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ABSTRACT 

A s tandard adverse s e l e c t i o n environment i s mod i f i ed by the a d d i t i o n o f agg re 
gate u n c e r t a i n t y . With t h i s s imple a l t e r a t i o n o f a b a s i c adverse s e l e c t i o n 
environment, Nash e q u i l i b r i u m c o n t r a c t s take on a f a i r l y r i c h s t r u c t u r e . In 
p a r t i c u l a r , mutual and nonmutual forms o f o r g a n i z a t i o n c o e x i s t o r , under an 
a l t e r n a t i v e i n t e r p r e t a t i o n , cont ingent and uncont ingent debt c o e x i s t i n e q u i 
l i b r i u m . In a d d i t i o n , the i n t r o d u c t i o n o f aggregate unce r ta i n t y has i m p l i c a 
t i ons f o r the ex i s t ence o f Nash e q u i l i b r i a and fo r the nature o f Pare to o p t i 
mal a l l o c a t i o n s i n adverse s e l e c t i o n s e t t i n g s . 
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The views expressed here in are those o f the au thors and not n e c e s s a r i l y those 
o f the Federa l Reserve Bank o f M inneapo l i s or the Federa l Reserve System. The 
ma te r i a l conta ined i s o f a p re l im ina ry na tu re , i s c i r c u l a t e d to s t i m u l a t e 
d i s c u s s i o n , and i s not to be quoted wi thout pe rm iss ion o f the au tho rs . 



Since t h e i r i n t r o d u c t i o n , the adverse s e l e c t i o n environments (and 

r e l a t e d e q u i l i b r i u m concepts) developed by R o t h s c h i l d and S t i g l i t z [1976] and 

Wi lson [1977], and the s i g n a l i n g models o f Spence [1973, 1974] have a t t r a c t e d 

con t inu ing a t t e n t i o n on the pa r t o f the economics p r o f e s s i o n . T h i s a t t e n t i o n 

has l a r g e l y taken two forms. F i r s t , there has been cons ide rab le i n t e r e s t i n 

a l t e r i n g the e q u i l i b r i u m concepts and/or the nature o f the games employed in 

these contexts i n order to overcome problems o f nonex is tence o r m u l t i p l i c i t y 

o f e q u i l i b r i a . Second, there have been a number o f ex tens ions o f these models 

( e s s e n t i a l l y i n t a c t ) to a p p l i c a t i o n s i n new a r e a s . These e f f o r t s l a r g e l y have 

ignored the e f f e c t s of a l t e r i n g the unde r l y i ng economic environments i n these 

s e t t i n g s , however. 

Recent research has begun to examine the r e s u l t s o f f a i r l y b a s i c 

a l t e r a t i o n s in economic environments in these c o n t e x t s . R i l e y [1985] , f o r 

i ns tance , and Judd [1984] examine the i m p l i c a t i o n s f o r the nature o f an e q u i 

l i b r i u m (when one e x i s t s ) , f o r ex i s t ence o f e q u i l i b r i u m , and fo r o p t i m a l i t y o f 

e q u i l i b r i u m when agents are g iven the op t ion o f n o n p a r t i c i p a t i o n in c e r t a i n 

markets ( i . e . , when they have an a l t e r n a t i v e o p p o r t u n i t y ) . T h i s s imple modi

f i c a t i o n o f a s tandard adverse s e l e c t i o n environment tu rns out to have impor

tant i m p l i c a t i o n s f o r such ques t i ons . Given t h i s f a c t , i t would seem to be 

important to i n v e s t i g a t e the e f f e c t s o f o ther k inds o f s t r a i g h t f o r w a r d a l t e r a 

t i o n s o f s tandard adverse s e l e c t i o n - s i g n a l i n g env i ronmen ts . 1 

This paper undertakes an i n v e s t i g a t i o n o f one such a l t e r a t i o n . In 

p a r t i c u l a r , a s tandard v a r i a t i o n o f a R o t h s c h i l d - S t i g l i t z [1976] adverse 

s e l e c t i o n environment i s cons ide red , in t h i s case i n the context o f a model o f 

borrowing and l e n d i n g . The a n a l y s i s a l s o employs the game and e q u i l i b r i u m 

concept advanced by Ro thsch i l d and S t i g l i t z . The s i n g l e v a r i a t i o n on t h e i r 

environment i s as f o l l o w s . Borrowers are o f s e v e r a l t ypes , indexed by i . A 
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borrower of type i has a p r o b a b i l i t y o f repay ing h i s loan p^ ( s ) , where s i s an 

aggregate shock. There are a l s o a l a rge number o f borrowers of each type , so 

that cont ingent on the r e a l i z a t i o n o f s , a f r a c t i o n p^(s) of type i agents 

repay t h e i r l o a n s . In genera l p^(s^) * p^(s£) V i . Moreover, the r e a l i z a t i o n 

of s occurs a f t e r loan con t rac t s are s e t . Lenders in the model are r i s k 

n e u t r a l . Hence, as in R o t h s c h i l d and S t i g l i t z , compet i t i on among lenders w i l l 

d i c t a t e that loan con t rac t s earn zero expected p r o f i t s . However, i n c o n t r a s t 

to the R o t h s c h i l d - S t i g l i t z s e t t i n g , ex post p r o f i t s o f l enders w i l l be random 

v a r i a b l e s . 

While t h i s a l t e r a t i o n o f the R o t h s c h i l d - S t i g l i t z environment seems 

f a i r l y innocuous ( e s p e c i a l l y s i n c e i t w i l l occur in a context in which a l l 

agents are r i s k n e u t r a l ) , i t turns out to have important i m p l i c a t i o n s f o r the 

nature o f the Nash e q u i l i b r i u m s tud ied by Ro thsch i l d and S t i g l i t z . S p e c i f i 

c a l l y , the loan market w i l l , under a s imp le nondegeneracy c o n d i t i o n on the 

va lues p ^ ( s ) , c o n s i s t o f two types o f l e n d e r s . One t ype , which w i l l s e r v i c e 

" h i g h - r i s k " borrowers, w i l l be organ ized i n e x a c t l y the same way as 

R o t h s c h i l d - S t i g l i t z f i r m s , and w i l l o f f e r the same types o f c o n t r a c t s . The 

second type o f lender i s organ ized as a "mutua l " e n t e r p r i s e . In p a r t i c u l a r , 

t h i s type o f lender (who s e r v i c e s " l o w - r i s k " borrowers) f unc t i ons not on ly by 

o f f e r i n g s tandard R o t h s c h i l d - S t i g l i t z l i k e i n t e r e s t r a t e - l o a n quan t i t y c o n 

t r a c t s , but a l s o by paying d i v idends to bor rowers . Or, to p lace a somewhat 

d i f f e r e n t i n t e r p r e t a t i o n on the r e s u l t , l enders who s e r v i c e " h i g h - r i s k " bo r 

rowers purchase debt that s p e c i f i e s repayments which a re not cont ingent on the 

p r e v a i l i n g aggregate s t a t e o f na tu re . Lenders who s e r v i c e " l o w - r i s k " borrow

ers purchase debt that s p e c i f i e s ( n o n t r i v i a l l y ) s t a te cont ingent repayment, i n 

the form o f d iv idends which depend on an aggregate shock. Thus, the s imp le 

change i n the s p e c i f i c a t i o n o f the environment desc r i bed above fundamental ly 



changes the nature o f e q u i l i b r i u m " c o n t r a c t s " (or i n d u s t r i a l o r g a n i z a t i o n ) . 

Th is change a l s o has i m p l i c a t i o n s fo r r e s u l t s on the ex i s tence o f e q u i l i b r i a , 

and fo r the nature o f op t ima l resource a l l o c a t i o n s , which are d i scussed below. 

The b a s i c r e s u l t o f i n t e r e s t , however, would seem to be the p r e d i c 

t i o n that "mutua l " forms of o r g a n i z a t i o n should c o e x i s t i n the same markets 

w i th "nonmutual" forms o f o r g a n i z a t i o n , or tha t both cont ingent and u n c o n t i n -

gent debt should c o e x i s t , s i n c e t h i s i s i n f a c t what i s observed i n many 

in te rmed ia t i on con tex t s . For example, farm c r e d i t coopera t i ves c o e x i s t w i th 

commercial farm banks, wh i l e mutual sav ings banks c o e x i s t w i th s t o c k h o l d e r -

owned sav ings and loan a s s o c i a t i o n s , and mutual insurance f i rms c o e x i s t w i th 

insurance f i rms organ ized in o ther ways. 

The main pa r t o f the a n a l y s i s proceeds i n the contex t o f a loan 

market. Th i s i s f o r s i m p l i c i t y , s i n c e a loan market s e t t i n g permi ts a s p e c i 

f i c a t i o n where a l l agents have l i n e a r p re fe rences ( i n con t ras t w i th an i n s u r 

ance s e t t i n g ) . Whi le e q u i l i b r i u m c o n t r a c t s are not r e a d i l y computed i n an 

insurance con tex t , i . e . , when some agents have non l i nea r p r e f e r e n c e s , i t w i l l 

be shown that our r e s u l t s can be extended to i t . Hence the a n a l y s i s a l s o 

he lps e x p l a i n the coex is tence o f mutual insurance f i rms w i th investor -owned 

insurance f i r m s . 

F i n a l l y , the m o d i f i c a t i o n d i scussed above does not j u s t have i m p l i 

ca t i ons f o r the nature o f the Nash e q u i l i b r i u m tha t emerges in these markets , 

but a l s o has more fundamental i m p l i c a t i o n s . An example o f one such i m p l i c a 

t i on i s r e l a t e d to the set o f Pareto op t ima l resource a l l o c a t i o n s f o r these 

environments. S p e c i f i c a l l y , P r e s c o t t and Townsend [1984] d i s c u s s the r o l e o f 

a l l o c a t i o n s which are cont ingent on the outcome o f l o t t e r i e s . They show tha t 

in the o r i g i n a l R o t h s c h i l d - S t i g l i t z environment, Pareto op t ima l a l l o c a t i o n s 

can depend only t r i v i a l l y on l o t t e r i e s . Here, in an insurance con tex t , r i s k 



averse agents must bear some r i s k i n any Pareto optimum, even when there i s a 

r i s k n e u t r a l agent who i s ab le to absorb a l l such r i s k . Hence the i n t r o d u c 

t i on of aggregate shocks has i m p l i c a t i o n s that are independent o f the e q u i l i b 

rium concept employed. 

The scheme o f the paper i s as f o l l o w s . S e c t i o n I d e s c r i b e s the 

( loan market) environment, and examines i t s behav ior when lenders are r e 

s t r i c t e d to o f f e r only R o t h s c h i l d - S t i g l i t z l i k e " l o a n q u a n t i t y - i n t e r e s t r a t e " 

c o n t r a c t s . Sec t i on II d i s c u s s e s e q u i l i b r i u m c o n t r a c t s when t h i s r e s t r i c t i o n 

i s r e l a x e d . S e c t i o n I I I d i s c u s s e s how the r e s u l t s ob ta ined can be extended to 

an insurance market con tex t . Sec t i on IV conc ludes . 

I. A Loan Market Model 

A. The Environment 

The economy cons idered i s one in which there are two dates 

( t = 1, 2 ) . At t = 1 there are three types o f economic a c t o r s . The f i r s t 

type i s a set o f agents ( l enders ) who have a p o s i t i v e endowment o f a s i n g l e 

good when young, and no endowment when o l d . These agents are assumed to have 

a s u f f i c i e n t l y l a rge f i r s t pe r iod endowment so tha t any one o f them cou ld 

s e r v i c e a l l o f the borrowers in the model . (Th is amounts to assuming that 

lenders are ab le to r a i s e a l l the funds they r e q u i r e wi thout a f f e c t i n g the 

p r i c e o f these funds to themselves . ) The number of lenders i s g rea te r than 

one, but f i n i t e . Let c t denote date t consumption. Then lenders have u t i l i t y 
p 

f unc t ions V ( c 1 , c 2 ) de f ined on R + of the form. 

V ( C 1 , C 2 ) = C 1 + C 2 . 

In a d d i t i o n there are a l a r g e number o f borrowers, who a re d i v i d e d 

in to two " t y p e s . " Type i s indexed by i = 1, 2. The f r a c t i o n who are o f type 

1 i s denoted by 6. Borrowers have no endowment o f the good when young. When 



o l d t h e i r endowment, denoted w, i s a random v a r i a b l e ; w e {y,0}, y > 0 . Thus 

borrowers e i t h e r have a p o s i t i v e endowment when o l d , or not . Rece ip t o f the 

o l d age endowment i s obse rvab le , so leans must be repa id i f w = y . O b v i o u s l y , 

any borrower w i th w = 0 d e f a u l t s on h i s l o a n . 

For a borrower of type i , de f ine 

p ^ s ) = prob [w=y|s] 

where s i s a random aggregate shock; s e {1,2}. Let ir(s) denote the p r o b a b i l 

i t y o f s t a t e s , so tha t 1 > ir(s) > 0 V s , and £ TT(S) = 1. The a c t u a l va lue o f 

s i s r e a l i z e d a t the beginning o f per iod 2, so i t i s not known when borrowing 

occu rs . Given the r e a l i z a t i o n o f s in pe r i od 2 , then, s i n c e there are a 

" l a r g e number" of agents o f each type, a f r a c t i o n p^(s) o f type i agents 

2 

rece ive a p o s i t i v e endowment. I t i s assumed tha t p 2 ( s ) > p-j(s), s = 1, 2 , so 

type 2 agents are " l o w - r i s k " borrowers, independent ly o f s . I t i s a l s o a s 

sumed tha t p i ( 2 ) > p ^ l ) , i = 1, 2 , so that s t a t e s = 2 i s a "good" s t a t e w i th 

respect to aggregate endowments. Borrowers o f type i have u t i l i t y f u n c t i o n s 
p 

U i ( c ^ , c 2 ) de f ined on R + o f the form 

U i ( c v c 2 ) = 8 i c 1 + c 2 , 

with 8, > I; i s 1, 2 , F i n a l l y , i t i s assumed tha t 
B-j/Bg > I * ( s )p ( s ) / £ i r ( s ) p ? ( s ) . 

s s 

B. A Simple Borrowing/Lending Game 

As a po in t o f r e f e r e n c e , t h i s s e c t i o n develops a game played by 

lenders such tha t the e q u i l i b r i u m which emerges i s the R o t h s c h i l d - S t i g l i t z 

e q u i l i b r i u m (when t h i s e x i s t s ) . In t h i s game the s t r a t e g i e s o f lenders are 

i n t e r e s t r a t e - l o a n (quan t i t y ) p a i r s . Let x, denote the quan t i t y borrowed by a 
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r ep resen ta t i ve type i borrower, and the (gross) i n t e r e s t ra te o f f e r e d to 

type i agen ts . Then l ende rs announce (R^ ,X j ) p a i r s , i = 1, 2 . These a n 

nouncements are made t ak i ng the announced i n t e r e s t r a t e - l o a n p a i r s o f a l l 

o ther lenders as g i v e n . F i n a l l y , an analogue o f the R o t h s c h i l d - S t i g l i t z -

Wi lson assumption tha t r u l e s out c r o s s - s u b s i d i z a t i o n i s imposed. In p a r t i c u 

l a r , each lender i s r e s t r i c t e d to o f f e r on ly a s i n g l e (R ,x ) p a i r . Then, each 

borrower s e l e c t s h i s most p re fe r red p a i r from the e n t i r e se t of announced 

p a i r s ( R i , x i ) . 

The e q u i l i b r i u m concept imposed on t h i s game i s the R o t h s c h i l d -

S t i g l i t z Nash e q u i l i b r i u m concept . 

D e f i n i t i o n . A se t o f announced i n t e r e s t r a t e - l o a n p a i r s ( R * , x | ) , i = 1, 2 , i s 

a Nash e q u i l i b r i u m i f , g iven these announcements, no lender has an i n c e n t i v e 

to announce (earns an expected p r o f i t by announcing) an a l t e r n a t e p a i r . 

No t i ce tha t (R,x ) p a i r s are s e t p r i o r to the r e a l i z a t i o n s o f the 

aggregate s t a t e and the endowments o f i n d i v i d u a l s , so tha t these random v a r i 

ab les are r e a l i z e d a f t e r loans are made. Then the ex post p r o f i t s o f a lender 

o f f e r i n g the i n t e r e s t r a t e - l o a n p a i r (R ,x ) a r e : 

(1) ^ ( s ) 5 [ P i ( s ) R - 1 ] x 

i f h i s o f f e r a t t r a c t s only type i agents , and 

(2) Hs) = { [ep 1 ( s ) + ( 1 - 9 ) p 2 ( s ) ] R - l } x 

i f h i s o f f e r a t t r a c t s both types of agents in t h e i r popu la t i on p r o p o r t i o n s . 

C l e a r l y , g iven the pre ferences o f l e n d e r s , each l e n d e r ' s o b j e c t i v e when a n 

nouncing (R,x ) p a i r s i s to maximize the quan t i t y £ s i t (s) '4>(s), g i ven the an 

nouncements of o ther l e n d e r s . 3 
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F i n a l l y , announced (R,x) p a i r s are requ i red to be i n c e n t i v e compat

i b l e . In p a r t i c u l a r , i f type 1 agents are meant to accept the loan c o n t r a c t 

( R ^ x ^ and type 2 agents the loan con t rac t ( R 2 , x 2 ) , then these c o n t r a c t s must 

s a t i s f y the f o l l o w i n g s e l f - s e l e c t i o n c o n d i t i o n s : 

(3) 6 1 x 1 + I T r ( s )p 1 ( s ) [ y -R l x ] > 8.x + I TV(S)P ( s ) [ y -R x ] 
s s 

8 2 x 2 + I Tr (s )p 2 (s ) [y -R x ] > 6 2 x + I i f(s)p (s ) [ y -R x j . 
s s 

A l s o , g iven the nature o f these c o n t r a c t s , f e a s i b i l i t y o f an (R ,x ) p a i r r e 

qu i res tha t 

(5) y > Rx. 

C. E q u i l i b r i u m 

The f ea tu res o f e q u i l i b r i u m (R,x) p a i r s ( i f an e q u i l i b r i u m e x i s t s ) 

are e x a c t l y as in R o t h s c h i l d and S t i g l i t z . In p a r t i c u l a r , s e l f - s e l e c t i o n o f 

borrowers by con t rac t accepted occurs i n e q u i l i b r i u m , or i n o ther words 

( R * , x * ) * ( R * , x * ) . In a d d i t i o n , each con t rac t ( R * , x * ) earns zero expected 
it 

p r o f i t s . F i n a l l y , each ( R * , x | ) p a i r must be maximal f o r type i agents among 

the se t o f con t rac t s tha t earns nonnegat ive expected p r o f i t s when o f f e r e d and 

that are c o n s i s t e n t w i th s e l f - s e l e c t i o n . Thus, e q u i l i b r i u m c o n t r a c t s are 

r e a d i l y der ived here . 

To b e g i n , expected (per c a p i t a ) p r o f i t s f o r a lender o f f e r i n g the 

p a i r ( R ^ x ^ are 

(6) [I n(s)p ( S ) R . - 1 ] X = I T T ( S H ( s ) . 
s s 

In e q u i l i b r i u m ^ ( s ^ t s ) = 0 ; i = 1, 2 . Thus, in e q u i l i b r i u m , 

(7) R» -- [I 1 r ( s ) p . ( s ) ] - 1 = R ; i = 1, 2 . 
s 
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Second, aga in as i n Ro thsch i l d and S t i g l i t z , on ly one of the s e l f -

s e l e c t i o n cond i t i ons (3) and (4) ho lds w i th e q u a l i t y i n e q u i l i b r i u m . In 

p a r t i c u l a r , l o w - r i s k ( i . e . , type 2) borrowers have no i n c e n t i v e to c l a i m to be 

h i g h - r i s k borrowers. Hence ( R * , x * ) ( i f an e q u i l i b r i u m e x i s t s ) i s uncon

s t r a i n e d by (4 ) . Thus, s i n c e ( R * , x * ) must be maximal fo r type 1 agen ts , x* i s 

the s o l u t i o n to the problem 

max B 1 X 1 + £ i r (s )p 1 ( s ) [ y - R * x 1 ] 
s 

sub jec t to 

(8) y > R » x r 

From (7 ) , R* = [ ^ g i r ( s )p 1 ( s ) ]~ 1 , so t h i s problem i s equ i va len t to choos ing x 1 

to maximize (0..-1 )x< sub jec t to ( 8 ) . As s 1 > 1, the s o l u t i o n to t h i s problem 

i s : 

(9) x» = y/R» 

wi th second per iod consumption equa l ing z e r o . For fu tu re r e f e r e n c e , the 

expected va lue o f u t i l i t y f o r type 1 agents under t h i s con t rac t i s 

( s r D ( y / R » ) + I » ( s ) p 1 ( 8 ) y = S ^ y / R * ) , 
s 

where we have used R* = n ( s ) p ^ ( s ) ] ~ 1 . 

As w i th type 1 c o n t r a c t s , type 2 con t rac t s have R| = R,, [w i th R 2 de

f i ned by ( 7 ) ] . A l s o , as be fo re , type 2 con t rac t s must be maximal fo r type 2 

agents g iven R* = R^, and g iven tha t ( R * , x * ) must s a t i s f y (3) [g iven the 

announcements ( R * , x * ) ] . I t i s s t r a i gh t f o rwa rd to show that (3) must always 

bind on the de termina t ion of ( R 2 , x 2 ) . Thus x 2 i s the s o l u t i o n to 

max B 2 x 2 + j> i r ( s )p 2 ( s ) [ y - R * x 2 ] 
s 
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sub jec t to 

(10) ( B . - D x * + I *<s)p (s)y = S x + £ ir(s)p ( s ) [ y - R * x ] 
s s 

(11) y > R * x 2 . 

I t w i l l be convenient to r ewr i t e (10) as 

(10 ' ) ( 8 r 1 ) x * = [ B 1 - ( R 2 / R 1 ) ] X 2 

where we have used T i r ( s )p . ( s ) = 1/R. from ( 7 ) . C l e a r l y , t hen , 
s 

( B . - D x * 
x* = • •—. 

2 B 1 - (Rg/R^) 

S ince p 2 ( s ) > p ^ s ) V s , (7) imp l i es that R 2 = R* < R* = R^. Then x* < x * f so 

tha t the con t rac t ( R * , x * ) c l e a r l y s a t i s f i e s the f e a s i b i l i t y requirement ( 11 ) . 

D. Ex i s tence o f E q u i l i b r i u m 

The ex i s t ence i ssue here i s aga in e s s e n t i a l l y i d e n t i c a l to tha t i n 

Ro thsch i l d and S t i g l i t z . In p a r t i c u l a r , the c o n t r a c t s d e r i v e d above were the 

maximal con t rac t s f o r type 1 and 2 borrowers that were c o n s i s t e n t w i th the 

occurrence of s e l f - s e l e c t i o n , w i th lenders earn ing nonnegat ive p r o f i t s , and 

wi th each lender r e s t r i c t e d to the announcement o f a s i n g l e c o n t r a c t . There

fore i t i s not p o s s i b l e fo r any lender to o f f e r a s i n g l e con t rac t which a t 

t r a c t s agents o f only one type [g iven the presence of the announced c o n t r a c t s 

( R * , x * ) ] and earns a nonnegat ive p r o f i t . Thus i f the c o n t r a c t s ( R * , x | ) a re 

not e q u i l i b r i u m c o n t r a c t s , t h i s must be because some lender has an i n c e n t i v e 

to announce a con t rac t (R,x ) which i s designed to a t t r a c t borrowers o f a l l 

t ypes . In other words, the con t rac t s (R£,x* ) are not e q u i l i b r i u m c o n t r a c t s i f 

and only i f there e x i s t s a con t rac t (R,x ) such tha t 
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(12) BjX + I i r ( s )p . ( s ) [ y -Rx ] > B i x * 
3 

+ I * ( s ) p ( s ) [ y - R * x * ] ; 1 = 1 , 2 , 
s 

wi th s t r i c t i n e q u a l i t y f o r some i , and such tha t 

(13) I i r ( s ) [ e p l ( s ) + ( 1 - e ) p 2 ( s ) ] R x - x > 0 . 
s 

Def ine R = ( L n ( s ) [ 8 p 1 ( s ) + ( 1 - 8 ) p 0 ( s ) ] J " 1 . Then we may r e w r i t e (12) and (13) 

as 

12') ( B i - R / R i ) x > ( 6 i - 1 ) x » ; i = 1, 2 , 

and 

(13 ' ) R > R. 

I t i s now easy to d e r i v e c o n d i t i o n s s u f f i c i e n t f o r ( R * , x * ) to be 

e q u i l i b r i u m loan c o n t r a c t s . In p a r t i c u l a r (12 ' ) cannot be s a t i s f i e d i f there 

i s no va lue x such tha t 

(14) [ B . - ( R 7 R . ) | X > ( B . - D x * 

fo r some i . There w i l l be no such x , f o r i n s t a n c e , i f 8 i < R/R^ fo r some i . 

S ince QL > 1 V i and R 1 > R > R~2, a s u f f i c i e n t c o n d i t i o n f o r r u l i n g out (14) 

i s 

(15) B 2 < R / R 2 . 

(15) r u l e s out a poo l ing c o n t r a c t which earns nonnegat ive p r o f i t s , and which 

a t t r a c t s type 2 agents in the presence o f the announced c o n t r a c t ( R * , x * ) . 

Hence (15) i s s u f f i c i e n t f o r the c o n t r a c t s ( R * , x * ) de r i ved above to be e q u i 

l i b r i u m c o n t r a c t s . 
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In the remainder o f the paper c o n t r a c t s more compl ica ted than 

(R?,x?) w i l l be cons ide red . When the se t o f c o n t r a c t s that lenders can o f f e r 

i s augmented, as below, then a s t ronger c o n d i t i o n than (15) can be used to 

r u l e out the p o s s i b i l i t y tha t any lender w i l l have an i n c e n t i v e to o f f e r a 

poo l ing c o n t r a c t . In p a r t i c u l a r , i t i s hencefor th assumed that 

(15 ' ) p 2 ( s ) > B 2 [ e p 1 ( s ) + ( 1 - e ) p 2 ( s ) ] ; s = 1, 2. 

Th is c o n d i t i o n imp l i es (15 ) , and i n the sequel i s a s u f f i c i e n t c o n d i t i o n f o r 

the ex i s t ence o f an e q u i l i b r i u m . 

I I . S o r t i n g by the Nature o f Firm Organ iza t i on 

A. The Game 

In t h i s s e c t i o n the s t r a t e g i e s (or c o n t r a c t o f f e r s ) o f f i rms are 

a l lowed to be more complex than i n Sec t i on I. The s t r a t e g i e s o f f i rms now 

c o n s i s t o f con t rac t o f f e r s that s p e c i f y a (g ross) i n t e r e s t ra te R, as b e f o r e , 

a loan quan t i t y x , as be fo re , and a s t a t e - c o n t i n g e n t f r a c t i o n o f ex post 

p r o f i t s to be rebated (pa id out as d i v i dends ) to borrowers a ( s ) . 5 As b e f o r e , 

each lender i s permi t ted to o f f e r on ly a s i n g l e c o n t r a c t . Thus, under assump

t i on (15 ' ) any e q u i l i b r i u m con t rac t s must induce s e l f - s e l e c t i o n by c o n t r a c t 

accepted and an e q u i l i b r i u m e x i s t s [as p r o f i t a b l e p o o l i n g c o n t r a c t s w i l l be 

ru led out by ( 1 5 ' ) ] . 

To be more s p e c i f i c about the nature o f these c o n t r a c t s , any a n 

nounced c o n t r a c t which a t t r a c t s type i agents s p e c i f i e s a loan quan t i t y x i , 

and a (noncont ingent) repayment R jX^ . The ex post (per c a p i t a ) p r o f i t s r e 

ce ived by a lender o f f e r i n g t h i s con t rac t are (as before) 

^ ( s ) = [ p i ( s ) R i - l ] x i . 
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Moreover, the con t rac t s p e c i f i e s that each type i agent r e c e i v e s a d i v i dend 

( p o s s i b l y negat i ve ) o f a i ( s ) i j ) i ( s ) i f (and on ly i f ) h i s loan has been r e p a i d . 

(De fau l t e r s do not share i n d iv idends f o r s i m p l i c i t y . ) Then t o t a l (per cap

i t a ) d i v idend payments by t h i s lender i n s t a t e s are p i ( s ) a i ( s ) i ( ) i ( s ) , s i n c e 

f r a c t i o n Pj_(s) of type i agents do not d e f a u l t i n s t a t e s . a^(s) i s r e 

s t r i c t e d to be nonnegat ive, and s i n c e lenders have no endowment when o l d , 

a i ( s ) < 1 / p i ( s ) i f ^ ( s ) > 0. F i n a l l y , g iven the r i s k n e u t r a l i t y o f l e n d e r s , 

they care only about expected p r o f i t s net o f d i v idends when they announce 

c o n t r a c t s . Hence t h e i r o b j e c t i v e i s to maximize 

(16) I i r ( s ) [ l - p . ( s ) o ( s ) ] * (s ) = J (3) 
s 

by cho ice o f c o n t r a c t , sub jec t to the announcements o f o ther l ende rs and 

cons ide ra t i ons of s e l f - s e l e c t i o n . 

In order to d i s c u s s i ncen t i ve c o m p a t i b i l i t y , i t i s u s e f u l to i n t r o 

duce some a d d i t i o n a l n o t a t i o n . The re fo re , l e t c . denote the consumption o f 

type i borrowers in pe r i od 1, and c ^ s ) the consumption o f type i agents in 

per iod 2 g iven the r e a l i z a t i o n s . Then a con t rac t s p e c i f y i n g R^, x^ , a^ (1 ) , 

and a^(2) imp l i es consumption va lues 

(17) c j = x. 

(18) c 2 ( s ) = y - R .x . + a . ( s ) * . ( s ) , i f w = y 

c^is) = 0 o the rw ise . 

A se t of announced c o n t r a c t s i s i n c e n t i v e compat ib le , then, i f they are such 

that 

(19) 8,0] + > 7 r ( s )p 1 ( s ) C 2 (s ) > 8 l C

2 • I T t ( S ) P l ( s ) c 2 ( s ) 
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and 

(20) 8 2 c ^ + I n ( s ) p 2 ( s ) C 2 ( s ) > B 2 c J + I i r ( s ) p 2 ( s ) c 2 ( s ) . 
s s 

where consumption va lues are obta ined from the c o n t r a c t s p e c i f i c a t i o n s by (17) 

and (18) . Cond i t i ons (19) and (20) may be r e w r i t t e n i n terms o f the o r i g i n a l 

c o n t r a c t s : 

(19 ' ) B-X 1 + I T t (s)p 1 (s ) [y -R x ] + I i r ( s ) p 1 ( s ) a 1 ( s ) * 1 ( s ) > B.x 
s s 

+ I n ( s ) p 1 ( s ) [ y - R 2 x 2 ] + I 1 r ( s ) p 1 ( s ) o 2 ( s ) i | i 2 ( s ) 
s s 

(20 ' ) 3 2 x 2 + I T r ( s ) p 2 ( s ) [ y - R 2 x 2 ] + £ i r ( s ) p 2 ( s ) o 2 ( s ) * 2 ( s ) > B^. 
s s 

+ I n ( s ) p 2 ( s ) [ y - R 1 x 1 ] + I i r ( s ) p 2 ( s ) o 1 ( s ) * 1 ( s ) . 
s s 

A l s o , r e a l i z e d (per c a p i t a ) p r o f i t s net o f d i v idends may be w r i t t e n i n terms 

o f consumption va lues as 

i . ( s ) = p . ( s ) [ y - c i ( s ) ] - o\ 

and (ex ante) expected p r o f i t s , in terms o f consumption v a l u e s , are 

I i r ( s ) * 1 ( s ) = I • ( s ) p i ( s ) l y - c j ( s ) | - c j . 
s s 

As be fo re , suppose type i con t rac t s are cons t ruc ted so as to be 

maximal f o r type i agents among the se t o f con t rac t s that earn nonnegat ive 

expected p r o f i t s (when o f f e red s i n g l y ) , and tha t are c o n s i s t e n t w i th s e l f -

s e l e c t i o n . These w i l l be e q u i l i b r i u m c o n t r a c t s , s i n c e such a c o n s t r u c t i o n 

r u l es out the p o s s i b i l i t y o f p r o f i t a b l e a l t e r n a t i v e o f f e r s to agents o f one 

type, and s ince (15 ' ) r u l e s out any i n c e n t i v e f o r lenders to announce poo l i ng 

c o n t r a c t s . A t ten t ion i s now d i r e c t e d to the c o n s t r u c t i o n o f these c o n t r a c t s . 
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B. E q u i l i b r i u m 

The e q u i l i b r i u m con t rac t s de r i ved here w i l l be denoted 

[FLjX^ct^C 1) , a i ( 2 ) ] . The pr imary r e s u l t of t h i s s e c t i o n i s : 

P r o p o s i t i o n 1. I f the va lues p ^ s ) s a t i s f y 

P j O ) p 2 d ) 
( 2 1 ) p - i l j * ^ 

then Nash e q u i l i b r i u m con t rac t s have = = R*, x^ = x * , c^ (s ) = 0 , 

s = 1, 2 , and a,,(s) * 0 fo r some s . 

Thus any Nash e q u i l i b r i u m invo l ves some payment o f d i v i dends by 

lenders to borrowers ( i . e . , some mutual aspect to the c o n t r a c t u a l a r range-

ment) , s i nce a 2 ( s ) * 0 . In a d d i t i o n , in e q u i l i b r i u m some lenders ( those 

s e r v i n g type 2 borrowers) w i l l o f f e r c o n t r a c t s w i th t h i s mutual a s p e c t , and 

some o thers w i l l pay no d i v idends ( a ^ s ) = 0 ; s = 1, 2 ) . Thus, mutua l - type 

con t rac ts w i l l c o e x i s t w i th o ther types o f c o n t r a c t s in e q u i l i b r i u m . 

The proof o f p r o p o s i t i o n 1 w i l l s imply be a c o n s t r u c t i o n o f e q u i l i b 

r ium c o n t r a c t s . For the purposes o f t h i s c o n s t r u c t i o n , i t w i l l be convenient 

to work w i th consumption va lues c ^ , c ^ O ) , and 0^ (2 ) . As be fo re , i t w i l l be 

the case that the con t rac t s o f f e red to type 1 borrowers in e q u i l i b r i u m w i l l be 

unconst ra ined by (20 ) , the s e l f - s e l e c t i o n c o n s t r a i n t f o r type 2 bor rowers . 

Thus, the consumption va lues imp l ied by these con t rac t s must so l ve the f o l l o w 

ing problem: 



(A) max s l c 1 + I i r (s )p 1 ( s ) c 2 ( s ) 
s 

sub jec t to 

(22) I i t ( s ) p 1 ( s ) [ y - c 2 ( s ) ] - c ] = 0 
s 

(23) c 2 ( s ) > 0 , c | > 0 , 

where equat ion (22 ) , o f course , i s the c o n d i t i o n tha t the con t rac t s o f f e r e d to 

type 1 agents must earn zero expected p r o f i t s net o f d i v i dend payments. 

The s o l u t i o n to problem (A) has c ^ O ) = c^(2) = 0 , and 

1 r — 
c 1 = l^^^P^^y = y/R-] = y / R * - s i n c e 8-| > 1. Given t h i s s o l u t i o n , i t i s 

p o s s i b l e to r econs t ruc t e q u i l i b r i u m c o n t r a c t s from (17) and (18) . In p a r t i c u 

l a r , c j = x^ = y/R^ = x * , i . e . , the quan t i t y loaned to type 1 agents i s the 

same as fo r the game w i th a s imp le r set o f c o n t r a c t s d i scussed in S e c t i o n I. 

From (18) , 

c 2 ( 1 ) = 0 = y - R ^ + ^ ( 1 ) ^ ( 1 ) 

c 2 ( 2 ) = 0 = y - R ^ + ^ ( 2 ) ^ ( 2 ) . 

Thus 

(24) ^ ( 1 ) ^ ( 1 ) = a 1(2)-4> 1(2), 

or 

(24 ' ) a 1 ( 1 ) [ p 1 ( 1 ) R 1 - l ] x l = a l ( 2 ) ( p 1 ( 2 ) R l - l ] x r 

We w i l l prove by c o n t r a d i c t i o n that 0^(1) = a^(2) = 0 . F i r s t , suppose that 

c ^ O ) * 0 wh i l e a ^ 2 ) = 0 . Then, because x 1 = y/R^ * 0 , (24 ' ) i m p l i e s t ha t 

R 1 = 1/p(1) . S u b s t i t u t i n g R 1 = 1 /p 1 ( 1 ) , R. (from 7) and I|I 1 (1) = 0 i n t o 

the express ion fo r cj,( 1) above y i e l d s 
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TT(1)P (1) + [ l - ^ ( 1 ) ] p (2) 

*l< S ^ T j M - o . 

But t h i s imp l i es p l ( 2 ) / p l ( 1 ) = 1, con t ra ry to assumpt ion. Hence t h i s i s 

imposs ib l e . Second, the same c o n t r a d i c t i o n a r i s e s i f a^(2) * 0 wh i le a^(1) = 

0 , because (24 ' ) then imp l i es R. = 1 / p 1 ( 2 ) , e t c . Then i t must be the case 

that a^(1) and c^(2) are both p o s i t i v e . Note that (24) and x^ * 0 imply that 

ip1 (1) * 0 and 4^(2) * 0 ( s i n c e i f 4^(1) = 4) 1 (2) = 0 h e l d , R 1 = and 

R 1 = 1/p^(2) would a l s o h o l d , y i e l d i n g the same c o n t r a d i c t i o n as above) . But 

then 4»-j(1) and 4>i(2) must have the same s i g n . S ince in e q u i l i b r i u m expected 

p r o f i t s net o f d i v i dends must be z e r o , i t must then be the case that a^(s) = 

1 /p^ (s ) , s = 1, 2 . However, s u b s t i t u t i o n o f o . ( s ) = 1 / p ^ s ) i n to (24 ' ) aga in 

imp l i es p^(1) = P 1 ( 2 ) , con t ra ry to assumpt ion. The re fo re , <x^(1) = a^(2) = 0 , 

1. e . , lenders who s e r v i c e h i g h - r i s k borrowers do not pay d i v i d e n d s . F i n a l l y , 

to complete the c h a r a c t e r i z a t i o n of e q u i l i b r i u m c o n t r a c t s , we have seen that 

x^ = x * . Then, s i n c e expected p r o f i t s must be z e r o , R̂  = R^ = R*. 

I t remains to de r i ve e q u i l i b r i u m con t rac t s fo r type 2 agen ts . As 

above, these c o n t r a c t s must be maximal f o r type 2 agents among the se t o f 

con t rac ts earn ing nonnegat ive p r o f i t s (when accepted by type 2 borrowers) and 

which are c o n s i s t e n t w i th the s e l f - s e l e c t i o n c o n s t r a i n t (19 ) . Thus, consump

t i o n va lues r e s u l t i n g from these c o n t r a c t s must s o l v e the f o l l o w i n g problem: 

2 2 
(B) max 8 2 c 1 + £ T V ( S ) P 2 ( S ) C 2 ( S ) 

s 

sub jec t to 

(25) 8 ^ ] = a ^ 2 + I i r ( s ) P l ( s ) c 2 ( s ) 
s 

(26) I 1 r ( s ) p 2 ( s ) [ y - c 2 ( s ) ] - c 2 = 0 
s 

(27) c 2 , c 2 ( s ) > 0 . 
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( 2 5 ) r e s u l t s from s u b s t i t u t i n g the s o l u t i o n o f problem A i n to ( 1 9 ) , and ( 2 6 ) 

i s the zero expected p r o f i t c o n d i t i o n . 

S o l v i n g ( 2 6 ) f o r c 2 and s u b s t i t u t i n g i t i n t o the o b j e c t i v e f unc t i on 

(B) and the c o n s t r a i n t ( 2 5 ) reduces (B) to a l i n e a r programming problem in the 

2 2 
two c o n t r o l s c , , ( 1 ) and c 2 ( 2 ) , w i th one c o n s t r a i n t , ( 2 5 ) . Thus, there i s 

2 

always an op t ima l s o l u t i o n w i th e x a c t l y one o f the va lues c 2 ( s ) = 0 . Which 

s t a t e has zero consumption depends on the s i g n of p ^ ( 1 ) / p , ( 2 ) - p 2 ( 1 ) / p 2 ( 2 ) . 

When p 1 ( 1 ) / p 1 ( 2 ) < p 2 ( 1 ) / p 2 ( 2 ) h o l d s , then c 2 ( 2 ) = 0 , wh i l e c 2 ( 1 ) = 0 in the 

other case . The e n t i r e s o l u t i o n when p 1 ( 1 ) / p L ( 2 ) > p 2 ( 1 ) / p 2 ( 2 ) , f o r example, 

i s : 

( 2 8 ) c 2 = y / R 2 - ^ ( 2 ) p 2 ( 2 ) Y 

c 2 ( 1 ) = 0 

c 2 ( 2 ) = y 

where 

Y = 8 l y [ R 2

1 - R ; L ] / L ' ( 2 ) [ 8 l P 2 ( 2 ) - p 1 ( 2 ) ] > 0 , 

and the i n e q u a l i t y f o l l o w s from the f a c t tha t R 1 > R,,, 3 1 > 1, and p 2 ( 2 ) > 

P ^ S ) . 5 

I f p 1 ( 1 ) / p 1 ( 2 ) > p 2 ( 1 ) / P 2 ( 2 ) , f o r i n s t a n c e , any e q u i l i b r i u m c o n t r a c t 

f o r type 2 agents must induce the consumption va lues g iven i n ( 2 8 ) . Then, 

us ing ( 1 7 ) and ( 1 8 ) to recons t ruc t the unde r l y i ng c o n t r a c t , any Nash e q u i l i b -
A A A A 

rium c o n t r a c t [ R 2 , x 2 , c « 2 ( 1) , a . , ( 2 ) ] must s a t i s f y 

( 2 9 ) c 2 = x 2 

( 3 0 ) c 2 ( 1 ) = 0 = y - R 2 x 2 * a 2 ( 1 ) [ p 2 ( 1 ) R 2 - l J x 2 
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( 3 D c 2 ( 2 ) = y = y - R 2 x 2 + o 2 ( 2 ) [ p 2 ( 2 ) R 2 - l ] x 2 . 

C l e a r l y (29) imp l i es a determinate e q u i l i b r i u m loan q u a n t i t y . Equat ions (30) 

and (31) c o n s t i t u t e two equat ions in the three unknowns R,,, a 2 ( 1 ) , and ct,,(2). 

Many r e s o l u t i o n s o f the r e s u l t i n g indeterminacy are p o s s i b l e . We suggest two 

" n a t u r a l " r e s o l u t i o n s : ( i ) One would requ i re i n t e r e s t ra tes to be se t i n an 

" a c t u a r i a l l y f a i r " manner, so that R 2 = R 2 , and then (30) and (31) determine 

a 2 ( 1 ) and c t 2 (2 ) . Th i s imp l i es 1^(1) < 0 , however, wh i l e o 2 ( 1 ) > 0 , which 

requ i res type 1 borrowers to r ece i ve negat ive d i v i dend payments when s = 1. 

In p r a c t i c e mutual forms o f o r g a n i z a t i o n do not impose negat i ve d i v i dend 

payments. Thus a more d e s i r a b l e r e s o l u t i o n o f the indeterminacy i s : ( i i ) to 

set a

2 ( 1 ) 8 0> i-n which case R 2 = y / x 2 and (31) determines the d e s i r e d p o s i 

t i v e va lue f o r i » 2 ( 2 ) . Then, the e q u i l i b r i u m type 2 c o n t r a c t has R 2 = y / x 2 > 

x 2 = c 2 [g iven by ( 2 8 ) ] , o 2 ( 1 ) = 0 , and a 2 ( 2 ) > 0 (where a 2 ( 2 ) s o l v e s ( 3 D 

given R 2 and x , , ) . 7 In the other case , i . e . , when p l ( 1 ) / p 1 ( 2 ) < p 2 ( 1 ) / p 2 ( 2 ) , a 

2 

s i m i l a r c o n s t r u c t i o n r e s u l t s i n c 2 ( 2 ) = 0 and a 2 ( 1 ) > 0 . P r o p o s i t i o n 1 i s 

thus proven. 

C. S ta te Cont ingent I n te res t Rates 

As noted p r e v i o u s l y , there are a l t e r n a t i v e p o s s i b l e s p e c i f i c a t i o n s 

f o r the cho ices of con t rac t s that can be employed by l e n d e r s . One such p o s s i 

b i l i t y i s to have lenders s p e c i f y con t rac t s c o n s i s t i n g o f loan q u a n t i t i e s 

o f fe red to type i agen ts , x . , and s t a t e cont ingent (g ross) i n t e r e s t payments 

R i ( s ) fo r type i agents , i . e . , f o r lenders to make v a r i a b l e ra te l o a n s . Under 

t h i s s p e c i f i c a t i o n , our a n a l y s i s proceeds as above, wi th rep laced by R ^ s ) 

and w i th a^ (s ) = a 2 ( s ) = 0 ; s = 1, 2 . 

As be fo re , e q u i l i b r i u m consumption va lues cont inue to be g iven by 

the s o l u t i o n s to problems (A) and ( B ) . Then, imp l ied e q u i l i b r i u m c o n t r a c t s 
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1 1 
would have Xj = x . , i = 1, 2 . In a d d i t i o n , s i n c e C g O ) = 0^(2), i t would 

n e c e s s a r i l y be the case that R ^ D = R 1 ( 2 ) , i . e . , that type 1 agents would 

2/ 
face non -s ta te -con t i ngen t i n t e r e s t r a t e s . On the other hand, s i n c e c 2 U ) * 
p 

c 2 ( 2 ) , R 2 (1 ) * R 2 (2 ) i n e q u i l i b r i u m . Thus some borrowers would face f i x e d 

i n t e r e s t ra tes i n e q u i l i b r i u m ( type 1 bor rowers ) , wh i l e o ther borrowers would 

face s t a te cont ingent repayments ( type 2 bor rowers ) . Or, in o ther words, 

under t h i s r e s p e c i f i c a t i o n o f the se t o f p o s s i b l e c o n t r a c t o f f e r s , the c o e x i s 

tence o f s t a t e cont ingent and uncont ingent con t rac t s i s p r e d i c t e d . 

D. Imp l i ca t i ons 

The nature o f the e q u i l i b r i u m con t rac t s j u s t de r i ved has s e v e r a l 

i m p l i c a t i o n s . F i r s t , i f p i ( 1 ) = P i ( 2 ) ; i = 1, 2 , were to h o l d , then e q u i l i b 

rium c o n t r a c t s would be s imple i n t e r e s t r a t e - l o a n quan t i t y c o n t r a c t s , as in 

Sec t i on I. Thus, even though the environment was s p e c i f i e d in such a way tha t 

the presence o f n o n t r i v i a l aggregate unce r t a i n t y might appear to be innocuous 

( i n p a r t i c u l a r , a l l agents were assumed to be r i s k n e u t r a l ) , the nature o f 

e q u i l i b r i u m con t rac t s i s qu i t e d i f f e r e n t i n the presence of aggregate d i s t u r 

bances. The d i f f e r e n c e s in these con t rac t s a l s o have f u r t h e r i m p l i c a t i o n s , 

which w i l l now be d iscussed b r i e f l y . 

One o f these i s that the model p r e d i c t s the coex i s tence o f c o n t r a c t s 

that s p e c i f y d i v i dend (Sec t i on B) or s t a te cont ingent (Sec t i on C) payments 

w i th con t rac t s that s p e c i f y on ly noncont ingent payments. Th i s i s i n a c c o r 

dance w i th obse rva t i on in the bank ing , i nsu rance , and other i n t e r m e d i a t i o n 

i n d u s t r i e s . 

Second, the change in the s p e c i f i c a t i o n o f the environment tha t has 

been in t roduced here has i m p l i c a t i o n s f o r the ex i s t ence o f an e q u i l i b r i u m . In 

Sec t i on I, c o n d i t i o n (15) was de r i ved as s u f f i c i e n t f o r the e x i s t e n c e o f a 

Mash e q u i l i b r i u m ( i n pure s t r a t e g i e s ) . On the o ther hand, suppose tha t 
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(32) B.y/R > ( 8 f D x * + y / R . ; i = 1, 2 

ho lds , where x? i s the candidate Nash e q u i l i b r i u m loan quan t i t y f o r type i 

borrowers der ived i n Sec t i on I. Under (32) a Nash e q u i l i b r i u m i n pure s t r a t e 

g ies f a i l s to e x i s t i n Sec t i on I, s i nce i t imp l i es the ex i s t ence o f a poo l i ng 

con t rac t which earns zero expected p r o f i t s , and which i s p r e f e r r e d by a l l 

agents to ( R * , x * ) . 

However, when f i rms are permi t ted to announce the r i c h e r c o n t r a c t s 

[ R ^ , x i , a i ( 1 ) , a i ( 2 ) j a Nash e q u i l i b r i u m may e x i s t even when (32) h o l d s . In 

p a r t i c u l a r , i f 8 i [ 9p 1 (s)+( 1-9 ) p 2 ( s ) ] > p ^ s ) ; i , s = 1, 2 , then R = R, 

x = y / R , and a(1) = a(2) = 0 i s the maximal p o o l i n g con t rac t f o r agents o f 

both types. Then the l e f t - h a n d s i de o f (32) con t inues to represent the ex 

pected u t i l i t y obta ined by type i agents under t h i s c o n t r a c t . A l s o , i t i s 

2 2 

f e a s i b l e in the problem (B) to se t c^ = x * , and c.,(s) = y - R * x * ' S ince t h i s 

i s not the s o l u t i o n , the expected u t i l i t y o f type 2 borrowers exceeds 

( S g - D x * + y /Rg- Moreover, f o r s u f f i c i e n t l y l a r g e va lues o f R / R 2 ) t h e i r 

expected u t i l i t y w i l l a l s o exceed the l e f t - h a n d s i d e o f (32 ) . Hence, when 

R/R 2 i s chosen a p p r o p r i a t e l y , an e q u i l i b r i u m f a i l s to e x i s t when c o n t r a c t s 

must be i n t e r e s t r a t e - l o a n p a i r s , wh i l e an e q u i l i b r i u m does e x i s t when d i v i 

dend payments can be made. Thus, as in R i l e y [1985] , minor m o d i f i c a t i o n s o f 

the standard adverse s e l e c t i o n environment have i m p l i c a t i o n s f o r the e x i s t e n c e 

o f Nash e q u i l i b r i a . 

I I I . A R o t h s c h i l d - S t i g l i t z Insurance Environment 

The r e s u l t s o f the prev ious s e c t i o n do not depend i n any way on the 

assumed l i n e a r i t y o f agents ' p re fe rences . In t h i s s e c t i o n a s tandard 

R o t h s c h i l d - S t i g l i t z insurance environment w i th aggregate unce r t a i n t y i s ana

l y z e d . In p a r t i c u l a r , i t w i l l be assumed that the p r o b a b i l i t y o f s u f f e r i n g a 
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l oss i s cont ingent on the r e a l i z a t i o n o f some aggregate s t a t e v a r i a b l e , which 

i s r e a l i z e d a f t e r insurance c o n t r a c t s are w r i t t e n . The a n a l y s i s o f the s e c 

t i o n then demonstrates t h a t , as b e f o r e , any e q u i l i b r i u m must i n v o l v e the 

coex i s tence o f "mutua l " and o ther forms o f o r g a n i z a t i o n in insurance mar

ke t s . I t w i l l a l s o be demonstrated tha t t h i s m o d i f i c a t i o n a l t e r s the se t o f 

Pareto op t ima l a l l o c a t i o n s f o r some economies in the c l a s s cons i de red . Th is 

r e s u l t , i n t u r n , i n d i c a t e s that the i m p l i c a t i o n s o f a l t e r i n g the environment 

are not induced s o l e l y by the cho ice o f an e q u i l i b r i u m concept . 

A. The Environment 

Consider the insurance environment d i scussed by R o t h s c h i l d and 

S t i g l i t z . In p a r t i c u l a r , there are three groups o f agents . One group i s a 

set (w i th a f i x e d number o f members tha t exceeds one) o f s e l l e r s o f i n s u r 

ance. These w i l l be c a l l e d insurance companies. Insurance companies are r i s k 

n e u t r a l , and have some endowment of the s i n g l e consumption good (which i s 

assumed to be s u f f i c i e n t l y l a rge f o r the purposes o f subsequent d i s c u s s i o n ) . 

In a d d i t i o n to these insurance companies, there are some r i s k averse 

economic agen ts , who may be d i v i d e d i n t o two t ypes . A l l o f these agents have 

i d e n t i c a l u t i l i t y f unc t i ons U(c) w i th U' > 0 , U" < 0 V c e R + . Each agent 

rece i ves a random endowment e o f the consumption good, drawn from the two 

element se t { e ^ ^ } ; e 1 > e 2 > 0 . An agent whose endowment i s e^ has not 

su f fe red a l o s s , wh i l e an agent w i th endowment e 2 i s in a " l o s s " s t a t e . 

Given the r e a l i z a t i o n o f some aggregate shock s , a type i agent , 

i = 1, 2 , has p r o b a b i l i t y p,-(s) o f r e c e i v i n g the endowment e ^ , or p r o b a b i l i t y 

1 - p^(s) o f s u f f e r i n g a l o s s . Assume tha t p 2 ( s ) > P j ( s ) V s , so that type 2 

agents are the " l o w - r i s k " group. As b e f o r e , rr(s), s e {1,2}, i s the p r o b a b i l 

i t y o f s t a t e s , and p^(2) > p i ( 1 ) V i . A f r a c t i o n 9 o f a l l agents are o f type 

1. Endowment r e a l i z a t i o n s are independent ac ross a l a rge number o f agen ts , so 
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the f r a c t i o n o f type i agents r e c e i v i n g e^ i s p , - ( s ) . d F i n a l l y , i t i s assumed 

tha t 

P , ( D P,(2) 

p j m * p~72? 

B. The Game 

Let C j ( s ) denote the consumption of a type i agent who r e c e i v e s 

endowment e j in s t a te s . Then insurance f i rms o f f e r c o n t r a c t s which c o n s i s t 

o f consumption schedules c j ( s ) ; i> j> s = 1, 2. As be fo re , and as i n 

R o t h s c h i l d and S t i g l i t z , each insurance f i rm i s r e s t r i c t e d to the o f f e r o f a 

s i n g l e consumption schedu le . 

Given an o f f e red consumption schedule c 1 ( s ) , an insurance f i r m 

a t t r a c t i n g type i agents earns the ex pos t p r o f i t 

(33) * . ( s ) = p i ( s ) [ e 1 - c } ( s ) ] + ( l - p . ( s ) ] [ e 2 - c j ( s ) ] ; i = 1, 2. 

As be fo re , the o b j e c t i v e of any f i rm i s to maximize expected p r o f i t s , g iven 

the o f f e r s of o ther f i r m s . Expected p r o f i t s assoc i a t ed w i th any c o n t r a c t 

o f f e r , o f course , are £ g u(s) i l>^(s ) . F i n a l l y , con t rac t o f f e r s must be i n c e n t i v e 

compat ib le in the presence o f o ther announced c o n t r a c t s . I ncen t i ve compat i 

b i l i t y here requ i res that 

(34) I T T ( S ) P I ( S ) U [ C J ( S ) ] + I i t ( s ) [ l - p 1 ( s ) ) u [ c 2 ( s ) l 
s s 

> I T T ( S ) P I ( S ) U [ C 2 ( S ) ] - I 7 i ( s ) [ l - P l ( s ) j u [ c 2 ( s ) ] 
s s 

(35) I T T ( S ) P 2 ( S ) U [ C 2 ( S ) ] + I n ( s ) ( l - p ( s ) ] u [ c 2 ( s ) ] 
s s 

> I i r ( s ) p 2 ( s ) U ( c ] ( s ) ] + I u ( s ) ( l - p 2 ( s ) ] u [ c 2 ( s ) ] . 
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As be fo re , a Nash e q u i l i b r i u m i s a se t o f announced insurance con

t r a c t s such t h a t , g iven these announcements, no f i rm has an i n c e n t i v e to o f f e r 

an a l t e r n a t e insurance c o n t r a c t . 

C. The R o t h s c h i l d - S t i g l i t z E q u i l i b r i u m 

As a po in t o f r e fe rence , t h i s s e c t i o n cons t r uc t s the analogue o f the 

R o t h s c h i l d - S t i g l i t z e q u i l i b r i u m fo r t h i s economy. S p e c i f i c a l l y , f o r the 

purposes o f t h i s s e c t i o n , i t i s f u r t h e r assumed that f i rms are prec luded from 

o f f e r i n g insurance c o n t r a c t s con t ingen t on s o r , i n o ther words, announced 

con t rac ts must obey c L ( 1 ) = c*(2) V i , j . Th i s r e s t r i c t i o n w i l l e s s e n t i a l l y 
•J J 

reproduce the R o t h s c h i l d - S t i g l i t z e q u i l i b r i u m a l l o c a t i o n o f r esou rces . 

Under t h i s r e s t r i c t i o n on announced c o n t r a c t s , any e q u i l i b r i u m 

con t rac t o f f e r must have the p r o p e r t i e s de r i ved by Ro thsch i l d and S t i g l i t z : 

( i ) s e l f - s e l e c t i o n of types by c o n t r a c t se l ec ted must occu r , ( i i ) a l l o f f e r e d 

con t rac ts must earn zero expected p r o f i t s , and ( i i i ) a l l c o n t r a c t s must be 

maximal f o r the agents s e l e c t i n g them among the se t o f c o n t r a c t s tha t earn 

nonnegat ive p r o f i t s and tha t are c o n s i s t e n t w i th s e l f - s e l e c t i o n . The a r g u 

ments to t h i s e f f e c t are i d e n t i c a l to those g iven by R o t h s c h i l d and S t i g l i t z , 

and are the re fo re omi t ted here . 

E q u i l i b r i u m con t rac t s are easy to cons t ruc t he re , and i n f a c t are 

cons t ruc ted in e s s e n t i a l l y the same way as i n Sec t i on I. To b e g i n , de f i ne 

p. = I w(s)p ( s ) ; i = 1, 2 . 
s 

In a d d i t i o n , no t i ng that (as i n R o t h s c h i l d and S t i g l i t z ) i n c e n t i v e c o n s t r a i n t s 

do not b ind on the de termina t ion of ( c L c I ) , t h i s con t rac t must be maximal f o r 

type 1 ( h i g h - r i s k ) agents among the se t of con t rac t s tha t earn nonnegat ive 

expected p r o f i t s . Hence, i n e q u i l i b r i u m ( c 1 f c . ) must so lve the problem 
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max P j l K c J ) + O - p J t K c p 

sub jec t to 

(36) P 1 ( e 1 - c j ) + d - ^ X e g - c ] ) = 0 . 

The s o l u t i o n to t h i s problem i s c h a r a c t e r i z e d by complete insu rance , i . e . , 

c j = c^ = p 1 e 1 + ( 1 - p J e 2 = c» . 

2 2 
Determinat ion o f ( c . , C p ) i nvo l ves f i n d i n g the maximal con t rac t f o r 

type 2 agents tha t earns nonnegat ive expected p r o f i t s , and tha t i s i n c e n t i v e 

compat ib le in the presence o f the con t rac t o f f e r ( c j j C ^ ) = ( c * , c * ) . In e q u i -

2 2 

l i b r i u m , {CyC^) must so l ve the problem 

max p 2 U ( c 2 ) + ( 1 - p 2 ) U ( c 2 ) 

sub jec t to 

(37) p ^ c 2 ) + ( 1 - p j U ( c 2 ) < U(c* ) 

(38) P 2 ( e r c 2 ) + ( 1 - p 2 ) ( e 2 - c 2 ) = 0 . 

As be fo re , (37) can be shown to be b ind ing i n e q u i l i b r i u m . Th is equat ion and 

(38) in f a c t determine a unique consumption p a i r ( c ^ C g ) . 

The con t rac t o f f e r s (e j fOg) = ( c * , c » ) and ( c 2 , c 2 ) = ( c 2 , c 2 ) a re 

exac t l y the R o t h s c h i l d - S t i g l i t z c o n t r a c t s w i th the expected l o s s p r o b a b i l i 

t i e s p. = 7 i r ( s )p . (s ) p l a y i n g the r o l e o f the R o t h s c h i l d - S t i g l i t z p r o b a b i l i -
1 S 1 

t i e s . F i n a l l y , ex i s t ence i ssues are e x a c t l y as in R o t h s c h i l d and S t i g l i t z , so 

tha t ex i s t ence of e q u i l i b r i u m can be guaranteed by app rop r i a te cho ice o f the 

f r a c t i o n 9 o f type 1 agen ts . 
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D. An E q u i l i b r i u m With Mutual Insurance Firms 

I t i s now p o s s i b l e to i n v e s t i g a t e the p r o p e r t i e s o f e q u i l i b r i u m 

con t rac t s w i th the r e s t r i c t i o n s c l ( 1 ) = c * ( 2 ) r e l a x e d . E q u i l i b r i u m c o n t r a c t s 
3 J 

are not r e a d i l y de r i ved i n t h i s s e c t i o n , as they were above. However, i t w i l l 

nonethe less be p o s s i b l e to show tha t i n e q u i l i b r i u m "mutual insurance f i r m s " 

must c o e x i s t w i th f i rms organ ized i n o ther ways. 

In order to show t h i s , i t i s n a t u r a l to begin by c o n s i d e r i n g e q u i 

l i b r i u m con t rac t s c j ( s ) ; j» s = 1 , 2 . As p r e v i o u s l y , these con t rac t s must be 

maximal f o r type 1 agents among the set o f a l l such c o n t r a c t s earn ing nonnega

t i v e expected p r o f i t s , s i n c e i n c e n t i v e c o n s t r a i n t s cannot b ind on type 1 

con t rac t s in e q u i l i b r i u m . Then c ! ( s ) ; j , s = 1 , 2 , s o l v e s the problem 
0 

max I T t ( s ) p 1 ( s ) u [ c J ( s ) ] + T i r ( s) [ 1 - p l (s) }u[c^(s) ] 
s s 

sub jec t to 

(39) I i r(s)p ( s ) ( e - c ! ( s ) ] + I • t ( s ) [ l - p 1 ( s ) ] [ e 2 - c 2 ( s ) j = 0. 
s s 

The f i r s t order c o n d i t i o n s fo r t h i s problem are 

( 4 0 ) n ( s ) p 1 ( s ) U , [ c ] ( s ) ] = X T T ( S ) P I ( S ) ; s = 1, 2 

( 4 1 ) i t ( s ) [ l - p 1 ( s ) ] u » [ c ] ( s ) ] = x - r ( 3 ) [ l - P l ( s ) ] ; s = 1, 2 , 

where X i s the Lagrange m u l t i p l i e r assoc i a t ed w i th the c o n s t r a i n t (39) - As i s 

c l e a r from ( 4 0 ) and ( 4 1 ) , c , ( s ) must be constant ac ross s and j , so from 

(39) , c j ( s ) = c * - fls be fo re , type 1 agents do not share aggregate r i s k w i th 

t h e i r i n s u r e r s , i . e . , type 1 agents purchase complete insurance c o n t r a c t s from 

f i rms which are not mutual f i r m s . 

2 2 

I f the same were t rue fo r type 2 agen ts , i . e . , i f c ( 1 ) = c ( 2 ) ; 

j = 1, 2 , he ld in e q u i l i b r i u m , then there would be no mutual insurance f i r m s , 
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2 2 "2 
and the Nash e q u i l i b r i u m c o n t r a c t s here would have c^(1) = C j ( 2 ) = Cy as 

2 2 

above. I t i s now shown that c j O ) * c j ^ 2 ^ * n ^ u i l i k r i u m f ° r some j , so that 

type 2 agents do share aggregate r i s k w i th t h e i r i n s u r e r s , or i n o ther words, 

they purchase insurance from f i rms that are organ ized as mutua ls . In o rder to 
p 

see t h i s , note again tha t c j ( s ) 5 J . s = 1, 2 , must be maximal f o r type 2 

agents among the se t o f c o n t r a c t s tha t earn nonnegat ive expected p r o f i t s , and 

that are i n c e n t i v e compat ib le in the presence o f the con t rac t o f f e r s 
1 2 c (s) = c * ; j , s = 1 , 2 . Then, in e q u i l i b r i u m , c . ( s ) must s o l v e the problem 

max I * ( s ) p ( s ) u [ c 2 ( s ) j + J * ( s ) [ 1 - p ( s ) ] u [ c 2 ( s ) ] 
s s 

sub jec t to 

( 4 2 ) U(c») = I T K S J P ^ S J U ^ S ) ] + I » ( s ) l l - p 1 ( s ) l u [ e j j ( s ) ] 

(43) I T r ( s )p 2 ( s ) [ e 1 - c ' J ( s ) ] + I i r ( s ) [ l - p 2 ( s ) ] [ e 2 - c ^ ( s ) ] = 0. 
s s 

The f i r s t order c o n d i t i o n s f o r t h i s problem are 

(44) [ p 2 ( s ) - y p 1 ( s ) ] U ' [ c 2 ( s ) ] - n p 2 ( s ) = 0 ; s = 1 , 2 

(45) { l - p 2 ( s ) - u [ l - p 1 ( s ) ] } U ' [ c 2 ( s ) ] - n [ l - p 2 ( s ) ] = 0 ; s = 1 , 2 . 

where u and n are the Lagrange m u l t i p l i e r s a s s o c i a t e d w i th (42) and (43) 

2 2 
r e s p e c t i v e l y . To ob ta i n the r e s u l t tha t Oj(1) * c j ( 2 ) f o r a t l e a s t one j , 

2 2 

note the f o l l o w i n g . I f the s o l u t i o n to the problem above had c ^ l ) = c . ^ 2 ) , 

then from (44) 

p-(1) - u p . d ) p . (1) 
( 4 6 ) p 2 ( 2 ) - u P l ( 2 ) " p 2 ( 2 ) 
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would h o l d . However, s i n c e y > 0 , (46) r e q u i r e s tha t p< (1 ) /p 2 (1 ) = 

p 1 ( 2 ) / p 2 ( 2 ) , con t ra ry to assumpt ion. Hence p ^ D / p g O ) * p 1 ( 2 ) / p 2 ( 2 ) i m p l i e s 

2 2 

that c^(1) * c . ( 2 ) , as a s s e r t e d . Thus, i n e q u i l i b r i u m , type 2 agents must 

share in aggregate r i s k s w i th insurance f i r m s . 

E. Pareto Optima 

In order to show that the changes that a r i s e here in the presence o f 

aggregate u n c e r t a i n t y are not pure ly the r e s u l t o f the s e l e c t i o n o f an e q u i 

l i b r i u m concept , we show that the presence o f aggregate unce r t a i n t y a l s o has 

i m p l i c a t i o n s f o r the se t o f Pareto op t ima l resource a l l o c a t i o n s . In o rder to 

demonstrate t h i s r e s u l t , i t i s s u f f i c i e n t to argue as f o l l o w s . Suppose tha t 

p i ( 1 ) = p i ( 2 ) ; i = 1 , 2 , he ld so that there i s no genuine aggregate uncer 

t a i n t y he re . Then, as P resco t t and Townsend [1984] demonstrate, any Pare to 

opt imal a l l o c a t i o n o f resources has c j O ) = c j ^ 2 ^ V i . j . Moreover, as 

Ro thsch i l d and S t i g l i t z and P r e s c o t t and Townsend [1984] show, i n t h i s case 

the R o t h s c h i l d - S t i g l i t z insurance con t rac t de r i ved i n S e c t i o n C i s Pare to 

op t ima l so long as 

p - p U ' ( c * ) [ U ' ( c 2 ) - U ' ( c 2 ) ] 
(17) M r ) [ 2 1 I > — • 

p 2 ( 1 - p 2 ) U ' ( c p U ' ( c ^ ) 

Cond i t ion (47) o b v i o u s l y does not c o n t r a d i c t any th ing assumed here . 

When p i ( 1 ) * Pj_(2); i = 1, 2 , however, and when p<(1 ) /p 2 (1 ) * 

p 1 ( 2 ) / p 2 ( 2 ) , i t has been shown tha t the a l l o c a t i o n de r i ved i n Sec t i on C can 

never be Pareto o p t i m a l . Thus the presence of aggregate u n c e r t a i n t y does, i n 

f a c t , change the s e t o f Pareto op t ima l a l l o c a t i o n s f o r c e r t a i n se t s of param

eter v a l u e s . 
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IV. Conc lus ions 

There seem to be two main conc lus i ons to be de r i ved from the p reced 

ing a n a l y s i s . F i r s t , th ings work i n a s u b s t a n t i a l l y d i f f e r e n t way i n adverse 

s e l e c t i o n economies i n the presence o f aggregate u n c e r t a i n t y . Second, such 

economies ho ld out a promise o f e x p l a i n i n g why a number of types o f t r a d i n g 

arrangements c o e x i s t . In p a r t i c u l a r , i n S e c t i o n I I I i t was shown t h a t , in the 

presence o f adverse s e l e c t i o n and aggregate u n c e r t a i n t y , i t i s n a t u r a l to 

expect the coex i s tence o f mutual insurance f i rms w i th other types o f insurance 

f i r m s . In Sec t i on II i t was demonstrated tha t i t i s natural to expect mutual 

arrangements in l end ing o r g a n i z a t i o n s or to f i n d the coex i s tence o f debt which 

s p e c i f i e s uncont ingent repayment w i th debt tha t pays o f f amounts con t ingen t on 

the r e a l i z a t i o n o f the aggregate s t a t e . In p rev ious at tempts to e x p l a i n the 

ex i s t ence o f uncont ingent debt , i t has proven d i f f i c u l t to deve lop models in 
9 

which debt o f va r ious types c o e x i s t s . Hence these p r i v a t e i n fo rma t i on models 

w i th aggregate unce r t a i n t y appear to present a promis ing a rea o f r e s e a r c h . 
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Footnotes 

' see a l s o Eichenbaum and Pe led [1986] and Jaynes [1978] who examine 

the i m p l i c a t i o n s of changing assumptions about what i s observab le i n these 

con tex t s . 
2 

For a j u s t i f i c a t i o n see Green [1984] or Judd [1985] . An a l t e r n a 

t i v e j u s t i f i c a t i o n us ing nonstandard a n a l y s i s i s g iven by S t u t z e r [1986] . 

3 P a r e n t h e t i c a l l y , i t might be noted that loan c o n t r a c t s are c o n t i n 

gent con t rac t s r e q u i r i n g repayment o f Rx i f w = y , and zero o the rw ise . 

''The arguments e s t a b l i s h i n g these f a c t s are e s s e n t i a l l y i d e n t i c a l to 

those in Ro thsch i l d and S t i g l i t z , and hence are omi t ted he re . 

5 0 t h e r s p e c i f i c a t i o n s of c o n t r a c t s are p o s s i b l e in t h i s con tex t . In 

p a r t i c u l a r , an a l t e r n a t i v e s p e c i f i c a t i o n of con t rac t s would make i n t e r e s t 

payments s t a t e con t i ngen t , i . e . , s p e c i f y a loan quan t i t y and a s t a t e c o n t i n 

gent repayment R(s )x . The e f f e c t of t h i s con t rac t s p e c i f i c a t i o n i s cons idered 

below. 
6 2 I t i s s t r a i g h t f o r w a r d to v e r i f y tha t c 1 > 0. y > y ho lds i f and 

on ly i f i i ( 2 ) p 1 ( 2 ) ( 8 l - 1 ) > 6 1 ir( 1 ) [ p 2 ( 1 ) - p 1 (1) ] . I f t h i s c o n d i t i o n i s v i o l a t e d , 

equat ion (28) must be mod i f ied i n an obv ious way. 

7 I n f a c t , f e a s i b i l i t y o f s t r a tegy ( i i ) r e q u i r e s tha t the va lue 

a 2 ( 2 ) s o l v i n g (31) w i th R ^ = y a l s o s a t i s f i e s a^{2) < 1/p 2 <2). T h i s i s 

hencefor th assumed. 

g 
See foo tno te 2. 

9 

'See Ross [1977] f o r one such at tempt . Ross proceeds by s p e c i f y i n g 

ad hoc remunerat ion f unc t i ons f o r f i r m managers which imply the d e s i r a b i l i t y 

o f s i g n a l i n g v i a debt versus equ i t y i s s u e s . 
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