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The model 

We use an ove r lapp ing genera t ions model. The i n ten t i s 

to develop a s imple a b s t r a c t i o n , which i s capable o f genera t ing 

unemployment as an e q u i l i b r i u m phenomenon, and embed i t in a model 

where growth occurs as a consequence o f t e c h n o l o g i c a l changes 

which impact one indus t ry a t a t ime. In t h i s environment, we 

examine the i ncen t i ves i n d i v i d u a l s have to accumulate i n d u s t r y -

s p e c i f i c human c a p i t a l . The argument qu i te s imply i s tha t i f 

t e c h n o l o g i c a l changes cause i n d u s t r y - s p e c i f i c human c a p i t a l to 

become o b s o l e t e , then h igher growth causes l e s s investment in 

s p e c i f i c human c a p i t a l and t h e r e f o r e , p o s s i b l y l e s s unemployment. 

I t i s u s e f u l in making t h i s s t o r y p r e c i s e to model the 

nature o f unemployment. We focus on "wa i t " unemployment, ra ther 

than " s e a r c h " unemployment. We model unemployment as an e q u i l i b ­

rium phenomenon which a r i s e s because workers and f i rms are unable 

to make b ind ing s t a t e - c o n t i n g e n t c o n t r a c t s . Firms are assumed to 

be be t te r informed than workers about technology shocks . More 

p r e c i s e l y , we assume tha t the in fo rmat ion a v a i l a b l e to the s t a t e 

or other en fo rcers o f con t rac t s i s l i m i t e d and hence, r e s t r i c t s 

the se t o f en fo rceab le c o n t r a c t s . 

A f i r m i s assumed to have a technology f o r producing a 

product g iven by 
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x = f ( 6 , n ) 

x = output 

9 = random v a r i a b l e w i th a cont inuous dens i t y g(9) on 

[0,9] 

n = number of workers employed 

f = [0,8] x R + i s i nc reas ing twice d i f f e r e n t i a b l e and 

concave i n n. 

We w i l l a l s o assume that the marg ina l p r o d u c t i v i t y o f 

labor i s i n c r e a s i n g i n 6. There are y workers a t tached to the 

f i r m . Each worker has the op t ion o f supp ly ing one un i t o f l abor 

or not work ing. Workers de r i ve no d i s u t i l i t y from work and, f o r 

s i m p l i c i t y , a re assumed to be r i s k n e u t r a l . The f i rm maximizes 

expected p r o f i t s . 

P r i o r to the r e a l i z a t i o n o f 9, f i rms o f f e r a con t rac t to 

workers which s p e c i f i e s t h e i r consumption (or wage) and the number 

of workers employed cont ingent upon the r e a l i z a t i o n o f 9. The 

con t rac t must guarantee a minimal ex-ante l e v e l o f u t i l i t y T. The 

idea i s that workers are p e r f e c t l y mobi le ex-ante and p e r f e c t l y 

immobile ex -pos t . The r e a l i z a t i o n o f 9 i s p r i v a t e in fo rmat ion to 

the f i r m . 

In a d d i t i o n , we w i l l assume tha t the number o f workers 

a c t u a l l y employed ex-post i s p r i v a t e in fo rmat ion to the f i r m . 

Th is may seem unreasonable but in an enr iched model where the work 

week can a l s o be v a r i e d , i t i s more p l a u s i b l e to argue that the 

aggregate labor input i s not observed. I t i s d i f f i c u l t fo r i n d i -
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v i dua l workers to monitor the p r e c i s e l e v e l o f l abor input to the 

f i rm when there are v a r i a t i o n s in the a b i l i t y and e f f i c i e n c y o f 

other workers. Th is k ind o f assumption i s p a r t i c u l a r l y p l a u s i b l e 

i f the f i rm has many l o c a t i o n s where product ion occu rs . Given 

these assumpt ions, i t f o l l ows tha t the con t rac t cannot be c o n t i n ­

gent upon 6 or on the number employed, which i s n. The con t rac t 

must the re fo re invo lve a wage payment to each worker who works, w1 

(observable by the worker h imse l f ) and a payment to those who do 

not work, w 2 . Given these payments, the f i r m then chooses the ex -

post l e v e l o f employment e f f i c i e n t l y . We w i l l assume tha t the 

consumption se t s o f the owners of the f i rm are bounded below by 

ze ro . In t h i s environment, the con t rac t must i nvo l ve a wage 

payment o f zero to those who do not work and a constant wage to 

those who do. The opt imal con t rac t then so l ves the f o l l o w i n g 

programming problem: 

(2.2) max J*®{f (e ,n( 9) )-wn( 9) }g(0)d9 

(w,n(9)} 

s . t . w j ° g(9)d9 > T 

and f 2 ( e , n ( 9 ) ) > w a l l 9, 

0 < n(9) < y a l l 9. 

In t h i s s imple model, unemployment i s generated because 

of p r i v a t e i n fo rma t i on . I t i s a l s o u s e f u l to note that the con­

stancy o f the wage ra tes across s t a t e s i s ensured not because o f 

d i f f e r e n t a t t i t u d e s towards r i s k on the par t of f i rms and the 

workers, but because o f the i n a b i l i t y to make the wage payment 
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cont ingent upon the s t a te o f nature or upon employment—neither o f 

which i s observed by workers. 

Th i s model i s now embedded in to a growth economy. We 

use an over lapp ing generat ions model p r i m a r i l y because we need to 

develop a model w i th heterogeneous agents and i t i s e a s i e r 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 i n such an environment. At any 

p o i n t , there are o l d and young workers. Old workers have human 

c a p i t a l which i s s p e c i f i c to the indus t ry in which they were 

t r a i ned when they were young. There are a l a rge number o f f i rms 

in each i n d u s t r y . Each f i r m has the same number o f o l d workers 

and in e q u i l i b i r u m , w i l l have the same number o f young workers . 

In each p e r i o d , a new indus t ry i s born. The technology i s such 

that when an indus t ry i s born, workers must spend one pe r i od 

l ea rn i ng the new technology, dur ing which time no product ion takes 

p l a c e . Product ion i s p o s s i b l e only in those f i rms who belong to 

i n d u s t r i e s that were born i n p rev ious p e r i o d s . New i n d u s t r i e s are 

more p roduc t ive than o l d i n d u s t r i e s . Over t ime, t h e r e f o r e , the 

o l d e s t i n d u s t r i e s w i l l be unable to a t t r a c t any young workers and 

w i l l v a n i s h . 

There are two sources o f u n c e r t a i n t y : (1) there are 

f i r m - s p e c i f i c technology shocks which are independent ac ross f i rms 

and l a s t f o r only one p e r i o d , and (2) the p r o d u c t i v i t y o f new 

i n d u s t r i e s i s a random v a r i a b l e . At the time that an i ndus t r y (or 

a new technology) i s born, everybody knows the p r o d u c t i v i t y o f 

that i n d u s t r y . Th i s l e v e l o f p r o d u c t i v i t y i s then constant f o r 

a l l t ime. 
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As po in ted out e a r l i e r , i t i s imposs ib le f o r young 

workers may be a t t r a c t e d to a g iven f i r m . The technology we 

p o s i t , t h e r e f o r e , has the c h a r a c t e r i s t i c that even i f no young 

workers are employed by a p a r t i c u l a r f i r m , p roduc t ion i s s t i l l 

p o s s i b l e . The product ion f unc t i on o f a t y p i c a l f i r m i s : 

Technology 

*k t = Y ( k ) F ( e Z 1 k t ' e Z 2 k t + V k < 

where 

the output a t time t o f a f i r m in an indus t ry born 

at time k. 

the number o f o ld workers ass igned to Task 1. 

the number o f o ld workers ass igned to Task 2. 

the number o f young workers employed by the f i r m ; 

they can be ass igned only to Task 2. 

f i r m - s p e c i f i c technology shock which i s indepen­

dent ac ross f i rms and i n d u s t r i e s . 

R + x R + + R i s l i n e a r homogeneous, i n c r e a s i n g i n 

both arguments, concave and twice d i f f e r e n t i a b l e 

F ^ x . x ) > F 2 ( x , x ) . 

the p r o d u c t i v i t y o f i ndus t r y k. 

We assume a p a r t i c u l a r process on y ( k ) . We w i l l assume 

that 

x k t = 

z 1 k t =  

z 2 k t =  

N k t = 

9 

F 

Y(k) = 
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(2.3) y(k) = r k Y ( k - 1 ) , 

where y k f o l l o w s a f i r s t order marker process w i th c . d . f . g iven 

by F ( V V 1 ) . 

We w i l l attempt now to mot ivate the p a r t i c u l a r s t r u c t u r e 

assumed on the indus t ry p r o d u c t i v i t y l e v e l y ( k ) . Assume fo r the 

time being tha t Y k i s a constant equal to y. Then we can i n t e r ­

pret y as the growth ra te o f the economy i n the steady s t a t e . 

Presumably, i f the economy i s s t a t i o n a r y , in each per iod tha t a 

new indus t ry i s born, i t i s more p roduc t i ve by a f a c t o r of y than 

i t s p redecessor . We a l low t h i s growth ra te to be p e r s i s t e n t over 

t ime. 

We can i n t e r p r e t the f i r m - s p e c i f i c technology shock 9 as 

some measure of the amount of human c a p i t a l acqu i red by o l d work­

e r s . C r u c i a l to our s t o r y , however, i s tha t workers do not know 

the va lue of 9 u n t i l p roduct ion a c t u a l l y o c c u r s . We w i l l assume 

for convenience that the d i s t r i b u t i o n o f 9 i s un i fo rm: 

(2.4) 9 ~ Un i f [ 0 , 9 ] . 

References 

At each p e r i o d , a constant popu la t ion o f workers i s born 

and l i v e f o r two p e r i o d s . A l l i n d i v i d u a l s are r i s k n e u t r a l and 

have pre ferences over consumption g iven by 

(2.5) c 1 + 8 c 2 

where 
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C| = consumption when young. 

c 2 = consumption when o l d . 

Informat ion 

At time t , y ( t )—which i s the p r o d u c t i v i t y o f an indus ­

t ry born a t t ime t — i s known. The f i rm f i r m - s p e c i f i c technology 

shock y i s not r e a l i z e d u n t i l p roduc t ion takes p l a c e . The funda­

mental nonconvexi ty i n t h i s model l i e s i n our assumption tha t 

workers must choose to work in on ly one f i r m and are e i t h e r em­

ployed or unemployed by that f i r m . Subsequent to the r e a l i z a t i o n 

of Y t but p r i o r to the r e a l i z a t i o n o f 9, each f i r m i n the economy 

o f f e r s a " c o n t r a c t " to young workers. A con t rac t i s an e n f o r c e ­

able promise to pay a g iven worker a wage, c o n d i t i o n a l on the 

r e a l i z a t i o n of the f i r m - s p e c i f i c shock. The r e a l i z a t i o n o f y i s 

assumed to be p r i v a t e in fo rmat ion to the owners o f the f i r m . We 

assume tha t con t rac t s cannot be made cont ingent upon the number o f 

workers employed by the f i r m . Th is assumption can be j u s t i f i e d on 

the grounds tha t i t i s d i f f i c u l t fo r those who must ad j ud i ca te 

con t rac ts to v e r i f y the number o f workers employed. A l t e r n a ­

t i v e l y , any worker might not be ab le to observe the t o t a l l abor 

input i n t o the f i r m . 

We have a l ready shown i n Sec t i on 2 tha t the op t ima l 

con t rac t i nvo lves payment o f a f i x e d wage to each worker i f he i s 

employed, and zero o the rw ise . 

Endowments 

Each i n d i v i d u a l i s endowed w i th one u n i t of l abor when 

young and one un i t o f l abor when o l d . Old workers own the f i r m i n 

which they were t r a i n e d when young. 
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Optimal con t rac t s and human c a p i t a l accumulat ion 

Subsequent to the b i r t h o f a new indus t ry w i th i t s 

assoc ia ted p r o d u c t i v i t y l e v e l y ( t ) and p r i o r to the r e a l i z a t i o n o f 

the f i r m - s p e c i f i c shocks 9, each f i rm o f f e r s a con t rac t to young 

workers. The con t rac t s p e c i f i e s a wage ra te and a p r o b a b i l i t y o f 

employment. The f i rm a l s o dec ides the number o f young workers , Y , 

to whom the con t rac t i s to be o f f e r e d . 

A l l young workers who accept a con t rac t w i th a g i ven 

f i rm acqu i re human c a p i t a l and w i l l be the owners o f the f i rm i n 

the subsequent p e r i o d . E s s e n t i a l l y , workers accept a c o n t r a c t 

wi th a f i rm and are then t r a i n e d . The p r o d u c t i v i t y shock 8 i s 

r e a l i z e d and the f i rm dec ides how many workers to employ i n p r o ­

d u c t i o n . Workers who accept a con t rac t w i th a p a r t i c u l a r f i r m are 

p e r f e c t l y immobile t h e r e a f t e r . 

The two somewhat extreme assumptions made here requ i re 

some j u s t i f i c a t i o n . F i r s t , there were no cho ices made between 

consumption and accumulat ion o f human c a p i t a l . Second, we do not 

requ i re that workers be a c t u a l l y employed in a g iven f i rm to 

become fu tu re owners of the f i r m . We merely r e q u i r e tha t the 

workers accept a con t rac t to become eventua l owners of the f i r m . 

As w i l l become apparent , we do not b e l i e v e that i n c o r p o r a t i n g 

l ea rn i ng by doing r a d i c a l l y a l t e r s our r e s u l t s . While i n d i v i d u a l 

agents do not make cho ices w i t h i n a g iven f i rm over c a p i t a l a c c u ­

mulat ion versus consumption, they do make cho ices o f whether or 

not to enter a new-born i ndus t r y or an e x i s t i n g f i r m . En te r i ng a 

new indus t ry i nvo l ves no consumption when young. Of cou rse , 

h igher p r o d u c t i v i t y i n the new indus t ry imp l i es h igher consumption 
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when o l d . As a consequence, i n d i v i d u a l s and the economy make 

d e c i s i o n s about cu r ren t versus fu tu re consumption. 

A t y p i c a l f i r m faces a market determined parameter, T, 

which i s the minimum expected u t i l i t y from cu r ren t consumption 

that the f i r m must pay i t s workers . The value o f t h i s parameter T 

w i l l , i n g e n e r a l , be d i f f e r e n t fo r d i f f e r e n t f i rms s i n c e any 

worker compares the present va lue o f the expected u t i l i t y a s s o c i a ­

ted wi th accep t ing a con t rac t w i th a g iven f i r m . 

We now c h a r a c t e r i z e the op t ima l c o n t r a c t . The program­

ming problem faced by a f i r m i s s i m p l i f i e d by adopt ing some new 

n o t a t i o n . Let 

(2.6) y = 3L 
ze 

N 
n = — 

ze 

w 
W = y(k) 

where 

Y = the number o f young workers o f f e red a c o n t r a c t . 

N = the number o f young workers employed e x - p o s t . 

W = wage o f f e red a young worker. 

9 = maximum value o f 9. 

S ince the number o f o ld workers in a f i rm i s a f i x e d 

inpu t , we can use the number of young workers per o l d worker as a 

d e c i s i o n v a r i a b l e . We have assumed that no o l d workers choose to 

work in o ther f i rms as young workers . In a s t a t i o n a r y e q u i l i b ­

r ium, we w i l l show tha t they have no i ncen t i ve to j o i n o ther 

f i r m s . 
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We s t a r t by s o l v i n g the d e c i s i o n problem o f o l d workers 

g iven a c o n t r a c t , and subsequent to the r e a l i z a t i o n o f 6. Old 

workers must make d e c i s i o n s on how many young workers to employ 

and the number o f o ld workers to a s s i g n to Tasks 1 and 2 . The 

probelm faced by o l d workers i s then g iven by 

(2.7) Max Y ( k ) F ( e z , 9 ( z - z )+N) - WN 
z 1 f N 

s . t . 0 < N < Y, 

0 < z 1 < Z . 

Using the constant re tu rns to s c a l e assumption on the 
z 1 product ion f u n c t i o n F, l e t t i n g x = — and us ing equat ion ( 2 . 6 ) , 
Z 

the s o l u t i o n to t h i s problem can be obta ined by s o l v i n g 

(2.8) Max 6 { F ( x , 1 - x + | ) -w §} 
x ,n 

s . t . 0 < x < 1, 

0 < n < y . 

The necessary and s u f f i c i e n t f i r s t order c o n d i t i o n s are 

(2.9) F 1(x,1-x+ J) = F 2 ( x , 1 - x + i f 0 < x < 1. 

and 

(2.10) F_(x,1-x+ = w i f 0 < n < y . 

We use E u l e r ' s theorem to show tha t both equat ion (2 .9) 

and (2.10) cannot h o l d . We have that p r o f i t s are g iven by 
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(2.11) F ( x , 1 - x + | ) - w | = x F ^ x J - x * | ) + 

(1-X + | ) F 2 ( x , 1 - x + g) 

I f both equat ions hold then we have 

(2.12) PROFITS = F.(x,1-X+ . 
c. 8 

The r i g h t s i d e o f equat ion (2.12) i s i nc reas ing in x . 

Hence, i t cannot be tha t x < 1. Inspect ion o f equat ions (2 .9) and 

(2.10) revea ls that fo r s u f f i c i e n t l y low va lues o f 8, equat ion 

(2.10) w i l l be b i n d i n g . For s u f f i c i e n t l y h igh va lues o f 8, i t 

must be tha t n = y , and 

(2-13) f ( | ) = F(1 

The c r i t i c a l va lue o f 8, such tha t employment equals the 

number of con t rac ted workers, i s denoted by 8* and i s g iven im­

p l i c i t l y by 

(2.14) f ( ^ ) = w. 

For va lues o f 8 l e s s than 8* , we the re fo re have the 

impl ied demand func t i on f o r young workers g i ven by 

(2.15) n(8) = 9 f , _ 1 ( w ) . 

For va lues of 8 l a r g e r than 8* but w i th x = 1, of c o u r s e , 

n(e) = y . 

We a l s o need to de f i ne another c r i t i c a l va lue o f 8: 

that a t which o l d workers get ass igned to Task 2, or when equat ion 

(2.9) becomes b i n d i n g . Th is i s g iven by 
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For a l l va lues o f 9 g rea te r than 0 * * , i t a l s o f o l l o w s from the 

f a c t that the p a r t i a l d e r i v a t i v e s o f F are homogeneous o f degree 

zero that 

(2.17) F(x,1+ I - x ) = (1+ J)F(X»,1-X»). 

Where x* so l ves 

F ^ x . l - x ) = F 2 ( x , 1 - x ) , 

l e t F ( x * ,1 -x» ) = K. 

We are now in a p o s i t i o n to de f ine the p r o f i t f unc t i on 

of the f i r m . 

(2.18) , (w ,y ) = j f e [ f ( f ' - 1 (w ) -w f ' - 1 (w ) ] d 6

 + Jj:%[f(j)-H * ] D 9 

where the c u t o f f p o i n t s y* and y** are de f ined i n equat ions (2.14) 

and (2.16) r e s p e c t i v e l y . R e c a l l a l s o the assumption tha t y i s 

drawn from a uni form d i s t r i b u t i o n . 

The c o n s t r a i n t f a c i n g the f i rm r e q u i r e s i t to pay a 

minimum expected consumption to young workers by choosing a wage 

ra te and the number o f young workers . I m p l i c i t in the d e c i s i o n 

wage ra te i s an ex-pos t employment d e c i s i o n . T h i s , combined w i th 

the number of young workers o f f e red a c o n t r a c t , y i e l d s a p r o b a b i l ­

i t y o f employment f o r each worker . Us ing equat ion ( 2 . 1 5 ) , the 

programming problem faced by a f i rm i s g iven by 
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(2.19) v ( Y ( k ) , T ) = Max Y ( k ) i r ( w , y ) 
w,y 

, r r9* 8 f (w)d8 r1 . . l „ s - t . w[J N + J Q »d8] > 

upon 

y J e * ^ J - Y (k) -

Obv ious l y , the s o l u t i o n s to t h i s program depend only 

T 

the r a t i o o f T to Y(k). Denote these s o l u t i o n s by w ( y ( k ) ) 

and y ( ^ y ) r e s p e c t i v e l y . Let v (1 ,T) = v (T ) . I t then f o l l ows 

that 
T v ( Y ( k ) , T ) = Y ( k ) v ( 

Y ( k ) J ' 

We now c h a r a c t e r i z e the s o l u t i o n s to t h i s problem. We 

prove, as might be expected, that v(T) i s convex and y(T) i s de­

c reas ing in T and w(T) i s i nc reas ing i n T: 

Max J ^ 8 [ f ( f - 1 ( w ) ) - w f - 1 ( w ) ] + J - jUVCjJ -Hy ] 

+ Je** [K(9 + y)-wy] 

s . t . W[1- — ^ ( w ) ] = T 
2 f i -

or y = 2 f ' " 1 ( w ) [ l - J ] , 

or 

w' 

? • ( i:rtf(|)-«] * ;;.,[«=-w]]{2r- i 'cw)(i- i j ^ f . - 1 M i ] 
W 

w1- w J [ f 9 * * f t 8 f 1 f k ~ w 11 
w f - 1 ' ( w ) f l T, T = l V W " W W J J 

f 1 ( w ) 1 " J + " 

or 
- 1 1 " LJ 8* 

w f (w) 
f ' ~ 1 (w ) 1 

1 + 1 _ 1 
w w 

= [jirCf1*-"] + Jl..(k-M)l 
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T 
Theorem: y ( t ) i s decreas ing in T and - i s i n c r e a s i n g i n T i f 

w 

d ( w f ^ J w ) } 

f , :< w > . 0 . 
dw 

Proo f : R e c a l l 

y = 2 f ' " 1 ( w ) [ l - I]. 

-1 ' 
Furthermore, (downward s l o p i n g demand) imp l i es that f (w) < 0. 

T 
Hence, i f w(T) i s decreas ing in T, then y(T) i s dec reas ing and -
i s i n c r e a s i n g . I t i s a l s o obvious tha t i f y(T) i s i n c r e a s i n g , 

T then i t must be tha t i s decreas ing in T. w( i ) 

Suppose, i n f a c t , that y(T) i s i n c r e a s i n g in T. Let 

T A c t \ f ' " 1 ' ( w ) , x = - and E(w) = w —1—-, then we have 
f " 1 ( w ) 

E(w)(1-x) + x " J 9 * 1 w " 1 " J 9 * * l w 

We note tha t J < x < 1, E(w) < 0, and E*(w) < 0. Then x(1-x) = 
2 

x - x^ i s dec reas ing in x because 3 ^ x ^ = 1 - 2 x < 0 ; x > £ . 
o X 

Note tha t 3 f E ( w ) { 1 " x ) + x ) = -E(w) + 1 > 0 . Hence, the l e f t s i de i s 
d X 

decreas ing i n x . I t i s a l s o i n c r e a s i n g in w because E'(w) < 0 and 

x < 1. The r i g h t s i de i s dec reas ing in w and decreas ing in y . 

Suppose x decreased in T. As we have shown, t h i s im-

p l i e s y i n c r e a s e s . Obv ious ly (x = -)w must i n c r e a s e . The re fo re , 

the r i g h t s i d e unambiguously f a l l s . The l e f t s i d e , which i s 

decreas ing i n x and i n c r e a s i n g in w, r i s e s . We have a c o n t r a d i c ­

t i o n . Hence, x must inc rease and y must decrease . 
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T Now suppose w(T) i s decreas ing in T. Then x = - must be w 

i nc reas ing i n T and y(T) must be i nc reas ing i n T. R e c a l l tha t the 

r i g h t s i de i s decreas ing in w and i n y . Subsequent ly , the r i g h t 

s i de must i n c r e a s e . The l e f t s ide i s dec reas ing in x and i n c r e a s ­

ing in w. Hence, the l e f t s ide must f a l l and w(T) must be 

i nc reas ing i n T. 

Proof of convex i ty o f v(T) i f E(w) i s constant 

R e c a l l v(T) = ir[w(T) ,y(w( t ) ,T) ] , where w(T) so l ves 

n.(w,y(w,T)) + T f 2 (w ,y (w ,T) )y 1 (w,T) = 0 . By the envelope theorem, 

we have 

v ' ( T ) = , 2 ( w , y ( w , T ) ) y 2 = [ / ^ * [ f • (J)-w] + J ^ » ( k - w ) ] 

r - 2 f ' " 1 ( w ) . 
* w ' ' 

Therefore 

R-(T) = - 2 f ; ; 1 ( w ) x ( i - x ) , 

f (w) 

and 

R t , T . _ - 2 f ' ~ 1 ( w ) x ( 1 - x ) 
R ( T ) - E d - x ) ; x 

Now x i s i n c r e a s i n g in T and x(1-x) i s dec reas ing i n T. A l s o , 

w(T) i s i n c r e a s i n g wh i l e f , _ 1 ( w ) i s d e c r e a s i n g . Thus, R' (T) i s 

i nc reas ing i n T. 
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Markov (2 chain) 

(1) Output V(T) + T 

(2) Unemployment (1 and 2) 

(3) Average 2 

(4) Sample paths f o r 2, ou tpu t , unemployment. At each s tage , 

check y(yT) = 0 and y(T) < 1. For v a r y i n g : 

(a) P = q > 2 p rs p = J (11D) 

p = 3/4 p = .95 

P = 1 

(b) Y(1-25) S h i f t o r s t by prop, cons tan t . 

Sh r ink d i s t r i b u t i o n . 

(c) 8 e [ .98 5 ] 

(d) 6 e [2 /3 ,3 /4 ] 

NOTE: Benchmark: y = 1 

y (T) V(T) w(T) 


