
F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s 
R e s e a r c h Depar tment W o r k i n g P a p e r 

UNEMPLOYMENT, THE VARIABIL ITY OF HOURS, 
AND THE PERSISTENCE OF "D ISTURBANCES" : 

A PRIVATE INFORMATION APPROACH 

B r u c e S m i t h * 

W o r k i n g Pape r 279 

R e v i s e d O c t o b e r 1985 

^ F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s . T h i s p a p e r owes a g r e a t i n t e l l e c t u a l 
debt t o Ed P r e s c o t t and Tom S a r g e n t . I n a d d i t i o n , I wou ld l i k e to t h a n k Bob 
K i n g , F i n n K y d l a n d , and W i l l Roberds f o r h e l p f u l comments and c o n v e r s a t i o n s . 

The v i ews e x p r e s s e d h e r e i n a r e t h o s e o f t h e a u t h o r and no t n e c e s s a r i l y t h o s e 
o f t he F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s o r t h e F e d e r a l R e s e r v e S y s t e m . The 
m a t e r i a l c o n t a i n e d i s o f a p r e l i m i n a r y n a t u r e , i s c i r c u l a t e d t o s t i m u l a t e 
d i s c u s s i o n , and i s no t to be quo ted w i t h o u t p e r m i s s i o n o f t h e a u t h o r . 



The t h r u s t o f r e c e n t r e s e a r c h i n macroeconomics has been to d e v e l o p 

g e n e r a l e q u i l i b r i u m models t h a t c o n f r o n t a g g r e g a t e b e h a v i o r . These d e v e l o p ­

ments have t a k e n two p r i m a r y f o r m s . One has been to show t h a t dynamic com­

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

e x i s t e n c e o f unemployed l a b o r , can a c c o u n t f o r most o t h e r s a l i e n t a s p e c t s o f 

b u s i n e s s c y c l e b e h a v i o r . - i / The o t h e r has been t o d e v e l o p models w i t h p r i ­

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

" e x c e s s s u p p l y " o f l a b o r - ? / To d a t e , l i t t l e o f t h e l a t t e r r e s e a r c h has f o ­

c u s e d on any c y c l i c a l a s p e c t s o f t h e b e h a v i o r o f a g g r e g a t e l a b o r marke ts o r o f 

•3.1 

t he economy i n g e n e r a l . — ' Hence t h e s e two s t r a n d s o f g e n e r a l e q u i l i b r i u m 

macro m o d e l l i n g have l a r g e l y d i v e r g e d i n te rms o f t h e i s s u e s t h a t have been 

a d d r e s s e d . 

A n a t u r a l q u e s t i o n , t h e n , i s w h e t h e r models o f p r i v a t e l y i n f o r m e d 

a g e n t s can e x p l a i n o b s e r v e d unemployment a n d , a t t h e same t i m e , do a s w e l l a s 

e x i s t i n g dynamic c o m p e t i t i v e e q u i l i b r i u m models i n te rms o f c o n f r o n t i n g o t h e r 

i m p o r t a n t f e a t u r e s o f t h e b u s i n e s s c y c l e ? M o r e o v e r , i n o r d e r f o r t h e compar ­

i s o n between t he two a p p r o a c h e s to be " f a i r , " a model w i t h p r i v a t e i n f o r m a t i o n 

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

s t r u c t u r e p l a c e d on t h e model i s s i m i l a r to what i s s t a n d a r d i n t h e dynamic 

c o m p e t i t i v e e q u i l i b r i u m a p p r o a c h . The p u r p o s e o f t h i s p a p e r i s to show t h a t a 

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

c o n f r o n t t he p r e s e n c e o f unemployed l a b o r , and s i m u l t a n e o u s l y can c o n f r o n t 

e s s e n t i a l l y t h e same s e t o f b u s i n e s s c y c l e o b s e r v a t i o n s as can t he b e s t ( c u r ­

r e n t l y ) d e v e l o p e d c o m p e t i t i v e m o d e l s . M o r e o v e r , t h i s i s t r u e even t h o u g h a 

g r e a t d e a l o f s t r u c t u r e i s p l a c e d on t h e model by r e q u i r i n g i t t o be c o n s i s t ­

en t w i t h a w ide range o f o b s e r v a t i o n s on a g g r e g a t e b e h a v i o r i n t h e p o s t w a r 

U . S . economy. 
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What a r e t h e i m p o r t a n t c y c l i c a l f e a t u r e s t h a t t h e model h e r e (as 

w e l l as c o m p e t i t i v e models l a c k i n g p r i v a t e i n f o r m a t i o n ) must c o n f r o n t , t h e n ? 

C o n s i d e r a b l e c o n s e n s u s seems to e x i s t t h a t a good c y c l i c a l model must be 

c o n s i s t e n t w i t h two s a l i e n t f a c t s . F i r s t , t h e o b s e r v e d v a r i a n c e o f employment 

abou t e i t h e r a t r e n d o r a c o n d i t i o n a l mean i s q u i t e h i g h r e l a t i v e to t h e 

v a r i a n c e o f r e a l wage r a t e s (o r p r o d u c t i v i t y ) abou t t r e n d (o r abou t a c o n d i ­

t i o n a l mean) . T h i s i s a f e a t u r e o f o b s e r v e d b e h a v i o r i n a number o f d e v e l o p e d 

p o s t w a r economies .—/ S e c o n d , d e v i a t i o n s o f hou rs and o u t p u t f r om t r e n d d i s ­

p l a y l a r g e p o s i t i v e s e r i a l c o r r e l a t i o n . H e n c e , b u s i n e s s c y c l e models must 

a d d r e s s t h e v a r i a b i l i t y o f employment r e l a t i v e to t h e r e a l wage, and t h e 

p e r s i s t e n c e o f o u t p u t and employment f l u c t u a t i o n s . 

M o r e o v e r , a good b u s i n e s s c y c l e model s h o u l d do t h i s i n a way w h i c h 

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

u a l s . I n p a r t i c u l a r , i t has been w i d e l y remarked t h a t m i c ro e v i d e n c e i s 

i n c o n s i s t e n t w i t h t h e k i n d s o f co-movements r e q u i r e d i n h o u r s and r e a l wages 

f o r c o n s i s t e n c y w i t h a g g r e g a t e d a t a . As s t a t e d by A s h e n f e l t e r (1984, p . 150) , 

The a v e r a g e l a b o r s u p p l y e l a s t i c i t y must a p p a r e n t l y be 
q u i t e l a r g e t o s q u a r e up t h e s e h o u r s and wage r a t e move­
m e n t s , w h i l e t h e a v a i l a b l e e s t i m a t e s o f i t s s l o p e t h a t I 
have s u r v e y e d a r e , i n f a c t , v e r y s m a l l . The b a s i c e m p i r ­
i c a l p r o b l e m seems t o be t h a t w i t h i n t h e l i f e - c y c l e , t h e 
p e r s o n - s p e c i f i c c o r r e l a t i o n between h o u r s and wages i s 
s i m p l y t o o s m a l l t o e x p l a i n t he t i m e s e r i e s movements i n 
a v e r a g e h o u r s r e l a t i v e to t h e t i m e - s e r i e s movements i n 
a v e r a g e wage r a t e s . The i n t e r t e m p o r a l s u b s t i t u t i o n h y ­
p o t h e s i s o r i g i n a l l y advanced by L u c a s and R a p p i n g was , o f 
c o u r s e , p r e c i s e l y t h e s u s p i c i o n t h a t t h i s was no t t h e 
c a s e . 

Of c o u r s e , e x i s t i n g c o m p e t i t i v e models do l a r g e l y r e l y on an i n t e r t e m p o r a l 

s u b s t i t u t i o n mechan ism. However , t he e x i s t i n g e v i d e n c e a g a i n s t s u c h a mechan­

i s m i s q u i t e s t r o n g J i / T h u s , i t s h o u l d be t he c a s e t h a t b u s i n e s s c y c l e models 
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r e q u i r e n e i t h e r l a r g e o b s e r v e d e l a s t i c i t i e s o f l a b o r s u p p l y , nor a s t r o n g 

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

The a n a l y s i s h e r e w i l l p roduce a model c o n s i s t e n t w i t h unemployment 

o f l a b o r , w i t h t he h i g h r e l a t i v e v a r i a b i l i t y o f emp loyment , and w i t h o b s e r v e d 

p e r s i s t e n c e . M o r e o v e r , i t w i l l do so i n a way t h a t i s c o n s i s t e n t w i t h t he 

m i c r o e v i d e n c e c i t e d a b o v e , and w i t h t he f o l l o w i n g a d d i t i o n a l c y c l i c a l r e g ­

u l a r i t i e s . 

(1) There i s a s t r o n g p o s i t i v e c o - v a r i a t i o n be tween a g g r e g a t e h o u r s 

movements and measured r e a l wage movements.-^-/ 

(2) S i m i l a r l y , a v e r a g e p r o d u c t i v i t y i s p r o - c y c l i c a l J J 

(3) Wage d i s p e r s i o n s ( d e f i n e d i n a l m o s t any manner) d e c l i n e a t c y c l i c a l 

peaks .—^ 

(U) Changes i n r e l a t i v e employment a c r o s s " s e c t o r s " a r e an o b s e r v e d 

c y c l i c a l phenemenonJ^ / 

F i n a l l y , any model o f t h e c y c l e s h o u l d be c o n s i s t e n t w i t h t he s e c u l a r o b s e r v a ­

t i o n t h a t l o n g p e r i o d s o f upward t r e n d s i n r e a l wages a r e o b s e r v e d w h i l e no 

s i m i l a r t r e n d ( o r p e r h a p s a downward t r e n d ) i s o b s e r v e d i n hou rs worked p e r 

c a p i t a by l a b o r f o r c e members. A l s o , a model w i t h a h e t e r o g e n e o u s work f o r c e 

s h o u l d be c o n s i s t e n t w i t h t he c a s u a l l y s t a t e d " o b s e r v a t i o n " t h a t r e l a t i v e 

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

h a v i o r . 1 2 / 

H a v i n g s t a t e d t he o b j e c t i v e s o f t h i s e x e r c i s e , we now b r i e f l y d e ­

s c r i b e t he form i t t a k e s . An o v e r l a p p i n g g e n e r a t i o n s model i s p r e s e n t e d i n 

o r d e r to g e n e r a t e a t ime s e r i e s . W i t h i n each g e n e r a t i o n t h e r e i s a h e t e r ­

ogeneous w o r k f o r c e and a s e t o f f i r m s w i t h a c c e s s t o a t e c h n o l o g y f o r c o n v e r t ­

i n g l a b o r and c a p i t a l i n t o a s i n g l e c o n s u m p t i o n g o o d . Workers d i f f e r i n t e rms 
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o f t h e i r a b i l i t y to c o n v e r t l a b o r and c a p i t a l i n t o t h i s g o o d . Each w o r k e r i s 

p r i v a t e l y i n f o r m e d abou t h i s own p r o d u c t i v e a b i l i t i e s . T h i s , t h e n , i s a 

f a i r l y s t a n d a r d a d v e r s e s e l e c t i o n model w i t h an a d d i t i o n a l t w i s t : f i r m s must 

make d e c i s i o n s about how t o a l l o c a t e c a p i t a l among d i f f e r e n t w o r k e r s . 

As i n o t h e r a d v e r s e s e l e c t i o n s e t t i n g s i i / f i r m s a r e v iewed as i m ­

p e r f e c t Nash c o m p e t i t o r s i n l a b o r m a r k e t s . As i s w e l l known, t h e n , i n e q u i ­

l i b r i u m f i r m s i n d u c e wo rke r s t o s e l f - s e l e c t by o f f e r i n g a range o f c o n t r a c t s 

f o r w o r k e r s to choose among. I n t h e s e q u e l , c o n t r a c t s t a k e e i t h e r o f two 

f o r m s ; e i t h e r a c o n t r a c t s p e c i f i e s a wage r a t e and a l e v e l o f employment o r i t 

s p e c i f i e s a wage r a t e and a p r o b a b i l i t y o f b e i n g employed " f u l l - t i m e " ( w i t h 

t h e a l t e r n a t i v e b e i n g unemp loymen t ) . I f t h e model i s s t r u c t u r e d a p p r o p r i a t e ­

l y , t h e n e c e s s i t y o f i n d u c i n g s e l f - s e l e c t i o n w i l l i m p l y t h a t some w o r k e r s a r e 

e i t h e r underemp loyed o r unemployed (depend ing on t h e t y p e o f c o n t r a c t c o n s i d ­

e r e d ) . Hence t h e a n a l y s i s i s c o n s i s t e n t w i t h t he e x i s t e n c e o f unemployed 

l a b o r . 

I n o r d e r t o g e n e r a t e c y c l i c a l b e h a v i o r , t h e t e c h n o l o g y o f o u r e c o n ­

omy i s s u b j e c t t o some random a g g r e g a t e d i s t u r b a n c e s . Thus t h e a p p r o a c h h e r e 

i s to p roduce a " r e a l b u s i n e s s c y c l e " model i n t h e manner o f K y d l a n d and 

P r e s c o t t (1982). I t i s t h e n shown t h a t models i n t h e c l a s s a t hand can g e n e r ­

a t e a l l o f t h e c y c l i c a l b e h a v i o r d i s c u s s e d a b o v e . M o r e o v e r , t h e y can do so i n 

an " e m p i r i c a l l y r e a s o n a b l e " manner , where s o m e t h i n g s h o u l d be s a i d abou t how 

t h i s t e r m i s u s e d . No e s t i m a t i o n t h e o r y has been d e v e l o p e d f o r t h e t y p e o f 

model u n d e r c o n s i d e r a t i o n h e r e . T h e r e f o r e , we p r o c e e d i n t h e manner o f 

K y d l a n d and P r e s c o t t (1982). I n p a r t i c u l a r , a f u l l y a r t i c u l a t e d g e n e r a l 

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

t h e n p r o d u c e d to be used i n " c a l i b r a t i n g " p a r a m e t e r s o f t he m o d e l . These 
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o b s e r v a t i o n s , t o be l i s t e d b e l o w , a r e s i m i l a r i n number to t he number o f model 

p a r a m e t e r s , so t h a t t hey s u b s t a n t i a l l y r e s t r i c t t h e s e t o f p o s s i b l e p a r a m e t e r 

c h o i c e s . I t i s t h e n shown t h a t , w i t h t he model c a l i b r a t e d by u s i n g o b s e r v a ­

t i o n s not r e l a t e d to i n t e r t e m p o r a l c o r r e l a t i o n s , t h e model i s c o n s i s t e n t w i t h 

a h i g h deg ree o f s e r i a l c o r r e l a t i o n i n t he d e v i a t i o n s o f p e r c a p i t a hou rs and 

o u t p u t f r o m t r e n d . F i n a l l y , we t h e n show t h a t t h e s e r e s u l t s a r e not model 

s p e c i f i c , i n t h a t t h e y w i l l emerge f r om a f a i r l y g e n e r a l c l a s s o f e c o n o m i e s . 

M o r e o v e r , we show t h a t t he model i s no t s e n s i t i v e t o a s s u m p t i o n s about e i t h e r 

t h e t i m i n g o f c e r t a i n e v e n t s , o r about what a c t i o n s a r e g e n e r a l l y o b s e r v a b l e 

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

As a f i n a l r emark , i t may seem s t r a n g e to use an o v e r l a p p i n g g e n e r a ­

t i o n s model to examine b u s i n e s s c y c l e s . T h i s i s a c o n v e n i e n t m o d e l l i n g s t r a t ­

egy h e r e , s i n c e i t p e r m i t s us to a v o i d d e a l i n g w i t h a m u l t i - p e r i o d i n c e n t i v e 

p r o b l e m . However , we w i l l show t h a t h e r e t h e o v e r l a p p i n g g e n e r a t i o n s s t r u c ­

t u r e i s more t h a n an a n a l y t i c a l c o n v e n i e n c e . I n p a r t i c u l a r , i t w i l l be demon­

s t r a t e d t h a t one c a n , i n d e e d , t a k e each " p e r i o d " i n t h e model t o be r o u g h l y a 

g e n e r a t i o n , and t h a t t h e model i s s t i l l c o n s i s t e n t w i t h a l l o f t he f e a t u r e s o f 

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

I. The Mode l 

A . The Env i ronmen t 

We w i s h to c o n s i d e r a model w h i c h g e n e r a t e s an a r b i t r a r i l y l o n g t i m e 

s e r i e s o f o b s e r v a t i o n s , bu t a t t h e same t i m e t o a v o i d t he c o m p l i c a t i o n o f 

m u l t i - p e r i o d i n c e n t i v e p r o b l e m s . T h u s , we c o n s t r u c t a model w h i c h c o n s i s t s o f 

a sequence o f two p e r i o d l i v e d o v e r l a p p i n g g e n e r a t i o n s . W i t h i n each g e n e r a ­

t i o n t h e r e i s a h e t e r o g e n e o u s s e t o f p r i v a t e l y i n f o r m e d w o r k e r s who work o n l y 

when y o u n g , and a r e thus r e t i r e d when o l d . Hence each i n d i v i d u a l i s i n t h e 
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w o r k f o r c e o n l y o n c e , so t h a t m u l t i - p e r i o d i n c e n t i v e p rob lems a r e , i n f a c t , 

a v o i d e d h e r e . A l s o , each g e n e r a t i o n c o n t a i n s a s e t o f f i r m s , who have a c c e s s 

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

s u m p t i o n good . 

L e t t i m e be i n d e x e d by t = 0 , 1 , . . . . A t each da te t h e r e i s a 

w o r k i n g young g e n e r a t i o n and a r e t i r e d o l d g e n e r a t i o n . O l d a g e n t s have a c c u m ­

u l a t e d c a p i t a l , w h i c h they r e n t to f i r m s . I n a d d i t i o n , each g e n e r a t i o n i s 

i d e n t i c a l i n s i z e and c o m p o s i t i o n . Hence we f o c u s on s t a t i o n a r y s t a t e s i n 

what f o l l o w s , and r e f e r e n c e s t o t ime w i l l t y p i c a l l y be o m i t t e d . F i n a l l y , 

w h i l e i t i s no t n e c e s s a r y to be too s p e c i f i c on t h i s p o i n t , t o f i x i d e a s we 

may t h i n k o f t h e r e b e i n g a f i x e d and c o u n t a b l e s e t o f f i r m s i n each g e n e r a t i o n 

as w e l l as a con t i nuum o f w o r k e r s L e t w o r k e r s be d i v i d e d i n t o two t y p e s 

( t o be d e s c r i b e d b e l o w ) , w i t h t y p e i n d e x e d by i = 1, 2 . A l l w o r k e r s o f t y p e i 

a r e i d e n t i c a l , and l e t y be t he p r o p o r t i o n o f e a c h g e n e r a t i o n ' s w o r k f o r c e t h a t 

i s o f t y p e 1. 

R a t h e r t han l a y i n g ou t a g e n e r a l s e t t i n g i n t he r e m a i n d e r o f t h i s 

s e c t i o n , we adop t t h e f o l l o w i n g s t r a t e g y . A p a r a m e t r i c example i s d e s c r i b e d 

w h i c h has t h e f o l l o w i n g f e a t u r e s . F i r s t , unde r f u l l i n f o r m a t i o n , a l l e c o n o ­

mies i n t h i s c l a s s a r e i n c a p a b l e o f g e n e r a t i n g n o n t r i v i a l c y c l i c a l b e h a v i o r i n 

l a b o r m a r k e t s . S e c o n d l y , t h o u g h , under p r i v a t e i n f o r m a t i o n t h e model p e r f o r m s 

r o u g h l y as w e l l as comparab le (but more comp lex ) dynamic c o m p e t i t i v e m o d e l s - ^ / 

a t c o n f r o n t i n g s a l i e n t f e a t u r e s o f p o s t w a r U . S . b u s i n e s s c y c l e s . The r e a s o n s 

f o r f o c u s i n g f i r s t on a c l a s s o f examples i s t w o - f o l d . O b v i o u s l y , t h i s p e r ­

m i t s a s i m p l e p r e s e n t a t i o n o f t he r o l e o f p r i v a t e i n f o r m a t i o n i n g e n e r a t i n g 

i n t e r e s t i n g c y c l i c a l b e h a v i o r h e r e . S e c o n d l y , t h o u g h , s i n c e t he economies we 

c o n s i d e r a r e dynamic models w i t h n o n t r i v i a l randomness and c a p i t a l a c c u m u l a -
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t i o n , e x c e p t u n d e r s p e c i a l c i r c u m s t a n c e s t h e y wou ld g i v e r i s e t o n o n t r i v i a l 

c y c l i c a l b e h a v i o r even under f u l l i n f o r m a t i o n . I t i s u s e f u l t o b e g i n , t h e n , 

by p r e s e n t i n g s p e c i a l economies w h i c h a v o i d t h i s i n o r d e r to h i g h l i g h t t h e 

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

P r i o r t o d e s c r i b i n g t h i s c l a s s o f examples t h r e e comments a r e i n 

o r d e r . F i r s t , we make a v e r y s p e c i a l a s s u m p t i o n on t h e fo rm o f t e c h n o l o g y . 

T h i s i s no t i m p o r t a n t f o r t he r e s u l t s o b t a i n e d , and p e r m i t s c o n s i d e r a b l e 

s i m p l i f i c a t i o n . A l l t h a t i s r e a l l y needed i s t h a t we s p e c i f y a t e c h n o l o g y 

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

t a l s t o c k i n s p e c i f i c s e c t o r s , c e t e r i s p a r i b u s , reduce wage d i f f e r e n t i a l s 

[Reder (1962)] . S e c o n d , p r e f e r e n c e s a r e s p e c i f i e d i n a way w h i c h makes s a v ­

i n g s b e h a v i o r v e r y s p e c i a l . T h i s p r o v i d e s c o n s i d e r a b l e s i m p l i f i c a t i o n ( p e r ­

m i t t i n g e x p l i c i t c l o s e d fo rm s o l u t i o n s f o r t he example e c o n o m i e s ) , and i s 

c o n s i s t e n t w i t h t h e e m p i r i c a l o b s e r v a t i o n t h a t c o n s t a n t ex a n t e r e a l i n t e r e s t 

r a t e s a r e a r e a s o n a b l e a p p r o x i m a t i o n t o what we o b s e r v e [Fama (1975) ] . T h i r d , 

i t may seem u n u s u a l t o b u i l d a b u s i n e s s c y c l e model based on an o v e r l a p p i n g 

g e n e r a t i o n s s t r u c t u r e . However , we a r g u e be low t h a t t h i s s t r u c t u r e can be 

t a k e n s e r i o u s l y h e r e , so t h a t one may, i n f a c t , t h i n k o f a p e r i o d as a g e n e r ­

a t i o n . W i t h t h e s e comments i n m i n d , we now p r o c e e d t o a d e s c r i p t i o n o f t h e 

economies we w i l l be w o r k i n g w i t h . 

T e c h n o l o g y 

A t y p e 1 wo rke r p roduces ^ ( s ) u n i t s o f t he consump t i on good p e r 

u n i t t i m e , where s i s t he c u r r e n t p e r i o d p r o d u c t i v i t y s h o c k , and u ^ ( s ) i s a 

s c a l a r . N o t i c e , t h e n , t h a t c a p i t a l does no t augment t he o u t p u t o f t y p e 1 

w o r k e r s . T h e r e f o r e , i t w i l l be c o n v e n i e n t to measure t h e c a p i t a l s t o c k i n 

te rms o f a c c u m u l a t e d c a p i t a l p e r t y p e 2 w o r k e r . L e t k be t h i s q u a n t i t y . Then 
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a t y p e 2 wo rke r p r o v i d i n g L u n i t s o f l a b o r , and combined w i t h k u n i t s o f 

c a p i t a l , p roduces t he s i n g l e c o n s u m p t i o n good a c c o r d i n g t o the p r o d u c t i o n 

G 1 0 

f u n c t i o n i rg (s )k L ™ ; 9 e ( 0 , l ) . A g a i n ^ ( s ) i s a s c a l a r p r o d u c t i v i t y p a r a ­

m e t e r t h a t v a r i e s w i t h t he c u r r e n t a g g r e g a t e shock s . The c u r r e n t p e r i o d 

s t a t e o f t he economy, t h e n , i s c o m p l e t e l y d e s c r i b e d by t he v e c t o r ( s , k ) , t h e 

c u r r e n t shock a l o n g w i t h t he i n h e r i t e d c a p i t a l s t o c k . 

I t r ema ins t o d e s c r i b e t h e p r o c e s s g e n e r a t i n g s . We adop t h e r e t h e 

s i m p l e s t p o s s i b l e s p e c i f i c a t i o n : t h e p r o d u c t i v i t y shock i s a two s t a t e Markov 

c h a i n w i t h t r a n s i t i o n m a t r i x 

F p ( l ) p (2 ) 

l - p ( l ) l - p ( 2 ) 

Hence s e { 1 , 2 } , and p ( s ) i s t he p r o b a b i l i t y t h a t s ' = 1 c o n d i t i o n a l on s , 

where s ' d e n o t e s nex t p e r i o d ' s s t a t e . I t w i l l a l s o be c o n v e n i e n t to have a 

n o t a t i o n f o r l a s t p e r i o d ' s s t a t e , w h i c h we deno te s . 

P r e f e r e n c e s and Endowments 

E a c h wo rke r has an endowment o f one u n i t o f t ime when young t o be 

a l l o c a t e d between l a b o r and l e i s u r e . Workers have no endowment o f t h e good a t 

any d a t e , and no endowment o f l a b o r when o l d . L e t L deno te hou rs w o r k e d , 

L e [ 0 , l ] , and l e t Cj deno te age j c o n s u m p t i o n ; j = 1 , 2 . When we want t o 

d i s t i n g u i s h between a g e n t s o f d i f f e r e n t t y p e s , we w i l l employ t h e n o t a t i o n C j ^ 

and L ^ . 

The p r e f e r e n c e s o f t y p e 2 w o r k e r s a r e summar ized by t h e u t i l i t y 

f u n c t i o n U 9 ( c 1 , c 2 , L ) - In c 1 + £ n ( l - L ) . Hence type 2 a g e n t s c a r e o n l y abou t 

what happens t o them when y o u n g . Type 1 a g e n t s have p r e f e r e n c e s d e s c r i b e d by 

U - ^ ( c ^ , C p , L ) = c i + 6 C 2 + f l n d - I i ) , a n d , o f c o u r s e , t h e s e a g e n t s have t he 

endowments d e s c r i b e d a b o v e . <|> i s r e s t r i c t e d by t he f o l l o w i n g : 
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L e [ 0 , 1 / 2 ] , y < TT-^(S) ; s = 1 , 2 . T h i s r e s t r i c t i o n g u a r a n t e e s t h a t i f any 

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

c i a t e d w i t h unemployment o f l a b o r , ( l ) i m p l i e s f u r t h e r t h a t a t any ( y , L ) p a i r 

such t h a t y < I T ^ ( S ) L , and s u c h t h a t L < 1 / 2 , t y p e 1 a g e n t s v a l u e i n c r e m e n t a l 

l e i s u r e r e l a t i v e l y more t h a n do t y p e 2 a g e n t s . Such an a s s u m p t i o n i s p l a u s i ­

b l e under t he f o l l o w i n g i n t e r p r e t a t i o n . Suppose t h e model h e r e to be d e r i v e d 

f r o m an u n d e r l y i n g model o f home p r o d u c t i o n . Hence w o r k e r s have t h e o p t i o n o f 

p r o d u c i n g e i t h e r a t home o r i n t he m a r k e t p l a c e . Suppose a l s o t h a t a l l w o r k e r s 

have i d e n t i c a l p r e f e r e n c e s o v e r home-p roduced and m a r k e t - p r o d u c e d commodi ­

t i e s . Then ( l ) s i m p l y a s s e r t s t h a t t y p e 1 w o r k e r s , who i n e q u i l i b r i u m w i l l be 

more p r o d u c t i v e i n t h e w o r k p l a c e t h a n t y p e 2 w o r k e r s , a r e a l s o more p r o d u c t i v e 

a t home o v e r some r e l e v a n t s u b s e t o f i n c o m e - l e i s u r e p a i r s . 

S a v i n g s and I n s u r a n c e 

I t i s assumed t h a t no s t o r a g e o f goods i s p o s s i b l e e x c e p t v i a c a p i ­

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

u s e . — / Hence t he r e t u r n to c a p i t a l i s s i m p l y t he r e n t a l r a t e on c a p i t a l . A t 

t he t i m e s a v i n g s d e c i s i o n s o c c u r , t h e n , t h e ( u n c e r t a i n ) r e n t a l r a t e nex t 

p e r i o d i s r ( s ' , k ' ) » where k ' deno tes nex t p e r i o d ' s c a p i t a l s t o c k . The f u n c ­

t i o n r ( s , k ) i s known to a l l , and s a v e r s behave c o m p e t i t i v e l y . 

B o r r o w i n g and l e n d i n g i s not p r e c l u d e d h e r e . I n s u r a n c e marke ts a r e , 

f o r t h e f o l l o w i n g r e a s o n . We assume t h a t young a g e n t s a p p e a r on t he scene 

a f t e r t h e r e a l i z a t i o n o f t he c u r r e n t p e r i o d s t a t e . Hence i n s u r a n c e s a l e s a r e 

p r e c l u d e d f o r t h e c u r r e n t p e r i o d . M o r e o v e r , t y p e 2 a g e n t s do not c a r e abou t 

o l d a g e , and t y p e 1 a g e n t s a r e r i s k n e u t r a l w i t h r e s p e c t to o l d age consump-
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t i o n . F i r m s a r e a l s o assumed t o be r i s k n e u t r a l , so t h a t a g a i n t h e r e i s no 

r o l e f o r i n s u r a n c e m a r k e t s . Be low we show t h a t a l a c k o f i n s u r a n c e marke ts i s 

not c r u c i a l t o t he r e s u l t s we o b t a i n . 

I n f o r m a t i o n 

E a c h w o r k e r knows h i s own t y p e , bu t t h i s i s p r i v a t e i n f o r m a t i o n ex 

a n t e . As a l r e a d y i n d i c a t e d , each w o r k e r ' s c o n t r i b u t i o n to o u t p u t i s u n o b s e r v -

a b l e . A t t h i s p o i n t , we a l s o assume t h a t s a v i n g s b e h a v i o r i s u n o b s e r v a b l e . 

T h i s a s s u m p t i o n i s r e l a x e d b e l o w . F i n a l l y , t h e c u r r e n t p e r i o d s t a t e ( s , k ) , 

t h e Markov t r a n s i t i o n m a t r i x , and a l l c u r r e n t p r i c e s a r e common knowledge a t 

each d a t e . 

B . A g e n t s ' B e h a v i o r 

Workers 

The re a r e two a s p e c t s t o w o r k e r s ' b e h a v i o r ; an employment d e c i s i o n 

and a s a v i n g s d e c i s i o n . I t i s b e s t t o d e s c r i b e employment d e c i s i o n s a f t e r 

d e s c r i b i n g f i r m b e h a v i o r . However , s a v i n g s d e c i s i o n s can be e a s i l y d e ­

s c r i b e d . C l e a r l y t y p e 2 wo rke r s do not save (o r b o r r o w ) . Then a l l c a p i t a l 

a c c u m u l a t i o n i s c a r r i e d ou t by t y p e 1 w o r k e r s . L e t y ( s > k ) deno te t he c a p i t a l 

a c c u m u l a t e d by a r e p r e s e n t a t i v e t y p e 1 agen t as a f u n c t i o n o f t he c u r r e n t 

p e r i o d s t a t e . Then f o r any g i v e n l e v e l o f c u r r e n t p e r i o d income y 1 ( s , k ) , 

y ( s , k ) s o l v e s t h e p rob lem 

max c + gE c ( s ' , k ' ) 
J. S c. 

sub j ec t t o 

c1 + y ( s , k ) < y x ( s , k ) 

c 2 ( s ' , k ' ) < Y ( s , k ) r ( s ' , k ' ) , 
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where E„ deno tes t he c o n d i t i o n a l e x p e c t a t i o n t a k e n w i t h r e s p e c t t o s ' . W r i t -
s 

i n g t h e maximand as a f u n c t i o n o f y ^ ( s , k ) , v ( s , k ) , and r ( s ' , k * ) , we see t h a t 

f ( s , k ) i s chosen t o max im ize t he e x p r e s s i o n 

y 1 ( s , k ) + 8 { p ( s ) r | l , k ( s ) ] + [ l - p ( s ) ] r [ 2 , k ( s ) ] > Y ( s , k ) . 

Hence i n e q u i l i b r i u m , we must have 

(2) p ( s ) r [ l , k ( s ) ] + | l - p ( s ) ] r [ 2 , k ( s ) ! = g " 1 

where k ( s ) = Y ( s » k ) ( " ~ ^ ) > i . e . , k ( s ) i s the f u t u r e c a p i t a l s t o c k ( p e r t y p e 2 

w o r k e r ) i m p l i e d by y ( s , k ) . ( i t s h o u l d be c l e a r f rom (2) t h a t i t i s a p p r o p r i ­

a t e t o w r i t e c a p i t a l a c c u m u l a t i o n a s a f u n c t i o n o f s a l o n e . ) 

F i r m B e h a v i o r 

R e c a l l t h a t f i r m s he re have a c c e s s t o a t e c h n o l o g y f o r c o n v e r t i n g 

l a b o r and c a p i t a l i n t o the consump t i on g o o d . M o r e o v e r , t h e r e a r e c o n s t a n t 

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

wo rke r d i s p l a y s c o n s t a n t r e t u r n s t o s c a l e , and o u t p u t i s a d d i t i v e l y s e p a r a b l e 

a c r o s s w o r k e r s . T h i s w i l l make an e q u i l i b r i u m easy t o c h a r a c t e r i z e . 

I t i s assumed h e r e t h a t f i r m s behave c o m p e t i t i v e l y i n a r e n t a l 

marke t f o r c a p i t a l , i . e . , f i r m s make a c a p i t a l r e n t a l d e c i s i o n t a k i n g r ( s , k ) 

a s p a r a m e t r i c . I n a d d i t i o n , f i r m s a r e assumed t o be i m p e r f e c t c o m p e t i t o r s i n 

l a b o r m a r k e t s . Hence we f o l l o w H a r t (1982) i n u s i n g a model o f an i m p e r f e c t l y 

c o m p e t i t i v e l a b o r market t o examine macroeconomic i s s u e s . I n t he model h e r e , 

h o w e v e r , t he Nash e q u i l i b r i u m we examine c o i n c i d e s w i t h a c o m p e t i t i v e e q u i ­

l i b r i u m i n t h e absence o f p r i v a t e i n f o r m a t i o n . 

F i r m s , t h e n , a r e v i e w e d as o p e r a t i n g i n t he f o l l o w i n g manner i n 

l a b o r m a r k e t s . Each f i r m , t a k i n g t he a c t i o n s o f o t h e r f i r m s a s g i v e n , a n -
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nounces a s e t o f c o n t r a c t s w i t h each c o n t r a c t c o n s i s t i n g o f a wage -hou rs 

p a i r . In p a r t i c u l a r , i f a f i r m ' s c o n t r a c t o f f e r i s a c c e p t e d by any w o r k e r s 

one o f t h e f o l l o w i n g w i l l o c c u r : o n l y t y p e 1 w o r k e r s a c c e p t t he c o n t r a c t 

o f f e r e d , o n l y t y p e 2 wo rke r s a c c e p t t h e c o n t r a c t , o r wo rke r s o f b o t h t y p e s 

a c c e p t t he c o n t r a c t . Hence we may f o c u s on f i r m s w h i c h o f f e r ( a t most) two 

c o n t r a c t s deno ted [ w ^ ( s , k ) , L ^ ( s , k ) ] ; i = 1 , 2 . A c o n t r a c t s p e c i f i e s a wage 

r a t e to be p a i d any wo rke r a c c e p t i n g i t , and a number o f h o u r s t he wo rke r w i l l 

be e m p l o y e d . W i t h o u t l o s s o f g e n e r a l i t y t he c o n t r a c t [ w ^ ( s , k ) , L ^ ( s , k ) ] w i l l 

be a c c e p t e d ( i f a t a l l ) by t y p e i w o r k e r s . Hence i f a f i r m announces a c o n ­

t r a c t p a i r such t h a t (w^ ,L^ ) * ( w 2 , L 2 ) , i t hopes to i n d u c e s e l f - s e l e c t i o n o f 

wo rke r s by c o n t r a c t a c c e p t e d . I f a c o n t r a c t announcement i s not meant t o 

i n d u c e w o r k e r s o f d i f f e r e n t t y p e s to a c c e p t d i f f e r e n t c o n t r a c t s , we adop t t he 

n o t a t i o n a l c o n v e n t i o n (w-j_,L^) = ( w 2 , L 2 ) . 

S i n c e f i r m s do not d i r e c t l y o b s e r v e t h e t y p e o f any w o r k e r , f i r m 

c o n t r a c t announcements must be i n c e n t i v e c o m p a t i b l e , i . e . , s a t i s f y t h e s e l f -

s e l e c t i o n c o n d i t i o n s 

(3 ) U 2 | w 2 ( s , k ) L 2 ( s , k ) , l - L 2 ( s , k ) ] > U 2 [ w ^ s , k ) L x (s , k ) , 1 - L ^ s , k ) ] 

(It) w 1 ( s , k ) L ] _ ( s , k ) + . f r A n l l - L ^ s . k ) ] > w 2 ( s , k ) L 2 ( s , k ) + < j>*n | l -L 2 (s ,k ) ] , 

s e { 1 , 2 } , f o r a l l e q u i l i b r i u m v a l u e s o f k , where (U) i s t h e a p p r o p r i a t e s e l f -

s e l e c t i o n c o n d i t i o n i n l i g h t o f t h e assumed fo rm o f t y p e 1 p r e f e r e n c e s , and 

where we have t a k e n n o t e o f ( 2 ) . N o t i c e t h a t c o n t r a c t s a r e announced w i t h 

f u l l knowledge by a l l p a r t i e s o f t he c u r r e n t p e r i o d s t a t e ( s , k ) . F i n a l l y , we 

impose one a d d i t i o n a l r e s t r i c t i o n on announced c o n t r a c t s w h i c h i s q u i t e common 

i n a n a l y s e s o f t h i s t y p e . - i ^ / In p a r t i c u l a r , we r e q u i r e t h a t each announced 

c o n t r a c t a t l e a s t b r e a k even g i v e n t he s e t o f wo rke r s a c c e p t i n g i t . Hence 

c o n t r a c t s must s a t i s f y 
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(5) w 1 ( s , k ) < i r ^ s ) 

(6) w 2 ( s , k ) L 2 ( s , k ) < TT2 ( s ) k 9 L „ ( s , k ) 1 - 9 - r ( s , k ) k 

i f (w-^jL-^) # ( w 2 , L 2 ) . We d i s c u s s what o c c u r s under a p o o l i n g c o n t r a c t b e l o w , 

bu t we may n o t e now t h a t i n e q u i l i b r i u m announced c o n t r a c t s must i n d u c e s e l f -

s e l e c t i o n . Hence (5) and (6) a r e t h e r e l e v a n t r e s t r i c t i o n s h e r e . 

F i n a l l y , i t w i l l be no ted t h a t f i r m s a r e r e s t r i c t e d t o pu re s t r a t e ­

g i e s and t h a t we do no t a l l o w f i r m s t o o f f e r c o n t r a c t s w h i c h c o n s i s t o f wage-

employment l o t t e r i e s . N e i t h e r o f t h e s e a s s u m p t i o n s i s i m p o r t a n t to t h e r e ­

s u l t s o b t a i n e d , and t h e l a t t e r i s r e l a x e d b e l o w . 

We c o n c l u d e by c o m p l e t i n g o u r d e s c r i p t i o n o f w o r k e r b e h a v i o r . G i v e n 

t h e s e t o f announced c o n t r a c t s each w o r k e r a c c e p t s t h e announced c o n t r a c t he 

most p r e f e r s w i t h i n t h a t s e t . 

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

A . D e f i n i t i o n 

As i n d i c a t e d a b o v e , f i r m s o p e r a t e i n a c o m p e t i t i v e r e n t a l market f o r 

c a p i t a l . G i v e n t he c u r r e n t r e n t a l r a t e on c a p i t a l r ( s , k ) , t h e n , each f i r m 

chooses a q u a n t i t y o f c a p i t a l t o be a p p l i e d t o each wo rke r and announces a s e t 

o f c o n t r a c t s s u b j e c t t o ( 3 ) - ( 6 ) . A t t h i s p o i n t , we w i l l a s s e r t t h a t s e l f -

s e l e c t i o n o c c u r s i n e q u i l i b r i u m ( w h i c h w i l l be d i s c u s s e d f u r t h e r b e l o w ) . 

Hence f i r m s w i l l a p p l y no c a p i t a l t o t y p e 1 w o r k e r s . F u r t h e r , l e t i |»(s,r) 

deno te t h e d e s i r e d amount o f c a p i t a l f i r m s w i s h t o a p p l y to t y p e 2 w o r k e r s . 

Then a s t a t i o n a r y Nash e q u i l i b r i u m h e r e may be d e f i n e d as f o l l o w s . 

D e f i n i t i o n . A s t a t i o n a r y Nash e q u i l i b r i u m i s a s e t o f announced c o n t r a c t s 

{ [ w i ( s , k ) , L i ( s , k ) l } ; i = 1 , 2 , s a t i s f y i n g ( 3 ) - ( 6 ) , a s e t o f v a l u e s r ( s , k ) , and 

a s e t o f v a l u e s k ( s ) such t h a t 
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( i ) r ( s , k ) and k ( s ) s a t i s f y ( 2 ) . 

( i i ) r ( s , k ) i s such t h a t 

(T) * { s , r [ s , k ( s ) ] } = k ( s ) 

v s , s , i . e . , c a p i t a l marke ts c l e a r . 

( i i i ) G i v e n t he c u r r e n t v a l u e r ( s , k ) and g i v e n t he announced c o n t r a c t s o f 

o t h e r f i r m s , no f i r m has an i n c e n t i v e t o change i|>(s,r) o r i t s own 

announced c o n t r a c t s ( g i v e n t h a t a l l announcements a r e s u b j e c t to ( 3 ) -

( 6 ) ) . 

I n l i g h t o f t h e c o n s t a n t r e t u r n s to s c a l e a s s u m p t i o n , i t i s c l e a r 

t h a t any e q u i l i b r i u m must s a t i s f y a number o f no s u r p l u s c o n d i t i o n s . These 

w i l l be d i s c u s s e d b e l o w . A l s o , any e q u i l i b r i u m d i s p l a y s s e l f - s e l e c t i o n o f 

w o r k e r s by c o n t r a c t a c c e p t e d . To s e e t h i s f i x t h e c h o i c e o f c a p i t a l r e n t a l s 

f o r e a c h f i r m , and t h e n n o t i c e t h a t a s s u m p t i o n ( l ) a l l o w s t he s t a n d a r d 

R o t h s c h i l d - S t i g l i t z (1976) argument to be employed t h a t shows t h a t any e q u i ­

l i b r i u m must d i s p l a y s e l f - s e l e c t i o n o f w o r k e r s . 

Two l a s t p o i n t s s h o u l d be made h e r e . F i r s t , g i v e n t he assumed fo rm 

o f p r e f e r e n c e s i n t h i s s e c t i o n , i t i s a r e a l r e s t r i c t i o n to p r e v e n t f i r m s f rom 

e m p l o y i n g c o n t r a c t s c o n s i s t i n g o f wage-employment l o t t e r i e s . - i ^ - / In S e c t i o n IV 

b e l o w , howeve r , t h i s r e s t r i c t i o n i s r e l a x e d to show t h a t o u r r e s u l t s do not 

depend upon i t . S e c o n d , as i n R o t h s c h i l d - S t i g l i t z (1976), no e q u i l i b r i u m i n 

p u r e s t r a t e g i e s need e x i s t h e r e . E x i s t e n c e i s s u e s a r e d i s c u s s e d b e l o w . 
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B . E q u i l i b r i u m C o n t r a c t s and C a p i t a l S t o c k s 

S i n c e any e q u i l i b r i u m must d i s p l a y s e l f - s e l e c t i o n , we b e g i n by 

d i s c u s s i n g what c o n t r a c t s , i f a n y , w i l l c o n s t i t u t e e q u i l i b r i u m c o n t r a c t s . 

S e c t i o n C t h e n d i s c u s s e s when an e q u i l i b r i u m w i l l e x i s t . 

As men t i oned a b o v e , a number o f "no s u r p l u s " c o n d i t i o n s must be 

s a t i s f i e d i n e q u i l i b r i u m . G i v e n t h a t s e l f - s e l e c t i o n a l s o o c c u r s , i t i s easy 

t o l a y ou t t h e s e c o n d i t i o n s . F i r s t , c l e a r l y (5) and (6) h o l d w i t h e q u a l i t y . 

T h e n , i n l i g h t o f t h i s f a c t , we c l a i m t h a t [ w 2 ( s , k ) , L 2 ( s , k ) ] and i | i ( s , r ) s o l v e 

t h e f o l l o w i n g p r o b l e m : 

max U 2 [ w 2 ( s , k ) L 2 ( s , k ) , l - L 2 ( s , k ) ] 

s u b j e c t to (6) by c h o i c e o f L 2 ( s , k ) and i | j ( s , r ) , w i t h r ( s , k ) p a r a m e t r i c . G i v e n 

t he assumed fo rm o f U 2 ( - ) , and g i v e n t h a t (6) h o l d s w i t h e q u a l i t y , t h i s m a x i ­

m i z a t i o n p r o b l e m may be w r i t t e n as 

9 1~ 0 

max £ n [ i r 2 ( s ) i | ) L 2 ( s , k ) " - \ p r ( s , k ) ] + Jin [ l - L 2 ( s , k ) ] . 

T h i s p r o b l e m has t he f o l l o w i n g s o l u t i o n : 

(8) L 2 ( s , k ) = 1/2 v s , k 

(9) * ( s , r ) r ( s , k ) = 8 i r 2 ( s ) * ( s , r ) ^ ( s . k ) 1 - 8 = 9 » 2 ( s ) ( l / 2 ) 1 - % ( s , r ) 9 . 

A l s o , s i n c e we have c a p i t a l market c l e a r i n g i n e q u i l i b r i u m , we may r e w r i t e (9) 

as 

(9 ' ) k ( s ) r ( s , k ) = e 1 r 2 ( s ) k ( s ) 9 ( l / 2 ) 1 - 9 . 

T h i s , o f c o u r s e , i s e q u i v a l e n t to t he s t a n d a r d m a r g i n a l p r o d u c t i v i t y c o n d i t i o n 
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(9") r ( s , k ) = 9 7 T 2 ( s ) ( l / 2 ) 1 - 9 k 6 - 1 . 

A l s o , we may i n f e r t he wage r a t e r e c e i v e d by t y p e 2 agen t s f r om a s t a n d a r d 

m a r g i n a l p r o d u c t i v i t y r e l a t i o n : 

(10) w 2 ( s , k ) = ( l - 6 ) 1 r 2 ( s ) ( l / 2 ) - e k 9 . 

The r e a s o n why t h e f i r m ' s e q u i l i b r i u m c h o i c e o f c a p i t a l and i t s 

e q u i l i b r i u m c o n t r a c t s o l v e t h e m a x i m i z a t i o n p r o b l e m j u s t d e s c r i b e d i s a s 

f o l l o w s . As s h o u l d be c l e a r , t h e s e l f - s e l e c t i o n c o n d i t i o n (U) can n e v e r h o l d 

w i t h e q u a l i t y i n e q u i l i b r i u m so l o n g as p a r a m e t e r v a l u e s a r e chosen t o s a t i s f y 

(11) w 1 ( s ) > ( l - 9 ) 1 r 2 ( s ) ( l / 2 ) - 9 k ( s ) 9 

v s , s , w i t h k ( s ) chosen to s a t i s f y (9") and (2 ) . T h i s i s b e c a u s e , under 

( l l ) , w ^ ( s , k ) > w 2 ( s , k ) , and hence t y p e 1 w o r k e r s w i l l have no i n c e n t i v e t o 

s e l e c t t y p e 2 c o n t r a c t s . T h e n , s i n c e (U) does not b i n d on f i r m s ' c h o i c e s o f 

c o n t r a c t s , an absence o f r e n t o p p o r t u n i t i e s d i c t a t e s t h a t f i r m s must choose 

c a p i t a l i n p u t s and [ w 2 ( s , k ) , L 2 ( s , k ) ] t o max im ize t h e u t i l i t y o f a t y p e 2 

w o r k e r bo rn i n s t a t e ( s , k ) . I n p a r t i c u l a r , i f t h i s were no t t h e c a s e , some 

f i r m c o u l d make a ( p o s s i b l y ) d i f f e r e n t c h o i c e o f c a p i t a l i n p u t and choose 

[ w 2 ( s , k ) , L 2 ( s , k ) ] so as to i n c r e a s e t y p e 2 u t i l i t y , and s i m u l t a n e o u s l y to 

s a t i s f y (6) w i t h s t r i c t i n e q u a l i t y . T h i s wou ld a t t r a c t a l l t y p e 2 wo rke r s and 

e a r n a p r o f i t . Hence any o t h e r c h o i c e o f c a p i t a l and wage-hours c o n t r a c t 

c o u l d not be an e q u i l i b r i u m c h o i c e . 

Now c o n s i d e r [ w ^ ( s , k ) , L ^ ( s , k ) ] . S i n c e (5) h o l d s w i t h e q u a l i t y , 

w ^ ( s , k ) = TTJ_(S). Then we c l a i m t h a t L -^ (s ,k ) s o l v e s 

max IT ( s ) L . ( s , k ) + <t>Jln[ l -L 1 (s ,k) l 
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s u b j e c t t o G i v e n t h e assumed form o f p r e f e r e n c e s , (3) may be w r i t t e n 

a s 

( 1 2 ) £ n ( l / 2 ) w 2 ( s , k ) + i n ( l / 2 ) > to[^(s , k ) L 1 ( s , k ) ] + t n l l - I ^ t s . k ) 1 , 

v ( s , k ) , where we have used ( 8 ) , and where W 2 ( s , k ) i s g i v e n by ( 1 0 ) . 

I n t he m a x i m i z a t i o n p r o b l e m j u s t s e t o u t , (3) may o r may not be 

b i n d i n g . Then d e f i n e 

L 1 * ( s ) = argmax i r ^ s j L + < j i £n ( l - L ) . 

Then 

(13) L * ( s ) = 1 -1 v o y " A " i j U T ' 

where <J> and t he v a l u e s -rr-^(s) a r e c h o s e n so t h a t an i n t e r i o r s o l u t i o n o b ­

t a i n s . Then u s i n g w 1 ( s , k ) = i r 1 ( s ) , (10 ) , and (12 ) , (3) b i n d s i n ou r m a x i m i z a ­

t i o n p r o b l e m i f f 

2 
(HO ( i / u ) ( i - e ) 2 9

1 r 2 ( s ) k ( s ) e < 4. -

where k ( s ) s a t i s f i e s (2) and ( 9 " ) . (ik) i s h e n c e f o r t h assumed t o h o l d f o r a l l 

s , s ( i . e . , pa rame te r v a l u e s a r e s e l e c t e d t o g u a r a n t e e ( l U ) ) . 

I f ( l i t ) h o l d s then [w 1 ( s ,k ) , L 1 ( s , k ) ] i s g i v e n by w 1 ( s , k ) = T T - ^ S ) , 

and by (12) a t e q u a l i t y J&l (12) a t e q u a l i t y may be r e w r i t t e n a s .12 / 

w 0 ( s , k ) . 

(15) L x ( s , k ) = ( 1 / 2 ) [ 1 - ( 1 - JLj—tfl*]. 

A g a i n i t i s easy t o see t h a t t he above must be t h e e q u i l i b r i u m t y p e 

1 c o n t r a c t . I n p a r t i c u l a r , t y p e 1 a g e n t s must r e c e i v e t h e most p r e f e r r e d 

c o n t r a c t f o r them c o n s i s t e n t w i t h t h e i r e m p l o y e r s e a r n i n g z e r o p r o f i t s , and 
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w i t h s e l f - s e l e c t i o n c o n s t r a i n t s b e i n g s a t i s f i e d . O t h e r w i s e , t h e r e wou ld e x i s t 

a p r e f e r r e d c o n t r a c t f o r t y p e 1 a g e n t s w h i c h was c o n s i s t e n t w i t h s e l f -

s e l e c t i o n , and w h i c h was p r o f i t a b l e when o f f e r e d . 

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

i n p u t s must be l i k e , our d e s c r i p t i o n o f e q u i l i b r i u m can be c o m p l e t e d by s t a t ­

i n g what i s r e q u i r e d f o r (2) t o be s a t i s f i e d . U s i n g (9") i n (2) we o b t a i n 

(16) k ( s ) 1 _ e = e * { p ( s ) * 2 ( i ) + [ i - p ( 8 ) i n 2 ( 2 ) } * S , 

where $ = 9 2 ~ ^ 1 - ^ . T h i s and ip (s , r ) = k ( s ) c o m p l e t e s our d e s c r i p t i o n o f t h e 

e q u i l i b r i u m c a p i t a l s t o c k . 

C . E x i s t e n c e o f E q u i l i b r i u m 

The c o n t r a c t s d e s c r i b e d above a r e s u c h t h a t [ w p ( s , k ) , L p ( s , k ) ] ( a l o n g 

w i t h t he c h o i c e \ | i ( s , r ) ) and [ w ^ ( s , k ) , L ^ ( s ,k ) ] a r e t he max ima l c o n t r a c t s f o r 

t y p e 2 and 1 a g e n t s ( r e s p e c t i v e l y ) c o n s i s t e n t w i t h s e l f - s e l e c t i o n and w i t h (5) 

and ( 6 ) . T h u s , t h e r e a r e no a l t e r n a t e c o n t r a c t s ( o r a l t e r n a t e c h o i c e s o f 

c a p i t a l i n p u t s p l u s c o n t r a c t s ) w h i c h a r e c o n s i s t e n t w i t h s e l f - s e l e c t i o n , w i t h 

(5) and ( 6 ) , and wh ich any wo rke r s p r e f e r t o t h e c o n t r a c t s d e r i v e d a b o v e . 

Now c o n s i d e r why an e q u i l i b r i u m m igh t f a i l t o e x i s t . The re a r e two 

r e a s o n s . F i r s t , c l e a r l y t h e v a l u e s k ( s ) w h i c h s a t i s f y ( l 6 ) must obey 

( - i ^ ) k ( s ) = y ( s , k ) < w^(s , k ) L 1 ( s , k ) . O t h e r w i s e r e q u i r e d e q u i l i b r i u m s a v i n g s 

l e v e l s wou ld r e s u l t w h i c h v i o l a t e t y p e 1 a g e n t s ' budget c o n s t r a i n t s . Pa ram­

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

f i e d . S e c o n d , g i v e n t h a t a l l f i r m s announce t h e c o n t r a c t s d e s c r i b e d i n t h e 

p r e v i o u s s e c t i o n , some f i r m may have an i n c e n t i v e t o o f f e r some o t h e r s e t o f 

c o n t r a c t s (and p o s s i b l y choose a d i f f e r e n t c a p i t a l s t o c k ) . S i n c e t he c o n ­

t r a c t s d e r i v e d above were max ima l f o r each t y p e o f agen t among t h e s e t o f 
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c o n t r a c t s ( s a t i s f y i n g (5) and (6)) t h a t i n d u c e s e l f - s e l e c t i o n , any c o n t r a c t 

t h a t i s c a p a b l e o f a t t r a c t i n g any w o r k e r s must t h e r e f o r e be a p o o l i n g c o n ­

t r a c t . We now d e s c r i b e what a p o o l i n g c o n t r a c t wou ld i n v o l v e , and what w o u l d 

be n e c e s s a r y f o r such a c o n t r a c t to a t t r a c t any w o r k e r s i n a p r o f i t a b l e man­

n e r . 

Under a p o o l i n g c o n t r a c t o b v i o u s l y a l l w o r k e r s work a common h o u r s 

l e v e l L ( s , k ) and r e c e i v e a common wage r a t e w ( s , k ) . M o r e o v e r , as a l l w o r k e r s 

a p p e a r i d e n t i c a l f rom the p o i n t o f v i e w o f a f i r m o f f e r i n g a p o o l i n g c o n t r a c t , 

a l l w o r k e r s must be a l l o c a t e d t he same q u a n t i t y o f c a p i t a l . L e t t|j deno te t h e 

f i r m ' s c h o i c e f o r a l e v e l o f c a p i t a l i n p u t . F i n a l l y , s i n c e f i r m s o p e r a t e i n 

c o m p e t i t i v e r e n t a l m a r k e t s , we have t h e f o l l o w i n g . Suppose a l l f i r m s i n i ­

t i a l l y o f f e r t he c o n t r a c t s and make t h e c a p i t a l i n p u t d e c i s i o n s d e s c r i b e d i n 

t he p r e v i o u s s e c t i o n . Then t he p r e v a i l i n g r e n t a l r a t e on c a p i t a l i s g i v e n by 

r ( s , k ) = 9 T T 2 ( s ) ( l / 2 ) 1 _ 9 k e " 1 . A f i r m w i s h i n g t o o f f e r a d i f f e r e n t c o n t r a c t 

(and p o s s i b l y to change i t s c a p i t a l r e n t a l ) t a k e s t h i s r e n t a l r a t e as g i v e n . 

The i s s u e o f e x i s t e n c e o f an e q u i l i b r i u m i s now q u i t e s i m i l a r to 

t h a t d i s c u s s e d by R o t h s c h i l d and S t i g l i t z (1976). However , h e r e t h e r e i s one 

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

c a p i t a l t o be a l l o c a t e d e f f i c i e n t l y . I f s o r t i n g does not o c c u r t hen t y p e 1 

a g e n t s r e c e i v e t he same l e v e l s o f c a p i t a l i n p u t s as do t y p e 2 a g e n t s . I n o u r 

c o n t e x t t h i s amounts to a t h r o w i n g away o f r e s o u r c e s . T h i s w i l l make e x i s t ­

ence e a s i e r to o b t a i n h e r e t h a n i t i s i n t h e 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 . 

F o r m a l l y , t h e n , c o n s i d e r a p o o l i n g c o n t r a c t [ w ( s , k ) , L ( s , k ) ] o f f e r e d 

by a f i r m c h o o s i n g p e r wo rke r c a p i t a l i n p u t \|*. S i n c e w o r k e r s a r e i n d i s t i n ­

g u i s h a b l e , i|< i s a l l o c a t e d e v e n l y among a l l w o r k e r s . I f t h e f i r m a t t r a c t s 

w o r k e r s i n t h e i r p o p u l a t i o n p r o p o r t i o n s , t h e n , f r a c t i o n u o f t h i s c a p i t a l 
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i n p u t i s a l l o c a t e d t o t y p e 1 w o r k e r s . T h i s i s c o m p l e t e l y u n p r o d u c t i v e . 

F r a c t i o n ( l - y ) i s a l l o c a t e d to t y p e 2 w o r k e r s . Hence w i t h common hours l e v e l 

L ( s , k ) and w i t h a p e r wo rke r c a p i t a l s t o c k o f f , t y p e 2 w o r k e r s ( p e r p e r s o n ) 

p r o d u c e ^ ( s ) ^ L ( s , k ) u n i t s o f o u t p u t . Hence p e r w o r k e r o u t p u t i s 

g i v e n by u n i ( s ) L ( s , k ) + ( l - u ) i r 2 ( s ) [ ( l - y ) t y ] ® L ( s , k ) a n d f i r m p r o f i t s a r e 

n o n n e g a t i v e i f f 

( IT ) u i r 1 ( s ) L ( s , k ) + ( l - y ) i r 2 ( s ) | ( l - y ) * ] 9 L ( s , k ) 1 " 8 - r(s,k)<|> 

- w ( s , k ) L ( s , k ) > 0 . 

Now a p o o l i n g c o n t r a c t w i l l a t t r a c t t y p e 1 w o r k e r s o n l y i f i t i s 

p r e f e r r e d to t he s e p a r a t i n g c o n t r a c t d e r i v e d i n t h e p r e v i o u s s e c t i o n . Here we 

w i s h to d e r i v e s u f f i c i e n t c o n d i t i o n s f o r an e q u i l i b r i u m t o e x i s t . Hence we 

c o n s i d e r t he max ima l p o o l i n g c o n t r a c t f o r t y p e 1 a g e n t s and examine when t h i s 

c o n t r a c t i s p r e f e r r e d by t y p e 1 a g e n t s to t h e s e p a r a t i n g c o n t r a c t d e r i v e d 

a b o v e . Now t h e o p t i m a l p o o l i n g c o n t r a c t f o r t y p e 1 a g e n t s s o l v e s t h e p r o b l e m 

max w ( s , k ) L ( s , k ) + 4>fcn [ l - L ( s , k ) ] 
0 < L ( s , k ) < l 

0<ij; 

s u b j e c t to ( I T ) , where t h i s i s t he a p p r o p r i a t e maxiraand s i n c e t he v a l u e s 

r ( s , k ) s a t i s f y ( 2 ) . S u b s t i t u t i n g ( IT ) ( a t e q u a l i t y ) i n t o t h e maximand, t h e n , 

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

(P ) max m ( s ) L ( s , k ) + ( 1 - P ) 1 + 8 T I ? ( s ) A U . k ) 1 - 9 

0 < L ( s , k ) < l 
0<<|> 

- r (s ,k) i |> + $ J t a l l - L ( s , k ) l . 

The o p t i m i z i n g s o l u t i o n f o r | as a f u n c t i o n o f L ( s , k ) and r ( s , k ) i s 
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9 ( l - y ) 1 + 9 T i ? ( s ) 

• • ^ ) [ r ( s , k ) 1 

S u b s t i t u t i n g ( l 8 ) i n t o t h e p r o b l e m (P) g i v e s us a m a x i m i z a t i o n p r o b l e m d e f i n ­

i n g L ( s , k ) : 

1 

max L ( s , k ) { u n ( s ) + [ ( l - u ) ^ V ( s ) r ( s , k ) - ° ] i - 0 [ 9 J - - ° - 6 X - 0 ] } 
0 < L ( s , k ) < l 

+ * In [ l - L ( s . k ) ] 

w i t h r ( s , k ) = 9 u 2 ( s ) ( 1 / 2 ) 1 - e k e _ 1 . L e t L * ( s , k ) deno te t h e m a x i m i z i n g v a l u e o f 

L ( s , k ) . Then L * ( s , k ) i s t he o p t i m a l p o o l i n g c o n t r a c t f o r t y p e 1 a g e n t s w h i c h 

a t l e a s t b r e a k s e v e n . Hence no p o o l i n g c o n t r a c t e x i s t s w h i c h can a t t r a c t t y p e 

1 a g e n t s i n a p r o f i t a b l e manner i f 

(—) (—) 
(19) l 1 ( » ) L 1 ( s , k ) + • t o [ l - L 1 ( s , k ) ] > L * ( s , k ) { U T T 1 ( s ) + [9 1 - 8 - 9 1 - 9 ] 

( — ) - ( — ) 
. [ ( l - u ) 1 + V , ( s ) ] 1 - 9 [ r ( s , k ) ] 1 - 9 } + • t o l l - L M s . k ) ] 

¥ s and f o r a l l v a l u e s k ( s ) d e r i v e d a b o v e . Thus s a t i s f a c t i o n o f (19) by t h e 

v a l u e s L - ^ ( s , k ) d e r i v e d above i s s u f f i c i e n t f o r t he e x i s t e n c e o f an e q u i l i b ­

r i u m . 

I I I . A C a l i b r a t e d Example 

G i v e n t h e assumed fo rm o f p r e f e r e n c e s and t e c h n o l o g y i n s e c t i o n o n e , 

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

v a l u e s f o r t h e pa rame te r s o f t h e m o d e l . We b e g i n t h i s s e c t i o n , t h e n , by 

s e t t i n g ou t t he o b s e r v a t i o n s w h i c h g u i d e o u r c h o i c e s o f f r e e p a r a m e t e r s . 

P r i o r t o d o i n g s o , however , we w i l l r e d u c e t he s e t o f f r e e p a r a m e t e r s by one 

by i m p o s i n g 1^(1) = TT^(2) = TT^. Hence t h e s e t o f p a r a m e t e r s f o r t he model i s 

as f o l l o w s : 
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p r e f e r e n c e s &, <j> 

t e c h n o l o g y 8, n 2 ( l ) , * 2 ( 2 ) , p ( l ) , p ( 2 ) 

p o p u l a t i o n M 

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

The pu rpose o f t h i s s e c t i o n i s t o l a y ou t a s e t o f o b s e r v a t i o n s 

w h i c h r e s t r i c t s c h o i c e s o f t he above p a r a m e t e r s , and t h e n to examine t h e 

e q u i l i b r i u m d e r i v e d f r om the c a l i b r a t e d m o d e l . T h i s i s done b e l o w . However , 

t o b e g i n we s h o u l d d i s c u s s what has g u i d e d o u r c h o i c e o f f u n c t i o n a l forms f o r 

p r e f e r e n c e s and t e c h n o l o g y , and why we have imposed TT^(1) = T T ^ ( 2 ) . 

P r e f e r e n c e s 

We have made t h r e e i m p o r t a n t a s s u m p t i o n s o n p r e f e r e n c e s : t y p e 2 

a g e n t s c a r e o n l y about consump t i on i n t h e i r y o u t h , t y p e 2 agen t s have l o g ­

a r i t h m i c p r e f e r e n c e s , and t y p e 1 a g e n t s have p r e f e r e n c e s t h a t a r e l i n e a r i n C]_ 

and c 2 . The f i r s t i s an a s s u m p t i o n o f c o n v e n i e n c e w h i c h ( i n c o n j u n c t i o n w i t h 

t h e t h i r d ) p e r m i t s an e x p l i c i t s o l u t i o n f o r t h e e q u i l i b r i u m c a p i t a l s t o c k a t 

each p o i n t i n t i m e . Hence t h e s e c o n d and t h i r d a s s u m p t i o n s r e q u i r e some 

d e f e n s e . F i r s t , t h e n , i f s e l f - s e l e c t i o n c o n s t r a i n t s b i n d on t he d e t e r m i n a t i o n 

o f L - ^ ( s , k ) , t hen o n l y t he p r e f e r e n c e s o f t y p e 2 a g e n t s m a t t e r i n t h e d e t e r ­

m i n a t i o n o f h o u r s . T h i s i s c l e a r as L 2 ( s , k ) = argmax U 2 I w 2 ( s , k ) L , l - L ] and as 

L - ^ ( s , k ) i s d e t e r m i n e d as t he ( s m a l l e s t ) s o l u t i o n to t he r e l a t i o n 

U 2 [ w 2 ( s , k ) L 2 ( s , k ) , l - L 2 ( s , k ) ] = U g l i r ^ s j L ^ s . k ) . l - L - ^ s . k ) ] . Thus t he fo rm o f 

t y p e 2 p r e f e r e n c e s i s t he o n l y c r u c i a l p r e f e r e n c e a s s u m p t i o n f o r l a b o r market 

b e h a v i o r . A l s o , s i n c e L 2 ( s , k ) = argmax U 2 [ w 2 ( s , k ) L , l - L ] , t y p e 2 agen t s a r e 

a l w a y s "on t h e i r l a b o r s u p p l y f u n c t i o n . " E s t i m a t e s u s i n g a g g r e g a t e d a t a u n d e r 
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t h i s a s s u m p t i o n f a v o r l o g a r i t h m i c u t i l i t y [ A l t u g (1984) ] . Hence t h e r e i s some 

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

t h a t we d e s i r e o u r model s p e c i f i c a t i o n to be c o n s i s t e n t w i t h t h e f o l l o w i n g 

o b s e r v a t i o n . Over t ime t r e n d s a r e o b s e r v e d i n r e a l wage r a t e s , bu t not i n 

h o u r s . Suppose we were t o i n t r o d u c e a t r e n d i n t o o u r model by a l l o w i n g t y p e 1 

o u t p u t p e r u n i t o f l a b o r a t t ime t to be g i v e n by ( l + n ) t i r ^ ( s ) and s i m i l a r l y 

l e t t i n g t h e p r o d u c t i o n f u n c t i o n f o r a t y p e 2 wo rke r a t t be g i v e n by 

( l + n ) t i T 2 ( s ) k 9 L ^ ~ 8 . Then l e t Vj+(s,k) deno te t i m e t wage r a t e s i n t h i s am-

mended m o d e l . What i s t h e b e h a v i o r o f h o u r s ? C l e a r l y L g C s j k ) = 1/2 v s , k i n 

any c a s e . M o r e o v e r , we c o n t i n u e to have (so l o n g as s e l f - s e l e c t i o n c o n ­

s t r a i n t s b i n d ) 

w 0 f ( s , k ) . , „ 

V s . * ) • <1/2>[1-(1- A ^ j ) 1 ' 2 ] . 

A l s o , w i t ( s , k ) = ( l + n ) t w i ( s , k ) . Hence 

w „ ( s , k ) , , „ 

as b e f o r e . Hence i n t r o d u c i n g a t r e n d i n p r o d u c t i v i t y wou ld i n d u c e no t r e n d i n 

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

f i n a l l y , o f c o u r s e , t h i s p r e f e r e n c e a s s u m p t i o n p e r m i t s an e x p l i c i t c l o s e d f o rm 

s o l u t i o n o f the model t o be o b t a i n e d . 

I t r ema ins to c o n s i d e r t y p e 1 agen t p r e f e r e n c e s . I t has a l r e a d y 

been no ted t h a t t h e s e a l l o w f o r an e x p l i c i t d e r i v a t i o n o f t h e c a p i t a l s t o c k a t 

e a c h p o i n t i n t i m e . A l s o , j u s t as t y p e 2 p r e f e r e n c e s d i c t a t e t he b e h a v i o r o f 

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

r a t e o f i n t e r e s t . In p a r t i c u l a r , t h e assumed fo rm o f t y p e 1 p r e f e r e n c e s 

i m p l i e s a c o n s t a n t ex a n t e r e a l i n t e r e s t r a t e . T h i s i s not v i o l e n t l y a t 

v a r i a n c e w i t h o b s e r v a t i o n [Fama (1975)] . 
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T e c h n o l o g y 

T h e r e a r e two e s s e n t i a l a s s u m p t i o n s t h a t have been made on t e c h ­

n o l o g y . One i s on t he c o n s t a n c y o f T T ^ ( S ) , and t h e o t h e r i s t h a t t y p e 2 a g e n t s 

can p r o d u c t i v e l y employ c a p i t a l w h i l e t y p e 1 agen t s c a n n o t . TT^(S) has been 

assumed to be c o n s t a n t f o r a v e r y s i m p l e r e a s o n . In p a r t i c u l a r , i f itj_(s) d i d 

v a r y a c r o s s s t a t e s , t h e n even under f u l l i n f o r m a t i o n o u r model wou ld d i s p l a y 

c y c l i c a l v a r i a t i o n o f h o u r s . We d e s i r e t h a t a l l v a r i a t i o n o f hou rs i n o u r 

model be due t o the p r e s e n c e o f p r i v a t e i n f o r m a t i o n . Hence we impose n ^ ( l ) = 

n 1 ( 2 ) . 

The a s s u m p t i o n t h a t o n l y t y p e 2 w o r k e r s can p r o d u c t i v e l y employ 

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

p l e x i t y . What we a c t u a l l y r e q u i r e i s t h a t a l a r g e r i n h e r i t e d c a p i t a l s t o c k , 

c e t e r i s p a r i b u s , r e d u c e s t he wage d i f f e r e n t i a l w ^ ( s , k ) / w 2 ( s , k ) . T h i s i s i n 

a c c o r d a n c e w i t h o b s e r v a t i o n [Reder (1962) ] . Hence we have employed t h e s i m ­

p l e s t s p e c i f i c a t i o n c o n s i s t e n t w i t h R e d e r ' s o b s e r v a t i o n . 

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

t h e n , i t rema ins to l a y ou t t h e o b s e r v a t i o n s used to c a l i b r a t e t h e m o d e l . 

A . O b s e r v a t i o n s 

The f o l l o w i n g s e t o f o b s e r v a t i o n s i s used as g u i d a n c e i n t h e c h o i c e 

o f p a r a m e t e r v a l u e s : 

( i ) I n d i v i d u a l s i n t h e w o r k f o r c e t y p i c a l l y work abou t one t h i r d o f a v a i l ­

a b l e t i m e . 

( i i ) Pos twa r unemployment r a t e s i n t h e U . S . range between k and 10 p e r ­

c e n t . 

( i i i ) R e l a t i v e wages between c o n s t r u c t i o n and m a n u f a c t u r i n g i n the p o s t w a r 

U . S . range between .7 and .8*^2/ 



- 2 5 -

( i v ) C a p i t a l ' s s h a r e i n t o t a l o u t p u t i s q u i t e s t a b l e a t a p p r o x i m a t e l y 1/3. 

(v ) The r a t i o o f g r o s s p r i v a t e s a v i n g p l u s c o r p o r a t e s a v i n g t o GNP i s 

q u i t e s t a b l e o v e r t i m e a t abou t ,1^.3ikJ 

( v i ) The p e r c e n t a g e s t a n d a r d d e v i a t i o n o f t he c a p i t a l s t o c k about t r e n d i s 

1.2,2*/ 

I n a d d i t i o n t o h a v i n g t h e s e o b s e r v a t i o n s , l e t us r e c a l l o u r o b j e c ­

t i v e s and make some o f them more s p e c i f i c . Our o b j e c t i v e s were to p roduce a 

model c o n s i s t e n t w i t h t h e f o l l o w i n g . 

( i ) Unemployed l a b o r . 

( i i ) The h i g h v a r i a b i l i t y o f h o u r s (employment ) r e l a t i v e t o r e a l wages o r 

p r o d u c t i v i t y . 

( i i i ) H i g h s e r i a l c o r r e l a t i o n o f f l u c t u a t i o n s i n o u t p u t and employment . 

( i v ) S t r o n g p o s i t i v e c o - v a r i a t i o n between a g g r e g a t e employment and a g g r e ­

g a t e r e a l wages . 

( v ) ( i v ) s h o u l d be p r o d u c e d i n a manner c o n s i s t e n t w i t h m i c ro e v i d e n c e , 

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

s u b s t i t u t i o n i s not s t r o n g . 

( v i ) Wage d i s p e r s i o n s d e c l i n e a t c y c l i c a l p e a k s . 

( v i i ) R e l a t i v e wages a c r o s s o c c u p a t i o n s a r e an i m p o r t a n t " d e t e r m i n a n t " o f 

l a b o r market b e h a v i o r JQl 

( v i i i ) S e c u l a r t r e n d s i n r e a l wages a r e not accompan ied by s i m i l a r t r e n d s i n 

h o u r s . 

( i x ) B u s i n e s s c y c l e movements a r e a c c o m p a n i e d by changes i n t h e s e c t o r a l 

oh/ 

c o m p o s i t i o n o f e m p l o y m e n t . — ' 

W h i l e some o f t h e s e a r e o b v i o u s l y q u a l i t a t i v e (and we have seen t h a t 

o t h e r s a r e a c c o m p l i s h e d , such as ( v i i i ) a b o v e ) , many a r e q u a n t i f i a b l e . We now 

e l a b o r a t e on t h e s e . 
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( i ) The p e r c e n t a g e s t a n d a r d d e v i a t i o n o f hou rs abou t t r e n d i s 2 p e r -

c e n t . 2 5 / 

( i i ) The p e r c e n t a g e s t a n d a r d d e v i a t i o n o f p r o d u c t i v i t y abou t t r e n d i s 1 

p e r c e n t . — ^ 

( i i i ) 

A l l o f t h e s e r e l a t e to t h e v a r i a b i l i t y o f employment and o u t p u t r e l a t i v e t o 

p r o d u c t i v i t y . The t w o - t o - o n e r a t i o o f v a r i a b i l i t y i n hou rs r e l a t i v e to p r o ­

d u c t i v i t y i s q u i t e i m p o r t a n t as s u c h a r a t i o a l s o a p p l i e s to employment and 

(1984)] and i n t h e prewar U . S . economy [Bernanke and P o w e l l ( I 984) ] . 

I n a d d i t i o n to t h e s e o b s e r v a t i o n s , t h e r e a r e a number o f o b s e r v a ­

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

D i s c u s s i o n o f t h e s e w i l l be d e f e r r e d u n t i l a f t e r t h e c a l i b r a t e d model i s 

p r e s e n t e d so as to make i n t e r p r e t a t i o n e a s i e r . 

B . The Example 

I t w i l l be r e c a l l e d t h a t we have n i n e p a r a m e t e r s to s p e c i f y . These 

a r e as f o l l o w s - ? - ^ . / 

p r e f e r e n c e s B = .579, $ = 6 

t e c h n o l o g y i t . ( l ) = IT. (2) = IT.. = 8.6 

r e a l wages , and o b t a i n s a c r o s s a range o f p o s t w a r economies [Geary and Kennan 

i r 2 ( l ) = 7 , * 2 ( 2 ) = 6 .7 

9 = 1 / 2 , p ( l ) = 2 / 3 , p(2) = 1/3 

p o p u l a t i o n U - 2 /3 
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We w i l l now d i s p l a y t he e q u i l i b r i a o f t h i s economy under f u l l i n f o r m a t i o n and 

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

b e h a v i o r o f t he c a p i t a l s t o c k and r e l a t i v e wage r a t e s w h i c h a r e t h e same i n 

e i t h e r c a s e . 

R e c a l l t h a t t h e r e n t a l r a t e on c a p i t a l i s g i v e n by r ( s , k ) = 

9 T r 2 ( s ) k e ~ 1 L 2 ( s , k ) 1 _ e . I t i s a l s o easy t o see t h a t L 2 ( s , k ) = 1/2 i n e q u i ­

l i b r i u m (under e i t h e r f u l l o r p r i v a t e i n f o r m a t i o n ) . A l s o , we have e q u a t i o n 

( 2 ) : 

e b U M l . k ' W l - p U n r U . k ' ) } = 1; s = 1, 2 . 

U s i n g t h e fo rm o f r ( s , k ) , a l o n g w i t h L 2 ( s , k ) = 1 /2 , we o b t a i n t h e e q u i l i b r i u m 

i n h e r i t e d c a p i t a l s t o c k s (as a f u n c t i o n o f l a s t p e r i o d ' s s t a t e ) k ( l ) = 2 , k ( 2 ) 

= 1 . 9 ^ 2 . The i m p l i e d p e r c e n t a g e s t a n d a r d d e v i a t i o n o f t h e c a p i t a l s t o c k abou t 

t r e n d (mean) i s 1.5 p e r c e n t . ( C o n t r a s t w i t h t h e a c t u a l v a l u e o f 1.2 p e r c e n t . ) 

H a v i n g o b t a i n e d e q u i l i b r i u m c a p i t a l s t o c k s , i t i s easy to o b t a i n 

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

O b v i o u s l y w 1 ( s , k ) = T T 1 , and w 2 ( s , k ) = ( l - 9 ) n 2 ( s ) k 9 L ( s , k ) e . Now d e f i n e 

w i ( s , s ) = w i ( s , k ( s ) ] , use L ( s , k ) = 1 /2 , and t h e e q u i l i b r i u m v a l u e s f o r k ( s ) 

to o b t a i n 

w p ( l , l ) w (1 ,2 ) 
=7-= = .Qlk = . 802 

w 1 ( l , l ) w ^ l . 2 ) 

w 2 ( 2 , l ) w 2 ( 2 , 2 ) 

w L ( 2 , l ) = * 7 7 9 w x ( 2 , 2 ) 

These a r e e s s e n t i a l l y i n t h e range f o r r e l a t i v e wages s e t ou t above o f 

[ . 7 , . 8 1 . 
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F u l l I n f o r m a t i o n 

We now d e r i v e t h e r e m a i n d e r o f t he e q u i l i b r i u m f o r t h i s economy 

under f u l l i n f o r m a t i o n . I t i s easy to v e r i f y t h a t t he Nash e q u i l i b r i u m f o r 

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

Hence wages a r e as a b o v e , and 

L 2 ( s , k ) = argmax U g [ w 2 ( s , k ) L 2 ( s , k ) , 1 - L 2 ( s , k ) ] 

L ^ ( s , k ) = argmax i r ^ L ^ ( s , k ) + (J>An [ l - L ^ ( s , k ) ] . 

Hence , L ? ( s , k ) = 1 / 2 , and L - , ( s , k ) = L * ( s , k ) = 1 . t = l - i _ . T h u s 

W ^ ^ S , K J 7T ^ 

employment i s c o n s t a n t i n t h i s economy under f u l l i n f o r m a t i o n . I t w i l l t h e r e ­

f o r e be c l e a r t h a t a l l c y c l i c a l v a r i a t i o n o f employment i n t h i s economy i n t h e 

p r e s e n c e o f p r i v a t e i n f o r m a t i o n w i l l be due t o i n f o r m a t i o n a l f r i c t i o n s . 

P r i v a t e I n f o r m a t i o n 

I t i s easy to check t h a t {lk) i s s a t i s f i e d by t h e economy s e t o u t 

a b o v e , i . e . , t h a t s e l f - s e l e c t i o n c o n s t r a i n t s b i n d i n t h e d e t e r m i n a t i o n o f 

L ^ ( s , k ) . H e n c e , f o l l o w i n g t h e d e t e r m i n a t i o n o f e q u i l i b r i u m d i s c u s s e d a b o v e , 

L 2 ( s , k ) = 1 / 2 , and L ^ ( s , k ) i s g i v e n by 

w ( s , k ) . 
L l ( s , k ) - ( i / 2 ) [ i - ( i - ^ y ) 1 / 2 ] . 

U s i n g t h e r e l a t i v e wage r a t e s d e t e r m i n e d a b o v e , we can d e r i v e t h e f o l l o w i n g , 

where L ^ ( s , s ) = L . [ s , k ( s ) ] : 

L 1 ( l , l ) = .281* L j U . 2 ) = .278 

1^(2,1) = .265 L x ( 2 , 2 ) = .259. 
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T h i s c o m p l e t e s o u r d e s c r i p t i o n o f t he e q u i l i b r i u m b e h a v i o r o f i n ­

d i v i d u a l h o u r s and r e a l w a g e s . We now t u r n o u r a t t e n t i o n t o a g g r e g a t e s . 

D e f i n e a g g r e g a t e p e r c a p i t a hou rs by 

L ( s , s ) = u L ^ s . s ) + ( l - u ) L 2 ( s , s ) , 

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

L 1 ( s , s ) ^ L 2 ( s , s ) 
w ( s , s ) = \x[- — J v ^ s . s ) + ( 1 - u ) [- — ] w 2 ( s , s ) . 

L ( s , s ) L ( s , s ) 

F i n a l l y , pe r c a p i t a o u t p u t i s g i v e n by 

y ( s , s ) i l i T r 1 L 1 ( s , s ) + ( l - w ) T r 2 ( s ) ! k ( s ) l ^ ( s . s ) 1 " 6 

and t h e unemployment r a t e i s 

[ L * ( S , S ) - T . . ( 8 , s ) ] y 
u ( s , s ) = j — , 

y L 1 ( s , s ) + ( l - u ) L 2 ( s , s ) 

s i n c e t y p e 2 a g e n t s a r e not unemp loyed . Then we have t h e f o l l o w i n g b e h a v i o r 

o f a g g r e g a t e h o u r s p e r c a p i t a i n e q u i l i b r i u m . - ? ^ / 

L ( l , l ) = .356 L ( l , 2 ) = . 352 

L ( 2 , l ) = .3H3 L ( 2 , 2 ) = . 339 . 

I t w i l l be no ted t h a t , on a v e r a g e , p e o p l e work r o u g h l y a t h i r d o f a v a i l a b l e 

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

h o u r s about t r e n d (mean) he re i s 2.2 p e r c e n t . ( C o n t r a s t w i t h an a c t u a l v a l u e 

o f 2 p e r c e n t . ) F i n a l l y , we can compute t h e f i r s t o r d e r a u t o c o r r e l a t i o n o f 

h o u r s p e r c a p i t a h e r e , w h i c h i s . 5 ^7 . 
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The b e h a v i o r o f a v e r a g e p e r c a p i t a wages i s as f o l l o w s : 

w ( l , l ) = 7.851 w ( l , 2 ) = 7.795 

w ( 2 , l ) = 7.686 v ( 2 , 2 ) = 7 . 6 2 7 . 

The i m p l i e d p e r c e n t a g e s t a n d a r d d e v i a t i o n abou t t r e n d (mean) i s 1.3 p e r c e n t . 

( C o n t r a s t w i t h an a c t u a l v a l u e o f 1 p e r c e n t . ) S i m i l a r l y , p e r c a p i t a o u t p u t i s 

y ( l , l ) = 3.961 y ( l , 2 ) = 3.89U 

y ( 2 , l ) = 3 .752 y ( 2 , 2 ) = 3 .686. 

The i m p l i e d p e r c e n t a g e s t a n d a r d d e v i a t i o n abou t t r e n d (mean) i s 3.2 p e r c e n t , 

w h i c h i s t oo l a r g e r e l a t i v e to t h e o b s e r v e d v a l u e o f 1.8 p e r c e n t . The f i r s t 

o r d e r a u t o c o r r e l a t i o n c o e f f i c i e n t o f p e r c a p i t a o u t p u t i s . 7 3 . F i n a l l y we may 

compute unemployment r a t e s . ( s , s ) = 1 - (<J>/IT^) = . 3 0 2 , so t h a t 

u ( l , l ) = 3.3?. u ( l , 2 ) = U.3% 

u ( 2 , l ) = 6 .7* u (2 ,2 ) = 7 .9 * 

Hence unemployment r a t e s l i e i n t h e a p p r o p r i a t e r a n g e . 

I t r ema ins to say s o m e t h i n g abou t c a p i t a l ' s s h a r e i n t o t a l o u t p u t 

and abou t s a v i n g s b e h a v i o r f o r t h i s economy. C a p i t a l ' s s h a r e h e r e v a r i e s 

between .29** and .299. Hence t h i s i s a p p r o p r i a t e . A l s o t he r a t i o o f t o t a l 

s a v i n g s (as d e f i n e d above) t o GNP h e r e i s g i v e n by ( l - u ) k ( s ) / y ( s , s ) , s i n c e 

( l - u ) k ( s ) i s t he a g g r e g a t e l e v e l o f c a p i t a l a c c u m u l a t i o n . T h i s r a t i o h e r e 

v a r i e s between .168 and . 1 7 5 , w h i c h i s a p p r o p r i a t e r e l a t i v e to t he D a v i d -

S c a d d i n g (1973) v a l u e o f about . 1 5 . 
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Remarks 

A number o f remarks a r e now i n o r d e r . C l e a r l y t he c a l i b r a t e d model 

g e n e r a t e s t h e d e s i r e d h i g h v a r i a b i l i t y o f h o u r s r e l a t i v e t o r e a l wages ( p r o ­

d u c t i v i t y ) . As we w i l l d i s c u s s s h o r t l y , i t i s a l s o c o n s i s t e n t w i t h t he o b ­

s e r v e d p e r s i s t e n c e o f d i s t u r b a n c e s . However , we migh t now comment on some 

o t h e r f e a t u r e s o f t he m o d e l . 

F i r s t t y p e 1 w o r k e r s , who a r e h i g h p r o d u c t i v i t y w o r k e r s ( i n e q u i ­

l i b r i u m ) a r e t he w o r k e r s who e x p e r i e n c e unemployment h e r e . A t f i r s t g l a n c e , 

t h i s may seem s t r a n g e . However , t h e r e l a t i v e wages o f w o r k e r s i n m a n u f a c t u r ­

i n g and c o n s t r u c t i o n were u s e d i n c a l i b r a t i n g t he m o d e l . I f we c o n t i n u e w i t h 

t h i s i n t e r p r e t a t i o n , c o n s t r u c t i o n w o r k e r s a r e r e l a t i v e l y h i g h l y p a i d , bu t t hey 

e x p e r i e n c e h i g h r a t e s o f unemployment and work fewer h o u r s on a v e r a g e t h a n 

w o r k e r s i n m a n u f a c t u r i n g . Hence t h i s f e a t u r e o f t he model i s a c t u a l l y an 

a p p r o p r i a t e o n e . 

S e c o n d , c o n t i n u i n g w i t h t h i s i n t e r p r e t a t i o n , t he model s u g g e s t s t h a t 

o v e r t h e c y c l e t h e s e c t o r a l c o m p o s i t i o n o f t he w o r k f o r c e w i l l c h a n g e . T h i s i s 

i n a c c o r d a n c e w i t h o b s e r v a t i o n [ L i l i e n (1982), Samson (1985)] . 

T h i r d , we s h o u l d comment on t h e c o n s i s t e n c y o f b e h a v i o r h e r e w i t h 

m i c r o e v i d e n c e . As i n d i c a t e d a b o v e , e x i s t i n g m ic ro e v i d e n c e s u g g e s t s v e r y 

low i n d i v i d u a l c o r r e l a t i o n s between h o u r s and r e a l wages . In o u r model p a r a ­

me te r s f o r each t y p e o f agen t a r e chosen t o be c o n s i s t e n t w i t h t h i s e v i d ­

e n c e . I n p a r t i c u l a r , f o r t y p e 2 a g e n t s h o u r s w i l l be c o n s t a n t i n d e p e n d e n t o f 

t h e wage r a t e w h i l e f o r t y p e 1 a g e n t s wages a r e c o n s t a n t w h i l e h o u r s v a r y o v e r 

t he c y c l e . 

F o u r t h , i t s h o u l d be n o t e d t h a t r e l a t i v e wages a r e an i m p o r t a n t 

" d e t e r m i n a n t " o f l a b o r market b e h a v i o r h e r e . T h i s i s c l e a r s i n c e L 2 ( s , k ) i s 

c o n s t a n t and L 1 ( s , k ) i s g i v e n by 
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. , ( . . * > - ( i / a ) [ i - ( i - ^ y ) 1 / 2 ] -

T h i s s h o u l d a l s o make c l e a r (as do t he v a l u e s f o r r e l a t i v e wages r e p o r t e d 

above) t h a t wage d i f f e r e n t i a l s d e c l i n e a t c y c l i c a l p e a k s . 

F i n a l l y , 

w 2 ( s , k ) ( l - 6 ) T T 2 ( s ) 2 e k e 

w 1 ( s , k ) i i ^ T s T 

Hence i n c r e a s e s i n t h e c a p i t a l s t o c k , c e t e r i s p a r i b u s , reduce wage d i f f e r ­

e n t i a l s , as we o b s e r v e . T h i s i s , i n f a c t , what l e a d s t o " p e r s i s t e n c e " h e r e . 

I n t e r p r e t i n g t h e S e r i a l C o r r e l a t i o n P a r a m e t e r s 

We have seen t h a t o u r c a l i b r a t e d model g e n e r a t e s p e r s i s t e n c e i n t h e 

d e v i a t i o n s o f o u t p u t and hours f r om t r e n d . The q u e s t i o n a d d r e s s e d h e r e i s how 

t h i s i s t o be i n t e r p r e t e d . E i t h e r o f two i n t e r p r e t a t i o n s i s p o s s i b l e . How­

e v e r , p r i o r to s u g g e s t i n g t h e s e i n t e r p r e t a t i o n s , i t w i l l be u s e f u l to have 

some " o b s e r v e d " v a l u e s f o r p u r p o s e s o f c o m p a r i s o n . 

To t h i s e n d , t h e n , we b e g i n by n o t i n g t h a t i n o u r model t he d e v i a ­

t i o n s o f o u t p u t and hours f rom t r e n d can be r e p r e s e n t e d as a f i r s t o r d e r 

Markov p r o c e s s . F o r p u r p o s e s o f c o m p a r i s o n , t h e n , suppose we e s t i m a t e t h e 

r e l a t i o n 

y t = p l y t - l + £ l t 

u s i n g q u a r t e r l y d a t a , where 

y * = y t - y - ait* 

* 
and y t i s a c t u a l GNP, i . e . , y ^ i s t h e d e v i a t i o n o f o u t p u t f r om i t s mean and a 

l i n e a r t r e n d - 2 2 / The e s t i m a t e d r e l a t i o n s a r e 
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y . - y = ( l . 959 ) t + u 
t (6.966) 1 1 

R 2 = .2k3 

where the t - s t a t i s t i c a p p e a r s be low t h e c o e f f i c i e n t e s t i m a t e , and 

y * = (-995) y * _ , + e u 

(289.56) 

R 2 = .998. 

Thus = .995 i s an e s t i m a t e d f i r s t o r d e r a u t o c o r r e l a t i o n c o e f f i c i e n t f o r 

o u t p u t ( i n t h i s d e t r e n d e d f o r m ) . S i m i l a r l y , l e t L t be h o u r s , where he re we 

* 
use n o n a g r i c u l t u r a l employee hours ( i n b i l l i o n s ) , l e t • - L - o ^ t , and 

e s t i m a t e t he r e l a t i o n s 

L. - L = ( . l U 8 ) t + u . . 
t (6.688) a 

R 2 = .238 

L t = p 2 L t - l + C 2 t 

= ( .992 ) L t _ 1 + e 2 t 

(205.65) 

R 2 = .996. 

Then p 2 = .992 i s an e s t i m a t e d f i r s t o r d e r a u t o c o r r e l a t i o n c o e f f i c i e n t f o r 

h o u r s . 

W i t h t h e s e " o b s e r v e d " v a l u e s we can now d i s c u s s t he two i n t e r p r e t a ­

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

t he m o d e l , w h i c h were .5U7 and .73 r e s p e c t i v e l y . The f i r s t i n t e r p r e t a t i o n i s 

as f o l l o w s . N o t h i n g p r e v e n t s us f rom r e g a r d i n g t he model as i f each " p e r i o d " 



i n t h e model were a q u a r t e r . Then t h e degree o f " p e r s i s t e n c e " i n t h e model i s 

low r e l a t i v e t o o b s e r v e d v a l u e s . However , we c o u l d go f u r t h e r and c o n t r a s t 

t h e p e r s i s t e n c e g e n e r a t e d by t h i s model w i t h f a r more s o p h i s t i c a t e d dynamic 

c o m p e t i t i v e models e m p l o y i n g an i n f i n i t e l y l i v e d agen t p a r a d i g m . Hence i n 

t h e s e models t he " q u a r t e r l y i n t e r p r e t a t i o n " s h o u l d be more r e a s o n a b l e . I f we 

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

t he model p r o d u c e d by K y d l a n d and P r e s c o t t (1982), t h e n , t h e y a r e v i r t u a l l y 

i d e n t i c a l : .73 f o r t h i s model v e r s u s .71 f o r t he K y d l a n d - P r e s c o t t m o d e l . 

( K y d l a n d and P r e s c o t t do no t r e p o r t a u t o c o r r e l a t i o n s f o r h o u r s . ) Hence t a k e n 

a s a q u a r t e r l y model t he f ramework o f t h i s p a p e r does as w e l l i n g e n e r a t i n g 

p e r s i s t e n c e as do more s o p h i s t i c a t e d dynamic c o m p e t i t i v e m o d e l s . 

Of c o u r s e , t h e r e a r e a number o f r e a s o n s to be unhappy w i t h an 

i n t e r p r e t a t i o n o f o u r model as a q u a r t e r l y o n e . I n a d d i t i o n to t he o b v i o u s 

f a c t t h a t i n d i v i d u a l s a r e two p e r i o d l i v e d i n t h e m o d e l , t h e r e wou ld be t he 

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

p e r i o d , as w e l l as t he d i s c o u n t r a t e o f g = .579- T h e r e f o r e , i t i s r e a s o n a b l e 

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

S u p p o s e , t h e n , t h a t we t a k e t he o v e r l a p p i n g g e n e r a t i o n s s t r u c t u r e o f 

t he model s e r i o u s l y , i . e . , t a k e a " p e r i o d " to be twen ty y e a r s . Then s e t t i n g g 

= -579 c o r r e s p o n d s to an a n n u a l d i s c o u n t r a t e o f . 9 7 3 , and i t i s f a r more 

r e a s o n a b l e t o assume t h a t c a p i t a l d e p r e c i a t e s c o m p l e t e l y i n one p e r i o d . T h u s , 

t h e t r o u b l e s o m e a s s u m p t i o n s a r e no l o n g e r t r o u b l e s o m e , and we need o n l y ask 

how t o i n t e r p r e t t he v a r i a n c e s and a u t o c o r r e l a t i o n s p r o d u c e d a b o v e . 

W i t h r e s p e c t to v a r i a n c e m e a s u r e s , i t c l e a r l y does no t m a t t e r how we 

i n t e r p r e t a p e r i o d , s i n c e v a r i a n c e measures do no t depend on t he f r e q u e n c y o f 

s a m p l i n g . O b v i o u s l y , t h o u g h , a u t o c o r r e l a t i o n s do depend on t h i s . Suppose we 
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p e r f o r m t h e f o l l o w i n g t hough t e x p e r i m e n t , t h e n . L e t x be t h e number o f q u a r ­

t e r s i n one o f o u r p e r i o d s . I f d e v i a t i o n s o f o u t p u t o r h o u r s f r om t r e n d a r e 

g e n e r a t e d by t he e s t i m a t e d f i r s t o r d e r Markov p r o c e s s e s r e p o r t e d a b o v e , t h e n 

t he r - t h o r d e r a u t o c o r r e l a t i o n c o e f f i c i e n t f o r o u t p u t ( h o u r s ) wou ld be 

A X * X 

( p 2 ) . Then s e t 

" T l T l 
P1 = (.995) = .73 

- T P T ? 
p 2

 c = (.992) = .5U7, 

where .73 and .5^7 a r e t h e f i r s t o r d e r a u t o c o r r e l a t i o n c o e f f i c i e n t s f o r o u r 

model f o r o u t p u t and hours r e s p e c t i v e l y . Then x^ and x 2 c o r r e s p o n d to t h e 

i m p l i e d number o f q u a r t e r s i n one o f o u r p e r i o d s . S o l v i n g t h e above f o r x-^ 

and x 2 we o b t a i n x-^ = 62.8 and T 2 = 75.11. U s i n g X]_, we wou ld i n f e r a p e r i o d 

l e n g t h o f 62.8 q u a r t e r s (15-7 y e a r s ) , and u s i n g T 2 we w o u l d i n f e r a p e r i o d 

l e n g t h o f 75.11 q u a r t e r s (l8.8 y e a r s ) . Thus t h e a u t o c o r r e l a t i o n c o e f f i c i e n t s 

g e n e r a t e d by t h e model a r e c o n s i s t e n t w i t h t h e e s t i m a t e d p r o c e s s e s f o r h o u r s 

and o u t p u t , and w i t h t he o v e r l a p p i n g g e n e r a t i o n s s t r u c t u r e e m p l o y e d . 

To s u m m a r i z e , t h e n , i f we t a k e t he o v e r l a p p i n g g e n e r a t i o n s n a t u r e o f 

t h e model s e r i o u s l y , t h e s e r i a l c o r r e l a t i o n c o e f f i c i e n t s g e n e r a t e d by o u r 

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

h o u r s . 

E x i s t e n c e o f E q u i l i b r i u m 

R e c a l l t h a t an e q u i l i b r i u m e x i s t s i f t h e c o n t r a c t J u s t d e r i v e d i s 

p r e f e r r e d by t y p e 1 agen t s t o any p o o l i n g c o n t r a c t t h a t a t l e a s t b r e a k s even 

f o r any f i r m o f f e r i n g i t . R e c a l l a l s o t h a t we deno ted t h e o p t i m a l ( z e r o 

p r o f i t ) l e v e l o f h o u r s i n a p o o l i n g c o n t r a c t ( f o r t y p e 1 a g e n t s ) by L * ( s , k ) . 
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F o r t he p a r a m e t e r s o f o u r example 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 t h a t L * ( s , k ) 

= 0 . S i n c e i t i s i n c e n t i v e c o m p a t i b l e to s e t L j _ ( s , k ) = 0 and t h i s i s not 

done , c l e a r l y t y p e 1 agen t s p r e f e r t h e c o n t r a c t d i s c u s s e d above t o any p o o l i n g 

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

I V . A L i n e a r Mode l 

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

number o f w a y s . I n t h i s s e c t i o n , we p r e s e n t a c l a s s o f economies i n w h i c h a l l 

a g e n t s have l i n e a r p r e f e r e n c e s . The p u r p o s e o f t h i s p r e s e n t a t i o n i s to demon­

s t r a t e t h a t a c l a s s o f models e x i s t s where a l l economies i n t h e c l a s s d i s p l a y 

t h e major q u a l i t a t i v e f e a t u r e s o f t he economy i n S e c t i o n I I I . In a d d i t i o n , 

t he a n a l y s i s above used a number o f a s s u m p t i o n s t h a t one might w i s h to r e ­

l a x . Most o b v i o u s among t h e s e were t h a t ( i ) s a v i n g s i s u n o b s e r v a b l e , ( i i ) 

wage-employment l o t t e r i e s were r u l e d o u t , ( i i i ) i n s u r a n c e marke ts were r u l e d 

o u t by an a s s u m p t i o n abou t when random e v e n t s o c c u r r e d , and ( i v ) a g e n t s o f 

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

i c u l a r , f o r i n d i r e c t u t i l i t y f u n c t i o n s o v e r income and l a b o r . I n t h i s s e c t i o n 

a l l t h e s e a s s u m p t i o n s a r e r e l a x e d . I n p a r t i c u l a r , s a v i n g s i s o b s e r v a b l e (as 

i s b o r r o w i n g and l e n d i n g b e h a v i o r ) , f i r m s do o f f e r c o n t r a c t s s p e c i f y i n g wage-

employment l o t t e r i e s , i n s u r a n c e marke ts a r e p e r m i t t e d , and a l l wo rke r s have 

l i n e a r p r e f e r e n c e s . 

A . The Mode l 

The model i s e s s e n t i a l l y as p r e v i o u s l y . A l l w o r k e r s a r e endowed 

w i t h one u n i t o f t ime when young and have no endowment o f t he g o o d . As b e f o r e 

w ^ ( s , k ) i s t he wage r a t e p a i d to a t y p e i agen t and L ^ ( s , k ) i s t he number o f 

h o u r s worked by a t y p e i a g e n t . ( l - L i ( s , k ) i s t h e r e f o r e l e i s u r e consump-
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t i o n . ) Type 2 w o r k e r s , who as b e f o r e w i l l be low p r o d u c t i v i t y w o r k e r s i n 

e q u i l i b r i u m , have p r e f e r e n c e s 

u 2 ( c 1 > V l - L ) - C j 

and t y p e 1 wo rke r s have p r e f e r e n c e s 

u 1 ( c 1 , c 2 , l - L ) = c 1 + B c 2 . 

Thus w o r k e r s do not v a l u e l e i s u r e , and a l l w o r k e r s s u p p l y t h e i r u n i t o f t ime 

i n e l a s t i c a l l y . 

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

s e c t i o n : t y p e 1 w o r k e r s p roduce i r 1 ( s ) L u n i t s i f t h e y work L h o u r s , and a t y p e 

2 w o r k e r w o r k i n g L h o u r s , combined w i t h k u n i t s o f c a p i t a l , p r o d u c e s 

u n i t s o f t he s i n g l e g o o d , k c o n t i n u e s t o deno te t he c a p i t a l s t o c k 

p e r t ype 2 w o r k e r , and as b e f o r e t h e p r o d u c t i v i t y shock c o n s t i t u t e s a two 

s t a t e Markov c h a i n w i t h t r a n s i t i o n m a t r i x 

s = 1 s = 2 

s ' = 1 p ( l ) p ( 2 ) 

s ' = 2 1 - p ( l ) 1 - p (2) 

As b e f o r e , we l e t r ( s , k ) deno te the r e n t a l r a t e on c a p i t a l , and 

c a p i t a l d e p r e c i a t e s c o m p l e t e l y i n one p e r i o d o f u s e . L e t Y ( s > k ) deno te t h e 

f r a c t i o n o f income saved by a young t y p e 1 a g e n t . v ( s , k ) i s c h o s e n t o m a x i ­

m ize 

w 1 ( s , k ) L 1 ( s , k ) [ l - Y ( s , k ) ] + g E s r ( s , k ) W ] L (s . k ) ^ (s , k ) T ( s ,k ) , 
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where as b e f o r e E„ deno tes t he c o n d i t i o n a l e x p e c t a t i o n t a k e n o v e r f u t u r e 

s t a t e s o f n a t u r e . Hence t h e v a l u e s r ( s , k ) must s a t i s f y (2) as b e f o r e : 

g { p ( s ) r ( l , k , ) + [ l - p ( s ) ] r ( 2 , k ' ) } = 1 v s . 

The s t r u c t u r e o f i n f o r m a t i o n i s a l s o l a r g e l y as b e f o r e . E a c h agen t 

knows h i s own t y p e , w h i c h i s unknown to o t h e r s . However , now s a v i n g s , b o r ­

r o w i n g and l e n d i n g , e t c . a r e o b s e r v a b l e by a l l . 

C o n t r a c t s 

F i r m b e h a v i o r i s a l s o e s s e n t i a l l y as b e f o r e . F i r m s behave com­

p e t i t i v e l y i n a r e n t a l market f o r c a p i t a l , and a r e Nash i m p e r f e c t c o m p e t i t o r s 

i n l a b o r m a r k e t s . I n p a r t i c u l a r f i r m s announce c o n t r a c t s , and t h e n g i v e n t he 

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

employment . H e r e , howeve r , s i n c e w o r k e r s do not v a l u e l e i s u r e , c o n t r a c t s must 

t a k e a d i f f e r e n t f o rm t h a n t h e y d i d a b o v e . S i n c e w o r k e r s s u p p l y l a b o r i n -

e l a s t i c a l l y , we now l e t a c o n t r a c t s p e c i f y a wage o f f e r and a p r o b a b i l i t y o f 

b e i n g e m p l o y e d . L e t q i ( s , k ) denote t he p r o b a b i l i t y t h a t a t y p e i w o r k e r i s 

emp loyed i n s t a t e ( s , k ) . Then a c o n t r a c t o f f e r e d to a t y p e i agen t ( w h i c h i s 

o f f e r e d a f t e r t he s t a t e has been o b s e r v e d by a l l ) i s a p a i r 

[WJ ( s , k ) , q j _ ( s , k ) ] . I f [ w 1 ( s , k ) ,q-j_(s,k)] * [ w 2 ( s , k ) , q 2 ( s , k ) ] c o n t r a c t s must be 

s t r u c t u r e d so as t o i n d u c e s e l f - s e l e c t i o n . I f a p o o l i n g c o n t r a c t i s o f f e r e d , 

we use t he n o t a t i o n a l c o n v e n t i o n [ w ^ ( s , k ) , q ^ ( s , k ) ] = [ w 2 ( s , k ) , q 2 ( s , k ) ] . F i n ­

a l l y , we c o n t i n u e to r e q u i r e t h a t any o f f e r e d c o n t r a c t ( a t l e a s t ) b r e a k even 

g i v e n t h e wo rke r s a c c e p t i n g i t . Thus i f [ w - ] _ ( s , k ) , q 1 ( s , k ) ] * [w 2 ( s , k ) , q 2 ( s , k ) ] 

we r e q u i r e 

( 2 0 . a ) w, ( s , k ) < TT.. ( s ) 
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( 2 0 . b ) w 2 ( s , k ) < n 2 ( s ) i { ) 0 - r (s ,k ) i |> 

where we have used L 2 = 1 i f a t y p e 2 w o r k e r i s e m p l o y e d , and where >Ji i s t he 

f i r m ' s c h o i c e o f c a p i t a l i n p u t . 

I t r ema ins t o d i s c u s s what i s r e q u i r e d to i n d u c e s e l f - s e l e c t i o n ( i f 

a f i r m w i s h e s to do t h i s ) . Thus i f c o n t r a c t s do i n d u c e s o r t i n g , a t y p e 2 

agen t r e c e i v e s t he wage r a t e w 2 ( s , k ) and works one u n i t i f e m p l o y e d , and 

r e c e i v e s n o t h i n g o t h e r w i s e . M o r e o v e r , t he p r o b a b i l i t y o f b e i n g employed i s 

q 2 ( s , k ) . H e n c e , t h i s c o n t r a c t y i e l d s e x p e c t e d u t i l i t y q 2 ( s , k ) w 2 ( s , k ) . On t h e 

o t h e r h a n d , i f a t y p e 2 agen t t a k e s a t y p e 1 c o n t r a c t , he i s employed w i t h 

p r o b a b i l i t y q ^ ( s , k ) , i n w h i c h c a s e he r e c e i v e s the wage r a t e w ^ ( s , k ) . A l s o , 

s i n c e s a v i n g s b e h a v i o r i s o b s e r v a b l e , i n t h i s c a s e t he t y p e 2 worker must s a v e 

f r a c t i o n y ( s » ^ ) o f h i s i n c o m e . R e c a l l t h a t t y p e 2 a g e n t s do no t v a l u e o l d age 

c o n s u m p t i o n . Hence s e l f - s e l e c t i o n o c c u r s i f f 

(21) q 2 ( s , k ) w 2 ( s , k ) > < k ( s , k ) l l - f ( s , k ) )w - ( s , k ) . 

S i m i l a r l y , s o r t i n g r e q u i r e s t h a t 

(22 ) q 1 ( s , k ) w 1 ( s , k ) > q ^ s . k j w ^ s . k ) . 

( 2 l ) and (22) a r e t h e s e l f - s e l e c t i o n c o n d i t i o n s f o r t h i s v e r s i o n o f the m o d e l . 

I t r ema ins t o say some th i ng about t he form o f a p o o l i n g c o n t r a c t . 

S i n c e such a c o n t r a c t does not a t t e m p t t o i n d u c e s o r t i n g , c o m p e t i t i o n among 

f i r m s f o r w o r k e r s wou ld i m p l y t h a t such a c o n t r a c t wou ld have t o s e t q ( s , k ) = 

1 . A l s o , a l l wo rke r s wou ld work one u n i t unde r such a c o n t r a c t . F i n a l l y , 

under a p o o l i n g c o n t r a c t wo rke r s a r e no t d i s t i n g u i s h a b l e by t y p e . T h u s , i f a 

f i r m r e n t s \|> u n i t s o f c a p i t a l , t h i s i s a l l o c a t e d among a l l e m p l o y e e s . S i n c e 

t y p e 1 wo rke r s canno t p r o d u c t i v e l y use c a p i t a l , t h i s i m p l i e s t h a t f r a c t i o n 
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( l - u ) o f t he r e n t e d c a p i t a l i s e f f e c t i v e l y w a s t e d . Then a f i r m o f f e r i n g a 

p o o l i n g c o n t r a c t and r e n t i n g \|> u n i t s o f c a p i t a l ( a t l e a s t ) b r e a k s even i f i t s 

o f f e r e d wage r a t e w ( s , k ) obeys 

( 2 0 . c ) I l iT jU) + ( l - y ) i r 2 ( s ) [ ( l - u ) f] 9 - r ( s , k ) > w( s , k ) . 

B . A S e p a r a t i n g E q u i l i b r i u m 

S i n c e wo rke r s do not v a l u e l e i s u r e h e r e , s t a n d a r d arguments w h i c h 

r u l e ou t an e q u i l i b r i u m w i t h p o o l i n g a r e not a p p l i c a b l e . However an e f f i c i e n t 

a l l o c a t i o n o f c a p i t a l c o n t i n u e s t o r e q u i r e s o r t i n g , so we c o n t i n u e t o f o c u s on 

e q u i l i b r i a i n wh ich s e l f - s e l e c t i o n o c c u r s . L e t us now d e f i n e an e q u i l i b r i u m , 

and t h e n examine t he p r o p e r t i e s o f an e q u i l i b r i u m w h i c h i n d u c e s s e l f -

s e l e c t i o n . 

D e f i n i t i o n . A s t a t i o n a r y ( s e p a r a t i n g ) Nash e q u i l i b r i u m i s a s e t o f announced 

c o n t r a c t s [ w i ( s , k ) , q i ( s , k ) ) ; i = 1 , 2 , w h i c h s a t i s f y (20) and ( 2 l ) - ( 2 2 ) , and a 

s e t o f v a l u e s r ( s , k ) , k ( s ) , and i j ; (s , r ) such t h a t 

( i ) r ( s , k ) and k ( s ) s a t i s f y (2) 

( i i ) t h e r e n t a l market c l e a r s , i . e . , 

i j j (s , r ) = k ( s ) . 

( i i i ) g i v e n the announced c o n t r a c t s o f a l l o t h e r f i r m s , no f i r m has an 

i n c e n t i v e t o o f f e r an a l t e r n a t e c o n t r a c t , w i t h a l l o f f e r s s u b j e c t t o 

( 2 0 ) . 

H a v i n g d e f i n e d an e q u i l i b r i u m , t h e n , we b e g i n by c h a r a c t e r i z i n g t he 

s e t o f c o n t r a c t s c o n s i s t e n t w i t h s e l f - s e l e c t i o n t h a t can be e q u i l i b r i u m c o n ­

t r a c t s . We t h e n d i s c u s s when such an e q u i l i b r i u m w i l l e x i s t . 
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To b e g i n , t h e n , f o r t h e same r e a s o n a s b e f o r e any c o n t r a c t 

[ w 2 ( s , k ) , q 2 ( s ,k ) ] must be max ima l f o r t y p e 2 wo rke r s among t he s e t o f a l l 

c o n t r a c t s s a t i s f y i n g (20.b) and (2l)-(22). Then c l e a r l y q 2 ( s , k ) = 1 v ( s , k ) , 

(20.b) h o l d s w i t h e q u a l i t y , and tji i s c h o s e n t o max im ize p r o f i t s . Hence 

r ( s , k ) = 0TT 2 (S ) i f ; 9 - 1 

U s i n g k ( s ) = t p ( s , r ) , we have then t h a t 

(23) r ( s , k ) = 9ir ( s ) k 8 " 1 . 

T h e r e f o r e , f rom (20 .b ) , 

(2k) w 2 ( s , k ) = ( l - 9 ) T l 2 ( s ) k 8 

as b e f o r e . 

Now c o n s i d e r t he c o n t r a c t s o f f e r e d t o t y p e 1 a g e n t s . I f s e l f -

s e l e c t i o n c o n s t r a i n t s d i d not b i n d t h e n o b v i o u s l y we wou ld have q ^ ( s , k ) = 1 

and w ^ ( s , k ) = T T ^ ( S ) . M o r e o v e r , t y p e 1 w o r k e r s wou ld save f r a c t i o n y ( s » k ) o f 

t h e i r i n c o m e . Thus a g g r e g a t e s a v i n g s wou ld e q u a l uy( s , k )TT 1 ( S ) , and t he a g g r e ­

g a t e c a p i t a l s t o c k i s , o f c o u r s e , ( l - u ) k ( s i n c e k i s measured as c a p i t a l p e r 

t y p e 2 a g e n t ) . S i n c e t h e s e must be e q u a l we h a v e , t h e n , t h a t y ( s , k ) i s g i v e n 

by 

( 2 5 ) Y ( 8 , k ) , ( i^JEUij. 

M o r e o v e r , u s i n g (23) and (2), k ( s ) must s a t i s f y 

(26) 9 3 { p ( s ) 7 r 2 ( l ) k ( s ) 9 - 1 + [ l - p ( s ) U 2 ( 2 ) k ( s ) 6 - 1 } = 1 



v s = 1, 2 . Then (25) and (26) g i v e Y ( s > k ) > a n d h e n c e f o r t h k ( s ) w i l l be 

u n d e r s t o o d t o be t h e v a l u e o f k s a t i s f y i n g (26 ) . 

H a v i n g d e r i v e d Y ( s , k ) , i t i s now p o s s i b l e t o say when s e l f - s e l e c t i o n 

c o n d i t i o n s w i l l b i n d on t he c h o i c e o f q - ^ ( s , k ) . T h i s w i l l o c c u r i f t he c o n ­

t r a c t above i s not i n c e n t i v e c o m p a t i b l e , i . e . , i f 

(27) [ l - ( — ) J 7 T | ] ^ ( S ) > ( l - 9 ) l f J s ) k ( S ) e . 

T h i s c o n d i t i o n i s assumed t o h o l d f o r t he r e m a i n d e r o f t he d i s c u s s i o n . 

I f (27) h o l d s , t h e n , a c o n t r a c t i n d u c i n g s e l f - s e l e c t i o n s e t s w ^ ( s , k ) 

= TT-^(S) , and c h o o s e s q-^(s ,k) s o t h a t (21) h o l d s w i t h e q u a l i t y , i . e . , 

w „ ( s , k ) 
( 2 8 ) V s ' k ) = ^ ^ T b-t<..k>l • 

where we must now r e - d e r i v e y ( s > k ) . As b e f o r e , e a c h employed t y p e 1 wo rke r 

s a v e s f r a c t i o n y ( s » k ) of h i s i n c o m e . However , as t h e p r o b a b i l i t y o f e m p l o y ­

ment i s i n d e p e n d e n t a c r o s s w o r k e r s , and as t he number o f t h e s e w o r k e r s i s 

l a r g e , o n l y a f r a c t i o n q , ( s , k ) o f t y p e 1 w o r k e r s a r e e m p l o y e d . Hence t o t a l 

s a v i n g s i s g i v e n by u q ^ ( s , k ) y ( s , k ) n A s ) . T h i s must e q u a l ( l - u ) k ( s ) , where 

k ( s ) i s as a b o v e . Thus now 

U s i n g t h i s e x p r e s s i o n i n (28) g i v e s t he f o l l o w i n g e x p r e s s i o n f o r q - ^ ( s , k ) : 

v _ ( s , k ) pq 1 ( s , k ) T r 1 ( s ) 
q i ( S ' K ) = [ w i ( s , k ) ^ U q i ( s , k ) , t 1 ( s ) - ( l - l i ) k ( s ) l 

R e a r r a n g i n g t e r m s , t h e n , we have 

w

9 ( s , k ) . » 



- 1 * 3 -

where we have u s e d WT_(s ,k ) = i r ^ U ) , and where k ( s ) i s g i v e n by (26 ) . T h u s , a s 

b e f o r e , r e l a t i v e wages domina te h o u r s b e h a v i o r , and i t s h o u l d be c l e a r t h a t i f 

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

o f t h e e q u i l i b r i u m examined i n S e c t i o n I I I a b o v e . 

I t s h o u l d a l s o be c l e a r t h a t i f a l l f i r m s o f f e r t h e c o n t r a c t s j u s t 

d e s c r i b e d , no f i r m can p r o f i t a b l y o f f e r an a l t e r n a t e s e t o f c o n t r a c t s c o n ­

s i s t e n t w i t h (20) and s e l f - s e l e c t i o n . Hence t h e above w i l l be an e q u i l i b r i u m 

i f no f i r m can o f f e r a p o o l i n g c o n t r a c t and choose a v a l u e ip s u c h t h a t q ( s , k ) 

= 1, w ( s , k ) s a t i s f i e s ( 20 . c ) a t e q u a l i t y , and s u c h t h a t w ( s , k ) > 

q ^ ( s , k ) w - ^ ( s , k ) . We now examine what t h i s e n t a i l s . 

B e g i n , t h e n , by c o n s i d e r i n g t h e s e l e c t i o n o f w h i c h m a x i m i z e s 

w ( s , k ) , t a k i n g r ( s , k ) as p a r a m e t r i c (a t i t s c a n d i d a t e e q u i l i b r i u m v a l u e o f 

r ( s , k ) = 9 i r 2 ( s ) k ( s ) ) . S i n c e w ( s , k ) i s g i v e n by (20 .c ) a t e q u a l i t y , t h e 

m a x i m i z i n g c h o i c e o f i|> i s 

K l - M ) 1 + V ( s ) 
r 2 N ' il-Q 

* = 1 r ( s , k ) J * 

T h i s i m p l i e s t h e f o l l o w i n g v a l u e f o r w ( s , k ) : 

e d - u ) 1 * 9 * ( s ) ^ 
w ( s , k ) = p ^ U ) + ( l - u ) 1 + 9 n 2 ( s ) [ r ( s > k )

 2 ] 1 _ 9 

6 ( 1 - W ) 1 + 9 T T 2 ( S ) 3 ^ 

" r ( s ' k ) [ rTTJ] 1 ' 

R e a r r a n g i n g te rms and u s i n g r ( s , k ) = S T T ^ S M S ) , we o b t a i n 

w ( s , k ) = ^ ( s ) + ( i - e ) ( i - u ) 1 - 9 ^ ( s M s ) 9 . 

Thus a s e p a r a t i n g e q u i l i b r i u m e x i s t s i f q ^ ( s , k ) w ^ ( s , k ) > w ( s , k ) , o r i f 
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( 3 D w 2 ( s , k ) + ( ^ ) k ( s ) > 1 1 ^ ( 3 ) + ( l - 9 ) ( l - y ) 1 - 9 7 i 2 ( s ) k ( s ) 9 

v s , s . I f (31) i s s a t i s f i e d , t h e n , (as i t o b v i o u s l y w i l l be f o r a n o n t r i v i a l 

s e t o f p a r a m e t e r s ) t h e s o r t i n g c o n t r a c t s ( a l o n g w i t h t he v a l u e s k ( s ) ) d e r i v e d 

above do c o n s t i t u t e an e q u i l i b r i u m . M o r e o v e r , t h i s e q u i l i b r i u m w i l l d i s p l a y 

q u a l i t a t i v e l y t h e same f e a t u r e s as t he e q u i l i b r i u m o f t he economy examined i n 

S e c t i o n I I I . 

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

The p r e c e e d i n g s e c t i o n s have p r o d u c e d a p r i v a t e i n f o r m a t i o n model 

t h a t e x p l a i n s t he e x i s t e n c e o f unemployed l a b o r , t h e h i g h v a r i a b i l i t y o f 

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

t u r b a n c e s t o o u t p u t and employment . M o r e o v e r , i t has done so i n a way t h a t i s 

c o n s i s t e n t w i t h e x i s t i n g m ic ro e v i d e n c e on i n d i v i d u a l " l a b o r s u p p l y " b e h a v i o r , 

and w i t h a number o f o t h e r i m p o r t a n t c y c l i c a l f e a t u r e s . F i n a l l y , t h i s has 

been done u s i n g a model where a number o f p a r a m e t e r c h o i c e s have been h e a v i l y 

g u i d e d by e m p i r i c a l o b s e r v a t i o n . Even so the model " f i t s t h e f a c t s w e l l " w i t h 

f ewe r f r e e p a r a m e t e r s t h a n t h e sum o f ( i ) o b s e r v a t i o n s u s e d to c a l i b r a t e and 

( i i ) f a c t s to be f i t . 

H a v i n g summar ized t h e c a p a b i l i t i e s o f t h i s m o d e l l i n g a p p r o a c h , t h e n , 

we w i l l c o n c l u d e by a n t i c i p a t i n g an o b j e c t i o n to t he a p p r o a c h employed h e r e 

and r e s p o n d i n g to i t . In p a r t i c u l a r , i t has been common to o b j e c t t o b u s i n e s s 

c y c l e models w h i c h i g n o r e c h o i c e s o f hou rs a t t h e " e x t e n s i v e m a r g i n " [Heckman 

( I984) ] . I n p a r t i c u l a r , i t i s f r e q u e n t l y o b j e c t e d t h a t much employment v a r i a ­

t i o n i s due to v a r i a t i o n i n t h e number o f i n d i v i d u a l s employed as opposed t o 

employment p e r i n d i v i d u a l . I n t h e model o f S e c t i o n s I - I I I , employment v a r i a ­

t i o n was due e n t i r e l y to v a r i a t i o n i n h o u r s p e r p e r s o n . Does t h i s i n v a l i d a t e 

t h e a n a l y s i s ? 
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The answer i s n o . I n t he model o f S e c t i o n IV a l l v a r i a t i o n i n 

employment i s due to v a r i a t i o n i n t h e number ( f r a c t i o n ) o f employed i n d i ­

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

enough i n t h a t s e t t i n g to i n d i c a t e t h a t t he q u a l i t a t i v e b e h a v i o r o f t he model 

wou ld be t h e same r e g a r d l e s s o f how the v a r i a t i o n i n employment o c c u r r e d 

( i . e . , whe the r i t o c c u r r e d a t an " i n t e n s i v e " o r an " e x t e n s i v e " m a r g i n ) . Hence 

t h i s o b j e c t i o n does not i n v a l i d a t e t h e a p p r o a c h t a k e n h e r e . I n f a c t , i t 

s u g g e s t s t h a t t h i s a p p r o a c h may be a u s e f u l one i n r e c o n c i l i n g o b s e r v e d a g g r e ­

g a t e b e h a v i o r w i t h e x i s t i n g e v i d e n c e on t he employment b e h a v i o r o f i n d i v ­

i d u a l s . 
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