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S h o c k s , L e a r n i n g , and P e r s i s t e n c e 
by 

John B r y a n t 

I n rough o u t l i n e , t he " b u s i n e s s c y c l e " seems t o be o c c a s i o n a l p r e c i 

p i t o u s d r o p s i n o u t p u t and employment f o l l o w e d by a smooth c o n v e r g e n c e back t o a 

" f u l l emp loymen t " p a t h . The re a r e two common e x p l a n a t i o n s f o r t h e b u s i n e s s 

c y c l e . 

One e x p l a n a t i o n i s t h a t t h e r e a r e o c c a s i o n a l p e r m a n e n t l y n o n n e u t r a l 

s h o c k s to t he economy. Most m a c r o e c o n o m i c m o d e l s assume t h i s . A p r o b l e m w i t h 

t h i s e x p l a n a t i o n i s t he a p p a r e n t r e t u r n to an unchanged g r o w t h p a t h . One s o l u 

t i o n to t h i s p r o b l e m i s t h a t t h e s h o r t - r u n a d j u s t m e n t t o a s h o c k d w a r f s t he l a s t i n g 

e f f e c t upon the g r o w t h p a t h . 

A s e c o n d e x p l a n a t i o n f o r t he b u s i n e s s c y c l e i s o c c a s i o n a l t r a n s i t o r i l y 

n o n n e u t r a l s h o c k s t o t he economy. The b u s i n e s s c y c l e mode l o f L u c a s (5) b e l o n g s 

to t h i s c l a s s . A p r o b l e m w i t h t h i s e x p l a n a t i o n i s the c o n v e r g e n c e back t o t he 

g r o w t h p a t h . Why i s t he r e t u r n no t i m m e d i a t e ? A s o l u t i o n t o t h i s p r o b l e m , t o o , 

i s the s h o r t - r u n a d j u s t m e n t to a s h o c k . 

The re a r e t h r e e c l a s s e s o f s h o r t - r u n a d j u s t m e n t mechan isms f o r t h e s e 

two e x p l a n a t i o n s f o r t he b u s i n e s s c y c l e . F i r s t , s t o c k a d j u s t m e n t s a r e o f t e n 

a s s u m e d . A d e c r e a s e i n o u t p u t c a u s e d by a shock r e d u c e s c a p i t a l s t o c k o r 

i n c r e a s e s i n v e n t o r i e s . I n s u b s e q u e n t p e r i o d s , o u t p u t i s e f f e c t e d n e g a t i v e l y 

u n t i l the s t o c k r e t u r n s to i t s g r o w t h p a t h . The mode ls o f K y d l a n d and P r e s c o t t 

( 3 ) and o f B r y a n t (1) a r e o f t h i s f o r m , f o r e x a m p l e . A p r o b l e m w i t h t h i s 

a d j u s t m e n t mechanism i s t h a t , e m p i r i c a l l y , s t o c k a d j u s t m e n t s o v e r t h e b u s i n e s s 

c y c l e seem to be s m a l l . 

A s e c o n d mechanism to p r o d u c e p e r s i s t e n c e i s c o s t s o f a d j u s t m e n t w h i c h 

d e c r e a s e o v e r t i m e . A f t e r r e d u c i n g , s a y , emp loyment , i t i s c o s t l y to r e s t o r e 
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i t q u i c k l y t o i t s p r e v i o u s l e v e l . The model o f L u c a s (4 ) i s o f t h i s f o r m , f o r 

e x a m p l e . A p r o b l e m w i t h t h i s mechan ism i s t h a t t h e p r e c i p i t o u s employment 

d e c l i n e s c h a r a c t e r i z i n g b u s i n e s s c y c l e s i n d i c a t e t h a t t h e s e a d j u s t m e n t c o s t s a r e 

e i t h e r s m a l l o r a s y m m e t r i c . 

The l a s t mechan ism f o r a d j u s t m e n t i s the l e a r n i n g p r o c e s s . T y p i c a l l y , 

i t i s assumed t h a t e c o n o m i c a g e n t s f a c e a s i g n a l e x t r a c t i o n p r o b l e m . I t t a k e s 

t h e a g e n t t i m e t o l e a r n t he n a t u r e o f a s h o c k , and u n t i l she d o e s , she assumes 

t h e r e i s some c h a n c e t h a t - a pe rmanen t r e a l a d j u s t m e n t i s c a l l e d f o r . N a t u r a l l y , 

t h i s e x p l a n a t i o n o n l y wo rks f o r s h o c k s t h a t a r e f r e q u e n t l y t r a n s i t o r y . The L u c a s 

(5 ) mode l i s o f t h i s t y p e . A p r o b l e m w i t h t h i s mechan ism i s t h a t i n most m o d e l s 

i f a g e n t s s h a r e d i n f o r m a t i o n the a d j u s t m e n t p e r i o d wou ld d i s a p p e a r . T h e r e f o r e , 

one needs a r e a s o n why i n d i v i d u a l s c a n n o t s h a r e i n f o r m a t i o n . B r u t e f o r c e 

r e s t r i c t i o n s on c o m m u n i c a t i o n a r e u n c o n v i n c i n g . T h e r e f o r e , one needs a model 

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

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

T h i s p a p e r p r e s e n t s a d i f f e r e n t mode l o f t he l e a r n i n g p r o c e s s . A 

" b u s i n e s s c y c l e " i s g e n e r a t e d by t he p r o c e s s o f l e a r n i n g f o l l o w i n g a s h o c k , even 

w i t h c o m p l e t e s h a r i n g o f i n f o r m a t i o n . I n d e e d , a key d i f f e r e n c e i n t h e mode l i s 

t h a t a l l a g e n t s have t he same i n f o r m a t i o n . T h i s i m p l i e s t h a t one c a n n o t 

a t t e n u a t e t h e b u s i n e s s c y c l e by i m p r o v i n g i n f o r m a t i o n f l o w , c o u n t e r to many 

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

The re i s a p r o b l e m common t o b o t h permanent and t r a n s i t o r y s h o c k e x p l a 

n a t i o n s f o r t h e b u s i n e s s c y c l e . N e i t h e r can e x p l a i n t h e most o b v i o u s asymmet ry 

i n the s t y l i z e d b u s i n e s s c y c l e : we do no t o b s e r v e p r e c i p i t o u s r i s e s f r om t h e 

g r o w t h p a t h i n o u t p u t and employment f o l l o w e d by c o n v e r g e n c e b a c k to t h a t p a t h . 

The p r o p o s e d new model does g e n e r a t e t h i s a s y m m e t r y , h o w e v e r . 
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The M o d e l 

Now l e t us t u r n t o ou r m o d e l . Our mode l assumes r e a l exogenous s h o c k s 

to t he economy. I t seems more r e a l i s t i c t o assume s h o c k s t o s u p p l i e s o f i n p u t s 

t h a n the o t h e r p o s s i b i l i t i e s : s h o c k s to t e c h n o l o g i e s o r p r e f e r e n c e s . However , 

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

changed r a t i o s o f i n p u t s have unknown e f f e c t s on o u t p u t s . To c a p t u r e t h i s e f f e c t 

w h i l e r e t a i n i n g a s i m p l e m o d e l , we assume a n o n s t o c h a s t i c l a b o r s u p p l y and t r e a t 

s h o c k s t o t he o u t p u t t e c h n o l o g y a s a f u n c t i o n o f t h i s s i n g l e i n p u t a l o n e . 

The model i s as f o l l o w s . Time i s d i s c r e t e and w i t h o u t b e g i n n i n g o r 

e n d . The re a r e an u n c o u n t a b l y i n f i n i t e number o f i n d i v i d u a l s i n d e x e d by s e [ 0 , 1 ] 

who l i v e and have l i v e d f o r e v e r . The i n d i v i d u a l s a r e e q u a l l y endowed w i t h an 

e q u a l amount o f l a b o r e a c h p e r i o d , t h e t o t a l amount o f l a b o r b e i n g L . T h e r e i s a 

s i n g l e r . o n s t o r a b l e bu t t r a n s f e r a b l e c o n s u m p t i o n g o o d . T h i s c o n s u m p t i o n good 

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

s a t i a t i o n . The u t i l i t y f u n c t i o n s a r e s t r i c t l y c o n c a v e . 

Now l e t us t u r n t o t he t e c h n o l o g i e s f o r c o n v e r t i n g l a b o r i n t o t h e 

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

p r o d u c i n g t he c o n s u m p t i o n g o o d , f . ( L . ) = a . L . , L . > 0 , i = 0 , 1, 2 , 3• 
— > --• — > — i ) S l j S 1 j s 

An i n d i v i d u a l c a n o n l y u s e one o f the t e c h n o l o g i e s 1, 2 , and 3 i n a p e r i o d , and a 

t e c h n o l o g y can o n l y be u s e d by one i n d i v i d u a l . 

( a 0 ) S , a 1 j S , a 2 ( S , a 3 ) S ) e [ 0 , 1 ] X U { ( 1 , 0 , 0 ) , ( 0 , 1 , 0 ) , ( 0 , 0 , 1 ) } 

3 
E [ 0 | 1] X U E . . 

i=1 1 

The a . a r e random v a r i a b l e s d i s t r i b u t e d a s f o l l o w s . The a . f o r a l l i , s a r e 
i , s 1 , s 

d e t e r m i n e d i n a d r a w i n g . An ( i n d e p e n d e n t ) d r a w i n g o c c u r s i n t h e b e g i n n i n g o f any 

p e r i o d w i t h p r o b a b i l i t y p > 0 i f a d r a w i n g has n o t o c c u r r e d i n t he p a s t two 

p e r i o d s , and w i t h p r o b a b i l i t y z e r o o t h e r w i s e . I f a d r a w i n g does no t o c c u r i n a 

p e r i o d , a . e q u a l t h e i r p r e v i o u s p e r i o d v a l u e s . I n a d r a w i n g , a_ a r e a l l e q u a l 
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t o a , w h i c h i s d i s t r i b u t e d u n i f o r m l y on [ 0 , 1 ] . ( a . ,a» , a , ) a r e i . i . d . and 
u I , S c. , S _/ , S 

e q u a l , E 2 , o r E^ w i t h p r o b a b i l i t y 1 / 3 e a c h . The outcome o f t h e d r a w i n g on aQ 

i s known a f t e r the d r a w i n g o c c u r s , w h i l e the outcome on { (a , a „ , a , )} i s 
I , S ^-, S j , s 

unknown. The f a c t t h a t a d r a w i n g has o c c u r r e d i s known. 

Now we t u r n t o ou r s o l u t i o n o f t he m o d e l . I n d i v i d u a l s can p e r f e c t l y 

d i v e r s i f y a g a i n s t t he r i s k o f t e c h n o l o g i e s 1 , 2 , and 3 by f o r m i n g f i r m s o f 

p o s i t i v e m a s s , o r r i s k s h a r i n g i n some o t h e r way. As t he i n d i v i d u a l s a r e r i s k 

a v e r s e , t h e y do s o . We examine t h e b e h a v i o r o f s u c h f i r m s . 

The o b j e c t i v e f u n c t i o n o f t he f i r m i s t o m a x i m i z e o u t p u t . The o u t p u t 

i s t h e n d i v i d e d e q u a l l y be tween i n d i v i d u a l s . An i n d i v i d u a l can l e a r n a b o u t h i s 

t e c h n o l o g i e s 1 , 2 , and 3 by u s i n g an a r b i t r a r i l y s m a l l amount o f l a b o r i n one o f 

them a p e r i o d . We assume t h a t t h e y can l e a r n i n e v e r y p e r i o d even i f L . = 
1 , s 

L „ = L_. = 0 , w i t h t he u n d e r s t a n d i n g t h a t t h i s p r o d u c e s t he supremum o f o u t -
^ > s j , s 

comes w i t h p o l i c i e s f o r w h i c h ( L . , L „ , L _ ) i- 0 . T h e r e f o r e , 1 / 3 o f t h e 
I , S £. , S J ) S 

i n d i v i d u a l s f i n d a good t e c h n o l o g y i n t he f i r s t p e r i o d a f t e r a s h o c k ( d r a w i n g ) , 

1 / 3 f i n d a good t e c h n o l o g y i n t h e s e c o n d p e r i o d a f t e r a s h o c k , and t he r e s t i n t h e 

t h i r d p e r i o d by e l i m i n a t i o n . 

Now we a r e r e a d y t o d e s c r i b e the f i r m ' s b e h a v i o r . The f i r m t r e a t s 

i d e n t i c a l i n d i v i d u a l s i d e n t i c a l l y . L e t hi be t he f i r s t p e r i o d a f t e r s h o c k p e r 

p e r s o n i n p u t o f l a b o r i n t he 0 T H t e c h n o l o g y . L e t L ^ ' 1 be t he s e c o n d p e r i o d p e r 

p e r s o n i n p u t o f l a b o r i n t h e 0^ t e c h n o l o g y o f i n d i v i d u a l s who do no t f i n d a good 
2 , 2 

t e c h n o l o g y i n t he f i r s t p e r i o d . L e t L Q ' be t he s e c o n d p e r i o d p e r p e r s o n i n p u t 

t h 

o f l a b o r i n t h e 0 " t e c h n o l o g y o f i n d i v i d u a l s who do f i n d a good t e c h n o l o g y i n 

t he f i r s t p e r i o d . L e t L Q be t he t h i r d p e r i o d p e r p e r s o n i n p u t o f l a b o r i n t he 0 ^ 

t e c h n o l o g y . T h e n , i n t he f i r s t p e r i o d , t h e f i r m ' s o u t p u t p e r p e r s o n i s 
a o L o + 1 / 3 ( ^ - L J ) . 

I n t h e s e c o n d p e r i o d i t i s : 
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1 / 3 [ a 0 L Q , 2

+ L - L ^ ' 2 ] + 2 / 3 [ a 0 L Q , 1

+ 1 / 2 ( L - L 2 ' 1 ) ] 

and i n t he t h i r d p e r i o d i t i s : 

a 0 L u + L " L 0 -

T h i s i s m a x i m i z e d f o r 

[ 0 , 1 / 3 ] | 
a . e < ( 1 / 3 , 1 / 2 ) > 

' ( 1 / 2 , 1 ) j 

by 

We can i g n o r e t he s e t o f measure z e r o where 3 ^ ^ ( 1 / 3 U 1 / 2 U 1 } . 

Now we t u r n to one i n t e r p r e t a t i o n o f t h i s r e s u l t . D e f i n e W as t he sum 

o f l a b o r i n t e c h n o l o g i e s 1 , 2 , and 3 p e r p e r s o n , and Q 1 a s t h e sum o f o u t p u t i n 

t h 

t e c h n o l o g i e s 1 , 2 , and 3 pe r p e r s o n , i n t he i p e r i o d f o l l o w i n g a s h o c k . One way 

to v i e w t h i s i s t h a t t e c h n o l o g y 0 i s " l e i s u r e " o r w o r k i n g a t home, ou t o f t he 
Then ou r s o l u t i o n can be t a b l e d as i n 1 r a b l e 1. 

T a b l e 1 

Employment and Out p u t Pos t Shock 

a n w 1 
? 

W" W 3 Q 1 Q 2 Q 3 

J 

[ 0 , 1 / 3 ) L L L 1/3L 2 / 3 L L 
( 1 / 3 , 1 / 2 ) 0 L L 0 2 / 3 L L 
( 1 / 2 , 1 ) 0 1 /3L L 0 1/3L L 

We h a v e , t h e n , ou r s t y l i z e d b u s i n e s s c y c l e . No te t h a t i n c r e a s i n g t he v a l u e o f 

l e i s u r e d e c r e a s e s employment and o u t p u t , w h i l e i t makes i n d i v i d u a l s b e t t e r o f f . 
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E m b e l l i s h m e n t s 

Now we b r i e f l y s u g g e s t some p o s s i b l e e m b e l l i s h m e n t s to t he model t h a t 

m igh t make i t more " r e a l i s t i c . " 

F i r s t , i n s t e a d o f a s s u m i n g i n d i v i d u a l t e c h n o l o g i e s , one can assume a 

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

I n d i v i d u a l s do n o t , t h e n , a l l jump t o good t e c h n o l o g i e s , and one does no t have t o 

impose " i m m o b i l i t y . " One s t i l l has t o impose some " l u m p i n e s s " t o g u a r a n t e e t h a t 

t h e l e a r n i n g p r o c e s s t a k e s more t h a n one p e r i o d . F o r e x a m p l e , one can assume 

t h a t o n l y t he t o t a l o u t p u t o f a good i s o b s e r v a b l e , and have (a , a „ , a _ ) be 
I, s c., s 3 , s 

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

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

t he p r o d u c t i o n p o s s i b i l i t y c u r v e . One c o u l d a l s o assume t h a t s h o c k s a l t e r t he 
3 

p r o d u c t i o n p o s s i b i l i t y c u r v e , s a y (a , a „ , a , )s U a E . , a e [ 0 , 2 ] . I f one does 
1 , S <i>S j ) S j.--] ^ 

s o , a p o s i t i v e s h o c k , an i n c r e a s e i n a , can e a s i l y p r o d u c e a t e m p o r a r y d e c r e a s e 

i n o u t p u t and emp loyment . 

L a s t l y , n o t e t h a t t he model does no t y i e l d p r o d u c t i v i t y r i s i n g i n a 

d o w n t u r n . T h i s i s e a s i l y " f i x e d " by h a v i n g d i f f e r e n t s k i l l l e v e l s o f w o r k e r s , 
3 

s a y a , a _ , a_ e U z . E . , z . e [ 0 , 2 ] . I f one does s o , t he r e l a t i v e l y 
1 , S J 2 , S J 3 , S J i=1 J 1 J 

u n s k i l l e d ( l o w z ) w o r k e r s a r e unemp loyed more f r e q u e n t l y , t e n d i n g t o r a i s e 

p r o d u c t i v i t y i n a d o w n t u r n . 
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