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ABSTRACT 

In t h i s a r t i c l e we u s e t h e t e c h n i q u e s d e v e l 

oped i n e x a m i n i n g o p t i m a l c o n t r a c t i n g w i t h 

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

e q u i l i b r i u m model o f a l a b o r market w i t h 

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

model t o examine t he e f f e c t s t h a t i m p e r f e c t 

i n f o r m a t i o n imposes on l a b o r m a r k e t s , p a r 

t i c u l a r l y when compared w i t h f u l l i n f o r m a 

t i o n and n o n c o n t r a c t u a l b a s e l i n e s . We 

d e m o n s t r a t e t h a t q u i t s i n c r e a s e i n p e r i o d s 

o f h i g h o u t p u t , w i t h o u t p o s t u l a t i n g e x o g e 

nous p r i c e r i g i d i t y . 

More p e o p l e q u i t t h e i r j o b s when t h e economy i s booming 

t h a n when i t i s i n a s lump.—' ' However , ou r e x p l a n a t i o n s o f t h i s 

phenomenon a r e f a i r l y u n s a t i s f a c t o r y — i n d e e d , h a r d l y l e s s ad hoc 

t h a n t h e " a n i m a l s p i r i t s " r a t i o n a l i z a t i o n (when t i m e s a r e g o o d , 

w o r k e r s f e e l b o l d enough t o l e a v e c u r r e n t employment ; when t i m e s 

a r e b a d , t h e y p r e f e r t h e s e c u r i t y o f t h e o l d j o b ) . 

One economic r a t i o n a l i z a t i o n a p p e a l s t o f i x e d wage 

r a t e s : I f wages f o r c u r r e n t employees a r e s t i c k y bu t wages f o r 

new h i r e s a r e f l e x i b l e , t h e n we w i l l o b s e r v e i n c r e a s e d demand f o r 

l a b o r met by an i n c r e a s e d m o b i l i t y . Of c o u r s e , we need a good 

e x p l a n a t i o n f o r t he wage r i g i d i t y and why i t s h o u l d be l e s s f o r 

new h i r e s t h a n f o r c u r r e n t e m p l o y e e s . 
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A s e c o n d , and t h e o r e t i c a l l y more s a t i s f y i n g r a t i o n a l i z a 

t i o n , h i n g e s on s e a r c h m a r k e t s . I n d i v i d u a l s a r e assumed not t o 

know t h e a l t e r n a t i v e employment o p p o r t u n i t i e s a v a i l a b l e t o t h e m , 

and must q u i t t h e i r j o b s t o engage i n s e a r c h i n o r d e r t o d e t e r m i n e 

what i s out t h e r e . From t h i s s t a r t i n g p o i n t , v a r i o u s d e v i c e s may 

be used t o ge t t he r e s u l t t h a t s e a r c h i s more v a l u a b l e i n boom 

t i m e s t h a n i n s lumps.—^ 

U n f o r t u n a t e l y f o r t he u s e f u l n e s s o f t h e s e e x p l a n a t i o n s , 

i t wou ld appea r t h a t s e a r c h i s no t an i m p o r t a n t p a r t o f t h e em

p loymen t p r o c e s s f o r j o b q u i t t e r s , as opposed t o j o b l o s e r s . 

S e a r c h e x p l a n a t i o n s have a l w a y s had t o c o n t e n d w i t h t h e q u e s t i o n 

o f why i t i s more c o s t l y t o s e a r c h when employed t h a n when unem

p l o y e d ; and i t wou ld a p p e a r t h a t f o r j o b q u i t t e r s t h i s q u e s t i o n i s 

p a r t i c u l a r l y r e l e v a n t . A p p a r e n t l y most i n d i v i d u a l s who q u i t one 

j o b a l r e a d y have t h e i r n e x t j o b o f f e r i n hand .-2/ 

However , t h i s o b s e r v a t i o n wou ld appea r t o l e a v e us i n a 

b i n d : Most q u i t s a r e v o l u n t a r y changes by employees f r o m one j o b 

t o a d i f f e r e n t (p resumab ly more p r o d u c t i v e ) j o b . I f t h e b u s i n e s s 

c y c l e i s an a c r o s s - t h e - b o a r d v a r i a t i o n i n t h e demand f o r l a b o r , 

why then s h o u l d m o b i l i t y r e l a t e a t a l l t o t h i s demand change? 

T h i s p a p e r d e m o n s t r a t e s t h a t s u c h a l i n k can i n d e e d b e 

f o r g e d , p r o v i d e d we i n c l u d e i m p e r f e c t i n f o r m a t i o n , not as p r e v i 

o u s l y , on t h e p a r t o f t h e q u i t t i n g e m p l o y e e s , bu t on t h e p a r t o f 

t h e f i r m s e m p l o y i n g them. We c o n s t r u c t an e q u i l i b r i u m model o f 

c o n t r a c t i n g be tween w o r k e r s and f i r m s , where c o n t r a c t s a c t b o t h t o 

a l l o c a t e l a b o r and t o r e a l l o c a t e r i s k . We emphas ize t h a t t h e 

c o n t r a c t s chosen by f i r m s and w o r k e r s a r e o p t i m a l : P a r t i e s a r e 
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f r e e t o a g r e e t o make wages a s f i x e d o r f l e x i b l e a s t h e y d e s i r e , 

and i n d e e d , c o n t r a c t s m i m i c k i n g t he spo t market would be p e r f e c t l y 

f e a s i b l e , a l t h o u g h we w i l l s e e t h a t such agreements wou ld be 

i n f e r i o r t o o t h e r s a v a i l a b l e . 

The o n l y l i m i t a t i o n on t h e f reedom o f i n d i v i d u a l s t o 

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

w h i c h w i l l p l a c e some 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 s t r a i n t s on t h e 

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

d e s c r i b e d b e l o w . They seem t o us n a t u r a l o n e s , a l t h o u g h o f c o u r s e 

t h e r e a d e r must j udge f o r h im o r h e r s e l f . 

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

demons t ra ted i n t h e t e x t by c o m p a r i s o n o f ou r c o n t r a c t i n g e q u i l i b 

r i u m t o a c o n t r a c t e q u i l i b r i u m under f u l l i n f o r m a t i o n . Under f u l l 

i n f o r m a t i o n i t t u r n s o u t , s t r i k i n g l y enough , t h a t r e a l wages a r e 

r i g i d , bu t w i t h e x p e c t e d number o f q u i t s i ndependen t o f t h e b u s i 

ness c y c l e . 

However , i n t h e i m p e r f e c t i n f o r m a t i o n c o n t r a c t i n g e q u i 

l i b r i u m t h e e x p e c t e d number o f q u i t s r i s e s w i t h h i g h e r economy-

w ide ave rage p r o d u c t i v i t y , d e s p i t e t h e f a c t t h a t wages i n c r e a s e as 

w e l l . 

I n d e r i v i n g t h e market e q u i l i b r i u m b e l o w , we s t a r t f rom 

t h e o p t i m i z a t i o n p r o b l e m f a c e d by each f i r m / w o r k e r p a i r i n e s t a b 

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

m i z a t i o n p r o b l e m i s a s p e c i a l c a s e o f t h e one d e s c r i b e d i n Kahn 

[ 1 9 8 4 ] . The i n t e r e s t e d r e a d e r i s r e f e r r e d t h e r e f o r f u r t h e r 

d e t a i l s J i / 
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The S t r u c t u r e 

F o r s i m p l i c i t y we assume t h a t a l l i n d i v i d u a l s ' p r e f e r 

ences can "be d e s c r i b e d by t h e same e x p e c t e d u t i l i t y f u n c t i o n u ( y ^ ) 

where y^ i s t he t o t a l c o m p e n s a t i o n i r e c e i v e s . The f u n c t i o n u i s 

i n c r e a s i n g and s t r i c t l y concave .— ' ' 

The i n d i v i d u a l owns an i n d i v i s i b l e u n i t o f l a b o r ; he can 

u s e i t o n l y w i t h one f i r m . The i n d i v i d u a l ' s p r o d u c t i v i t y i s 

s t o c h a s t i c . I t i s assumed t o d i f f e r a c c o r d i n g t o w h i c h f i r m 

employs h i m . ( i f i t d i d n o t , t h e r e wou ld n e v e r be a r e a s o n t o 

s w i t c h j o b s . ) We assume f i r m s a r e d i v i d e d i n t o N " i n d u s t r i e s . " 

The i n d i v i d u a l ' s p r o d u c t i v i t y draw i s i d e n t i c a l a t a l l f i r m s 

w i t h i n an i n d u s t r y , bu t draws a r e i ndependen t a c r o s s i n d u s t r i e s . 

Le t t he m a t r i x X = ( x ^ j ) where x^ j i n d i c a t e s i ' s p r o d u c t i v i t y i n 

t h e j t h i n d u s t r y . We l e t F( ) r e p r e s e n t t h e d i s t r i b u t i o n o f x^ j 

and we assume F( ) i s t h e i n t e g r a l o f a d e n s i t y f u n c t i o n w h i c h i s 

p o s i t i v e and c o n t i n u o u s on t h e i n t e r v a l [a ,b ] and z e r o e l s e w h e r e . 

We assume t h a t t h e owners o f t h e f i r m s a r e r i s k n e u 

t r a l . A f i r m can h i r e as many o r as few employees as i t 

c h o o s e s . A l t h o u g h each employee may have d i f f e r e n t p r o d u c t i v i t y 

and may r e c e i v e d i f f e r e n t c o m p e n s a t i o n , we w i l l assume f o r s i m 

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

number o f o t h e r i n d i v i d u a l s h i r e d , and t h a t x^ j i s i n d e p e n d e n t o f 

Xjii j i f o r i * i ' . A l l t h e s e a s s u m p t i o n s a r e d e s i g n e d t o keep t h e 

p r o b l e m as symmet r i c a s p o s s i b l e ; t h e y can be r e l a x e d w i t h o u t d i f 

f i c u l t y . 

A l l f i r m s and employees know t h e d i s t r i b u t i o n o f v a r i 

a b l e s i n t h e m a t r i x X . In a d d i t i o n , each f i r m i n i n d u s t r y j 
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o b s e r v e s t he r e a l i z a t i o n o f a l l e l e m e n t s i n column j , and e a c h 

i n d i v i d u a l o b s e r v e s t h e r e a l i z a t i o n s o f a l l e l e m e n t s i n r ov i . I n 

o t h e r w o r d s , each employee knows h i s p r o d u c t i v i t y a t any j o b i n 

t h e economy, and each f i r m knows how p r o d u c t i v e any i n d i v i d u a l 

wou ld be i f he j o i n e d . Thus we a l l o w each agen t i n t h e economy 

a c c e s s t o a l a r g e amount o f i n f o r m a t i o n — m o r e , i n f a c t , t h a n i s 

n e c e s s a r y f o r ou r r e s u l t s . We do so t o keep t h e a n a l y s i s s i m p l e 

and t o have t h e r e s u l t s i n a model as c l o s e t o f u l l i n f o r m a t i o n a s 

p o s s i b l e . 

The key l i m i t a t i o n we w i l l p l a c e on i n f o r m a t i o n i s a 

n a t u r a l o n e : We assume t h a t a f i r m canno t o b s e r v e how p r o d u c t i v e 

a w o r k e r wou ld be i f he were employed i n a d i f f e r e n t i n d u s t r y ; no r 

can t h e f i r m v e r i f y any e m p l o y e e ' s c l a i m a s t o t h e c o m p e n s a t i o n 

a n o t h e r i n d u s t r y might o f f e r h i m . 

Spot M a r k e t s and F u l l I n s u r a n c e 

P r o v i d e d t h e r e a r e s e v e r a l f i r m s w i t h i n each i n d u s t r y , 

spo t marke ts f o r l a b o r may be s i m p l y d e s c r i b e d : In e q u i l i b r i u m 

t h e employee works f o r a f i r m i n t h e i n d u s t r y where he i s most 

p r o d u c t i v e , and r e c e i v e s c o m p e n s a t i o n 

v+ = max x . . 
1 J 1 J 

Suppose we i n i t i a l l y a s s i g n e d i n d i v i d u a l s randomly t o f i r m s . 

Then , because o f t h e i n d e p e n d e n c e o f a l l d r a w s , we wou ld e x p e c t i n 

any r e a l i z a t i o n o f X t h a t a p r o p o r t i o n ( N - l ) / N o f t h e employees 

wou ld f i n d t h a t t h e y wou ld be more p r o d u c t i v e e l s e w h e r e : That i s 

t o s a y , w i t h a s p o t market t h e r e i s no s y s t e m a t i c v a r i a t i o n i n t h e 

number o f " q u i t s . " 
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I f t h e r e were o p p o r t u n i t i e s f o r f u l l i n s u r a n c e , t h e 

employee wou ld c o n t r a c t a t t he b e g i n n i n g o f t ime t o d e l i v e r h i s 

pay Vj t o t h e i n s u r i n g company i n r e t u r n f o r a g u a r a n t e e d amount 

e q u a l t o t he e x p e c t a t i o n o f v ^ . The c h o i c e o f emp loye r wou ld be 

t h e same as i n t h e s p o t m a r k e t ; a g a i n , q u i t s wou ld not v a r y s y s 

t e m a t i c a l l y w i t h any o t h e r v a r i a b l e . 

I n c o r p o r a t i o n o f I m p e r f e c t I n f o r m a t i o n C o n t r a c t s 

Now l e t us r e t u r n t o t h e i m p e r f e c t i n f o r m a t i o n f r a m e 

w o r k . Suppose we a l l o w an employee t o s i g n a c o n t r a c t w i t h any 

one f i r m b e f o r e r e a l i z a t i o n s o f X a r e o b s e r v e d by any a g e n t . We 

assume c o n t r a c t s may be made e x p l i c i t l y c o n t i n g e n t on any i n f o r m a 

t i o n e i t h e r t h e f i r m o r t h e employee can o b s e r v e . However , i f t h e 

i n f o r m a t i o n i s o b s e r v a b l e by o n l y one p a r t y t o t h e c o n t r a c t , t h e n 

t h e c o n t r a c t must be made i n c e n t i v e - c o m p a t i b l e i n o r d e r t o e n s u r e 

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

How, i t might b e a s k e d , c o u l d we e x p e c t any c o n t r a c t s t o 

r e s u l t i n t h i s f ramework? A f t e r a l l , a c o n t r a c t i s a p r e c o m m i t -

ment t o work f o r t h e f i r m i n c e r t a i n c i r c u m s t a n c e s — a n d by o u r 

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

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

The answer i s t h a t p a r t o f an i n d i v i d u a l ' s g a i n f r om 

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

T h i s i n s u r a n c e b e n e f i t i s so g r e a t t h a t i t may pay t o make a r 

rangements t o s t a y w i t h t h e f i r m i n c i r c u m s t a n c e s w h i c h wou ld b e 

i n e f f i c i e n t i n a f u l l i n f o r m a t i o n w o r l d . 

T h i s p o i n t can be i l l u s t r a t e d by t a k i n g an e x t r e m e 

c a s e . Suppose t h e w o r k e r was c o m p l e t e l y u n p r o d u c t i v e a t a f i r m no 
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m a t t e r what t h e s t a t e . C o u l d t h e r e be any a d v a n t a g e i n s i g n i n g u p 

w i t h such a f i r m ? The answer i s y e s : The w o r k e r wou ld l i k e 

c o m p l e t e i n s u r a n c e but t h i s i s i m p o s s i b l e s i n c e he canno t convey 

t o t h e f i r m t h e pay he w i l l r e c e i v e i n t h e s p o t m a r k e t . Bu t t h e r e 

i s a way he can p a r t i a l l y p r o v i d e t h e i n f o r m a t i o n s i m p l y by r e 

f r a i n i n g f rom t a k i n g a j o b e l s e w h e r e . T h i s ( i n ) a c t i o n i s h i s 

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

t h e f i r m s h o u l d pay t h e i n s u r a n c e . On t h e o t h e r h a n d , i n s i t u a 

t i o n s i n w h i c h o u t s i d e j o b s a r e v e r y p r o m i s i n g , he pays t h e f i r m 

f o r t he p r i v i l e g e o f t a k i n g an o u t s i d e o f f e r . 

S i n c e a l l f i r m s and i n d u s t r i e s a r e i d e n t i c a l ex a n t e , we 

do no t need t o b o t h e r w i t h t h e c h o i c e o f wh i ch f i r m t h e i n d i v i d u a l 

c o n t r a c t s w i t h . Because we a r e a s s u m i n g a l l a g e n t s ' p r o d u c t i v i 

t i e s a r e i ndependen t draws and t h a t t h e r e i s no i n t e r a c t i o n b e 

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

ma t i on r e l e v a n t f o r e s t a b l i s h i n g t h e c o n t r a c t i s t h e v e c t o r X^, 

t h e i t h row o f t h e m a t r i x X , c o n t a i n i n g i n d i v i d u a l i ' s r e a l i z e d 

p r o d u c t i v i t i e s a t a l l f i r m s . 

F o r m a l l y , a c o n t r a c t between wo rke r i and a f i r m i n 

i n d u s t r y j can be d e s c r i b e d by a p a i r o f f u n c t i o n s y ( X ^ ) and J i (X^) 

r e p r e s e n t i n g t he payment t o t h e i n d i v i d u a l and t h e l a b o r r e q u i r e d 

o f h im f o r any r e a l i z a t i o n o f t h e v a r i a b l e s X^ ( t h u s £ t a k e s t h e 

v a l u e s 0 o r l ) . However , g i v e n t h e i n c e n t i v e c o m p a t i b i l i t y r e 

s t r i c t i o n s , c o m p e n s a t i o n can be d e s c r i b e d more s i m p l y by a p a i r o f 

f u n c t i o n s s ( x ^ j ) and p ( x ^ j ) where s r e p r e s e n t s t h e payment an 

i n d i v i d u a l r e c e i v e s f rom t h e f i r m and p r e p r e s e n t s a p e n a l t y 

e x t r a c t e d s h o u l d he q u i t t h e f i r m (so t h a t t h e i n i t i a l f i r m pays 
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h im s - p i f he q u i t s ) . In a p p l i c a t i o n s s - p c o u l d be p o s i t i v e 

i f , f o r examp le , p e n s i o n s a r e v e s t e d . 

S i n c e t h e r e a l i z a t i o n o f x^ j can be o b s e r v e d by b o t h 

emp loye r and emp loyee , we make b o t h f u n c t i o n s c o n t i n g e n t upon t h i s 

v a r i a b l e . Because o f t h e i n c e n t i v e c o m p a t i b i l i t y r e s t r i c t i o n s , a n 

emp loye r can do no b e t t e r t han t o l e a v e t h e q u i t d e c i s i o n i n t h e 

hands o f t h e emp loyee . G i v e n t h e r e a l i z a t i o n s o f t h e i n d i v i d 

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

l e s s t h a n s p o t p a y . Thus 

i(X±) = 1 i f W i ( X i ) - p ( x i J ) > 0 

l(X±) = 0 i f W ^ X ^ - p ( X ; L J ) < 0 

where W^(X^) i s t h e c o m p e n s a t i o n t h e i n d i v i d u a l r e c e i v e s i f t h e 

r e a l i z a t i o n o f h i s p r o d u c t i v i t y i s X^ and he l e a v e s t h e f i r m h e 

has c o n t r a c t e d w i t h i n o r d e r t o s e l l h i s s e r v i c e s e l s e w h e r e . 

S i n c e i depends on X^ o n l y t h r o u g h x ^ j and we w i l l h e n c e f o r t h 

w r i t e I as a f u n c t i o n o f t h e s e two v a r i a b l e s . 

E q u i l i b r i u m 

We assume t h e f o l l o w i n g market s t r u c t u r e : B e f o r e t h e 

r e a l i z a t i o n o f X i s r e v e a l e d , t h e r e i s t r a d i n g i n l a b o r c o n 

t r a c t s . As men t ioned b e f o r e , an a g e n t can c o n t r a c t w i t h a t most 

one f i r m . A f t e r X i s r e v e a l e d , t h e r e i s t r a d i n g o f l a b o r on a 

s p o t market and t h e n p r o d u c t i o n and consump t i on t a k e p l a c e . I n 

e f f e c t t h i s means t h a t i f an i n d i v i d u a l who h a s c o n t r a c t e d t o work 

f o r one f i r m chooses t o work f o r a n o t h e r f i r m , he r e c e i v e s t h e 

( p o s s i b l y n e g a t i v e ) amount s - p f r om t h e i n i t i a l f i r m , and t h e 
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spo t wage f r om t h e new f i r m . In t h e i n i t i a l p e r i o d , f i r m s compete 

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

and employees a r e ex a n t e i d e n t i c a l , we may r e g a r d t h i s c o m p e t i 

t i o n as a Nash e q u i l i b r i u m among f i r m s where t h e space o f c o n 

t r a c t s i s t h e c o r r e c t s t r a t e g y s p a c e . 

I n g e n e r a l such a s t r a t e g y space migh t be c o m p l i c a t e d t o 

e x a m i n e , s i n c e t h e most p r o f i t a b l e c o n t r a c t f o r one f i r m t o o f f e r 

m igh t va ry i n h a r d - t o - d e t e r m i n e ways w i t h t h e menu o f c o m p e t i t o r s ' 

c o n t r a c t s . These d i f f i c u l t i e s migh t be g r e a t i f changes i n one 

e m p l o y e r ' s o f f e r e d c o n t r a c t were t o i n d u c e c o m p l i c a t e d changes i n 

W ^ ( X ^ ) . However , as no ted b e f o r e , ou r a s s u m p t i o n s g u a r a n t e e t h a t 

i n a spot market wage i s a l w a y s e q u a l t o p r o d u c t i v i t y a t t he b e s t 

f i r m . Thus we know t h a t 

(1) W . ( X . ) = max U ) 

i ndependen t o f any c o n t r a c t o f f e r e d by any f i r m i n t h e f i r s t 

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

i s c h a r a c t e r i z e d by f i n d i n g c o n t r a c t s ( s ( x ) , p ( x ) , £ ( x , w ) ) w h i c h 

max im ize employee u t i l i t y , s u b j e c t t o two c o n s t r a i n t s : 

(a) t h a t each f i r m makes n o n n e g a t i v e expec ted p r o f i t s g i v e n 

t h e c o n t r a c t s i t o f f e r s and 

(b) t h a t t h e d i s t r i b u t i o n o f ex p o s t o f f e r s on t h e spo t 

market i s d e s c r i b e d by ( l ) . 

Such c o n t r a c t s w i l l be c a l l e d " o p t i m a l " c o n t r a c t s . I f 

o p t i m a l c o n t r a c t s y i e l d e x p e c t e d u t i l i t y w h i c h i s g r e a t e r t h a n 
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E ( W i ( X i ) ) 

Then a l l employees w i l l s i g n such c o n t r a c t s . O t h e r w i s e , none 

w i l l , and t r a d e w i l l o c c u r s o l e l y on t h e s p o t m a r k e t . 

O p t i m a l C o n t r a c t s 

L e t G ( z ) be t h e d i s t r i b u t i o n o f t he b e s t o f f e r o u t s i d e 

o f i n d u s t r y j . Then 

G ( z ) = E * - 1 ^ ) 

and t h e j o i n t d i s t r i b u t i o n o f ( x , z ) i s 

(2) F ( x )F N - 1 ( z ) 

D e f i n e 

v = max ( x , z ) 

s o t h a t v i s t h e b e s t o f f e r a v a i l a b l e on t h e spo t m a r k e t . We now 

w i s h t o f i n d t h e t r i p l e {s( ) ,p ( ) , i ( )} w h i c h m a x i m i z e s 

(ha.) E u ( s ( x ) + ( v - p ( x ) ) ( l - £ ( x , v ) ) ) 

s u b j e c t t o 

(Ub) £ ( x , v ) = 1 i f v < p ( x ) 

= 0 i f v > p ( x ) 

and 

(he) E { - s ( x ) + x i ( x , v ) + p ( x ) ( l - i ( x , v ) ) } > 0 
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( E x p e c t a t i o n s a r e t a k e n w i t h r e s p e c t t o t h e d i s t r i b u t i o n d e s c r i b e d 

i n (2).) We use v i n t h e e x p r e s s i o n r a t h e r t han z , s i n c e an 

employee c o u l d a l w a y s l e a v e t o t a k e a j o b a t a n o t h e r f i r m i n t h e 

same i n d u s t r y . 

The a p p e n d i x d e m o n s t r a t e s t h a t , unde r t h e d i s t r i b u t i o n a l 

a s s u m p t i o n s o f t h e n e x t s e c t i o n : 

Theorem 1. An o p t i m a l c o n t r a c t e x i s t s . 

Theorem 2. In t h e o p t i m a l c o n t r a c t , i n d i v i d u a l s have no i n c e n t i v e 

t o q u i t t o work f o r o t h e r f i r m s i n t h e same i n d u s t r y . 

Theorem 3. In t h e o p t i m a l c o n t r a c t , t h e e x p e c t e d f r e q u e n c y o f 

q u i t s c o n d i t i o n a l on x i s a n o n d e c r e a s i n g f u n c t i o n o f x . 

Theorem 4. In t h e o p t i m a l c o n t r a c t , employees rema in w i t h t h e i r 

i n i t i a l f i r m s whenever t h e y a r e most p r o d u c t i v e a t t h a t f i r m . In 

a d d i t i o n t h e y rema in w i t h t h e i r i n i t i a l f i r m s i n some c a s e s where 

t h e i r p r o d u c t i v i t y e l s e w h e r e i s h i g h e r . 

In t h e o p t i m a l c o n t r a c t , pay i s g e n e r a l l y h i g h e r f o r 

w o r k e r s who a r e ex p o s t more p r o d u c t i v e , and p e n a l t i e s f o r l e a v i n g 

a r e g r e a t e r . T h i s h o l d s d e s p i t e t h e f a c t t h a t t h e r i s k - a v e r s e 

employee would p r e f e r t o r e c e i v e c o n s t a n t wages w h i l e e m p l o y e d , 

b e c a u s e s u c h v a r i a t i o n i s n e c e s s a r y t o encou rage more v a l u a b l e 

employees t o l e a v e o n l y when t h e y have p a r t i c u l a r l y l u c r a t i v e 

o f f e r s e l s e w h e r e . 

I n a t w o - p e r i o d model t h e i n c r e a s i n g p e n a l t y m igh t be 

i n t e r p r e t e d i n t h e f o l l o w i n g way : P a r t o f t h e e m p l o y e e ' s f i r s t -

p e r i o d compensa t i on i s d e f e r r e d i n t o a n o n v e s t e d p e n s i o n scheme, 
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whose v a l u e w i l l be c o n n e c t e d t o t h e t e r m i n a l s a l a r y t h e emp loyee 

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

i n s e c o n d - p e r i o d p r o d u c t i v i t y . 

We can show t h e o p t i m a l c o n t r a c t domina tes t h e s p o t 

market s o l u t i o n by a s i m p l e v a r i a t i o n a l a r g u m e n t . S t a r t w i t h a 

c o n t r a c t w h i c h m im ics t h e s p o t market ( s ( x ) = x ; p ( x ) = 0). Then 

i n c r e a s i n g p and s f o r any x can improve e x p e c t e d u t i l i t y w h i l e 

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

Theorem 4 s t a t e s t h a t t h e r e i s i n s u f f i c i e n t m o b i l i t y 

r e l a t i v e t o a s p o t market s o l u t i o n (o r r e l a t i v e t o a f u l l - i n f o r m a 

t i o n i n s u r a n c e s o l u t i o n ) . Bu t e x p e c t e d m o b i l i t y i s h i g h e r when 

draws o f x a r e l o w . 

I t s h o u l d be n o t e d t h a t t h e p r o b l e m we d e s c r i b e b r e a k s 

down as t h e number o f i n d e p e n d e n t i n d u s t r i e s becomes l a r g e . F o r 

t h e n v a p p r o a c h e s b w i t h c e r t a i n t y . I f t h e r e i s no v a r i a t i o n i n 

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

b o t h s p o t and c o n t r a c t ou tcomes r e d u c e t o f u l l i n s u r a n c e . 

However , no t t o o much w e i g h t s h o u l d be p l a c e d on t h i s 

f a c t , s i n c e we u s e t h e t e r m " i n d u s t r y " m a i n l y f o r c o n c r e t e n e s s o f 

e x p o s i t i o n . What we need i s f i r s t , v a r i a b i l i t y o f o u t s i d e 

o f f e r s — c e r t a i n l y a r e a s o n a b l e a s s u m p t i o n i n i t s e l f — a n d s e c o n d , 

t h a t t h e f i r m a t w h i c h t h e w o r k e r i s most p r o d u c t i v e no t b e 

u n i q u e , s o t h a t t h e c o m p e t i t i v e wage e q u a l s t h e i n d i v i d u a l ' s 

p r o d u c t i v i t y (even t h i s s e c o n d r e q u i r e m e n t i s p r o b a b l y no t c r u 

c i a l , bu t i t a l l o w s u s t o a v o i d c o n s i d e r i n g t h e b i d d i n g games t h a t 

wou ld o t h e r w i s e a r i s e , g i v e n ou r i n f o r m a t i o n a l a s s u m p t i o n s ) . The 

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

t o keep t h e p r o b l e m s i m p l e . 



- 13 -

Q u i t s and Output 

Suppose each y e a r r e p r e s e n t s an i ndependen t r e a l i z a t i o n 

o f t h e m a t r i x X , and i n r e s p o n s e , t h e economy d e s c r i b e d above 

g e n e r a t e s r e s u l t a n t v a l u e s f o r pay and j o b c h o i c e s . We now r e t u r n 

t o our i n i t i a l q u e s t i o n : i s t h e r e any c o r r e l a t i o n be tween q u i t s 

and o u t p u t ? 

L e t us b e g i n by a s s u m i n g t h e r e i s o n l y one i n d i v i d u a l i n 

t h e economy. H i s o u t p u t q depends on t h e draws o f x and v a s 

f o l l o w s : 

q ( x , z ) = x i f p ( x ) > z 

= z i f p ( x ) < z 

(we can use z r a t h e r t h a n v i n t h e d e s c r i p t i o n s i n c e we know t h a t 

q ( x , z ) = z o n l y i f z = v ) . I f z > p ( x ) , t h e n t h e r e was a q u i t ; i f 

z < p ( x ) , t h e r e was no q u i t . Thus t he odds o f a q u i t c o n d i t i o n a l 

on q ( x , z ) = q are2/ 

f=\ F ( p - 1 ( q ) ) g ( q )  
( 5 ) f ? q ) G f p ( q ) J 

Suppose t he economy were s u c h t h a t q u i t s were e f f i 

c i e n t . Then t h e above f o r m u l a wou ld h o l d w i t h p ( x ) = x o r q u i t 

p r o b a b i l i t i e s e q u a l t o 

4 4 4 4 = N 
f ( q ) G ( q ) 

Thus t he p r o b a b i l i t y o f a q u i t wou ld be i ndependen t o f q . How

e v e r , i f q u i t s a r e no t e f f i c i e n t , t h i s c o n s t a n c y does no t h o l d . 

To examine (5) more c a r e f u l l y , we must make a s p e c i f i c 

d i s t r i b u t i o n a l a s s u m p t i o n . We assume F ( x ) i s u n i f o r m l y d i s t r i b 

u t e d . Then (5) becomes 
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The append i x d e m o n s t r a t e s t h a t and a r e b o t h 

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

t i o n . Thus t h e e x p e c t e d f r e q u e n c y o f q u i t s i n c r e a s e s w i t h t h e o b 

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

G i v e n t he i ndependence o f q a c r o s s i n d i v i d u a l s , i t i s 

s t r a i g h t f o r w a r d t o p r o v e t h e f o l l o w i n g : 

C o r o l l a r y : The t o t a l o u t p u t o f t h e economy and t he t o t a l number 

o f q u i t s a r e p o s i t i v e l y c o r r e l a t e d . 

Summary and C o n c l u s i o n s 

We have shown t h a t i n an economy w i t h o p t i m a l employment 

c o n t r a c t i n g bu t i m p e r f e c t i n f o r m a t i o n a b o u t e m p l o y e e s ' o u t s i d e 

o f f e r s t h e r e can be a p o s i t i v e c o r r e l a t i o n between a g g r e g a t e 

ou tpu t and t h e q u i t r a t e , where t h i s c o r r e l a t i o n canno t n a t u r a l l y 

be o b t a i n e d e i t h e r under f u l l i n f o r m a t i o n o r w i t h spo t m a r k e t s . 

r e s u l t . I n t h i s economy, wages p e r f o r m two f u n c t i o n s : F i r s t , 

t h e y a r e t he medium o f an i n s u r a n c e scheme p r o v i d e d by t h e c o n 

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

employee t o t h e most p r o d u c t i v e j o b a v a i l a b l e . These two f u n c 

t i o n s c o n f l i c t : f o r i n s u r a n c e p u r p o s e s , a wage r a t e s h o u l d no t 

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

o n e - f o r - o n e . The o p t i m a l c o n t r a c t i s a compromise between t h e s e 

two g o a l s : Under t h e c o n t r a c t , p e o p l e do t e n d t o move on t o 

h i g h e r p r o d u c t i v i t y j o b s s h o u l d t h o s e j o b s become a v a i l a b l e , bu t 

t h e y do not move a s o f t e n a s t h e y wou ld u n d e r p e r f e c t i n f o r m a -

The f o l l o w i n g i s an i n t u i t i v e i n t e r p r e t a t i o n o f t h i s 
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t i o n . Income v a r i a b i l i t y i s modera ted by t h e c o n t r a c t , bu t no t a s 

much as i t wou ld be w i t h f u l l - i n f o r m a t i o n i n s u r a n c e . 

As a r e s u l t , we f i n d i n t h i s economy some o f t h e e f f e c t s 

o f a f i x e d - p r i c e c o n t r a c t , w i t h o u t h a v i n g t o s t a r t w i t h t h e a r b i 

t r a r y a s s u m p t i o n t h a t p r i c e s must be f i x e d . Because t h e p e n a l t y 

f o r q u i t t i n g does not v a r y s u f f i c i e n t l y f o r e f f i c i e n t employment , 

i n d i v i d u a l s a r e more l i k e l y t o q u i t and t a k e a s p o t - m a r k e t j o b 

when o u t s i d e p r o d u c t i v i t y i s h i g h and t o s t a y when o u t s i d e p r o 

d u c t i v i t y i s l o w . A g a i n , we must emphas ize t h a t t h e s e r e s u l t s 

wou ld no t have h e l d had employment been a t t h e f u l l - i n f o r m a t i o n 

e f f i c i e n t l e v e l . 

The major l i m i t a t i o n s i n t h i s a n a l y s i s s tem f rom t h e 

r e s t r i c t i o n s on t h e f u n c t i o n a l fo rms we have u s e d . No r e s t r i c 

t i o n s have been p l a c e d on t h e u t i l i t y f u n c t i o n , bu t we have l i m 

i t e d o u r s e l v e s t o r i s k - n e u t r a l f i r m s . A more d e s i r a b l e f o r m u l a 

t i o n wou ld a l l o w t h e p o s s i b i l i t y t h a t owners a r e r i s k a v e r s e ( a s , 

f o r example i n Grossman and H a r t [1983] ) o r , e q u i v a l e n t l y , t h a t 

l i a b i l i t y i s l i m i t e d (as i n Kahn and Sche inkman [1984]). The fo rm 

o f d i s t r i b u t i o n we have c o n s i d e r e d f o r p r o d u c t i v i t y s h o c k s i s 

e x t r e m e l y r e s t r i c t i v e . I t wou ld be w o r t h w h i l e b o t h t o a l l o w more 

g e n e r a l f u n c t i o n a l forms f o r i n d i v i d u a l s h o c k s and t o d rop t h e 

a s s u m p t i o n o f i ndependence a c r o s s i n d i v i d u a l s , a l l o w i n g f o r c o r 

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

d e s i r a b l e , wou ld be an e x t e n s i o n o f t h e model t o h a n d l e p r o d u c t i o n 

f u n c t i o n s w i t h d i m i n i s h i n g r e t u r n s t o employment . 

The o t h e r s e t o f e x t e n s i o n s w o r t h c o n s i d e r i n g wou ld v a r y 

t h e s e t o f p e r m i s s i b l e c o n t r a c t s . F o r i n s t a n c e , i n c o n t r a s t t o 
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t h e a r t i c l e by G rossman , H a r t , and M a s k i n , ou r a n a l y s i s does no t 

assume a g g r e g a t e v a r i a b l e s a r e o b s e r v a b l e i n s u f f i c i e n t t ime t o 

make c o n t r a c t s depend on t h e m . I n c o n t r a s t t o H a r r i s and 

Ho lms t rom [ l982 ] , we have p l a c e d no r e s t r i c t i o n s on t h e p e n a l t i e s 

t h a t can be e x t r a c t e d f o r a q u i t . In c o n t r a s t t o P r e s c o t t and 

Townsend, we have not i n c l u d e d randomized s t r a t e g i e s i n t h e c o n 

t r a c t . E a c h o f t h e s e e x t e n s i o n s w i l l be w o r t h p u r s u i n g ; h o w e v e r , 

i t does not appear t h a t any o f them wou ld r e v e r s e ou r b a s i c r e 

s u l t , s i n c e none o f them l e a d t o f u l l - i n f o r m a t i o n e f f i c i e n c y . 



A p p e n d i x 

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

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

i n t e r r e l a t i o n s . R e c a l l t h a t t h e r e a l i z a t i o n o f e a c h Xjj i s a s 

sumed drawn f r o m an i n t e r v a l [a ,b ] and t h a t t h e draws a r e i n d e p e n 

d e n t . A l s o , r e c a l l t h a t X^ i s t h e v e c t o r ( x ^ ^ , . . . ,X^JJ) . 

P r o b l e m A : 

F i n d 

{ y ( X i ) , 4 ( X i ) } : [ a , b ] N * R x {0,1} 

t o max im ize 

E { u ( y ( X i ) + ( l - J l ( X i ) ) W i ( X i ) ) } 

s u b j e c t t o 

u ( y ( X i ) + ( l - A ( X i ) ) W i ( X i ) ) > u ( y ( X i ' ) + ( l - £ ( X i ' ) W i ( X i ) ) 

f o r any X ^ , X ^ ' s u c h t h a t t h e i r j * * 1 components a r e i d e n t i c a l , and 

s u b j e c t t o 

E { A ( X i ) x i J - y ( X i ) } > 0 

(The s e a r c h f o r f u n c t i o n s y and I must be r e s t r i c t e d , o f c o u r s e , 

t o t h o s e i n t e g r a b l e w i t h r e s p e c t t o t h e d i s t r i b u t i o n o f X ^ . ) 

Comment: T h i s i s t h e p r o b l e m i n i t s b a s i c f o r m . I t can be s i m 

p l i f i e d a s f o l l o w s : 
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P rob lem B : 

F i n d 

{ s ( x ) , p ( x ) , A ( x , v ) } : [ a , b ] 2 + R 2 x {0,1} 

t o max im ize 

E { U * ( s ( x ) , p ( x ) , v ) } 

where 

U * ( s , p , v ) = max U ( s , p , v , £ ) 
£ e { 0 , l } 

and 

U ( s , p , v , A ) = u ( s + ( l - A ) ( v - p ) ) 

s u b j e c t t o t h e f o l l o w i n g r e s t r i c t i o n s : 

( B l ) £ ( x , v ) £ a r g max U ( s ( x ) , p ( x ) , v , £ ) 

{0,1} 
and 

(B2) E U ( x , v ) x - s ( x ) - t p ( x ) ( l - * ( x , v ) ) } > 0 . 

Comments: Here t h e v e c t o r o f p r o d u c t i v i t y o f i n d i v i d u a l i i n 

a l l i n d u s t r i e s has been r e d u c e d t o two s u f f i c i e n t s t a t i s t i c s : x 

( s h o r t h a n d f o r x ^ j ) t h e p r o d u c t i v i t y o f t h e i n d i v i d u a l a t t h e 

c o n t r a c t i n g f i r m and v = W i ( X i ) t h e s p o t wage (by o u r a s s u m p t i o n s 

e q u a l t o max X j . ). A s t r a i g h t f o r w a r d a p p l i c a t i o n o f t h e r e v e l a -

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

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

t h e r e s t r i c t i o n on £ ( x , v ) . A g a i n , s , p , and % must be assumed 
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i n t e g r a b l e w i t h r e s p e c t t o t h e j o i n t d i s t r i b u t i o n o f x and v , 

w h i c h d i s t r i b u t i o n i n t u r n c a n be d e r i v e d f r o m t h e d i s t r i b u t i o n o f 

X i -

C u r f i r s t r e s u l t i s t h a t w i t h o u t l o s s o f g e n e r a l i t y we 

can p l a c e bounds on t h e range o f p ( x ) i n p r o b l e m B : 

Lemma: L e t { s ( x ) , p ( x ) , i ( x , v ) } s o l v e p r o b l e m B . C o n s i d e r any 

f u n c t i o n s s ( x ) , p ( x ) s u c h t h a t 

p ( x ) > b i f p ( x ) > b 

< a i f p ( x ) < a 

= p ( x ) o t h e r w i s e 

s ( x ) = s ( x ) - p ( x ) + p ( x ) i f p ( x ) < a 

= s ( x ) o t h e r w i s e 

Then { s ( x ) , p ( x ) , J t ( x , v ) } a l s o s o l v e s p r o b l e m B . 

In o t h e r w o r d s , p e n a l t i e s g r e a t e r t h a n t h e h i g h e s t 

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

pay a r e i r r e l e v a n t . 

W i t h o u t l o s s o f g e n e r a l i t y t h e r e f o r e we can c o n s i d e r 

p r o b l e m B m o d i f i e d by t h e a d d i t i o n a l r e s t r i c t i o n : 

(B3) p ( x ) e [a ,b ] f o r a l l x 

In ou r model v > x f o r a l l r e a l i z a t i o n s o f ( x , v ) . Tha t 

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

c o n t r a c t i n g f i r m . T h i s i s t h e n a t u r a l a s s u m p t i o n t o make g i v e n 

t h e s t r u c t u r e we have d e v e l o p e d . However , i t i s somewhat d i f f i 

c u l t t o work w i t h , i n p a r t b e c a u s e t h e d i s t r i b u t i o n s o f x and v 

a r e no t i n d e p e n d e n t . 
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ve t h e r e f o r e w i s h t o add an e x t r a r e s t r i c t i o n t o t h e 

c o n t r a c t , w h i c h we can a g a i n d e m o n s t r a t e c a u s e s no w e l f a r e l o s s . 

The r e s t r i c t i o n we w i s h t o add i s t o r e q u i r e t h e i n d i v i d u a l t o 

r ema in w i t h t h e c o n t r a c t i n g f i r m i n a l l c a s e s where h i s p r o d u c t i v 

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

(BU) A ( X , V ) = 1 f o r a l l v < x 

Lemma: I f a f e a s i b l e c o n t r a c t f o r p r o b l e m B does no t s a t i s f y (Bh) 

t h e n t h e r e i s a f e a s i b l e c o n t r a c t s a t i s f y i n g (Bk) f o r w h i c h e x 

p e c t e d u t i l i t y i s a t l e a s t a s g r e a t . 

P r o o f : C o n s i d e r t h e f o l l o w i n g m o d i f i e d c o n t r a c t 

s ( x ) = max ( s ( x ) , s ( x ) - p ( x ) + x ) 

p ( x ) = max ( x , p ( x ) ) 

£ ( x , v ) e a r g max U ( s ( x ) , p ( x ) , v , J t ) 
{0,1} 

= 1 i f U ( s ( x ) , p ( x ) , v , 0 ) = U ( s ( x ) , p ( x ) , v , l ) 

T h i s m o d i f i e d c o n t r a c t l e a v e s u t i l i t y unchanged i f p ( x ) > x . On 

t h e o t h e r hand i f p ( x ) < x u t i l i t y may i n c r e a s e s i n c e 

s ( x ) + ( v - p ( x ) ) ( l - £ ) 

= s ( x ) + ( x - p ( x ) H + ( v - p ( x ) ) ( l - £ ) 

> u ( s ( x ) , p ( x ) , v , l ) 

Note a l s o t h a t i n t h e new c o n t r a c t , s i n c e p ( x ) > x , we have 

£ ( x , v ) = 1 i f x > v 
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So t h a t (Bk) i s s a t i s f i e d . 

F i n a l l y , p r o f i t s a r e 

- s ( x ) + x £ ( x , v ) + p ( x ) ( l - £ ( x , v ) ) 

I f p ( x ) > x p r o f i t s a r e u n c h a n g e d . 

I f p ( x ) < x p r o f i t s e q u a l 

- ( s ( x ) - p ( x ) + x ) + x = - s ( x ) + p ( x ) 

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

- s ( x ) + p ( x ) + [ x - p ( x ) U ( x , v ) 

Bu t hy t h e a s s u m p t i o n s on t h e j o i n t d i s t r i b u t i o n o f x and v , we 

know t h a t v > x , s o t h a t 

v > p ( x ) 

and £ ( x , v ) must have been 0. T h e r e f o r e , p r o f i t s a r e unchanged and 

s o t h e new c o n t r a c t i s f e a s i b l e i f t h e o l d one w a s . 

Armed w i t h t h i s r e s u l t we can f u r t h e r m o d i f y t h e p r o b l e m 

t o s i m p l i f y t h e j o i n t d i s t r i b u t i o n o f x and v . Suppose t h e s p o t 

wage were 

z = max x . . . 
i j ' 

j ' " j 

In o t h e r w o r d s , we now assume i t i s i m p o s s i b l e t o q u i t t h e f i r m 

and work f o r a n o t h e r f i r m i n t h e same i n d u s t r y . Note t h a t 

(B5) v = m a x ( x , z ) 
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A l s o n o t e t h a t t h e d i s t r i b u t i o n s o f z and x , u n l i k e v and x , a r e 

i n d e p e n d e n t . Thus we have a m o d i f i e d p r o b l e m : 

P r o b l e m C 

F i n d ( s ( x ) , p ( x ) , £ ( x , z ) } : [ a , b ] 2 • R 2 x {0 ,1} t o m a x i 

m i z e 

E { U * ( s ( x ) , p ( x ) , z ) } 

where t h e f u n c t i o n U*( ) i s d e f i n e d a s i n p r o b l e m B , s u b j e c t t o 

( C I ) i(x,z) z a r g max U ( s ( x ) , p ( x ) , z , £ ) 

{0 ,1} 

(C2) E U ( x , z ) , x - s ( x ) + p ( x ) ( l - £ ( x , z ) ) } > 0 

and 

(C3) a < p ( x ) < b 

No te t h e r e f o r e t h a t t h e p r o b l e m i s i d e n t i c a l t o p r o b l e m B w i t h z 

s u b s t i t u t e d f o r v . A g a i n t h e f o l l o w i n g lemma r e s t r i c t s c o n s i d e r a 

t i o n t o s o l u t i o n s f o r w h i c h 

(Ck) £ ( x , z ) = 1 f o r a l l z < x 

( I t w i l l l a t e r be d e m o n s t r a t e d t h a t o p t i m a l s o l u t i o n s i n d e e d 

s a t i s f y t h i s r e s t r i c t i o n . ) 

Lemma: R e s t r i c t a t t e n t i o n t o c o n t r a c t s { s ( • ) , p ( • ) , £ ( * , * ) } w h i c h 

s a t i s f y (Bit) f o r p r o b l e m B (o r (C*t) f o r p r o b l e m C ) . W i t h i n t h i s 

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

r e a l i z a t i o n o f X . , when v , x , and z a r e r e l a t e d by ( B 5 ) . 
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P r o o f : P a y o f f s a r e i d e n t i c a l i f 

J t ( x , z ) = £ ( x , max ( x , z ) ) f o r a l l x , z . 

F o r t h i s , (Ck) i s s u f f i c i e n t . 

T h e r e f o r e we w i l l l o o k f o r t h e opt imum f o r p r o b l e m C and 

c h e c k t o s e e t h a t i t s a t i s f i e s ( C ^ ) . I f i t d o e s , we know t h a t an 

i d e n t i c a l c o n t r a c t i s o p t i m a l f o r p r o b l e m B . 

As n o t e d i n t h e t e x t , t h e j o i n t d i s t r i b u t i o n o f ( x , z ) i s 

F ( x ) G ( z ) 

where G ( z ) = (F(z)f-1 

S i n c e we a r e a s s u m i n g F ( » ) i s n o n a t o m i c , t h e p r o b a b i l i t y t h a t 

p ( x ) = v 

i s n e g l i g i b l e and we can t h e r e f o r e f u r t h e r s i m p l i f y t h e p r o b l e m : 

P rob lem D 

F i n d { s ( x ) , p ( x ) } 

t o m a x i m i z e 

/ / u ( s ( x ) + m a x [ 0 , z - p ( x ) ] ) d G ( z ) d F ( x ) 

s u b j e c t t o 

j p ( x ) - s ( x ) d F ( x ) + / G ( p ( x ) ) ( x - p ( x ) ) d F ( x ) > 0 

a < p ( x ) < b 
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Comment: G i v e n any p e n a l t y p ( x ) , t h e employee l e a v e s i f z > p ( x ) 

and s t a y s i f z < p ( x ) , and t h e b o r d e r l i n e c a s e z = p ( x ) can be 

i g n o r e d . G i v e n x , we c a n r e g a r d a c o n t r a c t a s p a y i n g t h e e m p l o y e r 

p ( x ) - s ( x ) i f t h e employee q u i t s , and p ( x ) - s ( x ) + x - p ( x ) i f 

he s t a y s , w h i c h he does w i t h p r o b a b i l i t y G ( p ( x ) ) . 

F o r ease o f n o t a t i o n we w i l l h e n c e f o r t h d e f i n e : 

n ( x , p , s ) = p - s + G ( p ) ( x - p ) 

Tha t i s , TT i s t h e e x p e c t e d p r o f i t s g i v e n payment s , p e n a l t y p and 

c o n d i t i o n a l on p r o d u c t i v i t y x . E x p e c t e d p r o f i t s ( u n c o n d i t i o n a l ) 

a r e 

Jir(x,p,s)dF(x) 

Prob lem E 

F i n d ( s ( x ) , p ( x ) } 

t o max im ize 

/ / u ( s ( x ) + m a x [ 0 , z - p ( x ) ] ) d G ( z ) d F ( x ) 

+ k / i r ( x , p ( x ) , s ( x ) ) d F ( x ) 

Lemma: I f f o r some k > 0 , t h e f u n c t i o n s ( s ( x ) , p ( x ) } a r e a s o l u 

t i o n t o p r o b l e m E and / i r ( x , p ( x ) , s ( x ) ) d F ( x ) = 0 t h e n ( s ( x ) , p ( x ) } i s 

a s o l u t i o n t o p r o b l e m D. 

P r o o f : Suppose n o t . Then t h e r e e x i s t s s ( x ) , p ( x ) s u c h t h a t 

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

o r e q u a l t o z e r o . W i t h o u t l o s s o f g e n e r a l i t y we can assume t h a t 
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e x p e c t e d p r o f i t s a r e e q u a l t o z e r o ( I f t h e y were n o t , i n c r e a s e 

s ( x ) u n t i l t h e y a r e ; e x p e c t e d u t i l i t y c o n t i n u e s t o i n c r e a s e ) . Bu t 

t h e n ( s ( x ) , p ( x ) } dom ina tes { s ( x ) , p ( x ) } f o r p r o b l e m E , c o n t r a d i c t 

i n g o u r a s s u m p t i o n . 

Lemma: { s ( x ) , p ( x ) } s o l v e s E i f f f o r a l m o s t e v e r y x ( s ( x ) , p ( x ) ) 

s o l v e s p r o b l e m F : 

P r o b l e m F 

F i n d ( s , p ) t o max im ize 

/ u ( s - h n a x [ 0 , z - p ] )dG(z ) + k i r ( x , p , s ) 

Lemma: The re e x i s t s a s o l u t i o n t o p r o b l e m F f o r e v e r y x , and f o r 

e v e r y k i n t h e i n t e r v a l K = { k | k = u ' ( y ) , y e R} . 

R e c a l l now t h a t we a r e a s s u m i n g g ( z ) > 0 and c o n t i n u o u s 

f o r a l l z e [a ,b] . Then n e c e s s a r y c o n d i t i o n s f o r an i n t e r i o r 

maximum t o p r o b l e m F a r e t h a t 

( F l ) / u * ( s + m a x [ 0 , z - p ] ) d G ( z ) - k = 0 

b 

(F2 ) - / u * ( s + z - p ) d G ( z ) + k ( l - G ( p ) ) - k g ( p ) ( p - x ) = 0 
P 

F o r t h e maximum t o p r o b l e m F t o o c c u r a t p = b , i t i s 

n e c e s s a r y t h a t x = b. F o r t h e maximum a t p = a i t i s n e c e s s a r y 

t h a t x = a . 

I t i s immed ia te t h a t : 

Theorem: I f f o r some k t h e r e e x i s t f u n c t i o n s { s ( x ) , p ( x ) } s u c h 

t h a t 
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(a) f o r a l l x e ( a , b ) , ( s ( x ) , p ( x ) ) i s t h e u n i q u e s o l u 

t i o n t o t h e p a i r o f e q u a t i o n s ( F 1 - F 2 ) . 

(b) J i r ( x , p ( x ) , s ( x ) ) d F ( x ) = 0 

Then { s ( » ) , p ( * ) } i s t h e opt imum c o n t r a c t . 

No te a l s o t h a t ( F l ) and (F2) y i e l d 

(F3) u ' ( s ) G ( p ) - kG(p) - k g ( p ) ( p - x ) = 0 

We w i l l use ( F l ) and (F3) f o r t h e i m p l i c i t d e f i n i t i o n o f ( s , p ) as 

f u n c t i o n s o f ( x , k ) . Note f r o m ( F l ) and (F3) i t i s immed ia te t h a t 

f o r any s o l u t i o n p > x . No te a l s o t h a t ( F l ) may be u s e d t o d e f i n e 

s ( p , k ) : R x K ->• R 

a f u n c t i o n w h i c h i s n o n d e c r e a s i n g i n p and d e c r e a s i n g i n k. 

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

G ( z ) = g z 1 1 - 1 

t h e r e e x i s t s { s ( * ) , p ( « ) } s a t i s f y i n g c o n d i t i o n s (a) and (b) o f t h e 

above t h e o r e m . We s t a r t by d e m o n s t r a t i n g t h a t f o r any k f o r w h i c h 

t h e p a i r ( F l ) , (F3) have a s o l u t i o n , t h a t s o l u t i o n i s u n i q u e . 

In t h i s c a s e , (F3) can be w r i t t e n a s 

( u * ( s ( p , k ) ) - k ) p - ( N - l ) k ( p - x ) = 0 

o r 

v - p [ N k - u ' ( s ( p , k ) ) ]  
X ~ ( N i l ] k 

a s t r i c t l y i n c r e a s i n g , hence i n v e r t i b l e f u n c t i o n o f p . 
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Thus t h e r e i s a t most one v a l u e o f p (and s ) s o l v i n g t h e 

e q u a t i o n , bu t e x i s t e n c e o f a m a x i m i z e r g u a r a n t e e s t h e r e i s a 

s o l u t i o n a s l o n g a s k e K, and x e ( a , b ) . Note a l s o t h a t 

Lemma: x / p i n c r e a s e s w i t h x . 

We may f u r t h e r r e w r i t e (F3) a s 

(Fk) kr* _ JL i + u ' ( s ( P , k ) ) = 0 

v ; K L p N - 1 J N - 1 

G i v e n x £ ( a , b ) and k e K we know t h e r e i s a u n i q u e p s a t i s f y i n g 

(Fi+). M o r e o v e r , by t h e i m p l i c i t f u n c t i o n t h e o r e m , p ( k ) i s c o n 

t i n u o u s f o r a l l ( x , k ) s i n c e 

_ k x 3s 
2 N - 1 3 p < U 

P 

S i n c e e x p e c t e d p r o f i t s a r e a c o n t i n o u s f u n c t i o n o f p and s and p 

and s a r e c o n t i n u o u s f u n c t i o n s o f k , we know t h a t i f we c a n f i n d a 

k such t h a t e x p e c t e d p r o f i t s a r e p o s i t i v e , and one s u c h t h a t 

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

s a t i s f y i n g c o n d i t i o n (b ) and we a r e done . 

We t h e r e f o r e l o o k f o r k s u c h t h a t 

i r ( x , p ( x , k ) , s ( x , k ) ) > 0 f o r a l l x e ( a , b ) 

i r ( x , p ( x , k ) , s ( x , k ) ) > i r ( x , p ( x , k ) , s ( b , k ) ) 

= x + [ l - G ( p ) ] [p-x] - u * " 1 ( k ) 

> min ( x + [ l - G ( p ) ] [ p - x ] ) - u ' ~ 1 ( k ) 
xe [a ,b ] 
p e [ x , b ] 

> a - u , - 1 ( k ) 
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T h e r e f o r e f o r k > u ' ( a ) p r o f i t s a r e 

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

n e g a t i v e . 

g u a r a n t e e d p o s i t i v e . A s i m i -

f o r k < u ' ( 3 b - a ) p r o f i t s a r e 



F o o t n o t e s 

-A/The con temporaneous c o r r e l a t i o n be tween q u i t s and GNP 

a c r o s s t h e b u s i n e s s c y c l e i s .893 ( P r e s c o t t e t a l . [1983]). 

— ^ V a r i o u s fo rms o f r i s k a v e r s i o n o r m o r a l h a z a r d h a v e 

been i n c o r p o r a t e d : See J o v a n o v i c [1984] , o r M o r t e n s e n [1978] and 

[1983]. 

— / Q u i t s a r e c y c l i c a l , b u t unemployment among q u i t t e r s i s 

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

unemployment among q u i t t e r s ( I am g r a t e f u l t o R o b e r t T o p e l f o r 

t h i s i n f o r m a t i o n ) . 

A / A l t e r n a t i v e l y we c o u l d b u i l d an e q u i l i b r i u m mode l f r om 

t h e model o f I t o [l984] t o a c h i e v e s i m i l a r r e s u l t s . F o r a n o t h e r 

example o f t h e u s e o f macroeconomic e q u i l i b r i u m models o f c o n 

t r a c t i n g w i t h i m p e r f e c t i n f o r m a t i o n s e e Grossman , H a r t , and M a s k i n 

[1983]. 

-5/As t h e r e a d e r w i l l s e e , i t i s easy (and n a t u r a l ) t o 

e x t e n d t h e model s o t h a t t h e w o r k e r ' s u t i l i t y can depend on n o n 

moneta ry c h a r a c t e r i s t i c s o f h i s j o b . 

—^Th is a n a l y s i s can a l s o be done c o n d i t i o n i n g on v 

r a t h e r t h a n q . The r e s u l t s w i l l be t h e same. 
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