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S i r I s a a c Newton 

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

The d r a m a t i c 23 p e r c e n t d e c l i n e i n t he U . S . s t o c k marke t i n O c t o b e r 

1987 s e n t s h o c k waves t h r o u g h t he economy, p o l i c y m a k e r s , and e c o n o m i s t s . N o n -

e c o n o m i s t s and e c o n o m i s t s a l i k e s c u r r i e d t o f i n d some p r e v i o u s l y u n f o r e s e e n 

new deve lopmen t t h a t m i g h t e x p l a i n t he c r a s h . C o u l d t h e c r a s h have been 

c a u s e d by t h e sudden a p p e a r a n c e o f a comet , by a s u p e r n o v a e x p l o s i o n i n a 

d i s t a n t g a l a x y , o r by a s t a r t l i n g change i n s u n s p o t a c t i v i t y ? Or p e r h a p s i t 

was c a u s e d by p s y c h o l o g i c a l f a c t o r s ? U n t i l r e c e n t l y , most e c o n o m i s t s wou ld 

have pooh -poohed s u c h i d e a s a s c r a z y . 

To an e c o n o m i s t (and a l s o t o m a r k e t a n a l y s t s on W a l l S t r e e t ) i t 

seems n a t u r a l t o l o o k f o r changes i n t e c h n o l o g i c a l f a c t o r s o r consumer t a s t e s 

a s p o s s i b l e e x p l a n a t i o n s . A f t e r a l l , one wou ld e x p e c t t h a t a new t e c h n o l o g i ­

c a l d e v e l o p m e n t i n t h e compute r i n d u s t r y wou ld d r i v e up t he s t o c k s o f compute r 

f i r m s and t h a t a sudden s h i f t i n consumer t a s t e s t owa rd e a t i n g o u t wou ld d r i v e 

up t he s t o c k s o f f a s t - f o o d c h a i n s and r e s t a u r a n t s . T h i s s u r e l y e x p l a i n s why a 

c o n s i d e r a b l e amount o f marke t r e s e a r c h on W a l l S t r e e t c o n s i s t s o f k e e p i n g 

t r a c k o f t e c h n o l o g i c a l d e v e l o p m e n t s and s h i f t s i n consumer t r e n d s . I t i s no t 

e a s y , h o w e v e r , t o s e e why t h e r e s h o u l d be any r e l a t i o n s h i p be tween e x t r a ­

t e r r e s t r i a l h a p p e n i n g s and new d e v e l o p m e n t s i n t e c h n o l o g y o r consumer t a s t e s . 

Thus i t i s t h a t most o f t h e c u r r e n t l y p o p u l a r mode ls o f e c o n o m i c 

f l u c t u a t i o n s a r e based on r e c u r r i n g random s h o c k s t o e c o n o m i c f u n d a m e n t a l s . 

These f u n d a m e n t a l s c o n s i s t , o f c o u r s e , o f consumer t a s t e s and t he t e c h n o l o g ­

i c a l p o s s i b i l i t i e s a v a i l a b l e t o f i r m s . S h o c k s t o consumer t a s t e s a f f e c t t he 

demands f o r v a r i o u s g o o d s , whereas s h o c k s t o t e c h n o l o g y — b y a f f e c t i n g c o s t s o f 
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p r o d u c t i o n — a f f e c t t he s u p p l i e s o f v a r i o u s g o o d s . In t h i s way, t h e s e s h o c k s 

g i v e r i s e to f l u c t u a t i o n s i n p r i c e s and q u a n t i t i e s . In t h e a b s e n c e o f s u c h 

c o n t i n u e d random i n f l u e n c e s on t a s t e s o r t e c h n o l o g y , t he c u r r e n t l y p o p u l a r 

mode ls wou ld p r e d i c t t h a t t he economy wou ld ( i n a r e a s o n a b l e amount o f t i m e ) 

s e t t l e down i n t o a s t e a d y s t a t e , w i t h no f l u c t u a t i o n s w h a t s o e v e r . 1 

The s t o c k marke t c r a s h h a s r e v i v e d i n t e r e s t i n t he p o s s i b i l i t y o f 

e x p l a i n i n g f l u c t u a t i o n s w i t h o u t s u c h s h o c k s t o f u n d a m e n t a l s . One c l e a r r e a s o n 

f o r t h i s renewed i n t e r e s t has been t h e i n a b i l i t y o f e c o n o m i s t s o r marke t 

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

e x p l a i n a c r a s h o f t h a t m a g n i t u d e . The a p p e a l to p s y c h o l o g i c a l f a c t o r s o r , i n 

g e n e r a l , random f a c t o r s u n r e l a t e d t o f u n d a m e n t a l s i s , h o w e v e r , n o t new. In 

1936, toward t he end o f t he G r e a t D e p r e s s i o n , John Maynard Keynes p u b l i s h e d 

h i s c l a s s i c G e n e r a l Theory o f Employment , I n t e r e s t , and Money, i n w h i c h he 

a t t r i b u t e d b u s i n e s s f l u c t u a t i o n s n o t t o random s h o c k s t o t a s t e s o r t e c h n o l o g y , 

bu t t o t he a n i m a l s p i r i t s o f i n v e s t o r s . T h a t i s , i n v e s t o r s may be s e i z e d by 

moods o f o p t i m i s t i c o r p e s s i m i s t i c e x p e c t a t i o n s w h i c h b e a r no n e c e s s a r y r e l a ­

t i o n t o any changes i n t a s t e s o r t e c h n o l o g y . Keynes a l s o a s s e r t e d t h a t s u c h 

e x p e c t a t i o n s on t he p a r t o f i n v e s t o r s need n o t n e c e s s a r i l y be i r r a t i o n a l . The 

moods o f o p t i m i s m o r p e s s i m i s m can c a u s e i n v e s t o r s t o e i t h e r expand o r c o n ­

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

nomic e x p a n s i o n o r a c o n t r a c t i o n , t h e r e b y j u s t i f y i n g t he o p t i m i s t i c o r p e s s i ­

m i s t i c e x p e c t a t i o n s . T h u s , t h e s e a n i m a l s p i r i t s can become s e l f - f u l f i l l i n g 

2 

and hence be r a t i o n a l . T h i s a l t e r n a t i v e v i e w o f b u s i n e s s f l u c t u a t i o n s may be 

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

In t h i s a r t i c l e I e x p l a i n how e c o n o m i c f l u c t u a t i o n s can o c c u r w i t h ­

ou t s h o c k s t o f u n d a m e n t a l s . T h i s i s n o t t o s a y t h a t t a s t e o r t e c h n o l o g y 

s h o c k s do no t e x i s t o r t h a t t hey a r e t o t a l l y u n i m p o r t a n t . I n s t e a d , t he p u r -
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pose h e r e i s to t r y and u n d e r s t a n d whe the r t h e r e e x i s t f o r c e s i n t r i n s i c t o an 

economic s y s t e m t h a t t e n d toward i n s t a b i l i t y ; whe the r s u c h i n s t a b i l i t y i s bad 

f rom the p o i n t o f v i e w o f economic w e l f a r e ; a n d , i f s o , what s o r t s o f p o l i c i e s 

o r i n s t i t u t i o n s may be s e t i n p l a c e t o a v o i d s u c h i n s t a b i l i t y and pu t t h e 

economy on a s t e a d y c o u r s e . 3 

To e x p l a i n t h e s e i s s u e s , I d e s c r i b e a model t h a t i l l u s t r a t e s i n t r i n ­

s i c f l u c t u a t i o n s and t he r o l e o f a n i m a l s p i r i t s . The model i s a s i m p l i f i e d 

v e r s i o n o f e x i s t i n g ones t h a t a r e p a r t o f t h e b u r g e o n i n g l i t e r a t u r e on i n t r i n ­

s i c f l u c t u a t i o n s . Th roughou t t h e p a p e r , t he emphas is i s on e x p l a i n i n g how 

s u c h f l u c t u a t i o n s can a r i s e i n an e n v i r o n m e n t i n w h i c h t h e e c o n o m i c f u n d a ­

m e n t a l s c o n s i s t i n g o f t a s t e s and t e c h n o l o g y a r e u n c h a n g i n g o v e r t i m e . 

F u r t h e r , e x p e c t a t i o n s a r e assumed t o be r a t i o n a l . W i t h o u t t h i s a s s u m p t i o n , 

one can e x p l a i n a n y t h i n g , g i v e n a s u f f i c i e n t l y p e r v e r s e o r i r r a t i o n a l v i e w o f 

t he w o r l d . R e q u i r i n g b e l i e f s t o be r a t i o n a l imposes a n o t i o n o f c o n s i s t e n c y 

between b e l i e f s and r e a l i t y and r u l e s o u t e x p l a n a t i o n s based on a p a t h o l o g i c a l 

v i e w o f t he w o r l d . 

The model d e s c r i b e d i s a s i m p l e mode l o f s t o c k p r i c e d e t e r m i n a t i o n 

i n w h i c h consumers may h o l d many p o s s i b l e s e t s o f b e l i e f s t h a t may be s e l f -

f u l f i l l i n g and hence r a t i o n a l . Some o f t h e s e b e l i e f s may even be based on 

random f a c t o r s t o t a l l y u n r e l a t e d t o t he o b j e c t i v e f a c t o r s o f t a s t e s and t e c h -

n o l o g y . F u r t h e r m o r e , some o f t h e s e b e l i e f s l e a d t he economy t o a s t e a d y 

c o u r s e w h i l e many o t h e r s s e t t h e economy on a w i l d l y f l u c t u a t i n g p a t h . 5 

Can s u c h mode ls e x p l a i n t he q u a l i t a t i v e and q u a n t i t a t i v e p r o p e r t i e s 

o f economic f l u c t u a t i o n s i n r e a l e c o n o m i e s ? P e r h a p s . Bu t I a t t e m p t no s u c h 

e x p l a n a t i o n s h e r e , s i n c e t he model d e s c r i b e d i s chosen f o r i t s e x p o s i t i o n a l 

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

t i o n s . I b e l i e v e i t i s much t o o e a r l y t o j u d g e t he e m p i r i c a l a p p l i c a b i l i t y o f 
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t h e s e m o d e l s , f o r o n l y r e c e n t l y have e c o n o m i s t s s t a r t e d a n a l y z i n g s u c h 

m o d e l s . F u r t h e r deve lopmen t and e l a b o r a t i o n o f s u c h mode ls may p r o v e t o be 

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

A r e t h e r e any p o l i c y i m p l i c a t i o n s t h a t emerge f r om t h e s t u d y o f 

t h e s e m o d e l s ? Y e s , a l t h o u g h t h e s e i m p l i c a t i o n s a r e s u b j e c t to some i m p o r t a n t 

q u a l i f i c a t i o n s . I show t h a t f o r t he mode l t h e r e e x i s t v e r y s i m p l e p o l i c i e s 

w h i c h can e l i m i n a t e a l l f l u c t u a t i o n s and s e t t h e economy on a u n i q u e s t a b l e 

c o u r s e . 

The r e s t o f t h i s paper i s o r g a n i z e d a s f o l l o w s . In S e c t i o n I I , I 

d e s c r i b e a s i m p l e s t o c k p r i c e m o d e l . In S e c t i o n I I I , I i l l u s t r a t e t h e v a r i e t y 

o f f l u c t u a t i o n s t h a t can emerge f rom t h i s m o d e l . In S e c t i o n I V , I d e s c r i b e a 

s i m p l e s t a b i l i z a t i o n p o l i c y and S e c t i o n V c o n c l u d e s . The Append i x c o n t a i n s 

t h e m a t h e m a t i c a l d e t a i l s o f a n a l y z i n g t he m o d e l . 

I I . A S t o c k P r i c e Mode l 

C o n s i d e r an e n v i r o n m e n t t h a t i s c o m p l e t e l y s t a t i o n a r y and i n w h i c h 

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

pays a c o n s t a n t and known s t r e a m o f d i v i d e n d s f o r e v e r . Consumers can p u r c h a s e 

s h a r e s i n t h i s s t o c k w i t h a v i e w t o o b t a i n i n g d i v i d e n d s and c a p i t a l g a i n s when 

t he s h a r e s a r e s o l d . The c u r r e n t s t o c k p r i c e depends on t he c u r r e n t demand, 

w h i c h i n t u r n depends on t h e c a p i t a l g a i n s ( o r l o s s e s ) t h a t consumers 

e x p e c t . T h i s , i n t u r n , depends on t he p r i c e a t w h i c h t h e s t o c k can be s o l d , 

w h i c h a g a i n depends on t he demand f o r t h e s t o c k on t he p a r t o f f u t u r e 

b u y e r s . I show by means o f examp les how, e v e n i n a c o m p l e t e l y s t a t i o n a r y 

e n v i r o n m e n t , the s t o c k p r i c e can be s u b j e c t t o w i l d g y r a t i o n s . My e x p o s i t i o n 

i s based on t he mode ls i n Grandmont (1985) and A z a r i a d i s ( 1 9 8 1 ) . 6 
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P e o p l e , P r e f e r e n c e s , and P r i c e s 

Suppose t h a t a t e a c h d a t e t , numbered 1, 2 , 3 , a r e p r e s e n t a t i v e 

consumer who l i v e s f o r two p e r i o d s i s b o r n . A consumer bo rn a t d a t e t i s 

young a t t and o l d a t t + 1. Assume t h a t a t d a t e 1, i n a d d i t i o n t o t h e young 

consumer , t h e r e i s a l s o an o l d consumer who was b o r n i n t h e p r e v i o u s p e r i o d . 

I n e a c h p e r i o d o f l i f e , the consumer i s endowed w i t h one u n i t o f t o t a l t i m e , 

w h i c h may be d i v i d e d between l e i s u r e t i m e and w o r k i n g t i m e . When t he consumer 

i s y o u n g , each u n i t o f w o r k i n g t ime r e s u l t s i n w^ u n i t s o f t he c o n s u m p t i o n 

good and when o l d , each u n i t o f w o r k i n g t i m e r e s u l t s i n W2 u n i t s o f t h e c o n ­

sumpt ion g o o d . The consump t i on good i s n o n s t o r a b l e and may be e i t h e r consumed 

o r t r a d e d . The o l d consumer a t d a t e 1 i s endowed w i t h one u n i t o f a s t o c k 

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

p e r i o d . The o l d consumer w i l l , o f c o u r s e , c o l l e c t t he c u r r e n t d i v i d e n d and 

then t r a d e t he s t o c k f o r c o n s u m p t i o n f r om the young a t d a t e 1. The young 

consumer , i n t u r n , w i l l h o l d t he s h a r e s t i l l p e r i o d 2 , t h e n c o l l e c t t h e d i v i ­

dend and s e l l t he s h a r e s t o t he new young a t d a t e 2 . T h i s p r o c e s s t h e n goes 

on f o r e v e r . 

L e t c . | ( t ) and c 2 ( t ) be t he c o n s u m p t i o n s a t d a t e t o f t he young and 

t he o l d consumers , r e s p e c t i v e l y , and l e t I At) and i 2 ( t ) b e t n e amounts o f 

l e i s u r e t i m e e n j o y e d by t he young and t he o l d . The young consumer a t e a c h 

d a t e t m a x i m i z e s l i f e t i m e u t i l i t y , d e n o t e d by u and g i v e n by 

(1) u = U ( C l ( t ) , lAt)) + V ( c 2 ( t + 1 ) , S l 2 ( t + 1 ) ) . 

In e q u a t i o n ( 1 ) , t he f u n c t i o n s U( •) and V ( - ) r e p r e s e n t u t i l i t y d e r i v e d i n t he 

f i r s t and second p e r i o d s o f l i f e . U t i l i t y i n e a c h p e r i o d o f l i f e depends on 

c o n s u m p t i o n and t he amount o f l e i s u r e t i m e e n j o y e d i n t h a t p e r i o d . 
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The budge t c o n s t r a i n t s f a c e d by t h e consumer a r e 

(2) C l ( t ) = w j l - ^ ( t ) ] - p ( t ) s ( t ) 

(3) c 2 ( t+1) = w 2 [ l - i2(t+-\)} + [p e ( t+1) + d ] s ( t ) . 

In e q u a t i o n s (2) and (3), p ( t ) i s t h e s t o c k p r i c e a t t , p e ( t+1) i s t h e c o n ­

s u m e r ' s e x p e c t a t i o n ( h e l d w i t h c e r t a i n t y ) o f t h e s t o c k p r i c e a t t + 1, and 

s ( t ) i s t he q u a n t i t y o f s h a r e s p u r c h a s e d by t he young a t t . E q u a t i o n (2) 

s t a t e s t h a t c o n s u m p t i o n by t h e young e q u a l s t h e t o t a l o u t p u t p r o d u c e d when 

young minus t he v a l u e o f s h a r e s p u r c h a s e d . No te t h a t [ l - J l ^ ( t ) ] i s t h e 

amount o f t i m e s p e n t w o r k i n g when y o u n g , and hence w^[l - 2,^(t)] i s t he o u t p u t 

p roduced when y o u n g . E q u a t i o n (3) s t a t e s t h a t c o n s u m p t i o n by t he o l d e q u a l s 

t he t o t a l o u t p u t p roduced when o l d p l u s t h e d i v i d e n d s on s h a r e s h e l d and t h e 

p r o c e e d s f r om t he s a l e o f s h a r e s . The consumer c h o o s e s l i f e t i m e c o n s u m p t i o n s , 

l e i s u r e t i m e s , and t he demand f o r s h a r e s s ( t ) i n o r d e r t o m a x i m i z e l i f e t i m e 

u t i l i t y g i v e n by (1) . 

The d e t e r m i n a t i o n o f t h e s t o c k p r i c e i s shown i n F i g u r e 1. I t i s 

easy t o show t h a t t h e demand f o r s h a r e s depends on p ( t ) and p e ( t+1) and t h a t 

demand i s downward s l o p i n g i n t he c u r r e n t p r i c e p ( t ) . (See t h e A p p e n d i x f o r a 

d e r i v a t i o n . ) The s u p p l y o f s h a r e s i s p e r f e c t l y i n e l a s t i c a t one u n i t s i n c e 

t h e r e i s a f i x e d amount o f one u n i t o f t h e s t o c k a v a i l a b l e , a l l o f w h i c h i s 

s u p p l i e d by t he o l d i n e l a s t i c a l l y . T h u s , t h e e q u i l i b r i u m c o n d i t i o n f o r s h a r e s 

i s g i v e n by 

(4) s ( t ) = 1. 

S i n c e t he demand f o r s h a r e s depends on t he c o n s u m e r ' s e x p e c t a t i o n o f 

n e x t p e r i o d ' s p r i c e , i t f o l l o w s t h a t t h e c u r r e n t e q u i l i b r i u m p r i c e o f s h a r e s 

a l s o depends on t he p r i c e e x p e c t e d t o p r e v a i l n e x t p e r i o d . Now assume t h a t 
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t he e x p e c t a t i o n s o f consumers a r e r a t i o n a l ; t h a t i s , t h e p r i c e t h a t consumers 

a t t e x p e c t w i l l p r e v a i l a t t + 1 i s i n f a c t t he a c t u a l p r i c e a t t + 1. T h e r e ­

f o r e , we have 

(5) p e ( t + 1 ) = p ( t + 1 ) . 

I t f o l l o w s t h a t t he c u r r e n t e q u i l i b r i u m p r i c e p ( t ) depends on n e x t p e r i o d ' s 

p r i c e p ( t + 1 ) . T h i s r e l a t i o n s h i p i s i l l u s t r a t e d i n F i g u r e 2 f o r a p a r t i c u l a r 

c h o i c e o f t he u t i l i t y f u n c t i o n s U ( • ) and V ( - ) . These f u n c t i o n s have been 

chosen i n s u c h a way a s t o g e n e r a t e a hump-shaped c u r v e . 

I t i s i m p o r t a n t t o u n d e r s t a n d t he r e a s o n f o r t he p a r t i c u l a r hump-

shaped c u r v e shown i n F i g u r e 2 , s i n c e t h i s shape i s t h e s o u r c e o f f l u c t u a t i o n s 

t o be d e s c r i b e d . T h i s shape a r i s e s due to t he c o n f l i c t be tween t h e s u b s t i t u ­ 

t i o n e f f e c t and t he w e a l t h e f f e c t o f a change i n p ( t +1 ) on t he demand f o r 

s h a r e s . These e f f e c t s may be e x p l a i n e d a s f o l l o w s . An i n c r e a s e i n p ( t +1 ) 

i n c r e a s e s t he r a t e o f r e t u r n on t h e s t o c k , t h e r e b y mak ing s a v i n g f o r f u t u r e 

c o n s u m p t i o n more a t t r a c t i v e . T h i s i n d u c e s t he consumer t o r e d u c e c u r r e n t 

c o n s u m p t i o n and t h e r e f o r e i n c r e a s e s t he demand f o r s h a r e s . T h i s i s t he s u b ­

s t i t u t i o n e f f e c t . However , an i n c r e a s e i n p ( t+1 ) a l s o i n c r e a s e s t he v a l u e o f 

s a v i n g s i n t h e f o rm o f s h a r e s and t h e r e f o r e i n c r e a s e s w e a l t h . T h i s p e r c e i v e d 

i n c r e a s e i n w e a l t h c a u s e s t h e consumer t o i n c r e a s e c u r r e n t ( a s w e l l a s f u t u r e ) 

c o n s u m p t i o n . The i n c r e a s e i n c u r r e n t c o n s u m p t i o n r e d u c e s t he demand f o r 

s h a r e s . T h i s i s t he w e a l t h e f f e c t . C o n s e q u e n t l y , t he s u b s t i t u t i o n e f f e c t and 

t he w e a l t h e f f e c t o f an i n c r e a s e i n p ( t +1 ) have o p p o s i t e e f f e c t s on t h e demand 

f o r s h a r e s ( a s can be seen i n F i g u r e 2 ) . A t low v a l u e s o f p ( t +1 ) t h e s u b s t i ­

t u t i o n e f f e c t d o m i n a t e s t he w e a l t h e f f e c t ; a s a r e s u l t , an i n c r e a s e i n p ( t +1 ) 

i n c r e a s e s the demand f o r s h a r e s t h e r e b y i n c r e a s i n g t h e c u r r e n t p r i c e p ( t ) . A t 

h i g h v a l u e s o f p ( t+1) t he w e a l t h e f f e c t d o m i n a t e s t h e s u b s t i t u t i o n e f f e c t ; a s 
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a r e s u l t , an i n c r e a s e i n p ( t+1 ) r e d u c e s t h e demand f o r s h a r e s and hence a l s o 

p ( t ) . T h i s c o n f l i c t between t h e two e f f e c t s i s t he r e a s o n f o r t h e hump-shaped 

r e l a t i o n s h i p be tween p ( t ) and p ( t + 1 ) — a r e l a t i o n s h i p w h i c h y i e l d s a v a r i e t y o f 

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

S i n c e F i g u r e 2 g i v e s a r e l a t i o n s h i p be tween t he s t o c k p r i c e t o d a y 

and t he s t o c k p r i c e tomor row, i t i s p o s s i b l e t o c a l c u l a t e some e q u i l i b r i u m 

t ime p a t h s f o r t he s t o c k p r i c e f o r v a r i o u s p a r a m e t e r v a l u e s . We can a l s o 

c a l c u l a t e t ime p a t h s f o r t h e r e a l i n t e r e s t r a t e and t o t a l o u t p u t by mak ing u s e 

o f t he f o l l o w i n g r e l a t i o n s h i p s . The r e a l i n t e r e s t r a t e r ( t ) f r om t t o t + 1 

i s g i v e n by 

(6 ) r ( t ) = [p( t+1) - p ( t ) + d ] / p ( t ) . 

The re i s a s i m p l e l i n e a r r e l a t i o n s h i p between t o t a l o u t p u t y ( t ) and t h e s t o c k 

p r i c e p ( t ) f o r t he c h o s e n u t i l i t y f u n c t i o n s U ( - ) and V ( - ) ; t h a t i s , 

(7) y ( t ) = a + b p ( t ) . 

E q u a t i o n (7 ) i s d e r i v e d i n t he A p p e n d i x . 

I I I . I l l u s t r a t i o n s o f I n t r i n s i c F l u c t u a t i o n s 

In t h i s s e c t i o n , I i l l u s t r a t e t h e v a r i e t y o f f l u c t u a t i o n s t h a t can 

be g e n e r a t e d by t h e m o d e l . E a c h i l l u s t r a t i o n c o r r e s p o n d s t o a d i f f e r e n t 

c h o i c e o f u t i l i t y f u n c t i o n s . 

At t h i s p o i n t i t i s w o r t h e m p h a s i z i n g t h a t e a c h samp le economy 

i l l u s t r a t e d i s c o m p l e t e l y s t a t i o n a r y i n te rms o f i t s c h a r a c t e r i s t i c s o v e r 

t i m e . E a c h g e n e r a t i o n l o o k s e x a c t l y t h e same a s any o t h e r i n t e rms o f i t s 

t a s t e s , endowments, and p r o d u c t i v i t i e s . T h a t i s , t he f u n d a m e n t a l s o f e a c h 

economy a r e c o n s t a n t o v e r t i m e . In s p i t e o f t h i s c o n s t a n c y i n t he f u n d a ­

m e n t a l s , we w i l l see t h a t i t i s p o s s i b l e f o r t he s t o c k p r i c e , r e a l i n t e r e s t 

r a t e , and o u t p u t t o e x h i b i t p r e t t y w i l d b e h a v i o r . 
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D P r e d i c t a b l e and B i z a r r e P a t h s 

In F i g u r e 4 we s e e t h a t t h e r e i s i n d e e d a c o n s t a n t t i m e p a t h f o r t he 

s t o c k p r i c e . T h i s p r i c e , d e n o t e d p * , c o r r e s p o n d s t o t he i n t e r s e c t i o n i n 

F i g u r e 3 o f t h e f o r t y - f i v e d e g r e e l i n e and t he hump-shaped c u r v e be tween p ( t ) 

and p ( t + 1 ) . I f a l l consumers e x p e c t t h a t t h e p r i c e n e x t p e r i o d w i l l be p * , 

t hen i t w i l l be p* t oday and hence f o r e v e r . From e q u a t i o n s ( 6 ) and ( 7 ) , i t 

f o l l o w s t h a t t he i n t e r e s t r a t e and o u t p u t w i l l a l s o be c o n s t a n t o v e r t i m e i n 

t h i s e x a m p l e . However , F i g u r e 4 a l s o shows a n o t h e r t i m e p a t h f o r t he s t o c k 

p r i c e a l o n g w h i c h i t f o l l o w s an up -and -down c y c l i c a l p a t h w h i c h r e p e a t s e v e r y 

two p e r i o d s . T h e r e f o r e , e q u a t i o n s (6 ) and (7 ) i m p l y t h a t a l o n g t h i s a l t e r n a ­

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

In F i g u r e s 5 and 6 we s e e t h e g e n e r a t i o n o f a f o u r - p e r i o d c y c l e i n s t o c k 

p r i c e s and hence a l s o i n t h e i n t e r e s t r a t e and o u t p u t . F i g u r e s 7 and 8 show 

how a t h r e e p e r i o d c y c l e i s g e n e r a t e d . 

The model can a l s o g e n e r a t e some b i z a r r e t i m e p a t h s . F i g u r e 9 

d e p i c t s a p r e t t y b i z a r r e t ime p a t h f o r t h e s t o c k p r i c e i n w h i c h i t i s h a r d t o 

d i s c e r n any s t r i c t l y p e r i o d i c p a t t e r n . F i g u r e 10 shows a p a t t e r n t h a t i s h a r d 

t o d i s t i n g u i s h f r om a t ime p a t h t h a t m i g h t be g e n e r a t e d due t o t h e p r e s e n c e o f 

random s h o c k s , even though s u c h s h o c k s have been e x p l i c i t l y r u l e d o u t i n 

c o n s t r u c t i n g t h e s e i l l u s t r a t i o n s . 

A l t h o u g h we have shown o n l y a few o f t he p o s s i b l e t i m e p a t h s o f t h e 

s t o c k p r i c e f o r each e x a m p l e , t h e r e a r e i n f a c t many p o s s i b l e t i m e p a t h s f o r 

each s e t o f p a r a m e t e r v a l u e s . F o r i n s t a n c e , t h e examp le t h a t g i v e s r i s e t o 

t he f o u r - p e r i o d c y c l e o f F i g u r e 6 can a l s o g i v e r i s e t o a t w o - p e r i o d c y c l e . 

The example t h a t p r o d u c e s t he b i z a r r e p a t h o f F i g u r e 9 can a l s o g i v e r i s e t o 

c y c l e s o f two , f o u r , and e i g h t p e r i o d s a s w e l l a s p e r i o d s o f some h i g h e r 

powers o f two . And t he p a r a m e t e r v a l u e s u s e d i n F i g u r e 8 can a l s o g i v e r i s e 
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t o c y c l e s o f e v e r y i n t e g e r p e r i o d a s w e l l a s g i v i n g r i s e to t he b i z a r r e s o r t s 

o f t i m e p a t h s i n F i g u r e 9, w h i c h seem t o l a c k any p e r i o d i c p a t t e r n . 7 F u r t h e r ­

more , i n e v e r y example t h e r e i s an e q u i l i b r i u m p a t h a l o n g w h i c h t h e s t o c k 

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

n a t u r e o f t he r e l a t i o n s h i p between p ( t ) and p(t+1) i s s i m i l a r t o t he hump-

shaped c u r v e shown i n F i g u r e 2. T h i s c o n s t a n t t ime p a t h i s i n d i c a t e d by t he 

l i n e marked p* on t he f i g u r e s . 

D A n i m a l S p i r i t s and H e m l i n e s 

We now t u r n t o an i l l u s t r a t i o n o f t h e k i n d o f t i m e p a t h t h a t can be 

g e n e r a t e d when consumers a r e d r i v e n by a n i m a l s p i r i t s . Suppose consumers 

b e l i e v e t he f o l l o w i n g max im: 

When h e m l i n e s a r e up, s t o c k s w i l l be up; and when h e m l i n e s a r e down, 

s t o c k s w i l l be down. 

Suppose f u r t h e r t h a t t he f a s h i o n i n d u s t r y d e c i d e s randomly when 

h e m l i n e s w i l l be up and when t h e y w i l l be down, p e r h a p s by c o n s u l t i n g a d i f ­

f e r e n t a s t r o l o g e r each p e r i o d . Even though s u c h randomness has no c o n n e c t i o n 

w i t h t h e t a s t e s , endowments, o r p r o d u c t i v i t i e s o f consumers i n t he m o d e l , i t 

t u r n s o u t t h a t s t o c k p r i c e s (and hence i n t e r e s t r a t e s and o u t p u t ) r e s p o n d t o 

s u c h e x t r a n e o u s randomness . 

I now e x p l a i n how s u c h b e l i e f s , w h i c h have no r e l a t i o n t o e c o n o m i c 

f u n d a m e n t a l s , can be s e l f - f u l f i l l i n g . L e t t he i n d i c e s i and j i n d i c a t e t h e 

s t a t e o f h e m l i n e s a t d a t e s t and t + 1, r e s p e c t i v e l y , and s u p p o s e t h a t e a c h 

i n d e x t a k e s t h e v a l u e 1 o r 2, d e p e n d i n g on whe the r h e m l i n e s a r e h i g h o r l o w . 

L e t p i be t h e s t o c k p r i c e i n s t a t e i , s^^ t he demand f o r s h a r e s , cAi) and 

c 2 ( i ) t he consump t i ons o f t he young and t he o l d i n s t a t e i , and lAi) and 

S,_( i ) t he l e i s u r e t i m e s o f t he young and t he o l d i n s t a t e i . L e t n . be t he 
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p r o b a b i l i t y t h a t t he h e m l i n e s t a t e a t t + 1 i s j , g i v e n t h a t t h e h e m l i n e s t a t e 

a t t i s i . The young consumer a t t m a x i m i z e s e x p e c t e d u t i l i t y g i v e n t he s t a t e 

i a t t . T h i s i s d e n o t e d by E ( u | i ) . U s i n g ( 1 ) , t he e x p r e s s i o n f o r e x p e c t e d 

u t i l i t y can be w r i t t e n a s 

(8 ) E ( u | i ) = 11 (0 , ( 1 ) , 1 , ( 1 ) ] + I i t . j V ( c ( J ) , a 2 ( j ) ) . 
•J 

In e q u a t i o n ( 8 ) , we a r e s i m p l y a d d i n g up t he u t i l i t i e s i n e a c h p o s s i b l e s t a t e 

i n t he s e c o n d p e r i o d o f l i f e , w e i g h t e d by t h e r e s p e c t i v e p r o b a b i l i t i e s . 

The c o n s u m e r ' s budge t c o n s t r a i n t s can be w r i t t e n , by a n a l o g y w i t h 

(2 ) and ( 3 ) , a s 

(9 ) 0 , ( 1 ) = w j l - 1 , ( 1 ) ] - p . s . 

(10) c 2 ( J ) = w 2 [ l - a 2 ( j ) | + ( p , + d ) s i . 

The i n t e r p r e t a t i o n o f t h e c o n s t r a i n t s (9 ) and (10 ) i s s i m i l a r t o t h a t f o r ( 2 ) 

and ( 3 ) . 

I t i s now p o s s i b l e t o s o l v e f o r t h e c o n s u m e r ' s demand f o r s h a r e s . 

We can then impose t h e e q u i l i b r i u m c o n d i t i o n (4 ) and s o l v e f o r t h e p r i c e s p^ 

and p 2 < ( D e t a i l s a r e p r o v i d e d i n t he A p p e n d i x . ) These p r i c e s t o g e t h e r w i t h 

t he p r o b a b i l i t i e s n. d e t e r m i n e t he p o s s i b l e t ime p a t h s f o r t he s t o c k p r i c e . 

Such an e q u i l i b r i u m i s s e l f - f u l f i l l i n g , o r r a t i o n a l , b e c a u s e t h e d i s t r i b u t i o n 

o f f u t u r e p r i c e s on t he b a s i s o f w h i c h t he consumer d e t e r m i n e s t he demand f o r 

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

between the demand and s u p p l y o f s h a r e s . T h u s , t he c o n s u m e r ' s b e l i e f s a r e 

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

F i g u r e 11 shows an example i n w h i c h t h e s t o c k p r i c e f l u c t u a t e s r a n ­

domly between two v a l u e s , marked p^ and p 2 , w i t h p r o b a b i l i t i e s a s n o t e d . The 

r e a s o n f o r s u c h b e h a v i o r i s t he f o l l o w i n g . I f t h e c u r r e n t s t a t e i o f h e m l i n e s 
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i s d i f f e r e n t ( s a y 2 i n s t e a d o f 1), t hen t he p r o b a b i l i t i e s f o r t h e f u t u r e 

s t a t e j o f h e m l i n e s w i l l be d i f f e r e n t . G i v e n t h e b e l i e f h e l d by consumers 

abou t t he r e l a t i o n s h i p between h e m l i n e s and s t o c k p r i c e s , t he p r o b a b i l i t i e s 

a f f e c t t he c o n s u m e r ' s e x p e c t a t i o n o f t o m o r r o w ' s s t o c k p r i c e . T h i s i n f l u ­

ences t he c o n s u m e r ' s c u r r e n t demand f o r t he s t o c k and hence i t s c u r r e n t p r i c e . 

F o r t h i s r e s u l t , i t i s i n d e e d i m p o r t a n t t h a t t he p r o b a b i l i t i e s w^j 

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

s t a t e s must d i f f e r i f t he c u r r e n t h e m l i n e s t a t e i s d i f f e r e n t . O t h e r w i s e , t he 

c o n s u m e r ' s e x p e c t a t i o n o f t o m o r r o w ' s s t o c k p r i c e w i l l be i n d e p e n d e n t o f t he 

c u r r e n t s t a t e and hence s o w i l l be t he c o n s u m e r ' s demand f o r s h a r e s . C o n s e ­

q u e n t l y , t h e c u r r e n t e q u i l i b r i u m p r i c e w i l l be t h e same no m a t t e r what t h e 

c u r r e n t s t a t e i s . R a t i o n a l e x p e c t a t i o n s t h e n i m p l y t h a t t h e s t o c k p r i c e must 

be c o n s t a n t f o r e v e r . 

D Summary 

So f a r we have seen many e x a m p l e s i n w h i c h even t h o u g h t h e r e i s 

a l w a y s a p a t h a l o n g w h i c h s t o c k p r i c e s and o t h e r v a r i a b l e s a r e c o n s t a n t , t h e r e 

a r e a l s o many o t h e r e q u i l i b r i u m p a t h s a l o n g w h i c h s t o c k p r i c e s and o t h e r 

macroeconomic v a r i a b l e s can e x h i b i t v e r y i n t e r e s t i n g f l u c t u a t i o n s . T h e r e f o r e , 

i t f o l l o w s t h a t t he economy can e x h i b i t i n s t a b i l i t y even when t h e r e i s a 

s t a b l e p a t h t h a t i s a t t a i n a b l e i f o n l y consumers wou ld b e l i e v e i n i t . 

IV . P o l i c y I m p l i c a t i o n s 

What i m p l i c a t i o n s does t h i s s i m p l e s t o c k p r i c e model have f o r c o n ­

sumer w e l f a r e and government p o l i c y ? I t t u r n s o u t t h a t e v e r y one o f t h e 

e q u i l i b r i u m p a t h s we have s t u d i e d h a s t h e p r o p e r t y o f b e i n g P a r e t o o p t i m a l ; 

t h a t i s , none o f t he p a t h s can make some consumer b e t t e r o f f w i t h o u t h u r t i n g 
g 

some o t h e r consumer . T h e r e f o r e , t h e r e i s no government p o l i c y t h a t w i l l 
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improve e v e r y o n e ' s l o t . However , t h i s c o n c l u s i o n depends on how s e r i o u s l y we 

t a k e t he a s s u m p t i o n o f p e r f e c t f o r e s i g h t . Remember t h a t e v e r y one o f t he 

e q u i l i b r i u m p a t h s was c o n s t r u c t e d on t he a s s u m p t i o n t h a t i t was p e r f e c t l y 

f o r e s e e n by a l l c o n s u m e r s . I f consumers make o c c a s i o n a l m i s t a k e s i n e x p e c t a ­

t i o n s , t hen t he w e l f a r e p r o p e r t i e s o f t h e p a t h s d i s c u s s e d may no l o n g e r be 

t r u e . C o n s e q u e n t l y , t h e r e may be a r o l e f o r government p o l i c i e s t h a t wou ld 

enhance t he w e l f a r e o f a l l c o n s u m e r s . 

The p e r f e c t f o r e s i g h t a s s u m p t i o n may n o t seem u n r e a s o n a b l e i f t he 

economy has been mov ing a l o n g a c o n s t a n t p a t h o r p e r h a p s a l o n g a p a t h w i t h an 

e a s i l y d i s c e r n i b l e c y c l i c a l p a t t e r n . Then we may r e a s o n a b l y e x p e c t t h a t 

c o n s u m e r s , by l o o k i n g a t t he p a s t b e h a v i o r o f s t o c k p r i c e s , w i l l be a b l e t o 

fo rm a c c u r a t e f o r e c a s t s o f t h e i r f u t u r e b e h a v i o r , somewhat l i k e t h e c h a r t i s t s 

on W a l l S t r e e t . However , some o f t he p a t h s we have seen ( f o r i n s t a n c e , t h o s e 

i n F i g u r e s 9 and 10) a r e s o comp lex t h a t i t i s h a r d t o i m a g i n e how anyone 

c o u l d f o rm an a c c u r a t e f o r e c a s t o f t he f u t u r e b e h a v i o r o f s t o c k p r i c e s b a s e d 

9 

on p a s t o b s e r v a t i o n s . When s u c h f o r e c a s t i n g seems d i f f i c u l t , t he a s s u m p t i o n 

o f r a t i o n a l e x p e c t a t i o n s may be somewhat q u e s t i o n a b l e . A t t he v e r y l e a s t , 

however , one can a r g u e t h a t t he government ough t to p u r s u e p o l i c i e s t h a t pu t 

the economy on a s t a b l e p a t h , t h e r e b y mak ing i t e a s i e r f o r consumers t o f o r m 

a c c u r a t e f o r e c a s t s o f t h e f u t u r e and t h u s k e e p i n g t h e economy mov ing a l o n g a 

s t a b l e p a t h . The argument f o r t h i s a p p r o a c h i s s i m p l y t h a t m i s t a k e n e x p e c t a ­

t i o n s a r e much more l i k e l y when t he economy i s f o l l o w i n g a h i g h l y u n s t a b l e 

p a t h . 

Do t h e r e e x i s t government p o l i c i e s t h a t can e l i m i n a t e a l l t h e h i g h l y 

f l u c t u a t i n g p a t h s we have seen a r e p o s s i b l e and push t he economy i n e x o r a b l y 

on to a c o n s t a n t p a t h w i t h no f l u c t u a t i o n s w h a t s o e v e r ? F o r t h e s t o c k p r i c e 

m o d e l , t h e r e i s i n f a c t a f a i r l y s i m p l e p o l i c y t h a t can a c h i e v e t h i s o b j e c -
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t i v e : L e t t h e government announce a benchmark s t o c k p r i c e p , w h i c h i s l e s s 

t han M j , and a l s o l e v y a t a x ( o r s u b s i d y , i f n e g a t i v e ) a t t he p r o p o r t i o n a l 

r a t e [1 - p / p ( t ) ] on t h e v a l u e o f s h a r e s h e l d by t h e o l d a t e a c h d a t e t 

( i n c l u d i n g t h e i n i t i a l o l d ) . The p r o c e e d s o f t h i s t a x a r e handed o v e r t o t he 

young a t t a s a lumpsum r e b a t e ( o r t a x , i f n e g a t i v e ) , deno ted r ( t ) . T h i s 

p o l i c y w i l l a l t e r t h e budge t c o n s t r a i n t s (2) and (3) a s f o l l o w s : 

(11) c , ( t ) = W 1[1 - ^ ( t ) ] - p ( t ) s ( t ) + x ( t ) 

(12) c 2 ( t+1) = W 2[1 - » 2 ( t+1) ] + (p(t+1) + d ] s ( t ) 

- [1 - p /p ( t+1 ) ]p ( t+1 )s ( t ) 

A 

= w 2 [ i - a 2 ( t+D] + ( p + d ) s ( t ) . 

A l o n g an e q u i l i b r i u m p a t h , t he r e b a t e -r( t ) must s a t i s f y the f o l l o w i n g r e l a ­

t i o n s h i p : 

(13) x ( t ) = p ( t ) - p . 

E q u a t i o n ( 1 3 ) f o l l o w s b e c a u s e i n e q u i l i b r i u m t he q u a n t i t y o f s h a r e s s o l d i s 

u n i t y , and hence t he v a l u e o f s h a r e s s o l d i s p ( t ) . T h e r e f o r e , t a x e s p a i d must 

be p ( t ) [ l - p / p ( t ) ] , w h i c h e q u a l s [ p ( t ) - p ] . 

I t i s p o s s i b l e t o show t h a t u n d e r s u c h a p o l i c y , t he o n l y p o s s i b l e 

e q u i l i b r i u m p a t h f o r t h e s t o c k p r i c e (and hence f o r t he i n t e r e s t r a t e and 

o u t p u t ) i s a c o n s t a n t o n e . (See t he A p p e n d i x f o r d e t a i l s . ) The r e a s o n f o r 

t h i s i s a s f o l l o w s . S i n c e t he government t a x e s away any e x c e s s o f p(t+1) 
A. 

above t he benchmark p r i c e p [o r s u b s i d i z e s t h e d i f f e r e n c e i f p(t+1) f a l l s 

s h o r t o f p ] , t h e consumer i s , i n e f f e c t , f a c e d w i t h a f u t u r e p r i c e t h a t i s 

a l w a y s e q u a l t o p . C o n s e q u e n t l y , t h e c o n s u m e r ' s c u r r e n t demand f o r s h a r e s 

depends on p bu t n o t on p( t+1) . T h e r e f o r e , t he c u r r e n t e q u i l i b r i u m p r i c e p ( t ) 
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a l s o depends on p o n l y and i s hence c o n s t a n t o v e r t i m e . T h i s s i m p l e p o l i c y , 

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

omy o n t o a s t a b l e p a t h . In a d d i t i o n , i t i s p o s s i b l e t o choose t he benchmark 

p r i c e p i n o r d e r t o e n s u r e t h a t t he e q u i l i b r i u m p a t h i s P a r e t o o p t i m a l . 

The p o l i c y j u s t d e s c r i b e d s h o u l d be v i e w e d w i t h c a u t i o n , howeve r . 

Even t h o u g h i t works f o r t he s i m p l e s t o c k p r i c e m o d e l , i t may n o t work f o r a 

more comp lex model w i t h more a s s e t s , u n c e r t a i n t y , and c a p i t a l a c c u m u l a t i o n . 

In p r a c t i c e , t h e p o l i c y i s l i k e l y t o be v e r y d i f f i c u l t t o d e f i n e and imp lement 

and may a l s o have u n d e s i r a b l e s i d e e f f e c t s on r i s k t a k i n g and i n v e s t m e n t . To 

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

wou ld have t o be we ighed a g a i n s t t he p o s s i b l e b e n e f i t s f rom a s t a b i l i z e d 

economy and imp roved f o r e c a s t i n g . 

V . C o n c l u s i o n 

I now summar ize what I t h i n k e c o n o m i s t s a r e l e a r n i n g by s t u d y i n g t he 

t y p e o f mode l I have d e s c r i b e d i n t h i s p a p e r . I s h o u l d e m p h a s i z e t h a t t h i s i s 

a t e n t a t i v e r e p o r t on a r e l a t i v e l y new and o n g o i n g r e s e a r c h p rogram r a t h e r 

t h a n a d e f i n i t i v e judgment o f a r i p e o l d o n e . The i m p o r t a n t p o i n t s seem t o be 

t he f o l l o w i n g . 

Most b u s i n e s s c y c l e mode ls e x p l a i n f l u c t u a t i o n s i n economic v a r i ­

a b l e s a s r e s u l t i n g f r om the e f f e c t s o f t a s t e and t e c h n o l o g y s h o c k s c o n t i n u a l l y 

i m p i n g i n g on t he economy. W h i l e some o f t h e s e mode ls a r e a b l e t o e x p l a i n some 

o f t he q u a l i t a t i v e and q u a n t i t a t i v e f e a t u r e s o f o b s e r v e d b u s i n e s s f l u c t u a ­

t i o n s , t h e r e a r e many phenomena t h a t t h e y have d i f f i c u l t y e x p l a i n i n g o r f o r 

w h i c h e x p l a n a t i o n s based on t a s t e o r t e c h n o l o g y s h o c k s s t r a i n c r e d i b i l i t y . 

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

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

e v e n t s , and deep d e p r e s s i o n s l i k e t h e one i n 1 9 2 9 . 1 0 
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These c o n s i d e r a t i o n s s u g g e s t t h a t p e r h a p s even i n t he a b s e n c e o f any 

t a s t e o r t e c h n o l o g y s h o c k s h i t t i n g t he economy and even when t h e e n v i r o n m e n t 

i s c o m p l e t e l y s t a t i o n a r y , t he economy m i g h t be u n s t a b l e and e x h i b i t f l u c t u a ­

t i o n s . As Keynes a r g u e d , t he economy m igh t be d r i v e n by t he a n i m a l s p i r i t s o f 

i n v e s t o r s — s p i r i t s w h i c h need b e a r no r e l a t i o n t o economic f u n d a m e n t a l s . I 

have shown by examp le t h a t i t i s n o t a t a l l d i f f i c u l t t o c o n s t r u c t s i m p l e 

model econom ies t h a t e x h i b i t t he above p r o p e r t i e s . S u b j e c t t o some i m p o r t a n t 

q u a l i f i c a t i o n s , I have a l s o shown t h a t t h e r e e x i s t a p p r o p r i a t e government 

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

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

s t a n d i n g t o be g a i n e d by f u r t h e r s t u d y o f m o d e l s o f i n t r i n s i c f l u c t u a t i o n s . 
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Append i x 

I assume the f o l l o w i n g fo rm f o r t h e u t i l i t y f u n c t i o n i n e q u a t i o n (1 ) 

o f t he t e x t : 

(A1) u = C l ( t ) a i l ^ t ) 1 ° 1 + B [ c 2 ( t + 1 ) a 2 S l 2 ( t + 1 ) 1 a2]Uv/(UV). 

I assume t h a t 0 < a 1 < 1 , 0 < a 2 < 1 , B > 0 , and u > 0 , bu t t h a t y * 1. I f 

p = 1 , t he second te rm i n (A1) s h o u l d be r e p l a c e d by 

B [ a 2 i n c 2 ( t + 1 ) + ( 1 - c u ) i n ^ ( t + 1 ) ] . 

Here I c h a r a c t e r i z e some o f t he d i f f e r e n c e s be tween my mode l and t h e 

ones o f Grandmont (1985) and A z a r i a d i s ( 1 9 8 1 ) . The ma in d i f f e r e n c e i s t h a t 

t he a s s e t i n t h e i r mode ls pays a z e r o d i v i d e n d f o r e v e r , r a t h e r t han a p o s i t i v e 

d i v i d e n d . One may t h i n k o f t h e i r a s s e t a s c o r r e s p o n d i n g t o c a s h . In a d d i ­

t i o n , my s p e c i f i c a t i o n o f t he u t i l i t y f u n c t i o n i s a s p e c i a l c a s e o f t h a t o f 

Grandmont ( 1 9 8 5 ) . I f I s e t a , t o z e r o and a 2 t o u n i t y ( s o t h a t p e o p l e consume 

o n l y l e i s u r e when young and o n l y t he c o n s u m p t i o n good when o l d ) , t h e n my 

s p e c i f i c a t i o n o f t he u t i l i t y f u n c t i o n becomes a s p e c i a l c a s e o f t h a t o f 

A z a r i a d i s ( 1 9 8 1 ) . Grandmont (1985) a n a l y z e s o n l y d e t e r m i n i s t i c f l u c t u a t i o n s , 

l i k e t he ones i n F i g u r e s 3 - 1 0 , where t h e r e i s no u n c e r t a i n t y a b o u t t he t i m e 

p a t h o f p r i c e s . A z a r i a d i s (1981) a n a l y z e s f l u c t u a t i o n s , l i k e t h e h e m l i n e 

example i n F i g u r e 11 , w h i c h a r e g e n e r a t e d by e x t r a n e o u s u n c e r t a i n e v e n t s t h a t 

have no c o n n e c t i o n t o t a s t e s o r t e c h n o l o g y . 

Consumer P r e f e r e n c e s 

I now a n a l y z e t he c o n s u m e r ' s c h o i c e s o f l i f e t i m e c o n s u m p t i o n s , 

l e i s u r e t i m e s , and t he q u a n t i t y o f s h a r e s t o b u y , g i v e n t he c u r r e n t s t o c k 

p r i c e and t he e x p e c t e d f u t u r e p r i c e . 
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F i r s t , t he consumer w i l l e q u a t e t he m a r g i n a l r a t e o f s u b s t i t u t i o n 

between l e i s u r e t ime and c o n s u m p t i o n i n each p e r i o d o f l i f e t o t he c o r r e ­

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

t i m e i s w^ when t he consumer i s young and w 2 when o l d . T h i s l e a d s t o t h e 

f o l l o w i n g r e l a t i o n s h i p s : 

(A2) ( 1 - a 1 ) c l ( t ) / a 1 f t 1 ( t ) = w 1 

(A3) ( 1 - a 2 ) c 2 ( t + 1 ) / a 2 J l 2 ( t + 1 ) = w 2 . 

S e c o n d , t he consumer w i l l e q u a t e t he m a r g i n a l r a t e o f s u b s t i t u t i o n 

between c o n s u m p t i o n a t t and c o n s u m p t i o n a t t + 1 t o t he g r o s s e x p e c t e d r a t e 

o f r e t u r n on t h e s t o c k . T h i s y i e l d s 

(A4) ( a 1 / 6 a 2 ) [ a 1 ( t ) / c l ( t ) ] 1 " 1 [ c ^ t + l ) " 2 H 2 ( t + 1 ) 1 ° * ] v 

1-a 
x [ c 2 ( t + 1 ) / » 2 ( t + D ] * = [ p e ( t + 1 ) + d ] / p ( t ) . 

We may now s u b s t i t u t e f o r 9. At) and a 2 ( t + 1 ) f r om (A2) and (A3) i n t o 

e q u a t i o n s (2) and ( 3 ) o f t he t e x t t o o b t a i n t he f o l l o w i n g s i m p l i f i e d e x p r e s ­

s i o n s f o r t h e c o n s u m e r ' s budge t c o n s t r a i n t s : 

(A5) cAt) = a l [ w 1 - p ( t ) s ( t ) ] 

(A6) c 2 ( t + 1 ) = a 2 { w 2 + [ p e ( t + 1 ) + d ] s ( t ) } . 

Nex t we may s u b s t i t u t e f o r lAt) and & 2 ( t + 1 ) f r om (A2) and ( A 3 ) , and c 2 ( t + 1 ) 

f r om (A6) i n t o (A4) t o o b t a i n 

(A7) {w„ + [ p e ( t + 1 ) + d ] s ( t ) } u = A [ p e ( t + 1 ) + d ] / p ( t ) . 
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E q u a t i o n (A7) d e t e r m i n e s t he demand f o r s h a r e s i n te rms o f p ( t ) and p e ( t + 1 ) . 

The c o e f f i c i e n t A i n (A7) i s g i v e n by 

1 -o 1 ( 1 - a ) ( y - 1 ) 
(A8) A = S l a ^ / d - o ^ ] [ a 2 w 2 / ( 1 - a 2 ) ] d / a 1 ° 2 1 

I t may be v e r i f i e d f rom e q u a t i o n (A7) t h a t t he demand f o r s h a r e s i s 

d e c r e a s i n g i n t he c u r r e n t p r i c e p ( t ) . Now s u b s t i t u t e e q u a t i o n s (4 ) and (5 ) i n 

(A7) t o g e t t he f o l l o w i n g r e l a t i o n s h i p between p ( t ) and p ( t + 1 ) : 

(A9) p ( t ) = f ( p ( t + 1 ) ) E A [p ( t+1 ) + d ] / [ p ( t + 1 ) + d + w 2 ] w . 

The c u r v e o f p ( t ) a g a i n s t p ( t+1 ) w i l l be hump shaped ( a s i n F i g u r e 2) p r o v i d e d 

li > 1 and w 2 > ( y - 1 ) d . Any t ime p a t h f o r p ( t ) t h a t s a t i s f i e s (A9) f o r a l l t 

c o n s t i t u t e s a p e r f e c t f o r e s i g h t o r r a t i o n a l e x p e c t a t i o n s e q u i l i b r i u m . 

O u t p u t and t he S t o c k P r i c e 

A s i m p l e r e l a t i o n s h i p between t o t a l o u t p u t and t he s t o c k p r i c e can 

be o b t a i n e d a s f o l l o w s . From e q u a t i o n s ( 2 ) , (3), ( 4 ) , and (5 ) we have 

(A10) c , ( t ) + c 2 ( t ) = wjl - l ^ t ) ] + W 2 [1 - l2(t)] + d = y ( t ) . 

S u b s t i t u t i n g f r om e q u a t i o n s ( A 5 ) , (A6), ( 4 ) , and (5 ) i n t o e q u a t i o n ( A 1 0 ) , we 

o b t a i n t he f o l l o w i n g l i n e a r r e l a t i o n s h i p between y ( t ) and p ( t ) : 

(All) y ( t ) = a 1 w l + a 2 ( w 2 + d ) + ( a ^ ) p ( t ) . 

P a r a m e t e r V a l u e s and S i m u l a t i o n Method 

I now d e s c r i b e t he c h o i c e o f p a r a m e t e r v a l u e s and t h e method o f 

s i m u l a t i o n u s e d t o p r o d u c e t h e i n t r i n s i c f l u c t u a t i o n s shown i n F i g u r e s 3 -8 . I 

chose t h e s e p a r a m e t e r v a l u e s : = 1 /4 , a 2 = 1 / 2 , w-j = 5 0 , and d = 0 . 0 1 . The 

p a r a m e t e r y was v a r i e d f r om 2 t o 20 i n s t e p s o f one h a l f . The p a r a m e t e r s w 2 
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and 6 were c h o s e n i n d i r e c t l y a s f o l l o w s : L e t p be t h e maximum v a l u e o f f ( p ) 

and l e t p m be t he v a l u e o f p a t w h i c h f ( • ) a t t a i n s i t s maximum. These v a l u e s 

a r e i l l u s t r a t e d i n t he accompany ing f i g u r e , w h i c h i s based on F i g u r e 2 o f t h e 

t e x t . The v a l u e o f p m may be f ound by s e t t i n g t he d e r i v a t i v e o f f ( • ) e q u a l t o 

z e r o and s o l v i n g f o r p . T h i s y i e l d s 

(A12) p m = [ w 2 / ( y - D ] - d 

(A13) P = A / M M ( p m + d ) y - 1 . 

We may now s u b s t i t u t e f o r w 2 and A f rom (A12) and (A13) i n t o (A9) and e x p r e s s 

t he f u n c t i o n f ( • ) i n t e rms o f t h e p a r a m e t e r s p m , p , y , and d . I c h o s e p m = 1 

and p = 2y + 1. The i m p l i e d v a l u e s o f w 2 and 6 may now be f o u n d u s i n g ( A 1 2 ) , 

( A 1 3 ) , and ( A 8 ) . F i g u r e 10 was g e n e r a t e d u s i n g t he same p a r a m e t e r v a l u e s a s 

a b o v e , w i t h t h e f o l l o w i n g e x c e p t i o n s : d = 0 . 0 0 1 , y = 1 5 . 0 , and p = 1 0 . 0 . 

F i g u r e s 3 -9 were g e n e r a t e d by i t e r a t i n g backward u s i n g t he r e l a t i o n ­

s h i p between p ( t ) and p ( t+1 ) g i v e n by e q u a t i o n ( A 9 ) . T h a t i s , I s t a r t e d w i t h 

a t e r m i n a l v a l u e o f t h e s t o c k p r i c e and worked backward t o f i n d t h e v a l u e s o f 

t he s t o c k p r i c e a t e a r l i e r d a t e s . F i g u r e 10, howeve r , was g e n e r a t e d by 

i t e r a t i n g f o r w a r d s . T h i s p r o c e d u r e has t o be u s e d w i t h c a r e . As t h e a p p e n d i x 

f i g u r e shows , t h e r e a r e two p o s s i b l e v a l u e s o f p ( t + 1 ) , p^ and p 2 , f o r some 

v a l u e s o f p ( t ) . Which v a l u e o f p ( t+1) to choose may depend on w h e t h e r t h e r e 

e x i s t s some v a l u e o f p ( t+2 ) t h a t can f o l l o w p ( t + 1 ) . F o r i n s t a n c e , i f p ( t ) i s 

t oo s m a l l , t h e n f o r w h i c h e v e r v a l u e o f p ( t+1 ) we p i c k , t h e r e w i l l be no v a l u e 

o f p ( t +2 ) t h a t can f o l l o w i t . I f p ( t ) i s somewhat l a r g e r , t hen o n l y t he 

l a r g e r o f t he two v a l u e s o f p ( t+1) can be c h o s e n . However , i f p ( t ) i s s u f f i ­

c i e n t l y l a r g e , t hen e i t h e r o f t h e two v a l u e s o f p ( t+1 ) i s a l e g i t i m a t e 

c h o i c e . In g e n e r a t i n g F i g u r e 10, t h i s t y p e o f s i t u a t i o n was r e s o l v e d by 

s e l e c t i n g randomly between t he two v a l u e s . 
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Note t h a t t he backward i t e r a t i o n t i m e p a t h i n F i g u r e 9 can be 

e x t e n d e d i n d e f i n i t e l y i n t o t he f u t u r e by s t a r t i n g w i t h t he t e r m i n a l p r i c e and 

u s i n g t he f o r w a r d i t e r a t i o n p r o c e d u r e t h a t g e n e r a t e d F i g u r e 10. As n o t e d i n 

t h e p r e v i o u s p a r a g r a p h , to do t h i s i t i s , o f c o u r s e , n e c e s s a r y t h a t t he t e r m i ­

n a l p r i c e be no t t o o l o w . T h e r e f o r e , t he t ime p a t h i n F i g u r e 9 does i n d e e d 

c o n s t i t u t e a l e g i t i m a t e e q u i l i b r i u m t i m e p a t h t h a t s a t i s f i e s (A9) f o r a l l t . 

S o l v i n g t he Heml ine Example 

I now show how t o s o l v e t h e h e m l i n e examp le p r e s e n t e d i n t he t e x t 

(and d e p i c t e d t h e r e i n F i g u r e 1 1 ) . S u b s t i t u t e f rom e q u a t i o n s 1 and (A1) i n t o 

e q u a t i o n (8 ) t o g e t t he f o l l o w i n g e x p r e s s i o n f o r e x p e c t e d u t i l i t y : 

(A14) E ( u | i ) = e ^ i ) " 1 ^ ( i ) 1 ° 1 + 6 ! i » i J [ 0 2 ( J ) ° 2 * 2 ( j ) 2 ] 1 " y / ( 1 - ^ ) -

In d e r i v i n g ( A 1 4 ) , i t i s i m p l i c i t l y assumed t h a t t he young consumer a t d a t e t 

i s bo rn a f t e r t h e c u r r e n t s t a t e i i s r e a l i z e d . In t he c o n t r a r y c a s e , e q u a t i o n 

(A14) wou ld have t o be m o d i f i e d by a l s o a d d i n g up t h e u t i l i t i e s i n e a c h s t a t e 

when y o u n g , w e i g h t e d by t h e r e s p e c t i v e p r o b a b i l i t i e s . In a d d i t i o n , we wou ld 

have t o r e c o g n i z e t he p o s s i b i l i t i e s f o r r i s k s h a r i n g be tween t h e young and t he 

o l d , w h i c h w i l l a l t e r t he budge t c o n s t r a i n t s (9 ) and ( 1 0 ) . By a s s u m i n g t h a t 

t h e young consumer i s bo rn a f t e r t h e c u r r e n t s t a t e i s r e a l i z e d , we r u l e ou t 

s u c h r i s k - s h a r i n g a r r a n g e m e n t s . T h i s a s s u m p t i o n l e a d s t o (A14) and t he budge t 

c o n s t r a i n t s (9 ) and ( 1 0 ) . The a s s u m p t i o n i s i n d e e d v e r y c r u c i a l b e c a u s e i n 

t he c o n t r a r y c a s e i t can be shown t h a t i t i s i m p o s s i b l e f o r s t o c k p r i c e s t o 

f l u c t u a t e i n r e s p o n s e to e x t r a n e o u s e v e n t s l i k e h e m l i n e s o r s u n s p o t s . F o r a 

d e m o n s t r a t i o n o f t h i s s t a t e m e n t , s e e A z a r i a d i s ( 1 9 8 1 ) . 

I now a n a l y z e i n s e v e r a l s t e p s t he c o n s u m e r ' s c h o i c e p r o b l e m . As 

b e f o r e , t h e consumer e q u a t e s t h e m a r g i n a l r a t e o f s u b s t i t u t i o n between l e i s u r e 

and c o n s u m p t i o n i n each p e r i o d and i n e a c h s t a t e t o t he c o r r e s p o n d i n g o p p o r -
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t u n i t y c o s t . T h i s y i e l d s t h e f o l l o w i n g c o n d i t i o n s , a n a l o g o u s t o (A2) and 

( A 3 ) : 

(A15) O - a ^ c ^ D / a ^ U ) = » 1 

(A16) ( 1 - o 2 ) c 2 ( j ) / a 2 4 2 ( j ) = w 2 . 

Now s u b s t i t u t e e q u a t i o n s (A15) and (A16) i n t o e q u a t i o n s ( A 1 4 ) , ( 9 ) , and (10 ) 

t o s i m p l i f y them a s f o l l o w s : 

1-a 
(A17) E ( u | i ) = [ ( 1 - a ^ / a ^ J c ^ i ) 

( 1 - a ) ( 1 - y ) 2 
+ { e [ ( 1 - a 2 ) / a 2 w 2 ] x I l r . j c 2 ( j ) | - y / ( 1 - y ) } . 

(A18) c , ( i ) = a 1 ( w l - p . s . ) 

(A19) c 2 = a 2 [ w 2 + ( p j + d ) s . ] . 

We can now s u b s t i t u t e (A18) and (A19) i n (A17) and max im ize e x p e c t e d u t i l i t y 

by c h o i c e o f s ^ . T h i s l e a d s t o the f o l l o w i n g c o n d i t i o n : 

2 
(A20) P i = A > n i r . J (p J +d) ] / [w 2 + ( p j + d ) s . ] y . 

We may now s u b s t i t u t e t h e e q u i l i b r i u m c o n d i t i o n (4 ) i n (A20) t o o b t a i n 

2 
(A21) p = A I [ir (p +d) ] / (w +p + d ) p = I IT f ( p ) , i = 1, 2 

j_1 J -J J c J j LJ J 

where f ( • ) i s t he same f u n c t i o n a s i n ( A 9 ) . 

We t h u s have two e q u a t i o n s i n t he two unknowns, p 1 and p 2 . No te 

t h a t t h e r e i s a l w a y s a s o l u t i o n i n w h i c h p 1 and p 2 b o t h e q u a l p * . When p 1 

e q u a l s p 2 , t h e two e q u a t i o n s i n (A21) c o l l a p s e t o a s i n g l e e q u a t i o n b e c a u s e 

t h e sum o f p r o b a b i l i t i e s ( i r

i i + 7 I

i 2 ^ m u s t b e u n i t Y e a c h i - T h e r e s u l t i n g 

e q u a t i o n i s the same as e q u a t i o n (A9) w i t h p t e q u a l t o P t + 1 , and t h e s o l u t i o n 
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i s p * . T h i s s o l u t i o n c o r r e s p o n d s t o t h e c a s e where t h e s t o c k p r i c e i s u n a f ­

f e c t e d by p e o p l e ' s b e l i e f a b o u t h e m l i n e s and t he s t o c k m a r k e t . I f we can f i n d 

p r o b a b i l i t i e s w^j s u c h t h a t t h e r e i s a s o l u t i o n i n w h i c h p 1 and p 2 a r e d i f f e r ­

e n t , t h e n we have an examp le where t he s t o c k p r i c e r e s p o n d s t o " r a t i o n a l " 

a n i m a l s p i r i t s . 

Such an example can be c o n s t r u c t e d a s f o l l o w s . F i r s t , s u b s t i t u t e 

^12 = 1 ~ T 1 1 a n d "21 = 1 " ^22 i n e c l u a t i o n ( A 2 1 ) a n d s o l v e f o r i r ^ and T T 2 2 t o 

o b t a i n t he f o l l o w i n g e q u a t i o n s : 

(A22) = ( f ( p 2 ) - P l ] / [ f ( p 2 ) - f ( P l ) ] 

(A23) * 2 2 = [ p 2 - f ( p 1 ) ] / [ f ( p 2 ) - f t p , ) ] . 

I l o o k f o r a s o l u t i o n s u c h t h a t p , > P * > p 2 and s u c h t h a t t he p o i n t s 

( P j , f ( p , ) ) and ( p 2 , f ( p 2 ) ) l i e on t he downward s l o p i n g b r a n c h o f t h e c u r v e 

f ( - ) . I t f o l l o w s t h a t we must have f ( p 2 ) > f ( p , ) . (See t he a p p e n d i x f i g u r e 

f o r an i l l u s t r a t i o n o f t h i s . ) S i n c e t he p r o b a b i l i t i e s IT,, and i r 2 2 must each be 

between z e r o and o n e , we r e q u i r e t h a t p , and p 2 s a t i s f y t he f o l l o w i n g c o n d i ­

t i o n s : 

(A24) f ( p , ) < p 1 < f ( p 2 ) 

(A25) f ( p , ) < P 2 < f ( p 2 ) . 

The a p p e n d i x f i g u r e shows two v a l u e s , p 1 and p 2 , t h a t s a t i s f y t he 

two i n e q u a l i t i e s . The a s s o c i a t e d p r o b a b i l i t i e s i t „ can be c a l c u l a t e d f r om 

(A22) and ( A 2 3 ) . 

F o r t h e examp les p r e s e n t e d h e r e , i t i s i m p o r t a n t t h a t t h e s l o p e o f 

t he c u r v e a t p * , shown i n t he a p p e n d i x f i g u r e , be n e g a t i v e and g r e a t e r t h a n 

one i n a b s o l u t e v a l u e i n o r d e r t o g e n e r a t e p e r i o d i c c y c l e s o t h e r t han t he 
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c o n s t a n t t i m e p a t h c o r r e s p o n d i n g t o p * . T h i s s l o p e c o n d i t i o n i s a l s o c r u c i a l 

f o r g e n e r a t i n g t he h e m l i n e example o f F i g u r e 11 . O t h e r w i s e t he i n e q u a l i t i e s 

(A24) and (A25) c a n n o t be me t . In f a c t , i t t u r n s ou t t h a t f o r t he t y p e o f 

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

t h e r e e x i s t s a t w o - p e r i o d c y c l e s u c h a s t h e one g e n e r a t e d i n F i g u r e s 3 and 4 

( s e e A z a r i a d i s and G u e s n e r i e 1986 ) . A h e u r i s t i c a rgument f o r t he i f p a r t o f 

t h i s s t a t e m e n t can be made a s f o l l o w s . A t w o - p e r i o d c y c l e c o r r e s p o n d s to 

h a v i n g ir^ and IT 2 2 e a c h e q u a l t o z e r o . T h e r e f o r e , i t w i l l g e n e r a l l y be 

p o s s i b l e t o f i n d d i f f e r i n g v a l u e s f o r p^ and p 2 i f and T T 2 2 a r e b o t h p o s i ­

t i v e bu t s m a l l . The o n l y i f p a r t i s no t g e n e r a l l y t r u e . F o r e x a m p l e , i f 

t he f (•) f u n c t i o n has a s l o p e t h a t i s p o s i t i v e and g r e a t e r t han one a t p* 

( t h i s can n e v e r happen i n t h e p r e s e n t m o d e l ) , t h e n t h e r e c a n n o t be a t w o -

p e r i o d c y c l e . However , i t i s p o s s i b l e to f i n d d i f f e r i n g v a l u e s f o r p 1 and p 2 

and v a l u e s f o r t he p r o b a b i l i t i e s IT-, and IT 2 2 t h a t s a t i s f y e q u a t i o n s (A22) and 

A(23). 

As n o t e d i n t h e t e x t , i t i s a l s o i m p o r t a n t t h a t t he p r o b a b i l i t i e s 

n . . depend on i . O t h e r w i s e , t h e o n l y s o l u t i o n t o e q u a t i o n s (A21) i s p 1 = p 2 = 

p * . T h i s f o l l o w s b e c a u s e t he r i g h t s i d e o f (A21) i s t hen i n d e p e n d e n t o f i . 

The T a x / S u b s i d y P o l i c y I m p l i c a t i o n 

I now a n a l y z e t he t a x / s u b s i d y p o l i c y d e s c r i b e d i n the t e x t . The 

c o n s u m e r ' s c h o i c e s l e a d t o t he same c o n d i t i o n s a s b e f o r e , n a m e l y , e q u a t i o n s 

( A 2 ) , ( A 3 ) , and ( A 4 ) , e x c e p t t h a t p e ( t + 1 ) i s r e p l a c e d by p . T h i s i s b e c a u s e 

t he a f t e r - t a x g r o s s r a t e o f r e t u r n on t he s t o c k i s g i v e n by ( p + d ) / ( p ( t ) . As 

b e f o r e , we may s u b s t i t u t e f o r 2 . 1 ( t ) and & 2 ( t + 1 ) f rom (A2) and ( A 3 ) , s ( t ) f r om 

( 4 ) , and x ( t ) f r om (13) i n t o e q u a t i o n s ( 1 1 ) - a n d (12 ) t o o b t a i n 

At 

(A26) c ^ t ) = o ^ w ^ p ) 
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(A27) c 2 ( t + 1 ) = a 2 ( w 2 + p + d ) . 

N e x t , we may s u b s t i t u t e f o r H , ( t ) and £ 2 ( t + 1 ) f rom (A2) and ( A 3 ) , 

and c 2 ( t + 1 ) f r om (A27) i n t o e q u a t i o n (A4) and r e p l a c e p e ( t + 1 ) by p t o g e t t h e 

f o l l o w i n g v e r s i o n o f e q u a t i o n ( A 9 ) : 

(A28) p ( t ) = A ( p + d ) / ( p + d + w 2 ) y . 

T h i s p r o v e s t h a t t h e e q u i l i b r i u m s t o c k p r i c e w i l l be c o n s t a n t o v e r t i m e . The 

e q u i l i b r i u m p r i c e u n d e r s u c h a p o l i c y need no t e q u a l t he benchmark p r i c e p . 

T h i s w i l l happen o n l y when p i s t he same a s p * , where p* i s t he p r i c e d e p i c t e d 

i n t he a p p e n d i x f i g u r e . T h i s f o l l o w s f r om e q u a t i o n s (A9) and ( A 2 8 ) , and t he 

f i g u r e . F u r t h e r , i f t he government announces p* a s t h e benchmark p r i c e , t hen 

i t can be seen f r om e q u a t i o n (13) t h a t a l o n g t h e e q u i l i b r i u m p a t h t h e r e w i l l 

be no t a x e s o r r e b a t e s . 
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Footnotes 

' F o r a recent example o f one such model , see P resco t t 1986. The 

f l u c t u a t i o n s i n P r e s c o t t ' s model are d r i v e n by shocks to technology. 

E x p e c t a t i o n s are s a i d to be r a t i o n a l i f b e l i e f s regard ing p o s s i b l e 

f u tu re events are ( p r o b a b i l i s t i c a l l y ) c o r r e c t , that i s , v e r i f i e d by the a c t u a l 

f u tu re course of even ts . In a wor ld wi thout u n c e r t a i n t y , t h i s amounts to 

hav ing p e r f e c t f o r e s i g h t regard ing fu tu re developments. 

3 I t should be c l e a r that a l l o w i n g f o r t as te or technology shocks 

would on ly magnify the f l u c t u a t i o n s . 

' 'Th is may be viewed as cap tu r ing Keynes' no t ion of animal s p i r i t s . 

F l u c t u a t i o n s r e s u l t i n g from such b e l i e f s are o f ten r e f e r r e d to as sunspot 

f l u c t u a t i o n s (see Cass and S h e l l 1983). 

5 Models e x h i b i t i n g these fea tu res have been s tud ied e x t e n s i v e l y by 

many peop le , among whom the f o l l o w i n g are prominent : Costas A z a r i a d i s (1981) , 

David Cass and K a r l S h e l l (1983), and Jean -M iche l Grandmont (1985). 

6 The mathematical d e t a i l s of s o l v i n g the model are g iven i n the 

Appendix, where I a l s o note the (very minor) d i f f e r e n c e s between my e x p o s i t i o n 

and the models o f Grandmont (1985) and A z a r i a d i s (1981). 

? The v a r i e t y o f d i f f e r e n t p e r i o d i c c y c l e s tha t can e x i s t s imu l t ane ­

ous l y was d i scove red by the Russian mathemat ic ian A. N. S a r k o v s k i i and system­

a t i z e d i n a b e a u t i f u l mathematical theorem. See Grandmont 1985 (pp. 1019-20) 

f o r a more d e t a i l e d e x p l a n a t i o n . 
a 

Th is p roper ty i s named a f t e r the I t a l i a n economist and s o c i o l o g i s t 

V i l f r e d o Pareto (1848-1923). The converse o f t h i s p roper ty , that i t i s poss ­

i b l e to improve someone's we l fa re wi thout h u r t i n g anyone e l s e , i s known as 

Pareto n o n o p t i m a l i t y . In t h i s case i t would gene ra l l y be p o s s i b l e to f i n d 

government p o l i c i e s tha t would make everyone be t t e r o f f . 
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T h i s i s o n l y p a r t i a l l y t r u e i n t h e p r e s e n t model b e c a u s e o f i t s 

v e r y s i m p l e s t r u c t u r e . F o r i n s t a n c e , one can u s e p a s t d a t a on s t o c k p r i c e s t o 

p l o t t h e c u r r e n t p r i c e a g a i n s t t he f u t u r e p r i c e , a s i n F i g u r e 2 . In a more 

complex mode l s u c h s i m p l e p r o c e d u r e s w i l l no l o n g e r be u s e f u l . 

1 0 F o r i n s t a n c e , K e y n e s i a n s l i k e James T o b i n and F r a n c o M o d i g l i a n i 

have r i d i c u l e d N e o c l a s s i c a l e c o n o m i s t s by s a y i n g t h a t t h e o n l y way t o e x p l a i n 

t h e G r e a t D e p r e s s i o n on t he b a s i s o f N e o c l a s s i c a l t h e o r i e s i s t o a t t r i b u t e i t 

t o a mass a t t a c k o f l a z i n e s s . 
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