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Abs t rac t 

A model o f a " r e a l " bus iness c y c l e i s produced i n which labor market 

p a r t i c i p a n t s possess p r i v a t e i n f o r m a t i o n . A c l a s s of economies i s cons idered 

i n which i n t e r e s t i n g c y c l e s cannot a r i s e wi thout p r i v a t e i n f o rma t i on . A 

methodology adapted from Kydland and Presco t t (1982) i s then employed t o show 

tha t models based on p r i v a t e in fo rmat ion can e m p i r i c a l l y confront s a l i e n t 

fea tu res o f postwar U.S. bus iness c y c l e s . Moreover, t h i s can be done i n a way 

which i s cons is ten t w i th e x i s t i n g microeconomic evidence on wages and l abo r 

supp ly . F i n a l l y , i t i s shown tha t the important fea tures o f the model r e l a t e d 

t o p r i v a t e in fo rmat ion are f a i r l y g e n e r a l . 



I n t roduc t i on 

One of the most important recent developments i n macroeconomic 

theory has been the use of models w i th p r i v a t e in fo rmat ion t o e x p l a i n the 

appearance of unemployed l a b o r , and the apparent f a i l u r e of r e l a t i v e p r i c e s to 

ad jus t to the presence of "excess s u p p l i e s " of l a b o r . i / Whi le a great dea l of 

e f f o r t has been expended on ref inements of the theory of labor c o n t r a c t i n g 

under p r i v a t e i n f o rma t i on , there has t o date been l i t t l e attempt to show tha t 

models of con t r ac t i ng w i th asymmetr ica l ly informed agents are capable of 

con f ron t i ng observed c y c l i c a l fea tu res of l abor markets, however. This paper 

i s a p re l im ina ry attempt t o do s o . In p a r t i c u l a r , the paper develops a s imple 

model of a l abor market i n which an adverse s e l e c t i o n problem a r i s e s . This 

problem i s reso lved i n a standard manner: imper fec t l y compet i t i ve f i rms o f f e r 

workers con t rac ts c o n s i s t i n g of (s ta te cont ingent ) wage-hours p a i r s wh ich , i n 

e q u i l i b r i u m , induce s e l f - s e l e c t i o n of workers by con t rac ts accep ted . As i n 

other adverse s e l e c t i o n models,—'' s e l f - s e l e c t i o n i s a t t a i n e d through a form of 

quan t i t y r a t i o n i n g i n l abor markets . An attempt i s then made to match the 

i m p l i c a t i o n s of the model w i th observed fea tu res of post-war U .S . bus iness 

c y c l e s . 

The method of generat ing cyc les i n the model i s as f o l l o w s . The 

economy c o n s i s t s of a sequence of (over lapp ing) gene ra t i ons . The technology 

a v a i l a b l e at each date f o r conver t ing labor i n t o a s i n g l e consumption good i s 

sub jec t t o random (and p o s s i b l y p e r s i s t e n t ) d i s t u r b a n c e s . These shocks to 

technology are the only source of aggregate unce r ta in t y he re . Hence our 

exe rc i se i s i n the s p i r i t of exe rc i ses performed fo r compet i t i ve economies by 

Kydland and Prescot t (1982) or Long and P l o s s e r (1983) which produce pu re l y 

" r e a l business c y c l e s . " Our s t ra tegy i s then t o see whether a r e a l bus iness 

c y c l e model based on p r i va te in fo rmat ion i s e m p i r i c a l l y adequate. 
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This of course r a i s e s the i s sue of how such a model i s to be empi r 

i c a l l y implemented. S ince no es t ima t ion theory has been developed fo r models 

where agents face i ncen t i ve c o n s t r a i n t s as w e l l as more standard c o n s t r a i n t s , 

the only course of ac t i on open i s to proceed i n a manner analogous t o that of 

Kydland and Presco t t (1982). In p a r t i c u l a r , a f u l l y s p e c i f i e d model economy 

i s desc r i bed , and an e q u i l i b r i u m of the model i s computed n u m e r i c a l l y . In 

a d d i t i o n , moments of the e q u i l i b r i u m processes f o r v a r i a b l e s i n the model can 

be computed, and then both l e v e l s and re levant moments of e q u i l i b r i u m va lues 

generated by the model can be matched w i th post -war t ime s e r i e s . Of cou rse , 

t h i s simply amounts to working out more or l e s s e labora te numer ica l examples 

f o r our model . However, parameter cho ices f o r these examples are not l e f t 

e n t i r e l y f r e e , but are governed i n par t by observat ions on long-run ( t rend) 

behav io r , and i n par t by post-war t ime s e r i e s observat ions on wage and hours 

behavior that i s l i s t e d i n d e t a i l i n Sec t i on I I I . These se ts of observat ions 

severe ly l i m i t the set of admiss ib le parameter va lues f o r the model . Never

t h e l e s s , i t w i l l be seen that the model performs w e l l i n account ing f o r a wide 

range of observed c y c l i c a l fea tu res of l abor markets . 

As a l ready i n d i c a t e d , the economy employed c o n s i s t s of a set of 

ove r lapp ing gene ra t i ons . Wi th in each generat ion there i s a set of f i r m s , who 

have access to a technology f o r conve r t i ng labor i n t o a s i n g l e produced com

modity, and a heterogeneous work fo rce . Workers vary i n t h e i r marg ina l p r o 

ducts i n p roduc t i on , and i n t h e i r a t t i t u d e s towards consumpt ion- le isu re 

s t reams. A l l workers know t h e i r cur rent (al though not n e c e s s a r i l y t h e i r 

f u tu re ) marg ina l p roduc ts . However, these are p r i v a t e i n f o rma t i on , ex a n t e . 

Moreover, f i rms are imperfect Nash compet i tors i n l abor markets . Then i n 

e q u i l i b r i u m f i rms must (as i s wel l -known) c rea te i ncen t i ves f o r workers to 

r evea l t h e i r marginal p roduc ts . This i s done by o f f e r i n g (one-per iod) c o n -
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t r a c t s c o n s i s t i n g of wage-hours p a i r s , which may i nvo l ve some workers be ing 

quan t i t y cons t ra ined a t p r e v a i l i n g wage r a t e s . In a d d i t i o n , there i s s t o c h a s 

t i c t e c h n o l o g i c a l v a r i a t i o n . This v a r i a t i o n induces co-movements i n hours and 

r e a l wages (as w e l l as ou tpu t ) . T h i s , t h e n , i s the bus iness c y c l e i n our 

model. 

In order to check tha t the economies at hand are cons i s ten t w i th 

observed features of business c y c l e s , we requ i re the e q u i l i b r i a of these 

economies t o be cons i s ten t w i th observat ions a t both aggregated and d i s a g g r e 

gated l e v e l s . However, s i nce our model does not con ta in c a p i t a l , we do not 

focus on issues r e l a t e d t o p e r s i s t e n c e . Hence, we would l i k e our economies t o 

generate e q u i l i b r i a w i th the f o l l o w i n g f e a t u r e s . 

( i ) Labor i s (sometimes) unemployed (underemployed). 

( i i ) The average p r o d u c t i v i t y of l abor i s p r o c y c l i c a l , as i s the average 
r e a l wage^- ' 

( i i i ) In aggregate data there i s a s t rong p o s i t i v e c o - v a r i a t i o n between 
hours worked (per c a p i t a ) and r e a l wage rates.—' 

( i v ) Workers who earn h igh r e a l wages on average work low l e v e l s o f 
hours.—' 

(v) Despite ( i i i ) , t rends i n r e a l wages i n the twent ie th century are not 
assoc ia ted w i th t rends i n hours . 

( v i ) S e c t o r a l s h i f t s i n ( r e l a t i v e ) employment are an important fea tu re o f 
recent bus iness cyc les .—' 

( v i i ) Wage d i spe rs ions across workers are reduced at c y c l i c a l peaks JL/ 

( v i i i ) R e l a t i v e wages across occupat ions seem to be an important " d e t e r m i 
nant" o f l abor market behavior.—' 

It w i l l be seen tha t our economies are capable of reproduc ing , i n an e m p i r i 

c a l l y p l a u s i b l e manner, a l l o f these f e a t u r e s . 

There i s a second n a t u r a l quest ion to be r a i s e d he re . In p a r t i 

c u l a r , s i n c e the compe t i t i ve , r ep resen ta t i ve agent model of Kydland and P r e -
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s c o t t (1982) i s cons i s ten t w i th a l l of the above fea tu res (that are not r e 

l a t e d to heterogenei ty of the l a b o r f o r c e ) , i s there a reason t o p r e f e r the 

p r i v a t e in format ion model t o the compet i t i ve model? The answer i s y e s , and i s 

r e l a t e d t o the wide ly d iscussed incons is tency of micro-ev idence on labor 

supply e l a s t i c i t i e s w i th the k i n d o f co-movements requ i red i n hours and r e a l 

wages f o r cons is tency w i th aggregate da ta . As s ta ted by A s h e n f e l t e r (1983, p. 

2 9 ) , 

The average labor supply e l a s t i c i t y must apparent ly be 
qu i te l a rge t o square up these hours and wage ra te move
ments, wh i l e the a v a i l a b l e est imates of i t s s lope tha t I 
have surveyed a r e , i n f a c t , very s m a l l . The bas i c empi r 
i c a l problem seems t o be tha t w i t h i n the l i f e - c y c l e , the 
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 hours and wages i s 
simply too sma l l t o e x p l a i n the t ime s e r i e s movements i n 
average hours r e l a t i v e t o the t i m e - s e r i e s movements i n 
average wage r a t e s . The i n te r tempora l s u b s t i t u t i o n 
hypothes is o r i g i n a l l y advanced by Lucas and Rapping was, 
o f course , p r e c i s e l y the s u s p i c i o n tha t t h i s was not the 
case . 

In f a c t , of course , e x i s t i n g compet i t i ve models of the bus iness c y c l e do r e l y 

on an in te r tempora l s u b s t i t u t i o n mechanism. However, the e m p i r i c a l ev idence 

aga ins t such a mechanism i s qu i te s t rong.-^ / 

In the model presented he re , however, 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 s 

between wages and hours can be qu i t e sma l l wh i l e aggregate c o r r e l a t i o n s are 

qu i te l a r g e . In p a r t i c u l a r , the f o l l o w i n g p o s s i b i l i t y w i l l be demonstrated. 

In a panel data set every agent i n the economy d i s p l a y s e i t h e r no v a r i a t i o n o f 

wages and hours , or a nonpos i t i ve c o r r e l a t i o n between wage and hours move

ments. Never the less , i n the aggregate hours and r e a l wage c o v a r i a t i o n can be 

qu i t e l a r g e . 

The scheme of the paper i s as f o l l o w s . Sec t i on I se ts out the 

model, and Sect ion I I de f ines an e q u i l i b r i u m . It a l s o develops some p r o 

p e r t i e s o f t h i s e q u i l i b r i u m . Sec t i on I I I conta ins some examples i l l u s t r a t i n g 



the r e s u l t s a l ready mentioned. These are f a i r l y extended examples w i th param

e t e r va lues se lec ted so as to imply cons is tency w i th a number of observa t ions 

i n the manner of Kydland and Presco t t (1982). Sec t ion IV i n d i c a t e s tha t most 

o f the important fea tu res of these examples ho ld gene ra l l y w i t h i n a c e r t a i n 

c l a s s o f economies. Sec t ion V conc ludes . 

I. The Model 

As i n d i c a t e d above, we wish to cons t ruc t an economy which generates 

a pane l data set f o r each of i t s members, as w e l l as aggregate t ime s e r i e s 

da ta . Here we cons t ruc t the s imp les t p o s s i b l e model w i th these f e a t u r e s , w i th 

heterogenei ty i n the p o p u l a t i o n , and w i th p r i v a t e i n f o r m a t i o n . Time i s d i s 

c r e t e , and indexed by t = 0 , 1, ro. The popu la t ion c o n s i s t s of a sequence 

of two-per iod l i v e d , over lapp ing gene ra t i ons . Wi th in each generat ion t he re 

are th ree k inds o f agents . One of these we term ent repreneurs . These agents 

are endowed w i th access t o a techno logy , to be descr ibed below, f o r c o n v e r t i n g 

l abo r i n t o a s i n g l e produced consumption good. The o ther two k inds o f agents 

we c a l l workers , who are of two t y p e s . We w i l l r e f e r t o these as type 1 and 2 

workers , w i th i i ndex ing t ypes . F i n a l l y , there are two s ta tes o f nature which 

cou ld occur i n any p e r i o d indexed by s = 1, 2. In o rder t o f i x i d e a s , we may 

t h i n k of there as be ing a countable number of en t repreneurs , and a continuum 

o f workers. Wi th in each young genera t ion a f r a c t i o n 9 e ( 0 , l ) of workers i s o f 

type 1. 

Each worker i s endowed w i t h a s i n g l e u n i t of " t ime" i n each p e r i o d , 

which i s t o be a l l o c a t e d between labor and l e i s u r e , and no th ing e l s e . A type 

i agent i n h i s j t h pe r i od o f l i f e may exchange labor f o r the s i n g l e produced 

good at ra te Wj^(s) i n s t a te s , so Wj^(s) i s the s t a te s r e a l wage. (Th is 

w i l l be independent of t . We w i l l a l s o l a t e r l e t the wage depend on one 

a d d i t i o n a l c h a r a c t e r i s t i c : an a g e n t ' s l abo r market " h i s t o r y . " ) The d i f f e r -



- 6 -

ence between type 1 and 2 agents i n p roduc t ion i s as f o l l o w s . For each u n i t 

of type i l abor employed i n s ta te s , TT^(S) u n i t s of the consumption good can 

be produced. The va lues TT^(S) obey ir^(s) > ^ ( s ) v s , and are s c a l a r c o n 

s t a n t s . At the beg inn ing of each pe r i od each agent knows h i s own t y p e . Th is 

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 . The p r e v a i l i n g s ta te i s common knowledge. 

Firms w i l l then o f f e r wage-hours packages to attempt to induce agents to s e l f -

s e l e c t by the type of package chosen. This i s d i scussed be low. 

Whi le w i t h i n a pe r iod each agen t ' s type i s f i x e d and known to h im, 

we do permit workers ' types to change over t ime (workers do not become e n t r e 

p reneurs , however). Suppose a cur rent young worker i s of type i . Then the 

o b j e c t i v e p r o b a b i l i t y , known to a l l , of becoming a type 1 worker when o l d i s 

c u , and the p r o b a b i l i t y of becoming a type 2 worker i s 1 - q ^ . Let L -^ (s ) 

denote the hours worked i n the f i r s t pe r i od of l i f e by a type i worker i n 

s t a t e s , and l e t C l i ( s ) s i m i l a r l y denote consumption when young. For hours 

worked when o l d and o l d age consumption, a more e labora te no ta t ion i s r e 

q u i r e d . Th is i s because an agen t ' s type l a s t per iod may matter i n the type of 

package he obta ins i n e q u i l i b r i u m . Thus, l e t L g ^ S j S ' ) be hours worked by an 

o l d type i agent who was type j when young, i f the sequence of s ta tes s , s ' 

has been r e a l i z e d i n h i s l i f e t i m e . S i m i l a r l y , C £ . ( s , s ' ) i s o ld age consump

t i o n . 

At any da te , a type i agent has a pe r iod u t i l i t y f unc t i on Uj_(C,L), 

where v i 

( i ) 0j_ e C 2 

( i i ) D j U ^ C . L ) > 0 

( i i i ) D 2 U i ( C , L ) < 0 
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( i v ) concave. 

I t w i l l be convenient to r e s t r i c t cons ide ra t i on to the case where 

U ± ( C , L ) = U(C) + ^ ( L ) ; i = 1, 2 , 

w i th <j>̂  a p o s i t i v e s c a l a r cons tan t . This cho ice of u t i l i t y f unc t i on i s made 

to guarantee that Nash e q u i l i b r i a f o r t h i s economy do not i n v o l v e f i rms o f f e r 

i ng consumption-hours l o t t e r i e s 

The fac t tha t an agen t ' s type may change between per iods means tha t 

when young both fu tu re p r o d u c t i v i t y and a parameter of the u t i l i t y f unc t i on 

are random v a r i a b l e s . Thus, fo r a type i worker there may be at l eas t two 

mot iva t ions f o r sav ing when young. One i s t o r e a l l o c a t e consumption i n t e r -

t empo ra l l y , and one i s as a form of i nsu rance . (We assume f o r s i m p l i c i t y the 

absence of any insurance markets . ) Or conve rse l y , agents may borrow t o r e a l 

l o ca te consumption i n t e r t e m p o r a l l y , and as a means of " s e l l i n g " i nsu rance . 

Borrowing and lend ing (saving) can be undertaken at the gross i n t e r e s t ra te 

R(s) i n s t a te s (where below we cons ider only steady s t a t e s , so that t h i s i s 

independent of t ) . Then l e t the savings ( p o s i t i v e or negat ive) of a type i 

agent young i n s ta te s be denoted by $^ [w-^ (s ) ,R(s) ,s1 

In order to complete our d e s c r i p t i o n of consumer behav io r , we must 

d i scuss the nature of t r a n s i t i o n s between current and fu tu re s ta tes of na 

t u r e . To t h i s end, l e t p„ be the p r o b a b i l i t y that s ' = 1 i f s i s the cur rent 

p e r i o d s t a t e , where " ' " i n d i c a t e s "next p e r i o d ' s s t a t e " throughout . Then 

when o l d , a type i worker 's pe r iod u t i l i t y i s j us t 
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where the supe rsc r i p t j denotes l a s t p e r i o d ' s t y p e . When young, a type i 

agen t ' s expected l i f e t i m e u t i l i t y i n s t a t e s i s 

(2) U { w l i ( s ) L l i ( s ) - $ . [ w 1 . ( s ) , R ( s ) , s ] } + <t».v[L.(s)] + 

( B i ) { q i p s w j ( s , l ) + q ±(l-i> 8)tf£(B,2) + ( l - q . ) p s W ^ ( s , l ) + 

( l - q . ) ( l - p g )W2(s ,2 ) } = Y . ( s ) , 

where i s the d iscount ra te o f a young type i agent . Then our d e s c r i p t i o n 

o f sav ings i s j u s t tha t ) maximizes (2) t a k i n g w - ^ ( s ) , L - ^ ( s ) , and R(s) as 

12 / g i v e n . — ' 

On the other s i de o f the l a b o r market a re f i r m s . As i n d i c a t e d 

above, we assume that these are owned by some countable number of e n t r e p r e 

neurs , a l l of whom have access t o the same technology f o r goods p r o d u c t i o n . 

A l s o , our assumptions on popu la t i on imply tha t no worke rs ' i n d i v i d u a l c o n t r i 

bu t i on t o output i s d i r e c t l y observab le . Thus, i n l i g h t o f the s imple nature 

of the technology h e r e , the only i n t e r e s t i n g aspect of f i r m behav ior i s the 

attempt by f i rms t o d i scove r workers ' t y p e s . In p a r t i c u l a r , we have assumed 

tha t type i s unobservab le , ex an te . However, the observab le a t t r i b u t e s o f 

each i n d i v i d u a l may s i g n a l h i s type i f these d i f f e r ac ross agents . We assume 

here that the only such a t t r i b u t e s f o r young agents are hours worked and 

sav ings . I f a young agent i s i d e n t i f i e d as be ing of type i , t h i s i d e n t i f i c a 

t i o n i s taken to be common knowledge when o l d . Thus, the prev ious p e r i o d ' s 

i d e n t i f i e d type and cur rent employment are the re levant observable a t t r i b u t e s 

f o r o l d w o r k e r s - i ^ / In s h o r t , t hen , agen ts ' types are d i s t i n g u i s h a b l e when 

young i n s ta te s i f f L -^ (s) * L - ^ s ) , and/or $]_(-) * ^ ( - J . When o l d , agents 

of common prev ious ( i d e n t i f i e d ) type are d i s t i n g u i s h a b l e i n s ' i f f L ^ ( s , s ' ) * 

Iv, ( s , s ' ) . Thus f i rms can d i s t i n g u i s h between workers by o f f e r i n g d i s t i n c t 
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wage-hours packages. I f any package i s se l ec ted on ly by workers of a g iven 

t ype , then hours worked s i g n a l t y p e , and we say s e l f - s e l e c t i o n has occu r red . 

To complete our d e s c r i p t i o n of the economy we make a f i n a l assump

t i o n on p re fe rences . In p a r t i c u l a r , we assume tha t 

(v) <)>! > 

Since f o r both young (by the envelope theorem) and o l d agents the s lope o f an 

i n d i f f e r e n c e curve i n income- labor space i s g iven by (where y i s income) 

3y_ _ - * i V ' ( L ) 

9 L dU. = 0 U ' ( - ) ' 

(v) imp l i es tha t a t any common income-hours p a i r , type 1 agents requ i re more 

compensation f o r an incrementa l u n i t o f l e i s u r e foregone than do type 2 agents 

a long an i n d i f f e r e n c e curve . Th is assumption imp l i es tha t any e q u i l i b r i u m 

where agents are quan t i t y cons t ra ined w i l l be assoc ia ted w i th unemployment, 

(v) i s an appea l ing assumption f o r t h i s reason, and a l s o because i t has the 

f o l l o w i n g p l a u s i b l e i n t e r p r e t a t i o n . Let U^(C,L) be an i n d i r e c t u t i l i t y f u n c 

t i o n der ived from a model of home p roduc t i on . Then (v) i s that workers who 

i i i / 

a re more p roduc t ive i n the labor market are a l s o more p roduc t i ve at home.—' 

We do not i n s i s t on t h i s i n t e r p r e t a t i o n , however. 

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

As i nd i ca ted above, our a n a l y s i s env is ions f i rms o f f e r i n g con t rac ts 

c o n s i s t i n g o f a l t e r n a t e wage-hours combinat ions , which workers e i t h e r do or do 

not accep t . Thus, the model i s one of f i r m s , who operate i n an impe r fec t l y 

compet i t i ve labor market, competing aga ins t each other f o r workers . Due t o 

t h i s compe t i t i on , an e q u i l i b r i u m i s cha rac te r i zed by an absence of rents i n 

t h i s s e t t i n g . In s h o r t , i n e q u i l i b r i u m f i rms o f f e r wage-hours packages such 

tha t there are no p o t e n t i a l gains t o any f i r m which o f f e r s some a l t e r n a t e 
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package. This imposes s e v e r a l cond i t i ons which e q u i l i b r i u m con t rac ts must 

s a t i s f y . We e labora te on these below. I t w i l l a l s o be r e c a l l e d tha t f i rms 

operate subject to an i n f o r m a t i o n a l asymmetry regard ing the p r o d u c t i v i t i e s o f 

i n d i v i d u a l workers. Hence, each f i r m must decide i n announcing i t s con t rac t s 

whether i t wishes to induce s e l f - s e l e c t i o n o f employees by con t rac t s e l e c t e d , 

o r whether i t wishes t o o f f e r con t rac t s which " p o o l " type 1 and 2 workers. I f 

f i rms wish to induce s e l f - s e l e c t i o n , t h i s requ i res tha t i t s announced c o n 

t r a c t s are cons is ten t w i th the occurrence o f s e l f - s e l e c t i o n , or are i n c e n t i v e 

compat ib le . For o l d workers i n c e n t i v e c o m p a t i b i l i t y requ i res 

(3) w J ( s , s ) > U { w | 2 ( s ) L ^ 2 ( s , s ) + R ( s ) * J ( - ) } + ^ [ i ^ s , S ) ] ; s , s , j = 1, 2. 

(h) W^(s ,s ) > u i w ^ s ^ C s . s H R C s ) * ^ - ) } + 4 > 2 V [ L J 1 ( S , S ) ] ; s , s , j = 1, 2 , 

where (3) imp l ies tha t type 1 workers p r e f e r t h e i r con t rac t t o tha t accepted 

by type 2 workers, and where (k) i s the converse. Not i ce tha t we assume tha t 

workers are not t i e d to f i rms f o r two p e r i o d s , but ra ther are mobi le when 

o l d . Hence, i n cen t i ve c o n s t r a i n t s must apply pe r iod by per iod f o r each work

e r . Incent ive c o m p a t i b i l i t y f o r young workers then requ i res 

(5) ^ ( s ) > U { w 1 2 ( s ) L 1 2 ( s ) - * 2 ( - ) } + • 1 v [ L 1 2 ( s ) ] + P j H f ^ s . s O v s 

(6) v 2 ( s ) > U { W 1 1 ( 8 ) L 1 1 ( S ) - * 1 ( - ) } + 4 > 2 v [ L n ( s ) ] + P ^ a r J ( s , s , J v s , 

where an obvious abb rev ia t i on of no ta t i on has been employed. Not ice tha t i f a 

f i r m does not attempt to induce s e l f - s e l e c t i o n , i . e . , o f f e r s a l l workers of 

the same age i d e n t i c a l c o n t r a c t s , then the i n c e n t i v e c o n s t r a i n t s are s a t i s f i e d 

t r i v i a l l y . 

In a d d i t i o n to s a t i s f y i n g cond i t i ons ( 3 ) - ( 6 ) , f i rm announcements o f 

wage-hours p a i r s must s a t i s f y a number of "no s u r p l u s " c o n d i t i o n s . F i r s t , i n 
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l i g h t of compet i t ion among f i rms i n the model, each f i r m must earn z e r o -

p r o f i t s i n e q u i l i b r i u m . For s i m p l i c i t y we impose a s t ronger cond i t i on on 

announced con t rac ts drawn from Ro thsch i l d and S t i g l i t z (1976) or Wi lson 

(1977). In p a r t i c u l a r , we requ i re that each wage-hours package o f f e red at 

l e a s t breaks even g iven the workers accep t ing i t . This z e r o - p r o f i t c o n d i t i o n , 

together w i th the constant re turns t o sca le technology assumed here , imp l i es 

tha t i f ( fo r young workers) L- j^(s) t L - ^ s ) f o r some s , 

(7a) w i i ( s ) < 

f o r tha t s . S i m i l a r l y , i f ( for o l d workers) L ^ ( s , s ' ) * L^(s,s') f o r some 

s ' , 

(7b) w 2 . ( s ' ) < T T . U ' ) 

f o r tha t s ' . I f young workers do not s e l f - s e l e c t (so L - Q ( S ) = I r j ^ s ) ) f o r 

some s , then they accept con t rac ts accord ing t o t h e i r popu la t ion p r o p o r t i o n s . 

Then, s i nce p ropor t i on 9 of young agents are of type 1, the mean p r o d u c t i v i t y 

of agents accep t ing the cont rac t i s i r ^ s ) = 9ir^(s) + ( l - B j i ^ C s ) , and we r e 

qu i re 

(7c) w 1 ; L ( s ) = w 1 2 ( s ) < i r 1 ( s ) 

f o r that s . I f o l d workers f a i l to s e l f - s e l e c t f o r some s ' , but s e l f -

s e l e c t i o n d id occur when young, then we requ i re tha t 

(7d) w 2 1 ( s ' ) = w J 2 ( s ' ) < i 2 j ( s ' ) = q J T r 1 ( s I ) + (1 -q . J i f f s ' ) ; j = 1, 2 . 

F i n a l l y , i f s e l f - s e l e c t i o n a l s o f a i l e d t o occur when these workers were young, 

we impose 
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(Te) w 2 i ( s ' ) = w 2 2 ( s ' } = w 2 1 ( s , ) = w 2 2 ( s , ) < ^ ( s , ) E 

[ S q ^ d - S h ^ i t ^ s ' ) + [e( l - q ^ + U - e ) ( l - q 2 ) ]TT 2(S ' ) . 

In l i g h t of the requirements imposed i n (Ta ) - (Te ) , an absence o f 

rent oppo r tun i t i es f o r f i rms requ i res tha t the re f a i l s to e x i s t f o r any worker 

type a wage-hours package p re fe r red to the e q u i l i b r i u m package, and which (at 

l e a s t ) breaks even fo r the f i rm o f f e r i n g i t . We now def ine a standard Nash 

e q u i l i b r i u m fo r our economy. 

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 fo r t h i s economy i s a set of va lues 

{ R ( s ) } s _ 1 ) 2 » a s e t o f announced con t rac ts f o r young workers [ v ^ C s ) , L l i ( s ) ] ; 

i = 1, 2; s = 1, 2 , and a set of announced con t rac ts f o r o l d workers 

[ w 2 . ( s ' ) , L 2 . ( s , s ' ) h i = 1, 2 ; s , s ' = 1, 2; j = 1, 2 , such tha t 

(a) a l l announcements s a t i s f y (3) - (6) and (Ta ) - (7e ) . 

(b) no f i r m has an i ncen t i ve to o f f e r a d i f f e r e n t set of con t rac ts ( s a t i s f y 
i ng (3)-(7))> given the announcements of o ther f i r m s . 

(c) the loan market c l e a r s , i . e . , 

(8) 8 * 1 ( - ) + ( l - 6 ) * 2 ( - ) = 0; s = 1, 2. 

I t w i l l a l s o be u s e f u l t o def ine an e q u i l i b r i u m i n which borrowing and l end ing 

are ru led o u t . This i s i d e n t i c a l to the above, but w i th (c) rep laced by ^ = 

0 ; i = 1, 2 . 

This model and these e q u i l i b r i u m d e f i n i t i o n s are a s t r a i gh t f o rwa rd 

t r a n s l a t i o n to a labor market s e t t i n g of the adverse s e l e c t i o n cons t ruc t s 

cons idered by Ro thsch i l d and S t i g l i t z (1976) and Wi lson ( 1 9 7 7 ) J ^ / No t i ce 

t h a t , as i n those cases , we have focused only on pure s t ra tegy e q u i l i b r i a . 

The p rope r t i es of the Nash e q u i l i b r i a here are s i m i l a r i n t h e i r q u a l i t a t i v e 

fea tu res to the p rope r t i es of the R o t h s c h i l d - S t i g l i t z (1976) e q u i l i b r i u m , or 
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to W i l s o n ' s (1977) E l e q u i l i b r i u m . In p a r t i c u l a r , no e q u i l i b r i u m i n pure 

s t r a t e g i e s need e x i s t he re . However, i n the sequel parameter va lues are 

always chosen so tha t an e q u i l i b r i u m i n pure s t r a t e g i e s does e x i s t . 

Secondly , as i n Ro thsch i l d and S t i g l i t z (1976), every e q u i l i b r i u m 

has the proper ty t h a t , i n every s t a t e and f o r every past l abo r market h i s t o r y , 

s e l f - s e l e c t i o n occurs i n e q u i l i b r i u m , i . e . , L - Q ( S ) * L j ^ s ) v s , and 

L J ; l ( S , S ' ) * L ^ 2 ( s , s ' ) v ( s , s ' ) , f j = 1, 2. The proof of t h i s proceeds i n two 

s t e p s , which are j u s t b r i e f l y o u t l i n e d here . F i r s t note t h a t , when workers 

are o l d , the argument g iven by Ro thsch i l d and S t i g l i t z f o r why s e l f - s e l e c t i o n 

occurs a p p l i e s . Hence, o l d workers s e l f - s e l e c t . Given t h i s f a c t , the Ro ths -

c h i l d - S t i g l i t z argument then a p p l i e s t o young workers as w e l l , so s e l f -

s e l e c t i o n always occu rs . 

Given tha t s e l f - s e l e c t i o n always occu rs , and g iven tha t parameter 

values are chosen t o guarantee e x i s t e n c e , i t i s easy to c h a r a c t e r i z e the 

e q u i l i b r i u m tha t emerges here. F i r s t , obv ious ly (7a) and (7b) ho ld w i th 

e q u a l i t y i n e q u i l i b r i u m . Second, L 2 2 ( s , s ' ) so l ves max W ^ g ( s , s ' ) sub jec t t o 

(7b) ; j = 1, 2, v ( s , s ' ) . I f t h i s were not the case , s i nce type i s observab le 

i n e q u i l i b r i u m , there would e x i s t a wage ra te w ^ ^ s ' ) and a value L 2 2 ( s , s ' ) 

such tha t 

U 2 [ T T 2 ( S ' ) L 2 2 ( s , s ' )+R(s ) * (-) , L 2 2 ( s , s ) ] , 

and such tha t w - ^ s ' ) < l ^ f s ' ) * Hence, any f i r m o f f e r i n g the wage-hours p a i r 

[ w 2 2 ( s ' ) , L 2 2 ( s , s ' ) ] would a t t r a c t a l l o l d type 2 workers (who were type j when 

young) , and earn a p r o f i t . T h i s , of course , c o n t r a d i c t s tha t w 2 2 ( s ' ) = 

^ ( s ' ) , Loot 8** 3 ') i s a n e q u i l i b r i u m . A s i m i l a r l i n e of argument e s t a b l i s h e s 

tha t L 1 2 ( S ) so lves max y 2 ( s ) sub jec t to (7a) f o r a l l s . Hence, each type 2 
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agent obta ins h i s maximal hours l e v e l i n each s ta te c o n s i s t e n t w i th the em

p loye rs of type 2 agents b reak ing even (again i n each s t a t e ) . 

The determinat ion of type 1 hours i s more comp l i ca ted , f o r the 

f o l l o w i n g reason. S ince w 1 2 ( s ) = i r 2 ( s ) < u 1 ( s ) = V - Q ( S ) (and w ^ 2 ( s ) = n 2 ( s ) < 

i r 1 ( s ) = w 2 1 ( s ) ) , and i n l i g h t of assumption ( v ) , type 1 agents never wish t o 

accept the wage-hours package o f fe red to type 2 workers. Thus, the l a t t e r 

packages are not cons t ra ined by cons ide ra t i ons o f i nduc ing s e l f - s e l e c t i o n . 

However, L - Q C S ) and L 2 1 ( s , s ' ) may be so cons t ra i ned . Never the less , i t i s 

s t i l l the case tha t type 1 agents must work the maximal hours l e v e l f o r them 

cons i s ten t w i th z e r o - p r o f i t s and s e l f - s e l e c t i o n . As be fo re , i f t h i s were not 

the case some f i r m cou ld o f f e r a wage-hours package p r e f e r r e d by a l l type 1 

agents t o t h e i r e q u i l i b r i u m package, and could do so i n a manner c o n s i s t e n t 

w i th s e l f - s e l e c t i o n , and i n a manner which would permit them t o earn a p r o 

f i t . Hence, L 2 1 ( s , s ' ) so l ves max W ^ ( s , s ' ) subject t o (7b) and (k), wh i l e 

L - Q ( S ) so lves max i M s ) sub jec t t o (7a) and (6 ) . 

Determinat ion of e q u i l i b r i u m values i s dep ic ted i n F igure 1, where 

the s e l f - s e l e c t i o n cond i t i ons ho ld wi th e q u a l i t y . Hours worked i s dep ic ted on 

the h o r i z o n t a l a x i s , and income (per per iod) appears a long the v e r t i c a l a x i s . 

The l o c i l a b e l l e d U\ are type i i n d i f f e r e n c e curves i n t h i s space, and the 

rays y = T K L are z e r o - p r o f i t l o c i f o r f i rms employing type i agents . The 

f i g u r e may be viewed as determinat ion of e i t h e r f i r s t - or second-per iod hou rs , 

as both are q u a l i t a t i v e l y s i m i l a r . Assumption (v) imp l i es that the type 1 

i n d i f f e r e n c e curve through each po in t i s s teeper than the type 2 i n d i f f e r e n c e 

curve through the same p o i n t . 

As argued above, the income-hours p a i r rece ived by type 2 agents 

occurs a t a tangency of a type 2 i n d i f f e r e n c e curve w i th y = i t 2 L . The income-

hours combinat ion rece ived by type 1 agents must be maximal f o r them among the 
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set of such combinat ions earn ing nonnegative p r o f i t s (on or below y = T T ^ L ) , 

and that are cons is ten t w i th s e l f - s e l e c t i o n (on or below U^) . Our assumptions 

on pre ferences imply tha t the maximal such income-hours combinat ion occurs a t 

po in t B i n the f i g u r e , where UV, i n t e r s e c t s y = T I^L . Not ice tha t the n o t i o n a l 

l abo r supply of type 1 agents at the r e a l wage i r 1 i s L * , so that fo r the 

pre ference maps dep ic ted t h i s economy generates unemployment (underemployment) 

of l a b o r . We now tu rn our a t t e n t i o n to the task of showing tha t i t can do so 

i n an e m p i r i c a l l y p l a u s i b l e way c o n s i s t e n t w i th the c y c l i c a l f ea tu res l i s t e d 

i n the i n t r o d u c t i o n . 

I I I . Two Examples 

In order to s i m p l i f y the computation of e q u i l i b r i u m , we cons ide r 

ve rs ions of our economy i n which savings i s ru l ed out ($^ = 0 ; i = 1, 2) J^J 

Under these c i rcumstances i t i s easy to v e r i f y tha t there i s noth ing i n the 

model to " t i e " young and o l d hours determinat ion toge the r , or more s p e c i f i 

c a l l y , each per iod may be t r ea ted s e p a r a t e l y . Th is should be c l e a r , as the 

economic c i rcumstances of o l d agents do not depend on t h e i r type l a s t p e r i o d 

i f <t>̂ (-) = 0, and as w i th sav ing ru led out o ld and young agents do not face 

d i f f e r e n t economic c i r cums tances . Hence, by our p r i o r arguments 

(9) L i 2 ( s ) = L 2 2 ( ^ ' s ) = a r S m a x U 2 [ T T 2 ( S ) L ( S ) , L ( S ) ] ; v s , s , j = 1, 2 , 

where s denotes " l a s t p e r i o d ' s s t a t e . " S i m i l a r l y , by the same arguments, 

L ^ ( S ) and L 2 1 ( s , s ) so l ve 

(10) max U 1 [ T T 1 ( S ) L ( S ) , L ( S ) ] 

subject t o 

(11) U 2 [ T T 1 ( S ) L ( S ) , L ( S ) ] < U 2 [ T T 2 ( S ) L 2 ( S ) , L 2 ( S ) ] ; S , £, j = 1, 2 , 
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w i th an obvious abb rev ia t i on of n o t a t i o n . I f (11) holds wi th e q u a l i t y t h i s 

reduces to (as i n F igure 1) 

(12) L u ( s ) = L ^ s . s ) = min { L : U g [ i r ^ s ) L ( s ) , L ( s ) ] = 

U 2 [ i r 2 ( s ) L 2 ( s ) , L 2 ( s ) ] } , 

due to assumption (v) JJ- Given these f a c t s , we may now proceed w i th our 

computations under the assumption tha t $^(-) = 0 ; i = 1, 2 . In Sec t i on IV i t 

i s shown tha t the important fea tu res of the f o l l o w i n g two examples g e n e r a l i z e 

when sav ing i s pe rm i t t ed . 

As d iscussed i n the i n t r o d u c t i o n , the e m p i r i c a l methodology employed 

here i s s i m i l a r t o tha t of Kydland and Presco t t (1982). In p a r t i c u l a r , our 

c o n s t r u c t i o n of examples i s guided by a set of observa t ions which s t rong l y 

r e s t r i c t s the admiss ib le cho ice set f o r parameter v a l u e s . These observa t ions 

are set out below. A l s o , both of our examples use l oga r i t hm ic u t i l i t y f u n c 

t i o n s . This i s f o r three reasons . F i r s t , t h i s i s the s imp les t s p e c i a l case 

o f the preference s p e c i f i c a t i o n employed i n r e l a t e d e m p i r i c a l research f o r 

compet i t i ve economies ( e . g . , A l t u g (1983), Eichenbaum, Hansen, and S i n g l e t o n 

(1982), Kydland and Prescot t (1982) ) . Second, Eichenbaum, Hansen, and S i n g l e 

ton (1982) and A l t ug (1983) present evidence f avo r i ng l oga r i t hm ic u t i l i t y . 

T h i r d , the observa t ion that r e l a t i v e wages across occupat ions are an important 

"determinant " of l abor market behav ior suggests such a s p e c i f i c a t i o n , as w i l l 

be seen below. 

Given our s p e c i f i c a t i o n of p re fe rences , cho ices of parameter va lues 

are governed by the f o l l o w i n g sets of o b s e r v a t i o n s . 

a) Labor fo rce p a r t i c i p a n t s work roughly a t h i r d of a v a i l a b l e t ime . 

b) Postwar U . S . unemployment ra tes range between k and 10 pe rcen t . 
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c) Hodrick. and Presco t t (1981) repor t a 2 percent s tandard d e v i a t i o n about 
t rend of average hours per c a p i t a , and a 1 percent standard d e v i a t i o n 
about t rend of average p r o d u c t i v i t y . 

d) Lucas and Rapping (1969) repor t one of the l a r g e s t sho r t - run e l a s t i c i t i e s 
of aggregate hours worked w i th respect to r e a l wage movements; l . U . When 
t h e i r c a l c u l a t i o n s are converted i n t o l e v e l s of hours and r e a l wages t h e i r 
est imated e l a s t i c i t y becomes 2 . 1 2 . — ' 

e) The percentage standard d e v i a t i o n of postwar U . S . GNP about t rend i s 1.8 
percent.— 

F i n a l l y , s ince our model conta ins two types of workers, we requ i re 

some guidance on the cho ice of r e l a t i v e p r o d u c t i v i t y parameters . For s i m p l i 

c i t y , we have fo l lowed the Economic Report of the Pres ident (1981) and d i v i ded 

n o n a g r i c u l t u r a l , nonmi l i t a r y employees not engaged i n wholesale or r e t a i l 

t rade i n t o two c a t e g o r i e s : manufactur ing and c o n s t r u c t i o n . 

f ) In 19^7 average hour l y earnings i n manufactur ing d i v i ded by average hour ly 
earnings i n cons t ruc t i on was .79* In I98O t h i s number was . 7 3 . Th is 
r a t i o i s l a r g e l y i n t h i s range f o r the postwar p e r i o d . ' 

A f i n a l po in t to note from the same source i s that average weekly hours i n 

manufactur ing are always g rea te r than are average weekly hours i n c o n s t r u c 

t i o n . In con junc t ion w i th ( f ) t h i s i n d i c a t e s tha t workers earn ing r e l a t i v e l y 

h igh wages work r e l a t i v e l y few hou rs . 

A . Example 1 

The above observat ions l a r g e l y govern our cho ices of parameter 

va lues i n computing our examples. For the f i r s t example, pe r iod pre ferences 

f o r type 2 agents are g iven by 

U 2 ( C , L ) = JlnC + Jtn( l -L) 

and pre ferences f o r type 1 agents are 

U X ( C , L ) = InC + 2 £ n ( l - L ) . 
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We assume that popu la t ion demographics are the same a t each date w i t h i n each 

genera t i on . We a l s o set q.̂  = 0.2' Together these imply 0 = = q 2 = q . We 

se t 9 = q = . 5 , so a t each date h a l f the economy i s of each t y p e . F i n a l l y , 

l e t p s = . 5 ; s = 1, 2 , and l e t i r ^ l ) = 8 .5 , *1(2) = 8 . 6 , TT 2(1) = 7, and i r 2 (2 ) 

= 6 .8 . Not ice t h a t , s i nce i n e q u i l i b r i u m the va lues i r^(s) are type i r e a l 

wages, r e l a t i v e wages across occupat ions are 

w 2 ( l ) i r 2 ( l ) 

wTTiT = ^ T U = * 8 1 

w 2 (2 ) i : 2 (2) 

w ^ 2 l = = ' 1 9 ' 

These r e l a t i v e wages are p re t t y much i n the range imp l ied by observa t ion ( f ) 

above. 

I t i s u s e f u l to begin by cons ide r i ng the behav ior of t h i s economy 

under f u l l i n f o rma t i on . C l e a r l y L-[_ = 1/3 and L 2 = 1/2 (where i s the common 

youth and o l d age va lue of L f o r type i workers) independent ly o f which s t a te 

p r e v a i l s . Any g iven agent , of course , may change type i n h i s l i f e t i m e . I f a 

young type 1 agent becomes an o ld type 2 agent , h i s hours r i s e and h i s wages 

f a l l ( regard less o f s and s ' ) . Agents who do not change type do not e x p e r i 

ence hours changes. Thus, across i n d i v i d u a l s we would observe e i t h e r no 

responsiveness of hours worked to r e a l wage changes, or among agents who 

change t ype , we would observe negat ive c o r r e l a t i o n s between wage and hours 

movement. 

At any aggregate l e v e l , however, s ince the number o f agents i s la rge 

type changes net ou t . Thus, i n the aggregate, a l l changes i n average wages 

per person are due t o technology shocks. C l e a r l y aggregate hours are not 

respons ive at a l l t o these movements, s i n c e t o t a l popu la t i on hours of employ

ment are constant across t ime and across s ta tes of nature . In s h o r t , w i th 
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f u l l i n fo rmat ion t h i s model i s complete ly incapab le of e x p l a i n i n g c y c l i c a l 

v a r i a t i o n i n hours , or any co-movements i n the average per c a p i t a l e v e l s of 

hours and r e a l wages. 

Now cons ide r the ve rs i on of the model w i th p r i v a t e i n f o r m a t i o n . 

From our prev ious d i s c u s s i o n c l e a r l y L 2 ( s ) = 1/2; s = 1, 2 . This i s because 

type 1 agents w i l l not c l a i m to be of type 2, so type 2 agents are not c o n 

s t r a i n e d by cons ide ra t i ons of s e l f - s e l e c t i o n . I t i s r e a d i l y v e r i f i e d tha 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 do b ind i n the determinat ion of the L-^(s), s = 1, 

2, however. There fo re , L-^(s) so l ves 

T ? ( S ) 

(13) J l m i 1 ( s ) L 1 ( s ) + A n l l - L ^ s ) ] = tn[-^—\ + A n ( l / 2 ) , 

which i s the maximal value of L-^(s) f o r type 1 agents g iven tha t w-^(s) = 

TT-|_(S), and subject to the c o n s t r a i n t tha t type 2 agents may not s t r i c t l y 

p r e f e r ( w 1 ( s ) , L-^s)] to [w 2 ( s ) , L 2 ( s ) ] . 

The s o l u t i o n t o (13) i s ^ i / 

TT 9 (S) <- w 0 ( s ) _ 

y s ) . . 5 - .5 [i - ^ r 5 - .5- .5 [ i - ^ r 5 -

We now note th ree th ings about our example. The f i r s t i s tha t type 2 p r e f e r 

ences here are e q u i v a l e n t ^ / t o U 2 ( C , L ) = C a L 1 _ a , w i t h a = 1 /2 . The cho ice of 

a = 1/2 i s made so that (13) i s equ iva len t t o a q u a d r a t i c , i . e . , i s mot ivated 

s o l e l y by a des i re to e a s i l y ob ta in a c l o s e d form s o l u t i o n f o r L-^(s). Other 

cho ices of a do not permit t h i s . The second i s tha t L-^(s) i s determined 

e n t i r e l y by the va lues n^(s) and by type 2 p re fe rences , as i s c l e a r from 

(13) . Thus, a l though type 1 pre ferences are equ iva len t to C ^ l A - ^ , the re i s 

only one pre ference parameter here that a f f e c t s any e q u i l i b r i u m values other 

than the l e v e l of unemployment. 
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The t h i r d po int to note i s tha t L-^s) depends s o l e l y on the r e l a t i v e 

wage across occupat ions i n any da te -even t . Th is i s cons i s ten t w i th the obser 

va t i on made by Dunlop (1948) and Keynes (1964) that r e l a t i v e wages are impor

tan t determinants of labor market behav io r . More s t r o n g l y , t h i s i s i n l i n e 

w i th the suggest ion of Solow (1981) that macroeconomic t heo r i es be cons t ruc ted 

cons i s ten t w i th the Dunlop-Keynes obse rva t i on . Note, though, that we need not 

assume the importance of r e l a t i v e wages, i n con t ras t t o the approach o u t l i n e d 

by Solow. 

The f i r s t p iece of evidence i n support of the model i s i t s c o n s i s t 

ency w i th the Dunlop-Keynes o b s e r v a t i o n . Now we compute e q u i l i b r i u m v a l u e s . 

These are 1^(1) = . 29 , and 1^(2) = .27 . I t w i l l be noted that type 1 workers 

i f unconst ra ined would s e l e c t = 1/3 at any r e a l wage. S ince corresponds 

to the usua l d e f i n i t i o n of the n o t i o n a l supply of l abo r f o r type 1 agen ts , 

c l e a r l y the model g ives r i s e to unemployment. The unemployment rate i n s ta te 

s , u ( s ) , i s given by 

[.33 - Lj_(»)le 
1 0 0 ( .33)6 + ( . s H l - 9 ) = u U ) ' 

so u ( l ) = h.Q percent and u(2) = 7.1 percent f o r our parameter v a l u e s . Thus, 

the range of values f o r unemployment i s cons i s ten t w i th most of the post -war 

U . S . exper ience . A l so note tha t average per c a p i t a hours worked i n s t a te s , 

denoted L ( s ) , i s g iven by L ^ s ) = 8 L 1 ( s ) + ( l - 6 ) L 2 ( s ) . Therefore L ( l ) = .395 

and L(2) = .385. This i s not g ross l y at va r iance w i th the casua l observa t ion 

that t y p i c a l l y people work about one - t h i r d of a v a i l a b l e t ime . 

Now cons ider what one would observe i n c r o s s - s e c t i o n a l or panel data 

i n t h i s economy. At the c r o s s - s e c t i o n a l l e v e l , high wage i n d i v i d u a l s always 

work fewer hours than low wage i n d i v i d u a l s , i . e . , L-,(s) < .29 wh i le L ? ( s ) = .5 
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v s . Thus, c r o s s - s e c t i o n a l l y we observe negat ive c o r r e l a t i o n s between wages 

and hou rs . In panel da ta , we would observe s e v e r a l " t ypes " of agen ts . Some 

would d i s p l a y no change i n e i t h e r wages o r hours (those who d id not change 

t ype , and who l i v e d dur ing per iods such tha t s = s ' ) « f o r those who were type 

2 i n both per iods and who exper ienced s * s ' , hours would not appear t o r e 

spond at a l l to wage movements. For those who change t y p e , regard less of s 

and s ' , there i s a negat ive r e l a t i o n between wage and hours changes even 

s t ronger than that f o r the f u l l - i n f o r m a t i o n ve rs ion of the economy. And 

f i n a l l y , f o r those who are type 1 when young and o l d , and who exper ience s * 

s ' , we observe the f o l l o w i n g , s = 1 i s the low wage s t a t e , but the high hours 

s t a t e . Thus, wage and hours movements again are nega t i ve l y r e l a t e d . 

In s h o r t , t hen , every i n d i v i d u a l i n the economy d i s p l a y s e i t h e r no 

change i n both hours and wages, no change i n hours , or has hours f a l l i n g as 

wages r i s e . Thus, a l l i n d i v i d u a l s d i s p l a y nonpos i t i ve c o r r e l a t i o n s between  

hours and r e a l wage movements. Moreover, these c o r r e l a t i o n s are always 

a l g e b r a i c a l l y sma l le r than f o r the f u l l - i n f o r m a t i o n ve rs i on of the economy. 
A 

Now cons ider aggregate per c a p i t a wages and hours , denoted w(s) and 
A A A 

L(s ) r e s p e c t i v e l y . We have a l ready computed L ( l ) = .395, L(2) = .385. A v e r 

age per c a p i t a wages, weighted by hours worked are 
6L-(1) ( l - e ) L . ( l ) 

w( l ) = [-^ ] (8.5) + 71— 1 = 7.551 
L ( l ) L ( l ) 

6L.(2) (1 -6)L (2) 
w(2) = 8 . 6 h r ± ] + 6.81 r - ^ 1 = 7.^31. 

L(2) L(2) 

Then at an aggregate, or " r ep resen ta t i ve agent" l e v e l , we would observe two 

e l a s t i c i t i e s of hours worked wi th respect t o r e a l wages; one i n moving from 

s t a t e s = 1 to s ' =2, and one i n the reverse case . These e l a s t i c i t i e s are 
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[ L ( 2 i - L ( l ) ] [. ] = 1.61 
L ( l ) w ( l ) - w(2) 

[ L U 1 - L ( 2 ) ] [, V { 2 K } - 1.5T. 
L(2) w(2) - w ( l ) 

These are very much i n l i n e w i th the sho r t - r un e l a s t i c i t i e s of Lucas and 

Rapping (1969) (observat ion (d) above) . 

C l e a r l y , t h e n , the model i s c o n s i s t e n t w i th very smal l (even nega

t i v e ) observed responses by a l l i n d i v i d u a l s to changes i n t h e i r r e a l wages, 

and w i th the r e l a t i v e l y la rge aggregate e l a s t i c i t i e s repor ted by Lucas and 

Rapping (1969) and Kydland and Presco t t (1982) . Not ice a l s o tha t the e f f e c t 

of the adverse s e l e c t i o n s e t t i n g r e l a t i v e t o f u l l in fo rmat ion i s to reduce 

i n d i v i d u a l responsiveness to r e a l wage movements wh i le i n c r e a s i n g t h i s r e 

sponsiveness at the aggregate l e v e l . 

We have seen, t h e n , that t h i s example i s cons i s ten t w i th magnitudes 

of observed hours employed, and wi th the genera l range of exper ienced u n 

employment l e v e l s . I t i s a l s o cons i s ten t w i th the re levant Lucas-Rapping 

e l a s t i c i t i e s , and w i th seve ra l other observa t ions on the c y c l i c a l behavior of 

labor markets . In p a r t i c u l a r , i t i s the case that i n s = 1, the low unemploy

ment s t a t e , 

w 2 ( D 

w îry = - 8 1 ' 

and i n the h igh unemployment s t a t e , 

w p (2 ) 

Thus wage d i spe rs ions dec l i ne at c y c l i c a l " p e a k s . " Th is i s i n accordance w i th 

genera l evidence on wage d i f f e r e n t i a l s (Reder (1962), Freeman (1973)) . A l s o , 

s i nce the w(s) are j us t hours-weighted average p r o d u c t i v i t i e s of l a b o r , i t i s 
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c l e a r tha t the p r o d u c t i v i t y of l abor i s p r o c y c l i c a l , as we observe . And 

f i n a l l y , i t w i l l be noted tha t the percentage standard dev ia t i ons of aggregate 

per c a p i t a hours and average p r o d u c t i v i t y , r e s p e c t i v e l y , a re = 1.79 percent 

and a w = 1.13 percent f o r t h i s example. These are extremely c l ose to the 

standard dev ia t i ons of hours and p r o d u c t i v i t y of 2 percent and 1 percent 

( r e s p e c t i v e l y ) repor ted by Hodr ick and Presco t t (1981) f o r U . S . aggregates . 

A l s o , the percentage standard d e v i a t i o n of per c a p i t a GNP about t rend i s 2.1 

pe rcen t . This i s qu i te s i m i l a r to the a c t u a l va lue repor ted by P resco t t 

(1983) of 1.8 pe r cen t . Thus, the example reproduces qu i t e c l o s e l y s e v e r a l 

observed fea tures of U . S . business c y c l e s . 

Note tha t t h i s i s t rue desp i te the smal l number of f ree parameters 

i n the model. In p a r t i c u l a r , g iven our focus on s t a t i o n a r y environments w i th 

cji = q 2 and p-̂  = p 2 , there are only e ight f ree parameters i n the model . These 

are the two pre ferences parameters d iscussed above, 0 = q-̂  = q 2 , p-̂  = p 2 , and 

the four va lues of marginal p roduc ts . Thus, the cho ice of these parameters i s 

almost e n t i r e l y governed by attempts to reproduce broad fea tures of aggre

gates . 

F i n a l l y , there are other n o n c y c l i c a l fea tu res of labor markets 

cons i s ten t w i th the model . Perhaps the pr imary one of these i s that over t ime 

there has been a s i g n i f i c a n t upward t rend i n r e a l wages, w i th no such t rend i n 

average hou rs . The example presented i s capable of i n c o r p o r a t i n g t rends i n 

p r o d u c t i v i t y and hence r e a l wages. S p e c i f i c a l l y , we might l e t i r ^ (s , t ) = 

(l+n )*ir^ ( s ) , where n i s a t rend ra te of growth. S ince L 2 ( s ) = 1/2 indepen

dent ly of w 2 ( s ) , and s ince L-^(s) depends s o l e l y on 

i r 2 ( s , t ) T T 2 ( S ) 

H 1 ( s , t ) T^TsT ' 

the example i s cons is ten t w i th t h i s o b s e r v a t i o n . 



-2k-

At t h i s po in t two observat ions should be made. F i r s t , the model 

imp l i es unemployment among high p r o d u c t i v i t y agents . Th is i s , of course , not 

a s a t i s f a c t o r y i m p l i c a t i o n of the model. However, when the hours i m p l i c a t i o n s 

of the model are examined these are f a i r l y reasonab le . In p a r t i c u l a r , the 

model imp l i es that workers who earn high wages work r e l a t i v e l y few hours . We 

have seen that t h i s i s the case fo r workers i n manufactur ing and c o n s t r u c 

t i o n . A l s o , unemployment ra tes i n cons t ruc t i on are r e l a t i v e l y h i g h . Hence, 

when i n t e rp re ted i n t h i s way, the imp l i ca t i ons of the model are not e n t i r e l y 

c o u n t e r f a c t u a l . 

An obvious ob jec t ion t o t h i s argument might be the f o l l o w i n g . 

Cons t ruc t ion workers and workers i n manufactur ing may not be i n t r i n s i c a l l y 

d i f f e r e n t , as workers of d i f f e r e n t types are i n the model h e r e . Rather u n i o n 

i z a t i o n i n cons t ruc t i on might r a i s e wages i n tha t sec to r and inc rease u n 

employment, w i th the h igher wages "compensat ing" cons t ruc t i on workers f o r the 

unemployment they exper ience . However, t h i s argument i s incomple te , s i nce 

Abowd and Ashen fe l t e r (1981) present est imates of compensating wage d i f f e r 

e n t i a l s which never exceed 14 percent , and gene ra l l y are more i n the range of 

6-8 pe r cen t . Wage d i f f e r e n t i a l s between manufactur ing and cons t ruc t i on are 

much l a r g e r than t h i s , so that even accep t ing the l o g i c above suggests there 

i s s t i l l much to be exp la ined i n the d i f f e rences between workers i n these two 

s e c t o r s . 

Our second observa t ion i s tha t the model imp l i es that c y c l i c a l 

v a r i a t i o n i n output w i l l be accompanied by s h i f t s i n the r e l a t i v e shares of 

var ious sec to rs i n average employment. Th is i s a feature of recent c y c l i c a l 

v a r i a t i o n i n the U . S . , as documented by L i l i e n (1982). Hence, our model i s 

a l s o cons i s ten t w i th t h i s aspect of the bus iness c y c l e . 
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B . Example 2 

C l e a r l y example 1 i s somewhat extreme i n i t s i m p l i c a t i o n tha t a l l 

i n d i v i d u a l s d i s p l a y nonpos i t i ve e l a s t i c i t i e s of hours worked w i th respect t o 

r e a l wages. I t a l s o produces an aggregate e l a s t i c i t y near the upper end of 

(most) est imated e l a s t i c i t i e s . Thus, we now b r i e f l y present a l e s s extreme 

example. This has the same preferences as example 1, w i th parameter va lues 6 

= 0.1 = 0.2 = ^ l ^ 1 ) = 8 « 5 . i ^ 1 ) = T ' ^ l ^ 2 ) = 8 » = 6 ' These va lues 

avo id the fea tu re of the prev ious example tha t u-̂  and TT2 move i n oppos i te 

d i r e c t i o n s as the s t a te changes from s = 1 to s = 2 . 

E q u i l i b r i u m values are computed as b e f o r e . ( C l e a r l y the uncon

s t r a i n e d value of L - ^ s ) , L ^ s ) = 1/3 v s . ) Then Lj_(l) = .29 , 1^(2) = .25 , 

u ( l ) = 5 pe rcen t , u(2) = 10 pe rcen t , L ( l ) = . U l 6 , 1(2) = .k, w( l ) = f.k2, 

w(2) = 6 . 5 . R e l a t i v e wages i n the two s ta tes of nature are w 2 ( l ) / w 1 ( l ) = .82 

and w2(2)/w-]_(2) = . 7 5 . Thus unemployment ra tes are again w i th in the range 

suggested by recent U.S. exper ience, hours worked are not s u b s t a n t i a l l y d i f 

fe ren t from a t h i r d of a v a i l a b l e t ime , the average p r o d u c t i v i t y of l abor i s 

p r o c y c l i c a l , and wage d i spe rs ions d e c l i n e at c y c l i c a l " p e a k s . " I t i s a l s o the 

case tha t a l l agents who are type 2 i n both per iods d i s p l a y no responsiveness 

of hours to r e a l wages, and tha t a l l agents who change types d i s p l a y a nega

t i v e c o r r e l a t i o n between wages and hou rs . For our parameter v a l u e s , 36 p e r 

cent of a l l agents are type 2 i n both per iods and 1+8 percent change t y p e s . 

Thus, f o r any two consecut ive per iods i n which s * s ' , 8k percent of a l l 

agents d i s p l a y nonpos i t i ve e l a s t i c i t i e s of hours worked w i th respect to r e a l 

wages. For the remaining workers , the 16 percent who are type 1 i n both 

per iods d i sp lay a p o s i t i v e response of hours t o wages, s i nce s = 1 i s both the 

h igh wage and the h igh hours s t a t e . In f a c t , agents who are of type 1 i n both 

p e r i o d s , and exper ience the sequence of s t a tes s = 2, s ' = 1, d i s p l a y an 

e l a s t i c i t y of hours w i th respect t o r e a l wages of 
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L 2 1 ( l ) - L n ( 2 ) TI 1(2) 

[ L^2) ] [ ^ ( 1 ) - ^ ( 2 ) ' = 2 ' 5 6 ' 

Thus, a segment of the popu la t ion d i s p l a y s a s t rong p o s i t i v e r e l a t i o n s h i p 

between employment and h o u r s . This i s i n accordance w i th evidence presented 

by Heckman and Macurdy ( l °80 ) tha t some subsets of the popu la t ion do d i s p l a y 

qu i te la rge e l a s t i c i t i e s i n panel d a t a . 

At the aggregate l e v e l , as one observes movements from s = 2 to s ' = 

1, 

(AS " ' 2 8 

and as movements from s = 1 to s ' = 2 are observed 

I T ) & -

These values are gene ra l l y i n l i n e w i th a more conserva t i ve e l a s t i c i t y ob

t a i n e d by H a l l (198O, p. 20) of . 46 . Thus, changes i n two parameters b r i n g 

the example i n t o l i n e w i th l e s s extreme outcomes. 

C . A Remark 

Two n a t u r a l quest ions a r i s e regard ing the a n a l y s i s performed 

above. The f i r s t concerns the importance of the r o l e p layed by type changes 

i n the example and the second the use of an over lapp ing generat ions framework 

t o analyze aggregate c y c l i c a l v a r i a t i o n . With respect to the quest ion of type 

changes, these p lay two r o l e s . The f i r s t i s s imply to prevent an agen t ' s type 

from be ing pub l i c in format ion i n h i s second per iod of l i f e , i . e . , type changes 

prevent the determinat ion of o l d hours from be ing u n i n t e r e s t i n g . The second 

r o l e i s tha t type changes serve t o make the examples more dramatic i n the 

f o l l o w i n g sense. At an aggregate l e v e l , the model w i th type changes i s i n 

d i s t i n g u i s h a b l e from a model i n which an agen t ' s type l a s t pe r iod i s not 
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p u b l i c l y known, and i n which q-j. = 1, q 2 = 0 (so long as the economy i s 

l a r g e ) . However, s ince type changes induce negat ive c o r r e l a t i o n s between 

hours worked and r e a l wages, they imply tha t a l a r g e r p ropo r t i on of the pop

u l a t i o n d i s p l a y s such negat ive c o r r e l a t i o n s than would be the case i n the 

absence of type changes. Thus, type changes are i n e s s e n t i a l to any r e s u l t s at 

an aggregate l e v e l . They serve merely t o enhance the range of p o s s i b l e o u t 

comes i n the model . 

The second remark to be made concerns the use of an over lapp ing 

generat ions s e t t i n g t o study c y c l i c a l v a r i a t i o n . At f i r s t g lance t h i s may 

seem s t range , s ince i f we take the model l i t e r a l l y i t means that our model 

generates only one observat ion each f i f t e e n to twenty y e a r s . However, i t w i l l 

be noted that i n the a n a l y s i s a t t e n t i o n has been conf ined to l e v e l s of r e l e 

vant v a r i a b l e s and t o t h e i r v a r i a n c e s . In a s t a t i o n a r y environment (wi th a 

la rge sample) frequency of sampling does not a f f e c t measured v a r i a n c e s . Hence 

the use of the over lapp ing generat ions model here does not c reate any r e a l 

problems i n matching the s t a t i s t i c s generated by the model t o those observed 

i n p r a c t i c e . 

D. A Diagrammatic Expos i t i on 

Whi le the two examples are qu i te s imp le , they may not prov ide ample 

i n t u i t i o n regard ing how a l l i n d i v i d u a l s cou ld d i s p l a y nonpos i t i ve c o r r e l a t i o n s 

between hours and r e a l wage movements at the same t ime tha t aggregate c o r r e l a 

t i o n s are p o s i t i v e . Thus, we present a diagrammatic expos i t i on of the mod

e l . To t h i s end cons ider F igure 2 . In the absence of a loan market t h i s may 

be viewed as a d e p i c t i o n of the determinat ion of the L ^ ( s ) ; i , j = 1 ,2 . I f 

borrowing and lend ing are a l l owed , t y p i c a l l y L 2 ^ ( s , s ) # L - ^ ( s ) . However, 

determinat ion of young and o l d hours i s q u a l i t a t i v e l y s i m i l a r , and i n l i n e 

w i th the f o l l o w i n g d i s c u s s i o n , which assumes no s a v i n g s . 



F igure 2 
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In the f i g u r e , L denotes hours and y denotes income. The rays y = 

i t ^Cs jL are those va lues of y and L which r e s u l t i n zero p r o f i t s f o r f i rms 

employing type i agents i n s ta te s , and the l o c i l a b e l l e d U| (s ) are the e q u i 

l i b r i u m i n d i f f e r e n c e curves f o r type 2 agents i n s t a te s . Po in ts A and C 

denote the e q u i l i b r i u m hours-income combinat ions f o r type 2 agen ts . These are 

s imply the maximal income-hours p a i r s f o r these agents sub jec t to the c o n 

s t r a i n t that f i rms employing them break even. Note that i f f i rms o f fe red type 

2 agents some a l t e r n a t e income-hours combinat ion earn ing nonnegative p r o f i t s , 

a deviant f i r m could o f f e r these agents a p r e f e r r e d , p r o f i t a b l e income-hours 

combina t ion . Thus A and C are e q u i l i b r i u m combinat ions as c l a i m e d . (6 and 

the q^ can always be chosen such that an e q u i l i b r i u m e x i s t s as dep i c t ed . ) 

Now cons ider type 1 agen ts . 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 , 

then the values (y^(s) ,L-^(s)) must l i e on or below the rays y = T T ^ ( S ) L , and on 

the i n d i f f e r e n c e curve Uj§(s). In o ther words, s i nce i n e q u i l i b r i u m s e l f -

s e l e c t i o n must occur , the e q u i l i b r i u m va lues (y^(s) , L ^ ( s ) ) must not be p r e 

f e r red by type 2 agents to ( y 2 ( s ) , L 2 ( s ) ) . Thus, 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 , income-hours l e v e l s f o r type 1 agents occur at B i n s = 1, and D i n s = 

2 (s ince type 1 agents have s teeper i n d i f f e r e n c e curves i n t h i s space than do 

type 2 a g e n t s ) . 

Under the assumption o f , e . g . , Cobb-Douglas p re fe rences , L 2 ( l ) = 

L 2 ( 2 ) as shown. A l s o , cons is ten t w i th example 1, i r - ^ l ) < TTJ_(2), but 6 and the 

q.̂  can be chosen (cons is ten t w i th ex is tence of an equ i l i b r i um) such tha t i f ( l ) 

> u ( 2 ) . Thus, we have the f o l l o w i n g phenomena. F i r s t , c r o s s - s e c t i o n a l l y 

w-^(s) > w 2 ( s ) but c l e a r l y type 1 hours are always l e s s than type 2 hou rs . 

Thus, c r o s s - s e c t i o n a l l y one observes negat ive r e l a t i o n s between wages and 

hou rs . At a panel data l e v e l , workers who are type 2 i n both per iods show no 

responsiveness of hours t o r e a l wages. C l e a r l y workers who change types 
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d i sp lay negat ive r e l a t i o n s between wage and hours changes. And f i n a l l y , s = 2 

i s the h igh wage s ta te f o r type 1 agents , but c l e a r l y Lj_(l) > 1^(2). Thus, 

agents who are type 1 show negat ive responses of hours to own wage changes. 

Never the less , s ince i r ( l ) > i r (2 ) , c l e a r l y aggregate hours respond p o s i t i v e l y to 

r e a l wage movements. Th is i s t rue as L-^(l) > L^ (2 ) , and 1^(1) = 1^(2) • Thus, 

the adverse s e l e c t i o n s e t t i n g can e a s i l y exp la i n the apparent anomaly of sma l l 

i n d i v i d u a l respons iveness , but l a rge r aggregate responsiveness of hours worked 

t o r e a l wage movements. 

IV . Some More General Resu l ts 

The examples of the preceding sec t i on e x p l o i t e d s e v e r a l fea tures o f 

the model r e l a t e d t o the e q u i l i b r i u m behav ior of the hours and wage ra tes of 

type 1 workers: 

(a) hours worked by type 1 agents repond nega t i ve l y to changes i n t h e i r own 
wage ra te 

(b) hours worked by type 1 agents respond p o s i t i v e l y t o changes i n the wage 
ra te of type 2 workers . 

(c) type 1 workers are unemployed. 

A l s o , a c o r o l l a r y of assumption (v) i s tha t i f 

max ir (s) < min i r . ( s ) , 

W 2 {•} 1 

type changes w i t h i n any agent 's l i f e t i m e w i l l be assoc i a t ed w i th oppos i te 

movements i n hours and r e a l wages i f $2(-) i s not too l a rge i n abso lu te v a l 

u e . A second c o r o l l a r y i s tha t c r o s s - s e c t i o n a l l y , hours and r e a l wages w i l l 

be nega t i ve l y c o r r e l a t e d . (On both po in ts see F igure 1.) 

In t h i s sec t i on we show that 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 ind i n 

a l l s t a t e s , and i f an e q u i l i b r i u m e x i s t s , these r e s u l t s ho ld gene ra l l y under 
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our assumpt ions. However, one should not ove rs ta te the g e n e r a l i t y of the 

r e s u l t s obta ined s ince e q u i l i b r i a need not e x i s t , and s ince s e l f - s e l e c t i o n 

c o n s t r a i n t s need not b ind i n a l l s t a t e s . Un fo r tuna te l y , there i s l i t t l e of 

g e n e r a l i t y to be sa id on these p o i n t s , and we do not expand on them he re . 

A . Unemployment of Type 1 Agents 

I f s e l f - s e l e c t i o n cons t r a i n t s do b ind i n each s t a t e , then the 

L 2 1 ( s , s ) values are determined as so lu t i ons to the problems 

max U [ i r 1 ( s ) L 2 1 ( s , s ) + R ( s ) * (-)] + f j V f L ^ s . s ) ] ; j , s , s = 1, 2 , 

subject to 

( l i t ) U [ 1 r 1 ( s ) L 2 1 ( S , s ) + R(£)» (-)] + <|> 2V[L 2 1(S,s)] = U[ 1 r 2 (s J l ^ s . s ) + 

R ( s ) * j ( - ) ] + 4> 2 V[L 2 2 (s ,s ) ] 

(15) L 2 1 ( s , s ) < 1, 

where L 2 2 ( s , s ) i s determined as above. I f (ih) and (15) have only one i n t e r 

i o r s o l u t i o n then t h i s must be assoc ia ted w i th unemployment of type 1 l a b o r , 

i . e . , 

(16) L 2 1 ( s , s ) < argmax { U ^ s j L ^ s . s ) + R ( s ) * j ( - ) 1 ^ ( 5 , 8 ) ]} . 

This i s t r ue s ince at any po int i n F igure 1 (given R(s) and * j ( - ) ) , the i n d i f 

ference curve of type 1 agents through tha t po in t i s s teeper than the i n d i f 

ference curve of type 2 agents through the same p o i n t . However, suppose (ih) 

and (15) have two s o l u t i o n s . Then ( l6) s t i l l h o l d s , f o r the f o l l o w i n g r e a 

son . Abb rev ia t i ng e q u i l i b r i u m va lues as L-^(s) and I ^ s ) , c l e a r l y 



U [ 1 t 1 ( s ) L 1 ( s ) + R ( B ) » ( - ) ] + 4 . ^ ( ^ ( 3 ) ] = U U 1 ( s ) L 1 ( s ) + 

R ( s ) » j ( - ) 1 + • g V f ^ C s ) ] + (<t . 1 -^ 2 )V[L 1 (s) ] = U [ 1 r 2 ( s ) L 2 ( s ) + 

R(s* )« j ( - ) ] + <t» 2V[L 2(s)] + ( • 1 - * 2 ) V [ L 1 ( 8 ) ] . 

There fo re , l e t t i n g W* and W* denote e q u i l i b r i u m va lues of type 1 and 2 (o ld 

age) u t i l i t y , 

W* = W* + ( • 1 - * g ) Y l L 1 ( 8 ) ] . 

As <t>i > (t>2 and V < 0, c l e a r l y the sma l les t va lue of L^(s) s a t i s f y i n g {lh) and 

(15) i s the e q u i l i b r i u m v a l u e , imply ing an e q u i l i b r i u m wi th unemployment as 

c l a i m e d . A s i m i l a r argument holds f o r young agen ts . 

S ince type 1 agents exper ience unemployment, t h e n , the negat ive 

c r o s s - s e c t i o n a l r e l a t i o n of wages and hours fo l l ows immediate ly, i . e . , L-^(s) < 

L 2 ( s ) (obvious from F igure 1) and w-^(s) > w 2 ( s ) . A l s o , i f 

min w . (s ) > max w 0 ( s ) , 
{s} 1 {s} 2 

then type changes imply negat ive c o r r e l a t i o n s between wage and hours changes 

i f sav ings are not too l a r g e . Thus, t h i s fea tu re of the examples i s a genera l 

one f o r these economies. 

B. The Response of Type 1 Hours to Wage Changes 

So long 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 ind i n a l l s t a t e s , hours f o r 

o l d type 1 agents are determined by which s o l u t i o n to {lh) and (15) they 

p r e f e r ( i f there i s more than one) . Under the assumption tha t i n c e n t i v e con

s t r a i n t s always b i n d , we may so lve (lh) i m p l i c i t l y f o r L-^(s) as a f unc t i on o f 

w-^(s), W2(s) , and R(s) $ j ( - ) (wi th an obvious abb rev ia t i on of n o t a t i o n ) . 

L e t t i n g 



L j U ) = L [ w 1 ( s ) , w 2 ( s ) , R ( s ) $ J ( ) ] , 

i t i s easy to show tha t 

31^ (3 ) - L 1 ( s ) U , U 1 ( s ) L 1 ( s ) + R ( s ) * ] 

9 w l ( s ) T v 1 ( s ) U ' U 1 ( s ) L 1 ( s ) + R ( s ) $ J ] + ( t . 2 V ' [ L 1 ( s ) ] 

Since L x ( s ) < argmax ( U [ T T 1 ( S ) L 1 ( S ) + R ( s ) <fr j ( )] + <}>2V [L-^s ) 1} (see F igure l ) 

the denominator of t h i s express ion i s p o s i t i v e . Thus L-^(s) and w-^(s) move i n 

oppos i te d i r e c t i o n s , c e t e r i s p a r i b u s , or put o therw ise , i f w 2 ( l ) = w 2 (2) and 

W l ( l ) > w x ( 2 ) , then L x ( l ) < 1^(2) . 

Now cons ider the d e r i v a t i v e of L( ) w i th respect to w 2 ( s ) . Again 

one e a s i l y de r i ves 

B L j U ) L 2 ( s ) U ' U 2 ( s ) L 2 ( s ) + R ( g ) $ j l  

3 W 2 ( S ) " ^ ( s ) U ' [ W l ( s ) L 1 ( s ) + R ( s ) * J ] + * 2 V ' U ^ s ) ] ' 

so that Lj_ responds p o s i t i v e l y to changes i n w 2 w i th w-j_ he ld cons tan t . 

I t remains, t hen , t o cons ider the hours of young type 1 agen ts . 

But , by an envelope theorem argument, 

3 L 1 1 ( s ) - L 1 1 ( s ) U I [ T T 1 ( S ) L 1 1 ( S ) - $ 1 ] 

3 w l l ( s )

 1 T 1 ( S ) U - [ W 1 ( 8 ) L 1 1 ( B ) - « 1 ] + * 2 V [ L i ; l ( S ) ] 

3 L n ( s ) L 1 2 ( s ) U ' [ i r 2 ( s ) L 1 2 ( s ) - » 2 ] 

8 W 1 2 ( S ) 7 i 1 ( s ) U ' U 1 ( s ) L 1 1 ( s ) - 0 1 ] + 4 , 2 V ' i L 1 1 ( s ) ] 

Thus, hours of young type 1 workers respond i n q u a l i t a t i v e l y the same way to 

wage changes as do hours worked by o l d type 1 agen ts . There fo re , the examples 

of Sec t i on 3 d isp layed responses of type 1 hours to wages which are genera l i n 

na tu re . 
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I t i s harder to show that the aggregate behavior of wages and hours 

i s gene ra l l y of the nature obta ined i n examples 1 and 2. Th is i s because the 

response of hours worked by type 2 workers to own wage movements i s ambig

uous. S ince aggregate hours movements are j u s t s imple func t ions of i n d i v i d u a l 

movements i n hours worked, i t i s t y p i c a l l y not p o s s i b l e t o s ign the e f f e c t of 

changes i n it-̂  and irg on aggregate (per c a p i t a ) hou rs . Thus, the aggregate 

responses shown i n Sec t ion 3 should be taken as more example s p e c i f i c than are 

the i n d i v i d u a l responses to changes i n the r e a l wages observed i n tha t s e c 

t i o n . 

In s h o r t , t hen , the behavior d i sp layed by type 1 agents i n the 

examples i s qu i te g e n e r a l . Type 2 agents (and aggregate va lues) may behave i n 

any number of ways, but c l e a r l y the examples of Sec t i on 3 are not i n any way 

p a t h o l o g i c a l . In l i g h t of these f a c t s i t seems that t h i s c l a s s of models i s 

deserv ing of ser ious cons ide ra t i on as a genera l model of labor market be 

h a v i o r . 

V . Conc lus ions 

The ob jec t i ve of t h i s paper was to demonstrate that simple models 

w i th p r i v a t e in fo rmat ion could confront a broad range of observat ions on the 

c y c l i c a l behavior of labor markets, and to do so i n a way which was cons i s ten t 

w i th microeconomic evidence on labor supply behav io r . As Sec t i on I I I of the 

paper shows, t h i s i s qu i te easy t o do, and moreover, i t can be done us ing 

a r t i f i c i a l economies where the s p e c i f i c a t i o n of p re fe rences , as w e l l as the 

cho ices of a l l parameter v a l u e s , are governed e i t h e r by t ime s e r i e s obse rva 

t i o n s , or by e x i s t i n g e m p i r i c a l evidence on microeconomic behav io r . Moreover, 

as shown i n Sec t i on IV, the important fea tures of the examples which a r i s e due 

t o the presence of p r i va te in format ion are f a i r l y genera l i n these economies. 
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The prev ious s e c t i o n s , of c o u r s e , repor t only on attempts to gene

ra te " r e a l business c y c l e s " us ing adverse s e l e c t i o n models. More s p e c i f i c a l 

l y , the exe rc i se performed above i s a n a t u r a l ve rs i on f o r an economy w i th 

p r i v a t e in fo rmat ion of the exe rc i ses performed by Kydland and Presco t t (1982), 

Long and P losse r (1983), or King and P l o s s e r (I984) f o r compet i t i ve economies 

w i th ( e s s e n t i a l l y ) complete i n f o rma t i on . In p a r t i c u l a r , a l l of these e x e r 

c i s e s show that a p a r t i c u l a r set of models can confront observed bus iness 

c y c l e s on the bas i s of shocks which impinge on the product ion technology of an 

economy. We have shown here tha t p r i v a t e i n fo rma t ion models can do t h i s i n a 

manner which i s cons is ten t w i th mic ro-ev idence on labor supp ly , and wi thout 

r e l y i n g on the e m p i r i c a l l y quest ionab le i n te r tempora l s u b s t i t u t i o n hypothes is 

that unde r l i es r e a l t heo r i es of the c y c l e based on compet i t i ve e q u i l i b r i u m 

approaches. 

Th is i s not to suggest , of cou rse , that monetary f ac to r s are not 

impor tan t . In f a c t , i t i s qu i te easy t o i nco rpo ra te money i n t o the c l a s s of 

models at hand. Th is i s done i n Smith ( 1 9 8 4 , which shows tha t i n a s l i g h t l y 

a l t e r e d ve rs i on of the economies above, a subset of workers may choose to s i gn 

con t rac ts which set out p r e s p e c i f i e d nominal wage r a t e s . Th is i s the case 

even though f u l l y - i n d e x e d con t rac ts (paying the same expected r e a l wage) are 

a v a i l a b l e t o these agents . Then, g iven the presence of nominal c o n t r a c t s , i t 

i s shown that a P h i l l i p s curve can a r i s e due s o l e l y t o monetary f a c t o r s . 

Hence, these economies can generate e i t h e r r e a l or monetary business c y c l e s . 

F i n a l l y , i t i s na tu ra l to comment on some fea tu res not i nc luded i n 

the model at hand. F i r s t , no i ssues r e l a t e d to " p e r s i s t e n c e " have been 

t rea ted h e r e . This i s l a r g e l y f o r s i m p l i c i t y , as the model does, i n f a c t , 

con ta in mechanisms fo r generat ing p e r s i s t e n c e of d i s t u rbances . One i s s imply 

that shocks t o technology can be p e r s i s t e n t . This p o s s i b i l i t y was not i n -
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cluded i n our examples, as p = 1/2 ; s = 1, 2 , was one of our s p e c i f i c a t i o n s . 
s 

Moreover, such an assumption i s used to generate p e r s i s t e n c e i n compet i t i ve 

models, e . g . , Kydland and Presco t t (1982). A l s o , a second means of genera t ing 

p e r s i s t e n c e i s tha t w i th sav ing not r u l ed ou t , l a s t p e r i o d ' s savings gene ra l l y 

a f f e c t determinat ion of t h i s p e r i o d ' s hours f o r o l d agen ts . Th is was omi t ted 

i n the examples f o r s i m p l i c i t y of p r e s e n t a t i o n . 

A second fea tu re that i s omi t ted here i s ent ry i n t o and e x i t from 

the l abo r f o r c e . While ent ry and e x i t can be accommodated i n t o our mode l ,—^ 

i t i s not c l e a r that t h i s would add to the a n a l y s i s . In p a r t i c u l a r , the model 

accounts fo r the c y c l i c a l v a r i a b i l i t y of employment as i s , and micro-ev idence 

suggests that a l l o w i n g f o r entry and e x i t does not g rea t l y a f f e c t est imated 

earnings f u n c t i o n s , f o r i n s t a n c e . ' Hence, f o r a f i r s t attempt at empi r 

i c a l l y implementing a model w i th p r i v a t e i n f o r m a t i o n , i t does not seem un rea 

sonable to abs t rac t from entry and e x i t . 

In c l o s i n g , i t seems appropr ia te t o r e l a t e the model ing s t ra tegy 

employed here t o some other s t r a t e g i e s employed i n macroeconomic t heo ry . 

F i r s t , our a n a l y s i s employs a model of an imper fec t l y compet i t i ve labor market 

i n which f i rms c a l l out p r i c e - q u a n t i t y p a i r s f o r p o t e n t i a l employees, ra ther 

than j u s t p r i c e s . Hence, the approach here i s s i m i l a r i n s p i r i t to tha t of 

Hart (1982), who develops a "Keynes ian" model based on an imper fec t l y compet i 

t i v e l abo r market. Second, our approach views f i rms as s e t t i n g the hours 

l e v e l s of employees. In t h i s respect the model i s s i m i l a r t o t r a d i t i o n a l 

textbook models which view f i rms as s e t t i n g employment l e v e l s (w i th in c e r t a i n 

l i m i t s ) . Thus the modeling s t ra tegy employed here , wh i le b u i l d i n g on more 

recent developments i n the theory of p r i v a t e i n f o r m a t i o n , i s not d rama t i ca l l y 

d i f f e r e n t i n s p i r i t from more t r a d i t i o n a l approaches i n macroeconomics. 
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Footnotes 

- i / Th i s l i t e r a t u r e i s f a r too l a rge to permit an exhaust ive l i s t of 

e f f o r t s here . Hart (1983) prov ides a va luab le survey and an ex tens ive r e f e r 

ence l i s t on the t o p i c . 

—^See i n p a r t i c u l a r R o t h s c h i l d and S t i g l i t z (1976) and Wi lson 

(1977). 

I /See Presco t t (1983), Tables 2 and 3 . 

—/Lucas and Rapping (1969) produce est imates wh ich , when converted 

i n t o raw l e v e l s , g ive an e l a s t i c i t y of aggregate hours worked wi th respect to 

r e a l wage ra tes of 2 .12 . See Ho tz , Kyd land, and Sedlacek (1982) f o r t h i s 

c a l c u l a t i o n . See a l s o Ashen fe l te r (1983) and Presco t t (1983) f o r f u r t he r 

evidence on t h i s p o i n t . 

I /See below. 

—^See L i l i e n (1982), e s p e c i a l l y page 779. 

I / S e e , e . g . , Reder (1962) or Freeman (1973) . 

—^For th ree expos i t i ons of t h i s argument see Dunlop, Keynes (1964), 

and Solow ( I98O). 

—/Again an exhaust ive l i s t of the evidence would be extremely l o n g . 

A good survey i s conta ined i n Ashen fe l te r (1983), who a l s o prov ides r e f e r 

ences . 

- i2 /see Presco t t and Townsend (l98*+a,b) f o r a d e s c r i p t i o n of the r o l e 

of such l o t t e r i e s i n models w i th p r i v a t e l y informed agents . 

•ii-^As w i l l be c l e a r s h o r t l y , sav ings a l s o depend on fu tu re wage 

d i s t r i b u t i o n s . This i s subsumed i n our n o t a t i o n . 

i i / T h e reason why <t̂ ( ) and Ljj_ are not thought of as s imul taneous ly 

determined i s tha t workers choose the $^( ), wh i le the L-^ are set by f i rms 

(see be low) . 
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— ' L a s t p e r i o d ' s i d e n t i f i e d type i s a s u f f i c i e n t s t a t i s t i c f o r hours 

worked and s a v i n g s . I t should be noted that the assumption of observable 

p o r t f o l i o s i s i n e s s e n t i a l to any r e s u l t s and serves only t o economize on 

n o t a t i o n . 

-i^t/l am g r a t e f u l t o Ron Michener f o r p r o v i d i n g t h i s i n t e r p r e t a t i o n . 

- i ^ / l h e fac t that f o r o ld workers l a s t p e r i o d ' s type i s an observab le 

a t t r i b u t e a l s o makes the a n a l y s i s s i m i l a r to that c a r r i e d out by Hoy ( 1 9 8 2 ) . 

-i^The same end r e s u l t cou ld be accompl ished by choosing va lues f o r 

the d iscount ra tes ($^) such that i n e q u i l i b r i u m $^ = 0 , 1 = 1 , 2 . To avo id 

the c a l c u l a t i o n s i n v o l v e d , we make the s imp le r assumption i n the t e x t . 

17 / 

—!-'A formal argument to t h i s e f f e c t appears i n Sec t i on IV below fo r 

the genera l case which permi ts nonzero s a v i n g s . 

— ^ e e Hotz, Kydland, and Sedlacek ( 1 9 8 2 ) . 

- i 2 /P resco t t ( 1 9 8 3 ) . 

— 'Economic Report of the Pres ident ( 1 9 8 1 ) , p. 273. 

2 1 / 

— ' T y p e 1 agents p r e f e r the negat ive t o the p o s i t i v e r o o t . 

22 / 

— ' B y equ iva len t here we mean " l ead t o the same e q u i l i b r i u m v a l u e s . " 

2 3 / s 

ee Judd (1983) f o r a s i m i l a r adverse s e l e c t i o n model w i th en t ry 

and e x i t . 

ShJsee Hausman and Wise ( 1 9 7 9 ) . 
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