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ABSTRACT 

We examine t h e b e h a v i o r o f f o r w a r d and s p o t exchange r a t e s f r o m t h e 
p e r s p e c t i v e o f t h e r e p r e s e n t a t i v e agen t t h e o r y o f a s s e t p r i c i n g . We v e r i f y 
t h a t w i t h modera te r i s k a v e r s i o n and t i m e - a d d i t i v e p r e f e r e n c e s t h e t h e o r y 
a c c o u n t s f o r v e r y l i t t l e (by ou r c a l c u l a t i o n s , l e s s t h a n 5 p e r c e n t ) o f t h e 
v a r i a b i l i t y o f e x p e c t e d r e t u r n s f r o m c u r r e n c y s p e c u l a t i o n o b s e r v e d f o r m a j o r 
c u r r e n c i e s v e r s u s t he U . S . d o l l a r . W i t h s t r o n g h a b i t p e r s i s t e n c e , however , 
t h e t h e o r y c a n a c c o u n t f o r o n e - h a l f t o t w o - t h i r d s o f t he e s t i m a t e d s t a n d a r d 
d e v i a t i o n o f e x p e c t e d r e t u r n s f r o m c u r r e n c y s p e c u l a t i o n . H a n s e n - J a g a n n a t h a n 
bounds i m p l y t h a t t he v a r i a b i l i t y o f e x p e c t e d r e t u r n s o n c u r r e n c i e s , l i k e t h e 
e q u i t y premium, r e q u i r e s a g r e a t d e a l o f v a r i a b i l i t y i n i n t e r t e m p o r a l 
m a r g i n a l r a t e s o f s u b s t i t u t i o n , some o f w h i c h i s d e l i v e r e d by h a b i t 
p e r s i s t e n c e . 

Keywords : f o r w a r d and s p o t r a t e s ; r i s k p remiums; c o n t i n g e n t c l a i m s p r i c i n g ; 
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1. In t roduct ion 

S i n c e t h e adven t o f f l e x i b l e exchange r a t e s i n 1973, a l a r g e body o f 

s t a t i s t i c a l work h a s e s t a b l i s h e d t h a t f o r w a r d r a t e s on ma jo r c u r r e n c i e s 

a g a i n s t t h e A m e r i c a n d o l l a r a r e no t o p t i m a l p r e d i c t o r s o f f u t u r e s p o t r a t e s . 

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

f u t u r e s p o t r a t e s , w h i c h we r e f e r t o as t h e unbiasedness hypothesis, i s 

r e p o r t e d i n s t u d i e s by B a i l l i e , L i p p e n s and McMahon ( 1 9 8 3 ) , B i l s o n (1981 , 

1989 ) , B o o t h e and L o n g w o r t h ( 1 9 8 4 ) , Cumby ( 1 9 8 8 ) , Cumby and O b s t f e l d ( 1 9 8 4 ) , 

Fama ( 1 9 8 4 ) , G r e g o r y and McCurdy ( 1 9 8 4 ) , Hansen and H o d r i c k ( 1980 , 198 3 ) , 

H o d r i c k and S r i v a s t a v a (1984 , 1986 ) , K o r a j c z y k and V i a l l e t ( 1 9 9 0 ) , and Mark 

( 1 9 8 5 ) ; a more c o m p l e t e l i s t o f r e f e r e n c e s i s p r o v i d e d b y H o d r i c k ( 1 9 8 7 ) . 

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

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

o v e r t i m e . 

One b r a n c h o f s u b s e q u e n t r e s e a r c h r e t a i n s t h e a s s u m p t i o n t h a t market 

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

f o r w a r d r a t e s c o n t a i n , i n a d d i t i o n t o market f o r e c a s t s o f f u t u r e s p o t r a t e s , 

t i m e v a r y i n g r i s k premiums. By and l a r g e t h i s work has y e t t o p r o v i d e a 

c o n v i n c i n g e x p l a n a t i o n f o r v a r i a t i o n i n t h e e x p e c t e d r e t u r n . As w i t h o t h e r 

a s s e t s , t he v a r i a b i l i t y o f e x p e c t e d e x c e s s r e t u r n s on f o r w a r d c o n t r a c t s f o r 

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

o f a s s e t p r i c i n g b a s e d on a r e p r e s e n t a t i v e a g g r e g a t e agen t w i t h 

a d d i t i v e l y - s e p a r a b l e p r e f e r e n c e s . T h i s i s i m p l i c i t i n e c o n o m e t r i c t e s t s by 

Cumby (1988) and Hansen and H o d r i c k ( 1 9 8 3 ) , i n s i m u l a t i o n s by Mack lem ( 1 9 8 8 ) , 

and i n n u m e r i c a l examp les by B a n s a l (1990) and E n g e l ( 1 9 9 0 ) . 

One p r o b l e m w i t h r e p r e s e n t a t i v e - a g e n t t h e o r i e s o f a s s e t p r i c i n g based on 



a d d i t i v e l y - s e p a r a b l e p r e f e r e n c e s w i t h modest d e g r e e s o f r i s k a v e r s i o n i s t h a t 

t h e y have no t been a b l e t o r e c o n c i l e t he s m a l l amount o f v a r i a b i l i t y o b s e r v e d 

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

r e t u r n s o b s e r v e d f o r many r i s k y a s s e t s . The " e q u i t y premium p u z z l e " o f Mehra 

and P r e s c o t t (1985) i s p r o b a b l y t he b e s t known e x a m p l e , bu t p a p e r s by B r e e n , 

G l o s t e n , and J a g a n n a t h a n ( 1 9 8 9 ) , G a l l a n t , H a n s e n , and Tauchen ( 1 9 8 9 ) , 

G rossman , M e l i n o , and S h i l l e r ( 1 9 8 7 ) , Hansen and J a g a n n a t h a n ( 1 9 8 9 ) , and 

S h i H e r (1984) i l l u s t r a t e s i m i l a r phenomena f o r r e t u r n s on a w i d e r a n g e o f 

a s s e t s . G e n e r a l l y s p e a k i n g , t he v a r i a b i l i t y o f i n t e r t e m p o r a l p r i c e s i n t h e s e 

e c o n o m i e s , measured by i n t e r t e m p o r a l m a r g i n a l r a t e s o f s u b s t i t u t i o n , i s much 

t o o s m a l l t o a c c o u n t f o r t h e r e t u r n p r o p e r t i e s o f t h e d a t a . M a c k l e m ' s (1988) 

work d e m o n s t r a t e s t h a t t h i s d i f f i c u l t y e x t e n d s t o c u r r e n c i e s , where t h e i s s u e 

i s t h e v a r i a b i l i t y o f t he r i s k premium r a t h e r t h a n i t s mean. 

One o f t he more s u c c e s s f u l m o d i f i c a t i o n s o f t h i s f ramework w i t h r e s p e c t 

t o t h e e q u i t y premium p u z z l e i s C o n s t a n t i n i d e s ' (1990) a p p l i c a t i o n o f h a b i t 

p e r s i s t e n c e . He f i n d s t h a t t h i s k i n d o f i n t e r t e m p o r a l n o n s e p a r a b i 1 i t y 

g r e a t l y i n c r e a s e s t h e t h e o r y ' s a b i l i t y t o g e n e r a t e a v e r a g e e x c e s s r e t u r n s o n 

e q u i t y s i m i l a r t o t h o s e s e e n i n t i m e s e r i e s d a t a . A l t h o u g h t h e model has 

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

one. I n t h i s p a p e r we examine t h e p o t e n t i a l o f s u c h a t h e o r y t o a c c o u n t f o r 

e x p e c t e d e x c e s s r e t u r n s f r om s p e c u l a t i o n i n f o r e i g n exchange m a r k e t s . U n l i k e 

e q u i t y , a v e r a g e e x c e s s r e t u r n s i n t he f o r w a r d market a r e c l o s e t o z e r o . The 

q u e s t i o n , i n s t e a d , i s why e x p e c t e d e x c e s s r e t u r n s a r e s o v a r i a b l e . 

Our method o f a s s e s s i n g t h e t h e o r y i s t o b u i l d what has come t o be 

c a l l e d an a r t i f i c i a l economy — a n u m e r i c a l r e p r e s e n t a t i o n o f t h e t h e o r y 

whose p r o p e r t i e s c a n be compared t o t h o s e o b s e r v e d i n t h e d a t a . The t h e o r y 

i s c o m p l i c a t e d enough t h a t a n a l y t i c a l r e s u l t s a r e g e n e r a l l y no t a v a i l a b l e . 
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We assume t h a t t he s t a t e v a r i a b l e s i n t h e economy t a k e on a f i n i t e number o f 

v a l u e s and c h a r a c t e r i z e t he p r o b a b i l i s t i c e n v i r o n m e n t w i t h a Markov c h a i n . 

G i v e n v a l u e s f o r p r e f e r e n c e p a r a m e t e r s and an e q u i l i b r i u m p r o c e s s f o r 

c o n s u m p t i o n , t h e a g g r e g a t e p r i c e l e v e l , and s p o t exchange r a t e s , n u m e r i c a l 

s o l u t i o n s f o r e q u i l i b r i u m f o r w a r d p r i c e s c a n be computed . The q u e s t i o n we 

a d d r e s s f o r o u r s e l v e s i s whe the r s u c h an economy c a n a c c o u n t f o r t h e 

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

t h e o r e t i c a l economy h a s t h e p o t e n t i a l t o a c c o u n t f o r a l l o r p a r t o f t h i s 

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

p r i c e by a r i s k premium t h a t c a n v a r y w i t h t i m e . The q u e s t i o n i s whe the r i t 

v a r i e s a s much a s we s e e i n t h e d a t a . 

We b e g i n by r e v i e w i n g , i n S e c t i o n 2 , p r o p e r t i e s o f m o n t h l y f o r w a r d and 

s p o t exchange r a t e s f o r f i v e ma jo r c u r r e n c i e s a g a i n s t t h e U . S . d o l l a r o v e r 

most o f t he f l e x i b l e exchange r a t e p e r i o d . We v e r i f y t h a t e x p e c t e d e x c e s s 

r e t u r n s on f o r w a r d c o n t r a c t s a r e c l o s e t o z e r o , on a v e r a g e , bu t v a r y i n a 

p r e d i c t a b l e manner. E s t i m a t e s o f t h e i r v a r i a b i l i t y a r e computed f o r use a s 

benchmarks i n t h e t h e o r e t i c a l economy. I n S e c t i o n 3 we d e s c r i b e a 

t h e o r e t i c a l economy i n w h i c h a r e p r e s e n t a t i v e a g e n t ' s p r e f e r e n c e s e x h i b i t 

h a b i t p e r s i s t e n c e . I n S e c t i o n 4 we o u t l i n e o u r m e t h o d o l o g y f o r g e n e r a t i n g 

a s s e t p r i c e s i n t h e t h e o r e t i c a l economy and c o m p a r i n g them t o t h e d a t a . We 

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

d e p r e c i a t i o n and e x p l a i n how i t i s e s t i m a t e d f r om m o n t h l y U . S . d a t a f o r t he 

p o s t - B r e t t o n - W o o d s e r a . 

I n S e c t i o n 5 we t u r n to t he q u a n t i t a t i v e p r o p e r t i e s o f t h e t h e o r e t i c a l 

economy. We show t h a t w i t h a d d i t i v e l y - s e p a r a b l e p r e f e r e n c e s , and a fortiori 

u n d e r r i s k n e u t r a l i t y , t h e s t a n d a r d d e v i a t i o n o f e x p e c t e d r e t u r n s i n t h i s 
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economy i s one t o two o r d e r s o f magn i tude s m a l l e r t h a n samp le e s t i m a t e s . 

W i t h h a b i t p e r s i s t e n c e t he d i f f e r e n c e be tween t h e o r y and d a t a i s much 

s m a l l e r , and w i t h some p a r a m e t e r v a l u e s t h e t h e o r y c a n a c c o u n t f o r most o f 

t h e v a r i a b i l i t y s e e n i n t he d a t a . O t h e r f e a t u r e s o f t h e t h e o r e t i c a l economy, 

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

u n b i a s e d n e s s h y p o t h e s i s , a r e examined i n S e c t i o n 6. We show t h a t w i t h some 

p a r a m e t e r v a l u e s t he economy g e n e r a t e s f r e q u e n t r e j e c t i o n s o f t he 

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

be tween e x c e s s r e t u r n s and t he f o r w a r d premium o b s e r v e d i n t h e d a t a . 

S e c t i o n s 7 and 8 a r e d e v o t e d t o r e l a t i n g p r o p e r t i e s o f f o r w a r d p r i c e s t o 

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

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

t h e o r y b a s e d on a d d i t i v e l y - s e p a r a b l e p r e f e r e n c e s has i n a c c o u n t i n g f o r t h e 

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

i m p o r t a n t r e s p e c t s i m i l a r t o t he p r o b l e m s t h e t h e o r y h a s w i t h o t h e r a s s e t s . 

A d a p t i n g e a r l i e r work by Hansen and J a g a n n a t h a n (1990) and S h i l l e r ( 1 9 8 2 ) , we 

show t h a t t h e d i s c r e p a n c y be tween t h e o r y and d a t a c a n be summar i zed a s 

i n s u f f i c i e n t v a r i a b i l i t y i n t he t h e o r y o f t h e i n t e r t e m p o r a l 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 . I n t h i s s e n s e t he " p u z z l e " i n f o r e i g n c u r r e n c y m a r k e t s s tems 

f r o m the same s o u r c e a s t he e q u i t y premium. We a l s o d i s c u s s some o f t he 

a rgumen ts f o r and a g a i n s t h a b i t p e r s i s t e n c e a s a t h e o r e t i c a l b a s i s f o r a s s e t 

p r i c i n g . 

We c o n c l u d e w i t h a f ew g e n e r a l r e m a r k s . 
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2. Review of the evidence 

Over t he l a s t decade a l a r g e number o f s t u d i e s have documented s e v e r a l 

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

We r e p o r t some o f t h e s e i n a f o r m a t s i m i l a r t o Fama ( 1 9 8 4 ) ; a n e x h a u s t i v e 

r e v i e w o f t h e e m p i r i c a l l i t e r a t u r e i s p r o v i d e d by H o d r i c k (1987 , c h a p t e r s 

3 , 4 ) . I n T a b l e 1 we r e p o r t samp le moments f o r s e v e r a l c o m b i n a t i o n s o f 

f o r w a r d and s p o t r a t e s f o r t h e U . S . d o l l a r v e r s u s t he C a n a d i a n d o l l a r , t he 

F r e n c h f r a n c , t h e d e u t s c h e m a r k , t h e J a p a n e s e y e n , and t he B r i t i s h pound 

s t e r l i n g . D a t a a r e m o n t h l y f r om 1974 t o 1986. We l e t s f c be t h e s p o t p r i c e 

i n U . S . d o l l a r s o f one u n i t o f f o r e i g n c u r r e n c y and f^ t h e d o l l a r p r i c e o f a 

one -mon th f o r w a r d c o n t r a c t s p e c i f y i n g d e l i v e r y o f one u n i t o f f o r e i g n 

c u r r e n c y , w i t h b o t h payment and d e l i v e r y t a k i n g p l a c e one month h e n c e , a t 

d a t e t+1 . 

Most o f t h e l i t e r a t u r e s t a r t s w i t h t he h y p o t h e s i s t h a t f o r w a r d r a t e s a r e 

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

( 2 - 1 } f t = E t s t + r 

where E d e n o t e s t he m a t h e m a t i c a l e x p e c t a t i o n c o n d i t i o n a l on t h e d a t e - t 

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

f o r w a r d and s p o t p r i c e s . We r e f e r t o ( 2 . 1 ) as t h e unbiasedness hypothesis 

f o r f o r w a r d r a t e s . Under t h i s h y p o t h e s i s t h e f i r s t v a r i a b l e i n T a b l e 1, 

name ly ( f ^ - s ^ + ^ ) / s ^ , has c o n d i t i o n a l and u n c o n d i t i o n a l mean z e r o . More 

g e n e r a l l y , we migh t decompose t h i s v a r i a b l e i n t o 

( 2 - 2 ) ( f t - s t + i ) / s t = «t " Vr 

where q . i s t h e p r e d i c t a b l e component , v i s a w h i t e n o i s e f o r e c a s t e r r o r 

a s s o c i a t e d w i t h t h e r a t e o f d e p r e c i a t i o n , ( s - s . ) / s , and E v = 0 . I n 
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o u r t h e o r e t i c a l economy q f c w i l l be i n t e r p r e t e d a s a r i s k p remium, but f o r now 

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

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

t h e u n c o n d i t i o n a l mean o f t h e e x p e c t e d r e t u r n i s no t v e r y d i f f e r e n t f r o m 

z e r o , e i t h e r e c o n o m i c a l l y o r s t a t i s t i c a l l y : t he l a r g e s t o b s e r v e d v a l u e 

amounts t o a n e x c e s s r e t u r n o f abou t 2 . 3 p e r c e n t p e r y e a r . 

P a r t (b) o f t h e t a b l e r e p o r t s s t a t i s t i c s f o r r a t e s o f change o f s p o t 

r a t e s , ( s - s ) / s , and we s e e t h a t t h e s e , t o o , have been s m a l l on a v e r a g e . 
* • 1 t t 

We may decompose t h e r a t e o f d e p r e c i a t i o n i n t o 

( 2 - 3 ) ( s t + r s t ) / s t = d t + Vr 

where d^. • E ^ ( s < . + ^ - s ^ ) / s ^ . i s the r a t i o n a l l y e x p e c t e d r a t e o f d e p r e c i a t i o n and 

v ^ + j i s d e f i n e d a b o v e . The i m p l i c a t i o n i s t h a t mean e x p e c t e d r a t e s o f 

d e p r e c i a t i o n have been c l o s e t o z e r o . The s t a n d a r d d e v i a t i o n o f t h i s 

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

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

The f i n a l v a r i a b l e i n T a b l e 1 i s t h e f o r w a r d premium, ( f ^ . - s ^ ) / s ^ , a 

l i n e a r c o m b i n a t i o n o f t h e f i r s t two v a r i a b l e s . E q u a t i o n s ( 2 . 2 ) and ( 2 . 3 ) 

i m p l y 

( 2 . 4 ) ( f

t - s t ) / s t = d t + V 

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

c o r r e l a t i o n i n d a n d / o r q . The l a c k o f s t r o n g s e r i a l c o r r e l a t i o n i n t he 

f i r s t two v a r i a b l e s o f the t a b l e s u g g e s t s t h a t s e r i a l c o r r e l a t i o n i n d and q 

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

e s t i m a t e d s t a n d a r d d e v i a t i o n s , w h i c h a r e an o r d e r o f magn i t ude s m a l l e r f o r 

the f o r w a r d premium t h a n f o r t he o t h e r v a r i a b l e s . 
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The e v i d e n c e o f s m a l l a v e r a g e e x c e s s r e t u r n s i s c o n s i s t e n t w i t h t h e 

u n b i a s e d n e s s h y p o t h e s i s . The most common f o r m o f e v i d e n c e a g a i n s t t he 

h y p o t h e s i s comes f r o m t h e r e g r e s s i o n 

(2.5) ( VW / S t = a i + b i ( V s t ) / s t + W 

The h y p o t h e s i s i m p l i e s a ^ = b^ = 0 and t h a t u i s s e r i a l l y u n c o r r e l a t e d . We 

s e e i n T a b l e 2 t h a t t h e e v i d e n c e a g a i n s t b^ = 0 i s f a i r l y s t r o n g . A l l f i v e 

e s t i m a t e s o f b^ a r e p o s i t i v e , and f o u r a r e s t a t i s t i c a l l y s i g n i f i c a n t . 

E x p e c t e d e x c e s s r e t u r n s a r e , t h e r e f o r e , p r e d i c t a b l e u s i n g t h e f o r w a r d 

premium. P e r h a p s t h e most s t r i k i n g f o r m o f t h i s r e l a t i o n i s t h e 

c o m p l e m e n t a r y (and e q u i v a l e n t ) l e a s t s q u a r e s r e g r e s s i o n 

(2.6) ( s

t + r s t ) / s t = a 2 + b 2 ( V S t ) / S t " Vl' 

w i t h c o e f f i c i e n t s a ^ = - a ^ and b^ = The e s s e n c e o f t h e u n b i a s e d n e s s 

h y p o t h e s i s i s t h a t when t he f o r w a r d r a t e e x c e e d s t h e s p o t r a t e , we e x p e c t t he 

f u t u r e s p o t t o r i s e b y t h e same amount. As i t t u r n s o u t , f o u r o f t h e f i v e 

i m p l i e d e s t i m a t e s o f b^ i n T a b l e 2 a r e n e g a t i v e , so t he h y p o t h e s i s no t o n l y 

m i s s e s t he magn i t ude o f t h e e f f e c t , i t g e t s t h e s i g n wrong. 

More i m p o r t a n t f o r o u r p u r p o s e s i s t he i m p l i c a t i o n o f t he r e g r e s s i o n s i n 

T a b l e 2 t h a t t h e d i f f e r e n c e be tween t h e f o r w a r d r a t e and t h e f u t u r e s p o t r a t e 

c o n t a i n s a p r e d i c t a b l e component . I f i t were c o n s t a n t , t h e n we m igh t s e e a 

n o n z e r o e s t i m a t e a ^ , bu t t he n o n z e r o e s t i m a t e s o f b^ i m p l y v a r i a b i l i t y o f t h e 

e x p e c t e d e x c e s s r e t u r n f r o m c u r r e n c y s p e c u l a t i o n . An e s t i m a t e o f t he 

v a r i a b i l i t y o f t h i s component i s t he s t a n d a r d d e v i a t i o n o f t h e f i t t e d v a l u e s 

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

bound on t h e s t a n d a r d d e v i a t i o n o f t he p r e d i c t a b l e component o f ( f - s . . ) / s . 

These bounds a r e r e p o r t e d i n T a b l e 3, where we a l s o r e p o r t s i m i l a r s t a t i s t i c s 

f r o m r e g r e s s i o n s o f ( f - s . . ) / s , on t h e f o r w a r d premium and i t s s q u a r e . We 
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s e e , d e p e n d i n g on t h e f u n c t i o n a l f o rm o f t he s e l e c t e d i n f o r m a t i o n s e t , t h a t 

t h e s t a n d a r d d e v i a t i o n d i f f e r s a c r o s s c u r r e n c i e s , f r o m 0 . 3 7 4 p e r c e n t p e r 

month f o r t h e C a n a d i a n d o l l a r t o 1.021 p e r c e n t f o r t h e J a p a n e s e y e n . The 

l a t t e r c o r r e s p o n d s t o a n a n n u a l r a t e o f r e t u r n o f abou t 12 p e r c e n t , s o t h e 

v a r i a b i l i t y i n t h e e x p e c t e d r e t u r n i s l a r g e i n an e c o n o m i c s e n s e . S i n c e t h e 

s t a n d a r d d e v i a t i o n s e x c e e d t he e s t i m a t e d mean e x p e c t e d r e t u r n s i n T a b l e 1 by 

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

n e g a t i v e v a l u e s . F o r t he f r a n c and t h e d e u t s c h e m a r k t h e r e i s a s u b s t a n t i a l 

d i f f e r e n c e be tween t h e l i n e a r and q u a d r a t i c r e g r e s s i o n s , s u g g e s t i n g t h a t 

t h e r e i s a d i s p r o p o r t i o n a t e e f f e c t o f l a r g e f o r w a r d p remiums. The s e c o n d 

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

d e p r e c i a t i o n , b a s e d o n f i t t e d v a l u e s f r om t h e comp lemen ta r y r e g r e s s i o n ( 2 . 6 ) . 

As i n T a b l e 1, t h e e s t i m a t e d s t a n d a r d d e v i a t i o n s o f t h e e x p e c t e d r a t e o f 

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

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

r e g r e s s i o n ( 2 . 5 ) i s t h e p r o f i t a b i l i t y o f i n v e s t m e n t r u l e s based o n i t . 

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

z e r o n e t i n v e s t m e n t , p o r t f o l i o s t r a t e g y . One s t r a t e g y i s t o buy i n t h e s p o t 

marke t and s e l l i n t he f o r w a r d market when t h e f i t t e d v a l u e o f r e g r e s s i o n 

( 2 . 5 ) i s p o s i t i v e , and t he r e v e r s e when i t i s n e g a t i v e . L e t 1^ be an 

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

w i t h = +1 when a^+b^( f^ - S j . )/s^. i s p o s i t i v e , and 1^ = -1 when i t i s 

n e g a t i v e . The r e t u r n f r o m t h i s s t r a t e g y i s p r o p o r t i o n a l t o x ^ + j = 

I ^ ( f ^ - s ^ + ^ ) / s ^ , where t h e f a c t o r o f p r o p o r t i o n a l i t y i s d e t e r m i n e d b y t he 

amount i n v e s t e d . The means and s t a n d a r d d e v i a t i o n s o f r e t u r n s f r o m a p p l y i n g 

t h i s s t r a t e g y t o e a c h o f t he f i v e c u r r e n c i e s a r e r e p o r t e d i n T a b l e 4 , 

t o g e t h e r w i t h t h e i r Sha rpe r a t i o s ( r a t i o s o f mean r e t u r n s t o s t a n d a r d 
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d e v i a t i o n s ) . The S h a r p e r a t i o i s i n v a r i a n t t o t he amount i n v e s t e d , and 

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

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

h i g h e r mean r e t u r n p e r u n i t r i s k t h a n many o t h e r a s s e t s . The S h a r p e r a t i o 

i m p l i c i t i n B r e e n , G l o s t e n , and J a g a n n a t h a n (1989 , T a b l e I, co l umn 6) f o r a 

s t r a t e g y o f f i n a n c i n g e q u i t y p u r c h a s e s w i t h s h o r t - t e r m p a p e r i s 0 . 1 4 (= 

0 . 0 0 8 0 / 0 . 0 5 7 7 ) . W i t h t h e e x c e p t i o n o f t he d e u t s c h e m a r k , t h e r a t i o s f o r 

c u r r e n c y s p e c u l a t i o n a r e c o n s i d e r a b l y h i g h e r . B i l s o n ( 1 9 8 1 , 1989) h a s made a 

s i m i l a r p o i n t and v e r i f i e d t h a t f a v o r a b l e r i s k - r e t u r n t r a d e o f f s h o l d up i n 

o u t - o f - s a m p l e e x p e r i m e n t s . 

A l l o f t h e s e f e a t u r e s o f f o r w a r d and s p o t r a t e s have been documented i n 

o t h e r s t u d i e s and c a n be s a f e l y i n t e r p r e t e d a s e m p i r i c a l r e g u l a r i t i e s f o r t h e 

d o l l a r o v e r t h e l a s t two d e c a d e s , and t o a l i m i t e d e x t e n t f o r o t h e r 

c u r r e n c i e s o v e r t h e same p e r i o d . U s i n g t h e same d a t a s e t t o compute b i l a t e r a l 

r a t e s be tween f o r e i g n c u r r e n c i e s , we f i n d , f o r e x a m p l e , t h a t t h e e s t i m a t e d 

v a l u e o f b^ i s 2 . 9 3 8 f o r t he p o u n d - y e n r a t e . L i k e most o f t he e s t i m a t e s i n 

T a b l e 2 , t h i s v a l u e i s g r e a t e r t h a n one and t h u s i m p l i e s an i n v e r s e r e l a t i o n 

be tween t h e e x p e c t e d r a t e o f d e p r e c i a t i o n and t h e f o r w a r d premium. T h i s 

f e a t u r e does no t e x t e n d , however , t o a l l b i l a t e r a l r a t e s . The same 

r e g r e s s i o n f o r t he f r a n c - d e u t s c h e m a r k r a t e y i e l d s an e s t i m a t e d o f 0 . 9 4 2 , 

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

E v i d e n t l y t h e exchange r a t e p r o c e s s g e n e r a t e d by t he E u r o p e a n M o n e t a r y 

S y s t e m , and t h e i n f o r m a l management t h a t p r e c e d e d i t , make t h e f o r w a r d r a t e a 

b e t t e r p r e d i c t o r o f f u t u r e d e u t s c h e m a r k - f r a n c r a t e s t h a n i t i s f o r U . S . 

d o l l a r s p o t exchange r a t e s . 
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3. A t h e o r e t i c a l economy 

Our t h e o r y i s a mone ta ry e x t e n s i o n o f t h e r e p r e s e n t a t i v e agen t t h e o r y o f 

a s s e t p r i c i n g d e v e l o p e d b y , among o t h e r s , Cox , I n g e r s o l l , and R o s s ( 1 9 8 5 ) , 

L u c a s ( 1 9 7 8 ) , and M e r t o n ( 1 9 7 2 ) . We e x a m i n e , s p e c i f i c a l l y , t h e r e s t r i c t i o n 

i m p l i e d by t h i s t h e o r y on t he j o i n t s t o c h a s t i c p r o c e s s f o r c o n s u m p t i o n 

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

a f i r s t - o r d e r c o n d i t i o n f o r t he r e p r e s e n t a t i v e a g e n t ; f r o m i t we compute 

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

p r i c e l e v e l , and t h e s p o t r a t e . A l t h o u g h i t i s no t n e c e s s a r y f o r o u r 

p u r p o s e , we m igh t i m a g i n e b u i l d i n g t h e s e r e l a t i o n s i n t o a dynam ic g e n e r a l 

e q u i l i b r i u m model w i t h m u l t i p l e c u r r e n c i e s . One s u c h s t r u c t u r e i s a p u r e 

exchange economy w i t h c o m p l e t e ma rke t s f o r s t a t e c o n t i n g e n t c l a i m s . 

Consumers , one f o r e a c h c o u n t r y , have h o m o t h e t i c p r e f e r e n c e s and money i s 

i n t r o d u c e d w i t h c a s h - i n - a d v a n c e c o n s t r a i n t s , t r a n s a c t i o n 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 f o r r e a l b a l a n c e s . Examp les o f s u c h e c o n o m i e s a r e d e s c r i b e d by 

B a n s a l ( 1 9 9 0 ) , L u c a s ( 1 9 8 2 ) , Mack lem ( 1 9 8 8 ) , and S t u l z ( 1 9 8 7 ) . 

We s p e c i f y t h e e q u i l i b r i u m e n v i r o n m e n t a s a j o i n t s t o c h a s t i c p r o c e s s f o r 

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

s . The p r o b a b i l i s t i c s t r u c t u r e i s c h a r a c t e r i z e d by a s t a t i o n a r y , f i n i t e 

s t a t e Markov c h a i n w i t h s t a t e s i n d e x e d by i . S t a t e i a t d a t e t d e t e r m i n e s 

t he t r i p l e : c / c = x . , p . / p . , = y . , and s / s . , = z . . The e v o l u t i o n o f 

t he s t a t e i s c h a r a c t e r i z e d by t r a n s i t i o n p r o b a b i l i t i e s o f mov ing f r o m 

s t a t e i i n one p e r i o d t o s t a t e j i n t he n e x t . We combine t h e s e p r o b a b i l i t i e s 

i n t h e t r a n s i t i o n m a t r i x n = [ W j j l . 

The r e p r e s e n t a t i v e c o n s u m e r ' s p r e f e r e n c e s o v e r s t o c h a s t i c c o n s u m p t i o n 

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

CO 

( 3 . 1 ) U = E 2 0 k u ( c » ), u ( c ) = [ c 1 _ a - l ] / ( l - a ) , 
1 Z k=0 t + K 

C t = ° t - * ° t - l -

The e x p e c t a t i o n E .̂ w i l l be u n d e r s t o o d a s c o n d i t i o n a l on c o m p l e t e know ledge o f 

t h e s t a t e ( t h e i n t e g e r i ) a t d a t e t . We assume t h a t t h e s t o c h a s t i c p r o c e s s 

f o r c o n s u m p t i o n and t he v a l u e o f y g u a r a n t e e t h a t c * i s a l w a y s p o s i t i v e . The 

c o e f f i c i e n t y c a p t u r e s what C o n s t a n t i n i d e s (1990) te rms h a b i t p e r s i s t e n c e . 

I f y = 0 we have t h e a d d i t i v e l y - s e p a r a b l e power u t i l i t y f u n c t i o n u s e d i n 

most e a r l i e r s t u d i e s o f dynamic a s s e t p r i c i n g . L o n g e r h a b i t s a r e e a s i l y 

i n t r o d u c e d , bu t we have f o u n d t h e y add l i t t l e t o t he a n a l y s i s . 

We compute a s s e t p r i c e s a s sums o f p r i c e s o f t h e i r component c o n t i n g e n t 

c l a i m s . In e q u i l i b r i u m , r e l a t i v e p r i c e s o f t h e s e c l a i m s e q u a l r a t i o s o f 

m a r g i n a l u t i l i t i e s . Thus a r e a l a s s e t y i e l d i n g a s t o c h a s t i c f l o w o f t he 

a g g r e g a t e good a t d a t e t+1 has a v a l u e , i n u n i t s o f t he d a t e t g o o d , o f 

( 3 . 2 ) E t m t + 1 w t + 1 , 

where 

m t + l H 1 3 [ a U t + l / a c t + l 1 / [ a U t / 5 c t ] 

i s t h e s t a t e - s p e c i f i c 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 be tween d a t e t and t+1. 

M a r g i n a l u t i l i t i e s i n ( 3 . 2 ) a r e g i v e n by 

9 U t / a c t = ( c t - y c t _ 1 ) - a - 0 y E ^ c ^ - y c ^ . 

The r e q u i r e m e n t t h a t m a r g i n a l u t i l i t y be p o s i t i v e i n a l l s t a t e s p l a c e s 

a d d i t i o n a l r e s t r i c t i o n s on t he p r e f e r e n c e p a r a m e t e r s a n d t h e p r o c e s s f o r 

c o n s u m p t i o n t h a t we r e t u r n t o i n t he nex t s e c t i o n . 
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Nomina l a s s e t s , l i k e c u r r e n c i e s , a r e p r i c e d a n a l o g o u s l y . An a s s e t 

y i e l d i n g a s t o c h a s t i c f l o w o f d o m e s t i c c u r r e n c y + ̂  a t d a t e t+1 i s w o r t h , i n 

d a t e - t u n i t s o f t h e same c u r r e n c y , 

E t nt+i Vr 

where n = m ( p f / p t , ) i s t he n o m i n a l 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 and 
t+1 t+1 t t+1 

p i s t he p r i c e o f t he good i n u n i t s o f d o m e s t i c c u r r e n c y . 

Now c o n s i d e r t h e v a l u e o f a f o r w a r d c o n t r a c t . One s i d e o f t h e c o n t r a c t 

pays one u n i t o f f o r e i g n c u r r e n c y nex t p e r i o d i n a l l s t a t e s . T h i s u n i t i s 

e q u i v a l e n t i n v a l u e t o a s t o c h a s t i c p a y o f f s^. + ̂  o f d o m e s t i c c u r r e n c y , w h i c h 

has v a l u e 

E. n. , s . , . 
t t+1 t+1 

The o t h e r s i d e o f t h e c o n t r a c t pays f̂ . u n i t s o f t h e d o m e s t i c c u r r e n c y i n a l l 

s t a t e s a t d a t e t+1 . I t s v a l u e i s f^ E ^ n ^ + ^ . I n e q u i l i b r i u m b o t h s i d e s must 

have t he same v a l u e , s o 

f t / s t = Et[nt+i(st+i/st)]/Etnt+r 

S i n c e t h e e x p e c t a t i o n o f a p r o d u c t i s t he p r o d u c t o f t h e e x p e c t a t i o n s p l u s 

t h e i r c o v a r i a n c e , we have 

( 3 . 3 ) f t / s t = E t ( s t + 1 / s t ) + C o v t [ n t + 1 , ( s t + 1 / s t ) ] / E t n t + 1 . 

The s e c o n d t e r m we d e f i n e a s t h e r i s k premium. T h i s t e r m , w h i c h c o r r e s p o n d s 

t o q , i n e q u a t i o n ( 2 . 4 ) , c a n v a r y t h r o u g h t ime and i n p r i n c i p l e m igh t a c c o u n t 

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

e q u a t i o n ( 3 . 3 ) d e f i n e s f / s a s a f u n c t i o n o f t h e c u r r e n t s t a t e o f t h e economy. 

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

t h e y d e t e r m i n e t he c o n d i t i o n a l d i s t r i b u t i o n — t h e row o f t h e t r a n s i t i o n 

m a t r i x IT — w i t h w h i c h t h e c o n d i t i o n a l moments i n ( 3 . 3 ) a r e compu ted . 
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Two s p e c i a l c a s e s o f ( 3 . 3 ) have r e c e i v e d a t t e n t i o n i n t h e l i t e r a t u r e . 

One was m o t i v a t e d by S i e g e l ( 1 9 7 2 ) , whose work l e d t o t h e s u g g e s t i o n t h a t t he 

t h e o r y p r o d u c e s n o n z e r o r i s k premiums e v e n when t he r e p r e s e n t a t i v e a g g r e g a t e 

consumer i s r i s k - n e u t r a l (<x=0). Subsequen t work has f o u n d t h i s t e r m t o o 

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

A s e c o n d s p e c i a l c a s e o f a d d i t i v e s e p a r a b i l i t y (y=0) h a s r e c e i v e d much c l o s e r 

a t t e n t i o n . S t u d i e s by Cumby (1988) and Hansen and H o d r i c k (1983) s u g g e s t , 

however , t h a t i t t o o f a i l s t o a c c o u n t f o r t he e v i d e n c e . We v e r i f y e a c h o f 

t h e s e c o n c l u s i o n s f o r o u r economy i n t he nex t s e c t i o n and p r o c e e d t o examine 

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

4. Parameter values 

Our g o a l i s t o compare t he s t a t i s t i c a l p r o p e r t i e s o f t he t h e o r e t i c a l 

economy t o t h o s e o f t h e d a t a . These p r o p e r t i e s depend , i n g e n e r a l , o n t h e 

p a r a m e t e r s t h a t d e s c r i b e t he l aw o f m o t i o n f o r t he m u l t i v a r i a t e Markov 

p r o c e s s o f {x , y , z} and on t h e p r e f e r e n c e p a r a m e t e r s { a , 0 , y}. G i v e n 

v a l u e s f o r e a c h , we c a n compute t he i m p l i e d moments f o r s p o t and f o r w a r d 

exchange r a t e s f r o m ( 3 . 3 ) . We c a n compute , i n p a r t i c u l a r , t h e s t a n d a r d 

d e v i a t i o n o f t he r i s k premium i n ( 3 . 3 ) and compare i t t o o u r e s t i m a t e d l o w e r 

bound o f t he s t a n d a r d d e v i a t i o n o f e x p e c t e d e x c e s s r e t u r n s f r om c u r r e n c y 

s p e c u l a t i o n . I n p r i n c i p l e t he model c a n p r o d u c e a w ide r a n g e o f b e h a v i o r f o r 

f o r w a r d r a t e s , d e p e n d i n g on t h e v a l u e s o f t he m o d e l ' s many p a r a m e t e r s . We 

impose some d i s c i p l i n e o n 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 by e s t i m a t i n g t h e 

Markov c h a i n f r om U . S . d a t a and i m p o s i n g r e s t r i c t i o n s o n t h e s e t o f 

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

We e s t i m a t e t h e t r a n s i t i o n m a t r i x f o r t h e Markov c h a i n f r o m m o n t h l y t i m e 
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s e r i e s f o r a g g r e g a t e c o n s u m p t i o n , t h e p r i c e l e v e l , and s p o t e x c h a n g e r a t e s . 

The c o n s u m p t i o n s e r i e s i s U . S . n o n d u r a b l e s and s e r v i c e s , e x c l u d i n g c l o t h i n g 

and m e d i c a l c a r e , and i s measured on a p e r - c a p i t a b a s i s . B l i n d e r and D e a t o n 

(1985) a r g u e t h a t t h i s measure o f c o n s u m p t i o n i s c l o s e r t o t h e t h e o r e t i c a l 

i d e a l o f a f l o w o f s e r v i c e s , a s opposed t o e x p e n d i t u r e s , t h a n measures t h a t 

i n c l u d e consumer d u r a b l e s and t h e two e x c l u d e d componen ts . The i m p l i c i t 

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

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

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

C a n a d i a n d o l l a r r a t e . Our a n a l y s i s was a l s o c a r r i e d ou t u s i n g t h e B r i t i s h 

Pound w i t h l i t t l e e f f e c t on t h e m o d e l ' s p r o p e r t i e s . As we w i l l s e e , t h e most 

i m p o r t a n t e l e m e n t o f t h e model i s t he e f f e c t o f h a b i t p e r s i s t e n c e o n t he 

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

b e h a v i o r o f t h e s p o t r a t e . 

We s p e c i f y t he s t a t e s p a c e s o t h a t e a c h v a r i a b l e — c o n s u m p t i o n g r o w t h , 

i n f l a t i o n , and t h e r a t e o f d e p r e c i a t i o n — assumes two v a l u e s , h i g h and low. 

The v a l u e o f t h e random v a r i a b l e i n e a c h s t a t e i s computed a s t h e mean o v e r 

t he h i s t o r i c a l o c c u r r e n c e s o f h i g h and low, r e s p e c t i v e l y , w i t h h i g h and low 

d e f i n e d a s above o r b e l o w i t s samp le mean. The t w o - s t a t e s p e c i f i c a t i o n f o r 

e a c h v a r i a b l e i m p l i e s e i g h t s t a t e s f o r t he Markov c h a i n d e s c r i b i n g t he 

e v o l u t i o n o f t he t h r e e s t a t e v a r i a b l e s . The t r a n s i t i o n p r o b a b i l i t i e s a r e 

e s t i m a t e d by maximum l i k e l i h o o d . I f n . . i s t h e number o f t i m e s i n t he d a t a 

t h a t t h e economy p a s s e d f r o m s t a t e i i n one p e r i o d t o s t a t e j i n t he 

s u b s e q u e n t p e r i o d , t h e n ou r e s t i m a t o r o f n. . i s n . . / Z . n . , . 
i j i j k l k 

I n T a b l e 4 we r e p o r t samp le moments f r o m the d a t a and p o p u l a t i o n moments 

f r om the t h e o r e t i c a l economy b a s e d on t h e e s t i m a t e d e i g h t - s t a t e Markov c h a i n . 
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The two a r e v e r y s i m i l a r , w h i c h s u g g e s t s t h a t t he Markov c h a i n p r o v i d e s a 

good a p p r o x i m a t i o n t o t he a c t u a l m u l t i v a r i a t e p r o c e s s , a t l e a s t f o r t h e s e 

p r o p e r t i e s o f t he d a t a . I n a d d i t i o n , t he p o p u l a t i o n mean and s t a n d a r d 

d e v i a t i o n o f t h e e x p e c t e d r a t e o f d e p r e c i a t i o n d a r e - 0 . 0 0 1 9 and 0 . 0 0 2 6 , 

r e s p e c t i v e l y , w h i c h a r e c l o s e t o what we e s t i m a t e d i n T a b l e s 1 and 3 . 

I n s e l e c t i n g v a l u e s f o r p r e f e r e n c e p a r a m e t e r s we f o l l o w a s t r a t e g y 

s i m i l a r t o Mehra and P r e s c o t t (1985) and C o n s t a n t i n i d e s ( 1 9 9 0 ) . We a r e 

i n t e r e s t e d i n w h e t h e r t h e r e e x i s t p l a u s i b l e v a l u e s o f { a , 0, y} f o r w h i c h t h e 

s t a n d a r d d e v i a t i o n o f t he t h e o r e t i c a l r i s k premium i s a t l e a s t a s g r e a t a s 

t h e e s t i m a t e d l o w e r bound r e p o r t e d i n T a b l e 3 . The s e t o f p e r m i s s i b l e v a l u e s 

i s r e s t r i c t e d a s f o l l o w s . ( i ) The d i s c o u n t f a c t o r /3 i s r e q u i r e d t o l i e 

be tween z e r o and one . ( i i ) The c u r v a t u r e p a r a m e t e r a i s r e s t r i c t e d t o l i e i n 

t he i n t e r v a l [ 0 , 1 0 ] . A l t h o u g h t h e r e has been some d e b a t e o n t h i s p o i n t , we 

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

( i i i ) The s t o c h a s t i c p r o c e s s f o r c o n s u m p t i o n and t h e p r e f e r e n c e p a r a m e t e r s 

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

f o r m e r i m p l i e s , w i t h o u r e s t i m a t e d Markov c h a i n , t h a t i < 0 . 9 9 6 2 , t h e 

s m a l l e s t c o n s u m p t i o n g r o w t h r a t e . The l a t t e r p l a c e s more c o m p l e x 

r e s t r i c t i o n s on p r e f e r e n c e s . ( i v ) The u n c o n d i t i o n a l mean o f p r i c e o f a 

r i s k f r e e n o m i n a l bond , g i v e n by t he c o n d i t i o n a l e x p e c t a t i o n o f n, i s 

r e s t r i c t e d t o l i e w i t h i n one s t a n d a r d d e v i a t i o n o f t h e mean p r i c e o f 

one -mon th U . S . t r e a s u r y b i l l s o v e r t h e p o s t B r e t t o n Woods p e r i o d , a r a n g e o f 

0 . 9 8 t o 1 .00 . T h i s l a s t c o n d i t i o n t u r n s ou t t o be p a r t i c u l a r l y r e s t r i c t i v e . 

W i t h o u t i t , t h e model c a n a c c o u n t f o r a l l o f t h e v a r i a b i l i t y o f e x p e c t e d 

e x c e s s r e t u r n s . 
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5. Populat ion moments i n the t h e o r e t i c a l economy 

I n t h i s s e c t i o n and t he nex t we examine p r o p e r t i e s o f f o r w a r d exchange 

r a t e s i n t he t h e o r e t i c a l economy. Here we examine p o p u l a t i o n moments 

e x a c t moments computed f r om the s t o c h a s t i c s t r u c t u r e o f t h e t h e o r e t i c a l 

economy. I n S e c t i o n 6 we c o n s i d e r t h e s a m p l i n g v a r i a b i l i t y t h a t a r i s e s when 

t h e s e moments a r e e s t i m a t e d f r om f i n i t e d a t a s e t s . 

I n T a b l e 6 we r e p o r t t he mean and s t a n d a r d d e v i a t i o n o f t he e x p e c t e d 

r e t u r n , o r r i s k premium, i n o u r t h e o r e t i c a l economy w i t h f i v e d i f f e r e n t 

p a r a m e t r i z a t i o n s . I n t h e f i r s t f o u r we use t h e e s t i m a t e d e i g h t - s t a t e Markov 

c h a i n ; t h e p r e f e r e n c e p a r a m e t e r s { a , (3, y} a r e c h o s e n t o i l l u s t r a t e t h e i r 

e f f e c t s on t h e f o r w a r d r i s k premium. The f i f t h e x p e r i m e n t u s e s t h e same 

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

Markov c h a i n . 

E x a m p l e s (a) and (b ) s e r v e as benchmarks i n t h a t p r e f e r e n c e s a r e 

a d d i t i v e l y s e p a r a b l e o v e r t i m e (y=0) . Example (a ) f u r t h e r r e s t r i c t s t h e 

r e p r e s e n t a t i v e a g e n t t o be r i s k n e u t r a l (a=0) and i n d i c a t e s t h e e x t e n t t o 

w h i c h t h e " c o n v e x i t y t e r m " , o r c o n d i t i o n a l c o v a r i a n c e be tween r e t u r n s and t he 

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

premium. Note t h a t i n b o t h c a s e s t h e s t a n d a r d d e v i a t i o n o f q i s f a r b e l o w 

what we o b s e r v e i n t h e d a t a . W i t h r i s k n e u t r a l i t y t he v a r i a b i l i t y o f t he 

r i s k premium i s s e v e r a l hund red t i m e s s m a l l e r t h a n o u r e s t i m a t e d l o w e r bound 

i n T a b l e 3. W i t h a d d i t i v e s e p a r a b i l i t y and r i s k a v e r s i o n t he d i f f e r e n c e i s a 

f a c t o r o f abou t f i f t y , e v e n t h o u g h t he c o e f f i c i e n t o f r e l a t i v e r i s k a v e r s i o n 

i s 10 ( t h e l a r g e s t v a l u e we c o n s i d e r ) . These c a l c u l a t i o n s v e r i f y f o r t h i s 

economy what o t h e r s t u d i e s have c o n c l u d e d : e x p e c t e d r e t u r n s a s s o c i a t e d w i t h 
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r i s k - n e u t r a l o r a d d i t i v e l y - s e p a r a b l e p r e f e r e n c e s a r e no t n e a r l y v a r i a b l e 

enough t o a c c o u n t f o r o b s e r v e d a s s e t r e t u r n s . W i t h a d d i t i v e s e p a r a b i l i t y we 

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

v a l u e s o f a , t h e c o e f f i c i e n t o f r e l a t i v e r i s k a v e r s i o n . But s u c h v a l u e s no t 

o n l y c o n f l i c t w i t h o n e ' s i n t u i t i o n abou t r e a s o n a b l e b e h a v i o r t o w a r d r i s k , 

t h e y a l s o i m p l y much l a r g e r mean e x p e c t e d r e t u r n s t h a n we s e e i n t he d a t a . 

T h u s , t h e e x a m p l e s i m p l y t h a t w i t h o u t n o n s e p a r a b i 1 i t i e s t h e r e p r e s e n t a t i v e -

agen t f ramework i s u n a b l e t o a c c o u n t f o r t h e o b s e r v e d b e h a v i o r o f f o r w a r d 

r a t e s . 

W i t h h a b i t p e r s i s t e n c e t h e economy p r o d u c e s g r e a t e r v a r i a b i l i t y i n t h e 

r i s k premium. As we s e e i n F i g u r e 1, t h e s t a n d a r d d e v i a t i o n o f t h e r i s k 

premium q i s i n c r e a s i n g i n z. Examp les ( c ) and (d) i l l u s t r a t e two v a l u e s f o r 

t h e h a b i t p e r s i s t e n c e p a r a m e t e r . I n examp le ( c ) we c h o o s e f i n t h e i n t e r v a l 

( 0 , 0 . 5 ] t o m a x i m i z e t h e s t a n d a r d d e v i a t i o n o f t h e r i s k premium s u b j e c t t o t h e 

f o u r r e s t y r i c t i o n s n o t e d e a r l i e r ; i n examp le (d) we e x t e n d t he i n t e r v a l t o 

( 0 , 1 ) . No te t h a t d u r a b i l i t y o f c o n s u m p t i o n , r e p r e s e n t e d b y n e g a t i v e v a l u e s 

o f f, i s no t h e l p f u l i n t h i s r e s p e c t . F i g u r e 1 shows t h a t n e g a t i v e v a l u e s 

g e n e r a t e e v e n l e s s v a r i a b i l i t y i n t he r i s k premium t h a n we had w i t h 

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

p e r s i s t e n c e r e p o r t e d i n T a b l e 6 a r e i n s u f f i c i e n t t o a c c o u n t f o r t h e 

v a r i a b i l i t y e v i d e n t i n t he d a t a . W i t h modera te h a b i t p e r s i s t e n c e [examp le 

( c ) ] we a c c o u n t f o r abou t t e n p e r c e n t o f t he s t a n d a r d d e v i a t i o n r e p o r t e d i n 

T a b l e 3 , and w i t h ex t reme h a b i t p e r s i s t e n c e [examp le (d ) ] we a c c o u n t f o r 

abou t h a l f . I n b o t h c a s e s t h e mean o f t he r i s k premium i n c r e a s e s w i t h t h e 

amount o f h a b i t p e r s i s t e n c e e m p l o y e d , bu t i s s m a l l enough t o a l l o w t h e r i s k 

premium t o assume b o t h p o s i t i v e and n e g a t i v e v a l u e s . 
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Our f i n a l examp le i l l u s t r a t e s t he e f f e c t s on o u r c a l c u l a t i o n s o f 

i n t r o d u c i n g an ex t reme s t a t e t h a t o c c u r s w i t h s m a l l p r o b a b i l i t y . The 

s o - c a l l e d " p e s o p r o b l e m " has a t t r a c t e d a l o t o f a t t e n t i o n i n i n t e r n a t i o n a l 

f i n a n c e , s t a r t i n g w i t h K r a s k e r ( 1 9 8 0 ) , where t h e p o s s i b i l i t y o f l a r g e , 

i n f r e q u e n t changes i n c u r r e n c y v a l u e s i s a f a c t o f l i f e . T h i s examp le 

i l l u s t r a t e s a p o i n t made by R i e t z (1988) w i t h r e g a r d t o t he e q u i t y premium: 

m o d i f i c a t i o n s o f t h e s t o c h a s t i c s t r u c t u r e t h a t have l i t t l e o r no e f f e c t o n 

t h e u n c o n d i t i o n a l d i s t r i b u t i o n c a n have l a r g e e f f e c t s o n a s s e t p r i c e s and 

r e t u r n s . Example (e) p r o v i d e s a s t y l i z e d examp le o f t h i s phenomenon u s i n g 

t he same p r e f e r e n c e p a r a m e t e r s a s examp le ( d ) . I n s e l e c t i n g t he e x t r e m e 

s t a t e we n o t e t h a t , i n o u r d a t a s e t , t he r a t e o f change o f t he U. S . - C a n a d i a n 

exchange r a t e has been skewed t o w a r d s a p p r e c i a t i o n o f t h e U . S . d o l l a r , w i t h 

f o u r e p i s o d e s o f m o n t h l y a p p r e c i a t i o n g r e a t e r t h a n 3 p e r c e n t . S i n c e we a r e 

i n t e r e s t e d i n t h e p o s s i b i l i t y t h a t a g e n t s p l a c e d p o s i t i v e p r o b a b i l i t y on 

e v e n t s more e x t r e m e t h a n t h o s e t h a t o c c u r r e d , we choose an e x t r e m e s t a t e w i t h 

a r a t e o f a p p r e c i a t i o n o f 9 p e r c e n t , w h i c h i s somewhat h i g h e r t h a n t he 

l a r g e s t v a l u e o b s e r v e d i n o u r samp le (6 p e r c e n t ) . Thus t h e Markov c h a i n has 

t w e l v e s t a t e s : h i g h and low f o r c o n s u m p t i o n g r o w t h and i n f l a t i o n , and low, 

h i g h , and v e r y h i g h f o r changes i n t he s p o t r a t e . The t r a n s i t i o n 

p r o b a b i l i t i e s a r e e s t i m a t e d f r om the d a t a , u s i n g t he f o u r l a r g e a p p r e c i a t i o n s 

a s o b s e r v a t i o n s o f t h e ex t reme s t a t e . 

We f i n d t h a t t he ex t reme s t a t e has a s u b s t a n t i a l e f f e c t o n t h e 

v a r i a b i l i t y o f r i s k premiums i n t he m o d e l , r a i s i n g t h e i r s t a n d a r d d e v i a t i o n 

f r o m a p p r o x i m a t e l y 1.7 p e r c e n t a n n u a l l y t o abou t 2 . 6 p e r c e n t . The l a t t e r i s 

s t i l l abou t o n e - t h i r d b e l o w o u r l o w e r bound , s o i f t h e peso p r o b l e m i s t o 

a c c o u n t f o r t h e b e h a v i o r o f f o r w a r d p r i c e s we wou ld have t o i n t r o d u c e a more 

ex t reme s t a t e . More g e n e r a l l y t h i s examp le i l l u s t r a t e s a p o i n t made by R i e t z 
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(1988) i n a d i f f e r e n t c o n t e x t : t h a t changes i n t h e c o n d i t i o n a l d i s t r i b u t i o n 

w h i c h l e a v e t he u n c o n d i t i o n a l d i s t r i b u t i o n a p p r o x i m a t e l y unchanged c a n have a 

l a r g e i n f l u e n c e on t h e b e h a v i o r o f a s s e t p r i c e s and r e t u r n s . S i n c e 

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

t h i n k t h e i r p o t e n t i a l i n f l u e n c e i s s o m e t h i n g t h a t must be c o n s i d e r e d . I n t h e 

n e x t s e c t i o n we s e e t h a t t he ex t reme s t a t e has a l a r g e r e f f e c t o n t h e 

s a m p l i n g v a r i a b i l i t y o f t he economy t h a n on i t s p o p u l a t i o n moments. 

We c o n c l u d e t h a t an economy f e a t u r i n g h a b i t p e r s i s t e n c e c a n a c c o u n t f o r 

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

s p e c u l a t i o n t h a n one b a s e d on t i m e - a d d i t i v e p r e f e r e n c e s . In t h i s s e n s e 

n o n - s e p a r a b l e p r e f e r e n c e s a r e u s e f u l . N e v e r t h e l e s s , t h e r e a r e no p e r m i s s i b l e 

v a l u e s o f t h e p r e f e r e n c e p a r a m e t e r s f o r w h i c h we a c c o u n t f o r more t h a n two 

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

c o n c l u s i o n a l s o h o l d s when we a l l o w l a g s o f two o r t h r e e p e r i o d s i n t he h a b i t 

f o r m a t i o n p r o c e s s . We c a n , however , a c c o u n t f o r a l l o f t he v a r i a b i l i t y i f we 

l o o s e n some o f t h e c o n s t r a i n t s we have imposed on t he p e r m i s s i b l e s e t o f 

p a r a m e t e r s . T h i s i s e a s i l y done by , f o r examp le , a l l o w i n g r i s k f r e e i n t e r e s t 

r a t e s t o d i f f e r s u b s t a n t i a l l y f r om the d a t a o r by p e r m i t t i n g v a l u e s t h a t 

i m p l y n e g a t i v e m a r g i n a l u t i l i t y i n some s t a t e s . We c a n t h u s a c c o u n t f o r t he 

v a r i a b i l i t y o f t he r i s k premium by a l l o w i n g t he model t o be c o u n t e r f a c t u a l i n 

o t h e r d i m e n s i o n s . We p r e f e r t o l i m i t t he r a n g e o f p e r m i s s i b l e p a r a m e t e r 

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

6. Sampling v a r i a b i l i t y in the a r t i f i c i a l economy 

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

s p e c u l a t i o n i s among t he e s t a b l i s h e d e m p i r i c a l f e a t u r e s o f s p o t and f o r w a r d 
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exchange r a t e s . A n o t h e r i s t h e i n v e r s e c o r r e l a t i o n be tween e x p e c t e d r a t e s o f 

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

c o e f f i c i e n t s o f T a b l e 2 : f o u r o f t h e f i v e e s t i m a t e s o f b^ = l - b 1 a r e 

n e g a t i v e . I n t h i s s e c t i o n we a s k whe the r t h e r i s k premium i n o u r a r t i f i c i a l 

economy p r o d u c e s r e g r e s s i o n p a r a m e t e r s s i m i l a r t o t h o s e r e p o r t e d i n T a b l e 2. 

We f i n d t h a t p o p u l a t i o n v a l u e s o f b^ a r e g e n e r a l l y no t n e g a t i v e . But g i v e n 

t h e s a m p l i n g v a r i a b i l i t y o f t he e s t i m a t e s i n T a b l e 2 , a more n a t u r a l q u e s t i o n 

migh t be whe the r n e g a t i v e v a l u e s o c c u r w i t h s i g n i f i c a n t p r o b a b i l i t y . We 

answer t h i s q u e s t i o n by c o n d u c t i n g a s a m p l i n g e x p e r i m e n t a l o n g l i n e s 

s u g g e s t e d by G r e g o r y and S m i t h ( 1990 ) . 

I n e a c h e x p e r i m e n t we g e n e r a t e 1000 a r t i f i c i a l d a t a s e t s o f 148 

o b s e r v a t i o n s ( t h e same number u s e d i n T a b l e 2 ) , and e s t i m a t e e q u a t i o n ( 2 . 6 ) 

f o r e a c h d a t a s e t . T h i s g i v e s us 1000 e s t i m a t e s o f b „ = 1 - D j - We r e c o r d t h e 

number o f t h e r e j e c t i o n s o f t he u n b i a s e d n e s s h y p o t h e s i s ( e i t h e r a^=b^=0 o r 

b =0) and t he number o f n e g a t i v e e s t i m a t e s o f b „ . From t h e l a t t e r we 
J. CA 

e s t i m a t e t h e d e n s i t y f u n c t i o n f o r b^ b y n o n p a r a m e t r i c methods. We use a 

q u a r t i c k e r n a l and v a r i a b l e window w i d t h , as d e s c r i b e d by S i l v e r m a n ( 1 9 8 6 ) . 

From the e s t i m a t e d d e n s i t y we compute t he p r o b a b i l i t y ( p r o b - v a l u e ) o f a 

n e g a t i v e e s t i m a t e o f b^ i n t he t h e o r e t i c a l mode l . A h i g h p r o b - v a l u e 

i n d i c a t e s t h a t t he model p r o d u c e s n e g a t i v e e s t i m a t e s w i t h enough f r e q u e n c y t o 

p r o v i d e a r e a s o n a b l e c o r r e s p o n d e n c e w i t h r e g r e s s i o n c o e f f i c i e n t s e s t i m a t e d 

w i t h r e a l d a t a . 

Our f i n d i n g s f o r t he f i v e examp les o f T a b l e 6 and one a d d i t i o n a l 

e x p e r i m e n t a r e summar i zed i n T a b l e 7 and F i g u r e s 2 and 3. We s e e t h a t f o r 

t h e r i s k - n e u t r a l and a d d i t i v e l y - s e p a r a b l e c a s e s t h e p o p u l a t i o n v a l u e o f b „ i s 

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

F u r t h e r m o r e , n e i t h e r o f t h e s e examp les p roduce enough v a r i a t i o n i n e x p e c t e d 
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r e t u r n s e i t h e r t o r e j e c t t he u n b i a s e d n e s s h y p o t h e s i s o r t o g e n e r a t e many 

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

s a m p l i n g v a r i a b i l i t y i n t h e s e econom ies t o r e c o n c i l e t h e a r t i f i c i a l economy 

e s t i m a t e s o f b^ w i t h t h e d a t a - b a s e d e s t i m a t e s i n T a b l e 2 . The r e a s o n , 

c l e a r l y , i s t h a t t h e s t a n d a r d d e v i a t i o n o f t h e r i s k premium i s much t oo 

s m a l l , a s saw i n T a b l e 6. 

E x p e r i m e n t s ( c ) and (d) v e r i f y t h a t ex t reme h a b i t p e r s i s t e n c e i s 

n e c e s s a r y t o g e n e r a t e r e s u l t s t h a t a r e s u b s t a n t i a l l y a t odds w i t h t h e 

u n b i a s e d n e s s h y p o t h e s i s . Note t h a t examp le ( c ) , w h i c h has g r e a t e r 

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

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

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

s t a n d a r d d e v i a t i o n o f t he r i s k premium r i s e s ( s e e F i g u r e 2 ) . C o n s e q u e n t l y we 

do no t o b s e r v e f r e q u e n t r e j e c t i o n s o f t h e n u l l h y p o t h e s i s o r n e g a t i v e b ^ s . 

E x p e r i m e n t (d) shows t h a t a s t he s t a n d a r d d e v i a t i o n o f t h e r i s k premium 

i n c r e a s e s ( w i t h i n c r e a s i n g h a b i t p e r s i s t e n c e ) t h e r e g r e s s i o n r e s u l t s t e n d 

t o w a r d s r e j e c t i o n o f t he n u l l h y p o t h e s i s . We o b t a i n a p o p u l a t i o n v a l u e o f b^ 

= 0 . 7 6 and w i t n e s s a c o r r e s p o n d i n g l e f t w a r d s h i f t o f t h e e s t i m a t e d d e n s i t y 

f u n c t i o n . We a l s o o b s e r v e more r e j e c t i o n s o f t h e n u l l h y p o t h e s i s t h a n c a n be 

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

number i s a p p r o x i m a t e l y f i f t y ; a 95 p e r c e n t c o n f i d e n c e i n t e r v a l i s 

a p p r o x i m a t e l y [ 3 6 , 6 4 ] . ) A g a i n , t h e d e n s i t y e s t i m a t e s i n d i c a t e t h a t t h e 

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

becomes more v a r i a b l e , and we s t i l l o b s e r v e few n e g a t i v e v a l u e s f o r b^. 

Two e x p e r i m e n t s w i t h an ex t reme s t a t e , m o t i v a t e d b y t he p o p u l a r " p e s o 
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p r o b l e m , " a r e more s u c c e s s f u l i n t h i s r e g a r d . E x p e r i m e n t (e) i s t h e peso 

p r o b l e m f r o m T a b l e 6. We a l s o i n t r o d u c e an a d d i t i o n a l e x a m p l e , l a b e l l e d ( f ) , 

i n w h i c h t he Monte C a r l o e x p e r i m e n t i s p e r f o r m e d c o n d i t i o n a l on t h e e x t r e m e 

s t a t e no t o c c u r r i n g . T h i s c a n be v i e w e d a s 1000 s e l e c t e d r e a l i z a t i o n s o f o u r 

d a t a g e n e r a t i n g p r o c e s s i n w h i c h t he ex t reme s t a t e n e v e r o c c u r r e d . The 

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

r e a l i z e d i n a c c o r d a n c e w i t h t h e p r o b a b i l i t i e s t h a t a g e n t s a s s i g n them. I t i s 

c l e a r t h a t a s i m u l a t i o n l i k e e x p e r i m e n t (e ) c a n n o t a d e q u a t e l y c a p t u r e t h i s 

e f f e c t s i n c e , i n 1000 r e p l i c a t i o n s , t he ex t reme s t a t e w i l l be r e a l i z e d w i t h 

f r e q u e n c y v e r y c l o s e t o i t s u n c o n d i t i o n a l p r o b a b i l i t y (2 p e r c e n t i n t h i s 

economy) . By c o n s i d e r i n g o n l y r e a l i z a t i o n s i n w h i c h no ex t reme s t a t e s o c c u r , 

we o b t a i n an e x p e r i m e n t t h a t i s c l o s e r i n s p i r i t t o what has g e n e r a l l y been 

c o n s i d e r e d t he s m a l l samp le peso p r o b l e m . 

W i t h t h e e x c e p t i o n o f t h i s s e l e c t i o n r u l e , e x p e r i m e n t s (e) and ( f ) a r e 

i d e n t i c a l . No te t h a t (e) f e a t u r e s many more r e j e c t i o n s o f t h e u n b i a s e d n e s s 

h y p o t h e s i s t h a n t h e f i r s t f o u r e x p e r i m e n t s , a l t h o u g h no t s u b s t a n t i a l l y more 

n e g a t i v e v a l u e s f o r b^. Bu t i n e x p e r i m e n t ( f ) t he u n b i a s e d n e s s h y p o t h e s i s i s 

a l m o s t a l w a y s r e j e c t e d a n d , f o r t he f i r s t t i m e , we o b s e r v e a s i g n i f i c a n t 

number o f n e g a t i v e b ^ s . F i g u r e 3 shows t h a t t h e d e n s i t y h a s s h i f t e d t o t h e 

l e f t , w i t h a p p r o x i m a t e l y 30 p e r c e n t o f i t s mass o v e r t h e n e g a t i v e h a l f l i n e . 

The e x p e r i m e n t i s t h u s c o n s i s t e n t w i t h t he v i e w t h a t t h e d e p a r t u r e s f r o m 

u n b i a s e d n e s s o b s e r v e d i n d a t a a r e r e l a t e d t o peso p r o b l e m s . 

7 . V a r i a b i l i t y o f t h e i n t e r t e m p o r a l 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 

We have s e e n t h a t h a b i t p e r s i s t e n c e h e l p s t o a c c o u n t f o r t h e v a r i a b i l i t y 

o f e x p e c t e d r e t u r n s f r o m c u r r e n c y s p e c u l a t i o n , j u s t as i t h e l p e d t o a c c o u n t 
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f o r e x p e c t e d e x c e s s r e t u r n s on e q u i t y . I n t h i s s e n s e t h e two phenomena a r e 

r e l a t e d . I n t h i s s e c t i o n we make t h e r e l a t i o n be tween t h e two more p r e c i s e , 

u s i n g t o o l s d e v e l o p e d by Hansen and J a g a n n a t h a n (1990) and S h i l l e r ( 1 9 8 2 ) . 

C o n s i d e r , as we d i d i n S e c t i o n 2 , t he r e t u r n s on a b a l a n c e d p o r t f o l i o , 

where by b a l a n c e d we mean a p o r t f o l i o f i n a n c e d by g o i n g s h o r t i n one a s s e t 

and i n v e s t i n g t h e same amount i n a n o t h e r a s s e t . S i n c e t h e amounts a r e t he 

same, t he p r i c e o f t he p o r t f o l i o i s z e r o and t h e n e t r e t u r n s x j . + ^ (measured 

i n d o l l a r s ) s a t i s f y t h e r e l a t i o n 

( 7 - 1 J E t n t + l X t + 1 = ° ' 

where n i s t he n o m i n a l 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 , d e f i n e d i n s e c t i o n 3 . 

T h i s r e l a t i o n h o l d s i n ou r economy [ r e c a l l ( 3 . 2 ) ] and a l s o , a s Hansen 

and J a g a n n a t h a n show, i n a much w i d e r c l a s s . 

We c a n e a s i l y show t h a t t h i s r e l a t i o n i m p l i e s a l o w e r bound on t h e 

s t a n d a r d d e v i a t i o n o f n. S i n c e ( 7 . 1 ) h o l d s f o r c o n d i t i o n a l moments i t h o l d s 

u n c o n d i t i o n a l l y as w e l l , and 

0 = ( E n ) ( E x ) + C o v ( n . x ) . 

S i n c e n i s a p o s i t i v e random v a r i a b l e , and c o r r e l a t i o n s a r e l e s s t h a n one i n 

a b s o l u t e v a l u e , we e s t a b l i s h 

( 7 . 2 ) ° " n

/ E n ~ | E x | / 0 " x • 

where c d e n o t e s t h e s t a n d a r d d e v i a t i o n o f t he random v a r i a b l e z . I n wo rds , z 

t h e a b s o l u t e v a l u e o f t h e " S h a r p e r a t i o " o f t h e b a l a n c e d p o r t f o l i o , l E x l / c ^ , 

p r o v i d e s a l o w e r bound on t he r a t i o o f t h e s t a n d a r d d e v i a t i o n o f 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 t o i t s mean. And s i n c e t he mean i s c l o s e t o one 

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

bound on <r . 
n 
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A u s e f u l i n t e r p r e t a t i o n o f t he e q u i t y premium p u z z l e i s t h a t i t r e q u i r e s 

a l a r g e r s t a n d a r d d e v i a t i o n o f n t h a n we g e t w i t h a d d i t i v e l y s e p e r a b l e 

p r e f e r e n c e s . B r e e n , G l o s t e n , and J a g a n n a t h a n (1989) r e p o r t t h a t t he r e t u r n 

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

s h o r t - t e r m r i s k f r e e deb t ( t r e a s u r y b i l l s i n t h e i r examp le ) had a mean o f 0 . 8 0 

p e r c e n t p e r month and a s t a n d a r d d e v i a t i o n o f 5 . 7 7 p e r c e n t , f o r a Sha rpe 

r a t i o o f 0 . 1 4 . (These numbers a r e f r o m t h e i r T a b l e I, f o r t h e e q u a l l y -

w e i g h t e d NYSE i n d e x f r o m Augus t 1970 t o December 1 9 8 6 . ) Thus t h e e s t i m a t e d 

l o w e r bound on t he s t a n d a r d d e v i a t i o n o f n i s abou t 0 . 1 4 . We s e e i n T a b l e 8 , 

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

a v e r s i o n o f 10 has a s t a n d a r d d e v i a t i o n l e s s t h a n o n e - t h i r d t h i s amount , s o 

t he e q u i t y premium i s no t e x p l a i n e d by t h i s t h e o r y . 

The S h a r p e r a t i o s r e p o r t e d i n T a b l e 4 f o r c u r r e n c y s p e c u l a t i o n h a v e , i f 

a n y t h i n g , s t r o n g e r i m p l i c a t i o n s . They r a n g e f r om 0 . 0 9 f o r t h e d e u t s c h e m a r k 

t o 0 . 3 6 f o r J a p a n , w h i c h i m p l i e s , a g a i n , s u b s t a n t i a l v a r i a b i l i t y o f t he 

i n t e r t e m p o r a l 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 . F i g u r e 4 p l o t s t he s t a n d a r d 

d e v i a t i o n o f n a g a i n s t t h e h a b i t p e r s i s t e n c e p a r a m e t e r y , and we s e e t h a t t he 

l o w e r bound f o r t h e Yen i m p l i e s a v a l u e o f y o f a t l e a s t 0 . 5 8 . Thus we s e e 

t h a t b o t h t he e q u i t y premium and r e t u r n s f r om c u r r e n c y s p e c u l a t i o n i m p l y 

g r e a t e r v a r i a b i l i t y o f 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 t h a n we f i n d w i t h 

t i m e - a d d i t i v e p r e f e r e n c e s and modera te d e g r e e s o f r i s k a v e r s i o n . M o r e o v e r , 

t h i s i s c l e a r l y a r e a l — a s opposed t o n o m i n a l — phenomenon: t h e s t a n d a r d 

d e v i a t i o n s o f r e a l and n o m i n a l i n t e r t e m p o r a l m a r g i n a l r a t e s o f s u b s t i t u t i o n 

(m and n i n S e c t i o n 3) a r e i d e n t i c a l f o r t he l e v e l o f a c c u r a c y r e p o r t e d i n 

T a b l e 8 ( t h r e e o r f o u r s i g n i f i c a n t f i g u r e s ) . Thus t h e v a r i a b i l i t y i n T a b l e 8 

o f t he n o m i n a l 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 i s a l m o s t e n t i r e l y due to 
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v a r i a t i o n i n c o n s u m p t i o n g r o w t h , no t i n f l a t i o n , and t h e n o m i n a l c h a r a c t e r o f 

c u r r e n c i e s i s no t an i m p o r t a n t i s s u e i n t he a n a l y s i s . 

8. Habit pers is tence reconsidered 

A b r o a d e r q u e s t i o n t h a n we have c o n f r o n t e d s o f a r i s w h e t h e r h a b i t 

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

s p e c u l a t i o n , o r f o r a s s e t r e t u r n s more g e n e r a l l y . We have s e e n t h a t w i t h 

r e a s o n a b l e bounds on p a r a m e t e r v a l u e s , h a b i t p e r s i s t e n c e a c c o u n t s f o r up to 

two t h i r d s o f t h e e s t i m a t e d s t a n d a r d d e v i a t i o n o f e x p e c t e d r e t u r n s , a 

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

O t h e r work , n o t a b l y A b e l ( 1 9 9 0 ) , C o n s t a n t i n i d e s ( 1 9 9 0 ) , F e r s o n and 

C o n s t a n t i n i d e s ( 1 9 8 9 ) , and Nason ( 1 9 8 8 ) , has documented t h e a b i l i t y o f 

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

o v e r s h o r t - t e r m r i s k f r e e a s s e t s . 

N e v e r t h e l e s s , a number o f r e c e n t s t u d i e s a r g u e t h a t h a b i t p e r s i s t e n c e 

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

t h e d a t a . Among them, Dunn and S i n g l e t o n ( 1 9 8 6 ) , E i c h e n b a u m , H a n s e n , and 

S i n g l e t o n ( 1 9 8 8 ) , G a l l a n t and Tauchen ( 1 9 8 9 ) , G a l l a n t , H a n s e n , and Tauchen 

( 1 9 8 9 ) , and Hea ton (1989) r e p o r t n e g a t i v e e s t i m a t e s o f h a b i t p e r s i s t e n c e 

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

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

o t h e r s , n o t a b l y t he e q u i t y premium, s u g g e s t h a b i t f o r m a t i o n . I n t h e a r t i c l e s 

j u s t c i t e d , d u r a b i l i t y d o m i n a t e s because t he mean e q u i t y premium i s no t one 

o f t h e more p r e c i s e l y e s t i m a t e d moments i n t h e d a t a , and t h e e s t i m a t i o n 

methods p l a c e g r e a t e r we igh t on moments t h a t a r e e s t i m a t e d more p r e c i s e l y . 
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One o f t h e s e moments i s t h e a u t o c o r r e l a t i o n o f c o n s u m p t i o n g r o w t h r a t e s . 

C o n s u m p t i o n g r o w t h r a t e s i n m o n t h l y d a t a have a n a u t o c o r r e l a t i o n o f abou t 

- 0 . 2 ( s e e T a b l e 3 ) . S i n c e t h e t h e o r y i m p l i e s t h a t d i s c o u n t e d m a r g i n a l 

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

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

t he d a t a by i n t r o d u c i n g d u r a b i l i t y i n t o p r e f e r e n c e s (a n e g a t i v e v a l u e o f y i n 

e q u a t i o n ( 3 . 1 ) ) . N e g a t i v e a u t o c o r r e l a t i o n o f c o n s u m p t i o n g r o w t h r a t e s 

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

p r i c i n g t h e o r i e s d r i v e n by h a b i t s . P e r h a p s t he b e s t r e s p o n s e t o t h i s 

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

l o o k a t t he p r o c e d u r e s f o l l o w e d by t h e Commerce Depar tment i n c o n s t r u c t i n g 

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

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

measurement e r r o r ; s e e , f o r examp le , W i l c o x ( 1 9 8 8 ) . F e r s o n and 

C o n s t a n t i n i d e s (1989) make t h i s argument a g a i n s t c h o o s i n g p a r a m e t e r s t o f i t 

c o n s u m p t i o n moments, and G r e g o r y and W i r j a n t o (1990) show t h a t modest amounts 

o f s e r i a l l y c o r r e l a t e d measurement e r r o r i n c o n s u m p t i o n g r o w t h r a t e s c a n have 

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

A r e l a t e d i s s u e i s whe the r t he h a b i t p e r s i s t e n c e p a r a m e t e r u s e d i n some 

o f o u r examp les i s i m p l a u s i b l y l a r g e . Our c h o i c e o f K = 0 . 8 5 i n e x a m p l e s (d) 

and (e) i m p l i e s v e r y s t r o n g h a b i t f o r m a t i o n . T h i s v a l u e i s v e r y c l o s e , 

however , t o e s t i m a t e s by F e r s o n and C o n s t a n t i n i d e s (1989) u s i n g moments o t h e r 

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

e s t i m a t e s o f y i n t he range o f 0 . 7 9 t o 0 . 9 5 f o r q u a r t e r l y and a n n u a l d a t a . 

A n o t h e r s e t o f moments c a n be c a t e g o r i z e d a s a u t o - and c r o s s -

c o r r e l a t i o n s o f a s s e t r e t u r n s . We know, f o r e x a m p l e , t h a t s h o r t r a t e s a r e 
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p o s i t i v e l y a u t o c o r r e l a t e d , t h a t e x c e s s r e t u r n s on e q u i t y a r e s e r i a l l y 

u n c o r r e l a t e d , and t h a t e x c e s s r e t u r n s on e q u i t y a r e n e g a t i v e l y c o r r e l a t e d 

w i t h l a g g e d i n t e r e s t r a t e s . T e s t s t a t i s t i c s f o r mode ls e s t i m a t e d f r o m t h e s e 

moments o f t e n i m p l y t h a t f i r s t - o r d e r c o n d i t i o n s w i t h h a b i t p e r s i s t e n c e do no t 

a c c o u n t f o r t h e s e p r o p e r t i e s o f t he d a t a . I n G a l l a n t , H a n s e n , and Tauchen 

( 1 9 8 9 ) , f o r e x a m p l e , i t a p p e a r s t h a t h a b i t f o r m a t i o n does no t a c c o u n t f o r t h e 

p r e d i c t a b i l i t y o f r e a l r e t u r n s on e q u i t y and t r e a s u r y b i l l s . A s i m i l a r 

phenomenon a r i s e s i n o u r a p p l i c a t i o n . We r e p o r t e d i n T a b l e 1 t h a t one o f t he 

r e g u l a r i t i e s o f f o r w a r d and s p o t exchange r a t e s i s t h a t t h e f o r w a r d premium, 

f - s . , i s p o s i t i v e l y a u t o c o r r e l a t e d . The f i r s t - o r d e r a u t o c o r r e l a t i o n s r a n g e 

f r o m 0 . 2 0 8 f o r t h e U n i t e d Kingdom t o 0 . 8 1 2 f o r J a p a n . I n o u r t h e o r e t i c a l 

econom ies ( s e e T a b l e 8) t h e s e numbers a r e c o n s i d e r a b l y s m a l l e r , and t y p i c a l l y 

n e g a t i v e . I t t h u s a p p e a r s t h a t w h i l e t he r e p r e s e n t a t i v e a g e n t t h e o r y o f 

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

i n t e r t e m p o r a l 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 , i t does no t a c c o u n t f o r a l l o f 

t he dynamic p r o p e r t i e s o f t he d a t a . 

9 . Last thoughts 

We have shown t h a t h a b i t p e r s i s t e n c e r a i s e s t h e v a r i a b i l i t y o f t h e 

s t a n d a r d d e v i a t i o n o f e x p e c t e d r e t u r n s f r om c u r r e n c y s p e c u l a t i o n t o abou t 

o n e - h a l f t o t w o - t h i r d s i t s e s t i m a t e d v a l u e i n t h e d a t a . W i t h o u t h a b i t s t h e 

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

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

l a r g e e x t e n t a f u n c t i o n o f o u r i n s i s t e n c e t h a t t h e p a r a m e t e r s no t have 

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

r e s t r i c t i o n s t he t h e o r y c a n g e n e r a t e a s much v a r i a b i l i t y a s we s e e i n t h e 

d a t a . We have a l s o a r g u e d t h a t t h e p u z z l e w i t h f o r w a r d and s p o t exchange 
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r a t e s i s s i m i l a r t o t he e q u i t y premium p u z z l e , s i n c e b o t h r e q u i r e l a r g e 

s t a n d a r d d e v i a t i o n s o f t he i n t e r t e m p o r a l 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 . 

F i n a l l y , o u r a n a l y s i s s u g g e s t s t h a t ex t reme e v e n t s , e v e n t h o s e w i t h s m a l l 

p r o b a b i l i t i e s , c a n have l a r g e e f f e c t s on t h e b e h a v i o r o f f o r w a r d p r i c e s on 

c u r r e n c i e s . T h i s p o i n t was made by R i e t z (1988) i n t h e c o n t e x t o f t h e e q u i t y 

premium. We t h i n k i t makes a b e t t e r s t o r y f o r c u r r e n c i e s , s i n c e n o m i n a l 

v a r i a b l e s have h i s t o r i c a l l y been much more p rone t o l a r g e changes t h a n r e a l 

v a r i a b l e s . 
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TABLE 1 

PROPERTIES OF FORWARD AND SPOT EXCHANGE RATES 

S t a t i s t i c C o u n t r y 

U n i t e d 
Canada F r a n c e Germany J a p a n K ingdom 

(a) ( f t - s 
t + l ) / s t 

mean 0 .00121 - 0 . 0 0 0 7 9 0 . 0 0 0 8 7 - 0 . 0 0 1 9 0 0 . 0 0 1 1 0 
( 0 . 0 0 1 1 3 ) ( 0 . 0 0 3 9 5 ) ( 0 . 0 0 4 2 0 ) ( 0 . 0 0 4 1 7 ) ( 0 . 0 0 3 9 9 ) 

s t d d e v i a t i o n 0 . 0 1 3 5 7 0 .03296 0 . 0 3 3 3 8 0 . 0 3 3 1 6 0 . 0 3 2 7 0 
( 0 . 0 0 1 2 1 ) ( 0 . 0 0 2 6 5 ) ( 0 . 0 0 2 2 7 ) ( 0 . 0 0 3 5 7 ) ( 0 . 0 0 2 8 5 ) 

a u t o c o r r e l a t i o n - 0 . 0 7 5 - 0 . 0 1 6 0 . 0 0 5 0. 181 0. 136 
( 0 . 0 5 6 ) ( 0 . 0 9 5 ) 

(b) ( s t + 1 

( 0 . 0 8 7 ) 

- S t ) / S t 

( 0 . 0 4 5 ) ( 0 . 0 6 4 ) 

mean - 0 . 0 0 2 2 5 - 0 . 0 0 1 6 8 0 .00231 0 . 0 0 4 6 2 - 0 . 0 0 2 9 6 
( 0 . 0 0 1 0 4 ) ( 0 . 0 0 4 1 6 ) ( 0 . 0 0 4 0 2 ) ( 0 . 0 0 3 7 7 ) ( 0 . 0 0 3 8 0 ) 

s t d d e v i a t i o n 0 . 0 1 3 2 2 0 .03284 0 . 0 3 3 2 5 0 . 0 3 2 4 4 0 .03196 
( 0 . 0 0 1 2 4 ) ( 0 . 0 0 2 7 3 ) ( 0 . 0 0 2 2 8 ) ( 0 . 0 0 3 4 1 ) ( 0 . 0 0 2 8 6 ) 

a u t o c o r r e l a t i o n - 0 . 1 2 5 - 0 . 0 5 4 - 0 . 0 1 7 0. 144 0. 112 
( 0 . 0 5 3 ) ( 0 . 0 8 6 ) 

(c ) ( f t -

( 0 . 0 8 2 ) 

S t ) / S t 

( 0 . 0 4 7 ) ( 0 . 0 6 1 ) 

mean - 0 . 0 0 1 0 4 - 0 . 0 0 2 4 7 0 . 0 0 3 1 8 0 . 0 0 2 7 1 - 0 . 0 0 1 8 5 
( 0 . 0 0 0 3 9 ) ( 0 . 0 0 0 9 1 ) ( 0 . 0 0 0 4 9 ) ( 0 . 0 0 0 9 2 ) ( 0 . 0 0 0 8 2 ) 

s t d d e v i a t i o n 0 . 0 0 1 6 2 0 . 0 0 3 9 7 0 . 0 0 2 1 5 0 . 0 0 3 2 9 0 . 0 0 3 2 9 
( 0 . 0 0 0 1 8 ) ( 0 . 0 0 0 8 4 ) ( 0 . 0 0 0 1 9 ) ( 0 . 0 0 0 4 4 ) ( 0 . 0 0 0 4 5 ) 

a u t o c o r r e l a t i o n 0 . 3 8 2 0 . 6 3 0 0 . 3 0 4 0 . 8 1 2 0 . 2 0 8 
( 0 . 0 6 3 ) ( 0 . 1 0 9 ) ( 0 . 1 4 6 ) ( 0 . 0 7 7 ) ( 0 . 1 1 4 ) 

N o t e s : F o r w a r d and s p o t exchange r a t e s , f and s r e s p e c t i v e l y , a r e e x p r e s s e d 
as d o l l a r s p e r u n i t o f f o r e i g n c u r r e n c y . D a t a a r e mon th -end , J u l y 1974 t o 
O c t o b e r 1986, f r om G r e g o r y and McCurdy ( 1 9 8 4 ) , u p d a t e d f r om t h e International 
Monetary Market Annual Yearbook o f t h e C h i c a g o M e r c a n t i l e E x c h a n g e , v a r i o u s 
i s s u e s . Numbers i n p a r e n t h e s e s a r e s t a n d a r d e r r o r s ; t h e y were computed by 
g e n e r a l i z e d method o f moments (GMM) and a r e r o b u s t t o h e t e r o s k e d a s t i c i t y and 
a u t o c o r r e l a t i o n o f t he r e s i d u a l s o f t h e moment c o n d i t i o n s ( H a n s e n , 1982 ) . 



TABLE 2 

ESTIMATED REGRESSION L I N E S 

(VSt+l)/st = al + bl (Vst)/st + Vl 

S t a t i s t i c C o u n t r y 

Canada F r a n c e Germany J a p a n 
U n i t e d 
K ingdom 

1 

s 

AR4 

ARCH4 

HET 

0 . 0 0 3 6 3 
( 0 . 0 0 1 1 3 ) 

2 . 3 2 2 
( 0 . 3 3 3 ) 

0 . 0 1 3 0 9 

0 . 0 8 3 

0 . 5 9 1 

0 . 195 

0 . 0 0 1 1 0 
( 0 . 0 0 5 4 8 ) 

0 . 7 6 6 
( 1 . 1 7 3 ) 

0 . 0 3 2 9 4 

0. I l l 

0 . 0 2 0 

0 . 0 0 0 

- 0 . 0 0 3 7 5 
; 0 . 0 0 3 3 9 ) 

1 .453 
( 0 . 7 7 3 ) 

0 . 0 3 3 3 5 

0 . 4 4 0 

0 . 0 0 0 

0 . 0 2 0 

- 0 . 0 0 9 1 8 
( 0 . 0 0 4 6 0 ) 

2 . 6 8 0 
( 0 . 7 3 8 ) 

0 . 0 3 2 0 8 

0. 139 

0 . 3 1 6 

0 . 0 2 8 

0 . 0 0 6 1 1 
( 0 . 0 0 3 7 9 ) 

2 . 7 0 3 
( 0 . 7 4 8 ) 

0 . 0 3 1 5 7 

0 . 6 3 9 

0 . 3 2 7 

0 . 8 6 7 

Notes: The d a t a a r e d e s c r i b e d i n the n o t e s t o T a b l e 1. Numbers i n 
p a r e n t h e s e s a r e s t a n d a r d e r r o r s , computed by GMM. s i s t h e s t a n d a r d e r r o r o f 
t he r e g r e s s i o n ( t h e e s t i m a t e d s t a n d a r d d e v i a t i o n o f u ) . AR4, ARCH4, and HET 
a r e t he m a r g i n a l s i g n i f i c a n c e l e v e l s f o r , r e s p e c t i v e l y , l a g r a n g e m u l t i p l i e r 
t e s t s f o r f o u r t h o r d e r s e r i a l c o r r e l a t i o n ( G o d f r e y , 1978) and f o u r t h o r d e r 
a u t o r e g r e s s i v e c o n d i t i o n a l h e t e r o s k e d a s t i c i t y ( E n g l e , 1 9 8 2 ) , and f o r a c r o s s 
p r o d u c t t e s t f o r h e t e r o s k e d a s t i c i t y ( W h i t e , 1980 ) . 



TABLE 3 

STANDARD DEVIATIONS OF EXPECTED DEPRECIATION AND EXCESS RETURNS: 
ESTIMATED LOWER BOUNDS 

R e g r e s s i o n C o u n t r y 

Canada F r a n c e Germany J a p a n 
U n i t e d 
K ingdom 

l i n e a r 

q u a d r a t i c 

S t a n d a r d D e v i a t i o n o f E ^ ( f ^ - s ^ . + ^ ) / s ^ 

0 . 0 0 3 7 4 

0 . 0 0 3 7 5 

0 . 0 0 3 0 3 

0 . 0 0 9 3 0 

0 . 0 0 3 0 2 

0 . 0 0 5 0 5 

0 . 0 0 8 7 8 

0 .01021 

0 .00886 

0 . 0 0 8 8 7 

linear 

q u a d r a t i c 

S t a n d a r d D e v i a t i o n o f E .̂ ( s ^ + j - s ^ . ) / s ^ 

0 . 0 0 2 1 3 

0 .00214 

0 . 0 0 0 9 3 

0 .00834 

0 . 0 0 0 9 7 

0 . 0 0 4 0 9 

0 . 0 0 5 5 0 

0 . 0 0 7 5 8 

0 . 0 0 5 5 8 

0 . 0 0 5 5 9 

Notes: E n t r i e s a r e s t a n d a r d d e v i a t i o n s o f f i t t e d v a l u e s f r o m r e g r e s s i o n s o f 
( f t ~ s t + 1 ) / s t and ^ s t + l ~ s t ^ / s t ° n a c o n s t a n t > ^ f t ~ S t ^ / S t a n d ' f ° r t h e 

q u a d r a t i c r e g r e s s i o n , [(f^-s^)/s^] . 



TABLE 4 

PROPERTIES OF RETURNS FROM CURRENCY SPECULATION 

S t a t i s t i c C o u n t r y 

U n i t e d 
Canada F r a n c e Germany J a p a n K ingdom 

mean 0 . 0 0 3 4 5 0 . 0 0 4 8 8 0 . 0 0 3 1 2 0 . 0 1 1 1 9 0 . 0 0 7 9 9 

s t d d e v i a t i o n 0 . 0 1 3 1 8 0 .03261 0 . 0 3 3 2 5 0 . 0 3 1 2 6 0 . 0 3 1 7 2 

S h a r p e r a t i o 0 . 2 6 2 0 . 1 5 0 0 . 0 9 4 0 . 3 5 8 0 . 2 5 2 

N o t e s : R e t u r n s a r e b a s e d on t h e i n v e s t m e n t s t r a t e g y d e s c r i b e d i n t h e t e x t . 
The S h a r p e r a t i o i s t h e r a t i o o f t he mean t o t h e s t a n d a r d d e v i a t i o n o f t he 
r e t u r n . 



TABLE 5 

MOMENTS IN THE DATA AND IN THE THEORETICAL ECONOMY 

C o n s u m p t i o n 
g r o w t h I n f l a t i o n D e p r e c i a t i o n 

U n i v a r i a t e moments 

mean 1.0012 1.0053 0 . 9 9 7 8 
1.0014 1 .0052 0 . 9 9 8 0 

s t d d e v i a t i o n 0 .0047 0 . 0 0 3 3 0 . 0 1 3 2 
0 .0050 0 . 0 0 3 5 0 . 0 1 3 3 

a u t o c o r r e l a t i o n - 0 . 2 1 2 0 . 5 5 6 - 0 . 1 2 5 
- 0 . 2 4 9 0 . 3 5 3 - 0 . 0 1 6 

C r o s s c o r r e l a t i o n s 

C o n s u m p t i o n 1.0 - 0 . 4 2 9 - 0 . 0 7 2 
Grow th - 0 . 4 0 8 0 . 0 2 4 

I n f l a t i o n 1.0 - 0 . 0 4 9 
0 . 0 1 7 

N o t e s : F o r e a c h p a i r o f numbers t he f i r s t i s a samp le moment computed f r o m 
t h e d a t a and t h e s e c o n d i s a p o p u l a t i o n moment f r o m the t h e o r e t i c a l economy. 
The v a l u e s f r o m the a r t i f i c a l economy a r e f u n c t i o n s o f t h e e s t i m a t e d Markov 
c h a i n a l o n e and do no t depend o n p r e f e r e n c e p a r a m e t e r s . The c o n s u m p t i o n 
s e r i e s i s f r o m C I T I B A S E , n o n d u r a b l e s p l u s s e r v i c e s ne t o f c l o t h i n g and 
m e d i c a l c a r e , d i v i d e d by t he c i v i l i a n p o p u l a t i o n . The p r i c e s e r i e s i s i t s 
i m p l i c i t d e f l a t o r . The exchange r a t e s e r i e s i s t h e C a n a d i a n d o l l a r . 



TABLE 6 

PROPERTIES OF RISK PREMIUMS IN THE THEORETICAL ECONOMY 

Economy Mean o f S t a n d a r d D e v i a t i o n 
( P a r a m e t e r V a l u e s ) R i s k Premium o f R i s k Premium 

U n i t e d S t a t e s ( e s t i m a t e d ) 

no p a r a m e t e r s . 

R i s k n e u t r a l i t y (a ) 

a=0, 6=0 .99 , 7=0. 

A d d i t i v e s e p a r a b i l i t y (b) 

a=10, (3=0.99, y=0. 

H a b i t p e r s i s t e n c e 1 ( c ) 

a=10, 0=0 .99 , y = 0 . 5 0 . 

H a b i t p e r s i s t e n c e 2 (d) 

a=9, 0=0 .60 , y=0 .85 . 

P e s o p r o b l e m (e) 

a=9, 0=0 .60 , 7=0 .85 . 

0 .00121 

0 . 0 0 0 0 0 

0 . 0 0 0 0 0 

0 .00006 

0 . 0 0 0 2 0 

0 .00031 

0 . 0 0 3 7 5 

0 .00001 

0 .00011 

0 . 0 0 0 3 8 

0 . 0 0 1 4 6 

0 . 0 0 2 1 7 

N o t e s : P r o p e r t i e s o f U . S . d a t a a r e t a k e n f r o m T a b l e s 1 (a) and 3 , f o r t he 
C a n a d i a n d o l l a r . P r o p e r t i e s i n t h e o r e t i c a l econom ies were c a l c u l a t e d f r o m 
e q u i l i b r i u m p r i c e s . Examp les ( a ) , ( b ) , ( c ) , and (d) use t h e 8 - s t a t e Markov 
c h a i n d e s c r i b e d i n t h e t e x t . Example (e) u s e s t he 1 2 - s t a t e c h a i n , w h i c h 
i n c o r p o r a t e s an ex t reme s t a t e f o r t he s p o t r a t e . The mean and s t a n d a r d 
d e v i a t i o n f o r t he e x p e c t e d r a t e o f d e p r e c i a t i o n i n economy (e) a r e - 0 . 0 0 3 0 
and 0 . 0 0 2 8 , r e s p e c t i v e l y . 



TABLE 7 

PROPERTIES OF REGRESSIONS IN THE THEORETICAL ECONOMY 

Number o f R e j e c t i o n s o f 
T h e o r e t i c a l Economy P o p u l a t i o n N e g a t i v e 

arV° V° b 2 V 

R i s k n e u t r a l i t y (a) 72 69 1.000 11 

A d d i t i v e s e p a r a b i l i t y (b) 68 71 1.005 10 

H a b i t p e r s i s t e n c e 1 ( c ) 63 69 1 .000 9 

H a b i t p e r s i s t e n c e 2 (d) 98 87 0 .761 17 

P e s o p r o b l e m 1 (e) 189 227 0 .711 29 

Peso p r o b l e m 2 ( f ) 981 940 0 . 7 1 1 223 

N o t e s : P a r a m e t e r v a l u e s f o r t he t h e o r e t i c a l economies a r e d e c r i b e d i n T a b l e 
6. E x p e r i m e n t ( f ) , d e s c r i b e d i n t h e t e x t , u s e s t h e same p a r a m e t e r v a l u e s a s 
e x p e r i m e n t ( e ) . Numbers o f r e j e c t i o n s a r e based on 1000 r e p l i c a t i o n s o f t he 
economy, e a c h w i t h 148 o b s e r v a t i o n s . H y p o t h e s i s t e s t s a r e a t t h e 5 p e r c e n t 
s i g n i f i c a n c e l e v e l and a r e b a s e d on h e t e r o s k e d a s t i c i t y - c o n s i s t e n t s t a n d a r d 
e r r o r s ( W h i t e , 1980 ) . N e g a t i v e b2s r e f e r t o t h e number o f n e g a t i v e e s t i m a t e s 
i n 1000 r e p l i c a t i o n s . 



TABLE 8 

OTHER POPULATION MOMENTS IN THE THEORETICAL ECONOMIES 

T h e o r e t i c a l Economy S t d Dev o f n A u t o c o r r e l a t i o n o f f / s 

R i s k n e u t r a l i t y (a ) 

A d d i t i v e s e p a r a b i l i t y (b ) 

H a b i t p e r s i s t e n c e 1 ( c ) 

H a b i t p e r s i s t e n c e 2 (d) 

Peso p r o b l e m (e ) 

0 . 0 0 3 - 0 . 1 2 4 

0 . 0 4 9 - 0 . 1 2 1 

0 .241 - 0 . 1 1 0 

1.532 - 0 . 0 7 7 

1.549 0 . 0 1 3 

Notes: P a r a m e t e r v a l u e s f o r t he t h e o r e t i c a l econom ies a r e d e c r i b e d i n T a b l e s 
6 and 7. The l e t t e r n r e f e r s t o t h e n o m i n a l 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 , 
d e f i n e d i n s e c t i o n 3 . 


