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Men are i n v o l u n t a r i l y unemployed i f , i n the event of a 
smal l r i s e i n the p r i c e o f wage-goods r e l a t i v e l y to the 
money-wage, both the aggregate supply of labour w i l l i n g 
to work f o r the cur rent money-wage and the aggregate 
demand fo r i t a t tha t wage would be g rea te r than the 
e x i s t i n g volume o f employment. 

-John Maynard Keynes 
(1936, p. 15) 

Abs t rac t 

A model o f a l abor market i s developed i n which agents possess 

p r i v a t e in format ion about t h e i r marginal p roduc ts . As a r e s u l t , i n vo l un ta r y 

unemployment may a r i s e as a consequence o f attempts by f i rms to c rea te appro­

p r i a t e s e l f - s e l e c t i o n i n c e n t i v e s . Moreover, employment l o t t e r i e s may a r i s e 

f o r the same reason desp i te the f a c t t h a t , i n e q u i l i b r i u m , there i s no uncer ­

t a i n t y i n the model. When employment i s random, t h i s i s both p r i v a t e l y and 

s o c i a l l y d e s i r a b l e . F i n a l l y , i t i s shown tha t the unemployment t ha t a r i s e s i s 

c o n s i s t e n t w i th (a) p r o - c y c l i c a l aggregate r e a l wages and p r o d u c t i v i t y , (b) 

employment tha t f l u c t u a t e s (at i n d i v i d u a l and aggregate l e v e l s ) much more than 

r e a l wages. 



The t r a d i t i o n a l not ion o f ( i nvo lun ta ry ) unemployment i n macroeconom­

i c s i s the one suggested by Keynes (quoted above) . In standard macro t h e o r y , 

t h i s has been taken to mean tha t the l e v e l o f employment (o f some agents) i s 

determined by f i rm behav io r , w i th the pre ferences of ( p a r t i a l l y ) unemployed 

agents p l ay i ng no r o l e i n hours determinat ion.—' ' In p r a c t i c e , however, a t ­

tempts to cons t ruc t a genera l e q u i l i b r i u m foundat ion f o r t h i s no t ion o f u n ­

employment have been both t h e o r e t i c a l l y and e m p i r i c a l l y u n s u c c e s s f u l . In 

p a r t i c u l a r , i t has proven d i f f i c u l t to cons t ruc t t heo r i es i n which f i rms se t 

employment l e v e l s c o n s i s t e n t w i th the f a c t s t h a t : 

1) Average 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 . 

2) At an aggregate l e v e l , r e a l wages appear to be p r o c y c l i c a l ( P r e s c o t t , 

e t . a l . , (1983)) . 

3) Over the c y c l e , hours vary much more than p r o d u c t i v i t y (Hodr ick and 

Presco t t (1981)) . 

In a d d i t i o n , many have argued that employment and unemployment seem too 

"weakly c o r r e l a t e d " w i th r e a l wages to be c o n s i s t e n t w i th t heo r i es o f u n ­

employment o f fe red thus f a r . 

Th is paper i s an attempt to cons t ruc t a simple gene ra l e q u i l i b r i u m 

model of "Keynesian unemployment" i n which hours o f c e r t a i n i n d i v i d u a l s can 

f l u c t u a t e wide ly at a constant (equ i l i b r i um) r e a l wage r a t e . Moreover, t h i s 

f l u c t u a t i o n w i l l be c o n s i s t e n t w i th the p r o c y c l i c a l nature o f the aggregate 

r e a l wage, and w i th the p r o c y c l i c a l nature of average p r o d u c t i v i t y . Thus, the 

paper puts f o r t h an e q u i l i b r i u m model o f unemployment i n which observed c y c l i ­

c a l behavior i s not anomalous. 

Moreover, i t w i l l be argued tha t the unemployment which a r i s e s i n 

t h i s model i s " i n v o l u n t a r y " accord ing to the standard Keynesian d e f i n i t i o n . 
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Other e q u i l i b r i u m models o f unemployment cannot make t h i s c l a i m . In p a r t i c u ­

l a r , there appear to be two other extant models which are capable of endoge-

nously generat ing unemployment o f l a b o r . These are search and i m p l i c i t c o n ­

t r a c t i n g models. I t i s gene ra l l y conceeded tha t search t h e o r e t i c s e t t i n g s 

w i l l not confront the not ion o f " i n v o l u n t a r y " unemployment. I t i s a l s o t y p i ­

c a l l y granted tha t t h i s not ion cannot be conf ronted i n standard i m p l i c i t 

c o n t r a c t i n g models. 

The context i n which our r e s u l t s are der ived i s as f o l l o w s . A model 

o f a l abo r market i s presented i n which f i rms 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 consumption good. Workers i n the 

model are heterogeneous, va ry ing i n t h e i r (marginal ) p r o d u c t i v i t i e s i n p roduc­

t i o n , and i n t h e i r p re fe rences over consumpt ion - le i su re bund les . However, any 

worker 's p r o d u c t i v i t y i s p r i v a t e i n f o r m a t i o n , and not d i r e c t l y obse rvab le . 

Then f i rms compete f o r workers ' s e r v i c e s by o f f e r i n g con t rac t s which induce 

agents o f d i f f e r e n t p r o d u c t i v i t i e s to s e l f - s e l e c t by the type o f con t rac t 

accepted. 

In order to induce t h i s s e l f - s e l e c t i o n , f i rms might use con t rac ts 

which r e s u l t i n the unemployment (underemployment) of c e r t a i n se ts o f workers . 

I t w i l l be argued tha t t h i s unemployment i s i n v o l u n t a r y , in the Keynesian 

sense. However, t ak i ng one step beyond t h i s , i t i s a l s o shown tha t f i rms may 

wish to o f f e r con t rac ts which c o n s i s t of l o t t e r i e s over var ious employment 

l e v e l s . These l o t t e r i e s are used to induce s e l f - s e l e c t i o n o f workers by type 

o f con t rac t s e l e c t e d , and a l s o may r e s u l t i n some subset o f workers being 

unemployed (underemployed) cont ingent on p a r t i c u l a r outcomes o f the l o t t e r y . 

I t w i l l be noted, t hen , t ha t f i rms may o f f e r employment l o t t e r i e s 

even though there i s no randomness i n techno logy , p re fe rences , endowments, 

p o p u l a t i o n , government p o l i c y , e t c . Th i s h i g h l i g h t s the f a c t t ha t an adverse 
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s e l e c t i o n problem i n labor markets i s , by i t s e l f , s u f f i c i e n t to g ive r i s e t o 

i nvo lun ta ry unemployment, and to employment f l u c t u a t i o n s that are un re la ted to 

any v a r i a t i o n s of unde r l y i ng parameters i n the model. I t w i l l a l s o be seen 

tha t t h i s permi ts the model w i th adverse s e l e c t i o n to conf ront the apparent ly 

anamolous observa t ions l i s t e d above. 

I t i s i n t e r e s t i n g to con t ras t t h i s r e s u l t w i th some other s t rands o f 

l i t e r a t u r e . F i r s t , i t w i l l be noted tha t t h i s approach g ives r i s e t o what 

Cass and S h e l l (1983) r e f e r to as "sunspot e q u i l i b r i a , " i . e . , e q u i l i b r i a i n 

which randomness i n e q u i l i b r i u m a l l o c a t i o n s i s not a t t r i b u t a b l e t o randomness 

i n parameters o f the economy. Second, i t i s u s e f u l to c o n t r a s t t h i s adverse 

s e l e c t i o n s e t t i n g w i th those a r i s i n g i n the l i t e r a t u r e on i m p l i c i t c o n t r a c t s 

( p o s s i b l y w i th asymmetric i n f o rma t i on ) . In the i m p l i c i t c o n t r a c t i n g l i t e r a ­

t u r e , f i rms seek t o i nsu re workers aga ins t f l u c t u a t i o n s i n parameters o f the 

economy which might be (from the po in t o f view o f workers) unobservable (Hart 

(1983))• In c o n t r a s t , i n the model presented he re , f i rms may wish to i n t r o ­

duce ( a d d i t i o n a l ) randomness in to workers ' income streams i n order to induce 

s e l f - s e l e c t i o n . Hence, f i r m mot iva t ions here are qu i te d i f f e r e n t from those 

i n the i m p l i c i t c o n t r a c t i n g l i t e r a t u r e . Moreover, i t w i l l be seen tha t when 

nondegenerate employment l o t t e r i e s are used by f i rms i n e q u i l i b r i u m , these are 

p r e f e r r e d by the workers a f f e c t e d to the best a v a i l a b l e c e r t a i n income st ream. 

Thus, t h i s i n j e c t i o n o f randomness by f i rms i s not on ly to each f i r m ' s advant ­

age when i t o c c u r s , but i s s o c i a l l y advantageous as w e l l . 

In the course o f e s t a b l i s h i n g the r e s u l t s d e s c r i b e d , two p o i n t s are 

made regard ing genera l adverse s e l e c t i o n economies. F i r s t , i t i s shown tha t 

even when Nash e q u i l i b r i a e x i s t f o r these economies i n pure s t r a t e g i e s , the re 

may e x i s t Pareto dominat ing mixed s t ra tegy e q u i l i b r i a . Th i s appears not to 

2 / 
have been exp lored i n the contex t o f Nash e q u i l i b r i a i n these models.—' 
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Second, i t i s shown tha t some economies w i th no Nash e q u i l i b r i u m i n pure 

s t r a t e g i e s have a Nash e q u i l i b r i u m i n mixed s t r a t e g i e s . Th i s i s of some 

i n t e r e s t , because mixed s t r a t e g i e s do more than serve to p rov ide c o n v e x i f i c a -

t i o n of Nash reac t i on correspondences here. 

The format o f the paper i s as f o l l o w s . Sec t ion I sets out the 

model. Sec t i on I I de f ines a Nash equ i l i b rum fo r i t and desc r ibes some of i t s 

p r o p e r t i e s . Sec t ion I I I argues tha t unemployment i n t h i s economy i s i n v o l u n ­

t a r y i n Keynes' sense. Sec t i on IV desc r i bes mixed s t ra tegy e q u i l i b r i a , and 

p a r t i a l l y c h a r a c t e r i z e s when such e q u i l i b r i a w i l l a r i s e . I t i s a l s o shown 

tha t there e x i s t economies g i v i n g r i s e to unemployment i n which f i rms use 

nondegenerate employment l o t t e r i e s . Th is f a c t a l l ows us t o e x p l a i n a l l o f the 

anomalous observa t ions noted at the ou t se t . Sec t i on V i n d i c a t e s l i m i t a t i o n s 

on our a b i l i t y to c h a r a c t e r i z e the g e n e r a l i t y of the r e s u l t s ob ta ined . Sec ­

t i o n VI concludes by r e l a t i n g t h i s work to o ther attempts to generate unem­

ployment as a feature o f Nash e q u i l i b r i a i n imper fec t l y compet i t i ve l a b o r 

markets. 

I. The Model 

A . D e s c r i p t i o n 

In t h i s s e c t i o n , a d e s c r i p t i o n of the s imp les t p o s s i b l e economy of 

i n t e r e s t i s p rov ided . Th is a l l ows a s t ra igh t f o rwa rd p resen ta t i on o f arguments 

which a l s o hold f o r more genera l ve r s i ons of the model. 

Consider an economy i n which there are a f i x e d and f i n i t e number o f 

f i r m s , N, and a set o f workers who are d i v i ded i n t o two t y p e s , indexed by i = 

1, 2 - 2 / Firms enjoy e x c l u s i v e access to a technology f o r conve r t i ng l a b o r 

i n t o a s i n g l e produced consumption good, and workers are endowed w i th labor 

but are wi thout d i r e c t access to such a techno logy . 
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The technology f o r conve r t i ng l abo r i n t o t h i s consumption good i s as 

f o l l o w s . One u n i t o f type i l abo r can be used to produce u n i t s o f the 

consumption good. The ir^ are constants obeying ir^ > T ^ * and the va lues are 

assumed to be p u b l i c l y known. 

Let denote consumption by workers o f type i , and L^ denote hours 

worked by type i agents . Then the (common) p re ferences o f type i agents over 

nonnegative (C^ ,L^ ) p a i r s are denoted by U^: R + + R, where the p r o p e r t i e s o f 

Uj. are s tandard : 

( i ) \J± e C 2 

( i i ) D 1 U i ( C i , L i ) > 0 

( i i i ) D 2 U i ( C i , L i ) < 0 

( i v ) concave, 

(where Dj denotes the p a r t i a l d e r i v a t i v e of what f o l l ows w i t h respect to i t s 

j * * 1 argument). A l l agents have von Neuman-Morgenstern p r e f e r e n c e s , and each 

worker i s endowed w i th one u n i t of t ime to be d i v ided between labor and l e i ­

su re , and noth ing e l s e . 

In order to complete the d e s c r i p t i o n o f the economic environment, i t 

remains to descr ibe the nature o f i n f o r m a t i o n , and the s t ra tegy space o f 

f i r m s , which c a l l out se ts o f c o n t r a c t s to be accepted o r r e j e c t e d by workers . 

For purposes o f d e f i n i n g the s t ra tegy space, i t i s assumed tha t there i s a 

f i x e d set S o f random even ts , w i th t y p i c a l element s and #S f i n i t e . Below, we 

a l l ow f i rms to choose the p r o b a b i l i t y o f a p a r t i c u l a r event s o c c u r r i n g . An 

example of the type of s t ra tegy space cons ide red , then , i s that the only 

randomizing dev ices a v a i l a b l e i n an economy are c o i n s , but t ha t f i rms can use 

co ins w i th a r b i t r a r y p r o b a b i l i t i e s o f the event "heads . " 
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F i n a l l y , i t remains to desc r i be the nature of i n fo rmat ion i n t h i s 

economy. I t i s assumed that a worke r ' s type (marginal product) i s not d i ­

r e c t l y observable by f i r m s ; i . e . , the c o n t r i b u t i o n o f any i n d i v i d u a l t o a 

f i r m ' s output cannot be observed. (Each agent knows h i s own t ype . ) Thus, i f 

f i rms wish to be ab le to d i s c r i m i n a t e between agents o f d i f f e r e n t t y p e s , they 

must do t h i s by induc ing type 1 and 2 workers t o accept d i f f e r e n t c o n t r a c t s , 

which i n tu rn i nvo l ves having L-^(s) * I ^ s ) f o r some seS. Firms i n the model , 

t h e n , c a l l out con t rac ts o f fe red to type i agents which are merely sequences 

{ [ w ^ ( s ) , L ^ ( s ) ] } g £ g of wage-hours p a i r s o f f e red i n event s . F i rms a l s o o f f e r 

to use randomizing dev ices which r e s u l t i n event s occu r r i ng w i th p r o b a b i l i t y 

p ( s ) ; p ( s ) > 0 v S E S , and I p(s) = 1. 
S 

N f i r m s , then , c a l l out such c o n t r a c t s . S ince a l l type i agents 

have the same pre ferences over c o n t r a c t s , a l l agents o f type i accept the same 

c o n t r a c t . As p roduc t ion d i s p l a y s constant re tu rns to s c a l e , each f i r m accepts 

a l l comers at i t s o f fe red c o n t r a c t u a l te rms. There a r e , t h e n , two p o s s i b l e 

s t a tes of a f f a i r s . E i t h e r type 1 and 2 workers accept d i f f e r e n t con t rac t s 

( s e l f - s e l e c t i o n o c c u r s ) , or no t . I f s e l f - s e l e c t i o n does occu r , L-^(s) * L 2 ( s ) 

f o r some seS. 

Suppose tha t s e l f - s e l e c t i o n does occur . Then agents are d i s t i n ­

gu ishab le by t ype , agents of type i r ece i ve wage ra te w^(s) i n s t a te s , and 

f i r m p r o f i t s per type i agent employed i n s ta te s are 

where the consumption good i s chosen as the numeraire. On the other hand, i f 

a l l workers choose the same c o n t r a c t , agents ' types are not d i s t i n g u i s h a b l e . 

Then the marg ina l product of any agent s e l e c t i n g a con t rac t i s ( from the po in t 

o f view o f the f i rm) a random v a r i a b l e drawn from the popu la t i on d i s t r i b u t i o n 
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o f marg ina l p roduc ts . Let 9 be the f r a c t i o n o f the popu la t i on w i th i = 1, and 

l e t TT be mean popu la t ion p r o d u c t i v i t y : TT = STT^ + (i_6 In t h i s case , 

expected f i r m p r o f i t s per c a p i t a i n s t a te s would be 

[ 7 - v ( s ) ] L ( s ) , 

where w(s) and L (s ) are the (common) va lues of w i ( s ) and L i ( s ) . 

F i n a l l y , i t remains to say something about l o t t e r i e s . I t w i l l be 

r e c a l l e d tha t f i rms announce use of a randomizing dev ice which ass igns proba­

b i l i t y p(s) to event s . I t i s assumed tha t on ly f i rms know the randomiz ing 

dev ice a c t u a l l y used. Hence, i n e q u i l i b r i u m i t w i l l be necessary tha t f i rms 

not have an i n c e n t i v e to announce sequences { p ( s ) ) s e g but use a set o f l o t ­

t e r i e s w i th d ivergent t rue p r o b a b i l i t i e s f o r va r ious even ts . T h i s , i n t u r n , 

requ i res tha t w i ( s ) = n i v s i f s e l f - s e l e c t i o n o c c u r s , and w(s) = IT v S i f i t 

does n o t . 

B. S e l f - S e l e c t i o n 

We wish to cons t ruc t an environment i n which i t i s p o s s i b l e (at 

l e a s t i n p r i n c i p l e ) f o r f i rms to induce s e l f - s e l e c t i o n o f workers through the 

use o f pure s t r a t e g i e s a lone . The re fo re , we assume tha t 

(v) v (C,L) e [0 ,n 1 ] x [0,1] , 

9C 
3L 

3C 
3L 

dU =0 dU =0 
1 2 

Th is assumption imp l i es a c o r r e l a t i o n between p r o d u c t i v i t i e s and p re fe rences 

which can be e x p l o i t e d by f i rms to induce s e l f - s e l e c t i o n . In order to j u s t i f y 

the assumpt ion, one might t h ink o f a model o f home produc t ion g i v i n g r i s e t o 

i n d i r e c t u t i l i t y f unc t i ons U j_ (C ,L )J i / These u t i l i t y f unc t i ons a r i s e from 

unde r l y i ng pre ferences over goods which are s i m i l a r , but agents w i th d i f f e r e n t 
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p r o d u c t i v i t i e s i n the workplace a l s o have d i f f e r e n t p r o d u c t i v i t i e s at home. 

T y p i c a l l y , one would th ink o f p o s i t i v e c o r r e l a t i o n as be ing the most n a t u r a l 

case . Such c o r r e l a t i o n would e n t a i l 

(v) 
v v ; 3L 

> ^ 
3L 

dU =0 dU =0 
1 2 

but we w i l l cons ide r the genera l ve rs i on (v) i n what f o l l o w s . 

C. F i rm Behavior 

The behavior o f workers in t h i s economy i s qu i te s imp le : f i rms 

announce con t rac ts and each worker accepts the most p re fe r red con t rac t (or 

se t s L = 0 i f t h i s the best a l t e r n a t i v e ) . However, i t i s necessary to de­

s c r i b e i n more d e t a i l the game p layed by f i rms here . 

In order to do t h i s , i t i s e a s i e s t to begin w i th a ve rs i on o f the 

game i n which f i rms are r e s t r i c t e d to use pure s t r a t e g i e s ( i . e . , #S=1, o r 

the re are no randomizing dev ices a v a i l a b l e to f i r m s ) . Then f i rms compete f o r 

the s e r v i c e s o f workers by c a l l i n g out c o n t r a c t s {(w^,L^)}^_-^ 2 , which are 

s imply wage-hours p a i r s o f f e red to each worker. I f the announcement (w-^,L^) * 

( w 2 , L 2 ) f o r any f i r m , the f i r m hopes to induce s e l f - s e l e c t i o n . A Nash e q u i ­

l i b r i u m i n pure s t r a t e g i e s , t hen , i s s imply a set o f announcements by each 

f i r m such that no f i r m has an i n c e n t i v e t o c a l l out a d i f f e r e n t c o n t r a c t , 

g i ven the announcements o f o ther f i r m s . I t w i l l be noted tha t t h i s i s a 

simple labor market va r i an t o f the adverse s e l e c t i o n insurance game o f Roths­

c h i l d and S t i g l i t z (1976), and we f o l l o w them i n imposing an a d d i t i o n a l r e ­

s t r i c t i o n on announced wage-hours p a i r s ; each p a i r must earn nonnegat ive 

expected p r o f i t s g iven the workers accep t ing i t . 

The game when mixed s t r a t e g i e s are a l lowed (#S>l) i s s i m i l a r , but 

now f i rms merely announce s ta te - con t i ngen t wage-hours p a i r s { [w^(s) , 
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L ^ ( s ) ] } ^ = 1 2 » s e S > a n d p r o b a b i l i t i e s o f event s o c c u r i n g , t p ( s ) } s £ g . In o rder 

f o r f i r m s ' announcements to be i n c e n t i v e compat ib le , i t i s necessary that 

w^(s) = v s i f s e l f - s e l e c t i o n o c c u r s , and tha t w^(s) = n v s o the rw ise . 

A g a i n , we f o l l o w Ro thsch i l d and S t i g l i t z i n imposing tha t each wage-hours p a i r 

{ [ w ^ ( s ) , L ^ ( s ) ] } s £ g must a t l e a s t break even g iven the workers accep t ing i t . A 

Nash e q u i l i b r i u m i s then de f ined as above. 

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

A. E q u i l i b r i u m Cond i t i ons 

As i n d i c a t e d , a normal Nash e q u i l i b r i u m concept has been imposed, so 

that the game played by f i rms here i s c l o s e l y r e l a t e d to t ha t p layed by f i rms 

i n R o t h s c h i l d - S t i g l i t z (1976). The e q u i l i b r i u m concept employed has s e v e r a l 

consequences, which are d e t a i l e d here . 

F i r s t , i f s e l f - s e l e c t i o n o f agents i s to occu r , type 1 agents must 

(weakly) p re fe r the l o t t e r y { [w-^(s) , L j ( s ) ]} s £ g t o { [wg(s) ,Lg(s) ] } g e g , and 

s i m i l a r l y f o r type 2 agents . Second, i f s e l f - s e l e c t i o n does occu r , then 

[wg( s) ,1J2( S) ] must be maximal f o r type 2 agents over the set o f l o t t e r i e s 

c o n s i s t e n t w i th the f i rms employing them break ing even, and 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 . Otherwise, these agents cou ld be b i d away i n a p r o f i t a b l e 

fash ion by other f i r m s . S ince (as w i l l be proved below) c o n s i d e r a t i o n s o f 

s e l f - s e l e c t i o n a f f e c t on ly the o f f e r s [w-^(s) , L - L ( S ) ] , { [w2(s) . I ^Cs) ] }g £ g must 

be maximal fo r type 2 agents among the set o f ^ 2 , 1 ^ ) p a i r s which at l e a s t 

break even fo r each s . Thus, g iven tha t U^t ) i s concave, type 2 workers are 

o f f e r e d degenerate l o t t e r i e s i f s e l f - s e l e c t i o n occu rs . 

T h i r d , i f s e l f - s e l e c t i o n does occu r , type 1 agents must be o f f e r e d 

the maximal l o t t e r y f o r them c o n s i s t e n t w i th t h e i r employers a t l e a s t b reak ing 

even, and 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 . Otherwise, dev iant f i rms cou ld 
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a t t r a c t these workers i n a p r o f i t a b l e manner. Thus, { [w-L(s) ^ ( s ) , p ( s ) J} s e g 

w i l l be determined by t h i s c o n s i d e r a t i o n . 

F i n a l l y , i f s e l f - s e l e c t i o n does not o c c u r , a l l workers w i l l accept 

the same c o n t r a c t . As a l l workers have convex p re fe rences , there i s then no 

reason fo r randomizat ion (which serves only to induce s e l f - s e l e c t i o n ) . In 

such an (equ i l i b r i um) c o n f i g u r a t i o n , i t would obv ious ly be necessary to o f f e r 

type 1 workers the maximal break-even (w,L) p a i r f o r them g iven tha t a l l 

workers accept the same c o n t r a c t . Otherwise , o f cou rse , some f i r m cou ld 

a t t r a c t a l l type 1 workers a t the go ing wage, and thereby earn a p r o f i t . 

The cond i t i ons that an e q u i l i b r i u m must s a t i s f y , t h e n , which we may 

take as a d e f i n i t i o n , are as f o l l o w s . 

D e f i n i t i o n . A Nash e q u i l i b r i u m i s a mapping [w-j_(s) ,w 2 ( s ) . L ^ s ) , L 2 ( s ) ,p (s ) ] : 

S •»• * [0,1] s a t i s f y i n g 

(2.1) I p(s) U 1 [ W 1 ( 8 ) L 1 ( B ) , L 1 ( B ) ] > I p(s) U 1 [ w 2 ( s ) L 2 ( s ) , L 2 ( s ) ] 
S S 

(2.2) I p(s) U 2 [ w 2 ( s ) L 2 ( s ) , L 2 ( s ) ] > I p(s) U G [ v ^ s j k ^ s ) . L ^ s ) ] 

s s 
(2.3) w i ( s ) = TT1 v seS i f L 1 ( s ) * L 2 ( s ) f o r some s , w i ( s ) = 7 v seS i f 

L 1 ( s ) = L 2 ( s ) 

(2.It) p(s) and L ^ ( s ) ; seS maximize £ p(s) (v^ (s )L^ (s ) , L ^ ( s ) ] 
S 

sub jec t to ( 2 . 2 ) , ( 2 . 3 ) , and 

I p(s) = 1. 
S 

(2 .5) i f L 2 ( s ) * L-L(S) f o r some seS, then [C 2 ( s ) , L 2 ( s ) ] i s maximal f o r type 

2 agents over the se t { [C 2 ( s) , L 2 ( s) ] : C 2 ( s ) < T T 2 L 2 ( S ) } V seS. 

(2.6) There does not e x i s t an a l t e r n a t i v e mapping 



[v^Cs) , w 2 ( s ) , 1 ^ ( 3 ) , L 2 ( s ) ,p (s ) ] which 

a) a t t r a c t s any workers, and 

b) g iven the workers i t a t t r a c t s , earns nonnegat ive p r o f i t s . 

Cond i t i ons (2.1) and (2.2) are the i ncen t i ve c o m p a t i b i l i t y r e s t r i c t i o n s , 

cond i t i ons (2.1*) and (2.5) r e q u i r e t ha t the L^(s) and p(s) have the o p t i m a l i t y 

p r o p e r t i e s s ta ted above, (2.3) r equ i res zero p r o f i t s i n each s t a t e , and (2.6) 

i s the u s u a l Nash e q u i l i b r i u m c o n d i t i o n . 

Some remarks on t h i s d e f i n i t i o n are in o rde r . F i r s t , f o r the u s u a l 

reasons , the p r o v i s i o n o f employment insurance by t h i r d p a r t i e s has been r u l e d 

out here . Second, we have used the f a c t , proved as P r o p o s i t i o n 2 below, tha t 

( 2 . l ) never holds w i th e q u a l i t y i n any e q u i l i b r i u m wi th L-^(s) $ L 2 ( s ) . T h i r d , 

as i nd i ca ted above, t h i s e q u i l i b r i u m concept i s c l o s e l y r e l a t e d to that em­

ployed by Ro thsch i l d and S t i g l i t z (1976). As a l t e r n a t e e q u i l i b r i u m concepts 

f o r the economy a t hand have been proposed, t h i s cho ice o f e q u i l i b r i u m concept 

mer i t s f u r t h e r comment. 

In p a r t i c u l a r , two "problems" a r i s e w i th t h i s not ion of e q u i l i b r i u m : 

a Nash e q u i l i b r i u m need not e x i s t f o r a l a r g e se t o f economies i n the c l a s s a t 

hand, and moreover, even i f such an e q u i l i b r i u m e x i s t s , i t need not be Pareto 

o p t i m a l . The f i r s t problem i s o f ten reso l ved through use o f the e q u i l i b r i u m 

concept due to Wi lson (1977). Th i s concept could a l s o be adapted f o r use 

he re . Th is i s not done fo r the f o l l o w i n g reason. When a Nash e q u i l i b r i u m 

does e x i s t , i t i s a l s o a Wi lson e q u i l i b r i u m . The phenomena of maroeconomic 

i n t e r e s t , such as unemployment and the use o f employment l o t t e r i e s , a r i s e ( i n 

any meaningful sense) only i n the e q u i l i b r i a which are a l s o Nash e q u i l i b r i a . 

In sho r t , the Nash e q u i l i b r i u m concept i s s i m p l e r , and permi ts us to capture 

a l l the phenomena of i n t e r e s t here. 
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W i th r e g a r d t o t h e second p o i n t , a r r a n g e m e n t s w h i c h s u p p o r t P a r e t o 

o p t i m a l a l l o c a t i o n s t y p i c a l l y make i i s e o f s i d e payments between p l a y e r s . Nash 

game fo rms w h i c h wou ld s u p p o r t an opt imum i n s u c h c i r c u m s t a n c e s have y e t t o b e 

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

a l l o c a t i o n s , w h i c h wou ld s t i l l d i s p l a y " K e y n e s i a n " unemployment and t h e u s e o f 

employment l o t t e r i e s i n t he a l l o c a t i o n o f r e s o u r c e s . T h u s , t h e d i s c u s s i o n 

h e r e can be t a k e n a s a q u i t e g e n e r a l o n e . 

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

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

t o be a c c e p t e d o r r e j e c t e d by w o r k e r s . T h i s i s g e n e r a l l y i n k e e p i n g w i t h 

t r a d i t i o n a l K e y n e s i a n a p p r o a c h e s t o m a c r o e c o n o m i c s , a n d we w i l l have more t o 

s a y on t h i s p o i n t b e l o w . 

I t r e m a i n s t o d e f i n e some t e r m s w h i c h w i l l be employed b e l o w . We 

r e f e r t o an e q u i l i b r i u m i n w h i c h #S = 1 ( i . e , i n w h i c h f i r m s a r e assumed n o t 

t o have a c c e s s t o r a n d o m i z i n g d e v i c e s ) a s a n o n s t o c h a s t i c e q u i l i b r i u m . We 

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

e q u i l i b r i a . 

B . P r o p e r t i e s o f E q u i l i b r i u m 

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

w i l l be f a m i l i a r f r om R o t h s c h i l d and S t i g l i t z ( 1 9 7 6 ) , M i y a z a k i ( 1 9 7 7 ) , a n d 

Spence ( 1 9 7 8 ) . These a r e t h a t (a) i n any e q u i l i b r i u m , s e l f - s e l e c t i o n o c c u r s , 

(b ) t y p e 1 a g e n t s a l w a y s s t r i c t l y p r e f e r t h e i r e q u i l i b r i u m a l l o c a t i o n t o t h a t 

s e l e c t e d by t y p e 2 a g e n t s , and ( c ) t h a t an e q u i l i b r i u m a l l o c a t i o n can be 

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

t h e i n t e r e s t e d r e a d e r , p r o o f s o f (a) and (b) a r e p r o v i d e d i n t h i s s e c t i o n . 

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

r e s u l t s t o what f o l l o w s . 
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The f i r s t such r e s u l t i s t h a t , i n e q u i l i b r i u m , there i s no u n c e r ­

t a i n t y regard ing agen ts ' t ypes . T h i s i s 

P r o p o s i t i o n 1. S e l f - s e l e c t i o n occurs i n any e q u i l i b r i u m . 

P roo f : Suppose to the cont ra ry that a l l agents s e l e c t the same c o n t r a c t . 

Then, w-^(s) = w 2 ( s ) = TT V s , and s i n c e pre ferences are convex, there i s no 

need fo r f i rms to employ l o t t e r i e s . Then l e t w = TT and L be the common (non-

random) wage and hours v a l u e s . S ince t h i s i s an e q u i l i b r i u m , by c o n d i t i o n 

(2.6) there i s no p a i r (w-^,L^) p r e f e r r e d by type 1 agents and which r e s u l t s i n 

nonnegat ive p r o f i t s f o r some f i r m . In p a r t i c u l a r , t he re i s no p a i r o f " s m a l l " 

numbers e and 6 such that (tt+e,L+5) > U ^ ( T T L , L ) , and such that f i rms earn 

nonnegat ive p r o f i t s by o f f e r i n g e a d d i t i o n a l u n i t s o f the good i n exchange fo r 

6 a d d i t i o n a l u n i t s o f l a b o r . However, suppose t h a t e , 5 > 0 , t ha t 

ac 
3L 

e 3C 
< 1 < 3L 

U , cons tant U_ constant 
1 "2 

(C,L) = ( i rL.L) ( C , L ) = (TTL ,L ) 

and tha t some f i r m o f f e r s e u n i t s o f a d d i t i o n a l consumption i n exchange f o r 5 

u n i t s o f a d d i t i o n a l l abo r . I t i s r e a d i l y v e r i f i e d that type 1 workers accept 

any such o f f e r , and tha t type 2 workers do not . S ince any f i rm making such an 

o f f e r a t t r a c t s only type 1 workers , f o r any s u f f i c i e n t l y sma l l e and 6 i t must 

earn p o s i t i v e p r o f i t s . Thus, there e x i s t s an a l t e r n a t e wage-hours p a i r which 

r e s u l t s i n inc reases i n type 1 u t i l i t y , and p r o f i t s f o r some f i r m , c o n t r a d i c t ­

i ng the i n i t i a l hypo thes i s . An i d e n t i c a l argument w i th e , 6 < 0 a p p l i e s i f 

3C 
3L 3L 

U , constant U_ cons tant 
1 " 2 

( C , L ) = (TTL .L ) ( C , L ) = ( T I L , L ) 

The r e s u l t i n g c o n t r a d i c t i o n e s t a b l i s h e s the p r o p o s i t i o n . 
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The second r e s u l t i s most e a s i l y expos i ted by cons ide r i ng a non-

s t o c h a s t i c e q u i l i b r i u m . By i m p l i c a t i o n , t hen , i t must a l s o be t r u e fo r a 

s t o c h a s t i c e q u i l i b r i u m , s i nce f i rms always have the op t ion o f o f f e r i n g degen­

e ra te l o t t e r i e s . Th i s r e s u l t i s 

P r o p o s i t i o n 2. In a nons tochas t i c e q u i l i b r i u m , i f one e x i s t s , 

U l ^ 7 r l L l ' L l ^ > u i ( i r 2 L 2 ' L 2 ^ * 

P r o o f : Let L?(TT) = argmax { U ^ T T L J L ) } . Then obv ious ly U j L j K i ^ ) , L * ( n 1 ) ] > 

U l ' 1 T 2 L * ^ 1 T 2 ^ ' I ' 2 ^ 7 T 2 ^ * S ince L * ^ 1 I 2 ^ m s t h e t h e e ( 3 u i l i b r i u m va lue o f L 2 ( in 

l i g h t of P r o p o s i t i o n l ) , c l e a r l y U 1 ( i r 1 L 1 , L 1 ) = U^ iTgLg.Lg) i n e q u i l i b r i u m on ly 

i f (2.2) holds w i th e q u a l i t y . But then suppose an e q u i l i b r i u m cou ld e x i s t 

w i th U ^ ( T T ^ L ^ , L - ^ ) = U ^ i T g T ^ j L g ) ' Th is (as we have argued) requ i res tha t 

l ^ C i f i ^ j L ^ ) = U 2 ^ 1 T 2 L 2 ' L 2 ^ n ° l d s imu l taneous ly . We show tha t t h i s r e s u l t s i n a 

c o n t r a d i c t i o n , f o r suppose some f i rm o f f e r s a l l i t s employees ( regard less o f 

type) the (C,L) p a i r 

(C,L) = [Xw L + ( 1 - X ) T T 2 L 2 , A L 1 + ( 1 - X ) L 2 ] ; X e ( 0 , l ) . 

Then, by choosing 

X T I 1 L 1 + ( l - A ) w g L g 
W i = + ( 1 - A ) L 2 > 1 = 2 ' 

which i s the i m p l i c i t wage assoc i a ted w i th ( C , L ) , and l e t t i n g X approach z e r o , 

we see tha t 

l i m w. = TT ; i = 1 , 2 . 
X+0 1 

There fo re , s ince w^ v a r i e s con t inuous ly w i th X , fo r X s u f f i c i e n t l y 

s m a l l , v = v i s a r b i t r a r i l y near TT p . But then some f i rm cou ld o f f e r the 
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s i n g l e con t rac t ( v , L ) f o r some X near z e r o , and i f t h i s a t t r a c t s a l l worke rs , 

earn p o s i t i v e p r o f i t s . But t h i s o f f e r w i l l a t t r a c t a l l workers , s ince by-

concav i t y o f the U^, 

U i [ X u L 1 + ( l - X ) T i 2 L 2 , A L 1 + ( l - X ) L ? , ] > U j f i r ^ J ^ ) = U^ iTgLg .Lg ) . 

However, t h i s c o n t r a d i c t s the assumption tha t the i n i t i a l va lues c o n s t i t u t e d 

an e q u i l i b r i u m , and e s t a b l i s h e s the p r o p o s i t i o n . 

The above p r o p o s i t i o n s a re important f o r two reasons . F i r s t , P ropo­

s i t i o n 1 e s t a b l i s h e s t h a t , i n e q u i l i b r i u m , a l l unce r t a i n t y regard ing workers ' 

types i s r e s o l v e d . In con junc t ion w i th the f a c t t ha t there i s no randomness 

a f f e c t i n g under l y ing parameters of the economy, t h i s imp l i es that noth ing i n 

the economic environment i s u n c e r t a i n i n e q u i l i b r i u m . This w i l l be u s e f u l t o 

keep i n mind i n what f o l l o w s . 

Second, together P r o p o s i t i o n s 1 and 2 permit a s imple c h a r a c t e r i z a ­

t i o n of e q u i l i b r i u m . In p a r t i c u l a r , s e l f - s e l e c t i o n c o n s i d e r a t i o n s a re never a 

f a c t o r i n determinat ion of the va lues L 2 ( s ) . Hence, concav i t y of U 2( ) 

imp l i es tha t L 2 w i l l not be random and t h e r e f o r e , i n e q u i l i b r i u m , L 2 = L* = 

L* (TT 2 ) = argmax { U 2 ( I T 2 L 2 , L 2 ) } . ( ( w 2 , L 2 ) must be maximal f o r type 2 agents 

among the set of ( w 2 , L 2 ) p a i r s which a t l e a s t break even, and w 2 = ff2«) 

There fo re , the on ly aspect of the problem which i s i n f l uenced by adverse 

s e l e c t i o n problems i s determinat ion of the va lues { [w-̂ ( s) ,L-^( s) ,p (s ) ] } g e g . As 

we know s e l f - s e l e c t i o n always o c c u r s , and s ince w-^(s) = v s i n e q u i l i b r i u m , 

L^ (s ) and p(s) must be chosen t o maximize expected type 1 u t i l i t y subject to 

s e l f - s e l e c t i o n being i n c e n t i v e compa t ib le , w-^(s) = i j v s , and an absence o f 

s i de payments between agents . 

F i n a l l y , when w i l l an e q u i l i b r i u m not e x i s t here? We know tha t the 

best poo l i ng con t rac t can always be dominated by a dev iant f i r m , so tha t no 
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poo l i ng e q u i l i b r i u m e x i s t s . S i m i l a r l y , i f the best arrangement 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 can be dominated by a deviant f i r m , no e q u i l i b r i u m w i l l 

e x i s t . But o b v i o u s l y , t a k i n g the a c t i o n s o f o ther f i rms as g i v e n , the " b e s t " 

con t rac t c o n s i s t e n t wi th s e l f - s e l e c t i o n can be dominated only by a poo l i ng 

con t rac t (one which a t t r a c t s a l l workers ) . Thus, a Nash e q u i l i b r i u m must 

e x i s t i f we can compute the con t rac t s which are c o n s i s t e n t w i th s e l f - s e l e c t i o n 

( i . e . , which leave no rent o p p o r t u n i t i e s to any f i rms o f f e r i n g c o n t r a c t s which 

induce s e l f - s e l e c t i o n ) , which break even i n d i v i d u a l l y ( i n keeping w i th the 

R o t h s c h i l d - S t i g l i t z (1976) conven t i on ) , and i f there a re no p o o l i n g c o n t r a c t s 

which a t t r a c t type 1 ( a l l ) agents . 

In l i g h t o f these arguments, i t i s c l e a r that an e q u i l i b r i u m has L 2 

= LjJ, w i = i r i ; i = 1, 2 , and va lues { [ L 1 ( s ) , p ( s ) ]}ses which s o l v e d / 

(2 .7) max £ p (s ) U n U - L 1 ( s ) , L 1 ( s ) ] 
L 1 ( s ) e [ 0 , l ] S 1 1 1 1 

p ( s ) e [ 0 , l ] 

sub jec t t o 

(2.8) E U 2 [ 1 r 1 L 1 ( s ) , L 1 ( s ) ] < U 2 [ T ^ L * , ! , * ] 

(2.9) EU X [ i r ^ s ) , L 1 ( s ) ] > ^ [ i r 2 L»,L»] 

(2.10) E U 1 [ i r 1 L 1 ( s ) , L 1 ( s ) ] > [max 1^(71^,1^)] 
{Lj} 

(2.11) I p(s) = 1. 
S 

I f t h i s problem has no s o l u t i o n , then no Nash e q u i l i b r i u m e x i s t s . S i m i l a r l y , 

a nons tochas t i c e q u i l i b r i u m has L 2 = L * , w^ = ir^, i = 1, 2 , and L j a s o l u t i o n 

to 

(2.12) max U. (ir L . , L n ) sub jec t to 
0<L„<1 
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( 2 . 1 3 ) U2(ttILI »JJI > < U 2 ( T 2 L * , L » ) 

(2.1k) U, (ir,L, , L . ) > max U_ (7L. , L , ) 1 1 1 1 { } 1 1 1 

( 2 . 1 5 ) U ^ T ^ L * , ! * ) < U 1 ( T T 1 L 1 , L 1 ) . 

Given the a s s o c i a t i o n o f e q u i l i b r i a w i th s o l u t i o n s to these c o n ­

s t r a i n e d op t im i za t i on problems, i t i s now easy t o see tha t nonex is tence o f 

e q u i l i b r i u m i s not due, i n any conven t iona l sense, to nonconvex i t i es a s s o ­

c i a t e d w i th i n c e n t i v e c o m p a t i b i l i t y c o n s t r a i n t s . In p a r t i c u l a r , f i n d i n g 

e q u i l i b r i u m va lues i s equ iva len t to maximizing a cont inuous func t i on over a 

compact s e t . Thus, nonex is tence w i l l be due t o emptiness o f the se t s de f ined 

by ( 2 . 8 ) - ( 2 . 1 l ) o r ( 2 .13 ) - ( 2 .15 ) • Th i s w i l l be u s e f u l to r e c a l l when we show 

below that some economies have s t o c h a s t i c , but no nons tochas t i c e q u i l i b r i a . 

The use of mixed s t r a t e g i e s , t h e n , c l e a r l y d o c 3 more than j u s t permit a con-

v e x i f i c a t i o n o f Nash r e a c t i o n cor respondences. 

I I I . An E q u i l i b r i u m With "Keynes ian" Unemployment 

The main o b j e c t i v e o f the model o f Sec t ion I, and o f p r o v i d i n g the 

e q u i l i b r i u m no t ion o f Sec t ion I I i s t o produce an environment which g i v e s r i s e 

to unemployment which i s i nvo lun ta ry accord ing to Keynes' d e f i n i t i o n . In t h i s 

s e c t i o n , we demonstrate tha t the economy a t hand i s capable o f g i v i n g r i s e t o 

such unemployment. S ince fo r the purposes o f t h i s sec t i on i t i s s u f f i c i e n t to 

r e s t r i c t c o n s i d e r a t i o n to nons tochas t i c e q u i l i b r i a , we focus here on l y on t h i s 

case . 
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A . The Nature o f Quant i ty C o n s t r a i n t s 

To beg in , we may de f ine what i s meant by unemployment (underemploy­

ment) o f l a b o r . Let L* = L ^ K T K ) = a r g m a x { U i ( i r i L i , L i ) } . Then L* i s the " n o ­

t i o n a l supply o f l a b o r " o f type i agents a t the e q u i l i b r i u m r e a l wage, and we 

w i l l employ the f o l l o w i n g te rmino logy . 

D e f i n i t i o n . An unemployment e q u i l i b r i u m i s an e q u i l i b r i u m i n which L j ( s ) < 

L | f o r some i = 1, 2 , f o r some s e S which occurs w i t h p o s i t i v e p r o b a b i l i t y . 

Ana logous ly , a nons tochas t i c unemployment e q u i l i b r i u m i s one in which L^ < L | 

f o r some i . 

An e q u i l i b r i u m wi th unemployment o f labor i s dep ic ted i n F igure 1. 

In t h i s f i g u r e , 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 c u r v e s , and the 

rays C = TT^L are the zero p r o f i t l o c i . Po in t A i s the e q u i l i b r i u m p o s i t i o n 

f o r type 2 agen ts , which i s merely the op t ima l (C,L) p a i r f o r these agents 

among those fo r which t h e i r employers "break e v e n . " Po in t B i s the e q u i l i b ­

rium p o s i t i o n f o r type 1 agents . I t i s the maximal (C,L) p a i r f o r them among 

the set of p a i r s tha t break even fo r t h e i r employers, and tha t are not p r e ­

f e r red to po i n t A by type 2 agents ( i . e . , which are c o n s i s t e n t wi th s e l f -

s e l e c t i o n ) . I t w i l l be noted that the e q u i l i b r i u m va lue of L-̂  i s l e s s than 

L* , which i n d i c a t e s tha t t h i s i s an e q u i l i b r i u m wi th unemployment, as 

claimed.—'' 

S e v e r a l po in ts should be noted about t h i s e q u i l i b r i u m . F i r s t , (so 

long as parameters are such 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 b ind) the hours 

worked by type 1 agen ts , who are unemployed, are determined on ly by the i n t e r ­

sec t i on o f Ug wi th the zero p r o f i t locus C = TT-^L. Thus, p re fe rences o f u n ­

employed agents p lay no r o l e i n de termina t ion o f t h e i r hours . (Moreover, t h i s 

i s t rue desp i te the f a c t tha t r e a l wages here a re a t t h e i r compe t i t i ve e q u i ­

l i b r i u m l e v e l s . ) 
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Second, i t w i l l be noted tha t i t i s workers with h igh marg ina l 

products who are unemployed here. T h i s i s a feature o f any nons tochas t i c 

e q u i l i b r i u m wi th unemployment, and occurs because on ly the hours o f type 1 

workers need be cons t ra ined in order to induce s e l f - s e l e c t i o n . I t may seem 

tha t t h i s i m p l i c a t i o n o f the model i s c o u n t e r f a c t u a l . However, two remarks 

should be made a t t h i s p o i n t . F i r s t , t h i s i s an a r t i f a c t of c o n s i d e r i n g only 

pure s t r a t e g i e s i n a s t a t i c s e t t i n g . Smith (1983) shows i n dynamic s e t t i n g s 

w i t h f i rms us ing l o t t e r i e s i n e q u i l i b r i u m tha t economies otherwise i d e n t i c a l 

to those d iscussed here can g i ve r i s e to unemployment among both se ts o f 

workers. Thus, too much should not be made o f t h i s feature o f the model. 

Even s o , however, the arrangement dep ic ted i n F igure 1 i s not e n ­

t i r e l y a t var iance w i th postwar U.S. exper ience. In order to see t h i s , con­

s i d e r the breakdown o f data on average hours and average hour l y earn ings 

prov ided by the Economic Report of the P res iden t (1981, p. 273) . Exc lud ing 

a g r i c u l t u r a l workers and workers i n wholesa le and r e t a i l t r a d e s , we a re l e f t 

w i th product ion workers d i v i ded in to two groups; manufactur ing and c o n s t r u c ­

t i o n . Workers i n manufactur ing t y p i c a l l y earn 75 t o 80 percen t o f the average 

hour l y earnings o f cons t ruc t i on workers. In a d d i t i o n , the l a r g e s t value f o r 

average weekly hours i n c o n s t r u c t i o n i n the postwar p e r i o d i s 38.9« The 

sma l l es t such va lue i n manufactur ing i s 39*1• Thus, t h i s c h a r a c t e r i s t i c o f an 

unemployment e q u i l i b r i u m , tha t workers wi th h igh wages work r e l a t i v e l y few 

hou rs , i s b road ly cons i s ten t w i th U.S. da ta . 

I t i s the c a s e , t h e n , tha t very s imple ve r s i ons o f the model p r e ­

sented here d e l i v e r i m p l i c a t i o n s which are c o n s i s t e n t w i th a c t u a l exper ience . 

We now tu rn to an examinat ion o f whether the unemployment which a r i s e s here i s 

"Keynes ian " i n na tu re . 
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B. Is Th is Unemployment Invo luntary? 

Accord ing t o Keynes (p. 289), there i s i nvo lun ta ry underemployment 

o f l abo r when " there are men unemployed [underemployed] who would be w i l l i n g 

to work [more] at l e s s than the e x i s t i n g r e a l wage." A s imple i n s p e c t i o n o f 

F igu re 1 makes ev ident tha t a t a r e a l wage equal t o tr^ - e, (e " s m a l l " ) , type 

1 workers would be w i l l i n g to work more than they do. Thus, t h i s Keynesian 

c r i t e r i o n i s met by unemployed workers. We now show tha t unemployment i n the 

model i s cons i s ten t w i th Keynes' d e f i n i t i o n based on aggregates presented a t 

the beg inn ing o f the paper . 

In order to do t h i s , i t must be shown tha t an a p p r o p r i a t e l y c o n ­

s t ruc ted reduc t ion i n the aggregate r e a l wage w i l l i nc rease t o t a l hours 

worked, and w i l l r e s u l t i n n o t i o n a l labor supply be ing g rea te r than the i n i ­

t i a l l e v e l o f employment. We now show tha t such a c o n s t r u c t i o n i s p o s s i b l e . . ! / 

I t w i l l be noted (from F igure l ) tha t i f Lj_ < L * , then 1^ i s d e t e r ­

mined by the i n t e r s e c t i o n o f the i n d i f f e r e n c e curve U^ wi th the zero p r o f i t 

l ocus C = ir^L. Thus, i n such a s i t u a t i o n , L-̂  so l ves 

(3.1) U 2 [ ( T r 1 - e ) L 1 , L 1 ] = U 2 ( i r 2 L « , L « ) , 

eva lua ted a t e = 0 , where the appearance o f e a l l ows us to perform the thought 

experiment o f reduc ing the r e a l wage o f type 1 agents . 

Now cons ide r the e f f e c t of i n c r e a s i n g e s l i g h t l y . C l e a r l y (again 

from F igure l ) t h i s w i l l not r e l a x the s e l f - s e l e c t i o n c o n s t r a i n t . Then the 

change i n L-̂  r e s u l t i n g from va ry ing e i s g i ven by (no t i ce from the f i g u r e tha t 

s i n c e TT2 i s unchanged, L 2 i s unchanged) 
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where the s ign o f t h i s d e r i v a t i v e i s unambiguous s ince (again see the f i g u r e ) 

< argmax{U2('T^L,Tj)}. Thus, s ince i s unchanged, an i nc rease i n e r a i s e s 

t o t a l employment. Moreover, s i nce s e l f - s e l e c t i o n c o n s t r a i n t s s t i l l b ind a f t e r 

the change i n w-^, i t i s the case that the n o t i o n a l labor supply o f type 1 

agents s t i l l exceeds hours worked. Thus, t h i s reduc t ion i n one o f the r e a l 

wages has the des i red e f f e c t on t o t a l employment. 

In o rder to complete the v e r i f i c a t i o n tha t our model i s c o n s i s t e n t 

w i t h Keynes' d e f i n i t i o n , we must check tha t t h i s r i s e i n e reduces the average 

per c a p i t a ( i . e . , aggregate) r e a l wage. To t h i s end , no t i ce tha t the agg re ­

gate (per c a p i t a ) r e a l wage i s g iven by 

6 L (1-6 )L 
( 3 ' 3 ) V = U h + ( l - 8 j l ^ ( V £ ) + U L l + ( l - 8 )L g 1V 

There fo re , 

" 9L, + (1-6 )L 2

 + {

[ 9 L i + ( l _ e ) L 2 , 2 1 IT 
e=0 

The s ign o f t h i s d e r i v a t i v e i s gene ra l l y ambiguous. However, i f the e f f e c t o f 

reduc ing w-̂  on i s not too l a r g e ( e . g . , i f i s r e l a t i v e l y steep a t po i n t B 

i n F igu re l ) , an i nc rease i n e w i l l produce the des i red e f f e c t on both t o t a l 

employment, and the aggregate r e a l wage r a t e . Thus, the model presented here 

can be cons t ruc ted i n a way which i s c o n s i s t e n t wi th the Keynesian no t i on o f 

unemployment.—'I 

IV. The D e s i r a b i l i t y o f Random Employment 

We have now produced a model which g i ves r i s e to Keynesian unemploy­

ment. Moreover, i n t h i s model f i rms do not s imply h i r e o f f o f a downward 

s l o p i n g demand schedule f o r l abo r . I t remains to show, however, tha t t h i s 

model i s 
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(a) c o n s i s t e n t with v a r i a t i o n s i n employment tha t appear t o have l i t t l e 

t o do w i th v a r i a t i o n s i n i n d i v i d u a l r e a l wages. 

(b) c o n s i s t e n t w i th observed p r o c y c l i c a l aggregate r e a l wage and produc­

t i v i t y movements. 

(c) c o n s i s t e n t wi th hours va ry ing more than average p r o d u c t i v i t y . 

In t h i s s e c t i o n , we show tha t our model i s c o n s i s t e n t wi th each o f these 

obse rva t i ons . Th i s i s i n s p i t e o f the fac t that there i s no under l y ing param­

eter v a r i a t i o n i n the model, so tha t our exp lana t ion w i l l a r i s e out of the 

f a c t t ha t , under a wide set o f c i r cums tances , f i rms w i l l use employment l o t ­

t e r i e s i n e q u i l i b r i u m . 

The format of t h i s sec t i on i s as f o l l o w s . We f i r s t prov ide s u f f i ­

c i e n t c o n d i t i o n s f o r f i rms t o use l o t t e r i e s i n e q u i l i b r i u m . I t i s then shown 

tha t these cond i t i ons are nonvacuous, i . e . , an economy i s produced f o r which 

they are s a t i s f i e d . I t i s then argued tha t the use o f such l o t t e r i e s permi ts 

our model to account f o r the three f a c t s mentioned above. F i n a l l y , we show 

that employment l o t t e r i e s can p lay a fo rmal r o l e i n pe rm i t t i ng e x i s t e n c e o f a 

Nash e q u i l i b r i u m . 

A . E q u i l i b r i u m Employment L o t t e r i e s 

There a r e , i n f a c t , a wide c l a s s of cases which g ive r i s e to the use 

o f employment l o t t e r i e s i n e q u i l i b r i u m . To see t h i s , we begin w i th the f o l ­

lowing p r o p o s i t i o n . 

P r o p o s i t i o n 3. Suppose type 1 pre ferences take the form U^(C,L) = C - <t>1L, 

wh i l e UVjC ) i s s t r i c t l y concave. Then ( i f a nons tochas t i c e q u i l i b r i u m e x i s t s 

and) i f L* * L-̂  > 0 i n a nons tochas t i c e q u i l i b r i u m , employment l o t t e r i e s w i l l 

a r i s e i f #S > 2. 
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Proo f . The cond i t i ons d e f i n i n g an e q u i l i b r i u m imply tha t a l l workers must be 

o f fe red the con t rac ts maximal f o r them which are c o n s i s t e n t w i th s e l f -

s e l e c t i o n , and w i th t h e i r employers a t l e a s t b reak ing even. This imp l i es t ha t 

L 2 ( s ) = L* v seS. Moreover, having 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 d e t e r ­

minat ion o f ( L ^ L * ) imp l i es tha t L-̂  obey UgCir-^L-^,Lj) = U* = U ^ U ^ L * , ! * ) . 

Now, g iven tha t a nons tochas t i c e q u i l i b r i u m e x i s t s , there e x i s t s a 

f e a s i b l e , i n cen t i ve compat ib le employment l o t t e r y { [p (s ) ,L (s) ] } w i th 
J. S E o 

£p(s )L^ (s ) = L-^, s i nce by s t r i c t concav i t y o f U 2 ( ) , 

( l u l ) I p (s ) U 2 [ i r 1 L 1 ( s ) , L 1 ( s ) ] < U g l ^ J p f s j L ^ s J J p f B j L j U ) ] = U * . 

The re fo re , there e x i s t s some a l t e r n a t e l o t t e r y { [ p ( s ) , L . ( s ) ] } _ s a t i s f y i n g 
J. S t o 

( I t .2) I p (s ) U 2 ( T r 1 L 1 ( s ) , L 1 ( s ) ] = U». 

F i n a l l y , i t i s easy t o v e r i f y that ( i f a nons tochas t i c e q u i l i b r i u m e x i s t s , and 

i f L-L * L*) D L U 2 ( ' i r 1 L 1 , L 1 ) > 0 h o l d s . There fo re , s i nce U 2 ( ) i s s t r i c t l y 
A A 

concave, (h.2) requ i res that I p ( s ) L 1 ( s ) > 1^. But then 
A A A A A 

lp(s) U L I » 1 L 1 ( B ) , L 1 ( B ) ] = ) I P ( S ) L 1 ( S ) > (TT 1 - ( ( ) ; L )L 1 = ^ ( n f a , 1 ^ ) . 

There fo re , i f #S > 2 , there e x i s t s an i n c e n t i v e compat ib le employment l o t t e r y 

which type 1 agents p r e f e r to the bes t i n c e n t i v e compat ib le c e r t a i n employment 

con t rac t which a t l e a s t breaks even fo r t h e i r employers. Hence, any e q u i l i b ­

r ium wi th #S > 2 w i l l d i s p l a y l o t t e r i e s . (Moreover, t h i s e q u i l i b r i u m w i l l 

e x i s t s ince a nons tochas t i c e q u i l i b r i u m e x i s t s by assumpt ion. ) 

I t remains to show, t h e n , t ha t P r o p o s i t i o n 3 i s nonvacuous, i . e . , 

tha t there e x i s t economies f o r which i t ho lds . Th is i s now demonstrated by 

p resen t ing an example with the f o l l o w i n g f e a t u r e s . The economy has p r e f e r ­

ences as s p e c i f i e d , and has a nons tochas t i c unemployment e q u i l i b r i u m . I t i s 

then demonstrated tha t randomizat ion o f employment over two s ta tes o f nature 
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r e s u l t s i n s t r i c t Pareto improvements. Thus, by i m p l i c a t i o n , i f 08 > 1 any 

e q u i l i b r i u m must d i s p l a y n o n t r i v i a l employment v a r i a t i o n ac ross s t a tes o f 

nature.-^/ 

Example 1. Pre ferences are g iven by U-^(C,L) = qC - L and UVJCCJL) = 4>C — 

( l / 2 ) (L+ l ) ^ , and parameter va lues a r e <J> = 2 , q = 2 / 3 , = 3 , fig = a n < * ^ = 

1/k. In e q u i l i b r i u m , L* = a rgmaxdJg t ^L .L ) } = 1. A l s o , 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 id not b ind i n de termina t ion o f L-^, would so lve 

max (q i ^ - l ) ! , . . , 
0<L1<1 

which r e s u l t s i n = 1. But c l e a r l y s ince w^ > w 2 , having TJ^ = Lj> cannot be 

c o n s i s t e n t w i th s e l f - s e l e c t i o n . Thus, i n c e n t i v e c o m p a t i b i l i t y c o n s t r a i n t s do 

b ind in determinat ion o f L-^. The re fo re , the nons tochas t i c e q u i l i b r i u m va lue 

o f muot o a t i s f y 

(h.3) $n2L* - ( 1 / 2 ) (L *+1 ) 2 = * i r 1 L 1 - ( l / 2 ) ( i ^ + l ) 2 , 

which (s ince = 1, and L-̂  < 1 mist ho ld f o r f e a s i b i l i t y ) r e s u l t s i n = 

TO' Then U X = (^-DC^) = ±3. 

T h i s (candidate) e q u i l i b r i u m a c t u a l l y e x i s t s i f f t h i s a l l o c a t i o n 

dominates the best poo l i ng arrangement f o r type 1 agen ts . The best p o o l i n g 

arrangement (which need not i nvo l ve l o t t e r i e s ) has w = n , and has = L2 = L 

s o l v i n g 

max (qTT-l)L, 
0<L<1 

which again r e s u l t s i n L = 1 . — ' However, s ince TT = 3 / 2 , t h i s r e s u l t s i n U-̂  = 

0 . There fo re , type 1 agents cannot be lu red away from t h e i r employers i n a 

p r o f i t a b l e f a s h i o n , so tha t = 1, In • —r i s an e q u i l i b r i u m as c l a imed . 
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I f #S > 1, however, t h i s i s not the a l l o c a t i o n which w i l l r e s u l t . 

In order to show t h i s , we demonstrate tha t a l o t t e r y e x i s t s which Pareto 

dominates the nons tochas t i c e q u i l i b r i u m a l l o c a t i o n . In p a r t i c u l a r , cons ide r a 

two-s ta te l o t t e r y which o f f e r s L-^(l) = 1 w i th p r o b a b i l i t y p ( l ) = .105 , and 

1^(2) = 0 w i th p r o b a b i l i t y p(2) = .895* This i s i n c e n t i v e compat ib le , s i n c e 

i f type 2 agents se lec ted the l o t t e r y they would der ive expected u t i l i t y 

E U 2 = (.105) ( 4 ^ - 2 ) - (.895) (1/2) = - . 0 3 < V?(*2L*,L*) = 0 . 

I t a l s o p rov ides expected u t i l i t y FU-^ = (.105) (qir-j-l) = .105 to type 1 a g e n t s , 

so tha t any f i rm o f f e r i n g t h i s l o t t e r y would a t t r a c t a l l type 1 agents from 

f i rms o f f e r i n g the best nonrandom c o n t r a c t . I t would a l s o not a t t r a c t any 

type 2 agents. Th i s i n d i c a t e s tha t an e q u i l i b r i u m fo r t h i s economy must 

i nvo l ve employment l o t t e r i e s . 

Un fo r t una te l y , i t does not appear p o s s i b l e to p rov ide a u s e f u l 

genera l c h a r a c t e r i z a t i o n of when employment l o t t e r i e s w i l l a r i s e i n e q u i l i b ­

r ium. Th is i s d iscussed in g rea te r d e t a i l below. However, a wide v a r i e t y o f 

examples can be cons t ruc ted which r e s u l t i n the use o f l o t t e r i e s i n e q u i l i b ­

r ium. 

I t i s important to note that i n the context of example 1, and i n 

genera l when l o t t e r i e s a r i s e i n t h i s s e t t i n g , f i rms are i n j e c t i n g randomness 

i n t o the income streams of (some subset of) workers. Th is i s i n sharp c o n ­

t r a s t to the i m p l i c i t c o n t r a c t s l i t e r a t u r e , where unemployment a r i s e s as a 

r e s u l t of at tempts by f i rms to insure workers aga ins t f l u c t u a t i o n s i n l abor 

income. In a d d i t i o n , i t w i l l be noted tha t t h i s i n j e c t i o n o f randomness i n t o 

workers ' income streams r e s u l t s in both p r i v a t e and s o c i a l we l fa re improve­

ment. In p a r t i c u l a r , unemployed agents i n the model b e n e f i t from the presence 

o f randomness regard ing t h e i r employment and income l e v e l s . 
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I t i s the c a s e , o f c o u r s e , tha t our model can now he used t o c o n ­

f ron t seve ra l o f the observa t ions l i s t e d i n the i n t r o d u c t i o n . F i r s t , c l e a r l y 

i n any e q u i l i b r i u m wi th l o t t e r i e s average p r o d u c t i v i t y w i l l be p r o c y c l i c a l . 

To see t h i s , no t i ce tha t 1^ does vary across s ta tes o f nature . Thus, h igh 

employment s ta tes are ones where i s r e l a t i v e l y h i g h . Hence, i n such s t a t e s 

(which are a l s o h igh output s t a t e s ) , hours worked by type 1 workers c o n s t i t u t e 

a r e l a t i v e l y l a rge p ropor t i on o f t o t a l hours . There fo re , average 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 . For the same reason the aggregate r e a l wage w i l l be p r o c y c l i ­

c a l (s ince i n t h i s model the aggregate r e a l wage i s simp]y p r o d u c t i v i t y per 

hou r ) . 

T h i r d , we would l i k e to conf ront the observa t ion tha t there are 

people whose hours change (e i t he r r i s e or f a l l ) wh i le e q u i l i b r i u m wages ( f o r 

the group i n quest ion) remain cons tan t . C l e a r l y when l o t t e r i e s are used to 

r eso l ve adverse s e l e c t i o n problems, there a re agents whose hours vary wi thout 

changes in t h e i r ( equ i l i b r i um) r e a l wage. Hence, t h i s observa t ion i s not 

anomalous i n t h i s s e t t i n g . 

F i n a l l y , there i s the observa t ion (Hod r i ck -P resco t t (1981)) tha t 

hours vary more than (average) p r o d u c t i v i t y . Average p r o d u c t i v i t y here c o i n ­

c i d e s w i th the average per c a p i t a r e a l wage: 

8L. (1-6 )L 
(k.k) ~ 1 W = Ul̂  + (l-9)L2h + + ( 1 - 8 ) 1 , ^ 2 -

The l o c a l v a r i a t i o n o f t h i s measure as hours o f type 1 agents change i s g i ven 

by 

d L l [ 9 L 1 + ( 1 - 8 ) L 2 ] 2 

Whether the v a r i a t i o n i n average per c a p i t a p r o d u c t i v i t y induced by changes i n 

L-j_ i s " l a r g e " o r " s m a l l , " t hen , depends on parameter v a l u e s . However, f o r 
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c e r t a i n se ts o f parameter va lues ( f o r i n s t a n c e , which make ir-̂  sma l l r e l a t i v e 

to QTTJ), l a rge changes i n L-̂  can induce only r e l a t i v e l y sma l l changes in w. 

Hence, f o r such parameter v a l u e s , i t w i l l he case that hours vary more than 

per c a p i t a p r o d u c t i v i t y . Thus, the model developed i s c o n s i s t e n t w i th the 

observa t ion tha t hours vary more w ide ly than p r o d u c t i v i t y per h o u r . ^ ' ^ ^ 

No t i ce that we are ab le to con f ron t these observa t ions us ing a model 

i n which the p roduc t ion technology i s extremely s imp le , and from which a l l 

unde r l y i ng parameter v a r i a t i o n i s sc rupu lous l y exc luded. These s i m p l i f i c a ­

t i o n s are meant t o u n d e r l i n e the f a c t t ha t noth ing more than an adverse s e l e c ­

t i o n problem i n labor markets i s necessary to g i ve r i s e t o unemployment. 

Moreover, unemployment r e s u l t s from t h i s adverse s e l e c t i o n problem i n a way 

tha t i s cons i s ten t w i th a number of observa t ions which are anomalous i n the 

context o f o ther s t a t i c models o f unemployment. 

B. L o t t e r i e s and Ex is tence o f E q u i l i b r i u m 

V i r t u a l l y a l l adverse s e l e c t i o n economies that have rece ived a t t e n -
1 o / 

t i o n i n the l i terature—^- ' a re analogous to ve rs ions o f our economy i n which 

pre ferences take the form 1^(0,L) = U(c) + $ j V ( L ) , w i th ^ > <t>2« As can 

r e a d i l y be demonstrated, t h i s imp l i es tha t any e q u i l i b r i u m w i l l not i n v o l v e 

l o t t e r i e s . Hence l o t t e r i e s i n the context o f these adverse s e l e c t i o n models 

have been l i t t l e s t u d i e d . ^ / There fo re , i n t h i s s e c t i o n we e s t a b l i s h tha t 

there e x i s t economies fo r which employment l o t t e r i e s are necessary to the 

ex i s tence o f a Nash e q u i l i b r i u m . As again there appears to be l i t t l e t o be 

s a i d about the g e n e r a l i t y o f the r e s u l t , t h i s p o s s i b i l i t y i s e s t a b l i s h e d by 

example. 

The l i n e of argument i n the example i s to show that a p a r t i c u l a r 

economy has no nons tochas t i c e q u i l i b r i u m . I t i s then demonstrated tha t the re 

e x i s t s an arrangement w i th random employment which type 1 agents p r e f e r to any 
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p o o l i n g arrangement. This w i l l imply t ha t the re e x i s t s a s t o c h a s t i c e q u i l i b ­

r ium f o r the economy. 

Example 2. Pre ferences and parameters are the same as f o r Example 1, w i th the 

s i n g l e except ion tha t we now se t 9 = .3285. Consider f i r s t the cand idate 

va lues fo r a nons tochas t i c e q u i l i b r i u m ( i . e , impose #S = l ) . As i n Example 1, 

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 , so tha t L-^ must s a t i s f y the r e s t r i c t i o n (^.3) 

w i th L | = 1 as be fo re . As noted i n Example 1, the s o l u t i o n va lue fo r which 

i s f e a s i b l e ( s a t i s f i e s e [0 , l ] ) i s 1^ = Then, as b e f o r e , u i = under 

t h i s a l l o c a t i o n . 

However, no e q u i l i b r i u m e x i s t s i n pure s t r a t e g i e s . To see t h i s , 

no t i ce that i f a l l f i rms o f fe red the c o n t r a c t s ( w 2 , L 2 ) = ( l , l ) , (w-^,!,-^) = 

( 3 , - J Q ) , a deviant f i rm could o f f e r the con t rac t (w ,L ) = ( IT ,1 ) = ( l . 6 5 7 , 1 ) , 

which a l l workers p r e f e r to t h e i r e x i s t i n g c o n t r a c t s . ( in p a r t i c u l a r , t h i s 

r e s u l t s i n = (2/3) ( 1 . 6 5 7 ) - 1 = .10 l»7 . ) Thus, there i s no e q u i l i b r i u m 

s o r t i n g c o n t r a c t , and we know from P r o p o s i t i o n 1 tha t the re i s no e q u i l i b r i u m 

p o o l i n g c o n t r a c t . Hence, no nons tochas t i c e q u i l i b r i u m e x i s t s . 

No t i ce tha t (w ,L ) = (TT,1) i s the bes t con t rac t f o r type 1 agents 

c o n s i s t e n t wi th w < IT. NOW cons ide r a two-s ta te l o t t e r y which o f f e r s L-^( l ) = 

1 w i th p r o b a b i l i t y p ( l ) = .105 , and 1^(2) = 0 w i th p r o b a b i l i t y p(2) = .895 . 

As i n Example 1, t h i s l o t t e r y i s i n c e n t i v e compat ib le . I t a l s o r e s u l t s i n 

expected u t i l i t y fo r type 1 agents 

E U = ( . 1 0 5 ) 1 ( 2 / 3 ) 3 - 1 ] = . 1 0 5 > .101*7 = max U ( 7 L , L ) . 

0<L<1 

There fo re , the suggested l o t t e r y i s p r e f e r r e d by type 1 agents to any p o o l i n g 

con t rac t that a t l e a s t breaks even. Hence, the op t ima l l o t t e r y cannot be 

improved upon (from the po in t o f view o f these agents) by any f i r m , so tha t a 

nondegenerate s t o c h a s t i c e q u i l i b r i u m e x i s t s f o r t h i s economy. 
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I t may not be c l e a r from the example how l o t t e r i e s are used i n o rder 

t o produce ex is tence o f e q u i l i b r i u m . The standard reason fo r nonexis tence o f 

a Nash e q u i l i b r i u m i s t ha t Nash " r e a c t i o n correspondences" are not convex-

va lued . However, f o r our example, a nons tochas t i c e q u i l i b r i u m ( i f one ex­

i s t s ) , so l ves the maximizat ion problem ( 2 . 1 2 ) - ( 2 . 1 5 ) . Since t h i s amounts to 

the maximizat ion of a cont inuous func t i on over a compact s e t , a s o l u t i o n 

(equ i l i b r i um) e x i s t s un less ( 2 . 1 3 ) - ( 2 . 1 5 ) de f ine an empty set o f v a l u e s . 

In f a c t , fo r the economy o f Example 2 , (2.13) and (2.lh) de f ine an empty set 

o f v a l u e s . 

The usua l r o l e f o r l o t t e r i e s i n suppor t ing an e q u i l i b r i u m , t h e n , 

would be to " c o n v e x i f y " r e a c t i o n correspondences. Here, however, such convex-

i f i c a t i o n i s not ach ieved . Rather , ex is tence i s obta ined i n the f o l l ow ing 

way. For the economy o f the example, type 1 agents a re r i s k n e u t r a l , and type 

2 agents are r i s k ave rse . Moreover, the expected u t i l i t y o f type 1 agents 

i nc reases w i th £ p ( s ) L i ( s ) . There fo re , i f t h i s quan t i t y can be i nc reased wh i l e 

the va lues L-^(s) are chosen " f a r enough a p a r t , " EU-̂  [ir^L-^(s) ,L-^(s) 1 can be 

increased without v i o l a t i n g the s e l f - s e l e c t i o n c o n s t r a i n t . I f £ P ( S ) L - L ( S ) i s 

increased s u f f i c i e n t l y , ( 2 .8 ) - ( 2 .10 ) w i l l de f ine a nonempty set o f va lues 

L^(s) and p ( s ) . For the parameters o f the example, such cho ices a re p o s s i b l e 

when #S = 2 , so randomizat ion o f employment permi ts an e q u i l i b r i u m to e x i s t . 

Hence, f o r the set o f economies a t hand, l o t t e r i e s p lay a formal r o l e both i n 

improving resource a l l o c a t i o n s , and i n pe rm i t t i ng ex is tence of e q u i l i b r i u m . 

V. When W i l l L o t t e r i e s Occur? 

Obv ious l y , i t would be d e s i r a b l e to prov ide a f a i r l y genera l c h a r ­

a c t e r i z a t i o n o f when l o t t e r i e s w i l l a r i s e i n e q u i l i b r i u m . This c h a r a c t e r i z a ­

t i o n can be broken down i n t o a s e r i e s o f th ree ques t i ons : 
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fa) When w i l l i n c e n t i v e c o m p a t i b i l i t y c o n s t r a i n t s b ind i n the cho ice o f 

con t rac t s? 

(b) When w i l l randomizat ion be d e s i r a b l e (given tha t these c o n s t r a i n t s 

bind) i n cho ice o f c o n t r a c t s which induce s e l f - s e l e c t i o n ? 

(c) When w i l l such an e q u i l i b r i u m e x i s t ? 

Un fo r t una te l y , i t does not seem p o s s i b l e t o p rov ide economica l l y meaningfu l 

genera l c h a r a c t e r i z a t i o n s of answers to these ques t ions . To i l l u s t r a t e t h i s , 

i n t h i s sec t i on we comple te ly c h a r a c t e r i z e when l o t t e r i e s w i l l occur f o r one 

f a i r l y simple c l a s s o f economic environments. Th is c h a r a c t e r i z a t i o n w i l l 

serve to i n d i c a t e tha t no economica l l y meaningful r e s t r i c t i o n s are p laced on 

under l y ing parameters o f the economy. 

To t h i s end, t h e n , we focus on the c l a s s o f economies w i t h p r e f e r ­

ences g iven by 0 1 ( C , L ) = C - ^ L , U 2 ( C , L ) = C - ( $ 2 / 2 ) ( L + l ) 2 , and w i th > 

4>1> 4>2 > ®' '^ie r e a s o n f ° r f ocus ing on t h i s c l a s s o f environments i s t h a t , 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 , l o t t e r i e s w i l l always a r i s e i n any e q u i l i b ­

r ium (from P r o p o s i t i o n 3 ) . We now proceed t o answer the three quest ions 

l i s t e d above f o r t h i s set o f economies. 

F i r s t , when w i l l 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 equ i l i b r i um? 

There a re th ree cases t o c o n s i d e r . 

Case 1: L* = 0. Th i s requ i res ir^/'i'g * Then, i n c e n t i v e compat i ­

b i l i t y c o n s t r a i n t s b ind (s ince L£ = l ) i f 

i r 1 - 2 $ 2 > - $ 2 / 2 , 

o r e q u i v a l e n t l y , i f 

(5.1) v1 > (3/2) <j>2. 
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Case 2: L* = 1. Th is r e q u i r e s ^2^2 > 2 * T n e n s e l f - s e l e c t i o n 

c o n s t r a i n t s always b ind s ince L* = 1, and w-̂  > w 2 . 

Case 3: L* e ( 0 , l ) . Then L* = (ir2/<|>2) - 1, w i th n2/<t>2 e ( 1 , 2 ) . 

Then 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 when 

(5.2) 2<|>2TT1 > (Tr 2-<}> 2) 2 + 3«j»|. 

Second, when w i l l l o t t e r i e s occur? S ince t h i s c l a s s o f economies 

f a l l s w i t h i n the c l a s s covered by P r o p o s i t i o n 3 , we know t h a t they w i l l occur 

whenever an e q u i l i b r i u m e x i s t s w i th In_(s) f 0. Th is makes the a n a l y s i s f o r 

t h i s c l a s s o f economies p a r t i c u l a r l y s imp le , as no a d d i t i o n a l parameter r e ­

s t r i c t i o n s are requ i red to prove the d e s i r a b i l i t y o f l o t t e r i e s . 

T h i r d , when w i l l an e q u i l i b r i u m e x i s t In order t o s i m p l i f y our 

answer to t h i s q u e s t i o n , l e t us r e s t r i c t the s t r a t e g i e s we a l l o w f i rms to 

employ. In p a r t i c u l a r , we w i l l a l l o w f i rms t o o f f e r each type o f agent e i t h e r 

a s i n g l e , nonrandom va lue e [ 0 , l ] , or a l o t t e r y w i th e i t h e r L-^(s) = 1, or 

L x ( s ) = 0 v s e S. Then l e t p denote the p r o b a b i l i t y t ha t L 1 ( s ) = 1. With 

t h i s conven t ion , the candidate e q u i l i b r i u m value f o r p i s determined as f o l -

l o w s - l i / 

Case 1: L | = 0 . Then the s e l f - s e l e c t i o n c o n d i t i o n can be manipu­

l a t e d to ob ta in ( i f (5« l ) ho lds ) p = 0. But then an e q u i l i b r i u m e x i s t s on ly 

i f type 1 agents would not wish t o work a t the wage ra te w = ir, i . e . , e x i s ­

tence requ i res 

(5 .3) TT - 4»1 < 0 . 

I f (5*3) h o l d s , an e q u i l i b r i u m e x i s t s w i th no l o t t e r i e s . 

Case 2: L* = 1. Then 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 and can be 

manipulated to ob ta i n 
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TT2 - ( 3 / 2 ) * 2  

( 5 J 4 ) ( 3 / 2 ) * g -

Then ex i s tence o f an e q u i l i b r i u m r e q u i r e s 

Tt ? - (3/2).). 
( 5 * 5 ) ( V V Ux - (3/2)* 2l > * " * 1 -

Case 3: L* e ( 0 , l ) . Then i f (5.2) h o l d s , we can so lve f o r 

(V*2>2  

( 5 * 6 ) P = 2 * 2 [ w r ( 3 / 2 ) t 2 ] ' 

and ex i s t ence requ i res 

(V*i ) (V*2 )2 

( 5 * T ) 2 * 2 I V ( 3 / 2 ) * 2 ] " " ~ V 

We can now say when l o t t e r i e s w i l l a r i s e i n e q u i l i b r i u m ( i . e . , when 

l o t t e r i e s occur and an e q u i l i b r i u m e x i s t s ) . These w i l l occur i f 1 < TT2/<J>2 < 

2 , and (5-2) and (5-7) h o l d , or i f TT2/<J>2 > 2 , and (5.5) h o l d s . C l e a r l y , these 

c o n s t i t u t e messy non l i nea r r e s t r i c t i o n s ac ross parameters , and a re devoid o f 

meaningful economic i n t e r p r e t a t i o n . Moreover, t h i s i s the case desp i te the 

s i m p l i c i t y o f p re fe rences here , and the s i m p l i f i c a t i o n p rov ided by r e q u i r i n g 

L-^(s) = 1 or L-^(s) = 0 i n any nondegenerate l o t t e r y . Thus, the a n a l y s i s 

serves t o i l l u s t r a t e tha t f u r t he r search f o r economica l l y r e l evan t r e s t r i c ­

t i o n s which imply e q u i l i b r i u m l o t t e r i e s i s u n l i k e l y to be f r u i t f u l . 

V I . Conc lus ions 

A model has been presented which can g i ve r i s e t o Keynesian unem­

ployment. Moreover, such unemployment a r i s e s i n a way tha t i s c o n s i s t e n t w i th 

s e v e r a l fea tu res of observed unemployment tha t are anomalous i n o ther "Keynes­

ian mode ls . " I t remains , t hen , to d i scuss the way i n which the a n a l y s i s here 

r e l a t e s to other attempts t o produce Keynesian unemployment in a genera l 

e q u i l i b r i u m s e t t i n g , and t o d i scuss some "problems" w i th the model tha t can be 

reso lved by extending i t . 
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With respect to the f i r s t p o i n t , we have modelled f i rms as c a l l i n g 

out wage-employment con t rac ts i n a labor market i n which they are imper fec t 

(Nash) compe t i t o rs . Th is i s c o n s i s t e n t w i th o ther recent approaches ( e . g . , 

Hart ( 1 9 8 2 ) ) tha t attempt to de r i ve Nash e q u i l i b r i a w i th unemployment from 

economies wi th impe r fec t l y compe t i t i ve l abo r markets. However, here i t was 

not necessary to impose exogenously the presence o f c e r t a i n p a r t i e s i n l abo r 

markets, such as un ions (as i n Hart ( 1 9 8 2 ) ) , o r any th ing o the r than the u s u a l 

Nash con jec tu res about behavior i n order to ob ta in unemployment e q u i l i b r i a . 

With respec t to the second p o i n t , perhaps the most t r o u b l i n g f ea tu re 

o f the cur ren t a n a l y s i s i s that s ince = L* , type 2 agents are never o f f o f 

t h e i r n o t i o n a l supply curves o f l a b o r . However, t h i s f ea tu re o f the model i s 

an a r t i f a c t o f i t s s t a t i c nature . I t i s shown in Smith ( 1 9 8 3 ) tha t dynamic 

ve rs ions o f the model tha t a l l o w f o r the presence o f asse t markets g i ve r i s e 

to the p o s s i b i l i t y that L2 * L^ (s ) i n some s ta tes o f na tu re . Thus, ex tens ion 

o f the model to a dynamic context can reso l ve i t s most obvious shor tcoming, 

and moreover such an ex tens ion permi ts d e r i v a t i o n o f a P h i l l i p s Curve w i th the 

proper s lope from a model wi th the same bas i c fea tu res as the one t r ea ted 

here . 

Thus, i t i s the case tha t very simple economies w i th no unde r l y i ng 

randomness o f parameters, and w i th no f r i c t i o n o ther than an adverse s e l e c t i o n 

problem, can exp la i n Keynesian unemployment and g ive r i s e to models w i th 

employment f l u c t u a t i o n . Moreover, even very s imple v e r s i o n s o f such economies 

do qu i te w e l l i n con f ron t i ng a wide range o f obse rva t i ons . Th is suggests tha t 

models such as the one presented here deserve t o be taken s e r i o u s l y as models 

o f macroeconomic phenomena. 
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Footnotes 

—/Sub jec t , of c o u r s e , to t h e i r be ing i n the l abo r fo rce v o l u n t a r i l y . 

A l though i t i s shown by Cooper ( 1 9 8 2 ) f o r the case of a monopo­

l i s t , and by S t i g l i t z ( 1 9 8 2 ) f o r the case o f a government (S tacke lbe rg l eade r ) 

l e v y i n g t a x e s . 

—'It i s not important to the a n a l y s i s whether there are f i n i t e or 

countably i n f i n i t e numbers o f workers , o r whether there i s a continuum o f 

workers . For some purposes , however, i t i s probably most n a t u r a l to t h i n k o f 

there be ing a measure space o f workers . The d i s c u s s i o n i n the t ex t cou ld be 

e a s i l y adapted to accommodate such an i n t e r p r e t a t i o n . 

—^1 would l i k e to thank Ron Michener f o r suggest ing t h i s i n t e r p r e t a ­

t i o n . 

5_'The f a c t that e q u i l i b r i u m va lues f o r t h i s economy can be a s s o c i ­

ated w i th cons t ra ined o p t i m i z a t i o n problems o f t h i s form i s d i scussed i n 

g rea te r d e t a i l by M iyazak i ( 1 9 7 7 ) and Spence ( 1 9 7 8 ) . 

—^Existence of t h i s e q u i l i b r i u m can be guaranteed here by an appro­

p r i a t e cho ice o f 6 . 

! / A l t h o u g h , as w i l l be c l e a r from the argument, not a l l cons t ruc ted 

dec l i nes i n r e a l wages w i l l produce the d e s i r e d r e s u l t . 

—^For the thought experiment j u s t performed to be c o r r e c t , i t i s 

necessary tha t an e q u i l i b r i u m cont inue to e x i s t when type 1 p r o d u c t i v i t y i s 

reduced s l i g h t l y . Th is can be guaranteed i n F igure 1 by an app rop r ia te cho ice 

o f 6. 

Moreover, such e q u i l i b r i a e x i s t s ince they r e s u l t i n l o t t e r i e s 

which are p re fe r red by type 1 agents to the nons tochas t i c e q u i l i b r i u m a l l o c a ­

t i o n , and hence to the best a l l o c a t i o n f o r type 1 agents under p o o l i n g . 
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- i^/Type 1 agents are i n d i f f e r e n t over a l l va lues L e [ 0 , l ] . How­

e v e r , type 2 agents p r e f e r L = 1 to o ther v a l u e s , so we have s e l e c t e d t h i s . 

• i i - /Not ice tha t equat ion (h.h) assumes a s i n g l e f i rm economy. Th is 

i s merely to s i m p l i f y e x p o s i t i o n . 

1 2 / 

— ' O f c o u r s e , noth ing guarantees tha t changes i n L-̂  induced by 

e q u i l i b r i u m l o t t e r i e s w i l l be " s m a l l . " Hence (U.5) should be viewed as a 

f i r s t order approximat ion to the changes i n w induced by l o t t e r i e s . 

• i ^ R o t h s c h i l d - S t i g l i t z ( 1 9 7 6 ) , M iyazak i ( 1 9 7 7 ) , Spence ( 1 9 7 8 ) , 

Wi lson ( 1 9 7 7 ) , P resco t t and Townsend ( 1 9 8 1 ) . 

— / Although see Cooper ( 1 9 8 2 ) and S t i g l i t z ( 1 9 8 2 ) who c o n s i d e r 

con tex ts i n which Nash e q u i l i b r i u m no t ions are not employed. 

A ^ / l f a Wi lson ( 1 9 7 7 ) e q u i l i b r i u m concept were employed, an e q u i l i b ­

r ium would always e x i s t . Under t h i s a l t e r n a t e concept , we would rephrase t h i s 

quest ion to be when would a separa t ing e q u i l i b r i u m e x i s t . S ince l o t t e r i e s 

would not be requ i red under a poo l i ng arrangement (as they are not needed to 

induce s o r t i n g ) , the answer to t h i s quest ion i s the same as the answer to the 

ques t ion i n the t e x t . 

• i ^ N o t i c e tha t there w i l l s t i l l always be l o t t e r i e s i n any e q u i l i b ­

rium w i t h L* > 0 and i n which s e l f - s e l e c t i o n cond i t i ons mat ter . To see t h i s , 

note that s e t t i n g p = L-̂  e [ 0 , l ] (the nons tochas t i c s o l u t i o n to the s e l f -

s e l e c t i o n c o n s t r a i n t ) r e s u l t s i n E = ('"i-'t'i )p = ( i r

1-<t'i ) L i = U-̂  under the 

nonrandom a l l o c a t i o n , and t h i s re laxes the i n c e n t i v e c o m p a t i b i l i t y c o n s t r a i n t . 
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