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E U R O P E A N  U N I V E R S I T Y  I N S T I T U T E ,  F L O R E N C E

E C O N O M IC S  D E P A R T M E N T

E U I  W o r k in g  P a p e r  E C O  N o .  9 1 /5 4

O il F u tu r e s  an d  S tr a te g ic  S to ck s a t S ea

Pe t e r  Mo l l g a a r d  
and

L ou is Phups

B A D I A  F I E S O L A N A ,  S A N  D O M E N I C O  ( F I )
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A ll r ig h ts  re se rv e d .

N o  p a r t  o f  th is  p a p e r  m ay  b e  re p ro d u c e d  in  an y  fo rm  

w ith o u t p e rm is s io n  o f  th e  au th o rs .

©  P e te r  M p llg aa rd  a n d  L o u is  P h lip s 

P r in te d  in  I ta ly  in  N o v e m b e r  1991 

E u ro p e a n  U n iv e rs ity  In s ti tu te  

B a d ia  F ie so la n a  

1 -5 0 0 1 6  S an  D o m e n ic o  (F I)  

I ta ly
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S e p t e m b e r  1991

O IL  F U T U R E S

A N D  S T R A T E G IC  S T O C K S  A T  SE A

b y

P e ter  M 0 L L G A A R D  and L o u is  P H L IP S  

E u r o p e a n  U n iv e r s ity  In stitu te

A b str ac t

A  th e o r e tic a l  m o d e l e x p la in in g  th e  d e te r m in a tio n  o f  p r ic e s  in  th e  m a r k e ts  fo r  
N or th  S e a  cr ud e  o i l  is  se t  up . T h r e e  m ark ets are a n a ly se d  in  a th r e e -s ta g e  g a m e  

in  w h ic h  m a r k e t c o n c e n tr a tio n  in c r e a s e s  b y  e a c h  s ta g e: In  th e  f ir s t  s ta g e , th e  
In te r n a tio n a l P e tr o le u m  E x c h a n g e  is  m o d e le d  as a th ic k  fu tu r e s  m a r k e t. T h is  

m a r k e t is  a ls o  u s e d  to h e d g e  a g a in s t  th e  u n c e r ta in  o u tc o m e  o f  th e  1 5 -D a y  

fo r w a r d  m a rk e t, m o d e le d  in  th e  s e c o n d  s ta g e . T h e r e , a s m a ll  c lu b  o f  trad ers  

e n te r  fu tu r e s  c o n tr a c ts  k n o w in g  th at th is  w i l l  a f fe c t  th e  s to r a g e  d e c is io n  an d  

th e r e b y  th e  sp o t  p r ic e  p r o fi le . T h e  th ird  sta ge  m o d e ls  th e  sp o t m a r k e t a s  a tw o -  

p e r io d  d u o p o ly  w ith  in v e n to r ie s .  T h e  s tr a te g ic  e f f e c t  o f ,  a n d  in te r a c t io n  

b e tw e e n , in v e n to r ie s  an d  fu tur es p o s it io n s  is in v e st ig a te d .

A c k n o w le d g e m e n t

M a n y  th a n k s to  R o b e r t W a ld m a n n  fo r  lu c id  c o m m e n ts . T h e  u su a l d is c la im e r  
a p p lies .
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1. In tr o d u c t io n

In h is  T h e  W o r ld  P r ic e  o f  O il (1 9 7 6 ), H e n k  H o u th a k k e r  w o n d e r e d  w h y  

th e r e  e x i s t e d  n o  fu tu r e s  m a r k e t fo r  o i l .  O il  i s  a r e la t iv e ly  s ta n d a r d is e d  

c o m m o d ity  th at is  s to r e d  u n d e r  th e  g r ou n d  o r  th e  se a  b y  M o th e r  N a tu r e  an d  

s to r a b le  a b o v e  th e  g r o u n d  a n d  at se a . A  s ta n d a r d ise d  fu tu r es c o n tr a c t is  e a s y  to  

d e s ig n . L e t u s  q u o te  (p . 2):

"F o r o il , th ere  has  b ee n  n o th in g  lik e  th e  C h ic a g o  w h e a t m a rk e t o r  th e  L o n d o n  c o p p e r 

m arke t, w he re  p r ice s  are  se t d aily  by  the  o ffers  o f  p ro d u ce rs  a n d  th e  b ids  o f  c o n su m ers, 

w ith  co ns id erab le  partic ipa tion  b y  m erchan ts an d  specu lato rs.

W h y  d o e s  p e tro le u m  la c k  su ch  a  c e n tr a l  m a rk e t?  In  c o m m o n  w ith  m o s t 

co m m o d itie s  th a t a re  tra d e d  o n  fu tu re s  m ark e ts , p e tro le u m  is s to ra b le . W h ile  n o t as 

h o m o g e n e o u s  as co p p e r , i t  is  n o t m o re  h e te ro g e n e o u s  th an  w h e a t, a n d  a  se rv ic ea b le  

s ta n d a rd  c o n tr a c t  w o u ld  n o t b e  h a rd  to  d e s ig n . A lth o u g h  tra n s p o r ta tio n  c o s ts  are  

re la tiv e ly  m o re  im p o rta n t th an  fo r  m o s t c en tra lly  tra d e d  c o m m o d itie s , th is w o u ld  n o t 

seem  an in su p e ra b le  o b s ta c le  e ith er . P erh ap s th e  m a in  re a so n  fo r  th e  fa ilu re  o f  a  c en tra l 

m a rk e t to  d e v e lo p  is th a t fo r  m an y  y ea rs the  in d u s try  h a s b een  d o m in a te d  b y  in te g ra te d  

co m p an ie s  th a t h an d le  o il fro m  th e w e ll  to  th e  g a so lin e  p u m p . M erc h a n ts , b ro k e rs , an d  

o th e r  in te rm e d ia rie s  a re  re la tiv e ly  u n im p o rtan t;  as a  re s u lt, a rm 's - le n g th  tra n sa c tio n s  

h av e trad itio n ally  been  less p re v alen t in  petro leum  than  in  m an y  o th e r  ra w  m a te ria ls . T he 

s ig n if ic an ce  o f  th is p o in t is  th a t th e  in teg ra ted  c o m p a n ie s  a p p e a r  to  be  lo s in g  m u c h  o f  

th e ir  c o n tro l  o v e r  c ru d e  o il ,  so  th a t  a rm 's - le n g th  t r a n s a c t io n s  w ill  b e c o m e  m o re  

co m m o n . In  d u e  co u rse , a  ce n tra l m a rk e t m ay  em erge."

In  th e  e ig h t ie s ,  H o u th a k k e r ’s fo r e c a s t  b e c a m e  a  r e a l ity .  In  th e  U S , the  

N y m e x  c r u d e o i l  c o n tr a c t fo r  W e s t  T e x a s  In te r m e d ia te  (W T I)  w a s  s u c c e s s fu l ly  

la u n c h e d  in  1983, as a r e su lt  o f  th e  in c r e a se d  v o la t i l i ty  o f  th e  p r ic e  o f  o i l  a fte r  

th e  Ir an ian  r e v o lu t io n . In  th e  m e a n t im e , N o r th  S e a  o i l  w a s  d is c o v e r e d . T h e  

n e e d  fo r  "forw ard" tra d in g  o f  B r e n t o i l  w a s  f e lt  fo r  th e  sa m e  r e a so n  a n d  le d  

(a r ou n d  1986) to  a s ta n d a r d ise d  C on tr a ct fo r  B r e n t c ru d e  o i l ,  o n  w h a t b e g a n  to  

b e  c a l le d  th e  "B ren t 1 5 -D a y  m a r ke t" . I n it ia lly , th e  p a ir w is e  c o n tr a c ts  w e r e  

"forw ard" in  th e  s tr ic t  s e n s e  o f  th e  w o r d , th a t i s ,  th e  p a r tic u la r  s e l le r  h a d  to  

d e liv e r  to  h is  p a r tic u la r  tr ad in g  partner . G r a d u a lly , th is  m a r k e t d e v e lo p e d  in to  

a fu tu r e s  m a r k e t, th a t is ,  a m a r k e t w h e r e  a la r g e  p r o p o r tio n  o f  th e  trad e w a s  

fo r  h e d g in g  an d  sp e c u la t io n  p u r p o se s  o n ly .  O n  top  o f  it , th e  IP E  la u n c h e d  -w ith  

m ix e d  s u c c e s s -  a  c la s s ic  c r u d e  o i l  fu tu r e s c o n tr a c t ,1 c o p ie d  fr o m  th e  N y m e x

1 Its modifications are described in Phlips (1991).
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2

c o n tr a c t, in  1983. T o d a y , tw o  fu tu r e s m a r k e ts fo r  B r e n t c ru d e  e x is t  o n  top  o f  

e a c h  other: th e  1 5 -D a y  a n d  th e  1P E . T h e  la tter  h a s  a c e n tr a li s e d  o p e n  o u tc r y  

e x c h a n g e ,  a c le a r in g  h o u s e  an d  a  g r o w in g  n u m b e r  o f  p a r t ic ip a n ts , in c lu d in g  

th e  m a jor s , o i l  traders and lo c a ls . T h e  B r e n t 1 5 -D a y  m a rk e t, to  th e  c o n tra r y , is  

in  th e  h a n d s o f  a c lu b  o f  p r o d u c er s  an d  traders.

T h e  e m e r g e n c e  o f  th e se  m a r ke ts m o tiv a te s  th e  p r e se n t p a p e r , w h ic h  tries  

to  s im u lta n e o u s ly  m o d e l th e  o l ig o p o lis t ic  in te rp la y  o f  th e  m ajo rs  w h o  p r o d u c e  

N o r th  S e a  o i l ,  fo r  w h o m  sto c k s  at se a  h a v e  a s tra te g ic  r o le , an d  th e  p r e se n c e  o f  

tw o  fu tu r e s  m a r k e ts  fo r  B r e n t c r u d e  o n  w h ic h  th e s e  m a jo r s  are  a ls o  in  a 

s tr a te g ic  s itu a t io n , g iv e n  th e ir  s iz e  an d  s m a ll n u m b e r . T o  p u t it  s im p ly , th is  

p a p e r  is  an  a tte m p t to c o m b in e  th e  m o d e lin g  o f  s tr a te g ic  s to c k s , a s p io n e e r e d  

b y  A lla z  (1 9 9 1 ) an d  fu r th e r d e v e lo p e d  b y  M p llg a a r d  (1 9 9 0 ) , w ith  an  e f fo r t  to  

g iv e  a g a m e -th e o r e tic  e x p la n a t io n  o f  h o w  tw o  fu tu r e s  m a r k e ts  fo r  th e  sa m e  

n atura l r e so u r c e  w o r k  w h e n  the  c o r r e sp o n d in g  sp o t m a r k e t is  c o n tr o lle d  b y  a 

f e w  p r o d u c e r s . T h e  b a s ic  a p p r oa c h  is th e  o n e  d e v e lo p e d  b y  P h lip s  an d  H arstad  

(1990 and 1991).

W e  sh a ll  c o n f in e  th e  a n a ly s is  to  th e  m in im u m  o l ig o p o ly  m o d e l  that 

a llo w s  fo r  s tr a te g ic  in te r a c tio n  b e tw e e n  su p p lie s ,  th a t is ,  a d u o p o ly . T h e  g a m e  

p r o c e e d s  in  th r e e  s ta g e s .  In  th e  f ir s t  s ta g e ,  th e  p r o d u c e r s  m e e t  w ith  an  

a n o n y m o u s  fu tu r e s  m a rk e t, w h ic h  is  su p p o s e d  to  m im ic  th e  c h a r a c te r is t ic s  o f  

th e  IP E . H a v in g  d e te r m in e d  th e  fu tu r e s  p r ic e  an d  p o s it io n s ,  w e  m o d e l th e  15- 

D a y  m a r k e t a s  th e  s e c o n d - s ta g e  s u b g a m e , w h e r e  th e  o i l  c o m p a n ie s  trad e  

b ila te r a l fu tu r e s c o n tra c ts  a m o n g  th e m s e lv e s  an d  w ith  a sp e c u la to r . T h e se  15- 

D a y  c o n tr a c ts  w i l l  d e p e n d  o n  th e  p o s it io n s  a lr e a d y  ta k e n  o n  th e  IP E . In  th e  

th ird  s ta g e , th e  c o m p a n ie s  th e n  p la y  a tw o -p e r io d  e x tr a c tio n  g a m e . T h e y  e a c h  

h a v e  a  k n o w n  to ta l to  e x tr a c t o v e r  th e  tw o  p e r io d s , b u t c a n  u s e  s to c k s  o f  cr ud e  

o il  a t  se a  a n d  th e  e x tr a c t io n  p r o f ile  to  m a n ip u la te  p r ic e s  s o  a s  to  r en d e r the ir  

I P E  an d  1 5 -D a y  p o s i t io n s  m o r e  p r o f ita b le . T h is  c o m e s  a b o u t  b e c a u s e  th e  

m a tu r ity  fu tu r e s p r ic e  is  tak e n  to  b e  th e  se c o n d -p e r io d  sp o t p r ice .

T im e  o n ly  p la y s  a r o le  in  th e  tw o  p e r io d s , 1 a n d  2 , o f  th e  e x tr a c t io n  

g a m e  o f  th e  th ird  s ta g e . T h e  tw o  p r e v io u s  s ta g e s  m o d e l l in g  th e  tw o  fu tu r e s  

m a r k e ts  a l lo w  th e  p r o d u c e r s  to  p r e c o m m it  th e m s e lv e s  to  c e r ta in  s a le s  (or  

p u r c h a se s)  in  the  se c o n d  p e r io d  o f  th e  th ird  s ta g e . O n e  c a n  im a g in e  that th e  IP E  

( in  th e  f ir s t  s ta g e )  o p e n s  an d  c lo s e s  in  p e r io d  -0  le a v in g  e n o u g h  tim e  fo r  th e  

p r o d u c e r s  to  s e l l  or  b u y  IP E  fu tu r es as th e y  w is h . W h e n  th e  IP E  h a s  c lo s e d ,  in
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3

p e r io d  + 0  th e  th r e e  m a r k e t p a r tic ip a n ts  a g r e e  o n  th e ir  1 5 -D a y  c o n tr a c ts  ( in  the  

se c o n d  s ta g e ) . W h e n  th e  1 5 -D a y  m a r k e t c lo s e s ,  th e  e x tr a c t io n  g a m e  o f  th e  th ird  

s ta g e  ta k e s  p la c e .  A t  th is  s ta g e , th e  tw o  p r o d u c e r s  d e c id e  o n  th e  o p t im a l  

e x tr a c tio n , s a le s  an d  s to r a g e  p r o f ile s  o v e r  th e  tw o  p e r io d s . O n ly  a fte r  th is  th ird  

s ta g e  w i l l  th e  s to c h a s t ic  d e m a n d  b e  r e v e a le d  an d  it  is  in  th is  s e n s e  th a t t im e  

d o e s  n o t  p la y  a  r o le  in  s ta g e s  o n e  an d  tw o  m o d e ll in g  th e  fu tu r e s  m ar k e ts:  N o  

r e le v a n t  in fo r m a tio n  i s  r e v e a le d  d u r in g  o r  b e tw e e n  th e s e  tw o  s ta g e s .  T h is  

a s s u m p t io n  a l lo w s  u s  to  fo c u s  o n  th e  s t r a te g ic  a n d  s p e c u la t iv e  m o t iv e s  o f  

fu tu r e s m a rk e t trad in g . W e  sh a l l return to th e  in te r p r e ta tio n  o f  t im e  in  r e la tio n  

to  th e  r e a l w o r ld  m a r k e ts in  s e c t io n  7.

T h e  r est  o f  th e  a r tic le  is  o r g a n iz e d  as fo l lo w s :  S e c t io n  tw o  in tr o d u c e s  the  

n e c e s s a r y  n o ta t io n  fo r  th e  s p o t  m a r k e t , w h ic h  is  d e s c r ib e d  a s  a fa ir ly  

tr a d itio n a l d u o p o ly  e x tr a c t in g  an  e x h a u s t ib le  r e s o u r c e . E v e r y th in g  i s  k e p t  

n ic e ly  lin e a r  o r  q u a d r atic  b u t the  r e su lts  carry th r o u g h  i f  th e se  a ss u m p tio n s  are  

su b st itu te d  b y  a p p r op ria te  c o n v e x ity  c o n d it io n s . T h e  f o l lo w in g  fo u r  s e c t io n s  

th e n  u n r a v e l th e  g a m e  b a c k w a r d s . S e c t io n  th r e e  s o lv e s  th e  C o u r n o t  d u o p o ly  

fo r  th e  e x tr a c tio n  g a m e . T h e  p r o d u c tio n  sc h e d u le  is  u n a ffe c te d  b y  th e  fu tu r e s  

m a r k e ts w h ile  th e  s a le s  d e p e n d  o n  th e  n e t p o s it io n  ta k e n  b y  th e  p r o d u c e r s  o n  

th e  tw o  fu tu r e s  m a rk ets . T o  c lo s e  th is  g a p  in v e n to r ie s  m u s t n e c e s s a r i ly  d e p e n d  

o n  th e se  sa m e  n e t p o s it io n s . S e c t io n  fo u r  a n a ly se s  th e  s tr a te g ic  u s e  o f  s to c k s  b y  

c h a n g in g  th e  b a s ic  m o d e l  o f  th e  sp o t m a r k e t s l ig h t ly  s o  a s  to  h ig h l ig h t  th e  

s t r a te g ic  e f f e c t  o f  h o ld in g  in v e n to r ie s . T h e s e  s tr a te g ic  in v e n to r ie s  a r e a ls o  

fo u n d  to  d e p e n d  o n  th e  fu tu r e s  p o s it io n s  a s w e l l  a s  o n  th e  p r o d u c e r s ' b e l ie f s  

r e g a r d in g  th e  fu tu r e  sp o t p r ic e . S e c t io n  f iv e  th e n  r e c e d e s  to  th e  s e c o n d  s ta g e , 

m o d e ll in g  th e  1 5 -D a y  m a r k e t. T h e  se t  o f  c o n tr a c ts  th a t are m u tu a lly  b e n e f ic ia l  

to  th e  m a r k e t p a r tic ip a n ts  ( i .e .  th e  c o r e ) is c h a r a c te r iz e d . T h is  w i l l  b e  a  la r g e  

se t  d e p e n d in g  o n  p r ic e  e x p e c ta t io n s  an d  the  fu tu r e s p o s it io n s  ta k e n  o n  th e  IP E . 

S e c t io n  s ix  ta k e s  u s  b a c k  to  th e  f ir s t  s ta g e  w h e r e  th e  p r o d u c e r s '  o p t im a l  

p o s it io n s  o n  th e  IP E  are m o d e lle d . G iv e n  th e  p o te n t ia l  m u lt ip lic ity  o f  o u tc o m e s  

o f  th e  im p e r fe c t ly  o r g a n iz e d  1 5 -D a y  m ark et, th e  IP E  se r v e s  a s a v e h ic le  fo r  th e  

p r o d u c e r s  to  sp e c u la te  an d  h e d g e  n o t  o n ly  a g a in st  th e  u n c e r ta in ty  o f  th e  sp o t  

m ark et b u t a ls o  a g a in s t  the  n o n -u n iq u e n e s s  o f  th e  1 5 -D a y  m a r k e t.
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2 . S e t tin g  the  S tag e : D u o p o ly . S to r a g e  an d  F u tures

S in c e  th e  p la y  o f  a ll th r e e  s ta g e s  fo c u s e s  o n  th e  c a sh  m a r k e t w e  sh a ll  

b e g in  o u r  s to r y  h e r e . T w o  c o m p a n ie s ,  A an d  B , s u p p ly  a  h o m o g e n e o u s  

p r o d u c t, c r u d e  o i l ,  to  a sp o t m a r k e t. E x tr a c tio n  ta k e s  p la c e  in  tw o  p e r io d s ,  1 

an d  2, b u t e a c h  e x tr ac to r  ( i =  A , B ) h a s a k n o w n  m a x im u m  x; to  b e  e x tr ac te d  

o v e r  th e  tw o  p e r io d s . W e  sh a ll g e n e r a lly  a ssu m e  th a t c o s t  c o n d it io n s  are su c h  

that it  p a y s  to  p u m p  a ll o f  x; . F ir s t-p e r io d  p r o d u c tio n  c a n  h o w e v e r  b e  stor e d  

in  tan k e rs rather than  b e in g  so ld  im m e d ia te ly .

L e t th e  f ir s t  (a lp h a b e t ic a l)  su b sc r ip t  r e fe r  to  th e  c o m p a n ie s  a n d  th e  

s e c o n d  (n u m e r ic )  to  th e  p e r io d , q d e n o te s  s a le s  a n d  x  p r o d u c t io n . W e  

im p o se  th e  c o n str a in ts

(1) qii + q ;2 = Xii + xi2 = x ; , i = A, B

o n  to ta l p r o d u c tio n  and sa le s . S to c k s  a t  se a  s, are p r o d u c e d  b u t n o t so ld  in  th e  

f ir s t  p e r io d , th a t is ,

(2 .1 )  si h  xu  - qii

(2 .2 )  ^ 2  =  x a  + S i, (i = A, B)

s o  th at th e  tan k e rs h a v e  to b e  d e liv e r e d  in  th e  se c o n d  p e r io d .

P r o d u c t io n  an d  s to r a g e  are  n o t  c o s t le s s  a c t iv i t ie s .  W e  a s s u m e  that 

p r o d u c tio n  c o s t s ,  C , are c o n v e x  an d , fo r  s im p lic ity , that th e y  are q u a d r a tic  in  

th e  n u m b e r  o f  b ar re ls  p u m p e d:

T h e  c o s t  o f  s to r a g e , I, is  tak e n  to b e  lin e a r  in  th e  n u m b e r  o f  b ar re ls  s tor e d ,

(3) (i =  A , B; t = 1 ,2 ).

(4) Ij =  j  Si (i =  A , B; j  >  0),

and th e  p r o f it  o f  c o m p a n y  i thu s b e c o m e s

r ii = pi qn + P2 qi2 - (Cu + Q2 + Ii) + (pF - P2) N i,(5 )
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5

w h e r e  pi an d  P2 are th e  sp o t p r ic e s  in  th e  tw o  p e r io d s  a n d  pF an d  N ; are  

th e  fu tu r e s  p r ic e  an d  th e  n e t  p o s it io n  r e su ltin g  fr o m  th e  tw o  fir s t  s ta g e s  o f  th e  

g a m e .

T o  c o m p le te  th e  d e s c r ip t io n  o f  th e  s p o t  m a r k e t, w e  p r o p o s e  lin e a r  

in v e r se  d e m a n d  fu n c t io n s 2 to  d ete r m in e  th e  sp o t p r ic e s:

(6 .1) pi =  a  - b qt where qt = q A t +  qBt. t = l , 2 ,

a n d  w h e r e  th e  s tr e n g th  o f  d e m a n d , a  , is  a  s to c h a s t ic  v a r ia b le  w h ic h  is  

p e r c e iv e d  b y  th e  a g e n ts  a s b e in g  d istr ib u te d  n o r m a lly  w ith  u n k n o w n  m e a n  a  

an d  k n o w n  v a r ia n c e  V ar(a) =  1:

(6 .2) a  -  N ( a ,  l).

T h e  p a r t ic ip a n ts  o n  th e  fu tu r e s  m a r k e ts h o ld  d if fe r e n t  b e l ie f s  E ;(a ) o n  a  ; 

th e y  a s s ig n  p r o b a b ili ty  o n e  to  th e ir  o w n  b e l i e f  ( th e ir  s u b je c t iv e  p r o b a b ili ty  

d is tr ib u tio n ) an d  (th u s ) p r o b a b il ity  z e r o  to  th e  b e l ie f s  o f  th e  o th e r  p la y e r s .  W e  

are th u s  in  a  s i tu a t io n  o f  in c o n s is t e n t  p r io r  b e l i e f s  in  th e  s e n s e  o f  S e l t e n  

(1 9 8 2 )3

In earlier papers [Brianza, Phlips and Richard (1990); Phlips and Harstad (1991 and 

1990)] the specification qt = a '  - P pt , leading to the inverse demand curve

was chosen. While this gives us a natural interpretation of a '  as the level of demand, 

the notational simpler version with a  =  a '/P  and b = 1/p has been chosen here. 

The ’strength’ of demand a  and the ’level’ of demand a '  are thus related through 

a  =  a '  b .

It will take us too far from the main argument to discuss the origin of the differences 
in beliefs. We take it for an empirical fact that traders act on differences in subject
ive probability distributions (agreeing to disagree) even if they hold the same in
formation (which they thus interpret differently), optimism and pessimism being 
inexplicable motivations for trading. Everyday futures and financial markets are 
crowded with busily trading agents that share the same information, thereby reject
ing any zero-trade theorem. On optimistic and conservative standards of behaviour, 
see Greenberg (1990). On rejecting the rational expectations hypothesis, see Lovell
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T h e  r is k -a v e r s e  p r o d u c e r s ' e x -a n te  p a y o f f s  are m o d e l le d  a c c o r d in g  to  

th e  m e a n -v a r ia n c e  m o d e l:

(7) W i =  E i t n O - ^ V a r f r i i ) ,  

w h e r e  K; m e a su r e s  c o n sta n t  a b so lu te  r isk  a v e r s io n .4

T h e  e x p e c te d  p r o f it  is  r e a d ily  fo u n d  b y  ta k in g  i's e x p e c ta t io n  o f  (5 ) .  T h e  

v a r ia n c e  o f  th e  p r ofit  c an  b e  sh o w n  to  b e

(8) V a r(r i i )  =  ( X j - N i ) 2 .

W e  s h a ll  le a v e  th e  d e sc r ip tio n  o f  th e  m o d e ll in g  o f  th e  1 5 -D a y  m a r k e t a n d  th e  

IP E  fo r  th e  n e x t  s e c t io n . H e r e  w e  f o l lo w  m a n y  a g o o d  th e a tr e  p la y  an d  fir s t 

o f fe r  th e  so lu t io n  to  th e  f in a l s ta g e  in  w h ic h  th e  s tr a te g ic  e f f e c t s  o f  s to c k s  are 

h ig h lig h te d .

3 . S ta g e  T h r ee : C ou r n o t D u o p o ly  an d  th e  E x tr a c tio n  G a m e

F ir st  n o te  th a t th e  v a r ia b ili ty  o f  p r o f it s  a r ise s  fr o m  th e  u n h e d g e d  part 

(xi - Ni) o f  to ta l e x tr a c t io n  ( s e e  (8 ) )  an d  V a r(a ) (=  1) . It is  u n a f fe c te d  b y  th e  

t im e  p r o f ile  o f  s a le s  o r  p r o d u c tio n . In  or de r to  d e c id e  o n  th e s e  t im e  p r o f ile s ,  

th e  c o m p a n ie s  m a x im iz e  Wj w it h  r e sp e c t  to  x ,i, qu , x;2, qi2 and  s;, w h ic h  

a m o u n ts  to  m a x im iz in g  e x p e c te d  p r o fits  su b je c t to  th e  c o n str a in ts  (1 )  an d  (2).

M a n ip u la t io n  o f  th e  f ir s t -o r d e r  c o n d it io n s  le a d s  to  th e  f o l lo w in g  

e x tr a c tio n  sc h e d u le :

( 9 .1 ) x . i
c2 x -  .  2 J 

C l +  C 2  1 C l  +  C 2
5 i  Xi - 2 j

C l +  C2  ’
i = A, B

(1986). On informational differences leading to different positions, see Stein (1987) 
and p. 27.

This follows automatically if the underlying preferences are represented by a utility 
function that is exponential in profits and if profits follow the normal distribution. 
See Newbery and Stiglitz (1981), pp. 74-75.
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(9 .2) *i2 Cl
Cl + c 2 Xj + 2 j

C l + c 2
5 2  Xj + 2 j

C l  +  c 2  ’
i  =  A , B

w h e r e  th e  f ir st  ter m  r e p r ese n ts  c o s t  sm o o th in g :

(9.3) 8 i =
ci + c 2

C 2 X

C l X +  C2 x
2 c l x2

rc 2 x*

+  i -  c 2  x 2

(9.4) 52
C l  _  C l  X 

C l  +  C 2  C l  X +  C2 x

7 C2X2

2 Cl x2 + ^  c2 x2

T h e  c h o s e n  q u a dr atic  fo r m  o f  th e  c o s t  fu n c tio n  im p lie s  th a t c o m p a r in g  th e  to ta l 

c o s t  o f  p r o d u c in g  a  g iv e n  q u a n tity , x , in  o n e  p e r io d  to  th e  to ta l c o s t  o f  

p r o d u c in g  th e  sa m e  a m o u n t  in  b o th  p e r io d s  is  e q u iv a le n t  to  c o m p a r in g  th e  

m a r g in a l c o s t ,  ct x , in  th is  p e r io d  to  th e  su m  o f  m a r g in a l c o s t s  a n d  a g a in  

e q u iv a le n t  to  ju s t  c o m p a r in g  in c r e m e n ts , c t , in  th e  m a r g in a l c o s t .  A t  a n y  rate,

(9 .1 )  h a s  th e  n atura l in te rp re ta tion  th at th e  h ig h e r  th e  c o s t  o f  p r o d u c tio n  in  th e  

s e c o n d  p e r io d  is  (th e  h ig h e r  5 i) ,  th e  m o r e  sh o u ld  b e  p r o d u c e d  in  a d v a n c e  in  

p e r io d  1. V ic e -v e r s a  fo r  se c o n d -p e r io d  p r od u c tio n : th e  h ig h e r  th e  c o s t  o f  f irs t- 

p e r io d  p r o d u c tio n  is ,  r e la t iv e ly  sp e a k in g , the m o r e  o f  it  sh o u ld  b e  p o stp o n e d  to  

the  c h e a p e r  s e c o n d  p e r io d . T h e  s e c o n d  term  o f  (9 .1 )  an d  o f  (9 .2 )  c o m p a r e s  th e  

c o s t l in e s s  o f  s to r a g e  to  that o f  p r o d u c tio n . N o t  s u r p r is in g ly , w e  f in d  th a t th e  

h ig h e r  th e  c o s t  o f  s to r a g e , th e  le s s  sh o u ld  b e  p r o d u c e d  in  a d v a n c e  an d  th e  m o r e  

sh o u ld  b e  p o s tp o n e d  to  th e  s e c o n d  p e r io d . N o te  th at th e  o p t im a l e x tr a c t io n  

p o lic y  d o e s  n o t d e p e n d  o n  th e  fu tu r es p o s it io n s  tak e n .

T h e  sa le s  sc h e d u le  fo r  c o m p a n y  A , sa y , is  fo u n d  to  b e

( 10.1) 9 a i  = ^ xA - i-N A + ^ N b  + and

(10 .2)  ,  l i A , l N 4 . l N > . l ( i )

an d  its  s to c k s  o f  c r u d e  o i l  c a n  th e r efo re  b e  e x p r e ss e d  a s 5 

( 1 1 . 1 )  sA =  ^  a  8  xA + I  Na  - Nb  - 1  y  j , w he re

5 Using (2), (9.1) and (10.1).
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(11 •2 ) A 8 =  81-82 an d

12b +  c , +  c2
(1 1 • 3 ) b ( c i  + c 2)

T h a t s a le s  d e p e n d  o n  th e  n e t sh o r t fu tu r e s  p o s it io n s  in  th e  m a n n e r  s h o w n  in  

e q u a tio n s  (10 ) is  in  p e r fe c t  c o n c o r d a n c e  w ith  th e  f in d in g s  in  P h lip s  and H arstad  

(1 9 9 1 )  ( s e e  e q u a t io n s  (6 )  th e r e ). In  a d d it io n , w e  f in d  that s a le s  d e p e n d  o n  th e  

ter m  j /  b w h ic h  r e la te s  th e  m a r g in a l c o s t  o f  s to r a g e  to  th e  s lo p e  o f  th e  in v e r se  

d e m a n d  c u r v e , an d  th u s to  th e  m a r g in a l r e v e n u e  o f  th e  o p e r a tio n . W e  s e e  that 

th e  h ig h e r  th e  m a r g in a l c o s t  o f  s to r a g e , th e  lo w e r  w i l l  s to c k s  an d  th u s  s e c o n d -  

p e r io d  sa le s  b e . F ir s t-p e r io d  sa le s  w i l l  b e  c o r r e s p o n d in g ly  h ig h e r .

T h e  s iz e  o f  in v e n to r y  h o ld in g s  is  g iv e n  b y  (1 1 .1 ) . T h e  f ir s t  ter m  s h o w s  

th e  c o s t - s m o o th in g  p u r p o se  o f  s to c k s . I f  c2 >  c i s o  th a t A 8 >  0 , a p a r t o f  

s e c o n d -p e r io d  s a le s  sh o u ld  b e  p r o d u c e d  in  th e  f ir s t , le s s  c o s t ly  p e r io d  an d  

s to re d . T h is  o p e r a tio n  sh o u ld  tak e  th e  c o s t  o f  s to r a ge  in to  a c c o u n t, a s  in d ic a te d  

b y  th e  fo u r th  ter m , fr o m  w h ic h  it is  s e e n  that h ig h e r  c o s t  o f  s to r a g e  lo w e r s  th e  

o p t im a l  l e v e l  o f  s to c k s , a s  sh o u ld  b e . T h e  s e c o n d  ter m  o f  (1 1 .1 )  s h o w s  th at i f  

p r o d u c e r  A  h a s  p r e c o m m itte d  h e r s e l f  b y  ta k in g  a  sh o r t p o s it io n  o n  th e  fu tu r e s  

m a r k e ts (NA > 0), th e n  part o f  th is  q u a n tity  w i l l  o p t im a lly  b e  m e t  b y  s a le s  fro m  

s to c k s .  I f  th e  r iv a l  ta k e s  a  s im ila r  p o s it io n  (NB >  0), th is  lo w e r s  th e  p r o fita b i lity  

o f  th e  o p e r a tio n , th e r e b y  a ls o  lo w e r in g  th e  o p t im a l le v e l  o f  s to c k s  fo r  c o m p a n y  

A . A g g r e g a te  s to c k s  (sA + sB) d e p e n d  p o s i t iv e ly  o n  th e  a g g r e g a te  n e t p o s it io n  

(Na  + N b) .

B e fo r e  d is c u s s in g  th e  s tr a te g ic  u s e  o f  s to c k s ,  le t  u s e x a m in e  th e  e x p e c te d  

sp o t p r ic e s:

(12.1) E (Pl) = p + i b ( N A + N B) - l j

(12.2) E(p2) = p - l b ( N A + N B) + l j

(12 .3) p =  a  - b (xA + xB) .

P is  th e  p r ic e  that w o u ld  b e  o b ta in e d  in  b o th  p e r io d s  i f  th e  fu tu r e s m a r k e ts an d  

th e  s to r a g e  fa c i l i t y  d id  n o t e x is t . N e t  sh ort fu tu r e s p o s it io n s  (N , >  0 )  r ep re sen t
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a b in d in g  c o m m itm e n t  to  fu r n ish  th e  se c o n d -p e r io d  c a sh  m a r k e t w ith  a c er ta in  

a m o u n t o f  c r u d e , an d  to  th e  e x te n t  th a t th is a m o u n t is  a lr e a d y  s o ld  at th e  p r ic e  

PF, th e  c o m p a n ie s  h a v e  a c o m m o n  in ter est  to  m a n ip u la te  p r ic e s  b y  lo w e r in g  P2 

(an d  th e r e fo r e  r a is in g  pi ) .

4 .  T h e  S tr a te g ic  U s e  o f  S to c k s

T h e  s t r a te g ic  u s e  o f  s to c k s  is  in  m a n y  w a y s  s im ila r  to  th a t o f  fu tu r e s  

p o s it io n s .  In d e e d , b y  u n d e r ta k in g  a la r ge r p r o d u c tio n  in  th e  f ir s t  p e r io d  an d  

s to r in g  so m e  o f  it  fo r  s a le  in  th e  s e c o n d  p e r io d , th e  c o m p a n ie s  in c u r  th e  e x tr a  

c o s t  o f  p r o d u c t io n  a n d  th e  c o s t  o f  s to r a g e  in  th e  f ir s t  p e r io d . In  th e  s e c o n d  

p e r io d  th e s e  c o s t s  are  su n k  an d  th e  su p p ly  fr o m  s to c k s  is  c o s t le s s .  S to c k s  

th e r e fo r e  r e p r e se n t  a  c r e d ib le  c o m m itm e n t  to  r a is e  s e c o n d - p e r io d  s a le s ,  

th e r e b y  o f fe r in g  a  p o te n t ia l  p o s it io n  as a S ta c k e lb e r g  lea d e r.

In  a m o r e  g e n e r a l m o d e l,  th e  s tr a te g ic  e f f e c t  o f  in v e n to r ie s  w o u ld  im p ly  

that to ta l p r o d u c tio n  w a s  in c r e a se d  an d  that th e  a v e r a g e  p r ic e  w a s  lo w e r  th a n  i f  

s to r a g e  w e r e  im p o s s ib le .6 T h e  p r o d u c e r s  are tr a p p ed  in  a s u b o p t im a l N a s h  

e q u ilib r iu m  b e c a u se  b o th  are tr y in g  to  p o s it io n  th e m s e lv e s  a s  le a d e r s . M o s t  o f  

th is  s t r a te g ic  e f f e c t  is  s o  far  lo s t  in  o u r  m o d e l  s in c e  th e  o i l  c o m p a n ie s  are  

r e q u ir e d  to  p r o d u c e  an d  s e l l  a  g iv e n  to ta l ( s e e  (1 ) ) .  W h a t i s  le f t  is  th e  d ir e c t  

e f f e c t  o f  s to r a g e  c o s t s  o n  p r ic e s , w h e r e b y  h ig h e r  c o s t  o f  s to r a g e  d is c o u r a g e s  

h o ld in g  in v e n to r ie s  an d  le a d s  to  h ig h e r  im m e d ia te  sa le s .

T o  illu s tr a te  th is  p o in t  w e  c h a n g e  th e  m o d e l  s l ig h t ly  fo r  th e  sa k e  o f  th is  

su b se c t io n . It is  c r u c ia l  that th e  c o m p a n ie s  b e  a l lo w e d  to  d e te r m in e  th e  s iz e  o f  

to ta l p r o d u c tio n . W e  th e r e fo r e  a b a n d o n  the  s e c o n d  e q u a li ty  o f  c o n str a in t  (1 )  

an d  o n ly  r eq u ire  to ta l p r o d u c tio n  to  b e  s o ld  b y  th e  e n d  o f  p e r io d  2. T o  k e e p  

th in g s  s im p le  w e  a ls o  a s s u m e  th a t d e m a n d  o n ly  m a te r ia l iz e s  in  th e  s e c o n d  

p e r io d , w h ic h  im p lie s  th a t e v e r y th in g  that is  p r o d u c e d  in  th e  f ir s t  p e r io d  is

s tored :

(13.1) Xjl = S;

(13.2) q>2 =  xj] + x i2

6 See Allaz (1991) and Mellgaard (1990).
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T h e  s itu a tio n  is  m o r e  c o m p lic a te d  th a n  b e fo r e  s in c e  u n c e r ta in ty  n o w  n o t  o n ly  

p e r ta in s  to  th e  a v e r a g e  p r ic e  th at r e s u lts  fr o m  a  k n o w n  to ta l p r o d u c tio n , b u t  

in v o lv e s  th e  d e te r m in a tio n  o f  th is  to ta l it se lf .

M a x im iz a t io n  o f  W ; w ith  r e sp e c t to  x i2 r e s u lts  in  th e  f o l lo w in g  sa le s  

fo r  c o m p a n y  A:

(14) qA2 = sa  + jL { b [a  (a )  + b (sb - sA) - b (Nb - NA) + KB (sb - Nb) - KA (s b  - N B)]

+ (b + c2 + Kb)[Ea {o ) - b (sA + s b ) + (b + Ka)(Na  - sA) ] )

w h e r e  D  =  (2 b + c 2 + KA) ( 2 b + c 2 +  KB) - b 2 > 0  , A (a )  i s  th e  d i f f e r e n c e  in  

o p in io n  (Ea  (a ) - EB (a)) o n  a ,  (sB - s A) is  th e  d if fe r e n c e  in  s to c k  le v e ls  an d  

(Nb - n a ) is  s im ila r ly  th e  d iffe r e n c e  in  fu tu r es p o s it io n s , (s; - N ;) r e p r e se n ts  th e  

u n h e d g e d  part o f  s to c k s ,  so  th at th e  tw o  la s t  ter m s in  th e  f ir s t  sq u a r e b ra c k e ts  

r e p r esen t th e  d iffe r e n t r isk  v a lu a t io n  o f  u n h e d g e d  s to c k s .

T h e  e f f e c t  o f  an  in c r e a se  in  th e  s to c k s  o f  c o m p a n y  A is  s e e n  to in c r e a se  

its  o w n  sa le s  b y

(15) ^  =  J - c 2 (2b +  c 2 +  K B) >  0 ,  
d sa  d

w h e r e a s  it  w il l  d e c r e a se  c o m p a n y  B's sa le s  b y

(16)

s o  that to ta l p r o d u c tio n  and th u s to ta l sa le s  are in c r e a se d

(17) -7— -̂ =  ì  c 2 (b + c 2 + Kb ) > 0 , 
q  s a  v

w h ile  th e  sp o t  p r ic e  a t  m atu r ity  is  lo w e r ,

(18) =  - ì  b c 2 (b +  c 2 +  K b ) <  0 ,  
a  sa d

than  w o u ld  o th e r w ise  b e  th e  c a se .
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T h e  e x p r e s s io n s  fo r  th e  sa le s  q u a n tit ie s  (1 4 ) c a n  b e  su b stitu te d  b a c k  in to  

th e  p a y o f f  fu n c t io n s  (7 )  w h ic h  th e n  c a n  b e  m a x im iz e d  to  f in d  th e  su b g a m e -  

p e r fe c t  f ir s t -p e r io d  p r o d u c t io n  (or , e q u iv a le n t ly , s to c k s ) . T h e s e  w i l l  d e p e n d  o n  

th e  b e l ie f s  a b o u t th e  s tr en g th  o f  d e m a n d  an d  o n  th e  fu tu r e s  p o s it io n s  ta k e n  at 

an  e a r lie r  s tag e :

(19.1) sA =  v A Ea  (a )  + <t>A EB (a) + y A N A + coA N B

(19.2) sB = <j)B EA (a) + v B EB (a) + coB NA + \|/B NB

w h e r e  th e  c o e f f ic ie n t s  v , , <>i, \|/i an d  coj d e p e n d  o n  th e  o r ig in a l p a r am e ter s  

o f  th e  m o d e l,  a i , b i , c i , C2 , KA , KB , as r ep o rted  in  th e  a p p e n d ix .7

T h e  m a in  d if fe r e n c e  in  c o m p a r iso n  w ith  th e  s o lu t io n  to  th e  m o d e l w h e r e  

to ta l p r o d u c t io n  is  g iv e n  ( s e e  (9 -11 ))  is  th a t the  b e l ie f s  r e g ar d in g  th e  s tre n g th  o f  

d e m a n d  e n te r  th e  p r o d u c t io n /s to r a g e /s a le s  d e c is io n s  e x p l ic i t ly  ( s e e  (1 4 ) an d  

(1 9 ) ) .  In tu it io n  s u g g e s t s  th a t p r o d u c tio n  d e p e n d s  p o s i t iv e ly  o n  th e  a g e n t's  o w n  

e x p e c ta t io n s  r eg a r d in g  th e  s tre n g th  o f  d e m a n d  ( i.e .  v , >  0 )  a n d  n e g a t iv e ly  o n  

th e  r iv a l's  ( i.e . <|>i <  0 )  b u t th is  m a y  n o t b e  true fo r  a ll  p a ra m ete r  c o n ste lla t io n s .  

A n o th e r  d i f f e r e n c e  is  th a t  r is k  a v e r s io n  a f f e c t s  d e c i s io n  m a k in g  at th e  

p r o d u c t io n  le v e l .  T h is  w a s  n o t  th e  c a s e  w h e n  to ta l p r o d u c t io n  w a s  g iv e n ,  

b e c a u s e  in  that c a s e  u n ce r ta in ty  r eg a r d in g  th e  str en g th  o f  d e m a n d  o n ly  a f fe c te d  

p r o f it s  th r o u g h  th e  a v e r a g e  p r ic e  p th at p e r ta in e d  to th e  g iv e n  q u a n tity  ( s e e  

(1 2 )) , w h e r e a s  h e re  th e  to ta l q u a n tity  c an  a ls o  b e  c h o s e n  fr e e ly . T h is  r en d ers  

th e  d e c is io n  p r o c e s s  m u c h  m o r e  c o m p le x . In  a  s e n s e , th e  e f f e c t  o f  c h a n g in g  th e  

m o d e l  to  a l lo w  fo r  s tr a te g ic  s to c k s  h a s  b e e n  to  r e p la c e  xA an d  xB in  (9 )  an d  

(1 0 )  b y  EA (a ) an d  EB (a) in  (1 4 ) an d  (1 9 ) , an d  to  r e n d e r  th e  c o r r e sp o n d in g  

c o e f f ic ie n t s  m o r e  c o m p le x .

S u m m a r iz in g , w e  h a v e  fo u n d  th a t th e  p r o d u c t io n , s a le s  a n d  s to r a g e  

d e c is io n s  o f  th e  tw o  r iv a ls  o f  th e  d u o p o ly  c a sh  m a r k e t d e p e n d  o n  th e  fu tu r es  

p o s it io n s  ta k e n  in  a d v a n c e . I f  the re  is  a c o n str a in t o n  to ta l p r o d u c t io n , th e n  th is  

e n te r s  th e  d e c is io n s ,  an d  s to r a g e  m a in ly  se r v e s  a s  a c o s t - s m o o th in g  d e v ic e .  I f  

th e  r e s tr ic t io n  is  n o t  p r e s e n t  (o r  n o t  e f f e c t iv e )  th e n  th e  a g e n ts '  b e l i e f s

7 We subsume the cost of storage in the cost of production of the first period. Since 
first-period production is not sold, the storage and the production decisions are 
essentially one and the same.
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r e g a r d in g  th e  s tr e n g th  o f  d e m a n d  are im p o r ta n t, a n d  th e  in v e n to r ie s  se r v e  a 

s tr a te g ic  p u r p o se  ( in  a d d itio n  to th e  c o s t  sm o o th in g ) . T h e  tw o  c o m p a n ie s  are 

tr ap p e d  in  th e  n o n -c o o p e r a t iv e  N a s h  e q u ilib r iu m  o f  th e  p r iso n e r 's  d i le m m a  

ty p e : T h e  e f f e c t  o f  s im u lta n e o u s ly  p o s it iv e  s to c k s  o f  c r u d e  o i l  w i l l  r a ise  to ta l 

p r o d u c t io n  (1 9 )  an d  lo w e r  th e  s p o t  p r ic e  a t  m atu r ity  (1 8 ) . T h e  c o o p e r a t iv e  

o u tc o m e  th a t is  o b ta in e d  i f  b o th  a g r e e  n o t to  sto re  w o u ld  y ie ld  h ig h e r  p r o fits , 

b u t th e n  e a c h  c o m p a n y  w o u ld  h a v e  ah in c e n t iv e  to d e fe c t  (1 5 ), th e r e b y  m a k in g  

th e  o th e r  f ir m  w o r s e  o f f  (1 6 ) . S in c e  b o th  f ir m s s im u lta n e o u s ly  try  to  a c t  as  

(S ta c k e lb e r g - )  le a d e r s  b y  p r e c o m m it t in g  th e m s e lv e s  to  h ig h e r  s a le s  th r o u g h  

in v e n to r ie s ,  a su b -o p t im a l N a sh  e q u ilib r iu m  r e su lts .8

W e  n o w  m o v e  o n  to  d e sc r ib e  th e  fu tu r e s  m a r k e ts  an d  f in d  th e  fu tu r e s  

p o s it io n s  th a t are s o  c r u c ia l fo r  th e  s a le s , s tor a g e  an d  p r o d u c tio n  sc h e d u le s .

5 .  S ta g e  T w o : T h e  15 -D a v  M arket

A s  m e n t io n e d  a b o v e  th e r e  are tw o  fu tu r e s  m a r k e ts fo r  N o r th  S e a  cr ud e  

o il:  th e  IP E  an d  th e  1 5 -D a y  m ark et. T h e  1 5 -D a y  m a r k e t, w h ic h  is  th e  su b je c t o f  

th e  p r e se n t su b se c t io n , is  c h a r a cte r ised  b y  th ere  b e in g  o n ly  f e w  b ig  p ar tic ip a n ts  

in  th e  m a rk e t. T h e  fu n c t io n in g  o f  th e  m a r k e t is  d e s c r ib e d  in  M a b r o  e t  a l. 

(1 9 8 6 ) , c h . 12, an d  in  P h lip s  (1 9 9 1 ). It is  "an in fo r m a l,  s e lf - r e g u la t in g  c lu b  o f  

N o r th  S e a  p r o d u c e r s , o i l  tra d e rs, r e fin e r s  an d  b r o k e r s , e a c h  o f  w h ic h  is  in  the  

m a r k e t fo r  a v a r ie ty  o f  r e aso n s"  (M a b ro  e t  a l. (1 9 8 6 ) , p . 1 6 9 ). T h e s e  m a r k e t  

p a r tic ip a n ts  b a r ga in  a b o u t s tan d a r d ise d  fo r w a r d  c o n tr ac ts v ia  te le p h o n e  an d  th e  

a g r e e d -u p o n  c o n tr a c ts  are th e n  te le x e d . T h is  b a r g a in in g  c a n  o n ly  b e  r e a li s t ic 

a lly  m o d e l le d  at  th e  c o s t  o f  a c o n s id e r a b le  in c r e a se  in  c o m p le x i ty .9 W e  sh a ll 

r e fr a in  fr o m  th is  h e r e  an d  s im p lify  th e  m o d e l  to  h ig h lig h t  th e  r o le  p la y e d  b y  

o u r  tw o  p r o d u c e r s , A  an d  B .

T o  b e  s p e c i f ic  w e  a ssu m e  th at o n ly  th r e e  a g e n ts  ta k e  part in  th e  1 5 -D a y  

m ark et: A , B an d  an  o i l  trader, S , w h o  is  n o t in te r e ste d  in  th e  c r u d e  o i l  per se 

b u t o n ly  in  b u y in g  ( s e l l in g )  c r u d e  o i l  o n  th e  1 5 -D a y  m a r k e t  w it h  th e

The incentive to try to act as a leader depends crucially on the convexity of the cost 
functions (i.e. on c i and C2 ) as also noted by Arvan (1985). The more convex the 
cost function is (the higher c j and C2 are), the higher are the strategic inventories. 
For this reason it is difficult to separate the cost smoothing and the strategic motive 
for holding stocks.

This is the topic of our ongoing research.9
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13

e x p e c ta t io n  o f  b e in g  a b le  to  s e l l  (b u y ) it o n  th e  sp o t m a rk e t at a h ig h e r  ( lo w e r )  

p r ic e . S u c h  a g e n ts  are  r e fe r r e d  to  a s a r b itr a g e u r s  o r  s p e c u la to r s  in  th e  

liter atur e and w e  sh a ll n o t d e v ia te  fro m  th is h ab it .

S o  fa r  th e  tw o  fu tu r e s  m a r k e ts  h a v e  b e e n  d e s c r ib e d  c r u d e ly  b y  an  

a g g r e g a te  fu tu r e s  p r ic e  pF a n d  th e  q u a n t ity ,  Nj , b y  w h ic h  a p r o d u c e r  

i (i = A , B) is  n e t sh o rt. W e  n o w  h a v e  to  b e  m o r e  s p e c if ic .  L e t F; d e n o te  th e  

n e t p o s i t io n  o f  p la y e r  i o n  th e  IP E  and f; th e  n e t p o s it io n  o n  th e  1 5 -D a y  

m a rk e t, i.e .

(20) N; =  Fj + f; i =  A , B , S.

W e  c o n c e n tr a te  o n  th e  1 5 -D a y  p o s it io n s  in  th is  s u b s e c t io n . E a c h  o f  th e s e  f ,'s  

r e s u lts  fr o m  p o te n t ia lly  fo u r  d iffe r e n t c o n tr ac ts

(2 1 .1 ) f i = 4  - fji +  4  - fki > w here i =  A, B, S, i * j ,  j ^ k ,  i * k  an d  all f  > 0

w h e r e  f ik s ig n if ie s  that i is  s e ll in g  to  k. In o u r  m o d e l,  w h a t is  m a k in g  a g e n ts  

trad e is  d if fe r e n c e s  in  b e l i e f s  r e g a r d in g  th e  fu tu r e s p o t  p r ic e . T h is  b e in g  th e  

c a se  it  w il l  n e v e r  h a p p e n  that tw o  c o n tr ac ts are se t  u p  w h e r e  an  a g e n t i b o th  

s e l ls  to  an d  b u y s  fr o m  a n o th e r  a g e n t at d iffe r e n t fu tu r e s  p r ic e s .  I f  th e  fu tu r es  

p r ic e  is  e q u a l in  th e  tw o  c o n tr a cts  it  w i l l  o n ly  b e  th e  n e t p o s it io n  th a t m a tter s  

a n y w a y . W e  sh a l l th e r efo re  le t  th e  s ig n e d  q u an tity

(22) fij = V 4

d e n o te  th e  n e t p o s it io n  o f  i v is - à - v is  j. fy >  0  im p lie s  th a t i ta k e s  a  sh o r t 

p o s it io n  ( s e l l s  fu tu r e s)  in  th e  c on tr ac t w ith  j. W e  sh a ll ta k e  th is  to  m e a n  that

fjj = fy an d  fji = 0. T h e n  n o te  that fy = - fy =  - f y , s o  that n e t  p o s it io n s  on  

the  1 5 -D a y  m a r k e t c a n  b e  w ritten :

(21.2) fA = fA B  + fA S

(21 .3 ) = - fA B  + fB S

(2 1 .4 ) fs = - (fAS + f*Bs)
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w h e r e  f* > 0  i f  th e  p la y e r  is  n e t sh o r t in  to ta l o n  th e  m a r k e t. N o te  that 

fA + fB + = 0.

T h e  thr ee  a g e n ts ,  A , B , an d  S , trade o n  th e  e x p e c te d  sp o t p r ic e  in  p e r io d  

2 and th e y  a l l k n o w  that th e  sp o t p r ic e  is  fo r m e d  a c c o r d in g  to  (12 .2  -  3 ) . T h a t is  

to  sa y ,  th e y  k n o w  that th e  p r od u c e rs ' n e t p o s it io n s  o n  th e  tw o  fu tu r e s  m a r ke ts  

w il l  in f lu e n c e  th e  sp o t p r ic e  or , to  p u t it m o r e  p o le m ic a l ly ,  th a t th e  p r o d u ce r s  

w i l l  m a n ip u la te  th e  t im e  p r o f ile  o f  sp o t p r ic e s , r a is in g  th e  f ir s t -p e r io d  p r ic e  

w h e r e  a ll  sa le s  are c a sh  and lo w e r in g  th e  se c o n d -p e r io d  p r ic e  w h e r e  part o f  th e  

sa le s  h a v e  b e e n  m a d e  in  a d v a n c e  (a ss u m in g  that th e y  are n e t sh o r t, i .e .  that 

N a + N b >  0  ) . A l l  th is  is  c o m m o n  k n o w le d g e  fo r  th e  m a r k e t p a rtic ip a n ts  and it 

w i l l  n o t  d is c o u r a g e  th e  sp e c u la to r  fr o m  tr a d in g  o n  th e  m a r k e t. W h a t th e  

m a r k e t p a r tic ip a n ts  d o  n o t a g r e e  u p o n  is  th e  m e a n  v a lu e  o f  a  . E a c h  h a s  h is  

f ir m  o p in io n  E j(a ) o n  th is . T h e y  th u s e x p e c t  th r e e  d if fe r e n t  m e a n  sp o t p r ic e s  

Ei (p2) =  a c c o r d in g  to  th e ir  d iffe r e n t b e l ie f s  o n  a an d  a c c o r d in g  to  (1 2 .2 -3 ). 

It f o l lo w s  fr o m  (6 .2 )  that th e y  p e r c e iv e  P2 as b e in g  n o r m a lly  d is tr ib u te d  w ith  

m e a n  p'2 a n d  u n it  v a r ia n c e s .

5 .1  T h e  sp e c u la to r s ' p a v o f f

W e  a s s u m e  th at th e  sp e c u la to r  i s  r is k -n e u tr a l10 an d  th u s  m a x im iz e s  

e x p e c te d  p r ofit:

(2 3 .1 ) E s ( ils )  = (ps2 - p J J )  fAS + (p i  - Pb s ) f t s

w h e r e  p|s5 is  th e  p r ic e  o f  th e  c o n tr a c t th a t s a g r e e s  u p o n  w it h  i. (S u c h  a 

c o n tr a c t is  f u l ly  d e sc r ib e d  b y  the  p a ir  (pjj5 , fij)). T h e  e x p e c te d  p r o f it  c a n  b e  

r e w r itte n  u s in g  (1 2 .2  -  3 ) :

(2 3 .2 )  - E S ( n s )  =  [ ps - £  bF  +  1  j  ] f s  +  p H  fAS +  pH  4 s 

w h e r e

ps = Es (a )  - |  b (xA + xB)

and F = Fa  + Fb is  th e  p rod u cers' jo in t  n e t p o s it io n  o n  th e  IPE.

1 o To assume that he is risk averse does not change the analysis substantially.
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5 .2  T h e  tw o  p r od u c e rs ' p a y o f f s

T h e  p r o d u c e r s ' p a y o f f s  fr o m  trad in g  o n  th e  fu tu r e s  m a r k e ts  are  fo u n d  

b y  su b st itu tin g  (1 0 ) an d  (12 ) in to  (7) a n d  su b tr ac tin g  th e  p r o fit  that w o u ld  h a v e  

b e e n  m a d e  o n  th e  s p o t  m a r k e t in  th e  a b s e n c e  o f  th e  fu tu r e s  m a r k e ts . T h is  

le a v e s  u s w ith  the  fo l lo w in g  e x p r e ss io n s

(24.1) W f  = (pF - pA) n a  + j L [  b (Na  + Nb) 2 - j (7 Na  - 2 NB)] - ^ ( x A - N A) 2

(24.2) = (pF - pB) Nb + b (N A + NB) 2 + j (2 N A - 7 N B)] - ^ ( k B - N B) 2

T h e  fir s t ter m  o n  th e  r .h .s . o f  th e se  e x p r e s s io n s  illu s tr a te s  th e  im m e d ia te  g a in  

fr o m  h a v in g  a fu tu r e s  m ark et: pF is  th e  a v e r a g e  fu tu r e s  p r ic e  an d  pi is  th e  

sp o t  p r ic e  th a t i w o u ld  e x p e c t  in  th e  a b se n c e  o f  fu tu r e s  m a r k e ts . I f  pF >  pA 

th e n  A  sh o u ld , ceteris paribus , tak e  a net sh o r t p o s it io n  N A > 0. T h e  th ird  

te rm  in d ic a te s  th e  a d v a n ta g e  o f  h e d g in g  th e  u n c e r ta in  p r o f it . In  th e  c a s e  o f  

c o m p le te  h e d g in g  xA = N A an d  th e  term  is  e f f e c t iv e ly  o p t im iz e d . T h e  s e c o n d  

ter m  s h o w s  th e  s tr a te g ic  e f f e c t  o n  th e  sp o t m a r k e t p r o fits  o f  h a v in g  a fu tu r e s  

m a r k e t. T h is  ter m  o c c u r s  b e c a u s e  ta k in g  fu tu r e s p o s it io n s  p r o v id e s  a c r e d ib le  

v e h ic le  fo r  p r e c o m m itm e n t  o f  sp o t s a le s  or p u r c h a se s .  N o te  th a t, fo r  e x a m p le ,  

A's p a y o f f  v a r ie s  p r o p o r tio n a lly  w ith

(24.3) (Na  + N b) 2 - i  (7 N A - 2 N B)

an d  th at th e  fu tu r e s  m a r k e ts a f f e c t  A's ou tp u t e v e n  i f  h e  d o e s  n o t  p a r tic ip a te ,  

n a m e ly  v ia  th e  r iva l's  n e t p o s it io n  o n  th e se  m ar k e ts . In d e e d , i f  N A =  0, W Aw  

v a r ie s  in  p r o p o r tio n  to

(24.4) N 2 + 2 i - N B .
D

B 's n e t p o s it io n  w i l l  a lw a y s  a f fe c t  A's p a y o f f  p o s i t iv e ly  in  th e  a b s e n c e  o f  c o s t ly  

s to r a g e  (j = 0). T h is  c o m e s  a b o u t b e c a u s e  a p r o d u c e r  w it h  a z e r o  p o s it io n  

r e sp o n d s  to  th e  r iv a l's  p o s it io n  b y  sh if t in g  s a le s  to  th e  p e r io d  w it h  a  h ig h e r  

p r ic e . I f  s to r a g e  is  p o s s ib le  at a  c o s t  th is  is  n o  lo n g e r  true fo r  a ll v a lu e s  o f  NB , 

a s  illu s tr a te d  b y  f ig u r e  1.
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I f  B is  lo n g  in  the  r an ge

(24.5) 0 > N B > - 2 i  (Na  = 0),

th e n  A 's o p t im a l  r e sp o n s e  o n  th e  sp o t m a r k e t is  to  sh if t  s a le s  ( s e e  (1 0 ))  w ith  

NB / b  fr om  p e r io d  1 w h e r e  th e  p r ic e  is  th e n  lo w  ( s e e  (1 2 .1 ))  to  p e r io d  2 w h e r e  

th e  p r ic e  is  h ig h e r  (1 2 .2 ) . S in c e  th e  o p t im a l e x tr a c t io n  is  in d e p e n d e n t  o f  th e  

fu tu r e s  p o s it io n s  (9 ) , th is  o p e r a tio n  c a n  o n ly  b e  d o n e  v ia  in c r e a se d  in v e n to r ie s

(1 1 .1 ) .  B u t  in c r e a s in g  s to c k s  h a s  a c o s t ,  an d  so  fo r  s m a ll ,  lo n g  p o s it io n s ,  B 

fo r c e s  A to  in c u r  a lo s s  s in c e  th e  c o s t  o f  in c r e a s in g  th e  s to c k s  d o m in a te s  the  

e xtra  e x p e c te d  r e v e n u e .11

T h e  p r o d u c e r s  o f  c o u r se  r e a l iz e  th e  s tr a te g ic  in te r d e p e n d e n c e  o f  th e ir  

fu tu r e s  p o s i t io n s  - a n  in te r d e p e n d e n c e  th a t s t e m s  fr o m  th e  e f f e c t  o f  th e se  

p o s it io n s  o n  th e  e q u ilib r iu m  sp o t p r ic e s  an d  q u a n t it ie s . In d e e d , w h e n  ta k in g  

p o s it io n s  o n  th e  fu tu r e s  m a r k e ts , th e  p r o d u c e r s  w e ig h  th e  s p e c u la t iv e ,  th e  

s tr a te g ic  an d  th e  h e d g in g  m o t iv e s  a c c o r d in g  to (24).

T h e  p a y o f f s  o f  th e  tw o  fu tu r es m a r ke ts c a n  b e  sp lit  u p  a c c o r d in g  to th e  

m a rk e t that g iv e s  r ise  to  th e m , or, p u t d if fe r e n t ly ,  w e  f in d  th e  su b g a m e  p e r fe c t

Note, however, that this result may hinge crucially on the assumptions of the model. 
In particular the unflexibility of total production (1) seems important.
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e q u ilib r ia  b y  m a x im is in g  th e  p a y o f f  o f  th e  s e c o n d  s ta g e , th e  1 5 -D a y  m a r k e t, 

fo r  g iv e n  p o s it io n s  o n  the  IP E , b e fo r e  so lv in g  th e  f ir st  s ta g e .

T h e  e x -a n te  p a y o f f  s te m m in g  fro m  th e  1 5 -D a y  m a r k e t ( in c lu d in g  th is  

m ark et's e f f e c t s  o n  the  sp o t m a r k e t p a y o ff )  c an  b e  w ritten :

(25.1) 4 II ( p i i  - Pa ) fAB + (pÂs - Pa ) fAS + r i  (fAS + fBs)

+ 'C2A fAS + *3 fBS + *4A fAB '  ^  (fAB + fAS)

(25.2) II

>

(?B - Pa b) fAB + (PBS ' Pb) fBS + 'll (fAS + fBs)

+ X3ÎAS + UR fBS - UR fAB - (fBS - fAB) 1

w h e r e

(25.3) "Cl = i « b > 0

(25.4) X2i = I b F  - i j  +  K j f t - F i ) ;  i  =  A, B

(25.5) *3 = J (b F  +  j)

(25.6) Ui = - l j  - K i(x i-F i) ;  i = A, B .

5 .3 T h e  c o n tra c t c u r v e s

N o w , w h a t c a n  w e  sa y  a b o u t th e  s o lu tio n s  to  th e  1 5 -D a y  s ta g e , w ith o u t  

im p o s in g  fu rther  stru cture  o n  th e  g a m e ?  W e  r eq u ire  that a n y  c o n tr a c t (pjj5 , fÿ) 

b e lo n g s  to  th e  c o n tr a c t c u r v e  b e tw e e n  i an d  j, i .e .  it  m u s t  b e  tru e  th a t 

M R S ; (p|j5 , fÿ) =  M R Sj (pjj5 , f ÿ ) , w h e r e  th e  m a r g in a l r a te s  o f  s u b s t itu t io n  are  

g iv e n  im p l ic i t ly  b y  (2 5 )  fo r  th e  p r o d u c e r s  an d  (2 3 )  f o r  th e  s p e c u la to r . F o r  

e x a m p le , th e  c o n tra c t b e tw e e n  th e  tw o  p ro d u c er s sh o u ld  o b e y
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d Wg5

d p i !
(26)

a w i 5

MRS^8 =
d p À l _  d fAB _  d p j j

a w j 5

3  fAB

3PaB awj,5

afAB

=  M R S g B .

T h e se  r e q u ir e m e n ts  are  f u lf i l le d  i f  fy = 0, that is ,  i f  th e  tw o  p a r tic ip a n ts  d o  

n o t e n te r  a c o n tr ac t. L e s s  t r iv ia lly , i f  fy  *  0, (2 6 )  le a d s  to

(2 7 .1 )  (KA +  KB)fAB +  Ka  fAs - Kb  fBS = (p b - ? a ) + Ka (x a -F a ) - Kb (x b -F b )

(2 7 .2 )  - K A fAB - (K A +  | b )  ^  - | b f BS = (p a  - Ps) - K A (xA - F A) - ^ ( b F  +  j)

(2 7 .3 )  - K B fAB +  ç b f A s  +  (K B + ^ b ) f B s  =  (ps - Pb ) - Kb (xB - Fb ) - ^ . ( b F  +  j ) ,

w h ic h  a p p ly  to  th e  c o n tr a c ts  (pab . fAB), (pas  . fAs) an d  (pbs  . fBs), r e s p e c t iv e ly .  

P h lip s  an d  H arstad  (1991) u s e  a n  e q u iv a le n t  a p p r oa c h  a n d  f in d  a s im ila r  sy st e m  

o f  e q u a t io n s .12 T h e  m a in  d if fe r e n c e s  are that th e  p r od u c e rs ' p o s it io n s  o n  th e  

IP E , F A an d  Fb  e n te r  o n  th e  r .h .s . b e c a u s e  th e y  to o  c a n  b e  u s e d  fo r  h e d g in g  

p u r p o se s;  th a t th e ir  jo in t  p o s it io n  o n  th e  IP E  ( F )  e n ter s  b e c a u s e  o f  th e  s tr a te g ic  

e f f e c t  o f  fu tu r e s  o n  th e  sp o t m a r k e t (a  fe a tu r e  w h ic h  th e  tw o  m a r k e ts sh are); 

an d  th a t th e  c o s t  o f  s to r a g e  s h o w s  u p  s in c e  ta k in g  a  fu tu r es p o s it io n  (o n  e ith e r  

m a r k e t) c h a n g e s  o p t im a l in v e n to r ie s  (11 .1 ) .

T h e  e q u a t io n a l s y s te m  (2 7 ) c a n n o t b e  s o lv e d  to  o b ta in  a  u n iq u e  se t  o f  

th ree  1 5 -D a y  c o n tr a c ts . T h er e  are tw o  r e a so n s  fo r  th is . T h e  f ir s t  r e a so n  h a s  to  

d o  w ith  th e  fa c t  that in d iv id u a l r a tio n a lity  p o in ts  to  a r a n g e  o f  p o s s ib le  p r ic e s  

d e p e n d in g  o n  th e  q u a n t it ie s . T h e  s e c o n d  r e a so n  a r is e s  b e c a u s e  (2 7 )  o n ly  

d e te r m in e s  th e  n e t p o s it io n s  fA , fB an d  fs u n iq u e ly , n o t th e  d e c o m p o s it io n  o n  

th e  thr ee  q u a n tit ie s  fAB. fAs an d  fBs • W e  d is c u ss  e a c h  p o in t in  turn .

5 .4 In d iv id u a l r a tion a lity

F ir s t, n o te  th at th e  fu tu r e s p r ic e s ,  p}j5, d o  n o t a p p ear in  (2 7 ). A l l  w e  c an  

sa y  a b o u t th e s e  p r ic e s  is  th a t th e y  sh o u ld  b e  in d iv id u a lly  r a tio n a l a c c o r d in g  to  

(2 3 )  an d  (2 5 ) . In d iv id u a l r a tio n a lity  s im p ly  s ta te s  th a t a n y  c o n tr a c t sh o u ld  

c o n tr ib u te  a n o n - n e g a t iv e  a m o u n t  to  e a c h  p la y e r 's  p a y o f f  s in c e  a z e r o

12 See their equations (13).
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c o n tr ib u tio n  c a n  a lw a y s  b e  a c h ie v e d  b y  n o t e n te r in g  th e  c o n tr a c t. T h is  r e q u ir e 

m e n t  p u ts  th e  fo l lo w in g  b o u n d s  o n  th e  p r ic es:  F o r  th e  c o n tr ac t (p a b , Fa b ):

(28.1) PA - Ka  (x a  - Fa  - fAS - 2  Fab) + 2  j  ^  PÀI

^  Pb  - Kb  (x b  - Fb  - fBS + ^  Fa b ) + y  j  fo r  fAB > 0  ;

fo r  th e  c o n tr a ct (pÀs» fAs) :

(28.2) PA + ( ^ - j L b j f A s  - ^ b ( F  + fBS) - KA (xA - F A -fAB) + <  P i5s

<  PS - l b ( F  +  2 f As +  fBs) +  j j  fo r  fAs >  0 ;

an d  f in a lly  fo r  th e  c o n tr a c t (p i i ,  fAs) :

(28.3) pb - 1  b (F + fAS) + - -fa b) fas - KB (xB - FB + Fa b) + ^  j < p i i

<  p s  - ^ b ( F  +  fAs + 2  fBs) +  j j  fo r  fBs >  0 .

N o te  that th e  a b o v e  thr ee  in e q u a lit ie s  are true u n d e r  th e  c o n d it io n  th at fAB, fAs 

an d  fBs b e  s tr ic t ly  p o s it iv e .  F o r  e a c h  o f  the m  th e  in e q u a lity  is  r e v e r s e d  i f  th e  

s ig n  o f  th e  q u a n t ity  is  r e v e r se d . O b se r v e  a ls o  th e  f o l lo w in g :  T h e  r a n g e  o f  

fu tu r e s  p r ic e s  th at are  a c c e p ta b le  fo r  th e  tw o  p la y e r s  in v o lv e d  in  a  c o n tr a c t  

d e p e n d s  o n  th e  fu tu r e s  p o s it io n s  ta k e n  b y  th e  p r o d u c e r s  o n  th e  IPE , o n  th e  

q u a n t it ie s  o f  th e  o th e r  1 5 -D a y  c o n tr a c ts , on  th e  e x p e c te d  sp o t p r ic e  a n d  o n  th e  

c o s t  o f  s to r a g e . T h is  r an g e  m a y  o r  m a y  n o t b e  e m p ty , d e p e n d in g  o n  th e  v a lu e s  

o f  th e se  v a r ia b le s .  In  c a se  th e  r an ge  is  e m p ty , th is  c o r r e sp o n d s  to  th e  p la y e r s  

a g r e e in g  o n  th e  c o n tr a c t (p'j5, fy) = (0, 0) w h ic h  is  a lw a y s  a p o s s ib i l i t y .  T h is  

ju s t  m e a n s  that th e se  tw o  p la y e r s  d o  n o t f in d  it p r o fita b le  to  e n te r  a  c o n tr a c t.

(2 8 .1 )  s a y s  th a t i f  A is  s e l l in g  to  B (fAB > 0) th e n  A w i l l  r e q u ir e  a 

h ig h e r  m in im a l sa le s  p r ic e

1) th e  m o r e  sh e  h a s  a lre ad y  h e d g e d  o n  the IPE (FA) ,

2 )  th e  m o r e  sh e  h a s  a lr ea d y  h e d g e d  in  a con tra ct w ith  th e  sp e c u la to r  (fA s),

3 )  th e  h ig h e r  is  h er  sp o t p r ic e  e x p e c ta tio n  (p a ) , and

4 ) th e  h ig h e r  is  the  c o s t  o f  s tor a g e  ( j ) .
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B u y e r  B w i l l  a c c e p t a h ig h e r  m a x im a l b u y in g  p r ice

1) th e  m o r e  h e  w e n t  sh o r t o n  th e  IPE (FB) ,

2 )  th e  m o r e  h e  w e n t  sh ort in  a  c on tr ac t w ith  S (fB s),

3) th e  h ig h e r  is  h is  e x p e c te d  sp o t p r ic e  (pb ) , an d

4 ) th e  h ig h e r  is  th e  c o s t  o f  s to r a ge  0 )  ■

N o te  th a t th e  c o s t  o f  s to r a g e  r a ise s  th e  m in im a l s e l l in g  p r ic e  an d  th e  

m a x im a l b u y in g  p r ic e  b y  th e  s a m e  a m o u n t , th u s  p r e s e r v in g  th e  sp r e a d .  

F u rther , o b se r v e  that th e  m in im a l s e l l in g  p r ic e  is  in c r e a s in g  an d  th e  m a x im a l  

b u y in g  p r ic e  is  d e c r e a s in g  in  th e  q u a n tity  fAB o f  th e  c o n tr a c t. T h is  e n su r e s  

that th e  in d iv id u a lly  ra tion a l c o n tra c t m u s t h a v e  f in it e  q u a n tity . In d e e d , it  c an  

b e  sh o w n  that th e  con tra c t m u st sa t is fy  e ith er

(28. la)  0 < fAB < \  v  (pb  - Pa  + Ka  (xa  - FA - fAs) - Kb (xb - Fb - fBs))
Ka  + Kb

in  th e  c a s e  o f  A s e ll in g  to  B , o r

(28.1b) 0  > fAB > „  \ v  (p a  - Pb  - Ka  (x a  - FA - fAs) + KB (xB - FB - fBS))
Ka  + Kb

w h e n  B is  s e ll in g  to A.

T h e  a n a ly s is  o f  th e  c o n tr a c ts  w h e r e  th e  p r o d u c e r s  a re  s e l l in g  to  th e  

s p e c u la to r  (2 8 .2 -3 )  f o l lo w s  th e  d is c u s s io n  a b o v e  w ith  th e  f o l lo w in g  tw o  

q u a lif ic a t io n s : F ir s t ly ,  in c r e a se d  s to r a g e  c o s t s  in c r e a se  th e  p r od u c e rs ' m in im a l  

s e l l in g  p r ic e  a b it  m o r e  than  th e  sp e c u la to r 's  m a x im a l b u y in g  p r ic e . S e c o n d ly ,  

i f  K i / 2  < Xi, th e  m in im a l s e l l in g  p r ic e  w i l l  b e  fa l l in g  in  th e  s iz e  o f  th e  

c o n tr a c t. H o w e v e r ,  th e  sp e c u la to r 's  m a x im a l b u y in g  p r ic e  w i l l  d e c r e a se  at a 

m u c h  fa ste r  rate in  f s ,  th u s s t ill  e n su r in g  f in it e  p o s it io n s . T h e  e q u iv a le n ts  o f  

(2 8 .1 a -b ) are

(28.2a-b) 0 < |f A s |< [ p s - P A - X i ( F  + fBS) + KA (xA - FA -fA B )- iV j ] / ( ¥  + A b) ’ 

(28.3a-b) 0  < | fBs | < [ ps - PB - t i  (F +  fAs) + KB (xB - FB + fAB>' ■jgT ] / ( ^ f  + ^  b) •
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E q u a t io n s  (2 8 )  a ll  im p ly  in d iv id u a l r a t io n a lity  b y  s e c u r in g  that e a c h  

c o n tr a c t a d d s  p o s i t iv e ly  to  th e  p a y o f f s .  E a c h  p la y e r  c a n , h o w e v e r ,  s e c u r e  

h im s e l f  a  m in im u m  p a y o f f  w ith o u t  p a r tic ip a tin g  in  th e  1 5 -D a y  m a r k e t at a ll. 

In d iv id u a l r a tion a lity  th e n  im p lie s  that p a y o ffs  sh o u ld  sa tis fy :

(2 9 .1 )  W A >  t ,  fB2s +  x3 fBS

(2 9 .2 )  W B >  x , fA2s +  x3 fA2s

(2 9 .2 )  E s  (ns) i> 0  .

N o te , th o u g h , th a t th e  m in im a l p a y o f f  o f  p r o d u c e r  i m a y  b e c o m e  n e g a t iv e  i f  

th e  r iv a l  k  ta k e s  a p o s it io n  fkS e  ] 0 , -2  (F  +  j /b )  [ .

5 .5 N e t  1 5 -P a v  p o s i t io n s

T h e  s e c o n d  o b s e r v a t io n  o n  th e  s y s te m  (2 7 )  is  th a t it  e x h ib i t s  lin e a r  

d e p e n d e n c e  in  fAB, fAs an d  fBS im p ly in g  that th e  q u a n t it ie s  o f  th e  c o n tr a c ts  

are in d e te r m in a te . T h is  c a n  b e  r e m e d ie d  partly  b y  m a n ip u la t in g  th e  s y s te m  (2 7 )  

u sin g  th e  id e n t it ie s  (21 ) to  f in d  th e  n e t p o s it io n s:

fÂ =  ©  [ Kb  (ps - pA) +  !  b (pB - pA) + (k a Kb  +  | b K A)( x A - F A)

(3 0 .1 )

■ç b Kb (xb  - F b) - jg  K b (b F  + j ) ]

<b  = 0 [  k a (p s  - Pb ) - g  b ( p B - pA) + (k a  Kb  + | b  K B)(x B - F B)

(3 0 .2 )

- ^ b K A (kA - F A) - jL .k a (bF  + j ) ]

(3 0  3 ) f s =  - ©  [ k a  (ps  - Pb ) +  K B (ps - Pa ) +  K A K B (xA +  x B - F) 

- ^ ( K a  + Kb ) ( b F + j ) ]

(3 0 .4 )  0 ' 1 =  K A K B +  2b  (K A +  K B) /  9  .

T h e  n e t p o s it io n s  are th u s  u n iq u e ly  d e te r m in e d  b y  th e  p a r a m e te r s  o f  th e  

sp o t  m a r k e t, th e  s p e c u la t io n s  a b o u t th e  sp o t p r ic e  an d  th e  p o s i t io n s  a lr e a d y  

ta k e n  o n  th e  1P E  d u r in g  th e  f ir s t  s ta g e , b u t th e  d is tr ib u t io n  o n  in d iv id u a l  

c on tra cts  c a n n o t  b e  fo u n d .
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5 .6 T h e  c o r e

T h e  se t  o f  c o n tr a c ts  d e sc r ib e d  b y  e q u a t io n s  (2 7 ) -  (30 ) c o n s is t s  o f  th o se  

c o n tr a c ts  th a t are in d iv id u a lly  an d  c o a li t io n a lly  r a tion a l at th e  sa m e  tim e  an d  is  

th u s b a s ic a l ly  th e  c o r e . B y  su b stitu tin g  (30 ) in to  (27 ) th e  c o r e  c a n  b e  d e sc r ib e d  

as th e  se t  o f  c on tra cts  | (pa b  . fAB) ■ (p a s  - fA s), (p b s  • ffis) I th a t s a t is fy  th e  f o l lo w 

in g  e q u a tio n s  s im u lta n e o u s ly :

(31.1) fAB + fAS = fA

(31.2) - fAB + fBS = 4

(31.3) -(fAS + fBs) = fS

(31.4) g - j K A fAB < Pa b < g + ^ K B fAB if fAB > 0

(31.5) g ' - ^ ^ A - g  b ) fAS < Pa s < g" + ^ b f AS if  fAS > 0

(31.6) g/ - 2 (k B - g- bj fBs < Pbs < g" + ^  b fBs if fBs > 0

w h e r e

(31-7)

g = ® [ g b (k b pA + Ka pb) + Ka Kb Ps ] - | © b K A KB (xA + XB -F )  

+ ^ © K A K B (b F + j)  + l j

g ' = © [^ (K b pa  + Ka Pb) + (KA K B + i(K A  + KB))p s]

- i 0 b K A K B (xA +  Ï B - F )  + j L 0 ( K A K B - i ( K A  +  K B ) ) ( b F + j )  - I b F

% = ® [ b (Kb Pa  + Ka  Pb) + (Ka Kb -^(K a  + Kb ))p s ]

- i - 0 b K A K B (xA + XB-F ) + ^ . 0 b ( K A +  K B) ( b F + j )  - I b F .

T h e  lin e a r  sy s tem  fo r  th e  q u an titie s  (3 1 .1 -3 ) h as  on e d eg ree  o f  freed o m  

im p ly in g  th a t th e  q u an titie s  w ill b e  u n iq u e ly  d e te rm in e d  on ce  on e q u an tity  is 

kn o w n . (F ix  fo r  ex a m p le  fAB ■ T h en  (3 1 .1 )  u n iq u e ly  d e te rm in e s  fAs .  w h ils t

(3 1 .2 )  u n iq u e ly  d e te rm in e s  fBs • T h e se  q u a n titie s  w ill  b e  c o n s is te n t w ith  

(3 1 .1 ) .)
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O n c e  th e  q u a n tit ie s  are k n o w n , (31 .4 -6 ) d e te r m in e  th e  r a n g e s  o f  p r ic e s  

a c c e p ta b le . N o te  that e a c h  o f  th e  in e q u a lit ie s  i s  r e v e r se d  i f  th e  c o r r e sp o n d in g  

q u a n tity  b e c o m e s  n e g a t iv e . A ls o  n o te  that th e  lo w e r  b o u n d  a p p ea r s to  b e  d e 

c r e a s in g  an d  th e  u p p e r  b o u n d  in c r e a s in g  in  th e  q u a n tity . T h is  s o m e w h a t  su r 

p r is in g  r e su lt  h a s  to  b e  in ter p r eted  in  th e  lig h t  o f  th e  c o n str a in ts  o n  q u a n tit ie s :  

I f  a  c o n tr a c t  b e c o m e s  la r g e r  ( s a y  fAB) a n d  th e  p r ic e  "spread"  th e r e fo r e  

in c r e a s e s  th e n  th e  o th e r  c o n tr a c ts  b e c o m e  c o r r e s p o n d in g ly  s m a lle r  (fAS 

d e c r e a s e s  a n d  fBs in c r e a se s  o n e - to -o n e  w ith  fAB p o s i t iv e  b u t fAB a n d  fBS 

h a v e  o p p o s i te  s ig n s  in  B 's p a y o f f  fu n c tio n ).

T h e  th r e e  r a n g e s  th at b o u n d  p r ic e s  are d e te r m in e d  b y  th e  g's g iv e n  in  

e q u a t io n s  (3 1 .7 -9 ) .  T h e  f ir s t  te rm  in  e a c h  o f  th e s e  c o n s is t s  o f  a w e ig h te d  

a v e r a g e  o f  th e  th r e e  a g e n ts ' e x p e c te d  p r ic e , pa  , pb an d  ps . the w e ig h t s  b e in g  

fu n c t io n s  o f  KA , KB an d  b . T h e  s e c o n d  te r m  d e p e n d s  o n  th e  d e g r e e  to  

w h ic h  th e  p r o d u c e r s  h a v e  h e d g e d  th e ir  p r o d u c tio n  o n  th e  IPE. In  c a s e  th e y  

h e d g e d  fu l ly  o n  th e  IPE (xA + xB = F ) , th e  term  d r o p s  o u t. In  c a se  th e y  h e d g e d  

le s s  o n  th e  IPE , th e  b o u n d s  o n  p r ic e s  w i l l  b e  lo w e r , im p ly in g  th a t it  w i l l  b e  

m o r e  c o s t ly  fo r  th e  p r o d u c e r s  to  h e d g e  o n  th e  1 5 -D a y  m a rk et. T h e  la s t  tw o  

ter m s o f  th e  g's d e p e n d  o n  th e  p r od u c er s' IPE p o s it io n  an d  o n  s to r a g e  c o s t s  

an d  b a s ic a l ly  in c o r p o r a te  th e  s tr a te g ic  e f f e c t s  o f  fu tu r e s  a n d  s to r a g e  o n  s p o t  

p r ic e s .

T h is  co re  is n e v e r  e m p ty  an d  a lw a y s  n o n -u n iq u e  ( in  fa c t:  in f in ite ly  

la rg e ). W e w ill n o t e la b o ra te  on  th e  so lu tio n  to  th e  1 5 -D a y  s ta g e  h e re , b u t 

s im p ly  n o te  tha t, a  p r io ri , th ere  is no  m ean s to  p o in tin g  o u t a  su b se t o f  th e  core  

as b e in g  m o re  lik ely  as a so lu tion .

6 . S tag e O ne: T h e  In tern atio n al P etro leum  E x ch a n g e

T h e IPE, as d esc rib ed  in  th e  in tro du ctio n , is a fo rm a l fu tu re s  m a rk e t w ith  

an  o p en  o u tc ry  e x c h a n g e  an d  a c le a rin g  h o u se. W e  th e re fo re  a ssu m e  th a t a 

s in g le  p ric e , pn>E , w ill b e  d e te rm in e d  o n  th is  m a rk e t. T h e  q u e s tio n  th e n  is 

w h a t p o s itio n s  FA an d  FB th e  p ro d uc ers  sh ou ld  ta k e  o n  th is  m ark e t.
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T h e  p a y o f f s  a r is in g  fr o m  th e  IPE a r e13

(32.1)

(32.2)

W £E =  (p n * -p A)F A +  X iF  - ^ ( 7  FA - 2 F B)

-1  Ka  (xa  - FAf  + Ea  ( w i 5 (Fa  , FB))

W”>E = (pH* - Fb +  x, F + ±  j (2 FA - 7 FB) 

-^-Kb (x b -Fb)2 + Eb (Wg5 (Fa , Fb ))

w h e r e  EA (w A5 (FA , FB)) an d  EB K 5 (FA . FB)) are th e  p a y o f f s  th a t A an d  B 

e x p e c t  to  g a in  fr o m  th e  15-D a y  m a r k e t d e p e n d in g  o n  w h a t so lu t io n  th e y  e x p e c t  

to  p r e v a i l. T h is  c o u ld  b e  fo r m a lis e d  b y  c la im in g  th at th e y  h o ld  o n e  su b je c tiv e  

p o s s ib i l i t y  d is tr ib u tio n , h j , o n  w h a t th e  s iz e  o f ,  s a y , w i l l  b e  a n d  o th e r  

su b je c t iv e  d is tr ib u tio n s , h f B , h f s , h f s o n  w h a t th e  p r ic e  w i l l  b e , c o n d it io n a l  

o n  th e  q u a n t it ie s . T h e s e  p r o b a b il ity  d is tr ib u t io n s  c o u ld  b e  th o u g h t  o f  a s  

r e p r e se n tin g  th e  w a y  in  w h ic h  the  a g e n ts  th in k  th e  1 5 -D a y  m a rk e t w o r k s .

A's e x p e c te d  v a lu e  o f  fAB w i l l  th e n  b e

and th e  e x p e c ta t io n s  w ith  r e sp e c t to  the tw o  o th e r  1 5 -D a y  q u a n tit ie s  th e r efo re

(33.1)

(33.2)

and

(33.3)

T h e  e x p e c te d  p r ic e s  w il l  b e ,

13 Using (24), (20) and (7).
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(33.4)

/••♦KAfcs/2

e a (p a b  1 (a b ) = |  Pa I  hA8  d p i l ,

A-KA(ftb/2

(33.5) Ea ( p a s  1 fAB) = I Pa s  hAS d Pa s  

A,-(it*-Ib)(r;.r*B)/2

and

(33.6) Ea  (p b s  1 fAB) -  I Pb s  hAS d Pbs

A'-jltB-lbjIfJ.fABl/z

N o te  th a t th e  n e t  p o s it io n s  o n  th e  1 5 -D a y  m a r k e t ^  d e p e n d  o n  th e  p o s it io n  

ta k e n  o n  th e  IPE, s o  that th e  l im it s  o f  th e  in te g r a ls  in  (3 3 .4 -6 )  d e p e n d  o n  FA 

an d  Fb .

T h e  e x p e c te d  v a lu e  to  A o f  th e  15 -D a y  tr a n sa c tio n s  c a n  b e  fo u n d  b y  ta k 

in g  th e  e x p e c ta t io n  o f  (2 5 .1 )  u s in g  (3 3 ) an d  (3 0 ) . T h is  w i l l  g iv e  th e  p a y o f f  

e a (w a5 (Fa  , FB)) w h ic h  o c c u r s  in  (3 2 .1 ) . A  s im ila r  e x e r c is e  c a n  b e  d o n e  fo r  B 

b y  su b stitu tin g  (hA , h £ B , h As , h 8S) b y  (h B , h a 8  , h jjS , h 8S) in  (3 3 ) a n d  ta k in g  

th e  e x p e c ta t io n  o f  (2 5 .2 ) . T h is  w il l  id e n t ify  ( w AE , W BE) in  (3 2 .1 ) . I f  th e  tw o  

s e t s  o f  s u b je c t iv e  p r o b a b il it y  d is tr ib u t io n s  a r e c o m m o n  k n o w le d g e  (to  b e  

p r e c ise :  i f  A k n o w s  B 's an d  B k n o w s  A's p r o b a b ili ty  d is tr ib u t io n s)  an d  i f  

th e  tw o  p la y e r s  ta k e  th e  IPE p o s it io n s  s im u lta n e o u s ly , a su b g a m e -p e r fe c t  N a sh  

e q u il ib r iu m  w i l l  r e su lt  w h e r e  A  m a x im iz e s  WAE w ith  r e sp e c t  to  FA an d  B 

WB E w ith  r e sp e c t to  FB .

N o te  th at w h e n  th e  tw o  p ro d u c e r s  tak e  p o s it io n s  o n  th e  IPE th e y  d o  th is  

fo r  th e  sa m e  th r e e  m o t iv e s  as a p p lie s  to  th e  1 5 -D a y  m a r k e t:  A  s p e c u la t iv e ,  a 

s tr a te g ic  an d  a h e d g in g  m o t iv e  are at p la y  in  (32 ) th a t r e a d ily  c o m p a r e s  to  (2 5 ). 

In  fa c t , th e  fo u r  f ir st  te r m s o f  (3 2 ) c ap ture  e x a c t ly  th e s e  e f f e c t s .  B u t  in  th e  f i f th  

te rm , th e  p r o d u c e r s  w i l l  r e a liz e  that th e  p o s it io n  th e y  tak e  w i l l  h a v e  an  e f f e c t  

o n  th e  u n k n o w n  so lu t io n  to  th e  1 5 -D a y  g a m e . S o, in  a s e n s e ,  th is  a d d s  a n o th e r  

s p e c u la t iv e  m o t iv e :  sp e c u la t io n  w ith  r e sp e c t to  th e  n o n -u n iq u e  o u tc o m e s  o f  th e  

1 5 -D a y  g a m e .
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7. T h e  M o d e l an d  th e  O il M arkets

T h e m o d e l th a t w a s  p u t fo r th  ab o v e  is b a se d  on  s e v e ra l a b s tra c tio n s  

c o m p a re d  to  th e  re a l w o rld . O n e im p o rta n t a b s tra c tio n  is c o n n e c te d  to  th e  

tre a tm e n t o f  tim e. T h e m od el can  b e  seen  as a sn ap sh o t in  a  sen se th a t w ill soon  

b e  m ad e  p re c ise . T h e re a l w o rld  is ra th e r  a co n tin u o u s  se r ie s  o f  ro llin g  and  

o v e r la p p in g  sn ap sh o ts . T h is  sec tio n  d iscu sses  h o w  th e  m o d e l c o u ld  b e in te r 

p re te d  an d  w h a t w ou ld  b e n ec essary  to  create  a m o v in g  p ic tu re .

T h e in te r p r e ta tio n  o f  o u r  g a m e  in  te rm s o f  r ea l w o r ld  a c tio n s  starts w ith  

th e  o b s e r v a t io n  th a t th e  o r g a n iz a t io n  o f  th e  1 5 -D a y  m a r k e t r e q u ir e s  th e  

p ro d u c e r s  to  g iv e  th e  p u r ch a se r s  a 1 5 -day  n o t ic e  b e fo r e  d e l iv e r y . T h is  n o t ic e  

s p e c i f ie s  a th r e e -d a y  r a n g e  w it h in  w h ic h  d e l iv e r y  w i l l  ta k e  p la c e .  T h e  o i l  

trad e d  th e r e b y  tr a n s ite s  fr o m  b e in g  u n d a ted  to  b e in g  dated : fr o m  b e in g  trad ed  

fo r w a r d  to b e in g  trad ed  sp o t. T h e se  f i f t e e n  d a y s  c o r r e sp o n d  to  o u r  p e r io d  1 o f  

th e  e x tr a c t io n  g a m e  s in c e  th e  fu tu r e s  m a r k e ts  fo r  o i l  to  b e  d e liv e r e d  in  th is  

p e r io d  are  c lo s e d .  C a r g o e s  th a t are  l i f t e d  b u t n o t  s o ld  d u r in g  th is  p e r io d  

r ep r esen t an  in c r e a se  in  s to c k s  that c a n  b e  s o ld  in  p e r io d  2.

In  o rd e r  to  m a k e  p e r io d  2 o f  th e  e x tr a c t io n  g a m e  c o r r e sp o n d  to  th e  rea l 

w o r ld  w e  a d o p t a s tro n g  a b strac tion : A s s u m e  th at a ll  c a r g o e s  o f  a g iv e n  m o n th  

are li f t e d  w ith in  a  g iv e n  d e liv e r y  r a n g e . In  o th e r  w o r d s ,  th e  d e l iv e r y  m o n th  is  

c o lla p s e d  in to  th is  ran ge . A s s u m e  fo r  c o n c r e te n e ss  th at a ll S e p te m b e r  o i l  is  to  

b e  d e liv e r e d  b e tw e e n  th e  f ir s t  an d  th e  th ird  o f  S e p te m b e r  fo r  a  g iv e n  y e a r. 

P e r io d  2 o f  th e  p r o d u c tio n  g a m e  c o u ld  b e  in ter pr eted  as th is  p e r io d  (S e p te m b e r  

1-3). T h is  th e n  w o u ld  c o r r e sp o n d  to  th e  m a tu r ity  o f  th e  1 5 -D a y  c o n tr a c t. T h e  

f i f t e e n  d a y s  p r io r  to  S e p te m b e r  1st  ( i .e .  A u g u s t  1 6 th -3 1 s t)  w o u ld  c o n s t itu te  

p e r io d  1.

T h e  tw o  fu tu r e s m a r k e ts are c o lla p s e d  in to  p o in ts  in  t im e . W e  c a n  in te r 

pret  th is  b y  a s su m in g  that o n  th e  15th o f  A u g u s t th e  1 5 -D a y  m a rk e t o p e n s .  T h is  

is  t e c h n ic a l ly  th e  la s t  d a y  th a t fo r w a r d  o i l  c a n  b e  tr ad ed  fo r  d e l iv e r y  o n  

S e p te m b e r  1-3 . S o  th e  m a r k e t c lo s e s  b e fo r e  A u g u s t  16 , an d  w i l l  n o t  r e o p e n  

u n t il p e r io d  2 w h e r e , b y  d e f in it io n , th e  m a tu r ity  p r ic e  is  id e n t ic a l to  th e  sp o t  

p r ic e .
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T h e  IP E  c lo s e s  th e  tra d in g  o f  p a p e r  b a r r els  r e fe r rin g  to  a g iv e n  d e liv e r y  

m o n th  in  th e  m id d le  o f  th e  p r e v io u s  m o n th , th a t i s  to  sa y ,  w e l l  b e fo r e  th e  15- 

D a y  m a r k e t s to p s  tra d in g  th is  d e liv e r y  m on th . In  fa c t , w h a t is  th e  f ir s t  for w a r d  

m o n th  o n  th e  IP E  is  n o r m a lly  th e  s e c o n d  for w a r d  m o n th  o f  th e  1 5 -D a y  m a r k e t, 

an d  th e  m a tu r ity  p r ic e  o f  th e  IP E  is  th e  1 5 -D a y  p r ic e  o n  th e  c lo s in g  d a y . T h e  

la t te r  fa c t  i s  ig n o r e d  in  th e  m o d e l  an d  th e  m a tu r ity  p r ic e  o n  b o th  fu tu r e s  

m a r k e ts  is  c h o s e n  to  b e  th e  sp o t p r ic e  o f  th e  s e c o n d  p e r io d  o f  th e  e x tr a c tio n  

g a m e . T h e  f ir s t  fe a tu r e  is  h o w e v e r  m o d e lle d  b y  le t t in g  th e  IP E  p r e c e d e  th e  15- 

D a y  g a m e . In  o th e r  w o r d s , w e  a ssu m e  that th e  IP E  o p e n s  an d  c lo s e s  o n ly  o n c e  

p r io r  to  m a tu r ity , o n  th e  14th o f  A u g u s t.

In  r e a l ity ,  o f  c o u r s e , th e  o i l  m a r ke ts are m u c h  m o r e  d y n a m ic  th a n  ou r  

m o d e l a l lo w s  fo r . F ir s t, a  s e q u e n c e  o f  e x tr a c tio n  g a m e s  are p la y e d  an d  s to c k s  

are in c r e a s e d  o r  d e c r e a s e d  b e tw e e n  th e m . S to c k s  th e r e fo r e  s e r v e  a s  a  s ta te  

v a r ia b le  in  a d y n a m ic  g a m e . T h is  m a y  c h a n g e  th e  s tr a te g ic  e f f e c t  o f  in v e n to r ie s  

s in c e  it  is  n o  lo n g e r  true that e v e r y th in g  that w a s  p r o d u c e d  b u t n o t  s o ld  in  o n e  

p e r io d  h a s  to  b e  so ld  in  th e  n e x t. R o te m b e r g  an d  S a lo n e r  (1 9 8 5 ) fo r  e x a m p le  

s e e  in v e n to r ie s  a s a m e a n s  to  su s ta in  h ig h  c o l lu s iv e  p r ic e s  b y  th r e a te n in g  to  

f lo a t  th e  m a r k e t i f  a  r iv a l d e v ia te s .

T h e  tw o  fu tu r e s  m a r k e ts are tr ea ted  as o n e -s h o t  s itu a t io n s  in  o u r  m o d e l.  

In  th e  re a l w o r ld , th e s e  m a r k e ts  are o p e n  e v e r y  d a y  an d  tra de  d if fe r e n t  c o n 

tracts (u p  to  s ix  m o n th s  a h e a d ) s im u lta n e o u s ly . T h is  im p lie s  th a t th e r e  m a y  b e  

m u c h  m o r e  d y n a m ic  in te r a c t io n  g o in g  o n  th a n  h e r e  p r e se n te d . F o r  e x a m p le ,  

in fo r m a t io n a l  in tr ic a c ie s  h a v e  b e e n  ig n o r e d  b y  a s s u m in g  th a t th e  s u b je c t iv e  

p r o b a b il ity  d is tr ib u t io n s  an d  a l l  s t r a te g ic  fe a tu r e s  are c o m m o n  k n o w le d g e .  

T h is  le a v e s  th e  d if fe r e n c e  in  su b je c tiv e  p r o b a b il ity  d is tr ib u t io n s  u n e x p la in e d .  

A  n a tu r a l e x p la n a t io n  o f  th is  in v o lv e s  d i f fe r e n c e s  in  in fo r m a tio n  (a sy m m e tr ic  

in fo r m a tio n  o r  in c o m p le te  k n o w le d g e )  o r  o p t im is t ic /p e s s im is t ic  b e h a v io u r  as  

n o te d  in  f o o t n o t e  3 . A  m o d e l  o f  a  fu tu r e s  m a r k e t fo r  a  s to r a b le  g o o d  

e x p la in in g  th e  r e a s o n s  fo r  th e  e x is t e n c e  a s w e l l  as th e  e f f e c t s  o f  a sy m m e tr ic  

in fo r m a tio n  is fo u n d  in  S te in  (1987). T h is  m o d e l,  h o w e v e r , d o e s  n o t a n a ly se  th e  

s tr a te g ic  a s p e c ts  o f  in v e n to r ie s  an d  o f  fu tu r es b u t c o n c e n tr a te s  o n  r isk  sh a r in g  

an d  in fo r m a tio n a l e x te r n a lit ie s .

L a s tly  it  sh o u ld  b e  n o te d  that th e  structure o f  th e  thr ee  m a r k e ts  h a s  b e e n  

s im p lif ie d  in  th e  m o d e l.  A n  o b v io u s  e x a m p le  o f  th is  is  th e  q u a s i o m is s io n  o f  

r e f in e r ie s  fr o m  th e  a n a ly s is .  T h e y  are  s o le ly  r e p r e se n te d  b y  th e  d o w n w a r d
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s lo p in g  d e m a n d  c u r v e s  (6 )  w h ic h  is  in a d e q u a te . S im ila r ly  th e  p r o b le m  o f  

in te g r a te d  o i l  c o m p a n ie s  h a s  b e e n  ig n o r e d . T h e s e  p r o b le m s are  a t  th e  c o r e  o f  

o u r  c u r r en t r e se a r c h .
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A p p e n d ix  to  S e c t io n  4: S tr a te g ic  S to c k s

T h is  ap p e n d ix  is o ffe re d  as a  h elp  to  th e  re a d e r  w h o  w a n ts  to  o b ta in  a 

fu ll u n d e rs ta n d in g  o f  th e  m o d el d em on stra tin g  th e  stra teg ic  u se  o f  sto cks .

R e c a ll  that w e  m a d e  th e  f o l lo w in g  a ssu m p tio n s:

( A . l )  T h ere  is no  e x o g e n o u s u p p e r  b o u n d  to  p ro d u c tio n , i.e . n o  x j; i  =  A , B  .

(A .2) T h e r e  is  n o  d e m a n d  in  th e  f ir s t  p e r io d , im p ly in g  th a t th e  p r o d u c t io n  o f  

th e  f ir s t  p e r io d  h a s  to  b e  s to r e d , an d  th a t s a le s  ( in  th e  s e c o n d  p e r io d )  

e q u a l to ta l p r o d u c tio n  o v e r  th e  tw o  p e r io d s , c fr . (1 3 ).

T he  p ro f it  fu n c tio n s  are  th e n  g iv en  by

(A .3 .1 )  n A =  (sA +  xa2 - N A) p2 - - y xL  +  P F N A ,

(A .3 .2 )  nB =  (sB +  XB2 - Nb ) P2 - y  SB - y  x | 2 +  PF N B .

N o te  th a t th e  c o s t  o f  s to r a g e  is  su b su m e d  in  th e  p e r io d  1 c o s t  fu n c t io n :  T h e  

d e c is io n  to  p r o d u c e  in  p e r io d  o n e  is  e s s e n t ia l ly  th e  s a m e  a s  th e  d e c is io n  to  

s to r e , an d  w e  d o  n o t  n e e d  tw o  c o s t  v a r ia b le s  to  d e sc r ib e  th e  d e c is io n .  A l l  o th e r  

a ss u m p tio n s  r e m a in  u n c h a n g e d , i.e .  th e  d e m an d  c u r v e  is  s to c h a s t ic , lin e a r  an d  

d o w n w a r d  s lo p in g  (6 )  a n d  th e  p r o d u c e r s ' u t i l i t ie s  fr o m  p r o f it s  f o l l o w  th e  

m e a n -v a r ia n c e  m o d e l  (7).

T h e  la s t  d e c is io n  th e  p r o d u c e r s  ta k e  r e g a rd s  s e c o n d -p e r io d  p r o d u c tio n :  

T h e y  ta k e  th is  d e c is io n  b y  s im u lt a n e o u s ly  m a x im iz in g  th e ir  p a y o f f s  (7) w ith  

r e s p e c t  to  th e ir  r e s p e c t iv e  d e c i s io n  v a r ia b le s  (xA 2 , xB2) ta k in g  th e  s to c k s  

(sA , sB) an d  th e  n e t fu tu r e s  p o s it io n s  (N A , N B) a s  g iv e n . T h is  r e su lt s  in  th e  

f o l lo w in g  se c o n d -p e r io d  p r o d u c tio n  fo r  A (th e  e x p r e s s io n  fo r  B is  s im ila r ):

(A .4 .1 )

XA2 -  ^  b  [ A ( a )  + b (sB - sA) - b  (NB - N A) +  K B (sB - N B) - K A (sA - N A)] 

+  £ ( b  +  c 2 +  K B) [ E A ( a )  - b ( s A +  sB) +  (b  +  K A)(N A - sA)] ,

w h ic h  is  c o m p a r a b le  to  (14) an d  w h e r e
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(A.4.2) D = (2b + C2  + Ka )(2b + C2 + Kb) - b2 , and

(A.4.3) Afa) = EA(a) - EB(a).

T h e  m u ltip l ie r s  (1 5 ) - (1 7 )  f o l lo w  d ir e c t ly  fr om  (A .4 .1 )  an d  (18) f o l lo w s  w ith  th e  

a d d itio n a l u s e  o f  (6.1).

T h e  s e c o n d - to - la s t  d e c is io n  th e  p r o d u c e r s  ta k e  r e g a rd s  h o w  m u c h  to  

p r o d u c e  in  th e  f ir s t  p e r io d  o r , e q u iv a le n t ly , h o w  m u c h  to  s to r e . S u b s titu tin g  

th e  o p t im iz e d  s e c o n d - p e r io d  p r o d u c t io n s  in to  th e  p a y o f f  f u n c t io n s  an d  

p e r fo r m in g  a  s im u lta n e o u s  m a x im iz a t io n  o f  th e se  w ith  r e s p e c t  to  th e  s to c k s  

(ta k in g  n e t fu tu r e s p o s it io n s  a s  g iv e n ) , w e  o b ta in

( 1 9 .1 )  sA =  v A E A( a )  +  <t>A E B( a )  +  Va Na  + toA N B

(1 9 .2 )  sB =  <|>B E A( a )  +  v B E B( a )  +  con N A +  i|/B N B

w h e r e

( A .5 .1 )  v A =  (pb i  SAa - 5Bi p Aa) /  ©  ; v B =  ( s Ai p Ba - p Ai 8 Ba) /  ©  ;

(A .5 .2 ) <t>A =  (pB i 8 s a  - 5b i p Bo) /  ©  ; <!>b = (Sa i pA a - Pa i 5A a) /  ©  ;

(A.5.3) Va  =  (p a i  8n a - SBi pn a) /  ©  ; Vb  = (Sa i Pn b - Pa i 8n b) /  ©  ;

(A.5.4) <»a  = ( p B i  8n b - SBi pNb) /  ©  ; cob =  (SAi Pn a - Pa i §n J  /  <D ;

(A.5.5) © = Pa i Sb i - Pb i §a i

(A.6.1) Pa i =  - f c i  +  C2) D  + c ^ (2 b  + C2 + Kb )( i  + b 2/ D )

(A.6.2) Pb  i =  (2b  + K B - c 2 b2/  d ) b c2

(A .6 .3 )  p Aa =  c 2 {2b +  c 2 +  K b) ( 1 + b2/  d ) > 0

( A .6 .4 )  p Ba =  - b c 2 ( l  +  b2/ D )  <  0
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( A .6 .5 ) Pn* =  c 2 (2b  + C 2  + K B)(b  +  K A) ( l + b 2/ D )  - c 2 b 2 >  0

( A .6 .6 ) Pn b =  - b c 2 (b  +  K B) ( l  +  b 2/D >  < 0

( A .7 .1 ) 5a , =  b  c 2 (2b  + K A - c 2 b2/  d )

( A .7 .2 ) Sb i =  - (c i +  c 2) D  +  (2b  +  c 2 + K B) ( l  +  b2/  d )

( A .7 .3 ) SAa  =  PBa <  0

( A .7 .4 ) 5Ba =  c 2 (2b +  c 2 +  K A) ( l  + b 2/ D )  >  0

(A .7 .5 ) 5n a =  - b c 2 (b +  K A) ( l + b 2/ D )  < 0

( A .7 .6 ) 5n b =  c 2 (2b +  c2 +  K b) ( b  +  K b ) ( l  +  b2/  d ) - c 2 b 2 >  0

T h e  s ig n s  o f  th e  p a r a m e ter s  are in d ic a te d  w h e re  p o s s ib le . T h e  s ig n  o f  th e  m o s t  

im p o r ta n t d e te r m in a n t , D, is  h o w e v e r  u n d e te r m in e d  b u t w il l  g e n e r a l ly  b e  

p o s it iv e .  S u f f ic ie n t , b u t n o t n e c e ss a r y , c o n d it io n s  fo r  n o n -n e g a t iv it y  o f  D are, 

fo r  e x a m p le , th a t s im u lta n e o u s ly  c2 >  1 and (cx + c2)2 D  >  b2 c2 (1 + b 2/D ) .  B u t  

th e se  r e q u ir e m e n ts  are n o t e a s i ly  in terp reted .
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E U I
W O R K IN G
PA P E R S

E U I W o r k in g  P ap ers are p u b lish e d  an d  d is tr ib u te d  b y  the  

E u r op e an  U n iv e r s ity  In stitu te , F lo r e n c e

C o p ie s  c a n  b e  o b ta in e d  fr e e  o f  ch a r g e -  d e p e n d in g  o n  th e  a v a ila b ili ty  o f

s to c k s  -  from :

T h e P u b lic a tio n s  O ff ic e r  
E u r op e an  U n iv e r s ity  In stitu te  

B ad ia  F ie so la n a

1 -5 0 0 1 6  S a n  D o m e n ic o  d i F ie s o le  (F I)  

Ita ly

P le a s e  u s e  o r d e r  fo r m  o v e r l e a f
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P u b lica tion s o f  th e E u rop ean  U n iv ers ity  In stitu te

T o  T he P u b lic atio n s  O ff icer
E u ro pe an  U niversity  Institu te  
B ad ia F ieso lana
1-50016 S an  D om en ico  di F ieso le  (FI) 
Ita ly

F ro m  N am e . .

A ddress

□  P le ase  sen d  m e a co m p le te  lis t o f  E U I W o rk ing  P apers
□  P le ase  send  m e a co m p le te  lis t o f  E U I b o o k  p u b lica tio n s
□  P le ase  sen d  m e the  E U I b ro c h u re  A cad em ic Y e ar 1990/91

P le ase  sen d  m e th e  fo llo w in g  E U I W o rk in g  P aper(s):

N o , A u th o r  ................................................................

Title: ............................................................................

N o , A u th o r  ................................................................

Title: ............................................................................

N o, A u th o r  ................................................................

Title: ............................................................................

N o, A u th o r  ................................................................

Title: ............................................................................

D ate

S ign ature
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W o r k in g  P a p e r s  o f  th e  D e p a r tm e n t  o f  E c o n o m ic s  
P u b l i s h e d  s in c e  1 9 8 9

8 9 / 3 7 0

B . B E N S A I D /R J .  G A R Y -B O B O /
S . F E D E R B U S C H
T h e  S tr a te g ic  A sp e c ts  o f  P ro f it  S h a r in g  in  th e  
Ind us try

8 9 / 3 7 4

F ra n c is c o  S . T O R R E S

S m all  C o u n tr ie s  a n d  E x o g e n o u s  P o licy  S h o c k s  

8 9 / 3 7 5

R en z o  D A V ID D I

R o u b le  C o n v e r tib il ity : A  R e a lis tic  T a rg e t 

8 9 / 3 7 7

E lc ttr a  A G L IA R D I

O n th e  R o b u s tn e s s  o f  C o n te s ta b il i ty  T h e o ry  

8 9 / 3 7 8

S te p h e n  M A R T IN

T h e  W elfa re  C o n se q u e n ce s  o f  T ran sa c tio n  C o sts  
in  F in a n c ia l  M a rk e ts

8 9 / 3 8 1

S u sa n  S E N IO R  N E L L O
R e c e n t D e v e lo p m e n ts  in  R e la tio n s  B etw een  the

E C  a n d  E a s te rn  E u ro p e

8 9 / 3 8 2

Jea n  G A B S Z E W IC Z / P a o lo  G A R E L L A / 

C h a rle s  N O L L E T
S p a tia l P r ic e  C o m p e tit io n  W ith  U n in fo rm ed  

B uyers

8 9 / 3 8 3

B ene de tto  G U I

B en e f ic ia ry  a n d  D o m in a n t R o le s  in  

O rg a n iz a tio n s : T h e  C a s e  o f  N o n p ro fi ts

8 9 / 3 8 4

A g u s tfn  M A R A V A L L / D a n ie l P E N A  

M is s in g  O b se rv a tio n s , A d d itiv e  O u tl ie rs  a nd  

In v e rs e  A u to c o rre la tio n  F u n c tio n

8 9 / 3 8 5
S te p h e n  M A R T IN

P ro d u c t D ifferen tia tio n  a n d  M ark e t P e rfo rm an ce  

in  O lig o p o ly

8 9 / 3 8 6  

D a lia  M A R IN

Is  th e  E x p o r t-L e d  G ro w th  H y p o th e s is  V a lid  fo r 

In d u s tr ia liz ed  C o un trie s?

8 9 / 3 8 7

S te p h e n  M A R T IN

M o d e lin g  O lig o p o lis tic  In te ra c tio n

8 9 / 3 8 8

Jean -C la u d e  C H O U R A Q U I

T h e  C o n d u c t o f  M o n e ta ry  P o licy : W h a t h a v e  w e

L ea rn ed  F ro m  R ec en t E x p e rien ce

8 9 / 3 9 0

C o rrado  B E N A S S I

Im p e rfec t In fo rm a tio n  a n d  F in a n c ia l  M ark e ts : A  
G en eral E q u ilib riu m  M o d el

8 9 / 3 9 4

S e rg e -C h ris to p h e  K O L M  

A d equ ac y , E q u ity  a n d  F un d a m e n ta l D om in an ce: 

U n a n im o u s  an d  C o m p a ra b le  A llo c a tio n s  in 

R at io n a l S o c ia l C h o ic e ,  w ith  A p p lic a tio n s  to  
M arriage and  W ag es

8 9 / 3 9 5

D aniel H E Y M A N N /A x e l L E U O N H U F V U D  
O n th e  U s e  o f  C u rre n c y  R e fo rm  in  In f la tio n  

S ta b il iz a tio n

8 9 / 4 0 0

R o b er t J . G A R Y -B O B O

O n th e  E x is te n c e  o f  E q u ilib r iu m  C o n fig u ra tio n s

in  a  C la s s  o f  A sy m m e tr ic  M a rk e t E n try  G a m e s  *

8 9 / 4 0 2

S te p h en  M A R T IN

D ire c t F o re ig n  In v e s tm e n t in  T h e  U n ite d  S ta te s  

8 9 / 4 1 3
F ra n c is c o  S . T O R R E S

P o rtu g a l, th e  E M S  a n d  1992: S ta b il iz a tio n  a n d  
L ib eraliz a tio n

8 9 / 4 1 6

Jo erg  M A Y E R

R ese rv e  S w itc h e s  a n d  E x c h a n g e -R a te  V a ria b ili ty : 
T h e  P re su m e d  In h e re n t In s ta b il ity  o f  th e  

M u ltip le  R e se rv e -C u rre n c y  S y s te m

8 9 / 4 1 7

J o s é  P . E S P E R A N Ç A / N e il  K A Y  

F o re ig n  D ire c t  In v e s tm e n t a n d  C o m p e tit io n  in 

th e  A d v e rtis in g  S e c to r:  T h e  Ita lia n  C a se

W ork in g  P ap er  o u t o f  p r in t
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8 9 / 4 1 8

L u ig i B R IG H I / M ario  F O R N 1

A g g re g a tio n  A c ro ss  A g e n ts  in  D e m an d  S y s te m s

8 9 / 4 2 0
C o rra d o  B E N  A S S  I
A  C o m p e tit iv e  M o d e l o f  C re d it  In te rm ed ia tio n  

8 9 / 4 2 2

M a rc u s  M IL L E R / M ark  S A L M O N  

W h e n  d o es  C o o rd in a tio n  pa y?

8 9 / 4 2 3

M a rc u s  M IL L E R / M ark  S A L M O N /

A la n  S U T H E R L A N D

T im e  C o n s is te n c y , D isc o u n tin g  a n d  th e  R e tu rn s  
to  C o o p e ra tio n

8 9 / 4 2 4

F ra n k  C R IT C H L E Y / P au l M A R R IO T T /

M ark  S A L M O N

O n  th e  D iffe ren tia l G e o m e try  o f  th e  W a ld  T e s t  
w ith  N o n lin e a r  R e s tr ic tio n s

8 9 / 4 2 5

P e te r  J . H A M M O N D

O n  th e  Im p o s s ib il i ty  o f  P e rfe c t C a p ita l M ark e ts  

8 9 / 4 2 6

P e te r  J . H A M M O N D

P e rfe c te d  O p tio n  M ark e ts  in  E c o n o m ie s  w ith  
A d v e rs e  S e le c tio n

8 9 / 4 2 7

P e te r  J . H A M M O N D

Irre d u c ib ili ty , R eso u rc e  R e la te d n e ss , a nd  S urv iv al 
w ith  In d iv id u a l N o n -C o n v e x it ie s

*  *  *

E C O  N o .  9 0 /1 * *

T a m e r  B A § A R  a n d  M ark  S A L M O N  

C re d ib il ity  a n d  th e  V a lu e  o f  In fo rm a tio n  
T ra n s m is s io n  in  a  M o d e l o f  M o n e ta ry  P o li c y  
a n d  In f la t ion

E C O  N o .  9 0 /2

H o rs t U N G E R E R

T h e  E M S  -  T h e  F ir s t  T e n  Y ears
P o lic ie s  -  D e v e lo p m e n ts  -  E v o lu tio n

E C O  N o .  9 0 /3  
P e te r  J . H A M M O N D

In te rp e rs o n a l C o m p a ris o n s  o f  U tility : W h y  an d  

h o w  th ey  a re  a nd  sh ou ld  b e  m ad e

E C O  N o .  9 0 / 4  

P e te r  J.  H A M M O N D
A  R ev e la tio n  P r in cip le  fo r (B o u n d e d ly ) B ay es ia n  

R a t io n a li z a b le  S tra teg ie s

E C O  N o .  9 0 / 5  
P e te r  J.  H A M M O N D  

Ind ep en d en ce  o f  Ir re lev an t In terp erson al 

C o m p a ris o n s

E C O  N o .  9 0 /6  

H a l R . V A R IA N
A  S o lu t io n  to  th e  P ro b le m  o f  E x te rn a li t ie s  a n d  

P u b lic  G o o d s  w h en  A g en ts  a re  W e ll- In fo rm e d

E C O  N o .  9 0 /7  
H a l R . V A R IA N
S e q u e n tia l P ro v is io n  o f  P u b lic  G o o d s  

E C O  N o .  9 0 /8

T . B R IA N Z A , L . P H L IP S  a n d  J .F . R IC H A R D  
F u tu re s  M ark e ts , S p e c u la tio n  a n d  M o n o p o ly  

P r ic in g

E C O  N o .  9 0 /9

A n th o n y  B . A T K IN S O N /J o h n

M IC K L E W R IG H T

U n e m p lo y m e n t C o m p e n sa tio n  a n d  L a b o u r  
M a rk e t T ra n s it io n : A  C rit ic a l R e v ie w

E C O  N o .  9 0 /1 0

P e te r  J.  H A M M O N D

T h e  R o le  o f  In fo rm a tio n  in  E c o n o m ic s

E C O  N o .  9 0 /1 1

N ic o s  M . C H R IS T O D O U L A K IS  
D e b t D y n a m ic s  in  a  S m a ll  O p e n  E c o n o m y

E C O  N o .  9 0 /1 2  
S te p h e n  C . S M IT H

O n  th e  E c o n o m ic  R a t io n a le  fo r C o d e te rm in a tio n  

L aw

E C O  N o .  9 0 /1 3  
E le ttr a  A G L IA R D I

L e a rn in g  b y  D o in g  a n d  M a rk e t S tru c tu re s

E C O  N o .  9 0 / 1 4  
P e te r  J . H A M M O N D  

In te rtem p o ral O b je c tiv e s

E C O  N o .  9 0 / 1 5  
A n d re w  E V A N S /S tc p h en  M A R T IN  

S o c ia lly  A c c e p ta b le  D is to r tio n  o f  C o m p e ti tio n : 

E C  P o lic y  o n  S ta te  A id

P le a s e  n o te :  A s  fro m  J a n u a ry  1 9 90 , th e  E U I 
W ork ing  P a p e rs  S er ies is  d iv id e d  in to  six sub-ser ies , each  
se rie s w ill  be  nu m be re d  ind iv id u a lly  (e .g . E U I W ork in g  

P a p e r LA W  N o. 90 /1).

W o rk in g  P ap er  o u t o f  p r in t
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E C O  N o .  9 0 /1 6

S te p h e n  M A R T IN

F r in g e  S iz e  a n d  C a rte l S ta b il ity

E C O  N o .  9 0 /1 7

J o h n  M IC K L E W R IG H T

W h y  D o  L e ss  T h a n  a  Q u a rte r  o f  the

U n e m p lo y e d  in  B rita in  R e c e iv e  U n e m p lo y m e n t
Insurance?

E C O  N o .  9 0 /1 8  

M ru d u la  A . P A T E L  

O p tim a l L ife  C y c le  S a v in g  

W ith  B o rro w in g  C o n s tr a in ts :

A  G ra p h ic a l  S o lu tio n

E C O  N o .  9 0 /1 9  
P e te r  J . H A M M O N D

M o n ey  M etr ic  M ea su re s  o f  In d iv id u al  a n d  S oc ial 
W e lfa re  A llo w in g  fo r  E n v iro n m e n ta l 
E x te rn a li t ie s

E C O  N o .  9 0 /2 0  

L o u is  P H L IP S /

R o n a ld  M . H A R S T A D

O lig o p o lis t ic  M a n ip u la tio n  o f  S p o t M ark e ts  an d  

th e  T im in g  o f  F u tu re s  M a rk e t S p e c u la tio n

E C O  N o .  9 0 /2 1

C h r is tia n  D U S T M A N N
E a rn in g s  A d ju s tm e n t o f  T e m p o ra ry  M ig ra n ts

E C O  N o .  9 0 /2 2

J o h n  M IC K L E W R IG H T

T h e  R e fo rm  o f  U n e m p lo y m e n t C o m p e n sa tio n :

C h o ic e s  fo r  E a s t an d  W es t

E C O  N o .  9 0 /2 3  
J o e rg  M A Y E R

U . S . D o lla r  a n d  D e u ts c h m a rk  a s  R e s e rv e  A ss e ts

E C O  N o .  9 0 /2 4  

S h e ila  M A R N IE
L a b o u r  M a rk e t R e fo rm  in  th e  U S S R :
F a c t o r  F ic tio n ?

E C O  N o .  9 0 /2 5  

P e te r  J E N S E N /

N ie ls  W E S T E R G A R D -N IE L S E N  
T e m p o ra ry  L a y o ff s  a n d  th e  D u ra tio n  o f  

U n e m p lo y m e n t:  A n  E m p ir ic a l A n a ly s is

E C O  N o .  9 0 /2 6  

S te p h a n  L . K A L B

M ark et-L e d  A pp ro ach es  to  E u ro p ea n  M o n eta ry  

U n io n  in  th e  L ig h t  o f  a  L e g a l R e s tr ic tio n s  
T h e o ry  o f  M o ne y

E C O  N o .  9 0 / 2 7  

R o b e r t  J . W A L D M A N N  

Im p la u s ib le  R e su lts  o r  Im p la u s ib le  D a ta?  

A n o m a lie s  in  th e  C o n s tr u c tio n  o f  V a lu e  A d d e d  
D a ta  a n d  Im p lic a tio n s  f o r  E s tim a te s  o f  P r ic e - 

C o s t M ark u p s

E C O  N o .  9 0 / 2 8  
S te p h en  M A R T IN

P e rio d ic  M o d e l C h a n g e s  in  O lig o p o ly

E C O  N o .  9 0 /2 9

N ic o s  C H R IS T O D O U L A K IS /
M artin  W E  A L E

Im p e rfe c t C o m p e tit io n  in  a n  O p e n  E c o n o m y

*  *  *

E C O  N o .  9 1 /3 0  
S te v e  A L P E R N /D c n n is  J.  S N O W E R  

U n e m p lo y m e n t T h ro u g h  ‘L e a rn in g  F ro m  

E xp erienc e’

E C O  N o .  9 1 /3 1

D av id  M . P R E S C O T T /T h a n a s is  S T E N G O S  
T es tin g  f o r  F o rec a s tib le  N o n lin e a r  D e p en d e n c e  
in W ee k ly  G o ld  R a te s  o f  R e tu rn

E C O  N o .  9 1 / 3 2  

P e te r J .  H A M M O N D  

H a rsa n y i’s  U ti li ta r ian  T h e o re m :
A  S im p le r  P r o o f  a n d  S o m e  E th ic a l  

C o n n o ta tio n s

E C O  N o .  9 1 / 3 3  
A n th o n y  B . A T K IN S O N /

Jo hn  M IC K L E W R IG H T

E c o n o m ic  T ra n s fo rm a tio n  in  E a s te rn  E u ro p e
and  th e  D is tr ib u tio n  o f  In c o m e

E C O  N o .  9 1 / 3 4  

S vend  A L B A E K

O n N a sh  a n d  S ta c k c lb e rg  E q u i lib r ia  w h e n  C o sts  
a re  P r iv a te  In fo rm a tio n

E C O  N o .  9 1 /3 5  

S teph en  M A R T IN  

P riv ate  a n d  S o c ia l In c e n tiv e s  

to  F o rm  R  &  D  J o in t  V e n tu re s

E C O  N o .  9 1 /3 6  

L o u is  P H L IP S

M an ip u la tio n  o f  C ru d e  O il  F u tu re s  

E C O  N o .  9 1 / 3 7

X av ie r C A L S A M IG L IA /A la n  K IR M A N  

A  U n iq u e  In fo rm a tio n a lly  E f f ic ie n t and  

D e ce n tra liz ed  M ec h a n is m  W ith  F a ir  O u tc o m e s

W o rk in g  P ap er  o u t o f  p r in t
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