s c u s s i o n i n the l i t e r a t u r e to the e f f e c t 

tha t there are i n c r e a s i n g r e t u r n s to s c a l e i n the p roduc t i on of i n f o r m a t i o n ; see 

f o r example Wi l son [22] and Radner [16] . Grossman and S t i g l i t z [9] have shown 

tha t c o s t l y i n f o rma t i on can be revea led comple te ly by the e q u i l i b r i u m p r i c e s o f 

compe t i t i ve markets . In c o n t r a s t H i r s h l e i f e r [12] has argued tha t compe t i t i ve 

markets induce the a c q u i s i t i o n o f too much i n f o r m a t i o n . The r e s u l t s o f t h i s 

paper would seem to i l l u s t r a t e tha t the nature of i n f o rma t i on v a r i e s w i th the 

phenomena o f i n t e r e s t to economists and tha t one shou ld be wary of 

g e n e r a l i z a t i o n s . 

The model p rov ides an example of the sugges t ion by Radner [16] t ha t 

convex i t y i n the technology of i n f o rma t i on p roduc t i on i s reasonab le i n s i t u a ­

t i o n s i n which i n fo rma t i on depends on a c t i o n s which can be s c a l e d down to any 

d e s i r e d s i z e ; i t i s p o s t u l a t e d tha t resources used i n s t a t e v e r i f i c a t i o n vary 

d i r e c t l y w i th the s i z e of i nsu rance c l a i m s . However, convex i t y i s l o s t under the 

apparen t l y reasonab le s p e c i f i c a t i o n tha t there i s a f i x e d cos t o f v e r i f i c a t i o n . 

I t may be argued by way of p r o p o s i t i o n (3 .2) t ha t the c h a r a c t e r i z a t i o n of op t ima l 

c o n t r a c t s w i l l remain v a l i d even under such a s p e c i f i c a t i o n . But nonconvex i t i e s 
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can be the source of cons i de rab le d i f f i c u l t y i n e s t a b l i s h i n g the ex i s t ence and 

o p t i m a l i t y o f a compe t i t i ve e q u i l i b r i u m . Ongoing j o i n t research w i th Edward C. 

P r e s c o t t [15] i n d i c a t e s t h a t , i n some c o n t e x t s , these d i f f i c u l t i e s may be over ­

come by s t o c h a s t i c schemes. Th is leads us back aga in to s e c t i o n 4 and the very 

r e a l p o s s i b i l i t y of o b t a i n i n g ex i s t ence and we l fa re r e s u l t s w i th s t o c h a s t i c 

v e r i f i c a t i o n . But t h i s must be the sub jec t of another paper. 



APPENDIX 

Proof of Lemma 2 . 1 : 

F i r s t , note tha t g i ven any con t rac t [g, S] , i f i s such that there i s 

not to be v e r i f i c a t i o n ( i . e . , y ^ c S ' ) , then agent two has no i n c e n t i v e to ask f o r 

v e r i f i c a t i o n . For i f agent two were not to ask f o r v e r i f i c a t i o n , he would 

t r a n s f e r min x e £ t S ( x ) to agent one. A l t e r n a t i v e l y , i f agent two were to ask f o r 

v e r i f i c a t i o n , then £ [ g ( y 2 ) ] would be used i n v e r i f i c a t i o n and g ( y 2 ) would be 

t r a n s f e r r e d . C l e a r l y agent two can only be made worse o f f by ask i ng f o r 

v e r i f i c a t i o n . 

N e c e s s i t y i s now e s t a b l i s h e d . I f a c o n t r a c t [g, S] i s c o n s i s t e n t , then 

g ( y 2 ) i s i d e n t i c a l l y equal to some cons tan t C on S ' : t h i s may be e s t a b l i s h e d by 

c o n t r a d i c t i o n . Let K = min -~,g(x) , and suppose f o r some y „ e S ' , g(y_) > K. I f 
X£o d c. 

t h i s y 2 were r e a l i z e d , there would not be v e r i f i c a t i o n . Consequent ly , the a c t u a l 

t r a n s f e r g ( y 2 ) would be K, which i s l e s s than g ( y 2 ) , c o n t r a d i c t i n g c o n d i t i o n 

( i i ) . 

I f a c o n t r a c t [g, S] i s c o n s i s t e n t , then g ( y 2 ) + £ [ g ( y 2 ) ] < C f o r a l l 

y 2 such tha t the re i s to be v e r i f i c a t i o n ( i . e . , y ^ e S ) : Aga in , a rgu ing by 

c o n t r a d i c t i o n , suppose t h i s p roper ty f a i l s to ho ld f o r some y 2 e S . Then, i f t h i s 

y 2 were r e a l i z e d , agent two would not ask f o r v e r i f i c a t i o n , c o n t r a d i c t i n g 

c o n d i t i o n ( i ) . 

S u f f i c i e n c y i s now e s t a b l i s h e d . I f y ^ S ' , there w i l l not be 

v e r i f i c a t i o n (so y 2 e S ' ) , and C w i l l be t r a n s f e r r e d (so g ( y 2 ) = g ( y 2 ) ) . I f y 2 e S , 

there w i l l be v e r i f i c a t i o n (so y 2 e S ) , and g ( y 2 ) w i l l be t r a n s f e r r e d (so g ( y 2 ) = 

g ( y 2 ) ) . 

P roo f o f Lemma 2 . 2 : 

The c o n t r a c t [h,T] as de f i ned i n the t e x t i s c o n s i s t e n t . 
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Proo f o f P r o p o s i t i o n 3 - 1 : 

I f y 2 i s con t inuous , among the necessary E u l e r c o n d i t i o n s f o r a maximum 

a r e : 

{ 1 - 4 " [ I » ( y 2 ) ] } U 2 { y 2 + I * ( y 2 ) - C * - ¥ [ I » ( y 2 ) ] } f ( y 2 ) -

e » U ] [ y r I « ( y 2 ) + C « ] f ( y 2 ) + 9 * ( y 2 ) - 9 * ( y 2 ) = 0 ( A 1 ) 

e» > 0 

9 » ( y 2 ) > 0 I « ( y 2 ) > 0 6 * ( y 2 ) I * ( y 2 ) = 0 

e » ( y 2 ) > 0 y . - I » ( y 2 ) + C» > 0 9 * ( y 2 ) [ y 1 - I * ( y 2 ) + C « ] = 0 . 

Le t Y be chosen so tha t 

[ 1 - H " ( 0 ) ] U 2 ( Y - C » ) - e«U^ (y 1 + C*) = 0 . ( A 2 ) 

Suppose I * ( y 2 ) = 0 f o r some y 2 e[c t ,Y)« Then from (A2) 

[ 1 - r ( 0 ) ] U 2 ( y 2 - C « ) f ( y 2 ) - 9 « U j ( y 1 + C « ) f ( y 2 ) > 0 . (A3) 

With I « ( y 2 ) = 0 , i t f o l l o w s tha t 9 * ( y 2 ) > 0 and 6 | ( y 2 ) = 0 , and t h e r e f o r e (A3) 

c o n t r a d i c t s (A1 ) . 

S i m i l a r l y , suppose I * ( y 2 ) > 0 f o r some y 2 e [ y , B ] . Then I * ( y 2 ) -

y [ I * ( y 2 ) ] > 0 , and from (A2) 
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[ I * ( y 2 ) ] } U 2 { y 2 + I * ( y 2 ) - C « - * { ' [ I * ( y 2 ) ] } f ( y 2 ) -

9 « U ' l y r I « ( y 2 ) + C « ] f ( y 2 ) < 0. ( A M ) 

With I * ( y 2 ) > 0 i t f o l l o w s tha t 6 « ( y 2 ) = 0 and 6 » ( y 2 ) > 0, and t he re fo re ( A H ) 

c o n t r a d i c t s (A1) . 

I f y 2 i s s imp le , the proof proceeds as above w i th obv ious changes i n 

n o t a t i o n . 

P roo f o f Lemma 3 . 1 : 

The proof i s r a t h e r s tandard and i s not g i ven here f o r the sake of 

b r e v i t y . 

P roo f of P r o p o s i t i o n 3 . 2 : 

The p roo f i s by c o n t r a d i c t i o n . Suppose S* i s not a lower i n t e r v a l , 

i . e . , S» i { y 2 : y 2 < y } f o r any parameter y . Then, rough ly speak ing , push the 

v e r i f i c a t i o n reg ion to the l e f t wh i l e r e t a i n i n g i t s mass so tha t i t becomes a 

lower i n t e r v a l . More p r e c i s e l y , l e t 6 be chosen so tha t P r o b ( [ a , 6 ) ) = 

Prob(S* ) > 0 . Then l e t the v e r i f i c a t i o n set be T = {y 2 :a<y 2 <6} and i t s complement 

be T ' = {y 2 :5<y 2 < S>. A new consumption path c 2 ( y 2 ) w i l l be cons t ruc ted on T and 

T' i n such a way as to both s a t i s f y c o n s t r a i n t s ( 3 . 1 ) - ( 3 - 3 ) o f problem ( 3 - D and 

to i n c r e a s e the va lue of the o b j e c t i v e f u n c t i o n a l , the expected u t i l i t y of agent 

two. See F i g u r e s 1a and 1b. Th is w i l l be the d e s i r e d c o n t r a d i c t i o n . 

By lemma (3 .1 ) and the n o n n e g a t i v i t y c o n d i t i o n , the i n i t i a l 

consumption path c * ( y 2 ) equa ls some constant K* on S * . Of course , c | ( y 2 ) = y 2 -

C* on S * ' . For purposes of t h i s proof i t w i l l be assumed tha t a - C» > 0 and K* > 

8 - C * . The o ther p o s s i b l e cases can be t r e a t e d i n a s i m i l a r manner, but t h i s i s 

not done here f o r the sake o f b r e v i t y . On T' l e t c 2 ( y 2 ) = y 2 - C * . Now g i ven 

some constant K (w i th a proper ty desc r i bed momenta r i l y ) , on T l e t c (y ) = K i f K 
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> y 2 - C* and l e t c 2 ( y 2 ) s y 2 ~ o the rw ise . The constant K i s chosen so tha t 

the expected consumption of agent two i s the same under the p a r t i t i o n s { S * , S * ' } 

and { T , T ' } . I t i s assumed tha t 6 - C * < K < ( 3 - C * ; a g a i n , t h i s i s a s p e c i a l case , 

though other cases are s i m i l a r . With the same expected cos t of v e r i f i c a t i o n , the 

expected consumption of agent one w i l l remain unchanged, so c o n s t r a i n t (3 .1 ) i s 

s a t i s f i e d . Wi th the nonnega t i v i t y c o n d i t i o n , c o n s t r a i n t (3 .3) i s s a t i s f i e d . By 

c o n s t r u c t i o n , c o n s t r a i n t (3 .2) i s s a t i s f i e d . 

Le t F*(x) and F(x) denote the cumula t ive d i s t r i b u t i o n f u n c t i o n s o f 

c * ( y 2 ) and c 2 ( y 2 ) , r e s p e c t i v e l y . That i s , F*(x) = P rob {c * (y 2 )<x } , and so on. 

Under the s p e c i f i e d assumpt ions both c | and c 2 are bounded between a - C* and K*. 

Then, f o l l o w i n g R o t h s c h i l d and S t i g l i t z [19] , agent two w i th s t r i c t l y concave U 2 

w i l l p r e f e r c 2 to c | i f 

f Z [ F ( x ) - F * ( x ) ] d x < 0 ze(a-C*,K«) (A5) 
a - C * 

w i t h a s t r i c t i n e q u a l i t y f o r at l e a s t one such z and 

K« ~ 
f [ F ( x ) - F * ( x ) ] d x = 0 . (A6) 
a - C * 

C o n d i t i o n (A6) ho lds s i n c e c 2 and c* a re cons t ruc ted to have the same mean. I t 

remains to v e r i f y (A5) . 
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Now, rough ly speak ing , F* (x ) i n c r e a s e s at a ra te determined by the 

dens i t y f ( y 2 ) as y 2 ranges through S * ' and has f l a t s as y 2 ranges through S * . The 

mass Prob(S* ) i s p i cked up at x = K* and F* (K* ) = 1. A l s o , F (x ) remains at zero 

u n t i l x = 6 - C * , then i n c r e a s e s at a ra te determined by f ( y 2 ) as y 2 ranges 

through T ' , w i th a jump o f Prob(T) at x = K. Note F(8-C«) = 1. (F igu re 2 i s 

de r i ved from F i g u r e 1 on the assumption tha t y 2 i s un i fo rm ly d i s t r i b u t e d on 

[ a , 3 l « ) Thus by c o n s t r u c t i o n there e x i s t s some We(5 -C* ,3 -C* ) such tha t F (x ) < 

F»(x) f o r a - C* < x < W and F(x ) > F* (x ) f o r W < x < 8 - C * . I t f o l l o w s tha t 

g i ven (A6) , (A5) must ho ld a l s o . 

Proof of Lemma 5 . 1 : 

The p roo f mimics that of lemma (2 .1 ) and i s not i nc luded here f o r the 

sake o f b r e v i t y . 

P roo f o f P r o p o s i t i o n 5 . 1 : 

Proceed ing as i n the proo f o f p r o p o s i t i o n ( 3 . 1 ) , l e t Yj-, be chosen so 

tha t 

J ^ . 4 m n - ^ ( 0 ) ] U ' { Y j 1 + C * - I i I t f i ( y i ) } f ( y 1 ) . . . f ( y m ) d y 2 . . . d y m -
2 m J 

^V-J«Iu^{y3+^IiJ(y3)+c3^i^I5i(yi) " 

, F j [ I i I f j ( y J ) ] } f ( y 1 ) . . . f ( y i n ) d y 2 . . . d y m = 0 J« 2 , 3 , . . . , » . U 7 ) 

Le t = ™ax{Yj 1 } j_ 2 - Then i t can be shown by c o n t r a d i c t i o n tha t there does not 

e x i s t any y^e[Oj»Y<|) such tha t I ^ ^y^ ) = 0 f o r each j , and there does not e x i s t 

any y^z[y^,&^] such tha t I ^ ^ y ^ > 0 f o r some j . The { Y J ) J _ 2 c a n b e f o u n d i n 3 

s i m i l a r manner. 
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Proof of P r o p o s i t i o n 6 . 1 : 

Cons t ruc t an nm+1 d imens iona l commodity space as f o l l o w s . Le t the 

f i r s t n commodit ies be a s s o c i a t e d w i th the excess demand fo r c l a ims con t ingen t on 

the r e a l i z a t i o n s { y 1 ( s 1 ) ; s 1 = 1 , 2 , . . . , n} of the endowment of the f i r s t agent as 

ordered by s . . Le t the commodit ies n+1 to 2n be those a s s o c i a t e d w i th the excess 

demand fo r c la ims con t ingen t on the r e a l i z a t i o n s { y 2 ( s 2 ) ; s 2 = 1 , 2 , . . . , n ) o f the 

second agent w i th the obvious o r d e r i n g induced by s ^ . Cont inue i n t h i s way 

through agent m, numbering the f i r s t nm e lements . Le t the nm+1 commodity be 

a s s o c i a t e d w i th the excess demand fo r u n c o n d i t i o n a l c l a i m s . 

For each agent i , i = 1 , 2 , . . . , m , there i s a s s o c i a t e d a set X i C R n m + 1

 0 f 

p o s s i b l e consumption v e c t o r s (excess demands) de f ined by ( 6 . 3 ) - ( 6 . 5 ) . Thus, f o r 

agent one, f o r example, g i ven some x ^ X ^ the f i r s t n components of x 1 must be 

nonnegat ive , the next (m-1) n components must be n o n p o s i t i v e , and the l a s t 

component i s u n r e s t r i c t e d i n s i g n . A l s o , by c o n s t r u c t i o n , X i i s c l osed and 

convex f o r every i . The endowment of agent i i n R n m + 1

 m a y be taken as the n u l l 

v e c t o r . 

For each agent i there i s a p re fe rence o r d e r i n g over X i as de f i ned by 

n n n 
V 



f o r x^eX^ . As u\ i s concave and *F. i s convex, and both are con t i nuous , t h i s 

o rde r i ng i s c l osed and convex. 

Now by s u i t a b l y mod i f y ing the argument of Arrow and Kahn [5] i t can be 

e s t a b l i s h e d 2 - ^ ' tha t there e x i s t s a p r i c e vec to r q * e R " m + 1 , a u t i l i t y a l l o c a t i o n 

^ V i ^ i - V a n d a c o n s u m P t i o n a l l o c a t i o n which c o n s t i t u t e a compensated 

e q u i l i b r i u m i n tha t q* > 0, J| i - i x * 1 °> x * m in im izes q * * x i sub jec t to V . ( x . ) > 

V* and ( 6 . 3 M 6 . 5 ) , and q««x* = 0 . 

A s s o c i a t e d w i th q» are the p r i c e s r*, { q * ( s . ) } . ( R e c a l l the l a b e l l i n g 
J J 

convent ion adopted above. ) I t i s c la imed tha t f o r every j , Y n q » ( s . ) <_ r*. 
s - = 1 J J 

For suppose the con t ra ry i n e q u a l i t y . Then any agent i i j cou ld i s s u e c l a ims 

con t ingen t on the r e a l i z a t i o n o f the endowment o f agent j and purchase uncon­

d i t i o n a l c l a ims i n such a way as to leave r e l a t i o n s h i p s (6 .4) and (6 .5) una l t e red 

and reduce expend i tu res w i thout l i m i t . Th i s i s an obv ious c o n t r a d i c t i o n . 

Thus q« i 0 i m p l i e s r* > 0 . Let b. = min y . ( s . ) . ( R e c a l l y . ( s . ) > 0 

f o r every s ^ . ) Then the v e c t o r x i = ( 0 , 0 , . . . , - b i ) e X i i s such tha t q * , x i < 0 . 

Hence, by Debreu [7] , (1) of s e c t i o n ( 4 . 9 ) , x? i s a maximal element i n X̂ ^ sub jec t 

to q * * x i < 0 . Hence the compensated e q u i l i b r i u m i s a compe t i t i ve e q u i l i b r i u m . 

P roo f o f P r o p o s i t i o n 6 . 2 : 

I t i s f i r s t e s t a b l i s h e d tha t the a l l o c a t i o n of a compe t i t i ve 

e q u i l i b r i u m i s Pare to op t ima l r e l a t i v e to the commodit ies { D i > and { j ^ ^ S j ) } 

which are t r a d e d . R e t a i n i n g the n o t a t i o n o f the p roo f o f p r o p o s i t i o n ( 6 . 1 ) , note 

f i r s t t ha t as the U\ are s t r i c t l y i n c r e a s i n g , q * > 0 , and hence ^x? = 0 . 

There fo re the compe t i t i ve e q u i l i b r i u m i s an e q u i l i b r i u m r e l a t i v e to the p r i c e 

system q * as de f i ned i n s e c t i o n 6 .2 o f Debreu [7 ] , and hence by (1) of s e c t i o n 6.3 

i s a l s o an optimum. 



r* IT 

F i n a l l y , note tha t any a l l o c a t i o n such tha t £ ^ _ i x j = 0 a n d x^eX^ f o r 

each i d e f i n e s a s o c i a l con t rac t o f the r e s t r i c t e d form and c o n v e r s e l y . For 

suppose the commodit ies J ^ t s . ) and are such tha t 1 ™ . ^ = 0 and x ^ X ^ f o r a i l 

i . Then - J^Cs^ = Xj/i

Jji(si:) • L e t Tjilyi(si>l = - J j i ( s i } ' j i i < L e t 

g i j ( y i , y j ) = I ^ j ( y j ) - I j i ( y i ) + C^j where the C „ are determined i n the obv ious 

way from the D^. Le t IT = { y ^ s ^ : J i i ( s i ) > 0 } . Then from (6.3) and (6 .4) 

IJTJi[yi(si)] - V £ j f j i ( y i ( s i ) ] } > 0 o n \ a n d T j i [ y i ( s i ) ] =
 0 o n 1 i f o r a 1 1 j* 

The converse i s s i m i l a r l y e s t a b l i s h e d . 
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Footnotes 

—^In what f o l l o w s I s h a l l d i s r e g a r d se t s of p r o b a b i l i t y zero and 

p r o p e r t i e s of f unc t i ons on se t s of p r o b a b i l i t y z e r o , at l e a s t where no ambigu i ty 

r e s u l t s . 

2 / 

- Of course there are no independent t h i r d p a r t i e s such as a u d i t o r s i n 

the model . A l s o , i t may be n a t u r a l to view insurance companies as bea r i ng the 

cos t s o f v e r i f y i n g c la imed l o s s e s . In t h i s regard the assumption tha t the cos t 

i s borne by the i nsu red i s not r e s t r i c t i v e as these cos t s may be passed a long to 

the i n s u r e r i n an op t ima l exchange. 

—It may be assumed wi thout l o s s of g e n e r a l i t y tha t S ' i s c l o s e d . 

4 / 

— A n a l y t i c a l l y t h i s w i l l be e q u i v a l e n t to l e t t i n g the v e r i f i c a t i o n 

cos t depend on the a c t u a l t r a n s f e r , g ( y - ) . 

—^At t h i s l e v e l o f a b s t r a c t i o n , however, t h i s l a t t e r s p e c i f i c a t i o n of 

the v e r i f i c a t i o n cos t may seem somewhat u n n a t u r a l and i s mo t i va ted , as w i l l be 

seen below, by a n a l y t i c conven ience. 

- ^Here op t ima l a l l o c a t i o n s are de f i ned r e l a t i v e to c o n s t r a i n t s 

( cons i s t ency c o n d i t i o n s ) de r i ved under the p a r t i c u l a r game d e s c r i b e d i n the 

t e x t . I t i s c o n j e c t u r e d , however, t ha t these c o n s t r a i n t s w i l l c h a r a c t e r i z e the 

outcomes o f a l a r g e c l a s s o f a l t e r n a t i v e games. 

7 / 
- As cons i s t ency c o n d i t i o n s are imposed, the "—" may be dropped from 

the n o t a t i o n . 
8 / 

— I am much indebted to A r t u r R a v i v , who po in ted out to me the 

mathemat ica l s i m i l a r i t y of a p r e l i m i n a r y v e r s i o n o f problem (3-1) to one o f the 

insu rance l i t e r a t u r e . The method of proof o f p r o p o s i t i o n (3 .1) below emanated 

from the method employed by Rav iv [17]• 
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9 / — To see t h i s , t rans fo rm problem (3 .1) to an equ i va len t problem by 

making the s u b s t i t u t i o n s g ( y 2 ) = C - I ( y 2 ) and £ [ g ( y 2 ) ] = ¥ [ I ( y 2 ) ] . Next , i n 

l i e u o f c o n s t r a i n t ( 3 . 2 ) , impose the appa ren t l y weaker r e s t r i c t i o n tha t I ( y 2 ) > 0 

on S . From the nature of t h i s mod i f i ed problem and the monoton ic i t y of U i f 

I* > 0, then I* - ¥ ( I * ) > 0 so tha t a s o l u t i o n to the mod i f i ed problem w i l l 

s a t i s f y c o n s t r a i n t ( 3 . 2 ) . Next , r e c a l l i n g tha t I = 0 on S ' and f ( 0 ) = 0 , en te r 

the exp ress i on I ( y 2 ) - ¥ [ I ( y 2 ) ] i n the second branch of the o b j e c t i v e f u n c t i o n of 

the mod i f i ed problem and enter I ( y 2 ) i n the second branch of the c o n s t r a i n t 

( 3 - D . Th is y i e l d s problem (3 .2) w i th S = { y 2 : I ( y 2 ) > 0 } . 

— ^ E x i s t e n c e and uniqueness o f a s o l u t i o n i s ensured by the c o n t i n u i t y 

and s t r i c t concav i t y o f the o b j e c t i v e f u n c t i o n and compactness and convex i t y o f 

the set o f f e a s i b l e s o l u t i o n s . ( I f y 2 i s con t inuous , the c l a s s o f f u n c t i o n s 

K y 2 ) i s r e s t r i c t e d . ) 

— I t shou ld be mentioned here tha t r i s k n e u t r a l i t y on the par t o f 

agent one i s not necessary f o r a n o n t r i v i a l v e r i f i c a t i o n r e g i o n . A l s o , the 

example suggests tha t there might be a more genera l monotone dependence between 

the v e r i f i c a t i o n reg ion and the c o s t . 

12/ 
— A s i m i l a r argument e s t a b l i s h e s that whatever the r e l a t i o n s h i p 

between ir(s) and i r ( t ) , the a l l o c a t i o n ach ieved i n a s o l u t i o n to problem ( 3 - D i s 

a l s o a t t a i n a b l e under the s t o c h a s t i c scheme w i th nonrandom v e r i f i c a t i o n . 

13/ 

— The d i f f i c u l t y i s t ha t c o n s t r a i n t s (4 .1) seem q u i t e messy 

a n a l y t i c a l l y ; examinat ion o f the necessary c o n d i t i o n s f o r a maximum, as i n the 

proof o f p r o p o s i t i o n 3 . 1 , has not ye t p rov ided much i n s i g h t . In order to avo id 

p u t t i n g measures on measures, a r e s t r i c t i o n to s imple ra the r than cont inuous 

random v a r i a b l e s has been imposed. Yet t h i s seems to make the c h a r a c t e r i z a t i o n 

more d i f f i c u l t . 
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14/ 
— Note tha t i n such c a s e s , problem (4 .1) cannot a t t a i n i t s supremum; 

a t n(w) = 0 f o r a l l w there are no d i s i n c e n t i v e s to c h e a t i n g . 
15/ 
— Here i t should be understood tha t the v e r i f i c a t i o n cos t cj>.(y.) can 

3 3 
depend i n an exogenous way on the agreed-upon t r a n s f e r g which i n t u r n has y . as 

an argument. Thus $.(y.) should be viewed as a composite f u n c t i o n and i s not 
3 3 

meant to imply tha t the cos t s depend i n an exogenous way on the r e a l i z a t i o n y . . 
3 

—Symmet r y might suggest tha t both shou ld determine the t r a n s f e r , but 

t h i s l eads to an obvious i n c o n s i s t e n c y . The i m p l i c a t i o n of the p resen t s p e c i f i ­

c a t i o n w i l l be tha t the agreed-upon t r a n s f e r must be some constant on Sj x S ^ , an 

i m p l i c a t i o n which would a l s o f o l l o w i f agent one determined the t r a n s f e r . The 

constant i s determined i n a s o l u t i o n to a Pare to problem, and thus the process 

does not favo r agent two a p r i o r i . 

17/ 

— The i n t e n t here and below i s to impose enough exogenous r e s t r i c ­

t i o n s tha t p r o p o s i t i o n ( 3 - D can be g e n e r a l i z e d . I t i s hoped tha t the reader 

f i n d s these r e s t r i c t i o n s , mot ivated as they are by t e c h n i c a l c o n s i d e r a t i o n s , as 

unpleasant as the au tho r . I t may be no ted , however, tha t under these r e s t r i c ­

t i o n s f e a s i b l e con t rac t s seem to mimic what we a c t u a l l y observe i n some insurance 

markets ; each agent pays a premium independent of the s t a t e and r e c e i v e s compen­

s a t i o n on ly as a f u n c t i o n o f h i s own l o s s . A d d i t i o n a l work shou ld be devoted to 

f i n d i n g an environment under which these r e s t r i c t i o n s are endogenous so tha t 

p r o p o s i t i o n (5 .1) and the r e s u l t s o f s e c t i o n 6 below have more f o r c e . 

18/ 
— Thus g ^ = - g ^ j . A l s o , i t i s conven ient i n what f o l l o w s to d e f i n e 

g i i = 0 and s i m i l a r l y (except i n s e c t i o n 6) f o r a l l v a r i a b l e s w i th an i d e n t i c a l 

double s u b s c r i p t . 

19/ 

— J e r r y Green [8] , among o t h e r s , has s t r e s s e d the need f o r b i l a t e r a l 

models of exchange, but t h e i r s tudy here (making the r e s t r i c t i o n endogenous, 

perhaps by an e x p l i c i t t reatment of the technology of communicat ion) would 
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c o n s t i t u t e a separate paper . In con t ras t Wi lson [23] has s t r e s s e d the c o l l e c t i v e 

nature of d e c i s i o n s under r i s k . 

20 / r 
— The r e l a t i o n s h i p i s ) . C . . = C . , where as usua l C . = 0 and C . . = 

£ l i J 3 33 J i 
- C . . . 

agent . 

21 / 
— One could e a s i l y permit a d i f f e r e n t number of r e a l i z a t i o n s f o r each 

22 / 
— For an e a r l i e r d i s c u s s i o n o f the r e l a t i o n s h i p between insurance 

c o n t r a c t s and con t ingen t commodity markets i n the s tandard compe t i t i ve model see 

K i h l s t r o m and Pau ly [14] , 

2 3 / 
— Again i t may be noted tha t compe t i t i ve insurance markets seem 

c o n s i s t e n t w i t h the imposed r e s t r i c t i o n s . 

24 / o 

— The assumption tha t X^ C R~ i n Arrow and Hahn i s not c r u c i a l to t h e i r 

a n a l y s i s . Here a l s o the se t o f f e a s i b l e a l l o c a t i o n s i s convex and compact. 

A l s o , the = 1 , 2 , . . . , m as de f i ned below serve as the f e a s i b l e a l l o c a t i o n 

a s s o c i a t e d w i th the n u l l u t i l i t y which can be Pare to dominated. 



- H5 -

References 

1. K. J . Arrow, L i m i t e d i n fo rma t i on and economic a n a l y s i s , Amer. Econ. Rev. 64 

(1974), 1-10. 

2. , On op t ima l insurance p o l i c i e s , appendix to essay 8 i n "Essays i n 

the Theory o f R i s k B e a r i n g , " Ch icago , Markham, 1971. 

3. , "Opt ima l Insurance and G e n e r a l i z e d D e d u c t i b l e s , " Rand Repor t , 

1973. 

4 . , The r o l e of s e c u r i t i e s i n the op t ima l a l l o c a t i o n s of r i s k 

b e a r i n g , Rev. Econ. S t u d i e s 31 (1964), 91 -96 . 

5 . and F . Hahn, "Genera l Compet i t i ve A n a l y s i s , " San F r a n c i s c o , 

Holden Day, 1971. 

6 . Y . M. C a s p i , A l i m i t theorem on the core of an economy w i th i n d i v i d u a l r i s k s , 

Rev. Econ. S t u d i e s (1978), 267-271. 

7. G. Debreu, "Theory of V a l u e , " New York , John Wi ley and Sons, 1959. 

8 . J . Green, P r e - e x i s t i n g con t rac t s and temporary genera l e q u i l i b r i u m , Harvard 

U n i v e r s i t y D i s c u s s i o n Paper 246, 1972. 

9 . S. Grossman and J . S t i g l i t z , On the i m p o s s i b i l i t y of i n f o r m a t i o n a l l y e f f i ­

c i e n t markets , IMSSS T e c h n i c a l Report No. 259, S tan fo rd U n i v e r s i t y , A p r i l 

1978. 

10. M. H a r r i s and A. Rav i v , Opt imal i n c e n t i v e c o n t r a c t s w i th imper fec t i n f o r ­

mat ion , Ca rneg ie -Me l l on U n i v e r s i t y Working Paper 70 -75-76 , 1976. 

11. E. Helpman and J . L a f f o n t , On moral hazard i n gene ra l e q u i l i b r i u m theo ry , J .  

Econ. Theory 10 (1975), 8 -23 . 

12. J . H i r s h l e i f e r , The p r i v a t e and s o c i a l va lue o f i n fo rma t i on and the reward to 

i n v e n t i v e a c t i v i t y , Amer. Econ. Rev. 61-3 (1971), 561-574. 



- 46 -

13. L. Hurwicz , On i n f o r m a t i o n a l l y d e c e n t r a l i z e d systems, Chapter 14 o f 

" D e c i s i o n and O r g a n i z a t i o n , " C. B. McGuire and R. Radner, e d s . , Amsterdam, 

North H o l l a n d , 1972. 

14. R. K i h l s t r o m and M. P a u l y , The r o l e of insurance i n the a l l o c a t i o n of r i s k , 

Amer. Econ. Rev. 61 (1971), 371-379. 

15. E. P r e s c o t t and R. Townsend, On the theory o f va lue w i th p r i v a t e i n f o r m a t i o n , 

unpub l ished manuscr ip t . 

16. R. Radner, Compet i t i ve e q u i l i b r i u m under u n c e r t a i n t y , Econometr ica 36 

(1968) , 31-58 . 

17. A. R a v i v , "Mathemat ica l Models f o r Opt imal Insurance P o l i c y S e l e c t i o n , " 

Ph .D. d i s s e r t a t i o n , Northwestern U n i v e r s i t y , 1975. 

18. S . Ross , The de te rm ina t ion of f i n a n c i a l s t r u c t u r e : the i n c e n t i v e - s i g n a l l i n g 

approach, B e l l J . Econ. 8-1 (1977), 23 -40 . 

19. M. R o t h s c h i l d and J . S t i g l i t z , I n c r e a s i n g r i s k I: a d e f i n i t i o n , J . Econ.  

Theory 2 (1970), 225-243. 

20 . S . S h a v e l l , On moral hazard and i nsu rance , Harvard I n s t i t u t e of Economic 

Research , D i s c u s s i o n Paper 557, 1977, fo r thcoming i n Quar t . J . Econ. 

2 1 . M. Spence and R. Zeckhauser , Insurance , i n fo rma t i on and i n d i v i d u a l a c t i o n , 

Amer. Econ. Rev. 61 (1971), 380-387. 

22. R. W i l s o n , I n f o r m a t i o n a l economies of s c a l e , B e l l J . Econ. 6-1 (1975), 

184-195. 

2 3 . , On the theory of s y n d i c a t e s , Econometr ica 36-1 (1968), 119-132. 



Figure 1a 

» y 2 

C2(y2) 

Figure lb 

/ Y 2 y 2 - c * 



F*(x) 

f i x ) 

Figure 2 

1 

f i x ) 


