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ABSTRACT

LIQUIDITY, PRICE VARIABILITY, AND STORAGE ASYMMETRY:

A STUDY OF THE BEHAVIOR OF PRICES IN FUTURES MARKETS

by

N i k o l a o s  T.  Mi l on as

A d v i s e r :  P r o f e s s o r  Ashok Vora

The h y p o t h e s i s  t h a t  p r i c e  v a r i a b i l i t y  i n c r e a s e s  a s  t i m e  

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

" m a t u r i t y  e f f e c t " ,  wi th  i m p o r t a n t  i m p l i c a t i o n s  on f u t u r e s  

p r i c e  b e h a v i o r .  E s s a y  I  d e r i v e s  t h e  t h e o r e t i c a l  b a s i s  f o r  

t h i s  e f f e c t  in  l i n e  w i t h  S a m u e l s o n ' s  (1965) a rgum en t s  and 

i n v e s t i g a t e s  v a r i o u s  n o n - s t a t i o n a r y  s o u r c e s  i n  s p o t  and f u ­

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

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

s i s  t h a t  n e a r  and d i s t a n t  c o n t r a c t s  f rom m a t u r i t y  e x h i b i t  

d i f f e r e n t  p r i c e  v a r i a b i l i t y .

The r e s u l t s  i n  Es s ay  I  s u p p o r t  t h e  f o l l o w i n g  s t a t e m e n t s :  

(1) C y c l i c a l  movement o f  p r i c e s  i s  t h e  e s s e n c e  i n  commodi ty 

m a r k e t s .  The "month e f f e c t "  i s  w e l l  documented i n  t h e  com­
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m o d i t i e s  examined .  (2) The n o n - s t a t i o n a r y  n a t u r e  o f  t h e  

s p o t  p r i c e  g e n e r a t i n g  p r o c e s s  makes v a r i a n c e s  a c r o s s  y e a r s  

change  r an d o m l y .  C l e a r l y ,  t h e r e  i s  e v i d e n c e  o f  t h e  " y e a r  

e f f e c t " .  (3) There  i s  v i r t u a l l y  no " c o n t r a c t  month e f f e c t "  

w i t h  f i n a n c i a l  f u t u r e s ,  b u t  t h e r e  i s  wi th a g r i c u l t u r a l  and 

m e t a l  f u t u r e s .  (4) There  i s  s t r o n g  e v i d e n c e  t h a t  Samuel -  

s o n ' s  h y p o t h e s i s  o f  t h e  " m a t u r i t y  e f f e c t "  c a n n o t  be r e j e c t ­

e d .  (5) The b e h a v i o r  of  p r i c e  v a r i a b i l i t y  o f  f a r - m a t u r i n g  

c o n t r a c t s  i s  c o m m od i ty - d e pe nd e n t ;  we r e j e c t  t h e  h y p o t h e s i s  

t h a t  n e a r  and f a r - m a t u r i n g  c o n t r a c t s  behave  s i m i l a r l y ,  f o r  a 

g iv en  commodi ty.

Essay I I  of  t h e  s t u d y  d e v e l o p s  a common methodo logy w i t h  

which commodi t i e s  f rom d i f f e r e n t  m a r k e t s  c o u l d  be compa red .  

Such compar i son  r e s t s  on a d i s t i n c t  s o u r c e  o f  i l l i q u i d i t y  

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

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

i n t o  consumpt ion  t o d a y ,  r e n d e r s  a l i q u i d i t y  premium on n e a r ­

e r  c o n t r a c t s  ove r  f a r - m a t u r i n g  c o n t r a c t s .  H i r s h l e i f e r  

(1972) p r e s e n t s  t h e o r e t i c a l l y  t h i s  i s s u e  o f  i l l i q u i d i t y  and 

t h e  p robl em cf p h y s i c a l  s t o r a g e  w i t h  some e m p i r i c a l  i m p l i c a ­

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

c i a l  f u t u r e s  and p r e c i o u s  m e t a l s ,  we do n o t  e x p e c t  l i q u i d i t y  

premium d e s c r i b e d  above  i n  t h i s  k i nd  o f  f u t u r e s  m a r k e t s .  

F u r t h e r m o r e ,  t h e  s t u d y  o f  t h e  d i f f e r e n t  p a t t e r n  o f  p r i c e  be ­

h a v i o r  and d i f f e r e n t  r e s p o n s e  t o  new i n f o r m a t i o n  i n  f u t u r e s  

m a r k e t s  w i l l  r e v e a l  t h e  d e g r e e  o f  " s t o r a g e  asymmetry"  i n  

e a c h  m a r k e t .
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ESSAY I :  PRICE VARIABILITY AND LIQUIDITY IN
FUTURES MARKETS



C h a p t e r  1 

INTRODUCTION TO ESSAY I

Fe c en t  dev e lo pme n t s  i n  f u t u r e s  m a r k e t s  have  l ed  m a r k e t  

p a r t i c i p a n t s  t o  a c c e p t  new f u t u r e s  c o n t r a c t s  a s  an a l t e r n a ­

t i v e  t o o l  i n  i n v e s t m e n t  s t r a t e g i e s .  T h i s  g rowth of  t h e  f u ­

t u r e s  m a r k e t s  t o d a y ,  i s  a good i n d i c a t i o n  o f  t h e  u s e f u l  r o l e  

t h e s e  new c o n t r a c t s  a r e  p l a y i n g  i n  a l l o c a t i n g  r i s k  among a 

l a r g e  number of  i n d i v i d u a l s .

From t h e  second h a l f  of  t h e  I S t h  c e n t u r y ,  when t h ey  f i r s t  

a p p e a r e d  i n  an o r g a n i z e d  f o r m ,  f u t u r e s  m a r k e t s  s e rved  t he  

i n t e r e s t s  o f  many d i s t i n c t  g rou ps  o f  p e o p l e  ( e . g .  f a r m e r s ,  

co mm erc i a l  f i r m s ,  m e r c h a n d i s e r s ,  p r o c e s s o r s  o f  commodi t i es )  

who wanted  t o  hedge a g a i n s t  a d v e r s e  c h an ge s  i n  p r i c e s  o f  ag ­

r i c u l t u r a l  goods .  S p e c u l a t o r s  were among t h e s e  g rou ps  of  

p e o p l e  who had no p a r t i c u l a r  i n t e r e s t  i n  commod i t i es  but  

were  t a k i n g  o p p o s i t e  p o s i t i o n s  i n  a n t i c i p a t i o n  o f  g a i n s  f rom 

p r i c e  c h a n g e s .

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

m a rk e t  t o  e x i s t .  Over  t h e  l a s t  t en  y e a r s  we have  s e e n  t h e  

i n i t i a t i o n  o f  f u t u r e s  t r a d i n g  in a v a r i e t y  of  goods  r a n g i n g  

f rom m e t a l s  (gold)  t o  f i n a n c i a l  i n s t r u m e n t s  such  a s  T r e a s u r y  

s e c u r i t i e s  ( b i l l s ,  bonds and n o t e s ) ,  commerc ia l  p a p e r ,  f o r ­

e i g n  c u r r e n c i e s  and s t o c k  i n d e x e s .  Moreove r ,  t h e  use  o f  f u ­

-  2 -



t u r e s  m a r k e t s  ha s  expanded w i t h  t h e  i n t r o d u c t i o n  c f  o p t i o n s

on c o n t r a c t s  su c h  a s  go ld  f u t u r e s  and  T r e a s u r y  bonds f u -
#

t u r e s ■

The s u c c e s s  o f  t h e  new f i n a n c i a l  f u t u r e s  m a r ke t s  i s  a t ­

t r i b u t e d  t o  t h e  same f a c t o r s  t h a t  r e n d e r e d  s u c c e s s  t o  a g r i ­

c u l t u r a l  c o m m o d i t i e s .  On one  h a n d ,  r e c e n t  i n c r e a s e s  i n  i n ­

t e r e s t  r a t e  v o l a t i l i t y  c r e a t e d  t h e  need  f o r  he dg in g  a g a i n s t  

a d v e r s e  chan ge s  i n  i n t e r e s t  r a t e s  f o r  a v a r i e t y  o f  f und-man­

a g i n g  i n s t i t u t i o n s  (banks ,  p e n s i o n  f u n d s ,  i n s u r a n c e  compa­

n i e s ,  mu tua l  f u n d s ,  money f u n d s ,  c o r p o r a t i o n s ,  e t c . ) .  On 

t h e  o t h e r  hand ,  t h e  p o s s i b i l i t y  o f  g a i n s  f rom i n t e r e s t  r a t e  

c h an ge s  a t t r a c t e d  a l a r g e  number o f  s p e c u l a t o r s .

The s t u d y  o f  f u t u r e s  m a r k e t s  d i f f e r s  i n  many r e s p e c t s  

f rom t h e  s t u d y  o f  s p o t  m a r k e t s ,  such  as  t h e  s t o c k  or  bond 

m a r k e t s .  I n  a s t o c k  m ar k e t  t h e r e  i s  a s i m i l a r  c o n t r a c t  

( s t c c k )  f o r  a l l  p a r t i c i p a t i n g  f i r m s  bu t  u n d e r l y i n g  f i r m s  

d i f f e r  f rom one a n o t h e r .  I n  c o n t r a s t ,  i n  f u t u r e s  m a r k e t s  

t h e r e  a r e  d i f f e r e n t  c o n t r a c t s  f o r  d i f f e r e n t  commod i t i e s  and 

i n  a d d i t i o n  f o r  t h e  same commodi ty t h e r e  a r e  c o n t r a c t s  t h a t  

d i f f e r  i n  t ime  t o  m a t u r i t y .  However ,  t h e  u n d e r l y i n g  commod­

i t y  f o r  d e l i v e r y  i s  homogeneous f o r  a s e t  o f  c o n t r a c t s  i r r e ­

s p e c t i v e  o f  m a t u r i t y .  I h i s  c h a r a c t e r i s t i c  f o r c e s  f u t u r e s  

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

e a c h  o t h e r .

Resea r ch  i n  f u t u r e s  m a r k e t s  i s  p a r t i c u l a r l y  c o n ce rn ed  

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



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

c o r d i n g  t o  Working (1948 ,  1949)  t h e  s p r e a d  i n  f u t u r e s  p r i c e s  

r e f l e c t s  t h e  c a r r y i n g  c h a r g e s  ( c o s t s  o f  s t o r a g e ,  i n t e r e s t ,  

and i n s u r a n c e ) .  Among o t h e r  a n a l y s t s ,  Brennan (1958) hy ­

p o t h e s i z e d  a n o t h e r  f a c t o r  i n  t h e  s p r e a d ,  t h e  so  c a l l e d  r i s k  

premium.  T h i s  i s  t h e o r e t i c a l l y  v a l i d  i n  t h e  c o n t e x t  o f  t h e  

l i q u i d i t y  t h e o r y  of  Hicks  (1946 ) .  I n  an e m p i r i c a l  s t u d y ,  

Dusak (1973) f i n d s  no such  premium t o  e x i s t  i n  t h e  commodi­

t i e s  m a r k e t s .  But o t h e r s  (Bodie and Rosansky (1980))  f i n d  

a p r e s e n c e  o f  r i s k  p remia  f o r  t h e  23 comm od i t i e s  exam ine d .

Among t h e  s t u d i e s  t h a t  d e a l  w i th  t h e  " m a t u r i t y  e f f e c t "  i s  

S a m u e l s o n ’s  s emina l  pa pe r  i n  1965.  He o f f e r s  a t h e o r e t i c a l  

b a s i s  f o r  i n c r e a s i n g  p r i c e  v a r i a b i l i t y  a s  c o n t r a c t s  ap p r oa ch  

m a t u r i t y .  Recent  e m p i r i c a l  e v i d e n c e  by C a s t e l i n o  (1 981 ) ,  

C a s t e l i n o  and F r a n c i s  (1982) and Anderson (1982) s t r o n g l y  

s u p p o r t  S a m u e l s o n ’s  a r g u m e n t .  S a m u e l s o n ' s  h y p o t h e s i s  has  

i n t u i t i v e  a p p e a l  s i n c e  he a r g u e s  t h a t  c o n t r a c t s  f a r  from ma­

t u r i t y  r e a c t  weakly t o  new i n f o r m a t i o n  be ca u se  t h e r e  i s  am­

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

C o n v e r s e l y ,  a c o n t r a c t  n e a r  t o  m a t u r i t y  r e a c t s  s t r o n g l y  t o  

new i n f o r m a t i o n  s i n c e  a t  m a t u r i t y  t h e  f u t u r e s  p r i c e  must  

e q u a l  t h e  s p o t  p r i c e .  However ,  i n  t h i s  c o n t e x t  S a m u e l s o n ' s  

h y p o t h e s i s  i s  i n  s h a r p  c o n t r a s t  t o  W o r k i n g ' s .  Working 

(1942 ,  19 48 ,  1949) a r g u e s  t h a t  i n t e r t e m p o r a l  s p r e a d s  i n  f u ­

t u r e s  p r i c e s  r e s u l t  f rom c u r r e n t  l e v e l s  o f  i n v e n t o r i e s  and 

n o t  from e v e n t s  a n t i c i p a t e d  i n  l a t e r  p e r i o d s .  T h e r e f o r e ,



t h e  im p a c t  o f  new i n f o r m a t i o n  w i l l  be impounded e q u a l l y  i n  

a l l  s p o t  and f u t u r e s  c o n t r a c t s  i r r e s p e c t i v e  o f  t h e  t im e  t o  

m a t u r i t y .

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

t r a d i n g  a c t i v i t y .  T e l s e r  and H ig inb o tha m (1977) and T e l s e r  

(1981) a r g u e  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  m a rk e t  c l e a r i n g  

p r i c e s  i s  i n v e r s e l y  r e l a t e d  t o  t h e  volume o f  t r a d e .  T h i s  

r e s u l t  c an  be a t t r i b u t e d  t o  t h e  marke t  i n f o r m a t i o n  which i n ­

c r e a s e s  w i th  t h e  number of m a r k e t  p a r t i c i p a n t s .  Cox (1976) 

s u b s t a n t i a t e s  t h i s  a rgumen t  by r e p o r t i n g  t h a t  an i n c r e a s e  in  

t h e  number o f  p e r s o n s  w i th  i n t e r e s t  i n  a c o n t r a c t  t e n d s  t o  

c r e a t e  a l i q u i d  m a r k e t .  I l l i q u i d  m a r k e t s  a r e  p r e s e n t  i n  t h e  

f i r s t  few months o f  t h e  o p e n i n g  o f  a new c o n t r a c t  (due t o  

low open i n t e r e s t ) .  R e s e a r c h  has  s u g g e s t e d  t h a t  p r i c e  v a r i ­

a b i l i t y  i s  h i g h e r  f o r  s e c u r i t i e s  w i t h  t h i n  m a r ke t s  t han  w i t h  

l i q u i d  o n e s  (Cohen e t . a l .  ( 1 9 7 6 ) ,  Cohen e t . a l .  ( 1 9 7 8 ) ) .

The o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  i n v e s t i g a t e  t h e  s o u r c e s  

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

k e t s .  I t  a ims t o  e x p l a i n  p r i c e  v a r i a b i l i t y  from t h e  o p e n i n g  

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

m a r k e t s :  a g r i c u l t u r a l ,  f i n a n c i a l  and m e t a l s .  The s t u d y ,

which i s  based on S a m u e l s o n ' s  a r g u m e n t ,  p r o v i d e s  e v i d e n c e  on 

t h e  f o l l o w i n g  i s s u e s :

(1) N o n - s t a t i o n a r y  s h o c k s  i n  s p o t  p r i c e s .  Random shoc ks  on 

t h e  demand o r  su p p l y  i n  t h e  p r o d u c t  m a r k e t s ,  a f f e c t  d i f f e r ­

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



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

p r o du ce  a n o n - s t a t i o n a r y  f a c t o r  known a s  ’' c a l e n d a r  y e a r  e f ­

f e c t ” , o r  s im p ly  " y e a r  e f f e c t ” . S i m i l a r  shocks  w i t h i n  a 

y e a r  due t o  s e a s o n a l i t y  of  main ly  t h e  s u p p l y  a r e  c a p t u r e d  i n  

t h e  form o f  d i f f e r e n t  m on th ly  p r i c e  v a r i a b i l i t y .  T h i s  

s o u r c e  o f  s e a s o n a l i t y  i s  known a s  t h e  " c a l e n d a r  month e f ­

f e c t ” , o r  "month e f f e c t ” f o r  s i m p l i c i t y .

(2) The " c o n t r a c t  month e f f e c t ” i n  f u t u r e s  p r i c e s .  I n  f u ­

t u r e s  p r i c e s  t h e r e  i s  a n o t h e r  s o u r c e  o f  n o n - s t a t i c n a r i t y  i n  

a d d i t i o n  t o  t h e  two men t i on ed  a b o v e .  T h i s  random shock  

which we c a l l  " c o n t r a c t  month e f f e c t " ,  i s  a s s o c i a t e d  w i t h  

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

m o n th s .

(3) "The m a t u r i t y  e f f e c t " .  The h y p o t h e s i s  o f  t h e  i n c r e a s i n g  

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

s t a t i s t i c a l l y  t e s t e d  a f t e r  t h e  n o n - s t a t i o n a r i t y  i n  p r i c e s  i s  

c o n t r o l l e d •

(4) P r i c e  v a r i a b i l i t y  i n  d i s t a n t  mo n ths .  We f i n a l l y  t e s t  

w h e th e r  d i s t a n t  c o n t r a c t s  e x h i b i t  h i g h e r  v a r i a b i l i t y  t h a n  

s u g g e s t e d  by t h e  " m a t u r i t y  e f f e c t "  h y p o t h e s i s .  T h i s  hy­

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

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

c u r i t i e s .  I n  f u t u r e s  m a r k e t s  l i q u i d i t y  can be measured  w i t h  

open  i n t e r e s t  o r  volume of  t r a d e .  The r e l a t i v e l y  low l e v e l s  

o f  open i n t e r e s t  d u r i n g  t h e  f i r s t  few months o f  t h e  o p e n in g  

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



T h i s  might  be a s s o c i a t e d  w i t h  h i g h e r  v a r i a b i l i t y  t h a n  im­

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

The o r g a n i z a t i o n  of  Essay  I  i s  a s  f o l l o w s :  I n  c h a p t e r  2

we r ev i ew  t h e  l i t e r a t u r e  and t h e  ma jo r  i s s u e s  i n  f u t u r e s  

m a r k e t s  w i th  i m p l i c a t i o n s  on f u t u r e s  p r i c e  v a r i a b i l i t y .  

Ne x t ,  i n  c h a p t e r  3 we p r e s e n t  t h e  model  a s  t h e  b a s i s  f o r  t h e  

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

t i o n s .  C h a p t e r  4 d e s c r i b e s  t h e  d a t a  u sed  i n  t h i s  s t u d y  and 

p r e s e n t s  some s t a t i s t i c a l  c o n s i d e r a t i o n s .  I n  c h a p t e r  5 we 

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

t i o n a r y  shocks  i n  s p o t  p r i c e s .  The u s e  of  d e s c r i p t i v e  s t a ­

t i s t i c s  and a p a r a m e t r i c  t e s t  as  w e l l  a s  t h e  me thcdo logy  of  

n o r m a l i z i n g  f u t u r e s  v a r i a n c e s  a r e  p r e s e n t e d  i n  c h a p t e r  6 .  

I h e  e v i d e n c e  on t h e  " c o n t r a c t  month" e f f e c t  and t h e  " m a t u r i ­

t y  e f f e c t "  h y p o t h e s i s  a r e  a l s o  p r e s e n t e d  i n  c h a p t e r  6 .  The 

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

j e c t  o f  c h a p t e r  7 .  C h a p t e r s  8 and 9 p r e s e n t  e v i d e n c e  on t h e  

r e l a t i o n s h i p  o f  volume and open i n t e r e s t  w i t h  t i m e  t o  m a t u r ­

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

s i s .  C h a p t e r  10 c o n c l u d e s  Es say  I  w i th  some i m p l i c a t i o n s  of  

t h e s e  r e s u l t s  on f u t u r e s  m a r k e t s .



C h a p t e r  2 

REVIEW OF THE LITERATURE

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

q u a n t i t y  o f  a g iven  commodi ty ,  on a s p e c i f i c  f u t u r e  d a t e .  

Every  day such c o n t r a c t s  a r e  t r a d e d  on f u t u r e s  e x c h a n g e s .  

We can o b s e r v e ,  a t  a s p e c i f i c  moment i n  t i m e ,  f o r  e v e r y  

t r a d e d  commodity a c a sh  p r i c e  q u o t a t i o n  ( f o r  immed ia t e  de ­

l i v e r y )  and a s e r i e s  o f  f u t u r e s  p r i c e  q u o t a t i o n s .  Demand 

f o r  and su p p l y  o f  a c o n t r a c t  d e t e r m i n e  t h e  p r i c e  l e v e l  of  

t h a t  f u t u r e s  c o n t r a c t .  However ,  what  a f f e c t s  demand f o r  and 

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

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

r e l a t e d  i s s u e s  which have  g e n e r a t e d  a d e b a t e  w i t h  t h r e e  ma­

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

(1) The f i r s t  p o s i t i o n  was t ak en  by Working who e x p r e s s e d  

t h e  t r a d i t i o n a l  view o f  f a c t o r s  t h a t  a f f e c t  t h e  demand f o r  

and s u p p l y  of  a g r i c u l t u r a l  c o m m o d i t i e s .  Ho lb rock  Working 

(19*42 , 19*48, 19*49), a p i o n e e r  i n  f u t u r e s  m a r k e t s  r e s e a r c h ,  

ha s  r e p e a t e d l y  a rg u e d  t h a t  t h e  c o n s t e l l a t i o n  o f  f u t u r e s  

p r i c e s  i s  s o l e l y  d e t e r m i ne d  by t h e  e x i s t i n g  l e v e l s  o f  i n v e n ­

t o r i e s  and n o t  by e x p e c t a t i o n s  r e g a r d i n g  f u t u r e  e v e n t s  ( e . g .  

c r o p  y i e l d s ,  i ncome ,  c on sum pt i on  s h i f t s ) .  The f a c t  t h a t  t h e  

p r i c e  of  one c o n t r a c t  i s  g r e a t e r  t h a n  t h e  p r i c e  o f  a n o t h e r .

-  8 -
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i s  a t t r i b u t e d  t o  t h e  c o s t  o f  c a r r y i n g  t h a t  commodi ty be tween 

t h e  two d e l i v e r y  d a t e s .  S i n c e  he p r e c l u d e d  e x p e c t a t i o n s  on 

f u t u r e  e v e n t s  from b e i n g  i n c o r p o r a t e d  i n  f a r - m a t u r i n g  c o n ­

t r a c t s ,  he was r e l u c t a n t  t o  view f u t u r e s  p r i c e s  a s  f o r e c a s t s  

o f  f u t u r e  e v e n t s  t o  occu r  b e f o r e  and up t o  m a t u r i t y .  I n  

t h i s  way a l l  f u t u r e s  and c a sh  p r i c e s  r e s po nd  * q u a l l y  upon 

t h e  new i n f o r m a t i o n .  To s t a t e  W o r k i n g ' s  a rgumen t  d i f f e r e n t ­

l y ,  t h e  whole s p e c t r um  of p r i c e s  do es  n o t  e x h i b i t  any d i f ­

f e r e n t i a l  r e a c t i o n  t o  t h e  new i n f o r m a t i o n .  I n  Tomek and 

G r a y ' s  (1970) t e r m i n o l o g y ,  " p r i c e s  o f  f u t u r e s  s i x  months  

f r om m a t u r i t y ,  one month f rom m a t u r i t y  and c a s h  p r i c e s  a r e  

a l l  " f o r e c a s t s "  o r  " n o n f o r e c a s t s "  i n  a p p r o x i m a t e l y  t h e  same 

d e g r e e .  . . . o f  c o u r s e ,  u n f o r e s e e n  d e v e l o p m e n t s  o c c u r  be tween 

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

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

i n  t h e  e n t i r e  c o n s t e l l a t i o n  of  p r i c e s " . 1

A r e j e c t i o n  o f  W o r k i n g ' s  c o n c l u s i o n  bo th  on t h e o r e t i c a l  

and e m p i r i c a l  g ro u n ds  was a d v o c a t e d  by Weymar (1968) .  He 

n o t i c e d  t h a t  Working i s  r i g h t  on ly  i f  t h e  t i m e  i n t e r v a l  be­

tween v a r i o u s  f u t u r e s  p r i c e s  i s  n o t  l ong  enough (two t o  

t h r e e  months)  t o  a l l o w  f o r  change  i n  e x p e c t a t i o n s  o f  i n v e n ­

t o r y  l e v e l s .  However ,  i n  h i s  e m p i r i c a l  t e s t s  he used c oco a  

a s  a c a s e  s t u d y  and h i s  f i n d i n g s  may v e r y  w e l l  have  r e v e a l e d  

some s p e c i a l  c h a r a c t e r i s t i c s  o f  t h i s  commodi ty r a t h e r  t h a n  

d i s p u t i n g  Work ing ' s  h y p o t h e s i s .

1 Tomek and Gray (1970) , p age  139
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Tomek and Gray (1970) t r i e d  t o  r e f i n e  W o rk in g ’s  c o n c e p t  

o f  t h e  p r i c e  o f  s t o r a g e .  They vi ew t h e  p r i c e  o f  t h e  d i s t a n t  

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

c l e a r l y  i s  n o t  i n c o n s i s t e n t  wi th  W o rk i n g ' s  h y p o t h e s i s  and i s  

q u i t e  t r u e  i n  t h e s e  k i n ds  o f  f u t u r e s  c o n t r a c t s  i n  which 

t h e r e  a r e  no c o n t i n u o u s  i n v e n t o r i e s  ( e . g .  p o t a t o e s ) .  They 

t e s t e d  wh e t h e r  t h e  c a s h  p r i c e  a t  h a r v e s t  t im e  i s  c l o s e l y  r e ­

l a t e d  t o  t h e  f u t u r e s  p r i c e  qu o t ed  i n  s p r i n g .  They found  

t h a t  in  i n v e n t o r y - h e d g i n g  m a r k e t s  ( c o r n ,  soy beans )  t h e  

s p r i n g t i m e  p r i c e  i s  a good e s t i m a t e  of  t h e  p o s t h a r v e s t  p r i c e  

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

t i v e  c o r r e l a t i o n .  However ,  i n  a n o n - c o n t i n u o u s  i n v e n t o r y  

m ark e t  (Maine p o t a t o e s )  " t h e  e x p e c t e d  p r i c e  f o r  t h e  n e x t  

c r o p  y e a r  i s  n o t  r e l a t e d  t o  c u r r e n t  s t o c k s " ,  a r e s u l t  which 

op p o s e s  U o r k i n g ' s  h y p o t h e s i s .  I n  f a c t  i n  t h e  n o n - c o n t i n u o u s  

i n v e n t o r y  m a r k e t s ,  p r i c e s  o f  d i s t a n t  f u t u r e s  a r e  no t  as 

v a r i a b l e  a s  c a sh  p r i c e s .  Al though  o n l y  t h r e e  commod i t i e s  

a r e  t e s t e d  (wi th  17 o b s e r v a t i o n s  f o r  each)  t h e y  do t h row  

some l i g h t  on what  we may e x p e c t  i n  t h e  b e h a v i o r  of  f u t u r e s  

p r i c e s  a c r o s s  comm od i t i e s  o f  t h e  same k i n d :  ( w h e a t - c o r n - s o y -  

b e a n s - o a t s ) , ( g o l d - s i l v e r - c o p p e r ) ,  ( l i v e  c a t t l e - l i v e  h o g s -  

p o r k  b e l l i e s ) ,  ( T re a s u ry  s e c u r i t i e s ) ,  a s  w e l l  a s  a c r o s s  f u ­

t u r e s  m a r k e t s  su ch  a s  a g r i c u l t u r a l ,  m e t a l s ,  and f i n a n c i a l .

(2) The s econd  ap p r oa ch  was more r e c e n t l y  i n t r o d u c e d  by 

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

i o r .  I n  h i s  1965 p a p e r ,  "P roo f  t h a t  P r o p e r l y  A n t i c i p a t e d



P r i c e s  F l u c t u a t e  Randomly" , Samuelson a d v an c ed ,  on t h e o r e t i ­

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

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

t r a c t s  away from m a t u r i t y .  I n d e e d ,  on an i n t u i t i v e  b a s i s ,  

f u t u r e s  c o n t r a c t s  f a r  from m a t u r i t y  r e p r e s e n t  g r e a t e r  u n c e r ­

t a i n t y  t o  be r e s o l v e d  and t h e r e f o r e  r e a c t  weakly on a g i v e n  

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

m a t u r i t y .  S ince  a t  m a t u r i t y ,  t h e  p r i c e  of  an e x p i r i n g  c o n ­

t r a c t  must  e q u a l  t h e  p r e v a i l i n g  s p o t  p r i c e ,  n e a r e r  c o n t r a c t s  

t e n d  t o  r e spond  s t r o n g l y  t o  new i n f o r m a t i o n  so  t h a t  t he  

p r i c e  of  an e x p i r i n g  f u t u r e s  c o n t r a c t  w i l l  c o n ve r ge  t o  t h e  

s p o t  p r i c e .

S t a r t i n g  from a g e n e r a l  s p o t  p r i c e  f o r m a t i o n  p r o c e s s  

where  n e x t  p e r i o d  *s s p o t  p r i c e  i s  n o t  known b u t  f o l l o w s  a t  

b e s t  a p r o b a b i l i t y  d i s t r i b u t i o n ,  Samuelson d e d u c t s  h i s  main 

Axiom of  M a t h e m a t i c a l l y  Ex pe c t e d  P r i c e  Fo rma t ion  where a f u ­

t u r e s  p r i c e  quo t ed  t o d ay  r e p r e s e n t s  a c o m p e t i t i v e  bid  f o r  

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

Such a model  p o s t u l a t e s  t h a t  f u t u r e s  p r i c e s  on an a v e r a g e  

w i l l  e x h i b i t  n e i t h e r  an upward n o r  a downward b i a s  anywhere  

and  t h e r e f o r e  t h e i r  s e q ue nc e  w i l l  be  a f a i r  game (or  m a r t i n ­

g a l e )  . However ,  t h e  s e q u e n c e  of  f u t u r e s  p r i c e s  e x h i b i t s  i n ­

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

s y s t e m a t i c  b e h a v i o r  o f  f u t u r e s  p r i c e s  i n duc ed  by t h e  " m a t u r ­

i t y  e f f e c t "  has i m p o r t a n t  i m p l i c a t i o n s  on r i s k - r e t u r n  c h a r ­

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

s h o u l d  a l s o  i n c r e a s e  t o  co mp e ns a t e  r i s k - a v e r s e  marke t  p a r ­

t i c i p a n t s .  Such a r e q u i r e m e n t  imp os es  c e r t a i n  r e s t r i c t i o n s  

on f u t u r e s  b e h a v i o r  s i m i l a r  i n  s p i r i t  wi th  t h e  Keynes-Hou-  

t h a k k e r - C o o t n e r  "no r ma l  b a c k w a r d a t i o n "  h y p o t h e s i s .  Samuel ­

s o n ,  i n  a more g e n e r a l  v e r s i o n  o f  h i s  t h e o r e m ,  p r o v i d e s  

t h e o r e t i c a l  s u p p o r t  on t h i s  d i s p u t e d  d o c t r i n e .

S a m u e l s o n ' s  a rgument  h a s  i m p o r t a n t  i m p l i c a t i o n s  f o r  t h e  

way s p o t  and f u t u r e s  p r i c e s  o f  c o n t r a c t s  w i th  d i f f e r e n t  ma­

t u r i t i e s  r e a c t  t o  t h e  a r r i v a l  o f  new i n f o r m a t i o n .  Whether  

t h e  i n f o r m a t i o n  c o n c e r n s  c u r r e n t  i n v e n t o r y  c o n d i t i o n s  o r  ex ­

p e c t a t i o n s  on t h e  f u t u r e  l e v e l  o f  i n v e n t o r i e s ,  c o n t r a c t s  

c l o s e  t o  m a t u r i t y  w i l l  t e n d  to  r e a c t  more t h a n  c o n t r a c t s  f a r  

away from m a t u r i t y .  In  o t h e r  words ,  t h e  e n t i r e  c o n s t e l l a ­

t i o n  of  p r i c e s  w i l l  s y s t e m a t i c a l l y  r e a c t  t o  t h e  adv en t  of 

new i n f o r m a t i o n .  One can t h e n  exam ine  t h e  s t r e n g t h  of  su c h  

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

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

c e s s  by which new i n f o r m a t i o n  i s  i n c o r p o r a t e d  i n t c  s p o t  and 

f u t u r e s  p r i c e s .

In an a t t e m p t  t o  measure  s p e c u l a t o r s *  f o r e c a s t i n g  a b i l i ­

t y ,  H ou t ha kk e r  (1957) examined  t h e i r  s k i l l  i n  c h o o s i n g  n e a r  

f u t u r e s  a s  opposed  t o  d i s t a n t  o n e s .  While  h i s  r e s u l t s  a r e  

n o t  c l e a r - c u t ,  t h ey  a r e  i n d i c a t i v e  o f  t h e  f a c t o r s  i n f l u e n c ­

i n g  n e a r  c o n t r a c t s  (magn i t ude  and o w n e r s h i p  o f  d e l i v e r a b l e  

s t o c k s  a t  t h e  v a r i o u s  t e r m i n a l s )  and d i s t a n t  c o n t r a c t s  ( c rop
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p r o s p e c t s ,  gove rnment  p o l i c y ,  o u t l o o k  o f  t h e  economy) .  His  

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

f e c t  f u t u r e s  p r i c e s  o f  n e a r  and d i s t a n t  c o n t r a c t s  a r e  d i f ­

f e r e n t ,  t h e s e  c o n t r a c t s  a r e  e x p e c t e d  t o  behave  d i f f e r e n t l y .  

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

t h i s  s t u d y  i s  s e t  t o  i n v e s t i g a t e .

More r e c e n t l y ,  d i r e c t  e m p i r i c a l  t e s t s  o f  Sa m u e l so n ' s  hy ­

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

f e c t " .  R u t l e d g e  (1976) shows t h a t  S a m u e l s o n ' s  r e s u l t  t h a t  

t h e  v a r i a b i l i t y  d e c r e a s e s  w i th  t i m e  t o  m a t u r i t y .  i s  n o t  a 

g e n e r a l  c a s e .  fin a l t e r n a t i v e  s p e c i f i c a t i o n  o f  t h e  s p o t  

p r i c e  g e n e r a t i n g  p r o c e s s  c a n  a l s o  r e s u l t  i n  i n c r e a s i n g  v a r i ­

a b i l i t y  wi th  t i m e  t o  m a t u r i t y . 2 Us ing f o u r  commod i t i e s  ( s i l ­

v e r ,  c o c o a ,  wheat  and  soy be an  m e a l ) ,  he t e s t e d  t h e  n u l l  hy­

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

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

cha n g e s  were u sed  a s  a p roxy  o f  p r i c e  v a r i a b i l i t y .  A t h r e e -  

way c o n t i n g e n c y  t a b l e  g r o u p i n g  d a i l y  d a t a  by s p o t  p r i c e  

v a r i a b i l i t y ,  f u t u r e s  p r i c e  v a r i a b i l i t y  and t ime  t o  m a t u r i t y  

was a p p l i e d  t o  c a l c u l a t e  goodnes s  o f  f i t  b a sed  on K e n d a l l  

and S t u a r t  t e s t  s t a t i s t i c s .  The " m a t u r i t y  e f f e c t "  h y p o t h e ­

s i s  was r e j e c t e d  f o r  wheat  and soybean  o i l ,  bu t  n o t  f o r  s i l ­

2 I n d e e d ,  Samuelson (1976) i n  h i s  r e p l y  t o  R u t l e d g e  shows 
t h a t  f o r  a u t o r e g r e s s i v e  s t a t i o n a r y  p r o c e s s e s  o f  h i g h e r  o r ­
d e r ,  f u t u r e s  p r i c e  v a r i a b i l i t y  may t e m p o r a r i l y  r e v e r s e  i t s  
d i r e c t i o n  wi th  t im e  t o  m a t u r i t y .  However ,  w i t h  s u f f i c i e n t  
d i s t a n c e  from m a t u r i t y ,  f u t u r e s  p r i c e  v a r i a b i l i t y  w i l l  be 
s m a l l e r  compared w i t h  t h e  v a r i a b i l i t y  o f  a c o n t r a c t  c l o s e  
t o  m a t u r i t y .
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v e r  and c o c o a .

M i l l e r  (1979) s t u d i e d  t h e  m a t u r i t y  e f f e c t  on Ju n e  and De­

cember  l i v e  bee f  c a t t l e  c o n t r a c t s  d u r i n g  t h e  1964-1972  p e r i ­

o d .  While she  used t h e  l o g a r i t h m i c  p r i c e  c h a n g e s  as  a p r ox y  

f o r  v a r i a n c e  - a s  R u t l e d g a  d i d -  s h e  c a l c u l a t e d  t h e  . 2 8 - . 7 2  

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

s t a n d a r d  c o r r e l a t i o n  t e s t  be tween p r i c e  v a r i a b i l i t y  and t i m e  

l e f t  t o  m a t u r i t y ,  s h e  a c c e p t e d  S a m u e l s o n ' s  h y p o t h e s i s  o f  t h e  

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

e r e d  g e n e r a l  s i n c e  o n l y  one commodity i s  t e s t e d .

C a s t e l i n o  (1981) i n  a r e c e n t  s t u d y  o f  f i v e  a g r i c u l t u r a l  

comm od i t i e s  (wheat ,  c o r n ,  s o y b e a n s ,  soybean  meal  and soybean  

o i l )  and one m e t a l  ( copper )  g i v e s  s t r o n g  s u p p o r t  t o  Samuel ­

s o n ' s  h y p o t h e s i s .  Monthly  v a r i a n c e s  based  on d a i l y  l o g a ­

r i t h m i c  p r i c e  c h a n g e s  a r e  a d j u s t e d  t o  t a k e  i n t o  c o n s i d e r a ­

t i o n  t h e  n o n - s t a t i o n a r i t y  o f  t h e  s p o t  p r i c e  g e n e r a t i n g  

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

( c a l e n d a r  y e a r  and c a l e n d a r  month e f f e c t ) . 3 Based on 12 

y e a r s  of  d a t a  ( 1 96 0 - 197 1 ) ,  he r e j e c t e d  t h e  n u l l  h y p o t h e s i s  

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

d i f f e r e n t  t i m e s  t o  m a t u r i t y ,  f o r  a l l  t e s t e d  co m m od i t i e s .

C a s t e l i n o  and F r a n c i s  (1982) a l s o  p ro v id ed  e v i d e n c e  of  

t h e  " m a t u r i t y  e f f e c t " ,  an  u n d e r l y i n g  component  o f  b a s i s  

r i s k .  Based on S a m u e l s o n ' s  o r i g i n a l  r e s u l t ,  t h e y  t e s t e d  t h e

3 F a i l u r e  of  R u t l e d g e  (1976) and M i l l e r  (1979) t o  r e c o g n i z e  
t h e s e  e f f e c t s  i n  t h e i r  a n a l y s i s  c o n t r i b u t e d  t o  t h e  b i a s e d ­
n e s s  o f  t h e i r  r e s u l t s .
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h y p o t h e s i s  t h a t  t he  v o l a t i l i t y  o f  c h an g e s  i n  t h e  b a s i s  de ­

c l i n e s  a s  m a t u r i t y  a p p r o a c h e s .  Fo r  a l l  co mm od i t i e s  t e s t e d  

(whea t ,  s o y b e a n s ,  soybean  meal and soy be an  o i l )  t h e  v a r i ­

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

t y  n e a r s ,  e v i d e n c e  which i n d i r e c t l y  s u p p o r t s  Sa m ue l son ’s  ba­

s i c  h y p o t h e s i s ,

(3) The t h i r d  app roach  s i m u l t a n e o u s l y  d e t e r m i n e s  e q u i l i b ­

r i um p r i c e s  i n  t h e  s p o t  and f u t u r e s  m a r k e t s  and i s  more g e n ­

e r a l .  W i th in  such  a f r am ew or k ,  Ande rson and D a n t h in e  (1980) 

and S t e i n  (1979) d e r i v e  t h e  t e s t a b l e  h y p o t h e s i s  t h a t  t h e  

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

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

h i g h .  Wi th in  t h i s  c o n t e x t ,  S a m u e l s c n ' s  h y p o t h e s i s  i s  a 

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

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

I n  t h e  same c o n t e x t .  W o r k i n g ' s  h y p o t h e s i s  c o u l d  e q u a l l y  f i t  

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

and demand- induced  u n c e r t a i n t y  f o l l o w  s t r o n g  s e a s o n a l  p a t ­

t e r n s .  C r i t i c a l  w ea t he r  c o n d i t i o n s  a r e  c o n s t a n t l y  a f f e c t i n g  

e x p e c t e d  i n v e n t o r y  l e v e l s  d u r i n g  t h e  summer m o n th s .  Shocks  

f rom t h e  demand s i d e  a r e  a l s o  g r e a t e r  d u r i n g  t h e s e  months  

s i n c e  demand f l u c t u a t i o n s  depend upon t h e  p r i c e s  o f  o t h e r  

s u b s t i t u t e s  whose i n v e n t o r y  l e v e l s  a r e  e q u a l l y  v o l a t i l e  i n  

t h a t  p e r i o d .

S ince  b o t h  S a m u e l s o n ' s  and W o rk i n g ' s  v i ews  o f  t h e  b e h a v ­

i o r  o f  f u t u r e s  p r i c e s  c a n  be i n t e r p r e t e d  w i t h i n  t h e  so
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c a l l e d  " s t a t e  v a r i a b l e  h y p o t h e s i s " ,  we b e l i e v e  t h i s  h y p o t h e ­

s i s  i s  more g e n e r a l  and p r o v i d e s  an a p p r o p r i a t e  e x p l a n a t i o n  

o f  t h e  mechanism of  p r i c e  d e t e r m i n a t i o n .  T h i s  s u g g e s t s  t h a t  

s e a s o n a l i t y  and t im e  t o  m a t u r i t y  e ach  a f f e c t  f u t u r e s  p r i c e s  

a l o n e  o r  j o i n t l y  and sh o u l d  n o t  be i g n o r e d  from any s t u d y  of 

f u t u r e s  m a r k e t s .

Anderson (1982) u s i n g  v a r i o u s  s t a t i s t i c a l  t e c h n i q u e s  p r o ­

v id ed  s u p p o r t  f o r  t h e  m a t u r i t y  e f f e c t ,  b u t  r e c o g n i z e d  s e a ­

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

n a n t s  o f  t h e  v o l a t i l i t y .  A n o n - p a r a m e t r i c  g e n e r a l i z e d  r a n k  

t e s t  showed s t r o n g  s e a s o n a l  p a t t e r n s  i n  a g r i c u l t u r a l  commod­

i t i e s  (wheat ,  c o r n ,  o a t s ,  so y b e an s  and soybean o i l )  and l i v e  

c a t t l e  and no s e a s o n a l i t y  i n  t h e  c a s e  of s i l v e r  and c o c o a .  

I n  a p a r a m e t r i c  t e s t ,  he r e g r e s s e d  t h e  l og  o f  mon th ly  v a r i ­

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

s e a s o n a l i t y  and a c a l e n d a r  y ea r  v a r i a b l e  ( in  a q u a l i t a t i v e  

f o r m ) . Again s e a s o n a l i t y  i s  p r e s e n t  i n  a l l  t h e  m a r k e t s  e x ­

amine d .  The m a t u r i t y  e f f e c t  i s  s i g n i f i c a n t  i n  6 c u t  o f  t h e  

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

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

be a g e n e r a l  p r o p e r t y  i n  f u t u r e s  m a r k e t s .  I n  summary,  An­

d e r s o n ’s s t u d y  p r o v i d e s  s u p p o r t  o f  t h e  " s t a t e  v a r i a b l e  hy ­

p o t h e s i s "  i n  which Samuel son  i s  r i g h t  a s  a s p e c i a l  c a s e  and 

where  s e a s o n a l  p a t t e r n s  in a l l  co m m od i t i e s  a r e  more s i g n i f i ­

c a n t .



However ,  in  A n d e r s o n ' s  p a p e r  t h e r e  i s  no c o n s i d e r a t i o n  o f  

t h e  " c o n t r a c t  i ronth" e f f e c t .  I f  v a r i a b i l i t y  o f  f u t u r e s  

p r i c e s  i s  a f f e c t e d  by t h e  month of  m a t u r i t y ,  n o n - a d j u s t m e n t  

f o r  t h e  " c o n t r a c t  month e f f e c t "  migh t  i n t r o d u c e  s e r i o u s  

b i a s ,  e s p e c i a l l y  i n  t h e  a g r i c u l t u r a l  c o m m o d i t i e s . 4 Ano t he r  

c o n s t r a i n t  o f  A n d e r s o n ' s  methodology i s  t h a t  i t  c a n n o t  

" q u a n t i f y "  t h e  " m a t u r i t y  e f f e c t "  o r  examine  i t s  b e h a v i o r  a s  

m a t u r i t y  n e a r s .  N e i t h e r  c a n  i t  i n v e s t i g a t e  t h e  l i n e a r i t y  or  

n o n - l i n e a r i t y  o f  t h e  " m a t u r i t y  e f f e c t "  h y p o t h e s i s ,  a t a s k  we 

u n d e r t a k e  i n  a l a t e r  c h a p t e r .

* E v id en ce  on t h i s  i s s u e  i s  p r o v i d e d  i n  C h a p t e r  6



C h a p t e r  3 

THEORETICAL MODEL

A r i g o r o u s  i n v e s t i g a t i o n  o f  t h e  " m a t u r i t y  e f f e c t ” r e ­

q u i r e s  an  a s s u m p t i o n  ab o u t  t h e  s p o t  p r i c e  g e n e r a t i n g  p r o ­

c e s s .  We assume t h a t  f o r  a commodi ty t h e r e  i s  a c o n s t a n t  

p r i c e  l e v e l  P d e t e r m i n e d  by t h e  e q u i l i b r i u m  f o r c e s  of  t h e  

demand and s u p p l y .  T h i s  " d e t e r m i n i s t i c ” p r i c e  l e v e l  r e m a i n s  

r a t h e r  s t a b l e  o v e r  a g iven  t i m e .  However ,  as  t h e  c u r r e n t 1' 

and f u t u r e  e x p e c t e d  demand and s u p p l y  c o n d i t i o n s  a r e  random­

l y  c h a n g i n g ,  t hey  make c u r r e n t  s p o t  and f u t u r e s  p r i c e s  

change  i n  a random f a s h i o n .  Hence ,  we can  view p r i c e s  a s  

c o n s t a n t l y  " h o v e r i n g ” a roun d  t h e  d e t e r m i n i s t i c  p r i c e  P and 

o c c a s i o n a l l y  s h i f t  away due  t o  a n o n - d e t e r m i n i s t i c  random
a /

shock  i n  t h e  m a r k e t ,  S.  The i n t e r a c t i c n  o f  t h e  d e t e r m i n i s -  

t i c  (?) and t h e  n o n - d e t e r m i n i s t i c  (S) components  i s  a d d i t i v e  

and r e s u l t s  i n  t h e  s p o t  p r i c e  P ( t )  a t  t im e  t :
r\)
p ( t )  = P + S ( t )

Once we i s o l a t e  S ( t )  i n  t o d a y ’ s p r i c e ,  we can u s e  i t  a s  our  

b a s i c  e r r o r  componen t .  F o l l o w i n g  Satnuelson (1965) and R u t ­

l e d g e  (1976) , we model  t h e  g e n e r a t i o n  p r o c e s s  o f  t h e  n o n -
a /

d e t e r m i n i s t i c  component  of  s p o t  p r i c e s  S a s  an a u t o r e g r e s ­

s i v e  l i n e a r  e q u a t i o n :

Si ( t* l )  = aS ( t )  + u ( t + l )  (1)

-  1 8  -
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r t

where S ( t+1)  i s  t h e  u n c e r t a i n  n o n - d e t e r m i n i s t i c  component  of 

s p o t  p r i c e s  as v iewed a t  p r e s e n t  t i m e  t .  S ( t )  i s  t h e  r e a l ­

i z e d  n o n - d e t e r m i n i s t i c  component  a t  t i m e  t ,  Ma ,f i s  a p o s i ­

t i v e  damping f a c t o r  s m a l l e r  t han  u n i t y  and u ( t + l )  a r e  i n d e ­

pe n d e n t  Ga us s i an  v a r i a t e s  w i th  mean and i n t e r t e m p o r a l  

c o v a r i a n c e s  z e r o  and a c o n s t a n t  v a r i a n c e  s2 :

E ( u ^ t + l ) ) =0,  E (u ( t+1)  2) =s2 , E (u ( t )  u ( r ) ) =0,  where t * r .

A l so :

S ( t + 2 ) = a s \ t + l )  + u ' ( t + 2 ) = a ( a S ( t )  +u ( t  + 1 ) ) +u ( t+2)  =

=a2S ( t )  +au ( t+1) +u ( t+2)

S u b s e q u e n t l y ,  s u b s t i t u t i n g  f o r  S ( t  + 3 ) ,  S ( t + 4 ) , . . . ,  e t c . ,  we 

c a n  c a r r y  t h i s  p r o c e s s  up t o  t h e  t i m e  o f  m a t u r i t y  (T ) :

S(T) = a<T- i>  s(t) + u ( t + l )  + . . . +  *u(T)

T ak in g  t h e  e x p e c t a t i o n s  of  t h e  l a s t  e q u a t i o n ,  we can d e r i v e  

t h e  e x p e c t e d  n o n - d e t e r m i n i s t i c  component  o f  s p o t  p r i c e s  and 

i t s  v a r i a n c e  a s  o f  t i m e  t :

Et (S(T))  = a<T~t> S ( t )  (2)

Vart (S*(T)> = ( l - a 2 «T—t >) S2 / ( l - a 2 )  (3)

As a way o f  l i n k i n g  f u t u r e s  p r i c e s  t o  s p o t  p r i c e s ,  we 

a d o p t  S a m u e l s o n ' s  axiom o f  m a t h e m a t i c a l l y  e x p e c t e d  p r i c e  

f o r m a t i o n  which e x p r e s s e s  c u r r e n t  f u t u r e s  p r i c e s  as  t h e  e x ­

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

n e c e s s a r y  t o  l i n k  t h e  n o n - d e t e r m i n i s t i c  components  o f  s p o t  

and  f u t u r e s  p r i c e s .  In  t h i s  wayt. F ( t „ T )  i s  t h e  n o n - d e t e r ­

m i n i s t i c  component  o f  f u t u r e s  p r i c e s  o b s e r v e d  a t  t ime  t  f o r  

a c o n t r a c t  t h a t  m a t u r e s  i n  t im e  T.

F ( t , T )  = E ^ ( S ( T ) )  = a < T - t >  S ( t )  (U)
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S i m i l a r l y :

F ( t + 1 , T )  = a <T - t -» > )  ? ( t + l )  = > (aS (t)+ui ( t +1)) =

a*T*-fc> s(t) ♦ a < T - t - i >  u ( t + l )  (5)

I f  we d e f i n e  D F ( t , T )  = F ( t +1, T ) - F ( t , T ) , a s  t h e  u n c e r t a i n  

chan ge  i n  t h e  f u t u r e s  p r i c e  between t i m e  t  and t + 1 ,  s u b s t i -  

t u t i n g  f o r  F ( t + l , T )  and F ( t , T )  f rom (4) and (5) we have:  

DF( t ,T )  = a<f~fe> S ( t )  + a « T - i - «  > £*( t+l )  -a«T--t> S ( t )  =

a t T - t - i  > u ( t  + 1)

DF ( t , I )  i s  a f a i r  game (or m a r t i n g a l e )  i n  t h e  s e n s e  o f  h a v ­

i n g  u n b i a s e d  p r i c e  c h a n g e s ,  z e r o  e x p e c t a t i o n , 5 and v a r i a n c e :  

va r  (DF ( t , I ) ) = a2t*T~t- i  >S2 (6)

Tak ing  t h e  n a t u r a l  l o g a r i t h m s  i n  e q u a t i o n  (6) we d e r i v e  t h e  

f o l l o w i n g  l i n e a r  e q u a t i o n :

In  (var  (DF (t , T ) )} = l n ( s 2 )  ♦ 2 ( T - t - 1 )  In  (a) (7)

E q u a t i o n  (7) i s  o u r  b a s i c  f o rmu la  which d e p i c t s  t h e  v a r i ­

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

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

e r t i e s  o f  t h e  model :

(1) The " m a t u r i t y  e f f e c t "  i s  w e l l  m a n i f e s t e d  i f  we d i f f e r e n ­

t i a t e  (7) w i th  r e s p e c t  t o  t i m e  t o  m a t u r i t y ,  T - t :

3 l n { v a r  (DF ( t  , T ) ) } /  *3 (T - t )  = 2 * l n ( a )  < 0  (8)

5 The e x i s t e n c e  o f  any r i s k  premia i s  e x p l i c i t y  i g n o r e d  f rom 
t h i s  d i s c u s s i o n  by a c c e p t i n g  t h e  axiom i n  ( 4 ) .  I f  t h e y  
were t o  be i n c l u d e d ,  t h e  e x p e c t e d  v a l u e  would be a f u n c ­
t i o n  o f  a c o n s t a n t  a d j u s t m e n t  f a c t o r  \ a n d  would s t i l l  be 
a f a i r  game. I n  such  a c a s e  one can s t i l l  show the  m a t u r ­
i t y  e f f e c t .  I f  t h i s  r i s k  a d j u s t m e n t  f a c t o r  i s  t ime  d e p e n ­
d e n t ,  i t  may s t i l l  be p o s s i b l e  t o  show t h e  m a t u r i t y  e f ­
f e c t .  For  an i n c l u s i o n  o f  a c o n s t a n t  r i s k  a d j u s t m e n t
f a c t o r  i n  (4) , s e e  C a s t e l i n o  (1981) .
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S i n c e  0 < a < l ,  e q u a t i o n  (8) s t a t e s  t h a t  a s  t h e  t i m e  t o  m a t u r i ­

t y  d e c r e a s e s ,  f u t u r e s  p r i c e  v a r i a b i l i t y  -  e x p r e s s e d  a s  t h e  

d i f f e r e n c e s  i n  l o g a r i t h m i c  p ' r i c e s  -  w i l l  i n c r e a s e  m o no to n i -  

c a l l y .  T h e r e f o r e ,  t h e  n u l l  h y p o t h e s i s  of t h e  m a t u r i t y  e f ­

f e c t  H ( 0 ) ,  can be s t a t e d  e x p l i c i t l y  a s  f o l l o w s :  t h e r e  i s  no

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

The a l t e r n a t i v e  h y p o t h e s i s  H ( 1 ) ,  c a l l s  f o r  an i n v e r s e  r e l a ­

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

(2) At m a t u r i t y  ( t = T - l ) , e q u a t i o n  (7) p r od uc e s  an a n t i c i p a t -  

ed r e s u l t :  I n  (var  (DF ( t  , 1 ) )  = l n ( s 2) = I n  ( sp o t  v a r i a n c e ) ,

i . e . ,  a t  m a t u r i t y ,  a c o n t r a c t  i s  a s  v o l a t i l e  a s  t h e  u n d e r l y ­

i n g  s p o t  commod i ty .& l n ( s 2 ) s e r v e s  a s  t h e  upp e r  l i m i t  o f  t h e  

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

i n i t i a t i o n  t i m e  o f  a c o n t r a c t ,  t = 0 :

In (var  (DF(t  , T ) ) | = l n ( s 2 ) + 2 (T- l )  In (a)

(3) The damping f a c t o r  " a"  o f  t h e  a u t o r e g r e s s i v e  p r o c e s s  a s ­

sumed i n  (1) i s  p r e s e n t  i n  (7) and a f f e c t s  f u t u r e s  p r i c e  

v a r i a b i l i t y .  Ey d i f f e r e n t i a t i n g  (7) w i th  r e s p e c t  t o  " a "  we 

g e t :

' d l n f v a r  ( D F ( t , T ) ) } /  = 2 ( T - t - l ) / a  > 0 (9)

i . e . ,  h i g h e r  damping f a c t o r s  a f f e c t  p o s i t i v e l y  t h e  f u t u r e s  

p r i c e  v o l a t i l i t y .  Fo r  a g i v e n  commodi ty ,  a h i g h e r  " a "  would 

mean t h a t  a h i g h e r  p o r t i o n  o f  any g i v e n  shock w i l l  be embed-  

ed in  t h e  s p o t  p r i c e .  D i f f e r e n t  commod i t i e s  w i l l  have  d i f ­

f e r e n t  " a ” , i . e . ,  s p o t  p r i c e s  o f  d i f f e r e n t  commod i t i e s  w i l l

6 I n d e e d ,  e q u a t i o n  (3) a g r e e s  wi th  t h i s  r e s u l t .  I f  we s u b ­
s t i t u t e  t  wi th  T - l  we g e t :  var^_^(?(T) ) = s 2
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t e n d  t o  r e v e r t  t o  t h e i r  mean w i th  d i f f e r e n t  s t r e n g t h .  Ey 

n e c e s s i t y  Ma ” shou ld  c a p t u r e  c h a r a c t e r i s t i c s  u n i q u e l y  i d e n ­

t i f i e d  w i t h  each  commodi ty; such  a s  s j t o r a b i l i t y , s u b s t i t u t ­

a b i l i t y ,  e l a s t i c i t i e s  o f  demand and s u p p l y ,  e t c .  I n  l i g h t  

o f  e q u a t i o n  (7) , i t  i s  i n t e r e s t i n g  t o  Know t h a t  " a"  c an  be 

e s t i m a t e d  wi th  c o n v e n t i o n a l  e s t i m a t i o n  t e c h n i q u e s .  S i n c e  

" a "  i s  assumed t o  be l e s s  t h a n  1 ,  t h e r e  i s  no p o s s i b i l i t y  

t h a t  t h e  n o n - d e t e r m i n i s t i c  component  of  s p o t  p r i c e s  c o u l d  

s k y r o c k e t  i n d e f i n i t e l y . 7

(4) With t h e  p u r e  e x p e c t a t i o n s  h y p o t h e s i s  m a n i f e s t e d  i n  

e q u a t i o n  (4) we have  i n t r o d u c e d  a c h a n n e l  t h r o u g h  which i n ­

f o r m a t i o n  on f u t u r e  e v e n t s  i s  impounded i n  f u t u r e s  p r i c e s ,  

t h r c u c h  t h e  e x p e c t a t i o n  of t h e  f u t u r e  s p o t  p r i c e .  However ,  

someone c o u l d  a rg ue  t h a t  i n  e q u a t i o n  (5) we have  abandoned 

t h i s  mechanism s i n c e  t h e  f u t u r e s  p r i c e  n e x t  p e r i o d  on ly  d e ­

pends  on t h e  s p o t  p r i c e  p r e v a i l i n g  i n  t h a t  p e r i o d .  No ne th e ­

l e s s ,  what  i s  i n c l u d e d  i n  (5) i s  t h e  damping f a c t o r  " a M 

which c a p t u r e s  t h i s  t r a n s m i s s i o n  p r o c e s s  o f  i n f o r m a t i o n  t o  

t h e  whole c o n s t e l l a t i o n  of  f u t u r e s  p r i c e s .  I n  t h i s  s e n s e ,  

" a "  i s  bound t o  r e f l e c t  t h e  i n d i v i d u a l  c h a r a c t e r i s t i c s  of  

t h e  p a r t i c u l a r  commodity a s  we l l  a s  t h e  g e n e r a l  p a t t e r n s  of  

i n f o r m a t i o n  a r r i v a l  i n t o  t h i s  p r o d u c t  m a r k e t .  Hence ,  com­

m o d i t i e s  w i t h  " a ” v e r y  c l o s e  t o  u n i t y  would i n d i c a t e  f a s t  

t r a n s m i s s i o n  o f  t h e  i mpact  o f  any g i v e n  shock on a l l  p r i c e s  

o f  t h e  u n d e r l y i n g  commodi ty .  Th a t  would be t h e  c a s e  o f  rca-

7 I f  a = l , t h e  v a r i a n c e  of  f u t u r e s  p r i c e  chan ge s  i s  c o n s t a n t  
and t h e  m a t u r i t y  e f f e c t  d i s a p p e a r s .
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t u r e  m a r k e t s  where t r a d e r s  c an  a c c u r a t e l y  a s s e s s  t h e  p r i c e  

i m p a c t  on a l l  t h e  f u t u r e s  p r i c e s  o f  s u p p l y  o r  demand- induced  

random e v e n t s .  T h e r e f o r e ,  an i m p l i c i t  e s t i m a t i o n  o f  Ma" 

co u ld  p l a y  a r c l e  o f  m e a s u r i n g  t h e  m a t u r i t y  o f  a g i v en  f u ­

t u r e s  m a r k e t .

D e s p i t e  i t s  a p p r o p r i a t e n e s s ,  c e r t a i n  l i m i t a t i o n s  o f  e q u a ­

t i o n  (7) sh o u l d  no t  be o v e r l o o k e d :

(1) As i t  was men t io ned  e a r l i e r ,  t h e  m o r o t o n i c i t y  o f  t h e  i n ­

v e r s e  r e l a t i o n s h i p  between v o l a t i l i t y  and t i m e  t o  m a t u r i t y  

c an  r e v e r s e  i f  a h i g h e r  o r d e r  a u t o r e g r e s s i v e  scheme i s  u s e d .  

However ,  even i n  such  a c a s e ,  a l l  t h e  p r e s e n t  r e s u l t s  w i l l  

a g a i n  be o b t a i n e d  a s  l ong  a s  t h e  c o e f f i c i e n t s  o f  t h e  l a g g e d  

v a r i a b l e s  a r e  s m a l l e r  t han  u n i t y .

(2) The damping f a c t o r  Ma M i s  a ssumed t o  be l e s s  t h a n  1.  

The v a l i d i t y  of  t h i s  a s s u m p t i o n  i s  j e o p a r d i z e d  i f  t h e r e  a r e  

t r e n d s  o f  n o n - s t a t i o n a r i t y  i n  cash  p r i c e s .  In  t h i s  c a s e  ” a M 

would be g r e a t e r  t h a n  1 .  E m p i r i c a l  a n a l y s i s  i s  l e f t  t o  t e s t  

t h e  a p p r o p r i a t e n e s s  o f  t h i s  a s s u m p t i o n .

(3) The v a r i a n c e  o f  t h e  a u t o r e g r e s s i v e  e r r o r s  ( s 2) i s  a s ­

sumed c o n s t a n t .  I f  random sh oc ks  i n  c a s h  p r i c e s  do no t  have  

a c o n s t a n t  v a r i a n c e  t h e  a s s u m p t i o n  would be v i o l a t e d .

In t h e  n e x t  c h a p t e r  we d e s c r i b e  o u r  s ample  and d i s c u s s  

t h e  m a jo r  s t a t i s t i c a l  c o n s i d e r a t i o n s .



C h a p t e r  4 

DATA AND STATISTICAL CONSIDERATIONS

4 . 1  DATA DESCRIPTION

Some 230 ,000  d a i l y  p r i c e  o b s e r v a t i o n s  ( a v a i l a b l e  from t h e  

C e n t e r  f o r  t h e  Study o f  F u t u r e s  M a r k e t s ) ,  a r e  t h e  s u b j e c t  o f  

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

s p e c t i v e  p e r i o d  unde r  i n v e s t i g a t i o n ,  number o f  d e l i v e r y  

mo n th s ,  maximum t ime  ( i n  months)  be tween  i n i t i a t i o n  and ma­

t u r i t y  o f  a c o n t r a c t  and t h e  number o f  o b s e r v a t i o n s  f o r  e ach  

commodi ty a r e  p r e s e n t e d  i n  Tab l e  1 .

In c o n s t r u c t i n g  o u r  s a m p le ,  an a t t e m p t  i s  made t o  s e l e c t  

t h e  most  r e p r e s e n t a t i v e  c o m m od i t i e s  f rom t h e  ma j o r  f u t u r e s  

m a r k e t s .  Thus ,  we choose  t h r e e  c a t e g o r i e s :  a g r i c u l t u r a l s ,

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

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

c o m m od i t i e s  examined  by o t h e r  r e s e a r c h e r s  ( a g r i c u l t u r a l s ,  

c o p p e r  and s i l v e r )  and (b) commod i t i e s  on which no e v i d e n c e  

i s  a v a i l a b l e  ( f i n a n c i a l s  and  g o l d ) .

The t i m e  p e r i o d  f o r  e ach  c a t e g o r y  o f  co m m od i t i e s  i s  d i f ­

f e r e n t :  11 y e a r s  f o r  t h e  a g r i c u l t u r a l s ,  8 y e a r s  f o r  m e t a l s

and f o r  f i n a n c i a l s  r a n g i n g  f rom 5 . 5  y e a r s  f o r  T r e a s u r y  bonds  

and  7 y e a r s  f o r  T r e a s u r y  b i l l s  t o  more t h e n  7 y e a r s  f o r

-  24 -
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TABLE 1 

Data D e s c r i p t i o n

Commodity Time P e r i o d

Number
o f

D e l i v e r y
months

H i g h e s t  
m a t u r i t y  

t im e  
( in  mon.)

Number
of

o b s .

A. AGRICULTURAL

1 . Wheat J a n  1 9 7 2 - Ja n 1983 5 14 17 ,588
2. Corn J a n  19 7 2 - Ja n 19S3 5 15 18 ,020
3 . Soybeans J a n  1 97 2 - Ja n 1983 7 15 23 ,200
4 . Soybean Meal J a n  1 9 7 2 - Ja n 1983 8 15 26 ,290
5 . Soybean O i l J a n  19 72 - Ja n 1963 8 1.5 26 ,600

B. FINANCIAL

6 . G.N.M.A. CDR Oct  19 75 - Ja n 1983 4 35 19 ,6 20
7 . T r e a s u r y  b i l l s J a n  1 9 7 6 - J a n 1983 4 23 14 ,736

(91 Day)
8 . T r e a s u r y  bonds Aug 19 7 7 - Ja n 1983 4 35 15 ,9 28

C.  METALS

9 . Copper J a n  1 9 7 5 - J a n 1983 12 22 23 ,200
10 .Gold J a n  19 7 5 - Ja n 1983 12 22 22 ,532
11 - S i l v e r J a n  19 75 - Ja n 1983 12 22 22 ,622

G. N.M.A.8

The number of d a i l y  p r i c e o b s e r v a t i o n s (which i n c l u d e

s p o t  p r i c e s  as  we l l )  i s  a f u n c t i o n  o f  t h e  nui rber  o f  d e l i v e r y

( c o n t r a c t )  months a v a i l a b l e , 9 t i m e  t o  m a t u r i t y  a t  i n i t i a t i o n  

and number o f  y e a r s  i n c l u d e d .  So,  w h i l e  t h e  soybe an  complex

8 A l l  t h r e e  f i n a n c i a l  f u t u r e s  p r i c e s  b e g i n  a t  t h e  t ime  t h e  
f i r s t  c o n t r a c t  was i n i t i a t e d .

9 T h e r e a f t e r ,  " d e l i v e r y  month"  o r  " c o n t r a c t  month" w i l l  be 
used  i n t e r c h a n g e a b l y  t o  d e n o t e  t h e  s p e c i f i e d  month on 
which t h e  f u t u r e s  c o n t r a c t  c a l l s  f o r  d e l i v e r y  c f  t h e  un­
d e r l y i n g  commodi ty .
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i s  s e l e c t e d  f o r  t h e  same p e r i o d  a s  wheat  and c o r n ,  we have  

more o b s e r v a t i o n s  w i t h  t h e  soybean  complex s i n c e  t r a d i n g  i s  

p e r m i t t e d  f o r  g r e a t e r  number o f  d e l i v e r y  months  (7 f o r  s o y ­

be ans  and 8 f o r  soymea l  and s o y o i l ,  compared t o  on ly  5 f o r  

c o r n  and w h e a t ) . Fo r  a l l  a g r i c u l t u r a l  commod i t i e s  t h e  m ax i ­

mum number o f  months t o  m a t u r i t y  i s  14 o r  1 5 .  F i n a n c i a l  f u ­

t u r e s  c o n t r a c t s  a r e  d e l i v e r e d  4 t i m e s  w i t h i n  a y e a r .  How­

e v e r ,  G.N.M.A. and T r e a s u r y  bonds can  be i n i t i a t e d  35 months  

b e f o r e  m a t u r i t y .  T r e a s u r y  b i l l s  can  be i n i t i a t e d  up t o  23 

months  b e f o r e  m a t u r i t y ,  w h i l e  f o r  m e t a l s  t h e  number i s  22.  

No te  t h a t  a l l  m e t a l s  have  a d e l i v e r y  e v e r y  c a l e n d a r  m o n t h . 10

4 . 2  STATISTICAL CONSIDERATIONS-THE MATURITY EFFECT 
hypoth| s i I

With ou r  main r e s u l t  i n  e q u a t i o n  ( 8 ) ,  we can c o n s t r u c t

t h e  n u l l  h y p o t h e s i s  a s  f o l l o w s :

H (0) : There  i s  no r e l a t i o n s h i p  be tween t i m e  t o  ma­
t u r i t y  and f u t u r e s  p r i c e  v a r i a b i l i t y .

H (1) : There  i s  an i n v e r s e  r e l a t i o n s h i p  between
t ime  t o  m a t u r i t y  and v a r i a b i l i t y  o f  f u t u r e s  p r i c e  
c h a n g e s .

T h i s  h y p o t h e s i s  can be t e s t e d  by u s i n g  t h e  f o l l o w i n g  OLS r e ­

g r e s s i o n  model :

l n(Y)  = c + bX ♦ e (11)

10 However ,  t h e r e  a r e  o n l y  s i x  s p e c i f i c  d e l i v e r y  months in  
which you can  i n i t i a t e  a c o n t r a c t  up t o  22 months  i n  a d ­
v a n c e .  I n  t h e  o t h e r  s i x  months d e l i v e r y  i s  p e r m i t t e d  e i ­
t h e r  b e ca us e  t h e y  a r e  c u r r e n t  m o n th s ,  o r  t h e y  a r e  t h e  
n e x t  two c a l e n d a r  mo n th s .
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wh e r e ,  Y i s  measu r ing  t h e  v a r i a b i l i t y  o f  f u t u r e s  p r i c e s ,  " c"  

i s  a c o n s t a n t  which a c c o r d i n g  t o  (7) e s t i m a t e s  t h e  l o g a r i t h m  

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

be  p o s i t i v e  and s i g n i f i c a n t l y  d i f f e r e n t  t h a n  z e r o .  Hb" i s  

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

(X) . By v i r t u e  of  ( 7 ) ,  Mb M e s t i m a t e s  t h e  q u a n t i t y  2 « l n ( a )  

f rom which " a ” can be e s t i m a t e d  i m p l i c i t l y .  F u r t h e r m o r e ,  

"b*1 sh o u l d  be n e g a t i v e  and s i g n i f i c a n t l y  d i f f e r e n t  from z e r o  

i f  t h e r e  i s  a m a t u r i t y  e f f e c t  in  f u t u r e s  m a r k e t s .  F i n a l l y ,  

"e*  i s  t h e  r e g r e s s i o n  e r r o r  wi th  a z e r o  mean,  c o n s t a n t  v a r i ­

a n c e ,  and no a u t o c o r r e l a t i o n . 11

Measur ing  t h e  v a r i a b i l i t y  o f  f u t u r e s  p r i c e s  (Y), i s  a 

c h o i c e  w i t h  many a l t e r n a t i v e s  f o r  t h e  r e s e a r c h e r :  v a r i a n c e

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

t i o n ,  i n t e r f r a c t i l e  r a n g e s ,  e t c .  The e s t i m a t i o n  t ime  c an  be 

d a i l y ,  week ly ,  c r  m o n t h l y . 12

11 I t  sh o u l d  be n o t e d  t h a t  Y, X and e ,  a r e  t im e  s e r i e s - c r o s s  
s e c t i o n a l  v e c t o r s  t h a t  e x t e nd  o v e r  t h e  e n t i r e  s am p le  
p e r i o d  o f  each commodity f o r  a l l  p o s s i b l e  d e l i v e r y  
mon ths •

12 P a r k i n s o n  (1980) ,  Garman and K l a s s  (1980) and B e c k e r s  
( 1963) ,  d e m o n s t r a t e  a d a i l y  e s t i m a t e  o f  t h e  v a r i a n c e  
based on t h e  h i g h ,  low and c l o s i n g  p r i c e s .  Assuming t h a t  
t h e  l o g a r i t h m  of  s t o c k  p r i c e s  f o l l o w s  a random walk w i th  
t h e  t r u e  v a r i a n c e  as  a d i f f u s i o n  c o n s t a n t ,  P a r k i n ­
son (1980) d e r i v e d  t h e  f o l l o w i n g  e s t i m a t e  o f  t h e  v a r i a n c e  
of  r e t u r n s  ( c l a imed  t o  be 5 .4  t i m e s  more e f f i c i e n t  t h a n  
t h e  c o n v e n t i o n a l  e s t i m a t e  o f  v a r i a n c e )  :

s 2 = (H-L)2 /  4 ln2  
Garman and K la s s  (1980) a s suming  t h a t  t h e  l o g a r i t h m  of 
s t o c k  p r i c e s  f o l l o w s  a Brownian mo t ion  w i th  z e r o  d r i f t ,  
p r e s e n t e d  an e s t i m a t e  7 . 4  t i m e s  b e t t e r  t h a n  t h e  co nv en ­
t i o n a l .  T h e i r  e s t i m a t e  u t i l i z e s  t h e  c l o s i n g  p r i c e s  a s  an 
a d d i t i o n a l  s o u r c e  o f  i n f o r m a t i o n ,  as  w e l l  a s  t h e  j o i n t  
e f f e c t s  be tween  h i g h ,  low and c l o s i n g  q u a n t i t i e s .
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In o u r  e m p i r i c a l  a n a l y s i s  we e s t i m a t e  t h e  v a r i a b i l i t y  of  

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

i a n c e ,  f o r  i t s  s i m p l i c i t y  o f  u se  and i t s  f reedom from o b v i ­

ous  s o u r c e s  c f  e r r o r  o r  b i a s .  The r e c e n t  s t u d i e s  c f  C a s t e l ­

i n o  (1981) and Anderson (1982) a l s o  u se  t h e  v a r i a n c e  of  

p r i c e  c h a n g e s ,  so o u r  r e s u l t s  can be compa red .

For  e ach  c o n t r a c t  m a t u r i n g  i n  month T,  t h e  l o g a r i t h m i c  

p r i c e  c h an ge s  a r e  c a l c u l a t e d  a s  f o l l o w s : 13

DF( t .T)  = In {F ( t +1 ,k , T ) / F  ( t  ,k ,T) } (12)

w h e r e ,  t  d e n o t e s  t h e  day i n  which t h e  f u t u r e s  c l o s i n g  p r i c e  

F ( t , k , T )  i s  obs e r ved  and k d e n o t e s  t h e  c a l e n d a r  month .  Then 

we can c a l c u l a t e  t h e  a v e r a g e  ADF(k,T) o f  t h e  d i s t r i b u t i o n  of  

p r i c e  c ha n ge s  f c r  c o n t r a c t  T i n  month k :

The main d i s a d v a n t a g e  of  t h e s e  methods  i s  t h a t  (1) a s ­
sume t r a n s a c t i o n s  o c c u r i n g  c o n t i n u o u s l y  and (2) s t o c k  
p r i c e s  f o l l o w  t h e  same p a t h  d u r i n g  t h e  p e r i o d s  on which 
s t o c k  ex ch a n ce s  a r e  c l o s e d .  These two s t r o n g  a s s u m p t i o n s  
might  i n t r o d u c e  b i a s  t o  t h e  e s t i m a t o r s  e i t h e r  p r e d i c t a b l e  
( f i n i t e  t r a n s a c t i o n  vo lume,  b i d - a s k  s p r e a d  d i f f e r e n t i a l  
n o n - s t a t i o n a r y  v o l a t i l i t y ) ,  o r  u n p r e d i c t a b l e .  I t  seems 
t h a t  l a c k  o f  c o n t i n u o u s  t r a d i n g  w i l l  b i a s  t h e  e s t i m a t o r s  
downwards s i n c e  t h e  o b s e r v e d  " h i g h "  and ’' low" p r i c e s  w i l l  
u n d e r s t a t e  and o v e r s t a t e  r e s p e c t i v e l y ,  t h e  unob se rved  
" t r u e  p r i c e s ” . A t h i r d  problem t h a t  b i a s e s  t h e  e s t i m a ­
t o r s  f u r t h e r  i s  a s s o c i a t e d  w i th  t h e i r  u s e  i n  e s t i m a t i n g  
d a i l y  v a r i a n c e s  o f  f u t u r e s  p r i c e  c h a n g e s .  S i nc e  i n  t h e s e  
m ar k e t s  d a i l y  p r i c e  l i m i t s  a r e  a lw ay s  imposed ,  d a i l y  e s ­
t i m a t e s  o f  v a r i a n c e s  w i l l  i n t e n s i f y  t h e  p rob lem o f  down­
ward b i a s e d  e s t i m a t o r s .  The main a d v a n t a g e  however ,  i s  
t h a t  t h e s e  e s t i m a t o r s  u t i l i z e  a d d i t i o n a l  i n f o r m a t i o n  t h a t  
t h e  c l o s e - t o - c l o s e  c o n v e n t i o n a l  e s t i m a t i o n  t e c h n i q u e s  do 
n o t  and a s  such  t h e y  may c o n t r i b u t e  more t o  e s t i m a t o r  e f ­
f i c i e n c y .

13 P r i c e  chan ge s  i n  (12) c an  a l s o  be c o n s i d e r e d  a s  d a i l y  r e ­
t u r n s  f o r  an i n v e s t o r  w i t h  z e r o  c a p i t a l  i n v e s t m e n t  (0% 
marg in  r e q u i r e m e n t s ) .
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N (k)

ADF (k,T)  = £  D F ( t , k , T ) / N ( k )

t = l

The r e s p e c t i v e  v a r i a n c e  VDF(k,T) o f  t h e s e  p r i c e  changes  i s  

g i v e n  by:

N(k)

VDF(k.T) = £ { D F ( t , k , T )  -  ADF (k ,T) } * / (N (k) -1)  (13)

t = l

w h e r e ,  N (k) i s  t h e  number o f  o b s e r v a t i o n s  i n  month k . 1*

In e q u a t i o n  (11) we u se  l o g a r i t h m s  f o r  two main r e a s o n s :  

(1) The t h e o r e t i c a l  d e r i v a t i o n  i n  (7) e x p r e s s e s  p r i c e  c h a n g ­

e s  in  a l o g a r i t h m i c  form so  d i r e c t  u s e  o f  l o g a r i t h m s  i s  

w e l l - j u s t i f i e d .  (2) The u se  o f  l o g a r i t h m i c  p r i c e  c h a n g e s  

p r e v e n t s  a t  l e a s t  one  s o u r c e  o f  n o n - s t a t i o n a r i t y  f rom un -  

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

s o u r c e  i s  a s s o c i a t e d  w i th  t h e  p r i c e  l e v e l  o f  t h e  commodi ty .  

As p r i c e s  move i n  one  d i r e c t i o n ,  t h e i r  d i s p e r s i o n  most  l i k e ­

l y  moves i n  t h e  same d i r e c t i o n  i n t r o d u c i n g  unwanted  b i a s e s .  

Use o f  l o g s  m in im iz e s  t h e s e  b i a s e s .

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

t u r e s  p r i c e s  we shou ld  s e l e c t  a s h o r t  enough p e r i o d .  The 

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

c e s s  w i t h i n  t h i s  p e r i o d ,  even  t hough  i t  may be n o n - s t a t i o n -  

a r y  f rom p e r i o d  t o  pe r i o d *  One month seems a good e s t i m a -

** The maximum number o f  t r a d i n g  d a y s  w i t h i n  any c a l e n d a r  
month i s  23.  Months w i th  f ewer  t h a n  15 o b s e r v a t i o n s  were  
e x c l u d e d  from th e  s t u d y .
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t i o n  p e r i o d  t h a t  con forms  t o  t h e s e  a s s u m p t i o n s  on t h e  

d i s t r i b u t i o n  o f  p r i c e  c h a n g e s .  However ,  some b i a s  m igh t  be  

i n t r o d u c e d  i f  t h e  d i s t r i b u t i o n  o f  p r i c e  changes  i s  somewhat  

n o n - s t a t i o n a r y  w i t h i n  t h e  e s t i m a t i o n  p e r i o d .

Another  i m p o r t a n t  r e a s o n  f o r  c a l c u l a t i n g  v a r i a n c e s  o v e r  

mon th ly  p e r i o d s  i s  t o  d i l u t e  t h e  e f f e c t  of  t h e  d a i l y  p r i c e  

l i m i t s  p r e s e n t  i n  f u t u r e s  m a r k e t s .  I t  i s  b e l i e v e d  t h a t  a 

l o n g  enough p e r i o d  such  as one month w i l l  p e r m i t  t r a d i n g  t o  

r e a c h  a m a r k e t - c l e a r i n g  p r i c e .  The e x i s t e n c e  o f  a m a r ke t  

c l e a r i n g  p r i c e  i s  p r e v e n t e d  o c c a s i o n a l l y  by d a i l y  p r i c e  l i m ­

i t a t i o n s  . *5

There  a r e  o t h e r  s o u r c e s  o f  b i a s e s  which a r e  a l s o  o f  much 

i m p o r t a n c e .  Two su ch  b i a s e s  p r e s e n t  i n  t h e  v a r i a b i l i t y  o f

s p o t  p r i c e s ,  known a s  t h e  " y e a r  e f f e c t "  and t h e  "month e f ­

f e c t " ,  a r e  p r e s e n t e d  i n  t h e  n e x t  c h a p t e r .

15 Da i l y  p r i c e  l i m i t a t i o n s  a r e  bound t c  i n t r o d u c e  downward 
b i a s e s  i f  s t a t i s t i c a l  t e c h n i q u e s  t h a t  a l l o w  t h e  e s t i m a ­
t i o n  o f  d a i l y  p r i c e  v a r i a b i l i t y  a r e  a p p l i e d  i n  f u t u r e s  
m a r k e t s .  See f o o t n o t e  1 2 .



C h a p t e r  5

NON-STATIONARY SHOCKS IN SPCT PRICES

5 . 1  EVIDENCE ON THE CALENDAR YEAR EFFECT

I n v e n t o r y  l e v e l s  i n  a g r i c u l t u r a l  commod i t i e s  a r e  v e ry  

v o l a t i l e  from y e a r  t o  y e a r .  T h i s  i s  due t o  t h e  wor ldwide  

w e a t h e r  c o n d i t i o n s  which a f f e c t  t h e  commodi ty su p p l y  and un­

p r e d i c t a b l e  p o l i t i c a l  e v e n t s  t h a t  a f f e c t  t h e i r  demand.  The 

y e a r - t o - y e a r  i n s t a b i l i t y  i n  i n v e n t o r y  l e v e l s  imposes  d i f f e r ­

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

a t i o n  e x i s t s  f o r  f i n a n c i a l  f u t u r e s  where F e d e r a l  R e se rv e  

p o l i c i e s  and t h e  government  f i s c a l  p o l i c i e s  i n f l u e n c e  

s t r o n g l y  t h e  v o l a t i l i t y  of  i n t e r e s t  r a t e s  f rom y e a r - t o - y e a r .  

Y e a r - t o - y e a r  shocks  a f f e c t  t h e  v o l a t i l i t y  o f  p r e c i c u s  m e t a l s  

(go ld  and s i l v e r )  a s  w e l l ,  t h rough  t h e  l e v e l  c f  i n t e r e s t  

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

p o l i t i c a l  i n s t a b i l i t y ,  e t c .  Coppe r ,  a s  an i n d u s t r i a l  m e t a l ,  

i s  s e n s i t i v e  t o  i n t e r e s t  r a t e  changes  and r e l a t e s  i t s  v o l a ­

t i l i t y  t o  t h e  s t a t u s  o f  t h e  economy r a t h e r  t h a n  any o t h e r  

p a r t i c u l a r  f a c t o r .

In  T a b l e  2 t h e  y e a r  e f f e c t  i s  p r e s e n t e d  f o r  a l l  commodi­

t i e s  e x c e p t  T r e a s u r y  bo nd s .  While t h e  year  e f f e c t  u n d e r l i e s  

b o t h  s p o t  and f u t u r e s  p r i c e s  we s t u d y  i t  o n l y  i n  t h e  s p o t  

p r i c e s  b e c a u s e :  (1) we want  t o  a v o id  any c o n f o u n d i n g  due t o

-  31  -
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t h e  ’' c o n t r a c t  month e f f e c t "  as  w e l l  a s  t h e  " m a t u r i t y  e f f e c t "  

p r e s e n t  i n  t h e  f u t u r e s  p r i c e s  and (2) t h e  f u t u r e s  p r i c e s  a r e  

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

commodi ty s i n c e  t h e y  a r e  a s s o c i a t e d  w i t h  d i f f e r e n t  c r o p s .

Average  of  t h e  s p o t  v a r i a n c e s  c a l c u l a t e d  o v e r  mon th ly  

p e r i o d s  a r e  p r e s e n t e d  f o r  e a c h  y e a r  o f  t h e  a v a i l a b l e  d a t a . 16 

The t o t a l  number of  o b s e r v a t i o n s  i n v o l v e d  i s  a l s o  i n c l u d e d .  

The comm od i t i e s  w i t h i n  e a c h  of  t h e  t h r e e  s e l e c t e d  g r o up s  

t e n d  t o  behave  s i m i l a r l y ,  showing s i g n i f i c a n t l y  d i f f e r e n t  

v o l a t i l i t i e s  f rom y e a r - t o - y e a r .  A g r i c u l t u r a l s  e x h i b i t  h i g h  

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

(1973-1974)  and P r e s i d e n t  C a r t e r ' s  g r a i n  embargo t o  t h e  So­

v i e t  Union (1979,  1 9 8 0 ) .  G.N.M.A and T - b i l l s  peaked  i n  v o l ­

a t i l i t y  i n  t h e  two most  e x p e n s i v e  y e a r s  t o  b o r ro w ,  1979 and 

1980 .  P r e c i o u s  m e t a l s  peaked i n  1980 ,  t h e  y e a r  wi th  t u r b u ­

l e n t  p o l i t i c a l  e v e n t s .  In a d d i t i o n ,  t h e y  e x p e r i e n c e d  h i g h e r  

v a r i a b i l i t y  a f t e r  1979 when i ndeed  e x p e c t a t i o n s  on i n f l a t i o n  

were  a l s o  ve ry  h i g h .  O v e r a l l ,  s i l v e r  shows a h i g h e r  l e v e l  

o f  v a r i a b i l i t y  r e l a t i v e l y  t o  g o l d .  Copper  had i t s  h i g h e s t  

v o l a t i l i t y  d u r i n g  1977 ,  t h e n  d e c r e a s e d  sm o o t h ly  ( p o s s i b l y  

due  t o  t h e  low economic  a c t i v i t y )  u n t i l  a jump i n  1980 and 

an i n c r e a s e  in  1982.

16 Note t h a t  t h e  v a r i a n c e  o f  s p o t  p r i c e  c h a n g e s  was c a l c u ­
l a t e d  s i m i l a r l y  t o  t h e  v a r i a n c e  o f  f u t u r e s  p r i c e  c h a n g e s ,  
e q u a t i o n  (13) •
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TABLE 2

The Year  E f f e c t  i n  Spo t  P r i c e s

Average  Spo t  V a r i a n c e s

Year Corn Wheat Soybeans Soyroeal Soyo i l

1972 .000136 .000214 .000126 .000244 .000314
19 73 .000739 .001213 .001993 .002436 .002393
19 74 .000715 .000903 .002333 *
1975 .000393 ❖ .000487 .000658
1976 .000261 V .000459 .000509 •»«

•V *

19 77 .000187 .000424 .000567 .000790 .002782
1978 .000106 .000391 .000438 .002246 .001256
19 79 .000167 .000526 .000320 .000330 .000221
1980 .000466 .000416 .000405 .001175 .000615
19 81 .000163 .000561 .000206 .000618 .000394
1982 .000179 .000265 .000129 .000119 .000162

-------------- ------------------------------------- —  — ------------- —  — — — — — — — —

OBS 132 80 13 2 132 82
DF 10/121 7/72 10 /121 10 /121 7/74
F-VALUE 7.06 2 .29 8 .33 8 .99 5.06
PR>F .0001 .0362 .0001 .0001 .0001
H-VALUE 50.06 15 .59 53.04 60 .06 28.69
PR>CHI-SQ .0001 .0291 .0001 .0001 .0002

Year G.N.M.A. T - b i l l s Copper Gold S i l v e r

19 75 V V
.V .000283

19 76 •A#
V V

a
n r

a .000266
19 77 .000003 .000001 .006953 .000081 .000090
1978 .000054 .000006 .001107 .000210 .000140
1979 .000131 .000013 .000315 .000314 .000745
1980 .000113 .000059 .000791 .001024 .004190
i ? e i .000159 .000222 .000366 .000865
19 82 .000092 .000006 .001244 .000715 .000844

—  —  — — -------------- ------------ —  — — — — — — — — * — •
OBS 61 41 62 61 93
DF 5/55 4 /36 5/56 5/55 7/8 5
F-VALUE 12 .43 9 .32 6 .05 6 .32 24.32
PR>F .0001 .0001 .0002 .0001 .0001
H-VALUE 22.21 19 .23 22.17 21 .57 63.08
PR>CHI-SQ .0005 .0007 .0005 .0006 .0001

*
Spot  p r i c e s  were n o t  a v a i l a b l e
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l o  t e s t  t h e  s i g n i f i c a n c e  o f  t h e  y e a r - t o - y e a r  d i f f e r e n c e s

i n  t h e  v o l a t i l i t y  o f  s p o t  p r i c e s ,  we ru n  ANOVA t e s t s  ( w i t h

r an domized  sample  s i z e s  of  u n b a l a n c e d  d a t a ) . 17 An ANOVA t e s t

f o r  a one-way c l a s s i f i c a t i o n  f o r  n y e a r s ,  ha s  t h e  f o l l o w i n g

n u l l  and a l t e r n a t i v e  h y p o t h e s i s :

H (0) : m ( l ) = m ( 2 ) = .......... ..  ( n ) , i . e . ,  t h e  n p o p u l a t i o n
means a r e  e q u a l .

H ( l ) :  At l e a s t  one  o f  t h e  n p o p u l a t i o n  means d i f ­
f e r s  from t h e  r e s t .

We c a l c u l a t e  s 2 (b) a s  a m easu re  of  t h e  v a r i a b i l i t y  among t h e  

n sample  means and s 2 (w) a s  a m eas u r e  o f  t h e  v a r i a b i l i t y  

w i t h i n  t h e  n p o p u l a t i o n s .  The n u l l  h y p o t h e s i s  o f  e q u a l i t y  

o f  t h e  n p o p u l a t i o n  means i s  r e j e c t e d  i f  F = s 2 ( b ) / s 2 (w) ex ­

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

e l  and d e g r e e s  c f  f re edom f o r  n u m e r a t o r  n -1  and N-n f o r  de ­

n o m i n a t o r ,  where  N i s  t h e  t o t a l  number o f  o b s e r v a t i o n s  

(OBS) . Degrees  of  f reedom (DF) , F - v a l u e  and t h e  s i g n i f i ­

c an c e  p r o b a b i l i t y  (PR>F) a r e  a l l  i n c l u d e d  i n  T a b l e  2 .  The 

r e s u l t s  a r e  ve ry  c o n v i n c i n g  f o r  a l l  t h e  c o m m o d i t i e s .  At t h e  

.01% l e v e l  of  s i g n i f i c a n c e  we r e j e c t  t h e  n u l l  h y p o t h e s i s  

t h a t  t h e  a v e r a g e  month ly  s p o t  v a r i a n c e s  a r e  e q u a l  i n  a l l  

y e a r s  of  d a t a . * 8

* 7 In a l l  t h e  ANOVA and t h e  n o n - p a r a m e t r i c  t e s t s  t h a t  f o l l o w  
in  t h e  t e x t  we t o o k  t he  l o g a r i t h m  o f  t h e  v a r i a n c e  of  s p o t  
or  f u t u r e s  r e l a t i v e  p r i c e  c h a n g e s ,  s im p ly  b e c a u s e  t h e  u se  
of l o g a r i t h m s  e l i m i n a t e s  a d d i t i o n a l  s o u r c e s  o f  n o n - s t a t i -  
o n a r i t y  such  a s  t h e  c h a n g i n g  l e v e l  o f  p r i c e s .  See a l s o  
e a r l i e r  d i s c u s s i o n .

18 The o n l y  e x c e p t i o n  i s  wheat  where  s i g n i f i c a n c e  i s  a t  
3.62%.
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The u se  o f  t h e  one-way a n a l y s i s  o f  v a r i a n c e  r e s t s  on t h e  

a s s u m p t i o n s  t h a t  t h e  s amp led  p o p u l a t i o n s  a r e  no rm a l l y  d i s ­

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

h o l d ,  t h e  p a r a m e t r i c  t e s t  o f  ANOVA i s  ve ry  p o w e r f u l .  When 

e i t h e r  o f  t h e s e  a s s u m p t i o n s  i s  n o t  met  we need an a l t e r n a ­

t i v e  t e s t  w i th  weaker  a s s u m p t i o n s .  N o n - p a r a m e t r i c  t e s t s  o f ­

f e r  such an a l t e r n a t i v e  by n o t  r e q u i r i n g  any s p e c i f i c  form 

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

f o r  t h e  s amp le s  t o  be  i n d e p e n d e n t  and f o r  t h e  p o p u l a t i o n s  t o  

be i n f i n i t e .  The most  w i d e l y  used  n o n - p a r a m e t r i c  t e s t  i s  

t h e  K r u s k a l - U a l l i s  one way a n a l y s i s  o f  v a r i a n c e  by r a n k s ,  

which makes u se  of  r a n k s  r a t h e r  t h a n  t h e  o r i g i n a l  o b s e r v a ­

t i o n s .  T h i s  r a n k i n g  p r o c e s s  o f  o u r  o b s e r v a t i o n s  measu re s  

t h e  d a t a  by s c o r e s  on an o r d i n a l  s c a l e ,  a p r o c e d u r e  which 

makes t h e  median s c o r e  a s  t h e  only  a p p r o p r i a t e  d e s c r i p t o r  of  

t h e  v a r i a n c e  o f  p r i c e  c h a n g e s .  Hence ,  i f  we have  month ly  

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

t h a t  t h e  median s c o r e s  a r e  e q u a l  f o r  t h e  n p o p u l a t i o n s :

H (0) s M (1) =M (2) = ........... =M(n) ,  i . e . ,  t h e  n p o p u l a t i o n
medians  a r e  e q u a l .

H (1) : At l e a s t  two o f  t h e  p o p u l a t i o n  medians  d i f ­
f e r  f rom each  o t h e r .

The K r u s k a l - W a l l i s  t e s t  s t a t i s t i c  H i s  t h e n  c a l c u l a t e d  

u s i n g  t h e  b a s i c  form o f  o r d i n a r y  one-way a n a l y s i s  o f  v a r i ­

a n c e .  A l a r g e  H - va lu e  t e n d s  t o  d i s p u t e  t h e  n u l l  h y p o t h e s i s  

t h a t  t h e  s am p le s  a r e  drawn from i d e n t i c a l l y  d i s t r i b u t e d  p op ­

u l a t i o n s .  I f  t h e r e  a r e  more t h a n  t h r e e  g r o u p s  and more t h a n  

f i v e  o b s e r v a t i o n s  i n  each  g r ou p ,  t h e  a s y m p t o t i c  s a m p l i n g
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d i s t r i b u t i o n  o f  H i s  t h e  CHI-SQUARE d i s t r i b u t i o n  w i th  n -1

d e g r e e s  of  f r eedom and t h i s  i s  u s u a l l y  a c c u r a t e  enough f o r

most  p r a c t i c a l  p u r p o s e s * 19

I h e  H s t a t i s t i c  o f  t h e  K r u s k a l - W a l l i s  n o n - p a r a m e t r i c  t e s t  

i s  i n c l u d e d  i n  T a b l e  2 ,  a s  w e l l  a s  i t s  s i g n i f i c a n c e  p r o b ­

a b i l i t y  (PR>CHI-SQ) u s i n g  t h e  C h i - s q u a r e  a p p r o x i m a t i o n .  The 

" y e a r - e f f e e t "  i s  a g a i n  p r e s e n t  a t  .01% l e v e l  o f  s i g n i f i c a n c e  

(2.91% i n  t h e  c a s e  o f  w h e a t ) .  Two o t h e r  n o n - p a r a m e t r i c  t e s t  

were a l s o  c a l c u l a t e d :  Brown-Mood (n - s am p l e  median t e s t )  and

n - sa m p l e  Van d e r  Waerden t e s t .  The r e s u l t s  were  s i m i l a r  t o  

K r u s k a l - W a l l i s  t e s t s  and he n ce  a r e  n o t  p r e s e n t e d .

5*2 EVIDENCE ON £HE CALENDAR MONTH EFFECT

The s econd  i m p o r t a n t  s o u r c e  of  n o n - s t a t i o n a r i t y  in  s p o t  

p r i c e s  i s  t h e  f a c t  t h a t  i n  c e r t a i n  c a l e n d a r  months f u t u r e s  

p r i c e s  a r e  more v o l a t i l e  t h a n  in  o t h e r s .  T h i s  i s  due t o  t he  

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

I t  i s  on l y  n a t u r a l  t h a t  i n f o r m a t i o n  on t h e  c ro p  s i z e  o f  ag­

r i c u l t u r a l  commod i t i e s  a c c u m u l a t e s  and becomes o f  much im­

p o r t a n c e  d u r i n g  t h e  summer and e a r l y  f a l l  months  o f  t h e  h a r ­

v e s t  s e a s o n .  The same may be t r u e  f o r  f i n a n c i a l s  and m e t a l s  

i f  some i n f o r m a t i o n  on f i n a n c i a l  v a r i a b l e s  i s  r e p e a t e d l y  r e ­

v e a l e d  d u r i n g  c e r t a i n  mo n th s .

19 For  a d e s c r i p t i o n  o f  t h e  K r u s k a l - W a l l i s  t e s t  and o t h e r  
n o n - p a r a m e t r i c  t e s t s ,  s e e  J . D .  G ibbons  (1 9 76 ) ;  and J . V .  
B rad l ey  ( 1 96 8 ) .
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What t h e  " m o n t h - e f f e c t ” r e a l l y  means i s  t h e  f o l l o w i n g :  

o b s e r v i n g  a December wheat  c o n t r a c t  i n  March o r  i n  J u n e ,  i s  

n o t  o n l y  d i f f e r e n t  be ca u se  o*f t h e  d i f f e r e n t  t ime  t o  m a t u r i t y  

i n v o l v e d  bu t  i t  i s  a l s o  d i f f e r e n t  s i n c e  i t  i s  o b s e r v e d  i n  

months  t h a t  e x h i b i t  d i f f e r e n t  v o l a t i l i t y .  I t  a l s o  means 

t h a t  a Sep t embe r  c o n t r a c t  o b s e r v e d  i n  March,  o r  a December 

c o n t r a c t  o b s e r v e d  i n  June  i s  n o t  t h e  same t h i n g ,  d e s p i t e  t h e  

f a c t  t h a t  t h e  t i m e - t o - m a t u r i t y  i s  6 months  i n  bo th  c a s e s .

In T a b l e  3 we t e s t  f o r  t h e  "month e f f e c t ” . Average  v a r i ­

a n c e s  of  s p o t  p r i c e s  f o r  e a c h  c a l e n d a r  month seems t o  be 

d i f f e r e n t  f o r  e a c h  o f  t h e  co m m od i t i e s  as  i s  c l e a r l y  s een  i n  

F i g u r e s  1 - 3 .  The h e i g h t e n e d  v o l a t i l i t y  o f  s p o t  p r i c e s  d u r ­

i n g  t h e  summer and f a l l  mon ths  i s  q u i t e  c l e a r  i n  t h e  a g r i ­

c u l t u r a l  c o m m o d i t i e s .  Wheat  ha s  t h e  h i g h e s t  v a r i a b i l i t y  i n  

Ju ne  ( t he  month o f  h a r v e s t )  , w i t h  s i g n i f i c a n t  v a r i a b i l i t y  i n  

t h e  s u r r o u n d i n g  months  b u t  l o w e s t  d u r i n g  t h e  f a l l  and w i n t e r  

mo n th s .  S i m i l a r l y  t h e  soybe an  complex  ( b e a n s - m e a l - o i l )  

r e a c h e s  i t s  h i g h e s t  v a r i a b i l i t y  d u r i n g  t h e  summer months and 

t h e  l o w e s t  d u r i n g  t h e  l a t e  f a l l  and e a r l y  w i n t e r  mon ths .  

With t h e  h a r v e s t  o f  c o r n  r e a c h i n g  a peak i n  September  and 

O c t o b e r ,  p r i c e  v a r i a b i l i t y  becomes ve ry  h i g h  i n  t h e s e  

mo n th s .  For  t h e  two f i n a n c i a l s  exam ine d .  T r e a s u r y  b i l l s  

show h i g h e r  p r i c e  v a r i a b i l i t y  i n  t h e  f i r s t  s i x  months  ( J a n u ­

a r y  t h r o u g h  June)  and 4 -5  t i m e s  s m a l l e r  i n  t h e  second s i x  

months  ( J u l y  t h r o u g h  December)  • F o r  GNMA t h e  p a t t e r n  i s  r e ­

p e a t e d l y  r e v e r s e d  t h r o u g h o u t  t h e  m o n t h s ,  a l t h o u g h  t h e  v a r i -
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TABLE 3

The Month E f f e c t  i n  Sp o t  P r i c e s

Average  S p o t  V a r i a n c e s

C a l e n d a r
Month Corn Wheat Soybeans Soymeal S o y o i l

Jan .000250 .000431 .000786 .001014 .000294
Feb .000299 .000547 .000253 .001110 .000416
Mar .000204 .000280 .000278 .000520 .000322
Apr .000164 .000419 .000301 .001356 .000281
May .000231 .000381 .000335 .000379 .000342
Jun .000317 .000962 .000613 .001948 .001673
J u l .000381 .000306 .001468 .001879 .002639
Aug .000390 .000445 .000740 .001320 .000609
Sep .0004 27 .000804 .000695 .000862 .000290
Oct .000541 .000216 .000438 .000755 .000369
Nov .000333 .000359 .000407 .000710 .001651
Dec .000274 .000 303 .000267 .000646 .000295

_  _ „ *  — . . . - — -------------- - — -------------- — — ------ --------------- —— —— — — —

OBS 132 80 132 1 32 82
DF 11/120 11 /68 11 /120 1 1 /12 0 11/70
F-VALUE 2.27 0 .5 9 1 .29 0 .5 9 0 .6 5
PR>F .0151 .8322 .2386 .8344 .7798
H-VALUE 20.15 5.58 12 .51 5 .83 5.15
PR>CHI-SQ .0433 .9001 .3264 .8843 .9237

C a le n d a r
Month G.N.M.A. T - b i l l s  Copper Gold S i l v e r

Jan .000098
Feb .000147
Mar .000102
Apr .000113
May .000073
Jun .0 00052
J u l .000049
Aug .000158
Sep .000072
Oct .000175
Nov .000088
Dec .000097

61
DF 11/49
F-VALUE 0 .46  
PR>F .9196
H-VALUE 8 .10  
PR>CHI-SC .7047

.000030 .002130

.000019 .000505
.000018 .002796
.000029 .000295
.000032 .000263
.000024 .000299
.000005 .000285
.000007 .000505
.000004 .000433
.000004 .000292
.000003 .004522
.000008 .000545

41 63
11/29 11/51
0 .93 0.70
.5240 .7368
1 0 .0 3 6 .32
.5280 .8509

.001593 .001733

.000436 .000600

.000266 .002894

.000415 .000472

.000130 .000662

.000243 .000571

.000321 .000362

.000382 .000515

.000519 .001376

.000372 .000563

.000411 .000657

.000266 .000613

62 93
1 1 /5 0 11/81
1 .04 0.25
.4274 .9922
9 .4 4 2.59
.5909 .9951
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Figure 1

The Month Effect In Spot Prices:
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Figure 2

The Month Effect In Spot Prices:
Financials
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Figure 3

The Month Effect In Spot Prices:
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a b i l i t y  i n  May, J u n e ,  J u l y  and S e p tem b er  i s  on t h e  a v e r a g e  

a l m o s t  a s  h a l f  a s  t h e  v a r i a b i l i t y  i n  t h e  o t h e r s .  The r e ­

s u l t s  seem t o  i n d i c a t e  t h a t  GNMA i s  more v o l a t i l e  t h r o u g h  

t h e  y e a r  t h a n  T r e a s u r y  b i l l s .  T h i s  m igh t  be a t t r i b u t e d  t o  

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

m a t u r i t y  t h a n  t h e  9 1 -d a y  I r e a s u r y  b i l l .  I t  may a l s o  be b e ­

c a u s e  t h e  m arke t  f o r  GNMA c o n t r a c t s  i s  a f f e c t e d  by o t h e r  

f a c t o r s  ( e . g .  h o u s in g  dem ands ,  e t c . ) ,  i n  a d d i t i o n  t o  t h o s e  

which a f f e c t  t h e  T r e a s u r y  b i l l  r a t e s .  For  a l l  t h e  m e t a l s  i t  

i s  c l e a r  t h a t  s e a s o n a l i t y  t h r o u g h  t h e  " m o n t h - e f f e e t ” i s  s i g ­

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

p i n p o i n t .

To m a n i f e s t  t h e  "month e f f e c t "  s t a t i s t i c a l l y ,  we u s e  t h e  

ANOVA t e s t s  as d e s c r i b e d  b e f o r e .  However,  new we c l a s s i f y  

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

month t h e y  a r e  o b s e r v e d  i n .  As i t  i s  i n d i c a t e d  by t h e  m ar­

g i n a l  s i g n i f i c a n c e  l e v e l  (PR>F) in  T a b le  3, we c a n n o t  r e j e c t  

t h e  n u l l  h y p o t h e s i s  o f  th e  e q u a l i t y  i n  t h e  v a r i a n c e s  i n  a l l  

c o m m o d i t i e s .  Even w i th  K r u s k a l - W a l l i s  t e s t s  we c an n o t  r e ­

j e c t  th e  n u l l  h y p o t h e s i s .  T h i s  s t a t i s t i c a l  r e s u l t  c o n t r a s t s  

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

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

t h i s  p a r a d o x ,  h ow ever ,  seems t o  be v e r y  s i m p l e :  b e c a u s e  t h e

" y e a r  e f f e c t "  i s  v e ry  s i g n i f i c a n t  (as  i t  i s  e v i d e n t  from Ta­

b l e  2) i n  t h e  v a r i a b i l i t y  o f  s p o t  p r i c e s ,  i t  d o m in a t e s  th e  

"month e f f e c t "  and h i d e s  t h e  l a t t e r  when u s i n g  c o n v e n t i o n a l
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t e c h n i q u e s  t c  t e s t  d i f f e r e n c e s .  I f  an a t t e m p t  i s  made to  

c o n t r o l  f o r  t h e  yea r  e f f e c t ,  i t  i s  b e l i e v e d  t h a t  t h e  "month 

e f f e c t "  would s i g n i f i c a n t l y  be r e v e a l e d . 20

The r e s u l t s  on T a b l e s  2 and 3 hav e  i m p o r t a n t  i m p l i c a t i o n s  

on f u t u r e  r e s e a r c h  i n  f u t u r e s  m a r k e t s :  c a l c u l a t i n g  a s i m p l e

l o g a r i t h m i c  p r i c e  c h an ge  between two t r a d i n g  days  a s  i n  

e q u a t i o n  (12) i s  n o t  s u f f i c i e n t  t o  c o n t r o l  f o r  t h e  c a l e n d a r  

y e a r  or  month t h e  o b s e r v a t i o n  i s  t a k e n  f ro m .  T h e re  a r e  a d ­

d i t i o n a l  s t e p s  t o  be t a k e n  i n  c o n s t r u c t i n g  p r i c e  s e r i e s  f r e e  

o f  n o n - s t a t i o n a r y  e f f e c t s .  The e v i d e n c e  shows t h a t  b o th  t h e  

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

n a r i t y  i n  s p o t  p r i c e s .  Hence t h e s e  e f f e c t s  need t o  be n e u ­

t r a l i z e d  b e f o r e  we a s s e s s  t h e  v a r i a b i l i t y  due t o  m a t u r i t y  

e f f e c t .  A m ethodo logy  f o r  c o n t r o l l i n g  t h e s e  e f f e c t s  and e v ­

i d e n c e  on t h e  " c o n t r a c t  m onth"  e f f e c t  and " m a t u r i t y  e f f e c t " ,  

i s  p r e s e n t e d  in  t h e  n e x t  c h a p t e r .

20 In  Appendix A we a t t e m p t e d  an ANOVA t e s t  on g e o m e t r i c a l l y  
n o r m a l i z e d  s p o t  v a r i a n c e s  as f o l l o w s :  From t h e  m onth ly
s p o t  v a r i a n c e s  . we found t h e  g e o m e t r i c  a v e r a g e  f o r  e a c h  
c a l e n d a r  y e a r  and u se  i t  t o  s t a n d a r d i z e  a l l  m onth ly  s p o t  
v a r i a n c e s  f o r  t h a t  y e a r .  We t h e n  run  an  ANOVA t e s t  a s  
d e s c r i b e d  e a r l i e r .  A c c o rd in g  t o  t h e  F - t e s t ,  o n ly  t h r e e  
co m m od i t ie s  ( c o r n ,  s o y b e a n s  and g o ld )  show s i g n i f i c a n t  
"month e f f e c t " .  For  t h e  r e s t ,  t h i s  method o f  s t a n d a r d ­
i z a t i o n  i s  s t i l l  i n e f f e c t i v e .



C h a p te r  6 

EMPIRICAL RESULTS IN FUTURES PRICES

6 . 1  A METHODOLOGY OF NORMALIZING MONTHLY VARIANCES

In o r d e r  to  i n c r e a s e  t h e  d e g r e e s  o f  f reedom  i n  our  s t a ­

t i s t i c a l  t e s t s ,  we n o t  o n l y  must  mix o b s e r v a t i o n s  from d i f ­

f e r e n t  c a l e n d a r  months and y e a r s ,  b u t  a l s o  o b s e r v a t i o n s  from 

d i f f e r e n t  c o n t r a c t  m on ths .  I n  so d o i n g ,  h o w ev er ,  we s h o u l d  

r e c o g n i z e  t h e  v a r i o u s  b i a s e s  we i n t r o d u c e  i n  o u r  t e s t s .

In any g iv en  y e a r  Y, w i t h i n  any  g i v e n  c a l e n d a r  month t ,  

f o r  a s i n g l e  commodity ,  t r a d i n g  i s  p o s s i b l e  i n  C ( t )  c o n ­

t r a c t s .  The v a r i a b i l i t y  o f  each  f u t u r e s  c o n t r a c t  m a t u r in g  

i n  month T ( j )  (where j = l , 2  , . . .  ,C ( t ) ) i s  s u b j e c t  t o  a u n i q u e ­

l y  d e f i n e d  i n f o r m a t i o n  s e t :

I T ‘ j  > (Y, t ,  T ( j ) ) 

where T ( j ) - t  e q u a l s  t h e  t im e  ( in  m onths)  l e f t  f o r  c o n t r a c t  

T ( j )  to  m a t u r e .  S in c e  our  o b j e c t i v e  i s  t o  s t u d y  t h e  m a t u r i ­

t y  e f f e c t  we must ' ' n o r m a l i z e 1' t h e  i n f o r m a t i o n  s e t  i n  s u c h  a 

way a s  t o  make t h e  f u t u r e s  p r i c e  d e p e n d e n t  upon o n ly  t h e  

t i m e  to  m a t u r i t y .

I f  d e n o t e s  t h e  v a r i a n c e  of  f u t u r e s  p r i c e  chan ges  i n

c a l e n d a r  month t  .of a c o n t r a c t  m a t u r i n g  i n  T ( j ) - t  m o n ths ,  

t h e  a v e r a g e  f u t u r e s  v a r i a n c e  i n  month t ,  A ( y ^ ) ,  i s  d e f i n e d  

a s  t h e  g e o m e t r i c  a v e r a g e  o f  t h e  i n d i v i d u a l  v a r i a n c e s  V.^ ob­

s e r v e d  i n  month t :

-  HU -
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C (t)

A(v± ) = (XXV^ ) * / C c t >  (14)

3=1

w h e r e ,  C ( t )  i s  t h e  number of  c o n t r a c t s  open f o r  t r a d i n g  i n  

c a l e n d a r  month t .  The u se  o f  t h e  g e o m e t r i c  a v e r a g e  i n  (14) 

- a s  i t  i s  a l s o  a rg u e d  in  C a s t e l i n o  ( 1 9 8 1 ) -  i s  j u s t i f i e d  by 

o u r  d e r i v a t i o n  i n  ( 6 ) . 21 T h en ,  t h e  n o r m a l i z e d  m onth ly  v a r i ­

a n c e  i s  d e f i n e d  a s :

N(Vt j )  = V ^ / A ( v i;) (16)

T h i s  a v e r a g i n g  p r o c e d u r e  makes t h e  n o r m a l i z e d  v a r i a n c e  i n d e ­

p e n d e n t  o f  t h e  month and y e a r  in  which i t  was e s t i m a t e d .

Having n o r m a l i z e d  t h e  m o n th ly  f u t u r e s  v a r i a n c e s  th r o u g h  

(14) and (16) we can  now t e s t  f o r  t h e  p o s s i b l e  n o n - s t a t i o -  

n a r i t y  due  t o  t h e  c o n t r a c t  m onths .  I t  i s  hoped t h a t  t h e  

n o r m a l i z a t i o n  p r o c e d u r e  would a l l e v i a t e  t h i s  prob lem  b u t  i t  

i s  p o s s i b l e  t h a t  a s t r o n g  " c o n t r a c t  month" e f f e c t  may s t i l l  

e x i s t  i n  t h e  n o r m a l i z e d  v a r i a n c e s . 22

21 I t  can  be p ro v ed  t h a t  t h e  g e o m e t r i c  a v e r a g e  v a r i a n c e  o f  
C ( t )  c o n t r a c t s  i n  month t ,  i s  t h e  ( i m p l i c i t )  v a r i a n c e  of  
a c o n t r a c t  w i t h  m a t u r i t y  e q u a l  t o  t h e  a r i t h m e t i c  m a t u r i t y  
o f  t h e  C ( t )  c o n t r a c t s .

Suppose  t h a t  n=C (t )  c o n t r a c t s  a r e  t r a d e d  i n  month t  
w i th  m a t u r i t i e s ,  T ( l ) ,  T (2) , T ( 3 ) , . . . ,  T (n) . From e q u a ­
t i o n  ( 6 ) ,  we c a n  s u b s t i t u t e  f o r  t h e  v a r i a n c e  o f  p r i c e  
c h an g e s  i n  e q u a t i o n  (14) :
A (v+) = {a2<Tt i >S2 a 2 f r *  2 >-*.-« >s2 ..........

. .  >s2} »/*• =
= {a 2 *UTC 1 >+fc 2 >♦ • « * +T(% )-U < 4 - n  >S2*») */*• = 

=a 2C:f - t . - l  >s 2 (15)
where ,  T= {T (1) +T (2) +T (3) + • .  . + T ( n ) } / n . E q u a t io n  (14) 
shows t h a t  A (v*,) i s  t h e  same a s  t h e  v a r i a n c e  o f  a c o n ­
t r a c t  w i t h  m a t u r i t y  e q u a l  t o  t h e  a v e r a g e  m a t u r i t y  o f  t h e  
c o n t r a c t  months t r a d e d  i n  month t .

22 Note t h a t  we c a n n o t  t e s t  t h e  " c o n t r a c t  month" e f f e c t  cn
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6 . 2  EVIDENCE ON THE CONTRACT MONTH EFFECT

In T a b le  4 we p r e s e n t  e v i d e n c e  of  t h e  c o n t r a c t  month e f ­

f e c t  f o r  t h e  11 f u t u r e s  m a r k e t s .  The n o r m a l i z e d  v a r i a n c e s  

a r e  a v e r a g e d  by t h e  c o n t r a c t  m onth .  T h e r e f o r e ,  T a b le  4 r e ­

f e r s  t o  a r i t h m e t i c  a v e r a g e s  of  g e o m e t r i c a l l y  n o r m a l i z e d  v a r ­

i a n c e s .  The r e s u l t s  show t h a t  f o r  t h e  a g r i c u l t u r a l  ( e x c e p t  

c o r n )  t h e  Nay o r  J u l y  c o n t r a c t s  have t h e  h i g h e s t  v o l a t i l i t y .  

Both  May ( f o r  wheat)  and J u l y  ( f o r  t h e  soybean  complex) c o n ­

t r a c t s  c a l l  f o r  d e l i v e r y  o f  t h e  " o l d  c r o p ” . S in c e  i t  i s  

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

c e r t a i n t y  b e f o r e  t h e  ”new c r o p ” a r r i v e s ,  t h e  " h a r v e s t  e f ­

f e c t "  seems t o  impose  g r e a t e r  v a r i a b i l i t y  i n  t h e  m a tu r in g  

c o n t r a c t s .  A no the r  f a c t o r  which m ig h t  add t o  t h e  h i g h e r  

v a r i a b i l i t y  i s  t h e  phenomenon o f  s q u e e z e s  i n  t h e  d e l i v e r y  

month (which o f t e n  i s  a t e c h n i c a l  problem) where  t h e  o u t ­

s t a n d i n g  f u t u r e s  c o n t r a c t s  c a l l  f o r  d e l i v e r y  o f  amounts  

g r e a t e r  t h a n  t h e  e x i s t i n g  s u p p l i e s .  S q u e e z e s  a p p e a r  u s u a l l y  

b e f o r e  t h e  new c ro p  a r r i v e s  and a s  su ch  a f f e c t  p o s i t i v e l y  

t h e  v a r i a b i l i t y  o f  c o n t r a c t s  m a t u r in g  d u r i n g  t h e s e  m on ths .  

Both  phenomena c f  i n v e r t e d  m a rk e t s  ( s h o r t a g e s  and s q u e e z e s )  

a r e  s e r i o u s  f o r  a g r i c u l t u r a l  c o m m o d i t i e s  b u t  l e s s  so f o r  

m e t a l s  and f i n a n c i a l  f u t u r e s . 23 The December c o n t r a c t  month

n o n - n o r m a l i z e d  m o n th ly  f u t u r e s  v a r i a n c e s .  The r e a s o n  i s  
t h a t  n o n - n o r i r a l i z e d  f u t u r e s  v a r i a n c e s  a r e  u n p r e d i c t a b l y  
b i a s e d  by t h e  " y e a r ” and  "month" e f f e c t s .  Cnly a f t e r  
c o n t r o l l i n g  f o r  t h e s e  e f f e c t s  t h r o u g h  t h e  n o r m a l i z a t i o n  
p r o c e s s  we can t e s t  f o r  t h e  " c o n t r a c t  month" e f f e c t .

23 The prob lem  of i n v e r t e d  m a rk e t s  c r e a t e d  by s h o r t a g e s  in  
c u r r e n t  s u p p l i e s ,  i s  d i s c u s s e d  i n  E s sa y  I I  of  t h i s  s t u d y .
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h a s  t h e  h i g h e s t  v a r i a b i l i t y  f o r  c o r n ,  GNMA ( e x c l u d in g  Novem­

b e r ) ,  and T - b i l l s • For  I - b o n d s  and g o l d ,  t h e  m ost  v o l a t i l e  

c o n t r a c t  i s  f o r  March and f o r  c o p p e r  and s i l v e r  i t  i s  t h e  

O c to b e r  c o n t r a c t .

To t e s t  t h e  s i g n i f i c a n c e  o f  mean d i f f e r e n c e s  o f  n o r m a l ­

i z e d  v a r i a n c e s  a c r o s s  c o n t r a c t  m o n ths ,  we run  ANOVA t e s t s .  

As shown i n  T ab le  4 t h e  mean of n o r m a l i z e d  v a r i a n c e s  i s  n o t  

d i f f e r e n t  among t h e  v a r i o u s  c o n t r a c t s  i n  t h e  t h r e e  f i n a n c i a l  

f u t u r e s .  T h e r e f o r e ,  f o r  t h e s e  f u t u r e s  we c a n n o t  r e j e c t  t h e  

n u l l  h y p o t h e s i s  t h a t  t h e r e  i s  no c o n t r a c t  month e f f e c t ,  

e . g . ,  a f i n a n c i a l  c o n t r a c t  m a tu r in g  i n  March a p p e a r s  t o  have  

t h e  same v a r i a b i l i t y  a s  a c o n t r a c t  m a tu r in g  in  December.

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

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

s o y b e a n s ,  c o p p e r  and s i l v e r  a t  .2% l e v e l  of  s i g n i f i c a n c e  and 

f o r  soybean  ir.eal, so y b e an  o i l ,  and g o ld  a t  10% l e v e l  o f  s i g ­

n i f i c a n c e .  I t  seems t h a t  f o r  a g r i c u l t u r a l s  and m e t a l s ,  

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

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

The K r u s k a l - W a l l i s  t e s t  r e s u l t s  a r e  a l s o  i n  t h e  same d i ­

r e c t i o n  a s  t h e  ANCVA t e s t  r e s u l t s .  However a t  10%, g o l d ,  

soym eal  and s o y o i l  j o i n  t h e  t h r e e  f i n a n c i a l s  i n  i n s i g n i f i ­

c a n c e  t o  r e j e c t  t h e  n u l l  h y p o t h e s i s  o f  "no c o n t r a c t  month 

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

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

some p o r t i o n  o f  t h e  v a r i a b i l i t y  o f  f u t u r e s  p r i c e s  f o r  o n l y
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TABLE 4 

The C o n t r a c t  Month E f f e c t

Average N o rm a l iz e d  F u t u r e s  V a r i a n c e s

C o n t r a c t
Month Corn Wheat Soybeans Soymeal S o y o i l

Jan _ — 1.0060 1 .0 2 40 1 .0 0 4 1
Mar 1 .0 3 6 2 1 .0268 1 .0208 1 .02 4 4 1 .0 3 4 4
May 0 .9956 1 .0 7 3 0 1 .0280 1 .0733 1 .0 3 05
J u l 0 .9516 0 .9991 1 .0516 1 .06 3 7 1 .0613
Aug — - 1 .0 4  31 1 .0 4 12 1 .02 5 9
Sep 0 .9955 0 .9763 1.0046 0 .99 2 6 1 .0081
Oct - - - 0 .9830 0 .9893
Nov - - 0 .9655 - -

Dec 1 .0654 1 .0 1 0 4 - 1 .01 9 3 1 .0 13 3
_ _ _ _ _ _ _ _ _ _ _ _ ------- — _ _ _ _ _ _ _ _ _ _ _ _

OBS 682 659 906 1042 1066
DF 4/67 7 4 /6 5 4 6/899 8/1034 8/1057
F-VALUE 13 .29 4 .2 9 3.46 1 .7 9 1 .6 9
PR>F .0001 .0020 .0022 .0743 .0962
H-VALUE 57.16 1 3 .8 8 12 .12 11 .43 1 1 .6 9
PR >CHI-SQ .0001 .0077 .0593 .1785 .1657

C o n t r a c t
Month GNMA T -bonds T - b i l l s Copper Gold S i l v e r

_  _  _  _ _ ------------------ ------ -— _ _ _ _ _ _ _ _ _ _ _ _ _ — — — — — —
Jan _ _ - 0 .9888 1 .0 0 8 7 1 .0 1 8 4
Feb — - - 1 .1568 0 .9998 1 .0 7 1 0
Mar 1 .0056 1 .0 1 3 7 1 .0380 0 .98 7 1 1 .0 5 4 0 0 .9 9 0 9
Apr — - - 1 .1 2 9 1 1 .0 0 33 1 .0 4 6 8
May _ - - 0 .99 0 2 1 .0095 1 .0 2 3 2
Jun 1 .00 4 5 1 .0 1 0 8 1 .0445 1 .1659 1 .00 1 6 1 .0 7 6 0
J u l _ - - 0 .9 9  34 1 .01 8 1 0 .9 8 8 9
Aug — - - 1 .1563 0 .9919 1 .0 4 3 3
Sep 1 .0 0 7 6 1 .0 0 4 9 1 .0 5  79 1 . 0 0 0 0 1 .0 3 7 7 0 .9 8 9 8
Oct _ - - 1 .1670 0 .9 9 8 3 1 .0 8 7 3
Nov 1 .0 4 0 9 * - - 1 .0992 1 .04 5 5 1 .0 7 1 8
Dec 1 .00 8 2 1 .0 0 2 3 1 .0608 1 .0015 1 .0 0 3 0 1 .0 0 0 8

. . .  — — ----------- —  — — — -------- — ----------- — _ _ _ _ _ _ _ _ _ _ _ _ ——— ———

OBS 606 661 604 908 892 880
DF 4/803 3 /6 5 7 3 /600 1 1 /896 1 1 /880 11 /868
F-VALUE 0.06 0 .2 7 0 .0 7 1 0 .1 1 1 .7 0 2 .6 2
PR>F .9923 .8470 .9703 .0001 .0694 .0013
H-VALUE 0 .27 0 .5 0 0 .47 103 .6 2 1 5 .8 6 7 0 .1 5
PR>CHI-SQ .9918 .9187 .9245 .0001 .1463 .0001

* November c u r r e n t l y  i s  n o t  one  o f  t h e  d e l i v e r y  months 
f o r  GNMA. I t  was o n ly  a v a i l a b l e  f o r  t r a d i n g  f o r  v e ry  
s h o r t  p e r i o d s  o f  t i m e .
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c o r n ,  w h e a t ,  s o y b e a n s ,  c o p p e r  and s i l v e r .  B u t ,  t h e r e  i s  no

c o n t r a c t  month e f f e c t  f o r  t h e  f i n a n c i a l s  and a weak o r  no
*

e f f e c t  on g o l d ,  soym eal  and s o y o i l .

6 . 3  EVIDENCE ON THE MATURITY EFFECT

S a i r u e l s o n ’s h y p o t h e s i s  o f  t h e  " m a t u r i t y  e f f e c t "  i s  t e s t e d  

i n  T a b le s  5 and 6 and i s  d e p i c t e d  g r a p h i c a l l y  in  F i g u r e s  

4 - 6 .  T a b l e  5 shows t h e  a v e r a g e  n o r m a l i z e d  v a r i a n c e s  f o r  

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

e f f e c t ,  a s  a g e n e r a l  phenomenon,  i s  e v i d e n t  a c r o s s  commodi­

t i e s .  As t im e  t o  m a t u r i t y  n e a r s ,  on t h e  a v e r a g e ,  t h e  v a r i ­

a b i l i t y  o f  f u t u r e s  m a rk e t s  i s  c o n s t a n t l y  i n c r e a s i n g .  How­

e v e r ,  t h e  a lm o s t  s t r i c t  r e l a t i o n s h i p  o f  t h e  i n c r e a s i n g

v a r i a b i l i t y  w i th  t im e  t o  m a t u r i t y  i s  t r u e  o n ly  w i th  w h e a t ,  

s o y b e a n s ,  and to  a l e s s e r  d e g r e e  T -bo n ds  and g o l d .  T h i s  

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

g e n e r a t i n g  p r o c e s s ,  a s  h a s  been s u g g e s t e d  by Samuelson 

( 1 9 7 6 ) .  A s p o t  p r i c e  g e n e r a t i n g  p r o c e s s  t h a t  i n c l u d e s  h i g h ­

e r  o r d e r  t e rm s  can r e s u l t  i n  t e m p o r a r y  d e c r e a s e s  i n  a g e n e r ­

a l l y  i n c r e a s i n g  p a t t e r n  o f  p r i c e  v a r i a b i l i t y .

To t e s t  w h e th e r  t h e  means o f  t h e  l o g a r i t h m s  o f  n o r m a l iz e d  

v a r i a n c e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  among t h e  d i f f e r e n t  

months  t o  m a t u r i t y ,  we run  ANOVA t e s t s .  At .01% l e v e l  of  

s i g n i f i c a n c e  (.37% f o r  c o r n )  we r e j e c t  t h e  n u l l  h y p o t h e s i s  

t h a t  t h e  means a r e  e q u a l ,  f o r  a l l  11 c o m m o d i t ie s  t e s t e d .  We 

a l s o  r e j e c t  t h e  n u l l  h y p o t h e s i s  a t  .01% l e v e l  o f  s i g n i f i -



TABLE 5 

The M a t u r i t y  E f f e c t

Average N or i ra l ized  V a r i a n c e s  N (Vt ^ ) by Months t o  M a t u r i t y

Months t o
M a t u r i t y GNMA T -bonds T-b i l l s Copper Gold S i l v e r

------------ ------------ -------— ---------- — — — — •> —
1 1 .0581 1 .1 6 1 8 1 .0978 1 .1585 1 .0 2 5 4 1 .1 2 2 4
2 1 .0937 1 .1 5 2 5 1 .1873 1 .1 3 32 1 .0 3 1 3 1 .0 6 0 8
3 1 .0905 1 .1 6 5 0 1 .2539 1 .1 0 05 1 .0 2 45 1 .0 4 7 0
4 1 .0561 1 .1 4 2 9 1 .2087 1 .09 4 5 1 .0 4 6 0 1 .0  411
5 1 .0838 1 .1 2 5 1 1 .1967 1 .0 7 9 4 1 .0 3 06 1 .0 3 8 0
6 1 .0389 1 .1 4 9 3 1 .2171 1 .0 4 70 1 .0 3 4 0 1 .0 2 0 0
7 1 .0376 1 .1 2 0 9 1 .2178 1 .0 3 0 0 1 .0 1 52 0 .9 9 9 0
8 1 .0 5 32 1 .0 9 1 4 1 .1185 1 .01 8 4 1 .0 2 6 5 1 .0 1 0 1
9 1 .0179 1 .0 7 6 0 1 .0696 0 .9 8 6 8 0 .9978 0 .9 8 2 4

10 1 .0263 1 .0 5 6 7 1.1104 0 .9747 1 .0 0 7 4 0 .9 7 9 5
11 1 .0280 1 .0 6 0 1 1 .1097 0 .9 4 1 0 1 .0 0 0 1 0 .9 6 5 4
12 1 .0056 1 .0 5 3 8 1 .0707 0 .9874 0 .9 8 5 7 0 .9 8 0 0
13 1 .0078 1 .0 1 3 0 1 .0288 0 .9359 0 .9 8 25 0 .9 7 89
14 0 .9864 1 .0 1 5 1 1 .0732 0 .9346 0 .9869 0 .9 5 9 3
15 1 .0068 1 .0 0 2 4 0.9222 0 .9 1 21 0 .9 7 39 0 .9 4 2 0
16 0 .9674 0 .9 7 4 5 0 .9813 0 .8909 0 .96 7 0 0 .9 7 5 0
17 1 .0052 0 .9 8 8 6 0 .9894 0 .8 7 5 1 0 .9 6 59 0 .9 5 2 4
18 0 .9665 0 .9 6 5 2 0 .8714 0 .9025 0 .9418 0 .9 0 8 9
19 0 .9795 0 .9 6 66 0.9095 0 .9442 0 .9488 0 .9 3 5 2
20 0 .9857 0 .9 6 7 7 0 .8121 0 .8419 0 .9 3 95 0 .9 2 2 0
21 0 .9684 0 .9 4 2 5 0.8214 0 .8506 0 .94 1 9 0 .9 3 1 8
22 0 .9718 0 .9 5 2 8 0 .79  51 0 .8446 0 .92 7 7 1 .0 0 6 0
23 0 .9653 0 .9 3 9 8 0 .8337 - — —
24 0 .9839 0 .9 1 2 2 - — — —
25 0.9807 0 .9098 - — —
26 0.9346 0 .9 2 4 0 - — — •
27 0 .9417 0 .9 0 5 0 - — — —
28 0.9554 0 .8 9 8 9 - — —
29 0.9375 0 .8 9 5 0 - - — —
30 0 .9 8 0 1 0 .9 1 2 4 - - — —
31 0 .9844 0 .8 8 3 1 - - — —
32 0 .9413 0 .9 0 2 4 - — — ' —*
33 0 .97 6 3 0 .8 4 3 5 - — — —
34 0 .91 5 7 0 .7 9 6 2 - — — •
35 0 .9785 0 .8 2 0 3 — —■ •

OBS 806 661 604 908 892 880
DF 34/773 . 34 /626 22/581 21 /886 21 /870 21 /858
F-VALUE 3 .5 2 2 1 .9 4 6 .12 5 8 .8 9 1 0 .7 3 1 0 .3 3
PR>F .0001 .0 0 0 1 .0001 .0001 .0001 .0001
H-VALUE 12 4 .30 4 0 1 .0 1 167 .84 603 .92 2 11 .14 44e .00
PR>CHI-SQ .0001 .0001 .0001 .0001 .0001 .0001
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T a b le 5 ( c o n t in u e d ) , '
Months t o
M a t u r i t y Corn Wheat Soybeans Soymeal S o y o i l

1 1 .0185 1 .1 8 7 1 1 .1449 1 .2555 1 .1 2 5 4
2 0 .9989 1 .1 7 3 0 1 .1209 1 .2 0 2 5 1 .1 4 7 7
3 1 .00 9 1 1 .0 8 2 6 1 .1130 1 . 1 4  71 1 .1 1 5 6
4 1 .0119 1 .0 5 7 1 1 .1118 1 .1276 1 .1 0 1 6
5 1 .0151 1 .0 3 1 9 1 .06  75 1 .0418 1 .09 0 0
6 1 .0268 1 .0 1 7 6 1 .0277 1 .01 3 0 1 .0438
7 1 .0250 0 .9 8 46 0.9893 0 .9740 1 .0 1 6 7
8 0 .994  9 0 .9 6 3 2 0 .9515 0 .9246 0 .98 0 4
9 1 .0357 0 .9714 0.9416 0 .9023 0 .95 4 6

10 1 .00 9 2 0 .9 3 2 1 0 .9232 0 .9214 0 .9145
11 0 .9 8 7 3 0 .9 3 6 8 0 .  5056 0 .8 7 82 0 .9037
12 1 .0670 0 .9 2 1 8 0 .8701 0 .8911 0 .85 2 5
13 0 .9581 0 .8 9 1 5 0 .8635 0 .8978 0 .8 4 0 2
14 0 .6708 0 .7 9 3 2 0 .9212 0 .9744 0 .90 7 5
15 1 .0886 — 0.9165 1 .1148 0 .7 5 7 4

OBS 682 659 906 1042 1066
DF 14/667 1 3 /64 5 14 /891 1 4 /10 2 7 1 4 /1051
F-VALUE 2.34 1 4 .2 4 19 .69 2 5 .8 1 2 3 .6 6
PR>F .0037 .0 0  01 .0001 .0001 .0001
H-VALUE 29.82 1 3 6 .3 0 282.54 310 .87 291 .40
PR>CHI-S C .0081 .0001 .0001 .0001 .0001

c a n c e  (.81% f o r  c o r n ) ,  by a p p l y i n g  t h e  K r u s k a l - W a l l i s  no n -  

p a r a m e t r i c  t e s t .

Tab le  6 e x h i b i t s  t h e  r e s u l t s  f rom t h e  l i n e a r  r e g r e s s i o n s  

o f  e q u a t i o n  (11) f o r  a l l  11 c o m m o d i t i e s .  F o r  a l l  commodi­

t i e s ,  e x c e p t  c o r n ,  t h e  n u l l  h y p o t h e s i s  o f  no s t r i c t l y  l i n e a r  

r e l a t i o n s h i p  be tw een  t im e  t o  m a t u r i t y  and f u t u r e s  p r i c e  

v a r i a b i l i t y  i s  r e j e c t e d  a t  t h e  .01% l e v e l  o f  s i g n i f i c a n c e  by 

means of  t h e  F - t e s t .  The R2 i n  g e n e r a l  i s  h ig h  i n  a l l  c a s e s  

( e x c e p t  c o rn )  and i s  o v e r  . 5  i n  t h e  c a s e  of  T -bonds  and c o p ­

p e r .  I n  t h e  o t h e r  c o m m o d i t ie s  i t  v a r i e s  be tween  .181 t o  

.2 4 5  and o n l y  f o r  GNMA and T - b i l l s  i s  a s  low a s  a b ou t  . 1 2 .
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F o r  t h e  co m m o d i t ie s  examined i t  seems t h a t  t im e  t o . m a t u r i t y

e x p l a i n s  a s i g n i f i c a n t  p o r t i o n  of t h e  v a r i a t i o n  in  f u t u r e s
*

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

t y  f a i l s  t o  e x p l a i n  any s i g n i f i c a n t  p o r t i o n  o f  t h e  f u t u r e s

p r i c e  v a r i a b i l i t y .  I h e r e  may be o t h e r  f a c t o r s  n o t  i n c l u d e d  

i n  our  r e g r e s s i o n  t h a t  a c c o u n t  f o r  t h e  u n e x p la in e d  v a r i a b i l ­

i t y  i n  c o r n .

The r e g r e s s i o n  c o e f f i c i e n t s  and t h e i r  s i g n  a r e  in  s t r i c t  

c o n f o r m i t y  w i th  S a m u e l s o n ' s  h y p o t h e s i s .  I n  a l l  c a s e s  t h e  

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

a t  .01% l e v e l  o f  s i g n i f i c a n c e ,  a s  s u g g e s t e d  by t h e i r  t - s t a -  

t i s t i c s .  E x c e p t io n  i s  o n l y  f o r  c o r n  where t h e  i n t e r c e p t  i s  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  th an  z e r o .  The t h e o r e t i c a l  d e r ­

i v a t i o n  i n  (7) s u g g e s t s  t h a t  t h e  i n t e r c e p t  i n  c u r  l i n e a r  r e ­

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

we can s o l v e  f o r  t h e  n o r m a l i z e d  s p o t  v a r i a n c e ,  which a p p e a r s

i n  T ab le  6 u n d e r  s 2 , a s  f o l l o w s :

s 2 = e x p (c )

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

a n c e  i s  g r e a t e r  th a n  1 .  I t  r e a c h e s  i t s  h i g h e s t  v a lu e  w i th  

so y b e an  meal s u g g e s t i n g  t h a t  t h e  v a r i a b i l i t y  o f  t h e  s p o t  

p r i c e  o f  t h i s  commodity when compared t o  t h e  v a r i a b i l i t y  of 

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

e x a m in e d .

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

c o m m o d i t i e s  and s i g n i f i c a n t l y  d i f f e r e n t  from z e r o  a t  t h e
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TABLE 6

L i n e a r  R e g r e s s i o n  R e s u l t s :  M a t u r i t y  E f f e c t

R e g r e s s i o n  Model:  ln(N(Vt ^ ) )  = c + b ( T ( j ) - t )  + e

Commod• DF c b s 2 " a " F - r a t i o Pr>F R2

Corn 660 .0105 - . 0 0 1 5  
( 0 .94 )  ( - 1 . 0 5 )

1 .0106 .9993 1 .1 1 .2918 .002

Wheat 657 .1503 - . 0 2 2 6  
(11 .66)  ( -1 3 .2 7 )

1 .1622 .9888 176 .1 1 .0001 .211

Soybeans  904 .1609 - . 0 2 5 0  
(14 .25)  ( - 1 6 .2 1 )

1 .1746 .9876 262 .73 .0001 .2 2 5

Soymeal 1040 .2117 - . 0 3 3 0  
(16 .16)  ( -1 8 .3 8 )

1 .2 3 58 .9836 3 37 .6 7 .0001 . 245

S o y o i 1 1064 .1757 - . 0 2 6 7  
(15 .19)  ( - 1 7 .3 2 )

1 .1 9 21 .9867 300.13 .0001 . 220

GNMA 606 .0644 - . 0 0 4 1  
( 8 .68)  ( - 1 0 .0 9 )

1 .06 6 5 .9979 10 1 .7 9 .0001 .112

T -bonds 659 .1573 - . 0 0 9 6  
(23 .44)  ( -2 7 .0 3 )

1 .1 7 0 3 .9952 730 .61 .0001 .526

T - b i l l s 602 .1951 - . 0 1 7 0  
( 7 .96)  ( - 9 . 1 4 )

1 .2154 .9915 83 .60 .0001 .122

Copper 906 .14  52 - . 0 1 5  9 
(28 .44)  ( - 3 4 .7 0 )

1 .1563 .9921 120 3 .9 9 .0001 .571

Gold 890 .0446 - . 0 0 4 9  
(11 .48)  ( - 1 4 .0 2 )

1 .04 5 6 .9976 196 .6 7 .0001 .1 8 1

S i l v e r 878 .0742 - . 0 0 8 2 1 .0 7 70 .9959 1 9 7 .2 7 .0001 .184
(11.49)  ( - 1 4 .0 5 )

• t '  s t a t i s t i c s  a r e  i n  p a r e n t h e s e s .
" a ” i s  t h e  i m p l i c i t l y  c a l c u l a t e d  a u t o r e g r e s s i v e  c o e f f i c i e n t  

o f  t h e  s p o t  p r i c e  g e n e r a t i n g  p r o c e s s  in  e q u a t i o n  ( 7 ) .  
• s 2 '  i s  t h e  i m p l i c i t  n o r m a l i z e d  v a r i a n c e  o f  s p o t  p r i c e  

c h a n g e s  d e r i v e d  from ( 7 ) •

.01% l e v e l  o f  s i g n i f i c a n c e ,  ( e x c e p t  f o r  co rn  where i t  i s  n e g ­

a t i v e  b u t  i n s i g n i f i c a n t ) • The n e g a t i v e  s l o p e s  r e v e a l  o n c e  

more t h e  e x i s t e n c e  o f  t h e  m a t u r i t y  e f f e c t .  Us ing  t h e  s l o p e  

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

c o e f f i c i e n t  of t h e  s p o t  g e n e r a t i n g  p r o c e s s .  From e q u a t i o n  

(7) i t  f o l l o w s  t h a t :

a = e x p ( b / 2 )
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The r e s u l t s  a p p e a r  u n d e r  " a "  and p r o v e  t h e  a p p r o p r i a t e n e s s  

o f  t h e  s p o t  g e n e r a t i n g  p r o c e s s  i n  ( 1 ) .  For  a l l  com m o d i t ie s  

( e x c e p t  c o r n ) ,  " a ” i s  s i g n i f i c a n t l y  l e s s  t h a n  u n i t y ,  w i t h  

t h e  s m a l l e s t  v a l u e  .9836  f o r  so y b e a n  m e a l .

In g e n e r a l ,  t h e  r e s u l t s  a r e  i n  l i n e  w i th  C a s t e l i n o  

(1 9 8 1 ) .  His  e v i d e n c e  i s  p o o r  f o r  c o r n  a s  i n  o u r  c a s e .  For  

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

s u l t s  w i th  h i g h e r  " a "  i n  a l l  c a s e s .  S in c e  t h e  m ethodo logy  

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

d i f f e r e n t  n o n - o v e r l a p p i n g  p e r i o d s .  He c o v e re d  t h e  p e r i o d  

1960-1971  w h i le  t h e  p r e s e n t  s t u d y  c o v e r s  t h e  p e r i o d  

1 9 7 2 -1 9 8 2 .  Ano ther  major  d i f f e r e n c e  i s  t h a t  i n  t h e  e a r l i e r  

p e r i o d  c o n t r a c t s  were o f f e r e d  f o r  t r a d i n g  o n l y  up t o  11 

months  b e f o r e  m a t u r i t y .  A f t e r  1 9 7 7 ,  c o n t r a c t s  opened f o r  

t r a d i n g  more t h a n  11 months b e f o r e  m a t u r i t y  and we a r e  a b l e  

t o  i n c l u d e  them i n  o u r  s t u d y .  S i m i l a r  l a c k  o f  e v i d e n c e  f o r  

t h e  " m a t u r i t y  e f f e c t ” on c o r n  i s  r e p o r t e d  by A n d e r s o n (1 9 8 2 ) ,  

who a l s o  f a i l s  t o  f i n d  any " m a t u r i t y  e f f e c t "  i n  s i l v e r  and 

K ansas  C i t y  w h e a t .  This  e v i d e n c e  i n  c o n j u c t i o n  w i th  t h e  

f a c t  t h a t  " a "  f o r  c o r n  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from 

u n i t y ,  h i n t s  on t h e  e x p l a n a t i o n  t h a t  corn  i s  a v e r y  m a tu re  

m ark e t  where p a r t i c i p a n t s  f o r  o v e r  a c e n t u r y ,  a r e  t r a d i n g  a 

commodity which i s  m in i m a l l y  a f f e c t e d  by i n t e r n a t i o n a l  

e v e n t s .  The d o m e s t i c  p r o d u c t i o n  d o m i n a t e s  t h e  w o r ld  m a r k e t s  

and i n  t h i s  s e n s e  o n ly  d o m e s t i c  e v e n t s  a f f e c t  c o r n  p r i c e s .  

T h i s  c h a r a c t e r i s t i c  p l u s  t h e  heavy volume o f  t r a d i n g  in  c o r n
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h e l p  t r a d e r s  make b e t t e r  a s s e s s m e n t s  o f  p r i c e s ,  which a r e  

e v i d e n t l y  r e f l e c t e d  on t h e  h ig h  v a l u e  o f  " a ” . T h i s  e v i d e n c e  

f u r t h e r  s u g g e s t s  t h a t  t h e  n o n - d e t e r m i n i s t i c  component  o f  

c o r n  p r i c e s  t e n d s  t o  f o l l o w  a z e r o - d r i f t  random w a lk .

A l l  t h e  t e s t s  i n  t h i s  s e c t i o n  c o n c l u d e  t h a t  t h e  i n v e r s e  

r e l a t i o n s h i p  be tw een  t im e  t o  m a t u r i t y  and f u t u r e s  p r i c e  

v a r i a b i l i t y  i s  a g e n e r a l  phenomenon i n  a l l  t h e  m a rk e t s  exam­

i n e d :  a g r i c u l t u r a l s ,  f i n a n c i a l s  and m e t a l s .  F u r t h e r m o r e ,

t h e  s t r o n g  e v id e n c e  we e s t a b l i s h e d  on t h e  " m a t u r i t y  e f f e c t ” , 

s e t s  t h e  f o u n d a t i o n s  t o  i n v e s t i g a t e  a n o t h e r  g u e s t i o n :  Do

d i s t a n t  c o n t r a c t s  w i th  r e l a t i v e l y  t h i n  m a r k e t s  (low open i n ­

t e r e s t  and v o lu m e ) ,  e x h i b i t  p r i c e  v a r i a b i l i t y  t h a t  c a n n o t  be 

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

t h i n  m a r k e t s ,  i t s  im pact  on t h e  p r i c e  v a r i a b i l i t y  and t h e  

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

c h a p t e r s .



C h a p t e r  7

PRICE VARIABILITY AND RELATED WORK IN THIN
MARKETS

7 . 1  RELATED WORK IN THIN MARKETS

T r a d in g  e x ch a n g es  o f f e r  t h e  p l a c e  c r  t h e  coromunica t ion  

d e v i c e s  o r  b o th  th r o u g h  which  i n v e s t o r s  ex ch an g e  t i t l e s  o f  

o w n e r s h ip  ( s to c k  and bond m a r k e t s ) , o r  a g r e e  t o  c o n t r a c t s  

f o r  f u t u r e  d e l i v e r y  o f  a commodity w i th  s p e c i f i e d  q u a l i t y  

and q u a n t i t y .  What d r i v e s  i n v e s t o r s  t o  buy o r  s e l l  i s  t h e  

new i n f o r m a t i o n  upon which p r i o r  e x p e c t a t i o n s  a r e  r e v i s e d .  

We can t h e r e f o r e  p e r c e i v e  t r a d i n g  i n  t h e  e x c h a n g e s  a s  t h e  

p r o c e s s  t h r o u g h  which p r e v i o u s  o r  im m ed ia te  i n f o r m a t i o n  i s  

e v a l u a t e d  and impounded i n  t h e  p r i c e s  c f  s e c u r i t i e s .  The 

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

p a r t i c u l a r  ex change  v a r i e s .  Some e x c h a n g e s  a t t r a c t  a v e ry  

l a r g e  number of  m a rk e t  p a r t i c i p a n t s ,  e t h e r s  do n e t .  Some 

s e c u r i t i e s  a r e  ve ry  p o p u l a r  among i n v e s t o r s  w h i l e  e t h e r s  a t ­

t r a c t  o n l y  a few .  Common r e a s o n s  f o r  su ch  phenomena of  

p r e f e r e n c e  a r e :  s i z e  o f  t h e  m a r k e t ,  l i q u i d i t y  o f  t h e  m a r k e t ,  

i n v e s t o r s *  t a s t e s ,  p r i c e  s t a b i l i t y ,  r i s k i n e s s ,  e t c .

Among t h e  r e a s o n s  m e n t i o n e d ,  l i q u i d i t y  o f  t h e  m arke t  f o r  

t h e  s e c u r i t y  p l a y s  a v e ry  d e c i s i v e  r o l e  on w h e th e r  an i n v e s ­

t o r  e n t e r s  t h e  m ark e t  o r  n o t .  I f  a s e c u r i t y  i s  h e ld  by a

-  59 -
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s m a l l  number o f  p e o p le  a n d / o r  t r a d e d  i n  i n a c t i v e  m a rk e t s  t h e  

i n v e s t o r  c a n n o t  e a s i l y  l i q u i d a t e  h i s  p o s i t i o n .  When he 

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

( g a in )  i n  th e  m ark e t  v a l u e  in du ced  by a d v e r s e  ( f a v o r i t e )  

c h an g e s  i n  p r i c e s  d u r i n g  t h e  t im e  he i s  s e a r c h i n g  f o r  a b uy ­

e r  o r  a s e l l e r .

Garbade (1 9 8 2 ) ,  d e f i n e s  a m a rk e t  a s  t h i n  i f  two c o n d i ­

t i o n s  a r e  met:  (1) t h e r e  a r e  few b u y e r s  and s e l l e r s  a t  any

g iv e n  t im e  and (2) t h e  f r e q u e n c y  o f  t r a n s a c t i o n s  i s  low .  

The i m p l i c a t i o n s  of  t h e s e  two c o n d i t i o n s  on p r i c e  b e h a v i o r  

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

p r e s e n c e  o f  t h i n n e s s .  A c co rd in g  t o  S t i g l e r  (196H) , " r e s i l i ­

e n c e  i s  t h e  a b i l i t y  t o  a b s o r b  m arke t  b i d  o r  a sk  o r d e r s  w i t h ­

o u t  a p p r e c i a b l e  f l u c t u a t i o n  i n  p r i c e " .  T h e re  a r e  a c t i v e  and 

t h i n  ex cha n g es  bo th  i n  s p o t  and f u t u r e s  m a r k e t s .  But e v en  

on t h e  same exchange  t h e r e  i s  a d i f f e r e n t  d e g r e e  o f  l i q u i d i ­

t y  and t h i n n e s s .  For  i n s t a n c e ,  on t h e  C h icago  Board of  

T rad e  ( t h e  o l d e s t  f u t u r e s  e x c h a n g e  w i th  t h e  l a r g e s t  t r a d i n g  

volume) T r e a s u r y  Bond f u t u r e s  i s  by f a r  t h e  most  a c t i v e  m ar ­

k e t  f o l lo w e d  by c o rn  and s o y b e a n s ,  w h i l e  s i l v e r  (5000 o z . )  

and plywood a r e  v e ry  i n a c t i v e  m a r k e t s .  T h i s  e x i s t e n c e  of 

t h i n  m a r k e t s  i s  n o t  t h e  r e s u l t  o f  t h e  a b s e n c e  o f  f a c i l i t i e s  

o r  comm unica t ion  d e v i c e s .  I t  r e s u l t s  from t h e  s m a l l  number 

of  p a r t i c i p a n t s  i n  t h e s e  m a r k e t s  who t r a d e  i n f r e q u e n t l y  i n  a 

r e g im e  o f  h ig h  t r a n s a c t i o n s  c o s t s .
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Open i n t e r e s t  can be im plem ented  a s  a p roxy  f o t . t h e  num­

b e r  o f  m a r k e t  p a r t i c i p a n t s  i n  t h e  work o f  Cox (1 9 7 6 ) .  Cox 

o b s e r v e d  t h e  p r e s e n c e  of a d d i t i o n a l  m arke t  p a r t i c i p a n t s  

( s p e c u l a t o r s )  when f u t u r e s  t r a d i n g  i s  p e r m i t t e d .  S p e c u l a ­

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

m i t  i t  t o  t h e  m arke t  by means o f  t a k i n g  s h o r t  o r  lo n g  p o s i ­

t i o n s . 2* In  a d d i t i o n ,  Cox a rg u e d  t h a t  s i n c e  a f u t u r e s  m a r k e t  

h a s  a lo w er  t r a n s a c t i o n  c o s t s ,  i t  makes p o s s i b l e  t h e  t r a d i n g  

among m ark e t  p a r t i c i p a n t s  w i th  h e t e r o g e n e o u s  e x p e c t a t i o n s .  

T h i s  i s  due t o  t h e  f a c t  t h a t  t h e  c o s t  o f  com m unica t ing  and 

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

and i m p e r s o n a l  s e t t i n g .

I t  i s  o b v io u s  t h a t  C o x 's  a rg u m e n ts  r e s t  on t h e  a s su m p t io n  

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

m i t .  I f  i n f o r m a t i o n  was c o s t l e s s  f u t u r e s  t r a d i n g  would n o t  

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

do n o t  e x h i b i t  s u b s t a n t i a l  v a r i a b i l i t y  t h e r e  i s  no need f o r  

f u t u r e s  m a r k e t s ,  s i n c e  i n f o r m a t i o n  need  n o t  be a c q u i r e d .  

T h e r e f o r e ,  t h e  b e s t  c a n d i d a t e s  f o r  f u t u r e s  t r a d i n g  a r e  com­

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

2* ho t  a l l  s p e c u l a t o r s  a r e  w e l l  i n f o r m e d .  Some a r e  u n i n ­
formed and e n t e r  t h e  m a r k e t  j u s t  b e c a u s e  th e y  a r e  l u r e d  
to w a rd s  t h e  c h a n c e  o f  e a r n i n g  h ig h  p r o f i t s .  In  f a c t  b o th  
H ou th ak k er  (1957) and R ockw el l  (1967) sh e d  l i g h t  on t h i s  
i s s u e  by e m p i r i c a l l y  f i n d i n g  t h a t  l a r g e  s p e c u l a t o r s  a r e  
w e l l - i n f o r m e d  (have good f o r e c a s t i n g  a b i l i t y )  and make 
s u b s t a n t i a l  p r o f i t s ,  w h i l e  s m a l l  s p e c u l a t o r s  a r e  r a t h e r  
u n in fo rm e d  and s u f f e r  c o n s i d e r a b l e  l o s s e s .  Both s t u d i e s  
u se  t h e  number o f  open commitments  o f  t h e  l a r g e  and s m a l l  
s p e c u l a t o r s  a s  w e l l  as  f u t u r e s  p r i c e s  to  e s t i m a t e  t h e  
p r o f i t s  and l o s s e s  o f  t h e s e  t r a d i n g  g r o u p s .
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t u r n  i n v i t e s  t h e  g e n e r a t i o n  and t r a n s m i s s i o n  o f  new i n f o r m a ­

t i o n .

Using weekly  s p o t  p r i c e s ,  Cox found  t h a t  w i th  f u t u r e s  

m a rk e t s  t r a d e r s  a c q u i r e  more i n f o r m a t i o n  a b o u t  f a c t o r s  t h a t  

a f f e c t  t h e  demand f o r  and su p p ly  of  t h e  comm odity .  T h i s  

newly g e n e r a t e d  i n f o r m a t i o n  a t t r a c t s  a l a r g e r  number o f  p e o ­

p l e  w i th  an i n t e r e s t  i n  t h e  commodity which i n  t u r n  makes 

t h e  m arke t  l i q u i d .  In  l i q u i d  m a r k e t s  t h e  c o s t  o f  e x e c u t i n g  

a t r a n s a c t i o n  i s  much l e s s  th a n  t h e  " e x e c u t i o n  c o s t s "  i n  a 

t h i n  m a r k e t . 25 C a r r y i n g  C o x ' s  f i n d i n g s  one s t e p  f u r t h e r  we 

r e a l i z e  t h a t  f o r  e a c h  s p e c i f i c  c o n t r a c t  t h e  d e g r e e  of l i q ­

u i d i t y  v a r i e s  d e p e n d in g  on t h e  number o f  t r a d e r s  w i th  o u t ­

s t a n d i n g  com m itm ents ,  i . e . ,  open i n t e r e s t .  I n  g e n e r a l ,  v o l ­

ume o f  open i n t e r e s t  i s  m o n o t o n i c a l l y  i n c r e a s i n g  w i th  t h e  

e l a p s e d  t im e  from i n i t i a t i o n  u n t i l  i t  r e a c h e s  a peak and 

t h e n  s t a r t s  d e c l i n i n g . 26 T h e r e f o r e ,  we can  u s e  t h e  open i n ­

t e r e s t  a s  a good proxy  f o r  l i q u i d i t y . 27 The m a r k e t  f o r  t h i s  

c o n t r a c t  i n  t h e  f i r s t  few months from i n i t i a t i o n  w i l l  be 

t h i n  o r  i l l i q u i d ,  t h e n  a p r o lo n g e d  p e r i o d  o f  a l i q u i d  m ar­

k e t ,  and i n  t h e  l a s t  one  o r  two m o n th s ,  a g a i n  an i l l i q u i d  

m a r k e t .

25 Eoth Working (1970) and  l e l s e r  and H ig inb o tham  (1977) 
s u p p o r t  t h i s  s t a t e m e n t .

26 E m p i r i c a l  e v i d e n c e  p r e s e n t e d  in  a l a t e r  s e c t i o n  shows t h e  
b e h a v i o r  of volume w i th  t im e  t o  m a t u r i t y  r e s e m b l e s  t h e  
b e h a v i o r  of cpen i n t e r e s t .

27 Gray (1960) a l s o  u s e s  open  i n t e r e s t  as  a m easu re  o f  t h i n ­
n e s s  i n  f u t u r e s  m a r k e t s .
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Such an a n a l y s i s  s e t s  t o  examine t h e  d i f f e r e n t i a l  f u t u r e s  

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

q u i d i t y .  The l i n k a g e  be tween  open i n t e r e s t  and volume and 

t h e  v a r i a b i l i t y  o f  p r i c e s  i s  s u p p o r t e d  by T e l s e r  and H i g i n -  

botham (1 9 7 7 ) •  They found  e v i d e n c e  o f  an i n v e r s e  r e l a t i o n ­

s h i p  between p r i c e  v a r i a b i l i t y  and volume o f  t r a d e  and r e a f ­

f i r m  Cox*s a rgu m en t  t h a t  f u t u r e s  t r a d i n g  i n c r e a s e s  t h e  

l i q u i d i t y  o f  t h e  m a r k e t .

In t h e i r  t h e o r y  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 k e t  

c l e a r i n g  p r i c e s  i s  u sed  to  m easure  t h e  l i q u i d i t y  o f  t h e  mar­

k e t .  They show t h a t  t h e  d i s p e r s i o n  o f  t h e  m a r k e t  c l e a r i n g  

p r i c e s ,  d e c r e a s e s  due  t o  i n c r e a s e d  f u t u r e s  t r a d i n g .  The 

s t a n d a r d  d e v i a t i o n  a p p r o a c h e s  z e r o  a s  t h e  volume o f  t r a n s ­

a c t i o n s  i n c r e a s e s  p e r  u n i t  o f  t i m e .  A sam ple  o f  51 commodi­

t i e s ,  d i v i d e d  e q u a l l y  i n t o  a c t i v e ,  l e s s  a c t i v e  and dorm ant  

g r o u p s ,  g e n e r a t e s  r e s u l t s  q u i t e  c o n s i s t e n t  w i th  t h e i r  a r g u ­

m e n t s .  I n  a sample  o f  25 c o m m o d i t i e s  (17 a c t i v e  and 8 i n a c ­

t i v e )  t h e y  o b se rv e d  t h a t  t h e  s i m p l e  c o r r e l a t i o n  be tw een  open 

i n t e r e s t  and volume o f  t r a d e  i s  . 9 3 3 .  T h e i r  r e s u l t s  a r e  

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

p r i c e  b e h a v i o r .  However, t h e y  u se d  a v e r a g e  volume and open 

i n t e r e s t  f o r  a g iv en  com m odi ty .  Such d a t a  c a n n o t  p r o v i d e  e v ­

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

t r a c t s .  I n  a s t r i c t  s e n s e ,  t h e i r  t h e o r y  c a n n o t  be used  t o  

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

t h e  o b s e r v e d  r e l a t i o n s h i p  be tw een  t i m e  t o  m a t u r i t y  and v o l ­
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ume o f  open  i n t e r e s t .  They c o n s i d e r e d  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 arke t  c l e a r i n g  p r i c e s  a s  a p roxy  f o r  l i q u i d i t y .  

However,  (as m en t io n ed  a bove)  volume o f  t r a d e  i s  a l s o  an  i n ­

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

d a r d  d e v i a t i o n  a s  a f u n c t i o n  o f  t h e  volume o f  t r a d e  i n  t h e i r  

e q u a t i o n  (6) , t h e y  do n o t  make t h i s  fo rm u la  e x p l i c i t  i n  

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

t o  imply a r e l a t i o n s h i p  be tw een  p r i c e  v a r i a b i l i t y  and l i q ­

u i d i t y .

S t u d i e s  i n  t h e  s t o c k  m a r k e t s  (Cohen e t . a l .  ( 1 9 7 6 ) ,  Cohen 

e t . a l .  (1976) and P a p a io a n n o u  (1982))  a s s e s s  t h e  p o s s i b l e  

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

t u r n s .  The e v i d e n c e  s u g g e s t s  t h a t  t h e  t h i n n e r  t h e  m ark e t  

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

i t  e x h i b i t s .  Copeland  (1976 ,  1 9 7 7 ) ,  and Epps (1975) p r e ­

s e n t e d  t h e o r e t i c a l  models where t h e y  found t h a t  t h e  t o t a l  

number o f  s h a r e h o l d e r s ,  t h e  p e r c e n t  o f  t r a d e r s  whc view new 

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

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

u n i t  t im e  a f f e c t  t r a d i n g  a c t i v i t y .  R r e d u c t i o n  in  t r a d i n g  

a c t i v i t y  w i l l  i n c r e a s e  th e  b i d - a s k  s p r e a d s  and c o n s e q u e n t l y  

i n c r e a s e  t h e  v o l a t i l i t y  of  su c h  s p r e a d s .  I n  f u t u r e s  m a r k e t s  

t r a d i n g  does n o t  i n v o l v e  m ark e t  m akers  ( i . e ,  s p e c i a l i s t s )  

b u t  i s  c o n d u c te d  in  an open o u t c r y  o f  a v a i l a b l e  b i d s  and o f ­

f e r s . 2 8  when t r a d i n g  a c t i v i t y  i s  low s p e c u l a t o r s  who i n i t i -

2 8  T h is  means t h a t  a t  t i m e s  o f  h ig h  t r a d i n g  a c t i v i t y  i t  i s  
l i k e l y  t h a t  same c o n t r a c t s  may s i m u l t a n e o u s l y  be b i d  o r
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a t e  and o f f s e t  p o s i t i o n s  i n  t h e  c o u r s e  o f  one  d a y ' s  t r a d i n g  

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

m a r k e t .  T h is  i s  b e c a u s e  o f  t h e  h i g h e r  r i s k  t h a t  t h e y  may 

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

o r  w i t h o u t  e n s u r i n g  an a p p r o p r i a t e  p r o f i t  i n  t h e  a b se n c e  of 

a l i q u i d  m a r k e t .  U n w i l l i n g n e s s  among t h e s e  t r a d e r s  to  t a k e  

p o s i t i o n s  i n  t h e  m a r k e t s  i s  bound t o  i n t r o d u c e  lower b i d s  

and h i g h e r  asked  p r i c e s  t h a n  i t  would i n  a l i q u i d  m a r k e t .  

T h e r e f o r e ,  th e  s p r e a d  i n  b i d  and a sk e d  p r i c e s  i s  widened in  

f u t u r e s  m a rk e t s  a s  i n  t h e  s t o c k  m a r k e t s ,  when t r a d i n g  i s  r e ­

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

c r e a s e  i f  t r a n s a c t i o n s  a r e  s low  and o r d e r  i m b a l a n c e s  do n o t  

s t a b i l i z e  t em p o ra ry  p r i c e  c h a n g e s .  A n o th e r  way t o  e s t a b l i s h  

h i g h e r  v a r i a b i l i t y  i n  t h i n  m a rk e t s  i s  t h r o u g h  S t i g l e r ' s  

(1964) c o n t e n t i o n :  low er  t r a d i n g  a c t i v i t y  i n c r e a s e  m a rk e t

u n c e r t a i n t y  a bou t  f a i r  p r i c e s  and t h u s  buy and s e l l  o r d e r s  

a r e  q u o te d  a t  p r i c e s  t h a t  d e v i a t e  from t h e  e q u i l i b r i u m  f a i r  

p r i c e s .

F u t u r e s  c o n t r a c t s  e x h i b i t  a u n i q u e  c h a r a c t e r i s t i c  t h a t  i s  

n o t  p r e s e n t  in  t h e  s p o t  m a r k e t s .  S in c e  e ac h  c o n t r a c t  h a s  a 

f i n i t e  span  o f  l i f e ,  t h e  number o f  p a r t i c i p a n t s  f o r  e a c h  

c o n t r a c t  e x h i b i t s  s y s t e m a t i c  r e l a t i o n s h i p  w i th  t h e  p a s s a g e  

o f  t i m e .  I t  i n c r e a s e s  s l o w l y ,  r e a c h e s  a peak g r a d u a l l y  and 

d e c l i n e s  q u i c k l y  t o  z e r o  a t  m a t u r i t y .  At t h e  t im e  a c o n ­

t r a c t  open s  f o r  t r a d i n g  t h e  open i n t e r e s t  i s  z e r o  s i n c e  no

o f f e r e d  a t  d i f f e r e n t  p r i c e s  in  d i f f e r e n t  p a r t s  o f  t h e  
t r a d i n g  p i t .
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one  h as  u n d e r t a k e n  any p ro m is e  o f  d e l i v e r y  a s  o f  t h a t  t i m e .  

However, a s  t im e  u n f o l d s  t r a d i n g  on t h i s  c o n t r a c t  a d v a n c e s  

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

r e a c h e s  a peak 2-3  months b e f o r e  m a t u r i t y .  T h en ,  open i n ­

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

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

t i m e  t o  m a t u r i t y  r e l a t i o n s h i p  i s  d e p i c t e d  i n  F i g u r e  7 ,  which 

c an  a l s o  be e x p r e s s e d  a s :

01 = f ( T - t )  (18)

w h e r e ,  c u r r e n t  t im e  i s  d e n o te d  w i th  t .  Cl i s  t h e  open i n t e r ­

e s t ,  T i s  t h e  m a t u r i t y  d a t e  and T - t  i s  t h e  t im e  to  m a t u r i t y .

Open
I n t e r e s t

F i g u r e  7:

Time L e f t  t o  M a t u r i t y

The R e l a t i o n s h i p  be tw een  Open I n t e r e s t  and 
Time t o  M a t u r i t y

I f  t h e  open i n t e r e s t  i s  s u f f i c i e n t l y  c a p t u r i n g  t h e  t r a d i n g  

a c t i v i t y  i n  f u t u r e s  m a r k e t s ,  we can  w r i t e  p r i c e  v a r i a b i l i t y  

a s  a f u n c t i o n  o f  open i n t e r e s t :

s = g (01) (19)
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w h e re ,  d s /  dOI < 0 (20)

I n  e q u a t i o n  (1 8 ) ,  t h e  d e r i v a t i v e  w i th  r e s p e c t  t o  t im e  t o  ma­

t u r i t y  f o r  t h e  d i s t a n t  months i s  n e g a t i v e :

dO I/d  ( I - t )  < 0 (21)

S u b s t i t u t i n g  f o r  01 from (18) in  ( 1 9 ) ,  we can e x p r e s s  p r i c e  

v a r i a b i l i t y  s ,  a s  a f u n c t i o n  (h) o f  open i n t e r e s t  and t im e  

t o  m a t u r i t y :

s  = g ( f  ( T - t ) ) = h ( C l , T - t )  (22)

D i f f e r e n t i a t i n g  (22) with  r e s p e c t  t o  t im e  t o  m a t u r i t y  and 

u s i n g  t h e  s i g n s  o f  t h e  d e r i v a t i v e s  i n  (20) and (21) we g e t :  

d s /  d (T-t )  = ( 3 s /  t)0I)  ( *301/ B ( T - t ) ) > 0 (23)

Based on t h e  p r e v i o u s  d i s c u s s i o n ,  e q u a t i o n  (23) sh o u ld  be 

t r u e  d u r i n g  t h e  d i s t a n t  months i n  which open i n t e r e s t  i s  

l o w .  The p o s i t i v e  s y s t e m a t i c  r e l a t i o n s h i p  be tween  p r i c e  

v a r i a b i l i t y  and t im e  t o  m a t u r i t y ,  a s  e v id e n c e d  i n  (2 3 ) ,  i s  

c o n t r a r y  t o  S a m u e l s o n ' s  m a t u r i t y  e f f e c t  h y p o t h e s i s .  S i n c e  

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

t h e  q u e s t i o n  a r i s e s  w h e th e r  i n  t h e  m onths  w i th  low open i n ­

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

by Samuelson*s h y p o t h e s i s .  A v a r i a b i l i t y  i n  e x c e s s  o f  t h e  

amount p r e d i c t e d  by t h e  t im e  t o  m a t u r i t y  would be due t o  

t h i n n e s s .  I n  t h e  n e x t  s e c t i o n  we d i s c u s s  t h e  m ethodo logy  t o  

t e s t  t h i s  i s s u e .
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7 . 2  EXCESS VARIABILITY IN THE ILLIQUID MONTHS HYPOTHESIS

T h is  h y p o t h e s i s  i s  d e r i v e d  from e q u a t i o n s  (22) and (23)

and can be s t a t e d  a s  f o l l o w s :

H ( 0 ) :  There  i s  no d i f f e r e n c e  i n  t h e  v a r i a b i l i t y
be tw een  l i q u i d  and i l l i q u i d  m o n th s ,  a f t e r  t h e  ma­
t u r i t y  e f f e c t  i s  n e u t r a l i z e d .

H ( l ) :  P r i c e  v a r i a b i l i t y  d u r i n g  t h e  l i q u i d  months
i s  d i f f e r e n t  t h a n  th e  p r i c e  v a r i a b i l i t y  i n  t h e  i l ­
l i q u i d  m onths ,  c e t e r i s  p a r i b u s .

To t e s t  f o r  t h i s  h y p o t h e s i s  we need  q u a n t i f i a b l e  m ea su re s  

f o r  p r i c e  v a r i a b i l i t y  and l i q u i d i t y .  S i n c e  we can  u se  th e  

v a r i a n c e  o f  p r i c e  c h an g e s  a s  c a l c u l a t e d  e a r l i e r ,  we f o c u s  

o u r  a t t e n t i o n  on t h e  m ea su re  o f  l i q u i d i t y .

Cope land  (197 9 ) ,  i n  a s tu d y  o f  s t c c k  m a r k e t s  used  two 

m easu re s  t o  e s t i m a t e  t h e  l i q u i d i t y  i n  t h e  m a r k e t :  (1) c h a n g ­

es  i n  t h e  p r o p o r t i o n a l  s h a r e  volume, o f  t r a d i n g  and (2) 

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

C o r n e l l  (1981) s t u d i e d  t h e  r e l a t i o n s h i p  be tw een  l i q u i d i t y  

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

l i q u i d i t y  i n  t h e  f u t u r e s  m a r k e t s .  T e l s e r  and H ig inbo tham  

(1977) u s e  bo th  open i n t e r e s t  and volume of  t r a d i n g  t o  m eas­

u r e  l i q u i d i t y  i n  t h e  m a r k e t .  In  o u r  s t u d y  we can  s e l e c t  e i ­

t h e r  open i n t e r e s t  o r  vo lum e ,  a s  a s u r r o g a t e  f o r  l i q u i d i t y  

i n  t h e  m a rk e t  b e c a u s e  we a r e  o n ly  i n t e r e s t e d  i n  d i v i d i n g  th e  

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

q u i d  p a r t s .  S i n c e  we m e a su re  p r i c e  v a r i a b i l i t y  o v e r  m on th ly  

e s t i m a t i o n  i n t e r v a l s ,  we need  a p ro x y  f o r  l i q u i d i t y  t h a t  

c a p t u r e s  t h e  m onth ly  movements o f  p u b l i c  i n t e r e s t  i n  t r a d ­
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i n g .  We b e l i e v e  t h a t  m on th ly  a v e r a g e s  o f  open i n t e r e s t  o r  

volume can  r e v e a l  c h a n g e s  i n  t h e  l e v e l  o f  l i q u i d i t y .  T h i s  

m easu re  o f  l i q u i d i t y  i s  c a l c u l a t e d  a s  f e l l o w s :

For each  c f  t h e  11 co m m o d i t ie s  we o b t a i n  d a i l y  open i n ­

t e r e s t  f o r  each  c o n t r a c t ,  which  we a v e r a g e  i n  monthly  i n t e r ­

v a l s  and r e c o r d  t h e  c o r r e s p o n d i n g  t im e  to  m a t u r i t y . 29 Month­

l y  a v e r a g e s  a r e  t a k e n  a s  a s im p le  a v e r a g e  o f  open i n t e r e s t  

on t h e  f i r s t  and t h e  l a s t  t r a d i n g  day of t h e  m o n th .30 Then 

we t a k e  t h e  g ra n d  a v e r a g e  o f  a l l  a v e r a g e s  a c r o s s  c o n t r a c t s  

( f o r  a commodity) segm en ted  a c c o r d i n g  t c  t h e  t im e  t o  m a t u r i ­

t y .  P l o t t i n g  open i n t e r e s t  a g a i n s t  t h e  t im e  t o  m a t u r i t y ,  a s  

i n  F i g u r e  7 ,  sh o u ld  r e v e a l  t h e  ,,c u t - o f f ,, month ( i f  any) be­

tween l i q u i d  and i l l i q u i d  m o n th s .  S i n c e  t h e  m a t u r i t y  e f f e c t  

im poses  a n e g a t i v e  m o n o to n ic  r e l a t i o n s h i p  be tw een  v a r i a b i l i ­

t y  and t im e  t o  m a t u r i t y ,  we can p l o t  t h i s  r e l a t i o n s h i p  f o r  

t h e  l i q u i d  months ( a s  i n  F i g u r e  8) and then  e x te n d  i t  t o  t h e  

i l l i q u i d  m o n th s .  I f  t h e  c a l c u l a t e d  v a r i a b i l i t y  (d en o te d  

w i th  x) l i e s  c o n s i s t e n t l y  a b o v e  t h e  im p l i e d  v a r i a b i l i t y  (d e ­

n o te d  w i th  d o t s )  o u r  a l t e r n a t i v e  h y p o t h e s i s  w i l l  be a c c e p t ­

ed .

29 Open i n t e r e s t  and volume d a t a  were o b t a i n e d  from t h e  S t a ­
t i s t i c a l  Annuals  which a r e  p u b l i s h e d  by t h e  f u t u r e s  e x ­
c h an g es  on which t h e  v a r i o u s  c o m m o d i t ie s  a r e  t r a d e d .

30 F i g l e w s k i  (1981) c o n s t r u c t e d  i n  t h e  same way an open i n ­
t e r e s t  v a r i a b l e  a s  a m e a su re  o f  f u t u r e s  m a r k e t s  a c t i v i t y .  
H i l l  and Schneew eis  (1982) r e f e r  t o  t h e  l i q u i d  c o n t r a c t s  
as t h o s e  w ith  h ig h  open i n t e r e s t .
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The e v i d e n c e  on t h e  r e l a t i o n s h i p  of  t im e  t o  m a t u r i t y  w i th  

volume and open i n t e r e s t  i s  p r e s e n t e d  i n  t h e  n e x t  c h a p t e r .
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The c a l c u l a t i o n s  of t h e  m on th ly  a v e r a g e  volume i s  s l i g h t l y  

d i f f e r e n t  from t h e  c a l c u l a t i o n  o f  t h e  a v e r a g e  open i n t e r e s t .  

The d i f f e r e n c e  i s  t h a t  m o n th ly  a v e r a g e s  o f  volume a r e  b a s e d  

on a l l  t r a d i n g  days  i n  a month .  I f  t h e  f i r s t - l a s t  t r a d i n g  

day a v e r a g e  volume was u s e d ,  s i g n i f i c a n t  b i a s e s  would have  

b een  i n t r o d u c e d .  T h i s  i s  b e c a u se  t h e  d a i l y  volume w i t h i n  a 

month h a s  a r a t h e r  random b e h a v i o r  w i th  no s p e c i f i c  t r e n d s .  

T h e r e f o r e ,  an a v e r a g e  ba sed  on f i r s t - l a s t  t r a d i n g  day volume 

seems i n n a p r o p r i a t e . However, t h i s  p rob lem  i s  n o t  p r e s e n t  

when c a l c u l a t i n g  a v e r a g e  open  i n t e r e s t ,  b e c a u s e  w i t h i n  any 

month open i n t e r e s t  e x h i b i t s  a m on o ton ic  b e h a v i o r  ( i n c r e a s ­

i n g  o r  d e c r e a s i n g ) ,  in  g e n e r a l .  H ence ,  f i r s t - l a s t  t r a d i n g  

day open i n t e r e s t  c a n  s u f f i c i e n t l y  e s t i m a t e  m on th ly  a v e r a g e  

open  i n t e r e s t .

Another  i m p o r t a n t  i s s u e  i n  c a l c u l a t i n g  m on th ly  a v e r a g e s  

o f  open i n t e r e s t  and  volume i s  t h e  o b s e r v e d  s e a s o n a l i t y  in  

t h e  v a r i a n c e  o f  p r i c e  e x p r e s s e d  a s  ’'m onth” , " y e a r ” , o r  ’' c o n ­

t r a c t  month” e f f e c t s .  I f  open i n t e r e s t  a n d / o r  volume a r e  

s e n s i t i v e  t o  t h e  same s o u r c e s  o f  s e a s o n a l i t y  t h a t  t h e  v a r i ­

a n c e  o f  p r i c e  c h a n g e s  i s ,  t h e n  i t  m a t t e r s  what a v e r a g i n g  

p r o c e d u r e  we u s e .  Using  two y e a r s  of d a t a  we t r y  t o  i s o l a t e

-  71  -
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t h e s e  e f f e c t s  by a v e r a g i n g  a c r o s s  d i f f e r e n t  c a l e n d a r  y e a r s ,  

c a l e n d a r  months and c o n t r a c t  m o n th s ,  h o l d i n g  c o n s t a n t  o n l y  

t h e  t im e  t o  m a t u r i t y .  In t h i s  way any  form o f  s e a s o n a l i t y  

w i l l  n o t  b i a s  t h e  r e l a t i o n s h i p  o f  l i q u i d i t y  m easu re s  t o  t h e  

t i m e  t o  m a t u r i t y .

In  T a b le  7 we p r e s e n t  t h e  a v e r a g e  open i n t e r e s t  in  a g i v ­

en month away from m a t u r i t y .  The r e s u l t s  a r e  f o r  t h e  y e a r s  

1980-1981  f o r  a l l  c o m m o d i t i e s .  O v e r a l l ,  t h e  r e s u l t s  r e v e a l  

t h e  i n t e r e s t i n g  b e h a v i o r  o f  open i n t e r e s t  a s  c o n t r a c t  n e a r s  

m a t u r i t y :  i t  i n c r e a s e s  r a p i d l y  d u r i n g  t h e  f i r s t  3-4 months

from i n i t i a t i o n  and th e n  s l o w l y ,  u n t i l  i t  r e a c h e s  t h e  m ax i­

mum v a l u e  2-3  months b e f o r e  m a t u r i t y .  T h i s  r e l a t i o n s h i p  i s  

c a p t u r e d  d r a m a t i c a l l y  i n  e a c h  o f  F i g u r e s  9 t h r o u g h  12 .

The l e v e l  o f  open i n t e r e s t  d i f f e r s  a c r o s s  f u t u r e s  mar­

k e t s ,  w i th  c o rn  h a v in g  t h e  h i g h e s t  open  i n t e r e s t  and s i l v e r  

t h e  s m a l l e s t .  I t  i s  no s u r p r i s e  t h a t  c o rn  e n j o y s  s u c h  a 

l a r g e  number o f  open com m itm en ts .  Corn  i s  t h e  b i g g e s t  s i n ­

g l e  c r o p  in  t h e  U .S .  and a s  such  i t  a f f e c t s  a r e l a t i v e l y  

l a r g e  number o f  m a rk e t  p a r t i c i p a n t s - f a r m e r s ,  com m erc ia l  

u s e r s  and a n im a l  f e e d e r s .  Cn an a v e r a g e ,  i t  t a k e s  t h e  open 

i n t e r e s t  o f  wheat ( second  l a r g e s t  c r o p )  t o g e t h e r  w i th  t h a t  

o f  soybean  complex ( b e a n s ,  meal and o i l )  t o  match c o r n ' s  

open  i n t e r e s t .  Among t h e  t h r e e  m e t a l s ,  go ld  h a s  t h e  h i g h e s t  

open  i n t e r e s t  f o l lo w e d  by c o p p e r  and f a r  below by s i l v e r .  

T - b o n d s ,  f o l l o w i n g  c o r n ,  s o y b e a n s  and w h e a t ,  have  t h e  h i g h ­

e s t  open i n t e r e s t  among t h e  f i n a n c i a l s  wi th  G.N.M.A. and T-
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TABLE 7

Average Open I n t e r e s t  by Month t o  M a t u r i t y :  1980-81

CORN WHEAT SOYBEANS SOYMEALS

MTP1 (1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3)

0 33,402 9 - . 8 1 8,169 6 - . 8 8 23 ,955 13 - . 7 9 2 ,669 16 - . 7 7
1 174,973 49 - . 4 4 66,527 53 - . 4 2 112,811 63 - . 3 7 11 ,677 70 - . 3 0
2 314,309 86 - . 1 1 114,870 91 - . 0 9 178 ,347 100 .18 16 ,713 100 .22
3 354,377 100 .10 126,327 100 .13 150,765 84 .12 13 ,703 82 .32
U 323,091 91 .31 112,001 89 .28 134,824 76 .23 10 ,388 62 .37
5 246,867 70 .23 87,788 69 .38 109,733 76 .21 7 ,566 45 .31
6 200,339 57 .22 63,620 50 .17 91,044 51 .20 5 ,796 35 .40
7 163,930 46 .26 54,510 43 .52 75,958 43 .25 4 .145 25 .40
6 130,164 37 .35 35,755 28 .40 60,769 34 .28 2 ,969 18 .45
9 9 6 ,3QB 27 .44 25,492 20 .63 47,313 27 .38 2 ,047 12 .51

10 66,663 19 .49 15,684 12 .52 34,162 19 .53 1 ,360 8 .59
11 44,749 13 .55 10,312 8 .78 22,295 13 .59 854 5 .67
12 28,821 8 .70 5,794 5 1.05 14,056 8 1.17 456 3 1.22
13 16,941 6 1.88 2,830 2 2.42 6 ,492 4 1.68 205 1 3.77
IK 5,877 2 1.19 827 1 2.88 2,421 1 11.29 43 0 3.78
15 2,683 1 - 213 0 - 197 0 — 9 0 —

SOYOIL COPPER GOLD SILVER

MIM (1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3)

0 3,249 17 - . 7 7 876 5 - . 9 0 2,571 8 - . 8 6 808 9 - . 6 3
1 14,022 71 - . 2 9 8 ,538 50 - . 4 8 17,928 SB - . 4 2 4 ,632 54 - .4 6
2 19,666 100 .25 16,34 4 96 - . 0 4 31 ,110 100 .15 8 ,588 100 .11
3 15,754 80 .46 17,0 31 10 0 .29 27 ,140 87 .24 7 ,754 90 .14
4 10,78 9 55 .40 13,162 77 .4 3 21,893 70 .08 6 ,827 79 .37
5 7,7 33 39 .26 9 ,187 54 .29 20,185 65 .07 4 ,987 58 - .0 1
6 6 ,203 32 .30 7 ,116 42 .3 0 18,9 53 61 - . 0 3 5 ,038 59 .27
7 4,753 24 .30 5 ,492 32 .29 19,550 63 - . 0 0 3 ,979 46 .02
6 3,645 19 .40 4 ,251 25 .34 19,562 63 - . 0 3 3 ,884 45 .19
9 2,605 13 .47 3 ,173 19 .2 7 20,234 65 - . 0 2 3 ,254 38 - . 1 8

10 1,777 9 .18 2,496 15 .1 7 20,645 66 - . 0 3 3 ,949 46 .02
11 1,510 8 1.46 2,125 12 .3 5 21,203 68 .03 3 ,688 45 .18
12 615 3 .75 1 ,5 76 9 .1 9 20,634 66 - . 0 2 3 ,300 38 .47
13 352 2 1.50 1 ,32 8 8 .07 21,029 68 .06 2 ,252 26 .17
14 141 1 .74 1 ,238 7 . 4 1 19.825 64 .58 1 ,918 22 .57
15 81 0 - 880 5 .19 18,740 60 .13 1 ,223 14 .11
16 74 2 4 .60 16,604 53 .10 1 ,106 13 .46
17 465 3 .26 15.094 49 .22 757 9 .06
18 369 2 .63 12,367 40 .33 703 8 .53
19 226 1 .35 9 ,277 30 .96 458 5 .36
20 168 1 .79 4,724 IS .64 338 4 .94
21 94 1 2.90 2,879 9 1.61 174 3 1.64
22 24 0 - 1,105 4 - 66 1 -



T a b l e  7 ( c o n t i n u e d )

G.N.M .A. T-BONDS T-BILLS

MTM (1) (2) (3) (1) (2) (3) (1) (2) (3)

0 1 ,28 4 10 - . 8 0 6 ,8 2 9 17 - . 6 9 4 ,27 0 30 - . 5 2
1 6 ,56 0 53 - . 3 8 22 ,3 77 54 - . 3 2 8 ,889 64 - . 3 6
2 1 0 ,6 6 5 86 - . 1 4 33 ,12 2 81 - . 2 5 13 ,9 9 5 100 .00
3 1 2 ,4 6 7 100 .11 4 1 ,0 8 8 100 .29 1 3 ,9 4 0 100 .29
4 1 1 ,2 7 6 90 .02 3 1 ,8 1 0 77 .47 10 ,8 2 2 77 .27
5 11 ,068 89 .18 2 1 ,6 0 1 53 - . 0 3 8 ,546 61 .30
6 9 ,370 75 .04 22 ,2 8 9 54 .15 6 ,590 47 .24
7 9 ,044 73 - . 0 1 19 .3 34 47 .12 5 ,336 38 .08
8 9 ,178 74 .07 1 7 ,3 0 3 42 - . 0 3 4 ,9 1 8 35 .27
9 8 ,559 69 - . 0 1 1 7 ,8 1 6 43 .05 3 ,865 28 .32

10 8 ,683 70 - . 0 1 1 6 ,9 3 1 41 .04 2,935 21 .20
11 8 ,758 70 .02 1 6 ,3 2 2 40 - . 0 8 2 ,439 17 .29
12 8 ,590 69 - . 0 3 1 7 ,6 4 9 43 .02 1 ,8 9 6 14 .24
13 8 ,896 71 - . 0 5 1 7 ,3 1 1 42 .01 1 ,5 3 4 11 .01
14 9 ,3 4 1 75 - . 0 4 1 7 ,0 7 7 42 - . 0 2 1 ,5 12 11 .16
15 9 ,744 78 - . 0 1 1 7 ,4 1 7 42 .02 1 ,29 9 9 .19
16 9 ,878 79 - . 0 3 1 7 ,0 2 8 41 .02 1 ,095 8 .23
17 1 0 ,1 7 0 82 .02 1 6 ,6 8 7 41 .00 887 6 .24
18 9 ,992 80 .03 1 6 ,5 6 3 40 .07 716 5 .23
19 9 ,6 6 7 7e .02 1 5 ,4 5 8 38 .01 580 4 .37
20 9 ,518 76 .04 1 5 ,3 7 9 37 - . 0 2 4 24 3 .58
21 9 ,17 2 74 .07 1 5 ,6 7 0 38 .06 269 2 .88
22 8 ,578 69 .07 1 4 ,7 1 6 36 .07 143 1 1 .8 0
23 8 ,023 64 .16 1 3 ,7 9 0 34 .07 51 0 —

24 6 ,939 56 .11 1 2 ,8 4 4 31 .06
25 6 ,24 4 50 .06 1 2 ,0 8 7 29 .04
26 5 ,89 9 47 .18 1 1 ,6 7 2 28 .07
27 4 ,98 2 40 .19 1 0 ,9 1 9 27 .18
28 4 ,20 2 34 .13 9 ,2 7 2 23 .20
29 3 ,705 30 .34 7 ,7 5 1 19 .28
30 2 ,771 22 .18 6 ,0 3 2 15 .59
31 2 ,35 3 19 .30 3 ,7 9 1 9 - . 0 9
32 1 ,8 1 2 15 .41 4 ,1 7 2 10 .60
33 1 ,285 10 - . 3 4 2 ,6 0 7 6 - . 4 7
34 1 ,936 16 1 .1 2 4 ,9 4 8 12 .40
35 1 ,729 14 - 3 ,5 3 0 9 —

' MTM' s t a n d s  f o r  months t o  m a t u r i t y .
The m o n th ly  a v e r a g e  open i n t e r e s t  i s  i n  column (1) .
Column (2) i s  t h e  p e r c e n t a g e  p r o p o r t i o n  o f  e ac h  a v e r a g e  
o pen  i n t e r e s t  r e l a t i v e  t o  t h e  h i g h e s t  a v e r a g e  open 
i n t e r e s t  f o r  t h a t  com m odi ty .
Column (3) shows t h e  r a t e  o f  i n c r e a s e  o r  d e c r e a s e  c f  t h e  
a v e r a g e  open i n t e r e s t  f o r  a g iv e n  month t o  m a t u r i t y ,  o v e r  
t h e  p r e v i o u s  month t o  m a t u r i t y .
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Figure 10
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b i l l s  i n  lo w e r  b u t  s i m i l a r  r a n k i n g .  Among t h e  11 commodi­

t i e s  ex am in e d ,  o n ly  t h e  5 a g r i c u l t u r a l s , c o p p e r ,  s i l v e r ,  X-
0

bonds and T - b i l l s  e x h i b i t  a s t r i c t  g r a d u a l  i n c r e a s e  w i t h  a 

d e c r e a s e  i n  t im e  to  m a t u r i t y .  G.N.M.A. and e s p e c i a l l y  g o l d ,  

seem t o  a t t a i n  most  o f  t h e  open i n t e r e s t  i n  t h e  f i r s t  5-8  

m onths  from i n i t i a t i o n  and r e t a i n  i t  a t  t h e  same l e v e l  u n t i l  

4 -5  months b e f o r e  m a t u r i t y .  T h is  b e h a v i o r  o f  open i n t e r e s t  

can  e a s i l y  be seen  i n  t h e  p e r c e n t a g e  o f  e a c h  a v e r a g e  open 

i n t e r e s t  r e l a t i v e  t o  t h e  h i g h e s t  a v e r a g e  open i n t e r e s t  f o r  

t h a t  commodity (column (2))  and i n  t h e  r e l a t i v e  change  of 

a v e r a g e  open i n t e r e s t  be tw een  two c o n s e c u t i v e  months t o  ma­

t u r i t y  (column ( 3 ) ) .  Column (2) r e v e a l s  t h a t  50% of  t h e  a v ­

e r a g e  h i g h e s t  open i n t e r e s t  i s  r e a c h e d  w i t h i n  4 -6  months be ­

f o r e  th e  d e l i v e r y  m o n th ,  w h i l e  t h e  peak (100%) o c c u r s  i n  t h e  

2nd o r  3rd month b e f o r e  m a t u r i t y .  E x c e p t i o n  t o  t h e  f o r m e r  

c o n c l u s i o n  i s  t h e  b e h a v i o r  o f  go ld  and G.N.M.A. where h a l f  

o f  t h e  open i n t e r e s t  i s  r e a c h e d  16 m cnths  (g o ld )  and 25 

m onths  (G.N.M.A.) b e f o r e  m a t u r i t y .

Column (3) shows d r a m a t i c  r a t e s  o f  i n c r e a s e s  d u r in g  t h e  

f i r s t  3-4  months from i n i t i a t i o n ,  t h e n  r e l a t i v e  smooth r a t e s  

o f  i n c r e a s e s  u n t i l  t h e  50% open i n t e r e s t  l e v e l  i s  r e a c h e d .  

Beyond t h i s  p o i n t ,  l a r g e  r a t e s  o f  i n c r e a s e  a r e  o b s e r v e d  so 

t h a t  t h e  peak i s  r e a c h e d  w i t h i n  2-3  m onths .  A f t e r w a r d s ,  

t r a d e r s  s t a r t  c l o s i n g  t h e i r  p o s i t i o n s  and t h e  open  i n t e r e s t  

d e c l i n e s  a b r u p t l y  t o  s m a l l  l e v e l s  of 5%-30% of  t h e  h i g h e s t  

o b s e r v e d  open i n t e r e s t .  T h i s  p r o p o r t i o n  i s  h i g h e r  w i th  f i -
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n a n c i a l s  (G.N.M.A.=10%, I - b o n d s =17%, T - b i l l s = 3 0 % ) . and t h e  

so y b e a n  complex (beans=13%, meal=16%, o i l  =17%) . Such b e h a v ­

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

w i t h  t h e s e  f u t u r e s  m a r k e t s ,  o r  d i f f e r e n t  r i s k  o f  e x p o s u r e

d u r i n g  t h e  month of d e l i v e r y .

One d i s a d v a n t a g e  i n  m e a s u r in g  l i q u i d i t y  a s  number of open 

co m m itm en ts ,  i s  t h a t  i t  d o e s  n o t  c a p t u r e  t h e  t r a d i n g  t h a t  

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

(m o s t ly  commodity e x ch a n g e  members) i n i t i a t e  p o s i t i o n s  d u r ­

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

them o v e r n i g h t .  S c a l p e r s  ( p r o f e s s i o n a l  t r a d e r s  and e x ch a n g e  

members) f a l l  i n  t h i s  c a t e g o r y  o f  t r a d e r s .  They t r a d e  in

minimum f l u c t u a t i o n s  a l a r g e  number o f  c o n t r a c t s  t a k i n g  

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

a d d s  t o  t h e  l e v e l  o f  s p e c u l a t i v e  l i q u i d i t y  and i t  i s  c a p ­

t u r e d  i n  t h e  r e p o r t e d  volume o f  t r a n s a c t i o n s .  Our r e s u l t s  

on t h e  a v e r a g e  volume pe r  month a r e  shown i n  T a b le  8 and 

F i g u r e s  1 3 - 1 6 .

In a l l  11 c o m m o d i t i e s  t h e  r e s u l t s  i n d i c a t e  a s t r o n g  r e l a ­

t i o n s h i p  o f  a v e ra g e  volume w i th  t i m e  t c  m a t u r i t y .  Volume 

i n c r e a s e s  s i g n i f i c a n t l y  d u r i n g  t h e  f i r s t  few months f rom 

c o n t r a c t  i n i t i a t i o n ,  th en  s l o w l y  i n c r e a s e s  t o  r e a c h  a peak 

i n  1-3  months b e f o r e  m a t u r i t y  and d r o p  t o  v e ry  low l e v e l s  

t h e r e a f t e r .  The two most  h e a v i l y  t r a d e d  co m m o d i t ie s  a r e  

c o r n  and so y b e a n s  fo l lo w e d  by w h e a t ,  T -bonds  and g o l d .  The 

r a n k i n g s  based  on volume a r e  t h e  same a s  t h o s e  w i th  t h e  open
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TABLE 8

Average Volume by Month t o  M a t u r i t y :  1980-81

CORN WHEAT SOYBEANS SOXMEALS

MTM (1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3)

0 1 8 , 4 1 5 20 - . 7 6 5 ,9 1 0 12 - . 8 0 2 2 ,0 7 2 23 - . 6 9 1 , 9 2 6 38 - . 6 2
1 7 5 , 2 1 7 61 - . 1 9 2 9 , 4 3 5 59 - . 3 7 7 1 , 8 2 7 76 - . 2 4 5 , 0 3 7 100 .1 8
2 9 3 , 1 5 2 100 .04 4 6 , 7 7 9 94 - . 0 6 9 4 , 0 5 9 100 .37 4 , 2 6 4 85 .4 4
3 8 9 , 2 2 7 96 .16 4 9 , 5 7 3 100 . 3 3 6 8 , 6 1 7 73 .4 5 2 ,947 59 .7 3
4 7 6 , 8 9 9 63 .35 3 7 , 4 1 3 75 . 2 6 0 7 , 2 7 6 50 .8 0 1 , 7 0 3 34 .36
5 5 7 , 1 0 7 61 .51 2 9 , 7 1 2 60 . 7 7 2 6 , 2 9 9 28 .52 1 ,2 5 6 25 .65
6 3 7 , 7 3 3 41 .17 1 6 , 7 7 4 34 .6 1 1 7 , 2 7 3 18 .34 763 15 .56
7 3 2 , 2 0 0 35 .27 1 0 , 4 1 2 21 . 6 4 1 2 , 8 8 0 14 .41 4 89 10 .4 8
B 2 5 , 2 7 9 27 .6 1 6 , 3 3 2 13 . 6 3 9 , 1 5 2 10 .31 331 7 .55
9 1 5 , 6 9 3 17 .64 3 , 8 9 6 8 .6 2 6 ,9 9 9 7 .42 214 4 .34

10 9 ,5 3 8 10 .25 2 ,4 07 5 .5 4 4 , 9 2 3 5 .30 160 3 .82
11 7 , 6 4 6 8 .62 1 ,5 6 6 3 1 . 0 1 3 , 7 9 8 4 .5 5 88 2 .54
12 4 ,7 1 6 5 .79 781 2 1 . 0 2 2 ,44 3 3 .85 57 1 .36
13 2 , 6 4 1 3 .88 38 7 1 .3 4 1 ,3 2 2 1 .72 42 1 1. 63
14 1 , 4 0 6 2 . 1 5 28 8 1 2 . 3 1 76 8 1 2 7 .4 4 16 0 .33
15 1 , 2 2 3 1 - 87 0 - 27 0 — 12 0

SOYOIL COPFER GOLD SILVER

MTN (1) (2) (3) (1) (2) (3) <1) (2) (3) (1) (2) (3)

0 2 , 1 3 6 44 - . 5 6 26 5 8 - . 8 7 1 ,2 1 3 6 - . 9 3 854 48 - . 4 9
1 4 , 8 7 4 100 .17 2 ,0 3 3 63 - . 3 7 1 6 , 7 4 9 89 - . 1 1 1 , 6 8 3 94 - . 0 4
2 4 ,1 7 3 86 .40 3 , 2 1 9 100 . 0 3 1 8 ,8 4 0 100 .6 3 1 , 7 5 1 97 - . 0 3
3 2 ,9 8 9 61 .68 3 ,1 1 4 97 . 6 4 1 1 , 5 3 3 61 .96 1 , 7 9 7 100 1 .1 3
4 1 ,7 8 3 37 .4 5 1 ,6 9 5 59 . 9 7 5 , 8 7 1 31 1 .0 9 844 45 1. 5 2
5 1 , 2 3 1 25 .73 961 30 . 4 6 2 ,8 08 IS .74 335 19 - . 0 2
6 712 15 .63 660 21 . 7 5 1 ,6 1 2 9 . 0 2 341 19 .95
7 4 38 9 .27 378 12 . 2 5 1 ,5 8 2 8 .35 175 10 - . 1 8
e 344 7 . 6 0 302 9 . 3 2 1 , 1 7 0 6 .00 214 12 .75
9 215 4 .35 229 7 .5 3 1 ,1 7 0 6 .17 122 7 .26

10 159 3 .73 150 5 . 2 6 1 , 0 0 0 5 . 0 2 97 5 - . 2 5
n 92 2 .5 1 119 4 . 3 5 981 5 - . 0 3 129 7 .04
12 61 1 .07 88 3 . 2 4 1 ,0 1 4 5 - . 0 5 124 7 .20
13 57 1 1 .2 8 71 2 . 2 2 1 , 0 7 1 6 .08 103 6 .32
14 25 1 .2 5 58 2 . 0 5 990 5 .02 78 4 .1 8
15 20 0 - 55 2 1 . 2 0 974 5 . 2 3 66 4 .38
16 25 1 . 5 6 789 4 .1 1 48 3 .12
17 16 0 - . 2 7 713 4 .3 0 43 2 .43
IB 22 1 . 8 3 508 3 .21 30 2 - . 2 5
19 12 0 . 0 9 052 2 .1 0 40 2 .7 4
20 11 0 .2 2 012 2 1 .3 4 23 1 - . 0 6
21 9 0 . 5 0 176 1 .04 25 1 - . 0 4
22 6 0 - 170 1 - 26 1 -



T ab le  8 ( c o n t i n u e d )

G.N.M .A. T - BONDS T-BILLS

MTM (1) (2) (3) (1) (2) (3) (1) (2) (3)

0 337 7 - . 8 8 1 ,7 9 8 6 - . 9 1 2 ,411 22 - . 7 3
1 2 ,877 63 - . 2 7 2 0 ,547 74 - . 1 1 8 ,8  81 81 - . 1 9
2 3 ,928 86 - . 1 4 2 3 ,1 9 8 83 - . 1 7 1 1 ,003 100 - . 0 0
3 4 ,58 8 100 .40 2 7 ,933 100 .90 1 1 ,0 1 1 100 .68
4 3,286 72 .98 1 4 ,6 9 1 53 1 .5 7 6 ,552 60 .57
5 1 ,655 36 .27 5 ,7 26 20 .13 4 ,181 38 .50
6 1 ,301 28 .46 5 ,066 18 .54 2 ,781 25 .60
7 894 19 .42 3 ,2 9 7 12 .62 1 ,73 7 16 .28
8 628 14 .11 2 ,03 6 7 - . 0 0 1 ,3 5 2 12 .31
9 567 12 .27 2 ,044 7 .49 1 ,0 3 0 9 .66

10 445 10 .03 1 ,3 6 9 5 .34 6 21 6 .64
11 431 9 .10 1 ,0 2 0 4 - . 1 2 378 3 .51
12 391 9 .07 1 ,1 6 4 4 .26 251 2 .39
13 364 8 .02 921 3 .06 180 2 .36
14 357 8 - . 1 1 871 3 - . 2 1 132 1 - . 0 7
15 400 9 .11 1 ,1 0 7 4 .41 142 1 .52
16 360 8 .08 783 3 .18 93 1 .75
17 333 7 - . 2 3 661 2 - . 2 6 53 1 - . 0 7
18 434 9 .17 898 3 .28 57 1 .43
19 371 8 .21 704 3 .29 40 0 .60
20 306 7 - . 3 7 546 2 - . 4 0 25 0 - . 0 7
21 484 11 .27 913 3 .53 27 0 .50
22 381 8 .15 596 2 .12 18 0 1 .5 7
23 330 7 - . 2 7 531 2 - . 2 4 7 0 -
24 451 10 .52 695 2 .28
25 297 6 .48 541 2 .20
26 201 4 - . 3 6 449 2 - . 2 4
27 314 7 .55 588 2 .42
28 203 4 .41 413 1 .38
29 144 3 .17 299 1 - . 0 8
30 123 3 .01 324 1 .52
31 122 3 - . 1 7 213 1 .16
32 147 3 .79 184 1 - . 2 7
33 82 2 .37 252 1 1 .8 3
34 60 1 - . 5 8 89 0 - . 5 8
35 142 3 — 211 1 —

'MTM* s t a n d s  f o r  months t o  m a t u r i t y .
The m onth ly  a v e r a g e  volume i s  in  column ( 1 ) .
Column (2) i s  t h e  p e r c e n t a g e  p r o p o r t i o n  o f  e ac h  a v e r a g e  
volume r e l a t i v e  t o  t h e  h i g h e s t  a v e r a g e  volume 
f o r  t h a t  commodity .
Column (3) shows t h e  r a t e  o f  i n c r e a s e  o r  d e c r e a s e  of  t h e  
a v e r a g e  volume f o r  a g iv e n  month t o  m a t u r i t y ,  o v e r  
t h e  p r e v i o u s  month t o  m a t u r i t y .
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Figure 13
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Figure 14

Volume and Time to Maturity: 
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Figure 15

Volume and Time to Maturity:
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Figure 16
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i n t e r e s t .  A l so ,  s i l v e r  w i t h  t h e  s m a l l e s t  open i n t e r e s t  has 

t h e  l o w e s t  volume among t h e  11 c o m m o d i t i e s .  F u r t h e r m o r e ,  in  

7 o u t  o f  11 c a s e s  open  i n t e r e s t  and volume peak s  a r e  i n  t h e  

same month .  O v e r a l l ,  i t  seems t h a t  m on th ly  t r a d i n g  a c t i v i t y  

i s  c a p t u r e d  s u c c e s s f u l l y  by b o th  volume and open i n t e r e s t .  

To p r o v i d e  e v id e n c e  on t h i s  a s s e r t i o n  we c a l c u l a t e  t h e  c o r ­

r e l a t i o n  c o e f f i c i e n t s  b e tw een  t h e  a v e r a g e  open i n t e r e s t  and 

volume from T a b le s  7 and 8 .  The e v i d e n c e  i s  p r e s e n t e d  in  

T a b le  9 t h r o u g h  two c o r r e l a t i o n  m e a s u r e s ,  one  p a r a m e t r i c  

(P e a r so n  p roduc t -m om en t  c o r r e l a t i o n s )  and one  n o n - p a r a m e t r i c  

(Spearman r a n k - c r d e r  c o r r e l a t i o n ) .  The c o r r e l a t i o n  c o e f f i ­

c i e n t s  a r e  h igh  in g e n e r a l ,  w h i l e  S p e a rm a n ’ s c o e f f i c i e n t s  

a r e  g r e a t e r  t h a n  P e a r s o n ' s  i n  a l l  c a s e s .  The two h i g h e s t  

S p e a r m a n ' s  c o e f f i c i e n t s  a r e  f o r  T r e a s u r y  b i l l s  ( .993)  and 

wheat  ( . 9 8 2 ) .  Wheat ( .9 7 1 )  and c o p p e r  ( .957 )  a r e  t h e  two 

h i g h e s t  P e a r s o n ' s  c o e f f i c i e n t s .  Both t e s t s  found t h e  s m a l l ­

e s t  c o r r e l a t i o n  be tw een  open i n t e r e s t  and vclume f o r  

G.N.M.A. and g o l d .  The s m a l l e r  c o r r e l a t i o n  c o e f f i c i e n t  f o r  

G.N.M.A. and g o ld  r e l a t i v e  t o  t h e  o t h e r  c o m m o d i t ie s  i s  p r i ­

m a r i l y  due  t o  h a v in g  a r a p i d  i n c r e a s e  i n  open i n t e r e s t  which 

i s  n o t  accom pan ied  by a s i m i l a r  b e h a v i o r  i n  a v e r a g e  vo lum e.  

One i n t e r e s t i n g  o b s e r v a t i o n  i s  t h a t  s o y b e a n s ,  soybean  meal 

and so y b e an  o i l  have t h e  same S p e a rm a n 's  r an k  o r d e r  c o r r e l a ­

t i o n  c o e f f i c i e n t  ( . 9 4 7 ) .

Both m easu res  o f  c o r r e l a t i o n  i n  T a b l e  9 d e m o n s t r a t e  t h a t  

t h e  a v e r a g e  open i n t e r e s t  and volume a r e  e q u i v a l e n t  p r o x i e s
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TABLE 9

C o r r e l a t i o n  between Open I n t e r e s t  and Volume

Commodity
P e a rs o n  P ro d u c t  

Moment C o r r e l a t i o n s
Spearman Rank-Order  

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

Corn .9 4 6 .965
Wheat .9 7 1 .982
Soybeans .8 9 3 .947
Soybean Meal .8 8 2 .947
Soybean O i l .8 9 8 .947
G.N.M.A. .4 9 3 .720
T r e a s u r y  bonds .8 0 0 .913
T r e a s u r y  b i l l s . 9  54 .993
Copper .9 5 7 .967
Gold .5 1 2 .6  45
S i l v e r .7 4 7 .8  76

S i g n i f i c a n c e  l e v e l  a t  .01%

of  t r a d i n g  a c t i v i t y .  However ,  f o r  o u r  p u r p o s e s ,  S p e a rm a n 's  

r a n k  c o r r e l a t i o n s  a r e  s t r o n g e r  and more a p p r o p r i a t e  t o  u s e .  

The r e a s o n  f o r  t h i s  i s  t h a t  we a r e  n o t  p r i m a r i l y  i n t e r e s t e d  

i n  r e l a t i n g  t h e  change  o f  open i n t e r e s t  i n  u n i t s  to  t h e  

c h an g e  o f  volume in  u n i t s  b u t  r a t h e r  i n  m e a s u r in g  t h e  r e l a ­

t i v e  r a n k i n g  o f  a v e r a g e  open  i n t e r e s t  a s  oppo sed  t o  a v e r a g e  

vo lu m e .  The r e s u l t s  i n  T a b l e  9 which a r e  s i g n i f i c a n t  a t  t h e  

.01% l e v e l ,  s u g g e s t  t h a t  s t u d i e s  i n  f u t u r e s  m a r k e t s  can use  

m on th ly  a v e r a g e s  of volume and o f  open i n t e r e s t  i n t e r c h a n g e ­

a b l y .

With r e s p e c t  t o  t h e  d i f f e r e n c e s  o f  volume b e h a v i o r  a c r o s s  

c o m m o d i t i e s ,  t h e  5 a g r i c u l t u r a l s  e x h i b i t  s m o o th e r  d e v e l o p ­

ments  o f  volume th a n  t h e  r e s t .  At d e l i v e r y  m o n th ,  i n  c o r n .
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t h e  so yb ean  complex ,  T - b i l l s  and s i l v e r  t h e r e  i s  s i g n i f i ­

c a n t l y  h i g h e r  t r a d i n g  volume i n  c o m p a r i s o n  t o  t h e  o t h e r  m ar ­

k e t s ,  where l e s s  t h a n  10% o f  t r a d i n g  ( r e l a t i v e l y  t o  t h e  

h i g h e s t  o b s e r v e d  volume) o c c u r s .  I n  t h e  f i n a n c i a l s  and m e t ­

a l s ,  volume i n c r e a s e s  a t  a v e ry  s lo w  p a c e .  Even 6 t o  7 

months b e f o r e  m a t u r i t y  th e  volume i s  o n ly  20% of  t h e  h i g h e s t  

o b s e r v e d  volume f o r  t h o s e  m a r k e t s .  S i n c e  t h e  open  i n t e r e s t  

b u i l d s  up f a s t e r  t h a n  volume we m ig h t  i n f e r  t h a t  t h e  " e x t r a "  

volume added a b r u p t l y  d u r i n g  t h e  6 months b e f o r e  m a t u r i t y  i s  

m o s t l y  due t o  "day  t r a d i n g ” , t h e  s p e c u l a t i v e  a c t i v i t y  o f  day 

t r a d e r s  and s c a l p e r s .  I n  t h e  o t h e r  months o f  t r a d i n g  i t  

seems t h a t  volume i s  d e te r m in e d  by t h e  h e d g e r s  and m a in ly  

t h e  " p o s i t i o n  t r a d e r s " ,  s p e c u l a t o r s  ( p r o f e s s i o n a l  t r a d e r s  o r  

p u b l i c  commodity t r a d e r s )  who i n i t i a t e  a f u t u r e s  p o s i t i o n  

and h o ld  i t  o v e r  a p e r i o d  o f  d a y s ,  weeks o r  m on th s .  How­

e v e r ,  t h i s  o b s e r v a t i o n  s h o u ld  n o t  l e a d  one t o  a r g u e  t h a t  f u ­

t u r e s  m a r k e t s  a r e  l i q u i d  o n l y  d u r i n g  t h e  6 t o  7 months be­

f o r e  m a t u r i t y  and t h i n  d u r i n g  t h e  o t h e r s .  As lo n g  a s  t h e  

open i n t e r e s t  i s  h ig h  o r  i n c r e a s e s  d u r i n g  t h e  o t h e r  m o n th s ,  

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

To t h e  e x t e n t  t h a t  t h e  open i n t e r e s t  i s  low d u r i n g  th e  d i s ­

t a n t  months from m a t u r i t y ,  some d e g r e e  of t h i n n e s s  w i l l  be 

a s s o c i a t e d  w i th  t h e s e  m o n t h s . 3 *

3 * On t h e  b a s i s  o f  v a s t  d i f f e r e n c e s  a c r o s s  m a r k e t s  i n  t h e  
a v e r a g e  l e v e l  of b o th  volume and open  i n t e r e s t ,  i t  c o u ld  
be a rg u e d  t h a t  a market  s c o r i n g  low on b o th  m igh t  be i l ­
l i q u i d  th r o u g h o u t  t h e  m onths  o f  t r a d i n g .  T h i s  m igh t  be 
t r u e  w i th  s i l v e r .  However, i f  t h e  s i l v e r  f u t u r e s  m a r k e t  
i s  l e s s  l i q u i d  a s  a w h o le ,  i t  c o u l d  s t i l l  be  t r u e  t h a t



T a b l e s  7 and 8 h e l p  i d e n t i f y  t h e  " c u t - o f f ” months d u r i n g  

which t h e  c o n t r a c t  moves f rom  b e i n g  t h i n  t o  l i q u i d .  S i n c e  

t h e  i d e n t i f i c a t i o n  o f  t h e  p r e c i s e  " c u t - o f f "  month i s  d i f f i ­

c u l t ,  i t  i s  a p p r o p r i a t e  t o  u se  m u l t i p l e  " c u t - o f f "  m onths  

w i t h i n  a r a n g e  o f  t h e  most l i k e l y  m onths  t o  m a t u r i t y .  T h ese  

" c u t - o f f "  months and t h e  a s s o c i a t e d  e m p i r i c a l  r e s u l t s  a r e  

p r e s e n t e d  in  t h e  n e x t  c h a p t e r .

t r a d i n g  d u r i n g  d i s t a n t  months i s  even  l e s s  l i q u i d .  I t  i s  
t h i s  r e l a t i v e  i l l i q u i d i t y  w i t h i n  a p a r t i c u l a r  c o n t r a c t  
t h a t  we t r y  t o  a n a l y z e .



C h a p t e r  9

EVIDENCE ON THE THINNESS RELATED PRICE 
VARIABILITY

To c h o o se  t h e  r a n g e  o f  " c u t - o f f "  m o n th s ,  we u s e  t h e  r e ­

s u l t s  o f  open i n t e r e s t  i n  T a b le  7 .  We s e a r c h  f o r  t h e  month 

a t  which t h e  ch an g e s  i n  column (3) were  d e c r e a s i n g  s u b s t a n ­

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

t i a l  l e v e l  o f  open i n t e r e s t  h a s  a l s o  been a c h i e v e d  (as  c o l -  

umn (2) i n d i c a t e d )  we presum e t h a t  a round  t h i s  month t h e  

c o n t r a c t  h a s  a l i q u i d  m a r k e t .  To a v o id  t h e  p o s s i b i l i t y  of 

an e r r o r  i n  t h e  i d e n t i f i c a t i o n  o f  a month t o  m a t u r i t y  a s  a 

' ' c u t - o f f 1' m onth ,  we t a k e  a 3-month i n t e r v a l  o f  t h e  w o u ld -b e  

" c u t - o f f "  months (2-month i n t e r v a l  i n  t h e  c a s e  c f  g o l d ) . 

Then,  we run  t h r e e  OLS r e g r e s s i o n s  o f  e q u a t i o n  (11) f o r  e a c h  

comm odity ,  each  t im e  t a k i n g  o b s e r v a t i o n s  up t o  and i n c l u d i n g  

t h e  " c u t - o f f "  month.  The r e g r e s s i o n  c o e f f i c i e n t s ,  F - s t a t i s -  

t i c s ,  and R2 a r e  a l l  p r e s e n t e d  i n  Appendix  B. I n  a l l  c a s e s  

e x c e p t  c o r n  and T r e a s u r y  b i l l s ,  t h e  R2 i s  a t  a c c e p t a b l e  l e v ­

e l s ,  w h i l e  t h e  r e g r e s s i o n  c o e f f i c i e n t s  a r e  s i g n i f i c a n t  and 

have  t h e  c o r r e c t  s i g n  ( p o s i t i v e  " c "  and  n e g a t i v e  "b” ) . We 

t h e n  u se  t h e s e  c o e f f i c i e n t s  t o  " e x t e n d "  t h e  r e g r e s s i o n  l i n e  

beyond t h e  " c u t - o f f "  month and c a l c u l a t e  t h e  e s t i m a t e d  e r ­

r o r s  a s  f o l l o w s :

e r r o r t ^=  N (Vt ^ ) -  c  - £ ( T ( j ) - t ) .  (24)

-  91  -
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F o r  each  commodity and each  " c u t - o f f "  month we c a l c u l a t e  t h e

number o f  p o s i t i v e  and n e g a t i v e  e r r o r s  a s  w e l l  a s  t h e  a v e r -
0

a g e  e s t i m a t e d  e r r o r .  To a n a l y z e  t h e s e  r e s u l t s  we t e s t  two 

s t a t i s t i c a l  h y p o t h e s e s .

(1) To t e s t  f o r  t h e  p r o p o r t i o n s  o f  p o s i t i v e  and  n e g a t i v e  

e r r o r s  we employ t h e  s i g n  t e s t ,  a n o n - p a r a m e t r i c  t e s t .  The 

s i g n  t e s t  i s  d e s i g n e d  t o  d e t e r m i n e  w h e th e r  s i g n i f i c a n t  d i f ­

f e r e n c e s  e x i s t  be tw een  two p o p u l a t i o n s  o f  p o s i t i v e  and n e g ­

a t i v e  e r r o r s .  Cur n u l l  h y p o t h e s i s  i s :

H (0 ) :  P ( + ) = P ( - ) = . 5  , a g a i n s t  t h e  a l t e r n a t i v e  H (a) : P ( + ) * . 5  

F o r  l a r g e  v a l u e s  o f  n ( sam p le  s i z e )  and t h e  q u a n t i t y  

n P ( + ) P ( - )  g r e a t e r  t h a n  3,  we can a p p r o x i m a t e  t h e  b i n o m i a l  

w i th  a no rm a l  d i s t r i b u t i o n  and c a l c u l a t e  t h e  c r i t i c a l  v a l u e :  

z = (x/n -  . 5 ) /  V  P (+) P ( - ) / n  

w h e r e ,  x i s  t h e  number of  p o s i t i v e  e r r o r s .  I n  T a b le  10 we

p r e s e n t  t h e  number o f  p o s i t i v e  and n e g a t i v e  e r r o r s  as  w e l l  

a s  t h e  a s s o c i a t e d  " z " - v a l u e s  f o r  a l l  months beyond t h e  " c u t ­

o f f "  m on ths .  A s i n g l e  a s t e r i s k  n e x t  t o  t h e  z - v a l u e  i n d i ­

c a t e s  s i g n i f i c a n c e  a t  10%, a d o u b l e  a s t e r i s k  a t  5% and  a 

t r i p l e  a t  1%.

(2) To t e s t  t h e  m a g n i tu d e  o f  t h e  e s t i m a t e d  e r r o r ,  we a s ­

sume t h a t  t h e  e r r o r s  a r e  a p p r o x i m a t e l y  n o r m a l ly  d i s t r i b u t e d  

w i t h  mean z e r o  and s t a n d a r d  d e v i a t i o n  s .  Our h y p o t h e s i s  i s  

formed a s  f o l l o w s :

H ( 0 ) :  Avg=0, a g a i n s t  t h e  a l t e r n a t i v e  H (a) : Avg*0
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TABLE 10

E s t i m a t e d  E r r o r s  and z - s t a t i s t i c s

Commo
d i t y MTM (♦) (-) z (♦) (-) z (+) ( - ) z

8 9 10

9 25 30 - . 6 7 — —
C 10 20 35 - 2 . 0 2 * 3 19 36 - 2 . 2 9 3 * -
0 11 22 33 - 1 . 4 8 19 36 -2 •9 9 * * 3 22 33 - 1 . 4 8
R 12 18 13 0 .9 0 16 15 0 . 1 6 18 13 0 .9 0
N 13 8 21 -2  .413* 8 21 - 2 . 4 1 * * 8 21 —2 .4 1 3 *

in 2 10 -2 .313* 2 10 - 2 .3 1 3 * 2 10 - 2 . 3 1 3 3

7 8 9

8 36 18 2 .4 5 3 * — —

W 9 40 15 j  • j  / VW 37 18 2 . 5  63* -
H 10 35 18 2 .3 4 3 * 34 19 2 .0 6 3 * 31 22 1 .2 4
E 11 34 17 *■> o O «*-.*-•So 33 18 2 .1 0 3 * 30 21 1 .2 6
A 12 21 8 2 .4 1 3 * 21 6 2 .4 1 3 * 18 11 1 .3 0
T 13 14 14 0 .0 14 14 0 .0 14 14 0 .0

14 4 6 - 0 . 6 3 4 6 - 0 . 6 3 4 6 - 0 . 6 3

8 9 10

E 9 42 35 0 .8 0 — —

S E 10 44 33 1 .2 5 46 31 1 .7 1 * -
0 A 11 45 30 1 .7 3 3 45 30 1 .7 3 3 45 30 1 . 7 3 3
Y N 12 17 12 0 .9 3 19 10 1 . 6  73 19 10 1 . 6 7 3

S 13 11 12 - 0 . 2 1 11 12 - 0 . 2 1 11 12 - 0 . 2 1
14 5 1 1 .6 3 6 0 2 .4 5 3 3 6 0 2 .4 5 3 *

6 7 8

7 43 46 -0  .32 — —

8 41 48 - 0 . 7 4 41 48 - 0 . 7 4 -
M 9 49 40 0 .95 49 40 0 . 9 5 50 39 1 .1 7

S E 10 56 32 2 .5 6 3 * 54 34 2 .1 3 3 3 60 28 3 .4 1 3 * *
0 A 11 44 34 1 .1 3 44 34 1 . 1 3 44 34 1 .1 3
Y L 12 26 15 1 .7 2 3 26 15 1 .7 2 3 26 15 1 .7 2 3

13 14 12 0 .3 9 14 12 0 .3 9 14 12 0 .3 9
14 4 3 0 .3 8 4 3 0 . 3 8 4 3 0 .3 8
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6 7 8

7 33 56 - 2 . 4 4 * * — -
s 8 21 68 - 4 . 9 8 * * * 27 62 - 3 . 7 1 * * * —
0 9 18 71 - 5 . 6 2 * * * 31 56 - 2 . 8  6 * * * 36 53 - 1 . 8 0 *
Y 10 20 68 r «* «"i .A. 24 64 —4 . 2  6 * * * 27 61 —3 .6 2  * * *
0 11 19 61 - 4 . 7 0 * * * 22 58 —4 . 0  3 * * * 29 51 — 2 .4 6  * *
I 12 7 33 —4 . 1 1 * * * 11 29 Q C■*4 I O jv v v 12 28 - 2 . 5 3 * *
L 13 9 25 - 2 . 7 4 * * * 11 23 —2 .0  6 * * 12 22 - 1 . 7 2 *

14 4 14 - 2 . 3 6 * * 4 14 - 2 . 3  6 * * 6 12 - 1 . 4 1
— *  -» _ . -----— —--------- - ------ --------— —- —————————

27 28 29

28 10 10 0 .0 - -
29 10 10 0 . 0 10 10 0 .0 —

G 30 10 9 0 .23 10 9 0 . 2 3 10 9 0 .2 3
N 31 11 7 0 .9 4 11 7 0 . 9 4 11 7 0 .9 4
M 32 11 7 0 . 9 4 11 7 0 . 9 4 11 7 0 .9 4
A 33 6 1 1 . 8 9 * 6 1 1 . 8 9 * 6 1 1 . 8 9 *

34 3 3 0 . 0 3 3 0 . 0 3 3 0 .0
35 5 1 1 .6 3 5 1 1 . 6 3 5 1 1 . 6 3

27 28 29

T 28 12 6 1 . 4 1 — -
R B 29 11 7 0 .9 4 10 8 0 . 4 7 —
E 0 30 11 9 0 .4 5 11 9 0 . 4 5 11 9 0 .4 5
A N 31 11 7 0 .9 4 11 7 0 . 9 4 11 7 0 .9 4
S D 32 12 5 1 . 7 0 * 12 5 1 . 7  0* 12 5 1 . 7 0 *
U S 33 3 2 0 . 4 5 3 2 0 . 4 5 2 3 - 0 . 4 5
R 34 2 2 0 . 0 2 2 0 . 0 2 2 0 .0
Y 35 1 3 - 1 . 0 0 1 3 - 1 . 0 0 1 3 - 1 . 0 0

8 9 10

9 1 27 - 4 . 9 1 * * * — -
10 4 24 - j  • / o 6 22 - 3 . 0  2 * * * —
11 4 24 - 3 . 7 8 * * * 5 23 - 3 . 4  0 * * * 5 23 - 3 . 4 0 * * *

T 12 1 27 - 4 . 9 1 * * * 5 23 —3 . 4 0 * * * 6 22 - 3 . 0 2 * * *
R B 13 2 25 —4 . 4 3 * * * 4 23 —3 . 6  6 * * * 6 21 - 2 . 8 9 * * *
E I 14 4 23 - 3 . 6 6 * * * 4 23 —3 . 6 6 * ** 6 21 _Q  A  A A W U

• ^ * 0 7  w

A L 15 0 26 —5 •1 0  * * * 1 25 - 4 . 7 1 * * * 1 25 - 4 . 7 1 * * *
S L 16 1 25 - 4 . 7 1 * * * 3 23 - 3 . 9  2 * * * 4 22 __9  r  7  a  » v .v

U S 17 3 23 - 3 . 9 2 * * * 3 23 - 3 . 9  2 * * * 3 23 - 3 . 9 2 * * *
R 18 1 22 - 4 . 3 8 * * * 1 22 - 4 . 3 8 * * * 1 22 "4 • 3 8
Y 19 2 21 —3 . 9 6 * * * 2 21 - 3 . 9 6 * * * 2 21 - 3 . 9 6 * * *

20 0 22 - 4 . 6 9 * * * 0 22 - 4 . 6  9 # * * 0 22 - 4 . 6 9  * * *
21 1 22 - 4 . 3 8 * * * 1 22 - 4 . 3 8 * * * 1 22 J O  v w

22 0 23

ft*::•0CD•1 1 22 - 4 . 3  8 * * * 1 22 —  .  O  O
23 1 21 —4 . 2  6 * * * 1 21 - 4 . 2  6 * * * 1 21 - 4 . 2 6 * * *
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7 8 9

8 24 23 0 .1 5 — -
9 23 23 0 .0 22 24 - 0 . 3  0 —

10 25 21 0 .5 9 24 22 0 . 3 0 25 21 0 .5 9
11 22 27 - 0 . 7 1 20 29 - 1 . 2 9 23 26 - 0 . 4 3

c 12 21 27 2 .6 5 * * * 18 10 1 . 5 1 22 6 3 .02  ***
0 13 15 12 0 .58 13 14 - 0 . 1 9 17 10 1 .3 5
p 14 19 8 2 .1 2 * * 19 8 2 .1 2 * * 19 8 2 .1 2 * *
p 15 17 10 1 .3 5 17 10 1 . 3 5 18 9 1 . 7 3 *
E 16 18 10 1 .5 2 17 11 1 . 1 3 18 10 1 .5 1
R 17 16 12 0 .7 6 16 12 0 .7 6 16 12 0 .76

18 22 6 3 .0 2  *** 21 7 2 .6  5*** 22 6 3 .0 2 ** *
19 17 10 1 .3 5 15 12 0 . 5 8 17 10 1 .3 5
20 17 11 0 .1 3 17 11 1 . 1 3 17 11 1 .1 3
21 20 7 18 9 1 .7 3 * 20 7 2 .5 0 * *
22 17 7 2 .0 4 * * 16 8 1 . 6 3 17 7 2 .0 4 * *

17 18

G 18 12 14 - 0 . 3 9 -
0 19 12 14 - 0 . 3 9 13 13 0 . 0
L 20 9 17 - 1 . 5 7 10 16 - 1 . 1 8
D 21 11 15 - 0 . 7 8 12 14 - 0 . 3 9

22 9 16 - 1 . 4 0 10 15 - 1 . 0 0

12 13 14

13 19 7 2 .3 5 * * - -
14 21 4 3 .40*** 21 4 3 .4 0 * * * —

S 15 18 8 1 .9 6 * * 17 9 1 . 5 7 15 11 0 .7 8
I 16 17 9 1 .5 7 14 12 0 . 3 9 14 12 0 .3 9
L 17 19 8 2 .1 2 ** 19 6 2 .1 2 * * 19 8 2 .1 2 * *
V 18 14 11 0 .6 0 13 12 0 . 2 0 13 12 0 .2 0
E 19 20 5 3 .0 0 ** * 16 9 1 . 4 0 16 9 1 .4 0
R 20 17 8 1 .8 0 * 16 9 1 . 4 0 15 10 1 .0 0

21 19 7 2 .3 5 * * 18 8 1 .9 6 * * 18 8 1 .9 6 * *
22 14 8 1 .2 8 14 8 1 . 2 8 13 9 0 .8 5

( + ) •
• Number o f  p o s i t i v e  e r r o r s .

( - ) •• Number o f  n e g a t i v e  e r r o r s .
V • S i g n i f  i c a n t a t  t h e  10 % l e v e l •

»«• •*»V V •
• S i g n i f i c a n t a t  t h e  5% l e v e l .

«•««*• «A>
W  V •

• S i g n i f i c a n t a t  t h e  1% l e v e l .
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F or  sa m p le s  w i th  l e s s  t h a n  30 o b s e r v a t i o n s  we u s e  S t u d e n t ' s

t  s t a t i s t i c  w i th  n -1  d e g r e e s  o f  f r e e d o m :  

t =  (Avg) (V n) /s

For  s u f f i c i e n t l y  l a r g e  s a m p le s  (n>30) we have  t a k e n  a d v a n ­

t a g e  o f  t h e  C e n t r a l  L im i t  Theorem and u se  z=(Avg) (V n) /s  as  

o u r  t e s t  s t a t i s t i c .  F u r t h e r m o r e ,  w i th  l a r g e  s a m p le s  we do 

n o t  have  t o  assume any p o p u l a t i o n  n o r m a l i t y ,  so  t h e  s t a n d a r d  

d e v i a t i o n  s i s  used  a s  a s a t i s f a c t o r y  e s t i m a t e  o f  t h e  un­

known p o p u l a t i o n  s t a n d a r d  d e v i a t i o n .  T ab le  11 p r e s e n t s  t h e  

a v e r a g e  e s t i m a t e d  e r r o r s  (Avq) and t h e  a s s o c i a t e d  t - s t a t i s -  

t i c s .  The a s t e r i s k s  show t h e  t h r e e  l e v e l s  o f  s i g n i f i c a n c e  

we u s e ,  same a s  i n  T ab le  10 ,  where  t h e  s i g n i f i c a n c e  was 

based  on t h e  t - v a l u e s  o n l y .

T a b le s  10 and 11 w h i l e  t e s t i n g  t h e  same h y p o t h e s i s  i n  two 

d i f f e r e n t  ways p ro d u ce  v i r t u a l l y  t h e  same r e s u l t s :  p r i c e

v a r i a b i l i t y  d u r i n g  t h e  i l l i q u i d  months i s  a co m m o d i ty -depen ­

d e n t  phenomenon.  Dur ing  t h e  i l l i q u i d  mcnths p r i c e  v a r i a b i l ­

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

e f f e c t "  h y p o t h e s i s  s u g g e s t s .  Wheat and soymeal  show h i g h e r  

v a r i a b i l i t y  in  t h e  i l l i q u i d  months e x c e p t  d u r i n g  t h e  v e ry

f i r s t  months from c o n t r a c t  i n i t i a t i o n  (months 13 and 1 U ) .

S t r o n g  e v i d e n c e  t h a t  t h e  v a r i a b i l i t y  i s  lo w e r  d u r i n g  t h e  i l ­

l i q u i d  months i s  e x h i b i t e d  by s o y o i l  and T r e a s u r y  b i l l s .  

Corn a l s o  h a s  lo w er  v a r i a b i l i t y ,  b u t  t h e  r e s u l t s  c a n n o t  be 

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

from Appendix  B u sed  t o  e s t i m a t e  t h e  e r r o r s ,  a r e  i n s i g n i f i -
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. TABLE 11

A verage  E s t i m a t e d  E r r o r s  and t h e i r  t - s t a t i s t i c s

Commo
d i t y MTM Avg t Avg t Avg t

8 9 10

9 - 0 .0 1 5 2 0 .9 9 — —

C 10 - 0 .0 1 8 2 - 0 . 8 7 - 0 .0 3 4 9 - 1 . 0 9 -
0 11 - 0 .0 3 7 8 - 2 .2 5 * * - 0 .0 4 5 5 • .......... - 0 .0 3 5 6  - 2 . 1 2 * *
R 12 0 .0349 1 .3 3 0 .0261 1 . 0 0 0 .0 3 7 4  1 . 4 3
N 13 - 0 .0 7 9 0 - 2 .4 7 * * - 0 .0 8 8 7 - 2 . 7 7 *55=5:: - 0 . 0 7 6 1  - 2 . 3 8 * *

14 - 0 . 1 7 5 1 *  j  8 t) j  'CV V - 0 .1 8 5 8 - 3 .8 6 * * * - 0 . 1 7 1 8  - 3 .5 7 * * *

7 8 9

8 0 .00 8 9 0 .5 3 — —

W 9 0 .0468 3 .40  ** * 0 .0424 3 .0 7 * * * -

H 10 0 .0324 2.15** 0 .0272 1 .8 0 * 0 .0 0 82  0 . 5 4
E 11 0 .0581 2.56** 0 .0521 2 .3 0 * * 0 .0 3 0 3  1 . 3 4
A 12 0 .0668 1 .9 9 * 0 .0601 1 . 7 9 * 0 .0 3 5 4  1 . 0 5
T 13 0 .0572 1 .5 2 0 .04 9 8 1 . 3 3 0 .0 2 2 2  0 . 5 9

14 - 0 .0 3 8 4 - 0 . 5 0 -0 .0466 - 0 . 6 0 - 0 .0 7 7 1  - 0 . 9 9

8 9 10

B 9 - 0 . 0 1 0 4 - 0 . 6 6 — —

S E 10 -0 .0 1 1 7 - 0 . 5 7 - 0 .0 0 7 1 - 0 . 3 4 -
0 A 11 -0 .0 0 7 8 - 0 . 3 7 - 0 .0 0 2 5 - 0 . 1 2 0 .0 0 0 3  0 . 0 2
y N 12 - 0 .0 1 9 2 - 0 . 6 4 -0 .0 1 3 1 - 0 . 4 4 -0 .0 0 9 9  - 0 . 3 3

S 13 - 0 .0 2 8 1 - 0 . 4 9 - 0 .0 2 1 4 - 0 . 3 8 - 0 . 0 1 7 8  - 0 . 3 1
14 0 .0959 2 .98*** 0 .1 0 33 3 .2 1 * * * 0 .1 0 7 2  3 .3 3 * *

6 7 8

7 0 .0027 0 .19 ~

8 - 0 .0 1 4 2 - 0 . 8 0 - 0 .0 1 6 2 - 0 . 9 1 -
M 9 0 .0040 0 .24 0 .0 01 6 0 .1 0 0 .0 10 0  0 . 6 1

s E 10 0 .0568 1 TO «*> 0.0541 2 .6 0 * * * 0 .0 6 3 8  3 .0 7 * * *
0 A 11 0 .0402 1 .5 0 0 .0371 1 .3 8 0 .04 8 3  1 . 8 0 *
y L 12 0 .0927 2 .43** 0 .08 9 3 2 .34 * * 0 .1 0 1 8  2 .6 7 * * *

13 0 .1097 1 .6 2 0 .10 5 9 1 .5 6 0 .1 1 9 8  1 . 7 6 *
14 0 .2122 1 .3 3 0 .2081 1 .3 1 0 .2 2 3 3  1 . 4 0
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6 7 8

7 - 0 .0 3 8 3  - 2 .7 5 * * *  ' — —

s 8 - 0 .0 6 5 1  - 4 .3 7 * * *  - 0 .0 4 3 3 - 2 .9 0 * * *
0 9 - 0 .0 8 2 3  - 5 .2 7 * * *  - 0 .0 5 6 3 - 3 .6 1 * * *  - 0 . 0 3 4 7  - 2 . 2 2 * *
Y 10 - 0 .1 1 8 8  - 6 .3 6 * * *  - 0 .0 8 8 7 - 4 . 7 5 * * *  - 0 . 0 6 3 4  - 3 .4 0 * * *
0 11 - 0 .1 1 8 7  - 6 . 0 4 * * *  - 0 .0 8 4 5 - 4 . 3 1 * * *  - 0 . 0 5 5 7  - 2 .8 4 * * *
I 12 - 0 .1 8 6 6  - 4 .5 0 * * *  - 0 .1 4 8 4 - 3 .5 8 * * *  - 0 .1 1 5 9  - 2 .7 9 * * *
L 13 - 0 .2 0 1 8  - 3 .4 3 * * *  - 0 .1 5 9 4 - 2 . 7 1 * * *  - 0 . 1 2  33 - 2 . 0  9**

14 - 0 .1 1 8 9  - 1 . 6 2  - 0 .0 7 2 4 - 0 . 9 9  - 0 .0 3 2 7  - 0 . 4 5

27 28 29

28 0 .0136  0 .7 0 -  —

29 - 0 .0 0 0 5  - 0 . 0 2  - 0 .0 0 2 2 - 0 . 1 1
G 30 0 .0 4 3 7  1 .4 6  0 .0 41 9 1 .4 0  0 .0 4 2 2  1 . 4 1
N 31 0 .0538  1 .8 0 *  0 .0519 1 .7 4 *  0 .0 5 2 2  1 . 7 4 *
M 32 0.0127  0 .3 9  0 .0 1 07 0 . 3 3  0 .0 1 1 0  0 . 3 4
A 33 0 .0605  2 .1 8 *  0 .0584 2 .1 1 *  0 .0 5 8 7  2 .1 2 *

34 - 0 .0 0 0 6  - 0 . 0 2  -0 .0 0 2 8 - 0 . 0 7  - 0 .0 0 2 5  - 0 . 0 6
35 0 .0729  2 .67**  0 .0706 2 .5 9 * *  0 .0 7 0 9  2 .6  0**

27 28 29

T 28 0 .0 1 43  0 .7 5 -  —

R B 29 0 .02 0 2  1 .0 6  0 .0 1 8 3 0 .96
E 0 30 0 .0 4 6 1  1 .7 6 *  0 .0441 1 .6 9  0 .0 4 1 7  1 . 6 0
A N 31 0 .02 5 4  1 .0 3  0 .0233 0 . 9 4  0 .0 2 08  0 . 8 4
S D 32 0 .0 5 6 8  2 .15**  0 .0546 2 .0 7 *  0 .0 5 2 0  1 .9 7 *
u S 33 0 .0044  0 .2 1  0 .0021 0 .1 0  - 0 .0 0 0 6  - 0 . 0 3
R 34 - 0 .0 4 4 8  - 1 . 0 6  - 0 .0 4 7 2 - 1 . 1 2  - 0 .0 5 0 0  - 1 . 1 9
Y 35 - 0 . 0 0 3 5  - 0 . 1 2  - 0 .0 0 6 0 - 0 . 2 0  - 0 . 0 0 9 0  - 0 . 3 0

8 9 10

9 - 0 .1 5 5 0  - 6 .6 7 * * * —

10 -0 .1 5 1 6  - 4 . 3 7 * * *  - 0 .0 8 2 7 - 2 .3 8 * *
11 - 0 .1 7 5 5  - 5 . 2 3 * * *  - 0 .0 9 6 3 - 2 .8 7 * * *  - 0 .0 6 3 2  - 1 . 8 8 *

T 12 - 0 .2 3 8 3  - 6 . 5 6 * * *  - 0 .1 4 8 8 - 4 .1 0 * * *  - 0 .1 1 1 2  - 3 .0 6 * * *
R B 13 - 0 .2 9 8 3  - 8 .6 3 * * *  - 0 .1 9 8 4 - 5 .7 4 * * *  - 0 . 1 5 6 3  - 4 .5 2 * * *
E I 14 - 0 .2 9 2 2  - 6 .5 6 * * *  -0 .1819 - 4 .0 8 * * *  - 0 .1 3 5 3  - 3 .0 4 * * *
A L 15 - 0 .4 5 4 8 - 1 3 . 0 4 * * *  - 0 .3 3 4 2 - 9 . 5 9 * * *  - 0 . 2 8  31 - 8 .1 2 * * *
S L 16 - 0 .4 2 2 5 - 1 0 . 6 4 * * *  - 0 .2 9 1 6 - 7 . 3 5 * * *  - 0 .2 3 6 0  - 5 . 9  5***
U S 17 - 0 .4 6 2 9  - 8 . 3 3 * * *  - 0 .3 2 1 7 - 5 . 7 9 * * *  - 0 . 2 6 1 5  - 4 .7 1 * * *
R 18 - 0 .5 9 3 0 - 1 2 . 7 6 * * *  - 0 .4 4 1 4 - 9 . 5 0 * * *  - 0 . 3 7 6 8  - 8 .1 1 * * *
Y 19 - 0 . 5 9 3 4  - 9 .8 8 * * *  - 0 .4 3 1 5 - 7 . 1 9 * * *  - 0 .3 6 2 4  - 6 .0 4 * * *

20 - 0 . 6 9 8 3 - 2 0 . 2 3 * * *  -0 .5 2 6 0 - -1 5 .2 4 * * *  - 0 .4 5 2 4 - 1 3 .1 1 * * *
21 - 0 .7 4 1 4 - 1 2 . 4 4 * * *  - 0 .5 5 8 8 - 9 . 3 7 * * *  - 0 .4 8 0 6  - 8 .0 6 * * *
22 - 0 . 7 9 7 4 - 1 2 . 6 6 * * *  - 0 .6 0 4 5 - 9 . 6 0 * * *  - 0 .5 2 1 8  - 8 . 2  9***
23 - 0 . 7 7 7 3 - 1 2 . 5 7 * * *  - 0 .5 7 4 0 - 9 . 2 9 * * *  - 0 .4 8 6 9  -7 .8 7 * * *
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7 6 9

8 0 . 0 0 5 8 0 . 5 9 — —

9 -' 0 . 0 0 6 0  -■0.96 - 0  . 0 0 8 7 - 1 . 3 9 -

1 0  -■ 0 . 0 0 0 5  -■0.07 - 0 . 0 0 3 6 - 0 . 4 7 - 0 . 0 0 0 1 - 0 . 0 1
1 1  -■ 0 . 0 1 8 4  -• 1 . 8 2 $ - 0 . 0 2 1 9 - 2 . 1 7 $ $ - 0 . 0 1 7 9 - 1 . 7 6 $

c 12 0 . 0 4 2 9 1 . 9 9 $ 0 . 0 3 9 0 1 . 8 0 $ 0 . 0 4 3 5 2 . 0 1 $
0 1 3 0 . 0 1 1 6 0 . 7 4 0 . 0 0 7 2 0 . 4 6 0 . 0 1 2 3 0 . 7 8
p 1 4 0 . 0 3 1 0 3 . 4 7 $ $ $ 0 . 0 2 6 2 2 . 9 3 $ $ $ 0 . 0 3 1 8 o C C 

3  • D 3

p 15 0 . 0 2 4 6 2 . 3 5 $ $ 0 . 0 1 9 4 1 . 8 5 $ 0 . 0 2 5 4 2 . 4 3 $ $
E 1 6 0 . 0 1 8 3 1 . 3 4 0 . 0 1 2 7 0 . 9 3 0 . 0 1 9 2 1 . 4 1
R 17 0 . 0 1 9 4 1 . 6 4 0 . 0 1 3 3 1 . 1 3 0 . 0 2 0 4 1 . 7 3 $

18 0 . 0 3 5 7 O r 'j .v 
3 9 0 . 0 5 9 2 3 . 1 7 $ $ $ 0 . 0 6 6 7 r * 7 aaa

3 • D / w v
19 0 . 0 1 8 1 1 . 0 6 0 . 0 1 1 2 0 . 6 6 0 . 0 1 9 3 1 . 1 2
20 0 . 0 3 0 5 1 . 3 3 0 . 0 2 3 2 1 . 0 1 0 . 0 3 1 7 1 . 3 9
21 0 . 0 6 0 6 3 . 0 5 $ $ $ 0 . 0 5 3 1 2 . 6 6 $ $ 0 . 0 6 2 2 3  • X id''*'**''*
22 0 . 0 6 8 8 2 . 5 2 $ $ 0 . 0 6 0 7 2 . 2 3 $ $ 0 . 0 7 0 2 C O  A A

Z  9 3  O W

1 7 18

G 1 8  - 0 . 0 3 2 7  - 1 . 6 9 —

0 1 9  -• 0 . 0 1 9 2  - 1 . 4 6 - 0 . 0 1 3 2 - 1 . 0 0
L 20 - 0 . 0 2 4 8  - 2 . 0 1 $ - 0 . 0 1 8 4 - 1 . 4 9
D 21 - 0 . 0 2 0 0  - 1 . 1 8 - 0 . 0 1 3 1 - 0 . 7 8

22 -■0 . 0 2 9 8  - 2 . 2 0 $ $ - 0 . 0 2 2 5 - 1 . 6 6

1 2 13 14

1 3 0 . 0 3 0 8 1 . 5 5 — —

14 0 . 0 2 6 8 3 . 6 8 $ $ $ 0 . 0 2 0 5 2 . 8 2 $ $ $ -

S 15 0 . 0 1 9 4 2 . 1 8 $ $ 0 . 0 1 2 5 1 . 4 1 0 . 0 0 8 5 0 . 9 5
I 16 0 . 0 4 9 2 1 . 5 0 0 . 0 4 1 7 1 . 2 7 0 . 0 3 7 3 1 . 1 4
L 1 7 0 . 0 4 6 2 2 . 0 2 $ 0 . 0 3 8 0 1 . 6 7 0 . 0 3 3 3 1 . 4 6
V 18 0 . 0 1 7 0 1 . 5 8 0 . 0 0 8 3 0 . 7 7 0 . 0 0 3 1 0 . 2 9
E 1 9 0 . 0 4 9 6 2 . 0 0 $ 0 . 0 4 0 2 1 . 6 2 0 . 0 3 4 6 1 . 4 0
R 20 0 . 0 4 8 7 2 . 1 4 $ $ 0 . 0 3 8 6 1 . 7 0 0 . 0 3 2 7 1 . 4 4

21 0 . 0 5 8 5 1 . 7 0 $ 0 . 0 4 7 8 1 . 3 9 0 . 0 4 1 5 1 . 2 1
22 0 . 1 0 0 3 1 . 5 7 0 . 0 6 9 0 1 . 3 9 0 . 0 8 2 3 1 . 2 9

Avg •
• A verage  E s t i m a t e d  E r r o r .

*>«
V »

• S i g n i f i c a n t  a t t h e  10% l e v e l .
V  V •

• S i g n i f i c a n t  a t t h e  5% l e v e l .
*»•%«•
W  V • S i g n i f i c a n t  a t t h e  1% l e v e l .
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c a n t .  From T a b le  1 1 ,  GNMA and T r e a s u r y  bonds show a p o s s i ­

b l e  h i g h e r  v a r i a b i l i t y  d u r i n g  t h e  i l l i q u i d  m o n th s .  For  t h e  

o t h e r  c o m m o d i t i e s ,  s o y b e a n s  and g o ld  seem t o  have  a p r i c e  

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

s i s ,  but  t h e  e v i d e n c e  i s  n o t  c l e a r .

In s t a t i s t i c a l l y  t e s t i n g  f o r  t h e  e x i s t e n c e  o f  p o s i t i v e  o r  

n e g a t i v e  e r r o r s  i n  T a b l e s  10 and 1 1 ,  we were c o n ce rn e d  o n l y  

w i t h  a s i n g l e  month t o  m a t u r i t y  a t  a t i m e .  I n  so d o i n g ,  how­

e v e r ,  we l i m i t e d  our  t e s t  on th e  n u l l  h y p o t h e s i s .  The " i l ­

l i q u i d  month h y p o t h e s i s "  a s  s t a t e d  e a r l i e r  i m p l i e s  a d i c h o ­

tomy be tw een  l i q u i d  and i l l i q u i d  months  and a s  su ch  i t  

p resum es  t h a t  a l l  t h e  e r r o r s  we c a l c u l a t e  from t h e  i l l i q u i d  

months b e lo n g  t o  t h e  same p o p u l a t i o n .  He can  t h e r e f o r e  t e s t  

w h e th e r  a l l  t h e  e r r o r s  from t h e  i l l i q u i d  m on th s ,  c o l l e c t i v e ­

l y ,  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f rom z e r o .  The r e s u l t s  o f  

b o th  t h e  t e s t s  a p p e a r  in  T a b l e  12 .

As e x p e c t e d ,  b o th  z and t  s t a t i s t i c s  a r e  im p ro v e d ,  t h u s  

p r e s e n t i n g  s t r o n g e r  e v i d e n c e  on t h e  d i r e c t i o n  o f  t h e  commod­

i t y - d e p e n d e n t  v a r i a b i l i t y .  In  a l l  c a s e s  e x c e p t  s o y b e a n s ,  

t h e  two t e s t s  a g r e e  on t h e  s i g n .  They a l s o  a g r e e  i n  s i g n i f ­

i c a n c e  i n  a l l  c o m m o d i t ie s  b u t  G.N.M.A. and T - b o n d s .  At t h e  

1% l e v e l  o f  s i g n i f i c a n c e ,  w h e a t ,  s o y m e a l ,  c o p p e r  and s i l v e r  

have  h i g h e r  v a r i a b i l i t y  d u r i n g  t h e  i l l i q u i d  m o n th s .  

G.N.M.A. and T -b on d s  a l s o  e x h i b i t  h i g h e r  v a r i a b i l t y  w i t h  a 

s i g n i f i c a n c e  l e v e l  v a r y i n g  from 1% ( t - t e s t )  t o  5% and 10% in  

t h e  s i g n  t e s t .  C o r n ,  s o y o i l ,  T - b i l l s  and g o ld  have  s i g n i f i -
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TABLE 12

z -  and t - s t a t i s t i c s  f o r  a l l  E s t i m a t e d  E r r o r s

SIGN TEST T-TEST
H (0 ) :  P (+) = P ( - )  = .  5 H (0) : Avg=0

Commo­ C u t - o f f
d i t y Month (+) ( - ) z Avg t

8 95 142 •ft «  r
o  y o v w - . 0 2 3 8 —2.47**

Corn 9 64 118 - 4 .0 0 - . 0 4 3 6 - 3 .7 8 * * *
10 50 77 - 2 .4 0 * * - .0 3 9 6 -2 .8 7 * * *

7 184 96 5 .2 6 * * * .0394 4 .4 9 * * *
Wheat 8 143 83 3 .0403 4 .0 1 * * *

9 97 74 1 .7 6 * .0167 1 .33

8 167 123 2 . 5  8*** - . 0 0 8 4 - 0 .8 2
Soybeans 9 130 83 3 .2 2 * * * - . 0 0 2 4 - 0 .1 8

10 83 53 2 .5 7 * * - . 0 0 1 4 - 0 .0 8

6 278 229 2 .1 8 * * .0321 3 .5 4 * * *
Soymeal 7 232 166 2 .25 * * .0349 3 a 30***

8 198 131 3 .69  *** .0583 4 a  6 *

6 133 399 <i 4  e  ■a •11 - . 1 0 2 1 - 1 1 .9 8 * * *
S o y o i l 7 133 310 - 8 .4 1 * * * - . 0 8 4 0 —8 .6 8 * * *

8 124 230 —5 .6 3  *** - . 0 6 6 3 - 5 .8 1 * * *

27 66 48 1 .6 9 * .0276 2 .6 9 * * *
G.N.M.A. 28 56 38 1 .8 6 * .0283 2 .41**

29 45 29 1 .8 6 * .0365 2 . 6 3 '** * *

27 63 41 2 .1 6 * * .0273 2. 8 9 * *
T-bonds 28 50 36 1 .5 1 .0278 2 . 60 '*** *

29 39 29 1 .2 1 .0282 2 .23**

8 25 355 —1 6.9  3*** - . 4 3 7 3 - 2 7 .2 0 * * *
T - b i l l s 9 37 315 - 1 4 .8 2 * * * - . 3 2 7 7 - 2 1 .4 8 * * *

10 37 287 - 1 3 . 8  9*** - . 2 8 8 6 -1 8 .9 4 * * *

7 292 195 4 .40*** .0196 C  1  O  A

Copper 8 253 187 f t  «  r a a a .0161 3 • 97***
9 251 143 5 v v v .0253 5 .66  v* *

Gold 17 53 76 - 2 .0 3 * * - . 0 2 6 0 __ •ft A  r  A A  A
.  O D  •'r

18 46 57 - 1 . 0 8 - . 0 1 6 1 - 2 .3 2 * *

12 179 74 6 .6 0  *** .0448 5 .0 9 * * *
S i l v e r 13 148 79 . 5 8*** .0362 3 . 79***

m 123 79 3 • 10 *** .0342 “3  T 1  •*« A  A
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(+) : Number o f  p o s i t i v e  e r r o r s .
( - )  : Number of  n e g a t i v e  e r r o r s .
Avg : Average  E s t i m a t e d  E r r o r .

* : S i g n i f i c a n t  a t  t h e  10% l e v e l .  
«« : S i g n i f i c a n t  a t  t h e  5% l e v e l .  

*** : S i g n i f i c a n t  a t  t h e  1% l e v e l .

c a n t l y  low e r  v a r i a b i l i t y  d u r i n g  t h e  i l l i q u i d  m o n th s .  The 

e v i d e n c e  f o r  s o y b e a n s  i s  r a t h e r  c o n f l i c t i n g .  With t h e  s i g n  

t e s t ,  a t  t h e  1% l e v e l  o f  s i g n i f i c a n c e ,  we r e j e c t  t h e  n u l l  

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

l i q u i d  m o n th s .  S t a t i s t i c a l l y ,  more p o s i t i v e  e r r o r s  o c c u r  in  

t h e  i l l i q u i d  m o n th s .  However,  w i th  t h e  t - t e s t  we c an n o t  r e ­

j e c t  t h e  h y p o t h e s i s  t h a t  t h e  a v e r a g e  e r r o r  i s  z e r o .  At b e s t  

t h e  e v i d e n c e  f o r  soy b e an s  do es  n o t  r e j e c t  t h e  n u l l  h y p o t h e ­

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

" m a t u r i t y  e f f e c t ” h y p o t h e s i s  s u g g e s t s .

9 . 1  CLASSIFYING CONTRACT MONTHS TO THIN AND LIQUID: HOW 
APPROPRIATE?

The e v i d e n c e  i n  T a b le s  1 0 ,  11 and 12 i s  b a s e d ,  to  a l a r g e  

e x t e n t ,  on t h e  s e n s i t i v e  t e c h n i q u e  which d e t e r m i n e d  t h e  p o s ­

s i b l e  ”c u t - o f f ” months f o r  e a c h  com m odi ty .  T h e r e f o r e ,  b e ­

f o r e  we c o n c lu d e  t h i s  c h a p t e r  on t h e  t h i n n e s s  r e l a t e d  p r i c e  

v a r i a b i l i t y ,  we sh o u ld  p e r f o r m  a p a r a m e t r i c  t e s t  and c h e c k  

o u r  p r e v i o u s  r e s u l t s .  In T a b l e  13 we p r e s e n t  t h e  r e g r e s s i o n  

r e s u l t s  on an a l t e r n a t i v e  v e r s i o n  o f  e q u a t i o n  ( 1 1 ) :

In  (Y) = c + bX + dX2 + e (25)
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By i n t r o d u c i n g  t h e  s q u a r e  o f  t im e  t o  m a t u r i t y ,  we a r e  i n  e f ­

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

h i b i t s  an  " L -s h a p e d "  r e l a t i o n s h i p  w i th  t h e  t im e  t o  m a t u r i t y ;  

d i s t a n t  months w i l l  have h i g h e r  v a r i a b i l i t y  th an  p r e d i c t e d  

by e q u a t i o n  (11 ) .

The r e s u l t s  i n  T a b le  13 a r e  v e ry  p e r s u a s i v e .  I n  8 o u t  of 

11 c a s e s  we r e j e c t  t h e  n u l l  h y p o t h e s i s  t h a t  t h e  v a r i a b i l i t y  

h a s  a l i n e a r  r e l a t i o n s h i p  w i th  t im e  t o  m a t u r i t y .  Soym eal ,  

GNMA, T r e a s u r y  b o n d s ,  c o p p e r  and s i l v e r  have  h i g h e r  p r i c e  

v a r i a b i l i t y  w h i l e  s o y o i l .  T r e a s u r y  b i l l s ,  g o ld  and c o rn  low ­

e r  th an  p r e d i c t e d  by t h e  s i m p l e  l i n e a r  model .  We do n o t  r e ­

j e c t  t h e  n u l l  h y p o t h e s i s  of  t h e  l i n e a r  r e l a t i o n s h i p  o f  p r i c e  

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

s o y b e a n s  s i n c e  t h e  a s s o c i a t e d  t - s t a t i s t i c s  f o r  t h e  ”d" c o e f ­

f i c i e n t  a r e  i n s i g n i f i c a n t .  I n  g e n e r a l ,  t h e  e v i d e n c e  i n  Ta­

b l e  13 i s  i n  c o n c o r d a n c e  w i t h  t h e  e v i d e n c e  i n  T a b l e s  10, 11

and 1 2 .  T h is  s u g g e s t s  t h a t  t h e  p r o c e d u r e  t o  d e t e r m i n e  t h e  

" c u t - o f f "  months based  on open i n t e r e s t  and volume d a t a  i s  

m e a n i n g f u l .

B e fo re  e n d in g  t h i s  s u b j e c t ,  i t  i s  n e c e s s a r y  t o  p o i n t  ou t  

t h a t  r e j e c t i n g  t h e  n u l l  h y p o t h e s i s  c f  l i n e a r i t y  be tw een  

p r i c e  v a r i a b i l i t y  and  t im e  t o  m a t u r i t y  does  n o t  l e a d  t o  t h e  

r e j e c t i o n  o f  S a m u e l s o n ' s  h y p o t h e s i s  on s p o t  p r i c e  g e n e r a t i n g  

p r o c e s s .  S a m u e l s o n ' s  h y p o t h e s i s  i s  v a l i d  a s  t h e  e v i d e n c e  

s u g g e s t s  i n  c h a p t e r  6 and Appendix  B. The e x i s t e n c e  o f  an 

" L - s h a p e d "  o r  an i n v e r s e  " L - s h a p e d "  c u r v e  c a p t u r e s  t h e  s e n -
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TABLE 13

L i n e a r  R e g r e s s i o n  R e s u l t s :  M a t u r i t y  E f f e c t  

R e g r e s s i o n  Model:  In  (N (Vfej  ) )  -  c + b ( T ( j ) - t )  ♦ < J ( T ( j ) - t ) 2 + e

Commo-
d i t y DF c b d F‘-RATIO PR>F R2

CORN 679 - 0 .0 3 1 7 0 .0 1 5 4 - 0 . 0 0 1 2 4 .9 2 .0075 .014
("1*75) ( 2 .6 0 ) * * ( - 2 . 9 5 ) * *

WHEAT 656 0 .16 3 2 - 0 .0 2 7 8 0 .0 0 0 4 8 8 .31 .0001 . 212
( 7 . 7 7 ) * * ( - 4 . 0 1 )  ** ( 0 .7 8 )

SOYEEANS 903 0 .1537 - 0 .0 2 2 0 - 0 . 0 0 0 2 131 .38 .0001 . 225
( 8 .4 1 ) * * ( - 3 . 5 5 )  ** ( - 0 . 5 0 )

SOYMEAL 1039 0 .2690 - 0 .0 5 7 0 0 .0 0 1 8 176 .42 .0001 .2 5 4
(12 . 68 ) ** ( - 7 .8 7 )  ** ( 3 .4 2 ) * *

SOYOIL 1063 0 .1227 - 0 .0 0 5 3 -0  .0016 158 .49 .0001 .230
(6 .63)  ** ( - 0 . 8 7 ) ( - 3 . 6 6 ) * *

GNMA 805 0 .0 8 0 9 - 0 .0 0 7 0 .00009 5 2 .8 7 .0001 .116
( 7 .1 1 ) * * ( - 4 . 4  3) ** ( 1 . 9 0 ) *

T-EONDS 658 0 .17 2 7 - 0 .0 1 2 3 .0 00 0 8 368 .71 .0001 .5 2 9
(16 .61)  ** (-6 .6 1 )  ** ( 1 .9 4 ) *

T-BILLS 601 0 .0 3 8 7 0 .0 2 1 2 - 0 .0 0 1 6 5 7 .90 .0001 .1 61
(1 .02 ) (2 .8  7) ** ( - 5 . 3 3 ) * *

COPPER 905 0 .1 6 0 1 - 0 .0 2 0 5 0 .0 0 0 2 610 .20 .0001 .5 7 4
(21 .55)  ** ( - 1 1 . 8 5 ) * * ( 2 . 7 6 ) * *

GOLD 889 0 .0 2 9 1 - 0 .0 0 0 2 - 0 . 0 0 0 2 1 06 .7 6 .0001 .194
( 5 .1 4 ) * * ( - 0 . 1 3 ) ( - 3 . 7 4 ) * *

SILVER 877 0 .0958 - 0 .0 1 4 9 0 .0 0 0 3 1 0 4 .5 1 .0001 .193
( 1 0 .1 6 ) * * ( - 6 . 7  5) ** ( 3 . 1 3 ) * *

* S i g n i f i c a n t  a t  t h e  6% l e v e l .  
S i g n i f i c a n t  a t  t h e  1% l e v e l .

s i t i v i t y  o f  p r i c e  c h ang es  v a r i a b i l i t y  t o  t h i n n e s s  r e l a t e d  

i n f l u e n c e s ;  k e e p in g  t h e  ' ' m a t u r i t y  e f f e c t "  c o n s t a n t ,  an a d d i ­

t i o n a l  s o u r c e  o f  v a r i a b i l i t y  -known a s  t h i n n e s s -  a f f e c t s  

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



C h a p t e r  1 0

CONCLUSIONS AND IMPLICATIONS OF ESSAY I

On an e x t e n s i v e  s e t  o f  d a t a ,  t h i s  s t u d y  h a s  p r o v i d e d  

s t r o n g  e v i d e n c e  on t h e  e x i s t e n c e  o f :  (1) t h e  n c n - s t a t i o n a r i -  

t y  of sh o c k s  i n  s p o t  p r i c e s ,  nam ely ,  th e  " y e a r  e f f e c t ” and 

t h e  "month  e f f e c t " ;  (2) t h e  " c o n t r a c t  month e f f e c t "  i n  f u ­

t u r e s  p r i c e s ;  (3) t h e  " m a t u r i t y  e f f e c t " ;  and (4) t h e  t h i n ­

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

P r e v i o u s  r e s e a r c h  i n  f u t u r e s  m a r k e t s  s u f f e r s  from t h e  i n ­

a b i l i t y  t o  c o n t r o l  t h e  n o n - s t a t i o n a r i t y  i n  p r i c e s .  Such 

o m is s i o n  m igh t  have p roduced  i n a c c u r a t e  e m p i r i c a l  r e s u l t s .  

F u r t h e r m o r e ,  t a k i n g  s im p le  o r  l o g a r i t h m i c  p r i c e  ch an g e s  i s  

an i n s u f f i c i e n t  way t o  c o n t r o l  f o r  t h e  n o n - s t a t i o n a r y  

s h o c k s .  T here  a r e  a d d i t i o n a l  s t e p s  to  be t a k e n  in  c o n ­

s t r u c t i n g  p r i c e  s e r i e s  f r e e  o f  such  s h o c k s .  S t u d i e s  i n  f u ­

t u r e s  m a r k e t s  need  t o  a c c o u n t  f o r  t h e  " m a t u r i t y  e f f e c t "  as  

w e l l .  I n  a d d i t i o n ,  d e a l i n g  w i th  a g r i c u l t u r a l  co m m o d i t i e s  

and m e t a l s ,  r e q u i r e s  an a d j u s t m e n t  o r  c o n t r o l  f o r  t h e  " c o n ­

t r a c t  month e f f e c t ” .

Monthly a v e r a g e s  o f  open i n t e r e s t  and volume were foun d  

t o  change  s i m i l a r l y .  T h is  o b s e r v a t i o n  s u g g e s t s  t h a t  e i t h e r  

o n e  can  be used  t o  m easure  t h e  l i q u i d i t y / i l l i q u i d i t y  p r e s e n t  

i n  t h e  f u t u r e s  m a r k e t s .

-  1 0 5  -



106

Many s t u d i e s  d i s r e g a r d  o b s e r v a t i o n s  i n  t h e  f i r s t  few 

months from i n i t i a t i o n  of a c o n t r a c t  b e c a u s e  t h e  m arke t  i s  

t h i n .  However,  s i n c e  some m ark e t  p a r t i c i p a n t s  do e n t e r  t h i n  

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

t h e y  f a c e .  To t h e  e x t e n t  t h a t  p r i c e  v a r i a b i l i t y  i n  d i s t a n t  

months i s  g r e a t e r  t h a n  what i s  s u g g e s t e d  by t h e  m a t u r i t y  e f ­

f e c t ,  l i q u i d i t y  p rem ia  m ig h t  be a t t a c h e d  t o  low open i n t e r ­

e s t  c o n t r a c t s .  S i n c e  r i s k - a v e r s e  i n v e s t o r s  demand h i g h e r  

r e t u r n s  t o  a c c e p t  r i s k i e r  i n v e s t m e n t s ,  i t  would be i n t e r e s t ­

i n g  t o  i n v e s t i g a t e  t h e  e x i s t e n c e  o f  any l i q u i d i t y  p re m ia  

d u r i n g  t h e  low cpen i n t e r e s t  m o n th s .

D i f f e r e n c e s  i n  v o l a t i l i t y  p a t t e r n s  between n e a r  and d i s ­

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

p r i c e s  w i th  s p o t  p r i c e s .  C o n s e q u e n t l y ,  d i f f e r e n t  h e d g in g  

s t r a t e g i e s  can be c o n s t r u c t e d  t o  e x p l o i t  t h e  d i f f e r e n c e s  in  

c o r r e l a t i o n s  •

E v id e n c e  on t h e  d i f f e r e n t  v a r i a b i l i t y  i n  t h e  d i s t a n t  

m o n ths ,  might  h e l p  e x p l a i n  one  p u z z l i n g  phenomenon: c l e a r i n g  

f i r m s  i n  f u t u r e s  m a r k e t s ,  e s t a b l i s h  t h e  m arg in  r e q u i r e m e n t s ,  

i . e . ,  minimum c a p i t a l  r e q u i r e d  t o  t r a d e  i n  th e  f u t u r e s  mar­

k e t s .  Fo r  a g iv e n  com m odi ty ,  t h e  m arg in  i s  t h e  same f o r  a l l  

c o n t r a c t s  r e g a r d l e s s  o f  t im e  t o  m a t u r i t y .  S in c e  t h e  " m a t u r ­

i t y  e f f e c t "  e v i d e n c e  s u g g e s t s  lo w e r  v a r i a b i l i t y  d u r in g  t h e  

d i s t a n t  m o n ths ,  a r a t i o n a l  m arg in  s e t t i n g  p o l i c y  sh o u ld  r e ­

q u i r e  lo w er  m arg ins  i n  t h e s e  m o n th s .  The a b s e n c e  o f  s u c h  a 

p r o v i s i o n  in  r e a l i t y ,  m ig h t  r e s t  upon t h e  n o t i o n  t h a t  f a r



m a t u r in g  c o n t r a c t s  e x h i b i t  h i g h e r  v a r i a b i l i t y  th a n  t h e  v a r i ­

a b i l i t y  e x p l a i n e d  by t h e  t im e  t o  m a t u r i t y  and t h e r e f o r e ,  

t r a d i n g  i n  su ch  c o n t r a c t s  may n o t  e n t i t l e  l o w e r  m a r g i n s .



ESSAY I I :  PRELIMINARY INVESTIGATION INTO THE
STORAGE ASYMMETRY



C h a p t e r  1 1

INTRODUCTION TO ESSAY I I

When we compare f i n a n c i a l  f u t u r e s  w i th  commodity f u t u r e s  

we o b s e r v e  among o t h e r  d i f f e r e n c e s  an a sy m m e tr ic  movement of 

c o m m o d i t ie s  in  t im e  space® T h is  asym m etry  i s  in d u c e d  by th e  

l a w s  o f  n a t u r e  t h a t  r e q u i r e  s p r i n g  t o  a lw ay s  f o l l o w  w i n t e r  

ana  a lw ay s  p r e c e d e  summer. So w h i l e  i t  i s  p o s s i b l e  t o  c a r r y  

t h i s  y e a r ' s  c rop  o v e r  t o  t h e  n e x t  y e a r ,  i t  i s  i m p o s s i b l e  to  

t r a n s f e r  n e x t  y e a r ' s  c ro p  f o r  co n su m p t io n  t o d a y .  Such " i r ­

r e v e r s i b i l i t y "  i s  common t o  o t h e r  n a t u r a l  p r o c e s s e s  and h e lp  

e s t a b l i s h  t h e  n o t i o n  t h a t  t h e  a r ro w  o f  t im e  i s  moving f o r ­

w a r d . 32 W o rk in g 's  h y p o t h e s i s  t h a t  o n l y  c u r r e n t  i n v e n t o r i e s  

d e t e r m i n e  f u t u r e s  p r i c e s ,  seems t o  r e l y  i m p l i c i t l y  on th e  

asymmetry  found in  commodity m a r k e t s . 33 S i n c e  nex t  y e a r ' s  

c r o p  c a n n o t  be consumed t o d a y ,  no m a t t e r  how a b u n d a n t  i t  i s  

e x p e c te d  t o  b e ,  i t  i s  o n l y  t h e  c u r r e n t  s u p p l i e s  t h a t  can be 

u s e d  to d a y  o r  c a r r i e d  ov e r  t o  t h e  n e x t  p e r i o d .  T h e r e f o r e ,

32 See L a y z e r  (1975) and S e o r g e s c u - R o e a e n  (1971) f o r  a d i s ­
c u s s i o n  on t h e  c o n c e p t  o f  t h e  " a r r o w  o f  t i m e " .  The te rm  
" i r r e v e r s i b i l i t y "  used  h e r e  i s  c o n s i s t e n t  w i th  G e o rg e s c u -  
R o e g e n 's  d e f i n i t i o n :  " . . .  a l l  p r o c e s s e s  w h ic h ,  th o u g h
n o t  r e v e r s i b l e ,  can  r e t u r n  t o  any  p r e v i o u s l y  a t t a i n e d  
p h a s e . " ,  p ace  1 9 7 .  One o f  h i s  many e x a m p le s  o f  " i r r e ­
v e r s i b i l i t y "  p a r a l l e l s  t h e  n o t i o n  o f  t h e  " a r ro w  o f  t i m e " :  
" . . .  t h e  p r o c e s s  o f  t h e  e n t i r e  u n i v e r s e  i s  u n i d i r e c t i o n ­
a l ,  i . e .  i r r e v e r s i b l e " ,  page 20 2 .

33 See Working (19U2, 1948 , 1 9 4 9 ) .

-  10 9 -



a c c o r d i n g  t o  Working t h e  c u r r e n t  s u p p l i e s  sh o u ld  p l a y  t h e  

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

p r i c e s .

With r e s p e c t  t o  f i n a n c i a l  f u t u r e s  t h e  above  m en t io n ed  a s ­

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

u n d e r l y i n g  f i n a n c i a l  i n s t r u m e n t ,  i s  t e c h n i c a l l y  v e ry  weak. 

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

i t s  p r i c e  which i n  t u r n  can i n f l u e n c e  i s s u e r s  t o  i n c r e a s e  o r  

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

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

can  be e a s i l y  s u b s t i t u t e d  w i th  o t h e r  a s s e t s  o f  s i m i l a r  q u a l ­

i t i e s . 3* The s u p p l y  i s  a l s o  very  r e s p o n s i v e  and f l e x i b l e .  

S o ,  w h i l e  a f a rm e r  who has  p l a n t e d  h i s  g r a i n  can do n o t h i n g  

b u t  w a i t  and hope f o r  a p r o s p e r o u s  h a r v e s t ,  a f i r m  h as  some 

f reedom  t o  i n c r e a s e  (or  d e c r e a s e )  i t s  o u t s t a n d i n g  f i n a n c i a l  

o b l i g a t i o n s  i f  m a r k e t  c o n d i t i o n s  a r e  f a v o r a b l e .  Such f l e x i ­

b i l i t y  i n  f i n a n c i a l  m a r k e t s  makes t h e  prob lem  o f  asymmetry 

l e s s  s e r i o u s  and a lm o s t  n o n e x i s t e n t .

3* G.N.M.A. and T r e a s u r y  bo nd s  can be s u b s t i t u t e d  w i th  AAA
c o r p o r a t e  bonds  w i th  s i m i l a r  m a t u r i t i e s  w h i l e  com m erc ia l
paper  o f  " b l u e  c h i p "  c o m p an ie s  i s  an a c c e p t a b l e  s u b s t i ­
t u t e  f o r  T r e a s u r y  b i l l s .  In  p e r f e c t  c a p i t a l  m a r k e t s ,
m u l t i p l e  c l a i m s  can be combined i n  a p o r t f o l i o  w i th  s i m i ­
l a r  r i s k - r e t u r n  c h a r a c t e r i s t i c s  o f  t h e  s e c u r i t y  t o  be
s u b s t i t u t e d .  In  t h i s  s e n s e ,  t h e  d e g r e e  o f  s u b s t i t u t a b i l ­
i t y  i s  v e ry  high  i n  s e c u r i t y  m a r k e t s .  I n  c o n t r a s t ,  de ­
s p i t e  t h e  u se  of a g r i c u l t u r a l  c o m m o d i t i e s  a s  s u b s t i t u t e s
f o r  e a c h  o t h e r ,  s u b s t i t u t a b i l i t y  i s  r a t h e r  l i m i t e d  in
t h e s e  m a r k e t s .
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The phenomenon o f  s t o r a g e  asymmetry  i s  a l s o  p r e s e n t  i n  

m e t a l s .  However, t h e  b ro ad  d i f f e r e n c e s  among m e t a l s  a f f e c t  

t h e i r  s e n s i t i v i t y  t o  t h i s  p r o b le m .  On t h e  one  h a n d ,  p r e ­

c i o u s  m e t a l s  l i k e  g o ld  and s i l v e r  have  l i t t l e  s t o r a g e  asym­

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

i n v e n t o r i e s  a r e  many t im e s  t h e  s i z e  o f  a y e a r ' s  p r o d u c t i o n .  

I f  t h e  demand f o r  g o ld  o r  s i l v e r  r i s e s  u n e x p e c t e d l y ,  t h e  

l a r g e  i n v e n t o r i e s  i n  p l a c e  can be u t i l i z e d  t o  m ee t  t h i s  de ­

mand. In  t h i s  s e n s e ,  any d e la y  i n  t h e  s u p p l y  r e s p o n s e  

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

i z e d  by t h e  e x i s t i n g  i n v e n t o r i e s .  These  i n v e n t o r i e s  o p e r a t e  

as  a " b u f f e r ” and t h u s  h e lp  overcome t h e  p rob lem  c f  s t o r a g e  

asym m etry .  Cn t h e  o t h e r  h a n d ,  c o p p e r  and s i m i l a r  i n d u s t r i a l  

m e t a l s  h av e  i n v e n t o r i e s  a t  norm al  l e v e l s  t o  meet  th e  demand 

o f  t h e  i n d u s t r y .  U n a n t i c i p a t e d  r i s e  i n  t h e i r  demand can 

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

p l y  f u l l y  a d j u s t s  t o  t h e  new l e v e l s  o f  demand. The speed  o f  

a d j u s t m e n t  depend s  l a r g e l y  upon t h e  n a t u r e  o f  t h e  i n d u s t r y ,  

c a p a c i t y  u t i l i z a t i o n ,  unemployment i n  t h e  r e g i o n ,  e t c .  The 

prob lem  of  s t o r a g e  asymmetry i n  c o p p e r  i s  n o t  n e u t r a l i z e d  a s  

i n  t h e  c a s e  of co ld  and s i l v e r  b u t  a t  b e s t  i s  n o t  as  s e r i o u s  

a s  with  a g r i c u l t u r a l  c o m m o d i t i e s .  In  a g r i c u l t u r a l  commodi­

t i e s  t h e r e  i s  a c ro p  c y c l e  w i th  i n f l e x i b l e  s t a r t i n g  and e n d ­

i n g  p o i n t s ,  so  t h a t  t h e  a d j u s t m e n t  p r o c e s s  n e v e r  b e g in s  b e ­

f o r e  o r  a f t e r  t h e  p l a n t i n g  b u t  o n ly  d u r i n g  i t s  c o u r s e . 35 i n

35 in t h e  words o f  G eorgescu -R oegen  (19 7 1 ) :  " . . .  an e l e m e n ­
t a r y  p r o c e s s  c a n n o t  be s t a r t e d  e x c e p t  d u r i n g  one s p e c i f i c
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c o n t r a s t ,  t h e  a d j u s t m e n t  p r o c e s s  i n  m e t a l s ,  u nd e r  no rm al  

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

c l e . 36

F o l lo w in g  t h e  above  c o n s i d e r a t i o n s ,  o u r  c o n j e c t u r e  i s  

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

d i f f e r e n t  r e s p o n s e  t o  new i n f o r m a t i o n  in  f u t u r e s  m a r k e t s  

would r e v e a l  t h e  d e g r e e  of s t o r a g e  asymmetry  i n  each  m a r k e t .  

In  c h a p t e r  12 we r e v ie w  t h e  t h e o r i e s  on s t o r a g e  and t h e  f a c ­

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

C h a p te r  13 p r o v i d e s  t h e  t h e o r e t i c a l  f o u n d a t i o n  f o r  t h e  e x i s ­

t e n c e  o f  s t o r a g e  asym m etry .  The s t a t i s t i c a l  c o n s i d e r a t i o n s ,  

m ethodology  and e m p i r i c a l  r e s u l t s  on s t o r a g e  asymmetry a re  

i n c l u d e d  i n  c h a p t e r  1H, Our c o n c l u s i o n s  and s u g g e s t i o n s  a r e  

i n  c h a p t e r  15 .

p e r i o d  d i c t a t e d  by n a t u r e . " ,  page  2 5 1 .

36 As m en t io n ed  a b o v e ,  t h e  s u p p ly  s i d e  can r e s p o n d  t o  a g i v ­
en sh ock  t o  t h e  sy s te m  e i t h e r  t h r o u g h  a c h a n c e  i n  t h e
l e v e l  o f  new p r o d u c t i o n  o r  a c h a n g e  i n  t h e  amount of  t h e
commodity s t o r e d .  While  f o r  a w ide  sp e c t ru m  o f  commodi­
t i e s ,  a c h an ce  i n  t h e  i n v e n t o r y  h o l d i n g s  can be made w i th  
l i t t l e  d e l a y ,  i f  a n y ,  t h e  a d j u s t m e n t  t h r o u g h  p r o d u c t i o n  
i s  c l o s e l y  r e l a t e d  t o  t h e  n a t u r e  o f  t h e  commodity and as  
such i t  v a r i e s  w i d e l y .



C h a p t e r  1 2

THEORIES OF INTERTEMPORAL PRICE RELATIONSHIPS

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

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

c o s t  of  s t o r i n g  t h e  commodity from one  t im e  p e r i o d  t o  an­

o t h e r .  In  n o n - s t o r a b l e  c o m m o d i t i e s ,  t h e  c o n s t e l l a t i o n  o f  

f u t u r e s  p r i c e s  i s  l i k e l y  t o  be d e t e r m i n e d  o n l y  by c u r r e n t  

e x p e c t a t i o n s  o f  t h e  s p o t  p r i c e s  i n  t h e  f u t u r e .

Working (1949) and T e l s e r  (1958) c o n s i d e r e d  t h e  c a r r y i n g  

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

i n t e r t e m p o r a l  p r i c e  s p r e a d s .  C ( t , T )  i s  t h e  c o s t  of  s t o r i n g  

t h e  commodity  from t im e  t  t o  t im e  T . 37 I f  we d e n o te  w i th  

S ( t )  t h e  s p o t  p r i c e  o f  commodity A and F ( t , T )  t h e  p r i c e  a t  

t i m e  t  o f  a f u t u r e s  c o n t r a c t  m a t u r in g  i n  t im e  T, t h e  f o l l o w ­

i n g  e q u a t i o n  sh o u ld  h o l d :

F ( t , T )  = S ( t )  + C ( t , T) (25)

I f  F ( t , T )  > S ( t )  ♦ C ( t , T) (26)

t h e n  r i s k l e s s  a r b i t r a g e  i s  p r o f i t a b l e  by b u y in g  t h e  s p o t  

commodity and s e l l i n g  f u t u r e s  c o n t r a c t s .  S in c e  a l l  a r b i ­

t r a g e u r s  w i l l  t a k e  s i m i l a r  p o s i t i o n s  t h e y  w i l l  e l i m i n a t e  any 

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

37 In t h e  l i t e r a t u r e ,  ’' c o s t  o f  s t o r a g e ” and ” c o s t  o f  c a r r y ­
i n g ” a r e  used  i n t e r c h a n g e a b l y  t o  r e f e r  t o  t h e  t o t a l  c o s t s  
i n c u r r e d  when s t o r i n g  t h e  commodity from one  p e r i o d  t o  
a n o t h e r .

-  1 1 3  -
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I f  F ( t , T )  < S ( t )  + C ( t , T )  (27)

t h e n  a r b i t r a g e u r s  w i l l  s e l l  t h e  s p o t  commodity and buy f u ­

t u r e s  c o n t r a c t s  t o  r e s t o r e  t h e  e q u a l i t y .  A s i m i l a r  mecha­

nism can be i l l u s t r a t e d  f o r  t h e  p r i c e  r e l a t i o n s h i p  o f  two 

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

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

A cco rd in g  t o  Working (1949) and T e l s e r  (1958) th e  m a r g i ­

n a l  c o s t s  o f  s t o r a g e  have  two c om po n en ts :  (1) t h e  m a r g i n a l

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

a n c e ,  e t c . )  and (2) t h e  m a r g i n a l  c o n v e n i e n c e  y i e l d  ( th e  a d ­

v a n ta g e  f o r  s u p p l i e r s  and p r o c e s s o r s  of  t h e  commodity t o  

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

p a t e d  d e m a n d ) .38 Brennan (1958) i n t r o d u c e d  a t h i r d  compo­

n e n t ,  namely t h e  m a r g i n a l  r i s k  a v e r s i o n  f a c t o r ,  t o  e x p l a i n  

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

v e n t o r i e s .  H is  " s u p p l y  o f  s t o r a g e "  t h e o r y  b u i l d s  on Work­

i n g ' s  e a r l i e r  a rg u m e n ts  and p r o v i d e s  a r a t i o n a l e  f o r  h o l d i n g  

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

F i g u r e  17 shows t h a t  a s  t h e  s p r e a d  between s p o t  p r i c e  

a t  t im e  t  and e x p e c te d  p r i c e  a t  t+1  i n c r e a s e s ,  t h e  amount of  

s t o c k s  c a r r i e d  from p e r i o d  t  t o  p e r i o d  t+ 1  w i l l  i n c r e a s e ;  

more o f  a commodity i s  s t o r e d  a s  t h e  s p r e a d  - an d  th u s  p r i c ­

e s -  i n c r e a s e .  The m a r g i n a l  r i s k  a v e r s i o n  component  i s  p o s i ­

t i v e l y  r e l a t e d  w i th  t h e  amount o f  s t o c k s ,  w h i l e  t h e  m a r g i n a l

38 The c o n v e n i e n c e  y i e l d  i s  o n ly  v a l i d  u n d e r  c o n d i t i o n s  of  
u n c e r t a i n t y .  I f  we were t o  assume a s u p p l i e r  w i th  p e r ­
f e c t  f o r e s i g h t  o f  h i s  demand f u n c t i o n ,  t h e  a s s o c i a t e d  
c o n v e n ie n c e  y i e l d  would be z e r o .
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E x pec ted
P r i c e

Change

Amount S t o r e d

F i g u r e  17:  The Supp ly  o f  S t o r a g e  Curve

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

a s  i t  i s  s e e n  i n  t h e  r a n g e  AE. When s t o c k s  e x c e e d  B (abu n ­

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

l y  z e r o .  I n  g e n e r a l ,  t h e  o p t i m a l  amount t o  s t o r e ,  ex a n t e ,  

i n  any g i v e n  p e r i o d  w i l l  be a t  t h e  l e v e l  where  t h e  m a r g i n a l  

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

In a c o n t e x t  o t h e r  th an  t h e  t h e o r y  o f  s t o r a g e ,  H i r s h l e i f -  

e r  (1972) i n t r o d u c e d  an a d d i t i o n a l  component  o f  i n t e r t e m p o ­

r a l  p r i c e  s p r e a d s .  H i r s h l e i f e r  d e a l t  wi th  i l l i q u i d i t y  t h a t  

a r i s e s  due  t o  t h e  i n a b i l i t y  t o  change  con su m p t io n  or  i n v e s t ­

m ent .  T h i s  change  i s  n e c e s s i t a t e d  by t h e  a r r i v a l  o f  new i n ­

f o r m a t i o n .  T h i s  i l l i q u i d i t y  i s  d i s t i n c t  from t h e  f a m i l i a r  

i l l i q u i d i t y  due to  t h e  n o n - m a r k e t a b i l i t y  o f  a s s e t s .  So
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w h i l e  an a s s e t  can  be  p e r f e c t l y  m a r k e t a b l e  i t  may l a c k  p h y s ­

i c a l  l i q u i d i t y .  As an e x a m p le ,  r e c e n t l y  p l a n t e d  g r a i n  i s  an
*

i l l i q u i d  a s s e t  i n  t h e  p h y s i c a l  s e n s e .  Y e t ,  i f  t h e  f a r m e r  

wan ts  t o  s e l l  h i s  f u t u r e  c r o p  ( s e l l  f u t u r e s )  he  m ig h t  f i n d  a 

l i q u i d  m a rk e t  among s p e c u l a t o r s .

H i r s h l e i f e r  d e v e l o p s  a t h r e e - p e r i o d  model i n  which u n c e r ­

t a i n t y  e x i s t s  i n  t h e  form of  a l t e r n a t i v e  p o s s i b l e  s t a t e s  of 

n a t u r e .  T here  a r e  c e r t a i n  c l a im s  t o  co n su m p t io n  a t  t i m e - 0  

and  t i m e - 2  and c o n t i n g e n t  c l a i m s  t o  c o n su m p t io n  a t  t i m e - 1 .  

(Such c l a i m s  command p r i c e s  P ( 0 ) ,  P ( l ) , 3 9  P (2) , r e s p e c t i v e ­

l y ,  a t  c u r r e n t  p e r i o d  0 ) .  He assumes p h y s i c a l  i r r e v e r s i b i l ­

i t y  i n  t h e  s e n s e  t h a t  a s  new i n f o r m a t i o n  e n t e r s  t h e  m a r k e t ,  

o n l y  t h e  s h c r t e r - m a t u r i t y  i n v e s t m e n t  can be r e - e v a l u a t e d .  

In  t h e  c o n t e x t  o f  f u t u r e s  m a r k e t s  t h i s  means c o n t r a c t s  n e a r ­

e r  to  m a t u r i t y  have g r e a t e r  f l e x i b i l i t y  in  a d j u s t i n g  t o  new 

i n f o r m a t i o n  ( e . g .  news a b o u t  a good c r  bad c r o p ) .  T h i s

f l e x i b i l i t y  i s  t r a n s l a t e d  i n t o  a s t o r a g e  d e c i s i o n  a t  t h e  

t im e  o f  m a t u r i t y .  T ha t  i s ,  w h e th e r  t o  consume t h e  c ro p  o r

s t o r e  i t  u n t i l  t h e  n e x t  p e r i o d .  In  H i r s h l e i f e r ' s  m o d e l ,

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

i n f l u e n c e s  t h e  consum ption  d e c i s i o n  a s  u n c e r t a i n t y  u n f o l d s .  

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

t i o n ,  i . e .  t h e r e  i s  no p r o d u c t  t r a n s f o r m a t i o n  from p e r i o d  2 

t o  p e r i o d  1 .  The f u r t h e r  away a c o n t r a c t  i s  from m a t u r i t y ,  

t h e  g r e a t e r  t h e  ‘' i n f l e x i b i l i t y ” (or lo w e r  u s e f u l n e s s )  i n  a d -

39 P ( l )  a c t u a l l y  e q u a l s  t h e  sum o f  two c o n t i n g e n t  c l a i m
p r i c e s  i n  p e r i o d  1 .
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j u s t i n g  t h e  p r e s e n t  c o n su m pt ion  and  s t o r a g e  d e c i s i o n .  

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

mium t o  c o n t r a c t s  n e a r  m a t u r i t y .

A ccord ing  t o  H i r s h l e i f e r ,  i n  t h e  roost b a s i c  c a s e ,  a l i q ­

u i d i t y  premium i s  s a i d  t o  e x i s t  a t  t=0  i f  th e  r a t i o  

P ( 1 ) / P ( 0 )  e x c e e d s  t h e  r a t i o  P ( 2 ) / P ( l ) .  No l i q u i d i t y  premium 

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

age)  a r e  e x c l u d e d .  These  r e s u l t s  have a s e r i e s  o f  e m p i r i c a l  

i m p l i c a t i o n s  a c r o s s  f u t u r e s  m a rk e t s  where  s t o r a g e  i s  c o n t i n ­

u ous  ( a g r i c u l t u r a l  c o m m o d i t i e s ,  m e t a l s ,  f i n a n c i a l  f u t u r e s )  

o r  d i s c o n t i n u o u s  (Maine p o t a t o e s ) . * °

In a r e c e n t  p a p e r  G rauer  and L i t z e n b e r g e r  (1979) e x p l i c ­

i t l y  i n c o r p o r a t e  t h e  p ro b lem  o f  s t o r a g e  asymmetry  i n  a g r i ­

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

t h e  commodity  backw ards  in  t im e  p u t s  i n  e f f e c t  n e c e s s a r y  a r ­

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

p r i c e s  and t h e  s p o t - f u t u r e s  p r i c e  r e l a t i o n s h i p .  T h e i r  t i m e -  

s t a t e  p r e f e r e n c e  model p r i c e s  commodity  f u t u r e s  c o n t r a c t s  in  

an economy w i th  r i s k y  o u t c o m e s .  I n  a p e r f e c t l y  c o m p e t i t i v e ,  

t w o - p e r i o d  exchange  economy where a l l  i n d i v i d u a l s  maximize  

u t i l i t y  o f  l i f e t i m e  c o n s u m p t io n ,  t h e y  d e r i v e  t h e  r e l a t i o n -

P o t a t o e s  a r e  grown i n  many r e g i o n s  and h a v e  d i f f e r e n t  
s e a s o n s  o f  h a r v e s t .  C ro p s  a r e  s t o r e d  t i l l  a new c r o p  
from t h e  n e x t  s e a s o n  i s  h a r v e s t e d .  Maine p o t a t o e s  - a  ma­
j o r  p o r t i o n  c f  t h e  f a l l  c r o p -  a r e  h a r v e s t e d  i n  t h e  l a t e  
summer and f a l l  and r e m a in  t h e  s o l e  s o u r c e  i n  th e  months  
of August  th r o u g h  December .  However, as t h e  ’' e a r l y  c r o p "  
becomes a v a i l a b l e  i n  l a t e  w i n t e r ,  s p r i n g  and e a r l y  sum­
mer,  t h e  s t o r a g e  o f  Maine p o t a t o e s  i s  c o n t i n u e d  i n  e a r l y  
s p r i n g .
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s h i p  between f u t u r e s  p r i c e  and e x p e c t e d  f u t u r e  s p o t  p r i c e  

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

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

and t h e  g r o s s  r e a l  r e t u r n s  o f  n om ina l  and r e a l  b o n d s .  The 

r e a l  s o c i a l  r i s k  premium and t h e  m a r g i n a l  c o s t  o f  p h y s i c a l  

s t o r a g e  impose an u p p e r  bound on t h e  e x p e c te d  f u t u r e  s p o t  

p r i c e .  Due t o  t h i s  up p e r  bound t h e  c o n s t e l l a t i o n  c f  f u t u r e s  

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

mined in  t h e  a b s e n c e  o f  s u c h  a c o n s t r a i n t . 4' 1 I t  i s  t h e n  an 

e m p i r i c a l  q u e s t i o n  o f  how c o n t r a c t s  w i th  d i f f e r e n t  m a t u r i ­

t i e s  a r e  p r i c e d  r e l a t i v e l y  t o  each o t h e r  and how t h e s e  r e l a ­

t i o n s h i p s  a r e  a l t e r e d  i n  r e s p o n s e  t o  t h e  asymmetry  o f  s t o r ­

a g e .

Ih e  r e l a t i o n s h i p  o f  c u r r e n t  and e x p e c te d  f u t u r e  s p o t  

p r i c e s  i s  a l s o  examined by Ackley ( 1 9 8 3 ) .  A l though  he i g ­

n o r e s  t h e  problem of  s t o r a g e  i r r e v e r s i b i l i t y  when he s t a t e s  

t h a t  " th r o u g h  c h a n g e s  i n  i n v e n t o r i e s ,  s u p p l y  o r  demand in  

any p a r t i c u l a r  y e a r ,  i n  e f f e c t ,  may th u s  borrow from p a s t  

a n d / o r  from f u t u r e  y e a r s *  s u p p l y  o r  demand",  he s t r e s s e s  t h e  

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

p r i c e s .  The p o s s i b i l i t y  o f  s t o r a g e  h a s  a s t a b i l i z i n g  e f f e c t  

on p r i c e s  when demand o r  s u p p l y  o r  b o th  a r e  random . T h is  i s

* 1 The e x i s t e n c e  of s t o r a g e  asymmetry b r e a k s  t h e  e q u a l i t y  i n  
(2 5 ) .  The s p o t - f u t u r e s  p r i c e  r e l a t i o n s h i p  i s  th e n  a weak 
i n e q u a l i t y :

F ( t , T )  < S ( t )  + C ( t , T )  (28)
T h is  i s  due t o  t h e  f a c t  t h a t  t h e  a r b i t r a g e  mechanism c a n ­
n o t  o p e r a t e  i n  c a s e s  where  s u p p l i e s  a r e  l i m i t e d .
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due t o  im m ed ia te  i n v e n t o r y  a d j u s t m e n t s ,  u n d e r  r a t i o n a l  e x ­

p e c t a t i o n s ,  a s  a r e s p o n s e  t o  news t h a t  a f f e c t  f u t u r e  demand 

o r  su p p ly  o r  b o t h .  Such i n v e n t o r y  r e s p o n s e s  smooth consump­

t i o n  o v e r  t im e  and have  s t a b i l i z i n g  e f f e c t s  on t h e  new e q u i ­

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

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

w e l l  a s  t h e  speed  o f  i t s  a c c u m u l a t i o n  and d e p l e t i o n  w i l l  i n ­

f l u e n c e  t h e  p r i c e  b e h a v i o r  o f  a comm odity .

In c o m m od i t ie s  w i th  i n v e n t o r y  l e v e l s  many t i m e s  t h a t  of  

t h e  c u r r e n t  p r o d u c t i o n  ( e . g .  g o l d ,  s i l v e r ) ,  q u a n t i t i e s  p r o ­

duced a n d / o r  consumed r e s p o n d  m in im a l ly  and s lo w ly  t o  a g i v ­

en p r i c e  c h a n g e .  I n  f a c t ,  l a r g e  e x i s t i n g  i n v e n t o r i e s  n e u ­

t r a l i z e  t h e  asymmetry o f  s t o r a g e  and r e d u c e  t h e  p o s s i b i l i t y  

t h a t  i n v e r t e d  m a r k e t s  would e x i s t .4,2 In  t h i s  c a s e ,  p r i c e  

d i f f e r e n t i a l  be tw een  two f u t u r e s  c o n t r a c t s  o f  t h e  same com­

m o d i ty  s h o u l d  s o l e l y  be due  t o  t h e  e x p e c t e d  s t o r a g e  c o s t s  

be tween  t h e s e  two m a t u r i t i e s .  " S t o r a g e  a sym m etry” p rem ia  on 

s h o r t  m a t u r i t y  c o n t r a c t s  s h o u l d  n o t  be  d i f f e r e n t  from z e r o  

i n  t h e s e  k in d s  o f  c o m m o d i t i e s .  In  t h e  c a se  of  g o ld  and s i l ­

v e r ,  i n v e n t o r i e s  a r e  u n a b l e  t o  p l a y  any s t a b i l i z i n g  r o l e  on 

p r i c e s .  S p e c u l a t i v e  b e h a v i o r  on f u t u r e  r e a l i z a t i o n  m a in ly  

d e t e r m i n e s  t h e  c o u r s e  o f  c u r r e n t  and f u t u r e s  p r i c e s . * 3

I n v e r t e d  m arke ts  may e x i s t  f o r  v e ry  s h o r t  p e r i o d s  o f  t im e  
due t o  t h e  c o s t s  o f  t r a n s f e r r i n g  t h e  commodity  in  some 
form o f  an  i n v e n t o r y  t o  i t s  f i n a l  u s e .  J e w e l r y  o r  g o ld  
b a r s ,  f o r  e x a m p le ,  can be used  f o r  i n d u s t r i a l  p u r p o s e s  
b u t  t h e r e  a r e  l a b o r  o r  i n s u r a n c e  c o s t s  when t r a n s f o r m e d  
or  t r a n s f e r e d  to  t h e i r  f i n a l  u se  o r  d e s t i n a t i o n .

4,3 T h is  i s  due t o  t h e  f a c t  t h a t  t h e  immense s i z e  o f  i n v e n t o -
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The s i t u a t i o n  i s  r e v e r s e d ,  how ever ,  i n  co m m o d i t ie s  where  

t h e  i n v e n t o r y  l e v e l s  a r e  low r e l a t i v e l y  t o  t h e  c u r r e n t  p r o ­

d u c t i o n  ( e . g .  g r a i n s ) . I n  t h i s  c a s e ,  q u a n t i t i e s  consumed 

r e s p o n d  im m e d ia te ly  t o  any p r i c e  c h a n g e ,  t h r o u g h  a d j u s t m e n t s  

i n  i n v e n t o r i e s .  Q u a n t i t i e s  p roduced  r e s p o n d  w i th  a d e l a y  

due  t o  e x i s t i n g  p r o d u c t i o n  c y c l e .  The i n v e n t o r y  s t a b i l i z e s  

p r i c e s  t o  new l e v e l s  b u t  b e c a u s e  o f  r e l a t i v e l y  low i n v e n t o r y  

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

m a r k e t s  e x i s t . ** T h e r e f o r e ,  s t o r a g e  asymmetry  l i q u i d i t y  p r e ­

mia a r e  e x p e c te d  t o  e x i s t  on n e a r  m a t u r i t y  c o n t r a c t s  r e l a ­

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

a r e  d e te r m in e d  r e l a t i v e l y  t o  t h e  e x i s t i n g  l e v e l  o f  i n v e n t o r y  

and how unknown e v e n t s  m ig h t  i n f l u e n c e  t h e  f u t u r e  s t o c k s .

r i e s  d e t e r m i n e s  t h e  c u r r e n t  p r i c e  o f  g o l d .  The i n v e n t o r y  
h o l d e r s  w i l l  c o n t i n u e  s t o r i n g  t h e  c o m m o d i t ie s  a s  lo n g  a s  
th e y  e x p e c t  t o  p r o f i t  from h i g h e r  p r i c e s  in  t h e  f u t u r e .  
Any c h an g e s  i n  e x p e c t a t i o n s  a b o u t  t h e  f u t u r e  c o u r s e  of  
p r i c e s  w i l l  n o t  be  f o l lo w e d  by s i g n i f i c a n t  c h a n g e s  i n  th e  
r a t e  o f  p r o d u c t i o n  a n d / o r  c o n s u m p t i o n .  The l a r g e  s i z e  of  
i n v e n t o r i e s  w i l l  r e spo n d  t o  t h e s e  c h a n g e s ,  t h u s ,  i n t r o ­
d u c in g  a d e s t a b i l i z i n g  b e h a v i o r  on t h e  p a th  o f  p r i c e s .

** C o n t r a c t s  w i th  s h o r t e r  m a t u r i t y  hav e  a g r e a t e r  f l e x i b i l i ­
t y  which i s  t r a n s l a t e d  i n t o  a d e c i s i o n  to  s t o r e  o r  c o n ­
sume a t  t h e  t im e  o f  m a t u r i t y .  S h o r t e r  m a t u r i t y  c l a i m s  
have more d e c r e e s  o f  f reedom  r e l a t i v e  t o  l o n g e r  m a t u r i t y  
c l a i m s .



C h a p t e r  13 

MODELING STORAGE ASYMMETRY

H i r s h l e i f e r  (1972) shows t h e  i l l i q u i d i t y  e f f e c t  due  t o  

s t o r a g e  asymmetry i n  a s i m p l e  t h r e e  p e r i o d  m ode l .  As d i s ­

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

n o t  conform  t o  r e a l i t y .  I n  a wor ld  o f  u n c e r t a i n t y ,  he c o n ­

s i d e r s  s e c o n d  p e r i o d ' s  c l a im  c e r t a i n .  With t h i s  a s su m p t io n  

he i n t r o d u c e s  a s t r o n g  p r e f e r e n c e  f o r  b r i n g i n g  commodity 

from p e r i o d  2 f o r  c o n su m p t io n  in  p e r i o d  1 ( i f  th e  " b a d '1 

s t a t e  o c c u r s  i n  p e r i o d  1 ) .  S in c e  t r a n s f e r r i n g  t h e  commodity 

backw ards  i n  t im e  i s  i m p o s s i b l e ,  t h e  p r e f e r e n c e  t o  do s o  im­

p o se s  a l i q u i d i t y  premium on s h o r t e r  m a t u r i t y  c l a i m s .  His  

r e s u l t s  t h e r e f o r e  a r e  s t r o n g e r  t h a n  i f  t h i s  a s s u m p t io n  was 

r e l a x e d . * 5 The mere f a c t  o f  i n t r o d u c i n g  u n c e r t a i n t y  i n  p e r i ­

od 2 r e d u c e s  t h e  p r o p e n s i t y  o f  moving u n i t s  from p e r i o d  2 t o  

p e r i o d  1 .  More g e n e r a l  r e s u l t  w i l l  be o b t a i n e d  i f  a f t e r  r e ­

l a x i n g  t h i s  a s su m p t io n  we can  s t i l l  show l i q u i d i t y  p r e m i a .

*5 I f  we i n t r o d u c e  u n c e r t a i n t y  i n  p e r i o d  2 t h e  n o t i o n  of  
" s t o r a g e  asymmetry"  w e akens .  S in c e  t h e  p o s s i b i l i t y  of 
two c o n s e c u t i v e  "b a d "  s t a t e s  e x i s t ,  in  such  c a s e  t h e r e  i s  
no need to  b r i n g  "bad"  c r o p s  b ackw ards  f o r  c o n su m p t io n  
t o d a y .

As a r e s u l t  p e r f e c t  m a r k e t a b i l i t y  o f  t h e  commodity i s  e n ­
s u r e d .  T h i s  a s s u m p t io n  a v o i d s  t h e  prob lem  o f  c o n fo u n d in g  
t h e  " p h y s i c a l  i l l i q u i d i t y "  w i th  t h e  i l l i q u i d i t y  d e r i v e d  
from t h e  i m p e r f e c t  m a r k e t a b i l i t y  o f  t h e  commodity .

-  1 2 1  -
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We assume a p e r f e c t l y  c o m p e t i t i v e , * 6 s i n g l e  good ,  t h r e e -

p e r i o d  exchange  economy.  No p r o d u c t i o n  p o s s i b i l i t i e s  e x i s t
*

e x c e p t  t h e  p o s s i b i l i t y  o f  s t o r a g e  f rom e a r l y  p e r i o d s  t o  l a t ­

e r  p e r i o d s . * 7 I n d i v i d u a l s  a r e  endowed e q u a l  q u a n t i t i e s  o f  

t h e  same commodity a t  t i m e - 0 .  U n c e r t a i n t y  i s  i n t r o d u c e d  i n  

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

p o s s i b l e  o u t co m es .  Once a p a r t i c u l a r  s t a t e  i s  r e v e a l e d ,  t h e  

s i z e  of  t h e  endowment i s  c e r t a i n .  At c u r r e n t  p e r i o d  0 t h e  

endowment W (0) i s  c e r t a i n  w h i l e  i n  f i r s t  p e r i o d ' s  W ( I s )  and 

s e con d  p e r i o d ' s  W (2s) a r e  c e r t a i n  o n l y  a f t e r  s  ( s t a t e  o f  na ­

t u r e )  i s  r e v e a l e d .  Wi thout  l o s s  o f  g e n e r a l i t y ,  we p a r t i t i o n  

t h e  wor ld  i n  two s t a t e s ,  s=A,B,  where  "A” i s  t h e  " a b u n d a n t "  

s t a t e  (w i th  p r o b a b i l i t y  " a " )  and "B" i s  t h e  "bad"  s t a t e  

(wi th  p r o b a b i l i t y  " b " ) . Whi l e  s t o r i n g  co mm od i t i e s  f o rwa rd  

( as  an  i n t e r t e m p o r a l  p r o d u c t  t r a n s f o r m a t i o n  p r o c e s s )  i s  p e r ­

m i t t e d ,  s t o r i n g  c o mm od i t i e s  backwards  i s  i m p o s s i b l e .  T h i s  

" s t o r a g e  asymmetry"  r e n d e r s  g r e a t e r  f l e x i b i l i t y  t o  t h e  

c l a i m s  i n  p e r i o d s  0 and 1,  s i n c e  t h e y  can e i t h e r  be consumed 

i n  t h e  same p e r i o d ,  o r  s t o r e d  f o r  co n su m pt io n  i n  t h e  n e x t  

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

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

was c o n s t r a i n e d  t o  be made b e f o r e  t h e  a c c u m u l a t i o n  of  some 

i n f o r m a t i o n  a t  t h e  b e g i n n i n g  o f  p e r i o d  0 ,  a l l  c l a i m s  would 

be e q u a l l y  i n f l e x i b l e .

In  t h i s  s e n s e ,  t h e  " p o s s i b i l i t y  o f  s t o r a g e "  c o i n c i d e s  
wi th  H i r s h l e i f e r ' s  " p r o d u c t i o n  t r a n s f o r m a t i o n ” t e r m .
T h i s  a s s u m p t i o n  e x c l u d e s  t h e  u s e  o f  l a n d  a s  an " e x t r a "  
a d d i t i o n  t o  t h e  endowment .
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At t h e  b e g in n i n g  o f  p e r i o d  0 t h e  consumer s  h a v e t o  p r i c e  

7 c o n t i n g e n t  c l a i m s  o f  c on sum pt i on  i n  t h e  m arke t  which c o v ­

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

C(0)  = c e r t a i n  c l a im  t o  c u r r e n t  p e r i o d  0 cons um pt i on  wi th  

p r i c e  P (0) •

C(A) = c o n t i n g e n t  c l a i m  of consumpt ion  i n  p e r i o d  1 i f  s t a t e

A o c c u r s ,  p r i c e d  a t  P (A) .

C(B) = c o n t i n g e n t  c l a i m  of  con sum pt i on  in  p e r i o d  1 i f  s t a t e

B o c c u r s ,  p r i c e d  a t  P (B) .

C(AA)= c o n t i n g e n t  c l a i m  of  co nsum pt ion  i n  s econd  p e r i o d ' s

s t a t e  A, i f  s t a t e  A o c cu r ed  i n  p e r i o d  1 ,  commanding 

a p r i c e  of  P (AA).

C(AE)= c o n t i n g e n t  c l a i m  of  consumpt ion  in s e con d  p e r i o d ' s  

s t a t e  B, i f  s t a t e  A oc cu red  i n  p e r i o d  1 ,  commanding 

a p r i c e  o f  P (AB).

C(BA)= c o n t i n g e n t  c l a i m  of  cons um pt i on  i n  s econ d  p e r i o d ' s  

s t a t e  A, g i v e n  t h a t  s t a t e  B o c c u r e d  i n  p e r i o d  1,  

commanding a p r i c e  o f  P (BA) .

C(BB)= c o n t i n g e n t  c l a i m  of  consumpt ion  i n  s econd  p e r i o d ' s  

s t a t e  B, g i v e n  t h a t  s t a t e  B o c c u r r e d  i n  p e r i o d  1 ,  

commanding a p r i c e  o f  P (BB) .

The s even  p r i c e s  d e f i n e d  above  a r e  t o  be d e t e r m i n e d  a t  

t i m e - 0 .  S i n c e  an i n d i v i d u a l  b id s  f o r  commodity u n i t s  t o  be 

consumed d u r i n g  t h e  t h r e e  p e r i o d s  (0,  1 , 2 )  a c e r t a i n  u n i t  

o f  consumpt ion  would be a s s u r e d  o n l y  i f  he p u r c h a s e s  a l l  

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

P (1) = P (A) + P (B) (28)
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P (2) = P (AA) + P (AB) ♦ P(BA) + P(BB) (29)

DEFINIIICN: At t =0  a l i q u i d i t y  premium i s  s a i d  t o  e x i s t  i f :

P ( 1 ) / P ( 0 )  > P ( 2 ) / P ( l )  (30)

E q u a t i o n  (30) i m p l i e s  t h a t  t h e  s h o r t e r  m a t u r i t y  c l a i m s  

( p e r i o d  0 and 1) a r e  p r i c e d  more "fa v o r a b l y ” r e l a t i v e  t o  t h e  

d i s t a n t  c l a i m  i n  p e r i o d  2 .  Th i s  d e f i n i t i o n  i s  s i m i l a r  t o

t h e  n o t i o n  t h a t  y i e l d s  f o r  a l o n g - t e r m  i n v e s t m e n t  a r e  h i g h e r  

t h a n  y i e l d s  on a s h o r t - t e r m  i n v e s t m e n t .  However .  (30) de ­

p a r t s  f rom t h e  y i e l d - c u r v e  n o t i o n .  S i n c e  we have  a p u r e  e x ­

change  economy,  i n t e r e s t  r a t e s  o r  y i e l d s  a r e  e f f e c t i v e l y  

n e u t r a l i z e d  t o  z e r o  so  t h a t  any d i f f e r e n c e s  i n  p r i c e s  - a n d  

c o n s e q u e n t l y  y i e l d s -  a r e  due  o n l y  t o  t h e  t i m e - f l e x i b i l i t y  of  

e a c h  c o n t i n g e n t  c l a i m .

1 3 . 1  INDIVIDUAL CHOICE PROBLEM

For  s i m p l i c i t y  we assume t h a t  i n d i v i d u a l s  b e s i d e s  h a v i n g  

i d e n t i c a l  endowments i n  a g i v e n  s t a t e ,  s h a r e  t h e  same be­

l i e f s  a b o u t  u n c e r t a i n t y .  Every i n d i v i d u a l  ha s  t h e  same

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

con sum pt i on  a t  t im e s  0 , 1  and 2 :

max U = Z l q ( p )  u { C ( 0 p ) ,  C ( l p ) ,  C(2p) )  (31)

o v e r  a l l  p o s s i b l e  p a t h s  of c o n s u m p t i o n ,  where p i s  a p o s s i ­

b l e  ' 'path*'  o f  t i m e - s t a t e s  and q(p)  i t s  p r o b a b i l i t y .

The f o u r  p o s s i b l e  p a t h s  a r e  shewn i n  F i g u r e  18 .

T h e r e f o r e :

U = a*u{C(0)  ,C(A) ,C(AA)} + abu (C (0) ,C (A) ,C (AB) )

+ bau {C (0) ,C (E) ,C (BA) ) ♦ b 2u (C (0) ,C (B) ,C (EB) )
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r ----------------------------------------------------------------------     1
I I

C (A) <

C(0) <

C (B) <

| P a t h s  | Prob .

C (AA) I C (0) -C (A)-C (AA) | a 2

C (AB) | C ( 0 ) -C (A)-C (AB) | ab

C (BA) | C (0) -C (E) -C (BA) | ba

C (BB) | C (0) -C (E)-C(BB) | b 2

F i g u r e  18:  Four  P o s s i b l e  P a t h s  o f  Consumpt ion

I f  t h e  u t i l i t y  f u n c t i o n  i s  t i m e - a d d i t i v e ,  we can r e w r i t e  t h e  

above  e q u a t i o n  a s :

U = ( a 2+ab+ba+b2) u (C (0))  +a (a+b) u (C (A)) + b (a+b)u (C (B))

+ a {au (C (AA)) +bu (C (AB) )) +b {au (C (BA) ) +bu (C (BB)) )

S i n c e  a + b = l ,  we g e t :

U = u (C (0) )  + {au (C (A) )+bu (C (B))} +{a {au (C (AA) )+bu (C(AB))}

+ b {au (C (BA)) *bu(C (BB))) } (32)

I m p l i c i t  i n  (31) i s  t h e  a s s u m p t io n  t h a t  i n d i v i d u a l s  obey von 

Neumann-Morgens t ern  axioms o f  r a t i o n a l  c h o i c e  unde r  u n c e r ­

t a i n t y .  The a s s u m p t io n  o f  t h e  t i m e  a d d i t i v e  u t i l i t y  f u n c ­

t i o n  i s  s u f f i c i e n t  t o  s e p a r a t e  t h e  co nsum pt ion  i n  each p e r i ­

od ove r  t h e  commod i t i e s  a v a i l a b l e  i n  e ach  s t a t e .
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1 3 . 2  BACKWARD INDUCTION SYSTEM

At t h e  b e g i n n i n g  o f  t ime  0 t h e  i n d i v i d u a l  must  p r i c e  t h e  

c o n t i n g e n t  consumpt ion  goods  and make a s t o r a g e  d e c i s i o n  

X(0) by t r a n s f e r r i n g  u n i t s  o f  co nsum pt ion  C(0) i n t o  f i r s t  

p e r i o d ' s  c o n s u m p t i o n .  The p o s s i b i l i t y  o f  bad c r o p s  i n  p e r i ­

ods  1 and 2 w i l l  command a p o s i t i v e  s t o r a g e  X (0) . At t i m e  1 

and when t h e  " a b u n d a n t ” s t a t e  A has  been  r e v e a l e d ,  t h e  i n d i ­

v i d u a l  w i l l  have  an i n c e n t i v e  t o  s t o r e  p a r t  o f  h i s  c r o p .  

X(A),  i n t o  p e r i o d  2 f o r  c o n s u m p t i o n .  On t h e  o t h e r  hand ,  i f  

a t  t ime  1 ,  t h e  "bad"  s t a t e  B ha s  o c c u r e d ,  t h e  i n d i v i d u a l  

w i l l  no t  s t o r e  a n y t h i n g  i n t o  n e x t  p e r i o d  b u t  r a t h e r  consume 

a l l  h i s  c r o p , * 8

The p r e s e n t  p robl em of  t h e  s t o r a g e  d e c i s i o n  f u l f i l l s  t h e  

r e q u i r e m e n t s  o f  a t h r e e - s t a g e  dynamic s y s t e m .  I n  a dynamic 

p r o c e s s ,  any s e q u e n c e  o f  s t o r a g e  d e c i s i o n  de pends  upon t h e  

r e a l i z a t i o n  of  t h e  s t a t e  - a n c  t h e r e f o r e  ou t come-  i n  t h e  p r e ­

v i o u s  p e r i o d  and must  t a k e  i n t o  c o n s i d e r a t i o n  i n f o r m a t i o n  on 

f u t u r e  p r o b a b i l i t y  d i s t r i b u t i o n s .  For  t h i s  r e a s o n ,  backward 

i n d u c t i o n  i s  n e c e s s a r y  and s u f f i c i e n t  t o  u s e . * 9 I n  s u c h  a 

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

*8 Th is  i s  a r a t h e r  r e a s o n a b l e  a s s u m p t i o n .  I n  t h e  y e a r s  of  
t e r r i b l e  d r o u g h t s ,  l i t t l e  o r  n o t h i n g  i s  s t o r e d .  In  su c h  
y e a r s  wi th  s e v e r e  d r o u g h t s  t h e  phenomenon of  i n v e r t e d  
m ar ke t s  ( s p o t  p r i c e s  h i g h e r  t h a n  f u t u r e s  p r i c e s )  i s  i n ­
e v i t a b l e  and i n t e r t e m p o r a l  p r i c e  s p r e a d s  a r e  a l m o s t  " m i r ­
r o r  images"  o f  t h e  c o n v e n i e n c e  y i e l d .  As F i g u r e  17 i l ­
l u s t r a t e s ,  l i t t l e  s t o r a g e  i s  made when p r i c e  s p r e a d s  a r e  
n e g a t i v e .

*9 For  a f o r m a l  p r e s e n t a t i o n  o f  t h e  backward i n d u c t i o n  p r o ­
c e s s ,  s e e  Mossin (1968) .
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and maximize  t h e  e x p e c t e d  u t i l i t y  f rom c o ns um pt io n ,  a t  t h a t  

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

d e c i s i o n  o r  " d e r i v e d ” u t i l i t y  f u n c t i o n  i s  t h e n  t a k e n  t o  r e p ­

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

i n  p e r i o d  2 .  Th is  " d e r i v e d "  u t i l i t y  f u n c t i o n  i s  t ake n  i n t o  

a c c o u n t  d u r i n g  t h e  o p t i m i z a t i o n  o v e r  t h e  s t o r a g e  d e c i s i o n  a t  

t h e  b e g i n n i n g  o f  t h e  p r i o r  t o  t h e  l a s t  p e r i o d .  I n  t h i s  way,  

i n d i v i d u a l s  can make an o p t i m a l  d e c i s i o n  a t  p e r i o d  1 and 

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

i n v o l v e d  a r e  p r e s e n t e d  be lo w .

STAGE 1: At t h e  b e g i n n i n g  o f  p e r i o d  2 and a f t e r  t h e  s t a t e  i s  

r e v e a l e d ,  t h e  i n d i v i d u a l  consumes h i s  endowment  i n  t h a t  

s t a t e  and any s t o r a g e  from t h e  p r e v i o u s  p e r i o d .  No s t o r a g e  

d e c i s i o n  i s  t o  be made.  Fo r  a g i v e n  X (A) s t o r e d  from t h e  

p r e v i o u s  p e r i o d  t h e  c on sum pt i on  i n  p e r i o d  2 i s :

C (A A) = X (A) ♦ W(2A), i f  s t a t e  A o c c u r s ,  o r

C (AE) = X (A) + W(2B),  i f  s t a t e  B o c c u r s .

I f  s t a t e  B had o c c u r e d  i n  p e r i o d  1 ,  t hen  s e c o n d ' s  p e r i o d  

cons um pt i on  i s :  C (BA) = W(2A), i f  s t a t e  A o c c u r s ,  o r  C(BE)

= W (2B) i f  s t a t e  B o c c u r s .

STAGE 2: At t h e  b e g in n i n g  of  p e r i o d  1 ,  i f  s t a t e  A has  o c ­

c u r e d ,  f o r  a g i ve n  X (0) t h e  i n d i v i d u a l  must  d e c i d e  h i s  c o n ­

sumpt ion  C (A) and t h e  s t o r a g e  X(A) i n  such a way a s  t o  max­

i m i z e  e x p e c t e d  u t i l i t y  f rom c o n su m p t i o n  o v e r  t h e  two 

r e m a i n i n g  p e r i o d s  1 and 2:

U = maxE(u) = maxE {u (C (A) ,C (AA) ,C (AB) ) ) =

X (A) X(A)
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= max (u (C (A)) + au(C(AA)) ♦ bu(C(AB))} (33)

X(A) 

s u b j e c t  t o :

C (AA) = X (A) ♦ W ( 2 A)

C (AE) = X (A) + W(2B) (34)

C (A) = X (0) + W (1A) -  X (A)

I f  we t a k e  t h e  d e r i v a t i v e s  w i th  r e s p e c t  t o  X (A) i n  e q u a t i o n s  

(34) we o b t a i n :

dC(AA)/dX(A) =1, dC (AB) /dX (A) =1,  dC (A) /d  X (A) =-1

Maximizing  (33) wi th  r e s p e c t  t o  X(A):

dll/dX (A) = u '  (A)dC (A)/dX (A) ♦ au • (AA) dC ( AA) /dX (A)

+ bu • (AB) dC(AB)/dX (A) = 0 

u ' (A) (-1) ♦ au '  (AA) + bu • (AB) = 0

u '  (A) = au * (AA) ♦ b u ' (AB) (35)

where • d e n o t e s  a f i r s t  p a r t i a l  d e r i v a t i v e  o f  u t i l i t y  w i t h  

r e s p e c t  t o  s t a t e - c o n t i n g e n t  c o n s u m p t i o n .  E q u a t i o n  (35)

s t a t e s  t h a t  X(A) w i l l  be d e t e r m i n e d  a t  t h e  p o i n t  where  t h e  

m a r g i n a l  u t i l i t y  f rom con sum pt i on  i n  p e r i o d  1,  s t a t e  A, i s  

e q u a t e d  t o  a we igh t ed  a v e r a g e  o f  m a r g i n a l  u t i l i t i e s  f rom 

co n su m p t i o n s  i n  s econd  p e r i o d * s  s t a t e s  A and B.  The w e i g h t s  

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

From e q u a t i o n s  (34) and (35) we can  s o l v e  f o r  t h e  v a l u e s  

o f  C (A) , C (AA) , C (AB) and X (A) t h a t  maximize  ( 3 3 ) .  These  

o p t i m a l  v a l u e s  c an  be  d e n o t e d  r e s p e c t i v e l y :  C+(A) ,  C+ (AA),

C+ (AB), X+(A).  Then we can r e w r i t e  (35) a s :

u '  + (A) = a u ,+ (AA) + b u ,+ (AB) (35 ' )



129

At t h e  b e g i n n i n g  of  p e r i o d  1> . i f  s t a t e  3 i s  r e v e a l e d ,  t h e  

i n d i v i d u a l  m a x i m i z e s :

U = maxE(u) = max{u(C(B)J + au(C(BA))  ♦ bu(C(BB))J  (36) 

s u b j e c t  t o :

C (BA) = W (2A)

C (BB) = W(2B) (37)

C (B) = W (13) + X (0)

S i n c e  no s t o r a g e  i s  t o  be mace f o r  n e x t  p e r i o d  2 ,  f o r  a g i v ­

en X (0) t h e  v a lu e  o f  C (BA) , C(BB) and C (B) can  be c o m p l e t e l y  

d e t e r m i n e d .

I f  t h e  d e c i s i o n  o f  s t o r i n g  n o t h i n g  f o r  p e r i o d  2 when 

s t a t e  B o c c u r s  i n  p e r i o d  1 i s  t o  be  o p t i m a l ,  t h e  f o l l o w i n g  

c o n d i t i o n  must  h o l d :  t h e  m a r g i n a l  u t i l i t y  f rom c on sum pt i on

i n  p e r i o d  IE sh o u l d  be g r e a t e r  o r  e q u a l  t o  t h e  e x p e c t e d  mar ­

g i n a l  u t i l i t y  f rom c o nsu m pt i on  i n  p e r i o d  2.  With t h i s  c o n ­

d i t i o n  t h e r e  i s  no need o f  t r a n s p o r t i n g  t h e  commodity f rom

p e r i o d  2 t o  IB even i f  i t  was p e r m i s s i b l e  t o  s t o r e  b a c k ­

w a r d s .  M a t h e m a t i c a l l y ,  we can w r i t e  t h i s  c o n d i t i o n  a s  f o l ­

l ows :

u '  (W (1B)+X(0))  > au ' (U ( 2A) ) +bu ' (W (2B)) (38)

o r  u '  (W (IB) +X (0))  > (1-b)  u * (W (2A)) +bu • (W (2B))

o r  U* (W (IB)+X ( 0 ) ) -u» (W (2A)) > b {u* (W (2B)) -u  • (W (2A))) (38»)

The r i g h t  hand s i z e  o f  ( 3 0 ' )  i s  a l w a y s  p o s i t i v e .  The l e f t  

hand s i z e  w i l l  be p o s i t i v e  a s  l ong  a s :  W(1B)+X(0) < U(2A) ,

a r e a s o n a b l e  a s s u m p t i o n ,  i . e . ,  t h e  s i z e  o f  a bad c ro p  t o ­

g e t h e r  w i t h  t h e  p r e v i o u s  p e r i o d  i n v e n t o r y  c a n n o t  match t h e
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s i z e  o f  a "good"  c r o p .  I f  we a l s o  were  t o  assume t h a t  f o r  a 

g i v e n  t e c h n o l o g y  t h e  "bad” endowments  a r e  e q u a l  a c r o s s  p e r i ­

ods  (W (IB) =W (2A)) , t h e n  we can  s e e  t h a t  e q u a t i o n  (38*) w i l l  

be s a t i s f i e d  f o r  a wide r a n g e  o f  v a l u e s  of  t h e  s i z e  o f  t h e  

endowments  and t h e  p r o b a b i l i t y  b t h a t  t h e  " b a d ” s t a t e  w i l l

o c c u r  *

STAGE 3: At t h e  b e g in n i n g  o f  p e r i o d  0 , t h e  p robl em o f  t h e

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

co n su m p t io n  wi th  r e s p e c t  t o  t h e  v e c t o r  o f  s t o r a g e  d e c i s i o n  

v a r i a b l e s  {X (0) , X(A)}:

U = maxEu {C (0) ,C+ (A) »C (B) , C + (AA) ,C + (AB) ,C (BA) ,C (BE)} =

X (0) ,X+ (A)

= maxEu {X (0) , X + (A) (X (0) ) ) (39)

X (0) #X+ (A) 

s u b j e c t  t o :

C(0)  = V  (0) - X (0)

C+ (A) = X (0) + V  (1A) -  X+(A)

C+ (AA) = X + (A) ♦ W (2 A)

C+(AB) = X+(A) + W(2B) (40)

C (B) = V (IB) + X (0)

C (BA) = W(2A)

C (BB) = W(2E)

u '+ (A)  = au *+ (AA) + b u ,+ (AB)

From (40) we can  t a k e  t h e  d e r i v a t i v e s  o f  t h e  c o n t i n g e n t

c l a i m s  o f  c o nsu m pt i on  wi th r e s p e c t  t o  X (0) :

dC(0) /dX ( 0 ) = - l ,  dC+(AA)/dX (0) =dX + (A)/dX (0)

dC+ (AE) /dX (0) =dX+ (A) /dX (0) # dC+ (A) /dX (0) =l-dX+ (A) /dX (0) ,
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dC (BA)/dX (0) =0, dC(BB) / dX(0)  =0 , dC (B)/dX (0) =1

The u t i l i t y  f u n c t i o n  i n  (39)  can be decomposed a s  i n  (32) :

U = u ( C ( 0 ) )  + au {C+ (A)) ♦ bu (C (B)) + a{au(C+(AA))

+ bu (C+ (AB))} + b {au (C (BA)) + bu(C(BB))} (41)

S i n c e  X+(A) i s  a f u n c t i o n  o f  X (0) , we need  maximize (41) 

o n l y  w i t h  r e s p e c t  t o  X(0) :

dU/aX (0) = u '  ( 0 )dC(0) /dX (0) + au •+ (A)dC+ (A) /dX (0)

4 bu* (B)dC (E)/dX (0) + a {au •+ (AA) dC+ (AA)/dX (0)

+ bu *+ (AB) dC+ (AB) /dX (0) )  + b {au* (BA) dC (BA) /dX (0)

+ bu» (BB) dC <BB)/dX (0)} = 0 

- u ' ( 0 )  + au '+ ( A)  ( l - dX+(A) /dX (0)} ♦ bu»(B)

+a {au ,+ (AA) dX+ (A) /dX (0) + bu • + (AB) dX+(A)/dX (0) ) =0 

- u ' (0) + a u '  + (A) ( l - d X + (A)/dX (0))  + b u ' ( E )

+adX+(A)/dX (0) (au'+(AA) + bu'+(AB)> = 0 (42)

I f  we s u b s t i t u t e  ( 35 ' )  i n t o  e q u a t i o n  (42) we g e t :  

u '  (0) = au ,+ (A) (1-dX + (A) /dX (0)} ♦ b u ' ( B )

+ a {u, + (A)) dX+(A)/dX (0) 

u ' ( 0 )  = a u ,+ (A) + bu* (B) (43)

E q u a t i o n  (43) s t a t e s  t h a t  t h e  o p t i m a l  amount  o f  s t o r a g e  t o  

be made a t  p e r i o d  0 i s  d e t e r m i n e d  a t  t h e  p o i n t  where t h e  

m a r g i n a l  u t i l i t y  f rom consumpt ion  i n  p e r i o d  0 e q u a l s  a 

we ig h t e d  a v e r a g e  of  t h e  m a r g i n a l  u t i l i t i e s  i n  s t a t e s  A and  B 

o f  p e r i o d  1 .  The w e i g h t s  a r e  t h e  p r o b a b i l i t i e s  t h a t  t h e  two 

s t a t e s  w i l l  o c c u r .
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1 3 . 3  I N TERTEMPORAL PRICE RELATIONSHIPS

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

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

u t i l i t i e s :

P ( 1 ) / P ( 0 )  = (P (A) +P (B) ) / P  (0) = ( au '+(A)  +bu * (B)) / u f (0) (44)

P ( 2) /  P (1) = (P (AA)+P(AE) +P (B A) +P (BB) ) /P (1 )  =

( a 2u '  + (AA) +abu* + (AB) +bau* (BA)*b2u» (BB)) /  (au »+ (A) +bu* (B)) =

(a {au ,+ (A A) +bu , + (AB)}+b {au • (BA)+bu'  (BB) }) /  (au *♦ (A) +bu • (B) ) = 

(au •+ (A) +b {au'  (BA)+bu* (BB)} ) /  (au *+ (A) +bu* ( B ) ) (45)

I f  t h e  s u r e  c l a im  o f  co ns um pt io n  i n  p e r i o d  0 i s  t a k e n  a s  t h e  

n u m e r a i r e ,  t h e n  P(0)=1  and t h e  p r i c e  r a t i o  i n  (44) u s i n g  

e q u a t i o n  (M3) becomes :

P ( 1 ) / P ( 0 )  = 1 (46)

To d e t e r m i n e  how P ( 2 ) / P ( l )  i s  r e l a t e d  t o  P ( 1 ) / P ( 0 ) ,  we t a k e  

t h e  d i f f e r e n c e  P ( 2 ) - P ( l )  f rom e q u a t i o n  (45) :

P (2 ) - P  (1) =au •+ (A) +b {au • (BA) +bu • (BB)}-au •+ (A) -bu* (B) =

=b { ( au '  (BA) +bu'  (BB))-u» (B) ) (47)

I f  t h e  s i g n  of  (4 7) i s  n e g a t i v e ,  t h e n  P ( 2 ) / P ( l )  < 1 (48)

(47) w i l l  be n e g a t i v e  a s  l o n g  a s :

u ' (B) > au* (BA) ♦ bu* (BE) (49)

E q u a t i o n  (49) r e q u i r e s  t h e  m a r g i n a l  u t i l i t y  from consumpt ion  

i n  a "bad"  s t a t e  B t o  be g r e a t e r  t han  t h e  e x p e c t e d  m a r g i n a l  

u t i l i t y  o f  t h e  two s t a t e s  A and B. T h i s  i s  c e r t a i n  t o  o c c u r  

i f  we assume t h a t  m a r g i n a l  u t i l i t i e s  i n  t h e  two "bad"  s t a t e s  

o f  p e r i o d  1 and p e r i o d  2 a r e  e q u a l ,  a s  viewed from t ime  0 :  

u* (E) * u ' ( B B ) .  We can  t h e n  r e w r i t e  e q u a t i o n  (4 9 ) :  

( l - b ) u ' ( B )  > au ' (EA) o r  u * (B) > u • (BA) (50)
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S i n c e  (50) w i l l  a lways  be t r u e ,  we can c o n c l u d e  t h a t  (48) 

h o l d s  so t h a t  i n  c o n n e c t i o n  wi th  (46) r e s u l t s  i n  t h e  f o l l o w ­

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

P ( 1 ) / P ( 0 )  > P ( 2 ) / P ( l )  (51)

(51) a s s e r t s  t h a t  i n d i v i d u a l s  p l a c e  l i q u i d i t y  premia  on

s h o r t e r  m a t u r i t y  and more f l e x i b l e  c o n s u m p t i o n s  C(0) and

C ( l )  r e l a t i v e l y  t o  l o n g e r  m a t u r i t y  and i n f l e x i b l e  C ( 2 ) .  The

r e s u l t  i s  o b t a i n e d  by t he  s t o r a g e  asymmetry of  co nsumpt ion  

u n i t s  i n  p e r i o d  2 .  I f  ' ' backward ' '  s t o r a g e  was p e r m i t t e d ,  a l l  

m a r g i n a l  u t i l i t i e s  would be  e q u a l i z e d  and no l i q u i d i t y  p r e ­

mia would e x i s t .



C h a p t e r  1 4

STATISTICAL CONSIDERATIONS AND EMPIRICAL
TESTINGS

1 4 . 1  TESTING THE STORAGE ASYMMETRY HYPOTHESIS: STATISTICAL 
conI i d e r a t i o n I

With o u r  d e r i v a t i o n  i n  e q u a t i o n  (51) we can c o n s t r u c t  t h e

f o l l o w i n g  n u l l  h y p o t h e s i s :

H(0 ) :  Th e re  i s  no i n t e r t e m p o r a l  p r i c i n g  d i f f e r e n c e  
among s h o r t e r  and l o n g e r  m a t u r i t y  f u t u r e s  c o n ­
t r a c t s  o t h e r  t h a n  t h e  i m p l i e d  c o s t  o f  s t o r a g e ,  
i . e . ,  P (1) /P  ( 0 ) < P ( 2 ) / P  (1) .

H (1) : I n t e r t e m p o r a l  p r i c i n g  d i f f e r e n c e s  a p a r t  from 
t h e  c o s t  o f  s t o r a g e  i n c l u d e  l i q u i d i t y  p r em ia  a t ­
t a c h e d  on t h e  s h o r t e r  m a t u r i t y  c o n t r a c t s ,  i . e . ,  
P ( 1 ) / P ( 0 ) > P ( 2 ) / P ( 1 )  .

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

seems i n t u i t i v e ,  i n v o l v e s  o t h e r  c o n s i d e r a t i o n s  which c o m p l i ­

c a t e  t h e  me th od o lo g y .

(1) One major  problem i s  t o  e f f e c t i v e l y  n e u t r a l i z e  t h e  

c o s t  o f  s t o r a g e  ( p h y s i c a l  s t o r a g e ,  r i s k  premium and co n v en ­

i e n c e  y i e l d )  and c o n c e n t r a t e  on any r e m a i n i n g  d i f f e r e n c e  

t h a t  might  be due t o  s t o r a g e  a symmet ry .  F u r t h e r m o r e ,  t h e  

l o n g e r  t h e  t ime  be tween m a t u r i t i e s ,  t h e  more i n a p p r o p r i a t e  

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

(2) Choos ing  t h e  a p p r o p r i a t e  c a l e n d a r  months  t o  o b s e r v e  

t h e  p r i c i n g  d i f f e r e n t i a l s  i s  a n o t h e r  p r o b l e m .  E q u a t i o n  (51) 

h a s  been d e r i v e d  u n d e r  t h e  a s s u m p t io n  t h a t  t h e  c u r r e n t  e n -

-  1 3 4  -
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dowment i s  c e r t a i n  and a t  ' ' no rma l ' '  l e v e l s .  I f  i t  were t o  be 

a c e r t a i n  "bad"  endowment ,  p r i c e s  would be i n v e r s e l y  r e l a t e d  

and i n  t h a t  c a s e ,  i t  i s  n o t  c l e a r  how t h e  p r i c e  r a t i o s  would 

be d e t e r m i n e d .  S i n c e  i n  a g r i c u l t u r a l  commod i t i e s  t h e  i n v e r ­

s i o n  of  m a r k e t s  i s  a f r e q u e n t  phenomenon d u r i n g  seme months  

b e f o r e  t h e  "new” c ro p  a r r i v e s ,  a v o i d i n g  t h e s e  months  seems 

a p p r o p r i a t e .

(3) I n  Essay  I  o f  t h i s  s t u d y  t h e r e  i s  s t r o n g  e v i d e n c e  

t h a t  t h e r e  a r e  some n o n - s t a t i o n a r i t i e s  i n  c a sh  and f u t u r e s  

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

among v a r i o u s  m a t u r i t y  c o n t r a c t s .  The o b se r v e d  "month” and 

" m a t u r i t y "  e f f e c t  i f  n o t  t a k e n  i n t o  c o n s i d e r a t i o n  can a l o n e  

impose  p r i c e  d i f f e r e n t i a l s  which may confound  o u r  t e s t s .

1 4 . 2  METHODOLOGY

To e m p i r i c a l l y  t e s t  t h e  s t o r a g e  asymmetry  h y p o t h e s i s  i n  

t h e  a g r i c u l t u r a l  c o m m o d i t i e s  and a v o i d  t h e  p r ob l em s  d i s ­

c u s s e d  a b o v e ,  a me thodo logy i s  d e v e l o p e d  as  f o l l o w s :  D a i l y

p r i c e  o b s e r v a t i o n s  a r e  t a k e n  from c a l e n d a r  months a ro und  

l a t e  f a l l  and e a r l y  w i n t e r  ( O c t o b e r - J a n u a r y )  t o  c a l c u l a t e  

t h e  p r i c e  r a t i o s .  Dur ing t h e s e  m o n th s ,  t h e  "month" e f f e c t  

i s  e q u a l l y  d i s p e r s e d  and i t  i s  v e r y  m i l d ,  a s  e v i d e n c e d  i n  

s e c t i o n  5 . 2  and Anderson ( 1 9 8 2 ) .  To a l l e v i a t e  t h e  p rob l em 

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

i s t e n c e  o f  p r i c e  d i f f e r e n t i a l s  in  c o n t r a c t s  which a r e  o n l y  

2 -3  months  a p a r t ,  so  t h a t  t h e  e f f e c t  i s  m in im a l .
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With r e s p e c t  t o  t h e  c o s t  o f  s t o r a g e  we w i l l  make t h e  a s ­

sump t ion  t h a t  m a r g i n a l  c o s t s  of  s t o r a g e  o f  1 -2  months a r e  

e q u a l  t o  t h e  m a r g i n a l  c o s t s  of  s t o r a g e  of  t h e  c o n s e c u t i v e  

1 -2  mon ths .  To i l l u s t r a t e  t h e  m ec h an i c s  o f  t h e  e m p i r i c a l  

t e s t s ,  s u ppo se  i n  O c t o b e r  t h r o u g h  J a n u a r y  we o b s e r v e  t h e  

d a i l y  p r i c e s  o f  f o u r  f u t u r e s  c o n t r a c t s  which matu re  i n  

March,  May, J u l y  and S e p t em b e r .  The s t o r a g e  c o s t s  u n t i l  

March w i l l  be common t o  a l l  f o u r  c o n t r a c t s .  The a s s u m p t io n  

we make i s  t h a t  t h e  s t o r a g e  c o s t s  f rom March t o  May a r e  

e q u a l  t o  t h e  s t o r a g e  c o s t s  f rom May t o  J u l y  and e q u a l  t o  t h e  

s t o r a g e  c o s t s  f rom J u l y  t o  S e p t e m b e r . 50 We t h e n  c r e a t e  t h e  

f o l l o w i n g  t h r e e  p r i c e  r a t i o s  from t h e  t r a d i n g  days  o f  O c t o ­

b e r  t h r o u g h  J a n u a r y  t o  s ee  i f  t h i s  t i m e  s e r i e s  d i f f e r e n c e  i s  

s i g n i f i c a n t l y  g r e a t e r  t han  z e r o :

P (May)/P (Mar ) , P ( J u l ) / P  (May) , P ( S e p ) / P  ( Ju l )  .

I f  t hey  a r e  s i g n i f i c a n t l y  p o s i t i v e  we r e j e c t  t h e  n u l l  hy­

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

t i a l s  o t h e r  t h a n  t h e  s t o r a g e  c o s t s .  A mean d i f f e r e n c e  t e s t  

i s  r un  f o r  t h e  d i f f e r e n c e s :

P (May) /P (Mar) -P ( Ju l )  /P (May) , P ( Ju l )  /P (May)-P (Sep) /P  ( Ju l )  .

50 I t  shou ld  be men t ioned  t h a t  t h i s  a s s u m p t io n  i s  i n  l i n e  
wi th  t h e  e a r l i e r  t h e o r e t i c a l  d e r i v a t i o n s  as  l o n g  a s  t h e  
c o s t s  o f  s t o r a g e  a r e  e x p r e s s e d  i n  a p e r c e n t a g e  form o f  
f u t u r e s  p r i c e s .  Fo r  e x a m p le ,  i f  r  r e f e r s  t o  t h e  s t o r a g e  
c o s t s  f rom March t o  May and from May t o  J u l y  we can  e x ­
p r e s s  t h e  p r i c e  of  a May f u t u r e s  as  a m u l t i p l e  o f  t h e
March f u t u r e s  c o n t r a c t :  P (May) = (1+r)  P (Mar) , and t h e  p r i c e  
of  J u l y  f u t u r e s  a s :  P ( J u l )  = (1+r) P (May) . Then:
P (May) /P  (Mar )=P ( J u l )  /P  (May) = l+r  , and
P(May)/P (Mar)-P ( J u l ) / P  (May) =0.  Any p o s i t i v e  d e v i a t i o n  of  
t h i s  d i f f e r e n c e  f rom z e r o  w i l l  s i g n i f y  t h e  e x i s t e n c e  of  
p r i c e  d i f f e r e n c e s  o t h e r  t h a n  t h e  c o s t s  o f  s t o r a g e .
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The s e l e c t i o n  of  t h e  f o u r  c o n t r a c t s  i s  made t o  c a p t u r e  

p r i c e  d i f f e r e n c e s  i n  c o n t r a c t s  t o  be d e l i v e r e d  i n  d i f f e r e n t  

c r o p s .  Fo r  wheat  and t h e  soybean  complex t h e  March and May 

f u t u r e s  a r e  " o l d ” c r o p  c o n t r a c t s ,  w h i l e  t h e  September  i s  a 

"new" c ro p  c o n t r a c t *  In  t h i s  s e n s e ,  t h e  J u l y  f u t u r e s  i s  an 

" i n t e r m e d i a t e "  c o n t r a c t .  For  c o r n ,  s i n c e  t h e  h a r v e s t  comes 

l a t e r  in  t h e  y e a r ,  t h e  March,  May and J u l y  f u t u r e s  a r e  c o n ­

s i d e r e d  " o l d "  c rop  c o n t r a c t s ,  wh i l e  t h e  Sept ember  f u t u r e s  

" i n t e r m e d i a t e ” c o n t r a c t . 51 Fo r  e m p i r i c a l  p u r p o s e s ,  t h e  s e ­

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

i e s  f o r  t h e  e x i s t e n t  " o l d " - " n e w ” c r o p  p r i c e  d i f f e r e n t i a l s .  

S tudy  of  p r i c i n g  d i f f e r e n t i a l s  o f  t h e  same c o n t r a c t s  i n  two 

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

no a g r i c u l t u r a l  c o n t r a c t s  t r a d e d  two y e a r s  b e f o r e  m a t u r i t y )  

o r  i n t r o d u c e s  b i a s e s  ( " y e a r  e f f e c t s " )  wi th  unknown i m p l i c a ­

t i o n s  .

14 .3  EMPIRICAL RESULTS £>N INTERTEMPORAL PRICE RATIOS

The r e s u l t s  f o r  t h e  " s t o r a g e  a symmetry"  h y p o t h e s i s  a p p e a r  

i n  Tabl e  14 f o r  a l l  a g r i c u l t u r a l  commod i t i e s  i n  t h e  s a m p l e .  

A l l  p o s s i b l e  r a t i o s  from c o n t r a c t s  m a t u r i n g  n o t  mere t h a n  2 

months  a p a r t  were c o n s t r u c t e d .  We t h e n  t ook  t h e i r  d i f f e r ­

en c e s  and c r e a t e d  t im e  s e r i e s  o f  t h e  r a t i o s  and t h e  r a t i o -  

d i f f e r e n c e s .  R a t i o s  a c r o s s  c o n t r a c t s  were c a l c u l a t e d  on a

51 The December c o n t r a c t  i s  a "new” c r o p  f u t u r e s  bu t  i t  i s  
no t  a p p r o p r i a t e  t o  u se  i n  t h e  s t u d y  s i n c e  t h e  J u l y - S e p -  
t embe r  t im e  d i f f e r e n c e  i s  n o t  co mp a r ab l e  t o  t h e  Sept em-  
ber -December  t ime  d i f f e r e n c e .
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TAELE 14

I n t e r t e m p o r a l  P r i c e  R a t i o s  and S t o r a g e  Asymmetry

Commodity P r i c e  R a t i o s Obs . Average S t  .Dev. T - R a t i o

Rl=Pmay/Pmar- l 939 .0213 .0160 40 .83
R2=P ju l /Pmay-1 939 .0115 .0123 28 .69

Corn R 3 = P s e p / P j u l - 1 939 - . 0 0 9 0 .0210 - 1 3 . 2 0
R1-R2 939 .0098 .0064 47 .12
R2-R3 939 .0205 .0130 48 .18

Rl=Pi r ay /Pmar - l 930 .0015 .0253 1 . 8 4 a
R2=Pjul /Pmay-1 930 - . 0 2 7 4 .0437 - 1 9 . 1 2

Wheat R 3 = P s e p / P j u l - 1 930 .0161 .0093 52.60
R1-R2 930 .0289 .0274 32.18
R2-R3 930 - . 0 4 3 5 .0371 -3 5 . 7 8

Rl=Pmar/P j a n - 1 852 .0178 .0107 48 .6 3
R2=Pmay/Pmar- l 652 .0135 .0120 32.71
R3=Pjul /Pmay-1 652 .0090 .0109 2 4 . 19
R 4 = P s e p / P j u l - 1 852 - . 0 2 7 4 .0313 - 2 5 . 5 6

Soybeans R5= P au g / P ju l - 1 852 - . 0 0 3 6 .0084 - 1 2 . 4 8
R6=Pse p /Pa ug - l 852 - . 0 2 4 1 .0243 - 2 8 . 8 8

R1-R2 852 .0043 .0053 23.80
R2-R3 852 .0045 .0039 33 .40
R3-R4 652 .0364 .0252 42.13
R5-R6 852 .0205 .0180 33 .24

Rl =P ma r /P j an -1 837 .0106 .0263 11 .61
R2=Piray/Pmar- l 637 .0065 .0202 9 .38
R3=P ju l /Pmay-1 837 .0092 .0133 19 .98
R4=Psep/P j u l - 1 837 - . 0 1 1 3 .0286 - 1 1 .4 0

Soymeal R 5 =P au g / P ju l - 1 837 .0006 .0094 1 . 8 2 a
R 6 =P se p / Pa u g - l 837 - . 0 1 2 0 .0218 - 1 5 . 9 4

R1-R2 837 .0040 .0157 7.39
R2-R3 637 - . 0 0 2 7 .0134 - 5 . 7 3
R3-R4 837 .0205 .0227 26.10
R5-R6 637 .0126 .0171 21.29

Rl=Pirar /P j a n - 1 830 .0032 .0295 3 .13
R2=Pmay/Pmar-1 830 .0037 .0207 5.12
R3=Pjul /Pmay-1 830 .0048 .0163 8 .40
R4=Psep/P j u l - 1 830 - . 0 1 0 3 .0204 - 1 4 . 5 2

S o y o i l R 5 =P aug /P ju l -1 830 - . 0 0 3 7 .0099 - 1 0 . 8 8
R 6=P se p / Pau g - l 830 - . 0 0 6 7 .0124 - 1 5 . 4 6

R1-R2 830 - . 0 0 0 5 .0130 - 1 . 0 5 b
R2-R3 630 - . 0 0 1 1 .0079 - 3 . 9 3
R3-R4 830 .0150 .0130 33 .35
R5-R6 830 .0029 .0090 9.39

a= s i g n i f i c a n c e  l e v e l  a t  7 %, b = s i g n i f i c a n c e  l e v e l a t  10%
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d a y - b y - d a y  b a s i s  as  l ong  a s  t h e r e  were  o b s e r v a t i o n s  f o r  a l l  

t h e  c o n s i d e r e d  c o n t r a c t s .  For  t h e  soybean  complex we had 

more p r i c e  r a t i o s  be cau se  t h e r e  a r e  mere c o n t r a c t s  t r a d e d  

t h a n  fo r  c o rn  o r  whea t .  On a l a r g e  number o f  o b s e r v a t i o n s  

r a n g i n g  from 6 30 (soybean o i l )  t o  939 (corn)  we t e s t e d  t h e  

h y p o t h e s i s  whe th e r  t h e  p r i c e  r a t i o s  minus  u n i t y  and t h e  d i f ­

f e r e n c e s  o f  p r i c e  r a t i o s  a r e  d i f f e r e n t  f rom z e r o . s z  The T- 

r a t i o s  a l o n g  w i th  t h e  a v e r a g e s  and t h e i r  s t a n d a r d  d e v i a t i o n s  

of  t h e s e  t i m e  s e r i e s  a r e  p r o v i d e d  f o r  a l l  f e a s i b l e  comb ina ­

t i o n s  o f  c o n t r a c t s .  A l l  T - r a t i o s  a r e  s i g n i f i c a n t  a t  t h e  

.Ol/o l e v e l  e x c e p t  one  which i s  i n s i g n i f i c a n t  and two which 

a r e  s i g n i f i c a n t  a t  t h e  7% l e v e l .

The f r e q u e n c y  of  t h e  p o s i t i v e  s i g n  i n  t h e  d i f f e r e n c e  of  

p r i c e  r a t i o s  i s  ve ry  h i g h .  Out o f  16 r a t i o - d i f f e r e n c e s ,  12 

a r e  p o s i t i v e .  Of t h e  r e s t  4 n e g a t i v e s ,  one  i s  i n s i g n i f i ­

c a n t l y  d i f f e r e n t  f rom z e r o .  The r e m a i n i n g  t h r e e  a r e  one 

ea c h  i n  whe a t ,  soybean  meal  and soy be an  o i l .  I t  s h o u l d  be 

men t i on ed  t h a t  t h e  n e g a t i v e  r a t i o - d i f f e r e n c e  f o r  soybean  

meal  and o i l  i n v o l v e s  t h e  same c o n t r a c t s .  Both commod i t i e s  

a r e  l e s s  s t o r a b l e  r e l a t i v e l y  t o  g r a i n s  so  t h a t  t h e  " s t o r a g e  

asymmet ry"  i s  n o t  e x p e c t e d  t o  be e q u a l l y  s t r o n g .  However ,  

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

months  t h e  " s t o r a g e  asymmetry"  w i l l  s t r o n g l y  p r e v a i l .  The 

n e g a t i v e  s i g n  i n  t h e  r a t i o - d i f f e r e n c e s  in w h e a t ,  in  c o n j u c -

S2 I n s t e a d  o f  t e s t i n g  t h e  h y p o t h e s i s  t h a t  p r i c e  r a t i o s  a r e  
d i f f e r e n t  f rom u n i t y ,  we s u b t r a c t e d  u n i t y  f rom t h e  r a t i o s  
and t e s t e d  t h e  e q u i v a l e n t  h y p o t h e s i s  t h a t  a r e  d i f f e r e n t  
from z e r o .



t i o n  w i th  t h e  p r i c e  r a t i o s  t h a t  make up t h i s  d i f f e r e n c e  has  

t o  do w i t h  a  n o n - u n i f o r m  p r i c i n g  o f  t h e  May c o n t r a c t  v e r s u s  

d u l y  v e r s u s  Sep t embe r .  May i s  more f a v o r a b l y  p r i c e d  t o  J u l y  

t h a n  J u l y  i s  p r i c e d  t o  Se p t em be r .  I n  a l l  o t h e r  c o n t r a c t s  

t h e  p o s i t i v e  s i g n  r e i n f o r c e s  t h e  n o t i o n  t h a t  ’’o l d ” c rop  c o n ­

t r a c t s  a r e  more f a v o r a b l y  p r i c e d  t o  "new” c r o p  c o n t r a c t s  o r  

c o n t r a c t s  m a t u r i n g  i n  more d i s t a n t  m on th s .  I n  sum, t h e  r e ­

s u l t s  do n o t  s u p p o r t  t h e  n u l l  h y p o t h e s i s .  ’' S t o r a g e  asymme­

t r y " ,  t h e  a l t e r n a t i v e  h y p o t h e s i s ,  i s  v a l i d  and m e a n in g f u l  i n  

t h e  f i v e  examined a g r i c u l t u r a l  c o m m o d i t i e s .
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CONCLUSIONS AND SUGGESTIONS OF ESSAY I I

In a g r i c u l t u r a l  c o m m o d i t i e s ,  t h e r e  i s  one u n i v e r s a l  t r u t h  

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

i s  l i t t l e  t h e y  can do t o  change  t h e  e x p e c t e d  s i z e  o f  t h e  

c r o p  e i t h e r  upwards o r  downwards .  The p l a n t e d  c ro p  by i n ­

h e r i t a n c e  c an n o t  a d j u s t  t o  l a t e r  r e v e a l i n g  i n f o r m a t i o n .  On 

t h e  c o n t r a r y ,  what  r e t a i n s  c o m p l e t e  f l e x i b i l i t y  i n  moving 

a l o n g  t h e  d i r e c t i o n  imposed by some new i n f o r m a t i o n  i s  t h e  

" o l d "  c r o p  i n  t h e  form of  e x i s t i n g  i n v e n t o r i e s ;  i t  can  be 

e n t i r e l y  consumed,  p a r t l y  s t o r e d ,  o r  even p a r t l y  d e s t r o y e d  

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

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

T h i s  " f l e x i b i l i t y ” was f o u n d ,  bo th  on t h e o r e t i c a l  and e m p i r ­

i c a l  g r o u n d s ,  t o  impose  " s t o r a g e  a symmet ry” pr emia  on p r i c e s  

o f  t h e  most  f l e x i b l e  c o n t r a c t s .

The p o s s i b i l i t y  o f  s t o r a g e  a s  a p r o c e s s  o f  moving r e a l  

income fo r w a r d  o ve r  t im e  t o g e t h e r  w i th  t h e  s i z e  o f  e x i s t i n g  

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

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

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

enced  by any " s t o r a g e  a symmet ry"  p r e m i a .  In  t h e s e  m a r k e t s  

t h e  e x i s t e n c e  o f  s t o r a g e  asymmetry  i s  n e u t r a l i z e d  by t h e  im-

-  141 -
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mense s i z e  o f  e x i s t i n g  i n v e n t o r i e s  u s e d  as  a " b u f f e r 1* when 

new i n f o r m a t i o n  imposes  p r i c e  a d j u s t m e n t s .

I h e  model  d e v e l o p e d  h e r e  d e r i v e s  t h e  e x i s t e n c e  o f  " s t o r ­

a ge  asymmet ry"  i n  a p a r t i a l  e q u i l i b r i u m  c o n t e x t .  However ,  

c e r t a i n  a s s u m p t i o n s  w h i l e  seem r e s t r i c t i v e  do n o t  a l t e r  t h e  

d i m e n s i o n s  o f  t h e  d e r i v e d  h y p o t h e s i s .  The " p h y s i c a l  i r r e ­

v e r s i b i l i t y "  premium i s  an a d d i t i o n a l  component  i n  t h e  p r i c e  

of  s t o r a g e  a s  advanced  by Brennan ( 1 9 5 8 ) .  I t s  e x i s t e n c e  i s  

a p p e a l i n g  on i n t u i t i v e  g r o un d s  and i s  documented by e m p i r i ­

c a l  t e s t i n g s .

One p o s s i b l e  e x t e n s i o n  o f  t h i s  s t u d y  i s  t o  i n v e s t i g a t e  

t h e  " s t o r a g e  asymmet ry"  i n  f i n a n c i a l  and m e t a l s  f u t u r e s  c o n ­

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

age  asymmetry  f o r  a l l  m a r k e t s .  I t  would t h e n  be p o s s i b l e  t o  

examine  i n t e r - c o m m o d i t y  d i f f e r e n t  r e s p o n s e  t o  new i n f o r m a ­

t i o n  as  w e l l  a s  i d i o s y n c r a t i c  p r i c i n g  b e h a v i o r  e ach  commodi­

t y  e x h i b i t s .
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TABLE 15 

APPENDIX A

The Month E f f e c t  i n  Spo t  P r i c e s

G e o m e t r i c a l l y  Normal i zed  Average  Spot  V a r i a n c e s

Commodity OBS DF F-VALUE PR>F

Corn 132 1 1 /1 2 0 4 . 0 8 .0001
Wheat 80 11 /68 0 .7 7 .6 716
Soybeans 132 1 1 /1 20 2 .3 7 .0111
Soybean Meal 132 1 1 / 120 1 . 0 7 .3896
Soybean O i l 82 11/70 1 .5 6 .1301
GNMA 61 11/49 1 .16 .3  398
T - b i l l s 41 11/29 0 .6 6 .7671
Copper 62 11/50 1 . 3 2 .2414
Gold 61 11/49 1 .93 .0586
S i l v e r 93 11/81 0 .6 9 .7490



144

TABLE 16 

APPENDIX B

L i n e a r  R e g r e s s i o n  R e s u l t s  Based  on S e l e c t e d  C u t - o f f  Months 
R e g r e s s i o n  Model :  In  (N (Vt^) )  = c + b ( T ( j ) - t )  + e

Commo- Months
d i t y I n c l u d e d DF c b F-RATIO PR>F R2

8 442 - 0 . 0 0 6 4 0 .0022 0 .6 0 .4396 .001
C ( - 0 . 4 5 )  * (0 .77)  *
0 9 497 - 0 . 0 0 9 7 0 .0032 1 . 8 9 .1697 .00 4
R ( - 0 . 7 5 ) * ( 1 . 3 8 ) *
N 10 552 - 0 . 0 0 4 8 0 .0018 0 .8 2 .3646 .002

( - 0 . 3 8 ) - ( 0 . 9 1 ) *

U 7 377 0 .1669 -0 . 0 27 6 41.88 .0 001 .1 00
H (8.76 ) ( -6 . 47 )
E 8 431 0 .1 64 7 - 0 .0 26 8 62 .93 .0001 .127
A (9 .64 ) (“ 7 .93)
T 9 4 86 0 .1 55 2 -0 . 02 4 0 76 .96 .0 001 .137

(10.08) ( -8 .77 )

B 8 614 0 .1591 - 0 .0 24 3 79 .14 .0 001 .114
S E ( 11 .55) ( -8 .8 9 )
0 A 9 691 0 .1614 - 0 . 0 2 5 0 122 .38 .0  001 .151
Y N (12.72) ( - 11 .0 6 )

S 10 760 0 .1628 - 0 . 0 2 5 3 167 .43 .0001 .179
(13 .40 ) ( -1 2 .9 4 )

6 5 32 0.24  04 - 0 .0 39 9 65.25 .0 001 .105
S M (12.22 ) ( -7 .89 )
0 E 7 6 21 0 .2397 - 0 . 0 3 9 6 106 .29 .0 001 .146
Y A (13 .96) ( -10 .3 1 )

L 8 710 0 .2436 -0 . 04 09 175 .54 .0  001 .19 8
(15 .63) ( -1 3 .2 5 )

6 5 32 0 .1233 -0 . 01 1 0 6 .58 .0106 .012
S C (7 .40) ( -2 .57 )
0 I 7 6 21 0 .1342 - 0 .0 15 1 21.00 .0001 .033
Y L (9 .12 ) ( -4 .58 )

8 710 0 .1450 - 0 .0 18 7 49.84 .0  001 .066
(10 .85) ( -7 .06 )

27 692 0 .0716 - 0 .0 04 8 81.00 .0001 .1 0 5
G (8 .77) ( -9 .00 )
N 28 712 0 .0708 -0 . 00 4 7 87 .16 .0 001 .109
M (8 .87 ) ( -9 .34 )
A 29 732 0 .07 09 -0 .0 04 7 97 .65 .0001 .118

(9 .09) ( -9 .8 8 )
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A p p e n d i x  B ( C o n t i n u e d )

T 27 555 0 .1640 -0 . 0 10 3 505.40 .0001 .4 77
B (22.76) ( -2 2 . 48 )
0 28 573 0 .1630 -0 .0102 550 .13 .0  001 .49 0
N (23 .07) ( - 2 3 . 4 5 )
D 29 591 0 .1619 -0 . 010 1 594.98 .0001 .50 2
S (23 .34) ( -24 .3 9 )

T 6 222 0 .0013 0 .0238 4 .6 8 .0315 .0 2 1
B ( 0 . 0 2 ) * (2 .16)
I 9 250 0 .0358 0 .0135 2 .35 .1266 .0 09
L ( 0 . 7 2 ) * ( 1 . 5 3 ) *
L 10 278 0.05 2 3 0 .0090 1 .54 .2158 . 0 0 6
S ( 1 . 1 7 ) * ( 1 . 2 4 ) *

C 7 419 0 .1567 - 0 .0 18 3 67.90 .0  001 .140
0 (17 .65) ( -8 .24 )
P 8 4 66 0 .1557 -0 .0179 102 .03 .0  001 .180
P (19 .27) ( -10 .10 )
E 9 512 0 .1571 -0 . 01 8 4 163 .33 .0001 .242
R (21 .33) ( -12 .7 8 )

G 17 761 0 .03 93 -0 .0039 66.06 .0001 .080
0 (9 .36 ) ( -8 .13 )
L 18 787 0 .0415 - 0 .0 04 4 90 .39 .0001 .103
D (9 .89) ( -9 .51 )

S 12 6 25 0 .088 5 -0 . 01 1 3 108 .75 .0  001 .148
I (12 .42) ( - 1 0 .4 3 )
L 13 6 51 0 .0 8 61 -0 .0 10 6 113 .37 .0  001 .148
V (12 .37 ) ( -1 0 .6 5 )
E 14 676 0 .0845 -0 .0103 127 .75 .0001 .159
R (12 .67) ( -1 1 . 30 )

* I n s i g n i f i c a n t a t  5% •
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