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We c o n s i d e r  a H i c k s  i a n ,  t w o - p e r i o d  economy with an 

e x h a u s t i b l e  resource.  There i s  no forward r e s o u r c e  market i n  t h e  

first per iod ;  t r a d e r s  form e x p e c t a t i o n s  about t h e  second p e r i o d  

r e s o u r c e  p r i ce .  Cur ren t  s u p p l y  p l a n s  a r e  d e f i n e d  i m p l i c i t l y  by 

an asset adjustment  mechanism. The c u r r e n t ,  s p o t  r e s o u r c e  p r i c e  

a d j u s t s  i n  p r o p o r t i o n  to t h e  c u r r e n t ,  ex-ante e x c e s s  demand 

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

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

d e f i n e d  as  t h e  p o i n t  w h e r e  a s s e t  and spot m a r k e t s  c l e a r  and n o  

r ev  i s i o n  of expect at i o n s  occurs. 
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Our p u r p o s e  i n  w r i t i n g  t h i s  p a p e r  i s  t o  r e l a x  two 

assumptions which dominate t h e  t h e o r y  of e x h a u s t i b l e  r e s o u r c e s  

and examine  t h e  impl  i c a t i o n s  f o r  t h e  s t a b i l i t y  of equ i l ib r ium.  

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

m a r k e t s  e x i s t s .  The second p o s t u l a t e s  t h a t  a s s e t  and s p o t  

commodity marke ts  c l e a r  i n s t a n t a n e o u s l y .  

N e i t h e r  of t h e s e  a s s u m p t i o n s  h o l d  i n  the r e a l  w o r l d .  

Forward marke ts  a r e  incomplete  and cover  on ly  some months ahead. 

This  i s  p a r t i c u l a r l y  t h e  case  f o r  t h e  most impor tan t  e x h a u s t i b l e  

r e s o u r c e ,  c r u d e  o i l .  Under t h e s e  c i r c u m s t a n c e s ,  t r a d e r s ’  

e x p e c t a t i o n s  about  f u t u r e  spo t  p r i c e s  become important .  S ince  a 

u n i t  o f  a n  e x h a u s t i b l e  r e s o u r c e  is l i k e  a n  a s s e t  ( i t  c a n  e i t h e r  

be s o l d  now i n  t h e  spo t  market o r  r e t a i n e d  i n  o r d e r  t o  be s o l d  i n  

t h e  f u t u r e )  c u r r e n t  supp ly  d e c i s i o n s  are guided by t h e  expected 

r e s o u r c e  p r i c e .  H o w e v e r ,  t h e  r u l e  g o v e r n i n g  t r a d e r s ’  

e x p e c t a t i o n s  is n o t  s o m e t h i n g  t h a t  c a n  b e  mode l  l e d  e a s i l y .  A t  

b e s t  o n e  c a n  hope  t h a t  t r a d e r s  form e x p e c t a t i o n s  t a k i n g  i n t o  

account t h e  s t a t e  of t h e  r e s o u r c e  market i n  t h e  f u t u r e .  

T h e  a s s u m p t i o n  of i n s t a n t a n e o u s  m a r k e t  c l e a r i n g  

p rov ides  a n a l y t i c a l  convenience but cannot be  j u s t i f i e d  on any 

o t h e r  grounds . 
I n  a d e c e n t r a l i s e d  environment ,  d e c i s i o n s  about demand 

and  s u p p l y  a r e  t a k e n  by d i f f e r e n t  a g e n t s .  I n s t a n t a n e o u s  s p o t  
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m a r k e t  c l e a r i n g  b y p a s s e s  a v e r y  i m p o r t a n t  q u e s t i o n :  how s p o t  

pr ices  change o u t s i d e  e q u i l i b r i u m ,  i e  when i n d i v i d u a l  p l a n s  are 

n o t  c o n s i s t e n t  i n  t h e  aggregate .  

A d i f f e r e n t  a rgumen t  a p p l i e s  t o  a s s e t  m a r k e t s .  I n  

economies wi th  incomple t e  forward marke ts ,  t h e  r e s o u r c e  own r a t e  

o f  r e t u r n  d e p e n d s  on t h e  e x p e c t e d  r e s o u r c e  p r i c e .  Hence ,  

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

r e s t r i c t i o n s  on t h e  fo rma t ion  of e x p e c t a t i o n s .  This  i s  c l e a r l y  

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

e x p e c t a t i o n s  a r e  formed and r e v i s e d  o u t s i d e  equ i l ib r ium.  

It seems more  n a t u r a l  t o  d e s c r i b e  a d e c e n t r a l i s e d  

economy by a s e t  of a d j u s t m e n t  p r o c e s s e s  r a t h e r  t h a n  a s e t  

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

s t a b i l i t y  becomes an impor tan t  i s sue .  Th i s  w i l l  p a r t i c u l a r l y  be 

t h e  c a s e  i f  t h e  e q u i l i b r i u m  i s  c h a r a c t e r i s e d  by some e f f i c i e n c y  

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

o p e r a t e  e f f i c i e n t l y  for most of t h e  t i m e .  

The d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  of t h i s  paper i s  t h a t  

i t  s t u d i e s  t h e  s t a b i l i t y  p r o p e r t i e s  of a n  economy i n  which t h e r e  

a r e  no f o r w a r d  m a r k e t s  and s p o t  and asse t  m a r k e t s  a d j u s t  

s imul t aneous ly .  The absence of a comple te  se t  of forward marke ts  

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

c o n t e x t  of t h e  t h e o r y  of e x h a u s t i b l e  r e s o u r c e s  ( s e e ,  among 

o t h e r s ,  S t i g l i t z ,  1 9 7 4 ;  D a s g u p t a  and Heal ,  1979)  u n d e r  t h e  

assumpt ion  of i n s t a n t a n e o u s  s p o t  and a s s e t  market c l e a r i n g .  It 

has b e e n  shown t h a t  a s e q u e n c e  of t e m p o r a r y  e q u i l i b r i a  a l o n g  

which a l l  markets c l e a r  w i l l  n o t  b r i n g  t h e  economy t o  long-run  
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c o m p e t i t i v e  e q u i l i b r i u m  i f  t h e  i n i t i a l  r e s o u r c e  p r i c e  is t o o  h igh  

or t o o  low. I n  t h i s  p a p e r  w e  a r e  c o n c e r n e d  w i t h  a d i f f e r e n t  

q u e s t i o n ;  i n  e f f e c t ,  w e  want  t o  know how e a c h  p o i n t  on t h e  

sequence of temporary e q u i l i b r i a  i s  ach ieved .  Suppose t h a t  t h e  

economy starts from a p o s i t i o n  where spot and asset marke ts  a r e  

o u t s i d e  e q u i l i b r i u m .  I n  a d d i t i o n ,  l e t  us p o s t u l a t e  t h a t  

ad jus tment  occurs  acco rd ing  t o  a c e r t a i n  process.  W i l l  t h e n  t h e  

economy c o n v e r g e  t o  a p o i n t  wh ich  b e l o n g s  t o  t h e  s e q u e n c e  of 

t e m p o r a r y  e q u i l i b r i a ?  I n  o t h e r  w o r d s ,  w e  a r e  c o n c e r n e d  with 

shor t - t e rm s t a b i l i t y  and n o t  w i t h  t h e  convergence of t h e  e n t i r e  

sequence of temporary e q u i l i b r i a .  We b e l i e v e  t h a t  t h i s  concept  

is more  r e l e v a n t  t o  s h o r t - t e r m  i s s u e s  s u c h  a s  r e s o u r c e  m a r k e t  

i n s t a b i l i t y  and s t a b i l i s a t i o n  p o l  i c y .  However ,  w e  w i l l  n o t  

n e g l e c t  " long- te rm" c o n s i d e r a t i o n s  i n  t h i s  p a p e r .  On t h e  

c o n t r a r y  w e  w i l l  show t h a t  e x p e c t a t i o n s  based on f u t u r e  s c a r c i t y  

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

equ il i b r  ium. 

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

e l emen t s  i n t o  t h e  theory of e x h a u s t i b l e  r e s o u r c e s  i s  t h a t  of Heal 

(19751, (1981). A l t h o u g h  t h e  p o s s i b i l i t y  of s i m u l t a n e o u s  

a d j u s t m e n t  i n  s p o t  and a s s e t  m a r k e t s  i s  c o n s i d e r e d ,  t h e  ma in  

t h r u s t  of h i s  a n a l y s i s  a s sumes  i n s t a n t a n e o u s  s p o t  m a r k e t  

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

adjustment.  A r a t h e r  u n s a t i s f a c t o r y  f e a t u r e  of Heal's model i s  

t h a t  t h e  u n d e r l y i n g  e q u i l i b r i u m  concept i s  n o t  c l e a r .  I n  o t h e r  

w o r d s ,  i s  h e  c o n c e r n e d  w i t h  t h e  s h o r t - r u n  or l o n g - r u n  

e q u i l i b r i u m ?  I n  a d d i t i o n ,  t h e  way t h e  model  i s  s p e c i f i e d  d o e s  
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no t  a 1  low for a r a t i o n a l  e x p e c t a t i o n s  e q u i l i b r i u m .  Desp i t e  a 1  1 

t h e s e  p o i n t s ,  our model has many common c h a r a c t e r i s t i c s  t o  t h a t  

of Heal and ought t o  be cons ide red  as complementary t o  it. 

The r e s t  of t h e  p a p e r  i s  o r g a n i s e d  as  follows. The 

f i r s t  p a r t  se ts  out t h e  assumpt ions  and s p e c i f i e s  a c o m p e t i t i v e  

model of adjustment.  Local s t a b i l i t y  r e s u l t s  are d e r i v e d  under 

two a1 t e r n a t i v e  a s s u m p t i o n s  on  t h e  f o r m a t i o n  o f  e x p e c t a t i o n s .  

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

second  p o s t u l a t e s  t h a t  e x p e c t a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  

i n t e r t e m p o r a l  s t r u c t u r e  of t h e  model .  I n  t h e  second  c a s e  

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

e x p e c t a t i o n s  equ i l ib r ium.  The second p a r t  c o n t a i n s  two s e c t i o n s .  

I n  t h e  f i r s t ,  l o c a l  s t a b i l i t y  r e s u l t s  are d e r i v e d  when t h e  b a s i c  

model  is e x t e n d e d  t o  include t r a d e r s  w i t h  m a r k e t  power. The 

under - ly ing  shor t - te rm e q u i l i b r i u m  is t h e  Nash-Cournot r a t i o n a l  

e x p e c t a t i o n s ,  temporary e q u i l  ib r ium w i t h  a dominant producer and 

a c o m p e t i t i v e  f r i n g e .  We t h i n k  t h a t  t h i s  s e c t i o n ' s  model  of 

d i s e q u i l i b r i u m  adjustment p r o v i d e s  a t h e o r e t i c a l  e x p l a n a t i o n  of 

t h e  f a c t  t h a t  "small" o i l  p roduce r s  become p r i c e  makers when t h e  

market i s  i n  d i s e q u i l i b r i u m  d e s p i t e  the  p re sence  of t h e  dominant 

producer. F i n a l l y ,  i n  t h e  l a s t  s e c t i o n  we examine t h e  c o n d i t i o n s  

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

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

introduced,  The purpose of t h i s  s e c t i o n  is t o  show t h e  f a l l a c y  

of an argument t h a t  p r e v a i l e d  i n  t h e  o i l  i n d u s t r y  and was used as 

a n  e x p l a n a t i o n  f o r  t h e  b e h a v i o u r  of t h e  o i l  p r i c e  i n  t h e  p r e -  

1970s period.  
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I n  what f o l l o w s  we w i l l  refer to a unit of an 

exhaustible resource as a barrel of oil. However, most of the 

arguments apply to any exhaustible resource. Some parts of the 

model are also relevant to the analysis of inventory behaviour 

for any non-depreciating commodity. In this context, it is only 

through the  formation of expectations that an exhaustible good 

d i f f e r s  from a non-exhaustible one. 
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1. A CaWPETIPIVE HODEL OF ADJUSTHEAT 

We w i l l  cons ide r  a two-period economy w i t h  no forward 

m a r k e t s .  T r a d e r s  o b s e r v e  c u r r e n t  p r i c e s  and form e x p e c t a t i o n s  

about p r i c e s  i n  t h e  nex t  pe r iod  ("future"). The c u r r e n t  p r i c e  of 

an o i l  b a r r e l  i n  terms of a numeraire asset  w i l l  be  denoted  by p 

and  i t s  e x p e c t e d  p r i c e  by e .  A l l  t r a d e r s  in t h e  o i l  m a r k e t  

e x p e c t  w i t h  c o n f i d e n c e  t h a t  t h e  f u t u r e  o i l  p r i c e  w i l l  be e. In 

t h e  background of t h e  model t h e  numera i re  a s s e t  market w i l l  c l e a r  

and o f f e r  a one per iod  r a t e  of r e t u r n  r. P a r t i c i p a n t s  i n  t h e  o i l  

market t a k e  r a s  exogenously given.  

Assuming p e r f e c t  c o m p e t i t i o n  and no e x t r a c t i o n  and 

s t o r a g e  c o s t s ,  t h e  owner of a n  o i l  b a r r e l  can e i t h e r  s e l l  it now 

and  g e t  a r e t u r n  e q u a l  t o  p o r  w a i t  and s e l l  i t  i n  t h e  f u t u r e  a t  

a n  e x p e c t e d  p r i c e  e. H e  w i l l  be  i n d i f f e r e n t  b e t w e e n  t h e  two i f  

t h e i r  p r e s e n t  v a l u e  is t h e  same. 

e 
P =  - 

l+r 

L e t  u s  a s sume  t h a t  t h e  p r i c e  which c l e a r s  t h e  o i l  

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

s p o t  m a r k e t  e q u i l i b r i u m )  i s  p . The e x p e c t e d  p r i c e  c o n s i s t e n t  

w i t h  c o n d i t i o n  ( 1 )  is e = p ( l + r ) .  The p a i r  ( p  , e  1 i s  p o i n t  A 

i n  F i g u r e  1 .  

* 
* * * *  
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Figure 1 P* x e 
p = -  

l+r 

I e* e 

(p*, e*> w i l l  be a r a t i o n a l  e x p e c t a t i o n s  e q u i l i b r i u m  i f  i t  i s  

c o n s i s t e n t  w i t h  n a r k a t  c l e a r i n g  over b o t h  p e r i o d s ;  i n  this case 

the position of (p*, e*) w i l l  be given by t h e  c o n d i t i o n  t h a t  o i l  

r e s e r v e s  rill be exhaus ted  by t h e  end of t h e  second p e r i o d  (not 

d e p i c t e d  in Figure  1). 

We w i l l  be i n t e r e s t e d  in t h e  l o c a l  s t a b i l i t y  of p o i n t  

A; i d e a l l y ,  the e q u i l i b r i u m  p r i c e  path consists of a sequence of 

temporary e q u i l i b r i a  similar t o  A, and w e  would l i k e  t o  know i f  

the economy w i l l  r e t u r n  t o  t h i s  sequence a f t e r  a "shock" has 

moved i t  away from it. 

F i r e t  we will r p e c i f y  t h e  behaviour of t h e  economy 

o u t e i d e  e q u i l i b r i u m .  For t h i s  p u r p o s e  i t  would be h e l p f u l  t o  

imagine each per iod  as being  a f i n i t e  time interval, w i t h i n  which 

price and q u a n t i t y  a d j u s t m e n t s  a r e  t a k i n g  p l a c e .  In a 

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

c u r r e n t  o i l  market, one would not expec t  ex a n t e  (p lanned)  demand 

t o  match ex a n t e  supply i n s t a n t a n e o u s l y .  To c a p t u r e  t h e  p rocess  

t h a t  c h a r a c t e r i s e s  d e c e n t r a l i s e d  marke ts  w e  assume t h a t ,  within 

t he  f i r s t  pe r iod ,  t h e  c u r r e n t  (spot) price a d j u s t s  acco rd ing  t o  

7 



1 

p = a E  

t h e  f 01 lowing r u l e  

w h e r e  a is a p o s i t i v e  c o n s t a n t  and E i s  t h e  e x - a n t e  c u r r e n t  

e x c e s s  demand func t ion .  It i s  de f ined  as 

E = C(p) - S (3)  

where C(p) i s  t o t a l  ex-ante  o i l  demand and S is t o t a l  ex-ante o i l  

s u p p l y .  S w i l l  be  s u c h  as  t o  s a t i s f y  t h e  f o l l o w i n g  a s s e t  

ad jus tmen t  r u l e :  

e 
S [ ( l + r )  p-el > 0, p #- 

1 +r 

e 
s = o , p =  - 

1 +r 
(4) 

(4) says how, w i t h i n  t h e  f i r s t  p e r i o d ,  r e s o u r c e  owners  r e v i s e  

t h e i r  p l a n s  concern ing  t h e  op t ima l  l e v e l  of f u t u r e  r e s e r v e s .  If 

t h e  c u r r e n t  pr ice  exceeds  t h e  p r e s e n t  v a l u e  of t h e  p r i c e  expec ted  

t o  r u l e  i n  t h e  f u t u r e ,  t h e y  r e v i s e  t h e i r  p l a n s  downwards ( i e  

t h e y  would l i k e  t o  i n c r e a s e  t h e i r  c u r r e n t  supp ly )  and v i c e - v e r s a .  

If t h e  p r e s e n t  v a l u e  of t h e s e  two p r i c e s  i s  t h e  same, they do n o t  

a l t e r  t h e i r  p l a n s .  2 

It might be  u s e f u l  t o  make 60me remarks about r u l e  (2). 

We do n o t  i n t end  t o  p r e s e n t  i t  a s  a tgtonnement p rocess  bu t  a s  a 

r u l e  m i m i c k i n g  c e r t a i n  e l e m e n t s  o f  a n  actual a d j u s t m e n t  

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

n e c e s s a r i l y  t h e  o n l y  one and c e r t a i n l y  n o t  a r i g o r o u s  one) might 

be  a s  follows. Assume t h a t ,  a t  a c e r t a i n  p o i n t  i n  t i m e ,  ex-ante 

o i l  s u p p l y  e x c e e d s  e x - a n t e  demand. I f  t h e  s p o t  p r i c e  r e m a i n s  

unchanged t h e  s p o t  market will c l e a r  by q u a n t i t y  r a t i o n i n g .  Some 
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r e s o u r c e  Owners w i l l  be r a t i o n e d  t o  se1 1 ( d e p l e t e  a t  a rate) l e s s  

t h a n  t h e y  had p l a n n e d  o r ,  what  a m o u n t s  t o  t h e  same t h i n g ,  t o  

c a r r y  f o r w a r d  an  amount  of r e s e r v e s  w h i c h ,  i n  g e n e r a l ,  d i f f e r s  

from t h a t  d e r i v e d  by t h e  s t o c k  ad jus tment  r u l e  (4). Under t h e s e  

c i r c u m s t a n c e s ,  a c o m p e t i t i v e  r e s o u r c e  owner  who h a s  no  e x - a n t e  

m a r k e t  power w i l l  r e d u c e  t h e  p r i c e ,  p e r h a p s  by a v e r y  s m a l l  

amount ,  i n  o r d e r  t o  a v o i d  r a t i ~ n i n g . ~  T h i s  i s  e x a c t l y  Arrow's 

(1959) we1 1 known a rgumen t  t h a t  c o m p e t i t i v e  p r o d u c e r s  become 

pr ice  makers when marke ts  are o u t s i d e  e q u i l i b r i u m .  

The a c t u a l  r a t e  of d e p l e t i o n  w i l l  be  g i v e n  by t h e  

" s h o r t "  s i d e  of t h e  m a r k e t 4  and w i l l  n o t  a p p e a r  as  a n  e x p l i c i t  

v a r i a b l e  of t h i s  mode l .  However ,  i f  t r a d e r s  form c o n s i s t e n t  

( r a t i o n a l )  e x p e c t a t i o n s  based on f u t u r e  s c a r c i t y  they w i l l  t a k e  

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

( c o n s u m p t i o n )  f u n c t i o n .  We w i l l  f o r m a l i s e  t h i s  i d e a  more  

p r e c i s e l y  l a t e r  i n  t h e  paper. 

We now t u r n  t o  t h e  f o r m a t i o n  o f  e x p e c t a t i o n s  e. 

Traders '  e x p e c t a t i o n s  a r e  no t  something which one can model w i t h  

any degree  of accuracy;  h e r e  w e  w i l l  examine t h e  imp1 i c a t i o n s  of 

two t y p e s  of a s s u m p t i o n s  t h a t  a r e  w i d e l y  u s e d  i n  t e m p o r a r y  

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

e x p e c t a t i o n s  by e x t r a p o l a t i n g  c u r r e n t  market  s i g n a l s .  The second 

p o s t u l a t e s  t h a t  e x p e c t a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  

i n t e r t e m p o r a l  s t r u c t u r e  of t h e  model. 
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Adaptive Expectat ions 

We assume t h a t ,  w i t h i n  t h e  first per iod ,  e x p e c t a t i o n s  are  formed 

accord ing  t o  the  f o l l o w i n g  r u l e :  

e 

1 +r 
e = c ( p -  - ) , c > O  (5) 

We may i n t e r p r e t  t h e  above e q u a t i o n  a s  f o l l o w s .  S ince  

( l+ r )  p-e>O(<O) i s  e q u i v a l e n t  t o  r - l ( e / p > - l l > o ( < o > ,  and ( e l p 1 - 1  

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

one  p e r i o d ,  (5 )  p o s t u l a t e s  t h a t  t h e  e x p e c t e d  p r i c e  a d j u s t s  i n  

such a way as t o  e q u a l i s e  t h e  r a t e s  of r e t u r n  on t h e  two 

a l t e r n a t i v e  a s ~ e t s . ~  It i s  an a d a p t i v e  e x p e c t a t i o n s  rule s i n c e  

an i n c r e a s e  (dec rease )  i n  p i m p l i e s  an i n c r e a s e  (dec rease )  i n  e. 

It i s  no t  ea sy  t o - d e r i v e  g l o b a l  s t a b i l i t y  r e s u l t s  for 

However ,  l i m i t i n g  t h e  t h e  s y s t e m  of e q u a t i o n s  (21, (4) and ( 5 ) .  

a n a l y s i s  t o  l o c a l  s t a b i l i t y  o n l y ,  t h i n g s  become much e a s i e r .  

F i r s t  w e  can e l i m i n a t e  S. We w i l l  cons ide r  S as a f u n c t i o n  of p 

and e and u s e  e q u a t i o n  (4) t o  f i n d  t h e  ( s i g n  of t h e )  p a r t i a l  

d e r i v a t i v e s  S E e l  a t  t h e  t e m p o r a r y  

e q u i  1 i b r  ium. D e n o t i n g  p a r t i a l  d e r i v a t i v e s  by s u b s c r  ipt s, 

Se ( a n d ,  t h r o u g h  (31, E 
P’ P’ 

equation (3) y i e l d s  E =C - S  Assuming a w e l l - b e h a v e d  o i l  

consumption f u n c t i o n  (eg exc lud ing  i n c r e a s i n g  r e t u r n s  t o  scale 

P P P’ 

in r e f i n e r i e s ) ,  w e  have  C <O. E v a l u a t i n g  p a r t i a l  d e r i v a t i v e s  at 

t h e  temporary e q u i l i b r i u m  p*,e* ( t h a t  is, a t  t h e  p o i n t  where S=O) 

P 

it f o l l o w s  from (4) t h a t  Sp>O. This  i s  o b v i o u s  s i n c e  an i n c r e a s e  

i n  t h e  c u r r e n t  p r i c e  p k e e p i n g  t h e  e x p e c t e d  p r i c e  e e q u a l  t o  

(l+r)p* i m p l i e s  t h a t  t h e  p r e s e n t  v a l u e  of t h e  expec ted  p r i c e  i s  

l e s s  t h a n  t h e  c u r r e n t  p r i c e  (p*<p*+dp);  as a c o n s e q u e n c e ,  
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r e s o u r c e  owners  w i s h  t o  r e d u c e  t h e i r  stocks ( i e  t o  i n c r e a s e  

t h e i r  c u r r e n t  supply).  Hence Ep<O. Using t h e  same argument, i t  

i s  also s t r a i g h t f o r w a r d  t h a t  E,>O. We h a v e  t h u s  e s t a b l i s h e d  

t h a t ,  a t  a neighbourhood of the temporary e q u i l i b r i u m  

E < 0 ,  E, >O ( 6 )  P 

Now we w i l l  employ t h e  p h a s e  d i a g r a m  t e c h n i q u e  t o  

o b t a i n  s t a b i l i t y  r e s u l t s  for t h e  s y s t e m  of e q u a t i o n s  (2) and (5) 

us ing  t h e  r e s u l t s  in (6). 

Consider t h e  (p,e)  l o c u s  a l o n g  which E{p,e)=O. Taking 

t h e  t o t a l  d e r i v a t i v e  of b o t h  s i d e s  of t h i s  e q u a t i o n  and using ( 6 )  

we o b t a i n  

Hence,  n e a r  t h e  t e m p o r a r y  e q u i l i b r i u m ,  t h e  E (p ,e )=O 

l o c u s  h a s  a p o s i t i v e  s l o p e .  I t s  p o s i t i o n  r e l a t i v e  t o  t h e  

( l + r )  p = e  l o c u s  d e p e n d s  on t h e  s i g n  of IE 1 - ( l + r )  E,. We f i r s t  P 
assume 

I E ~  1 > E~ ( I + r )  (8 )  

Under a s s u m p t i o n  (81, t h e  p h a s e  d i a g r a m  of t h e  s y s t e m  

of d i f f e r e n t i a l  e q u a t i o n s  ( 2 )  and ( 5 )  is as i n  F i g u r e  2; i t  

f o l l o w s  t h a t  A i s  a ( l o c a l l y )  s t a b l e  equ i l ib r ium.  6 

I 

, P  
I 

Figure 2 

= o  
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I f ,  i n s t e a d  of (81,  w e  assume 

I E ~ ~ <  E, (I+r) ( 9 )  

t h e  p h a s e  d i a g r a m  w i l l  b e  as  i n  F i g u r e  3 and A w i l l  be  a n  

u n s t a b l e  t e m p o r a r y  e q u i l i b r i u m  (In f a c t ,  A w i l l  b e  a s a d d l e  

p o i n t  7 1. 

Figure 3 

e 
l+r 
- 

These  r e s u l t s  may be  i n t e r p r e t e d  as  f o l l o w s .  I f  a 

barrel of o i l  now is cons ide red  t o  be a d i f f e r e n t  commodity t o  a 

b a r r e l  of o i l  i n  t h e  f u t u r e ,  assumpt ion  (8) p o s t u l a t e s  t h a t  t h e  

own p r i c e  e f f e c t  "dominates" t h e  c r o s s  p r i c e  e f f e c t ;  i n  f a c t  (8) 

looks l i k e  t h e  w e 1  1-known 'Viagonal  Dominance" c o n d i t i o n  (Arrow 

and Hahn, 1971). Hence i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  e q u i l i b r i u m  

is s t a b l e .  Adap t ive  e x p e c t a t i o n s  imply i n e l a s t i c  e x p e c t a t i o n s  i n  

t h e  Hicks ian  sense  and, combined w i t h  Diagonal  Dominance i n  t h e  

commodity market,  t h e  r e s u l t  f o l l o w s 8  (Arrow and Hahn, op  tit). 

One might ask which of t h e  two c o n d i t i o n s  (8) or ( 9 )  is 

t h e  most p l a u s i b l e .  For w e 1  1-behaved o i l  consumption f u n c t i o n s  

and a c o n s t a n t  speed of s t o c k  ad jus tmen t  ( t h a t  is, when (4) t a k e s  
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t h e  s p e c i a l  f o r m  S = d [ ( l + r )  p - e ] ,  d > 0 )  i t  i s  easy t o  show 

t h a t ,  c l o s e  t o  t h e  t empora ry  e q u i l i b r i u m ,  c o n d i t i o n  (8) i s  

s a t i s f i e d .  However, non-l i n e a r  s t o c k  adjustment  r u l e s  cannot  be 

e x c l u d e d  and ,  i n  t h i s  c a s e ,  c o n d i t i o n  (8) m i g h t  or m i g h t  n o t  b e  

s a t i s f i e d .  9 

E v e n  if A ( i n  F i g u r e  2 )  i s  a s t a b l e  t e m p o r a r y  

e q u i l i b r i u m ,  o n e  s h o u l d  be  a w a r e  t h a t  i t  is a myopic  one.  

Expec ta t ions  about  f u t u r e  p r i c e s  are independent of t h e  s t a t e  of 

t h e  market i n  t h e  f u t u r e ;  t h a t  is, f u t u r e  r e s o u r c e  s c a r c i t y  has  

not b e e n  t a k e n  i n t o  a c c o u n t .  I n  s p i t e  of t h e  f a c t  t h a t  t h e  

economy i s  c o m p e t i t i v e ,  a sequence of temporary e q u i l i b r i a  l i k e  A 

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

f a m i l i a r  from t h e  l i t e r a t u r e  o n  e x h a u s t i b l e  r e s o u r c e s .  I n  t h e  

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

r e s o u r c e  p r i c e  m i g h t  be  too h i g h  o r  t o o  low, However ,  i t  h a s  

been suggested t h a t  many impor tan t  phenomena and e p i s o d e s  i n  t h e  

o i l  market can be exp la ined  by t h e  f a c t  t h a t  market p a r t i c i p a n t s  

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

( D a s g u p t a  and Heal ,  o p  c i t ,  c h  15). 

A n a t u r a l  s u b s t i t u t e  for t h e  miss ing  forward marke ts  i s  

t o  assume t h a t  t r a d e r s  expec t  f u t u r e  p r i c e s  t o  be c o n s i s t e n t  w i t h  

t h e  s t a t e  of f u t u r e  excess  demand. I n  t h e  contex t  of e x h a u s t i b l e  

r e s o u r c e s  t h e  d i f f i c u l t y  w i t h  t h i s  assumption i s  t h a t  i n fo rma t ion  

about  r e l e v a n t  parameters  (eg t h e  l e v e l  of s t o c k s )  i s  f a r  from 

p e r f e c t  a n d ,  i n  mos t  c a s e s ,  n o t  e v e n  p u b l i c .  I t  i s  w e 1  1-known 

t h a t  i n  such c i rcumstances  a market  e q u i l i b r i u m  might no t  e x i s t  

s o  t h a t  t h e  s y s t e m  m i g h t  b e  i n h e r e n t l y  u n s t a b l e .  ( F o r  a n e a t  
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e x p o s i t i o n  o f  t h e  a r g u m e n t s  s e e  D a s g u p t a  and H e a l ,  o p  c i t ,  c h  

14). But  e v e n  when i n f o r m a t i o n  i s  f r e e l y  a v a i l a b l e ,  i t  i s  not 

c l e a r  w h e t h e r  " c o n s i s t e n t "  e x p e c t a t i o n s  ( a  p r e c i s e  d e f i n i t i o n  

w i l l  be g i v e n  below) produce a s t a b l e  temporary e q u i l i b r i u m .  In 

t h e  nex t  s e c t i o n  we will examine t h i s  q u e s t i o n  i n  d e t a i l .  

Consistent Expectations 

We assume t h a t ,  i n  t h e  f i r s t  pe r iod ,  t r a d e r s  form an e s t i m a t e  of 

t h e  c o n s u m p t i o n  f u n c t i o n ,  w h i c h  w e  d e n o t e  by C(*). Hence,  i f  R 

is t h e  i n i t i a l  o i l  s t o c k  and C(p> i s  e s t i m a t e d  o i l  consumption i n  

n - 
* 

t h e  f i r s t  p e r i o d ,  t h e  f u t u r e  excess  demand i s  expected t o  be 
n A * 

E(p ,e )  = C(e> - [F-C(p)l (10)  

We now assume t h a t  e x p e c t a t i o n s  about  t h e  f u t u r e  p r i c e  

e are formed accord ing  t o  t h e  fo l lowing  r u l e  

A 

e = bE(p,e)  , b>O. (11) 

R u l e  (11) is a n  a l g o r i t h m  a b o u t  t h e  e x p e c t e d  p r i c e  e .  

T rade r s  e s t i m a t e  f u t u r e  excess demand, and a d j u s t  t h e i r  e s t i m a t e  

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

t h e  p r e c u r s o r s  o f  t h i s  a s s u m p t i o n .  The most  o b v i o u s  o n e  is t h e  

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

e x p e c t  t h e  f u t u r e  p r i c e  t o  c l e a r  t h e  market i n  t h e  second per iod.  

R u l e  (11) i s  a more r e a l i s t i c  v e r s i o n  of t h i s  p r i n c i p l e  s i n c e  i t  

d o e s  n o t  r e q u i r e  t h a t  t r a d e r s  know t h e  r a t i o n a l  e x p e c t a t i o n s  

e q u i l i b r i u m  v e c t o r  ( p ,  e ) .  Our d e c e n t r a l i s e d  economy w i l l  

converge t o  i t  p rov ided  t h a t  t h e  s y s t e m  of d i f f e r e n t i a l  e q u a t i o n s  

- -  

( 2 )  a n d  (11) i s  s t a b l e .  A l s o ,  c e r t a i n  a u t h o r s  who h a v e  
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c o n t r i b u t e d  t o  t h e  theo ry  of e x h a u s t i b l e  r e s o u r c e s  have  sugges t ed  

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

f u t u r e  p r i c e s  m i g h t  be b a s e d  on p r i c e  a s  w e l l  as  on q u a n t i t y  

s ignals .  For i n s t a n c e ,  Dasgupta and Heal (op tit) have  made t h e  

expected r a t e  of r e t u r n  from h o l d i n g  o i l  s t o c k s  a f u n c t i o n  of t h e  

r e s o u r c e - u t i l i s a t i o n  r a t i o ;  Heal (19753, (1981) h a s  assumed t h a t  

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

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

a s s u m p t i o n s  and ( 1 1 )  i s  i n  t h e  u n d e r l y i n g  e q u i l i b r i u m  c o n c e p t  

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

e x h a u s t i o n  o n l y ,  w h i l e  our a t t e n t i o n  i s  on shor t - run  (temporary) 

equ il i b r  i a  . 
The dynamic adjustment  of the economy i s  now d e s c r i b e d  

bY 

p = a E  

e = bE 
n 

where E has been d e f i n e d  i n  (3). To c o n s t r u c t  t h e  phase diagram 

o f  (12) we n e e d  t o  d e t e r m i n e  t h e  s l o p e  o f  t h e  E=o l o c u s .  

E = C <o ,  E = C e  CO ( s e e  ( l o ) ) ,  it  f o l l o w s  t h a t  

S i n c e  
* * A h 

P P  e 

Ee 
T < O  - _ -  
E 

P kl E=0 - 
( 1 3 )  

The i n t u i t i o n  behind (13) i s  c lear .  A h igh  c u r r e n t  o i l  

p r i c e  imp1 i e s  l o w  c u r r e n t  c o n s u m p t i o n ,  h i g h  f u t u r e  s t o c k s  a n d ,  

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

consumption t o  exhaus t  t h e  s tocks.  

T h e  E = o  l o c u s  has a p o s i t i v e  s l o p e  ( a  r e s u l t  

e s t a b l i s h e d  ea r  1 i e r )  and i t s  p o s i t i o n  r e l a t i v e  t o  t h e  a s s e t  
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market  e q u i l i b r i u m  l o c u s  (l+r) p = e depends on t h e  s i g n  of 

kp  I -  ( l + r )  E,. If l E p l  > ( l + r )  E,, t h e  p h a s e  d i a g r a m  of t h e  

system of d i f f e r e n t i a l  equa t ions  (12) will be as i n  F igu re  4. It 

f o l l o w s  t h a t  t h e  e q u i l i b r i u m  (point A) is s t a b l e .  

Figure 4 = o  

By c o n s t r u c t i n g  t h e  phase diagram under t h e  c o n d i t i o n  

!Ep I < ( l + r )  E, i t  i s  s t r a i g h t  f o r w a r d  to show t h a t  A is a g a i n  a 

s t a b  1 e e q u i  1 i b r  ium. Th i s  d o e s  n o t  seem s u r p r i s i n g .  S i n c e  

t r a d e r s  have  c o n s i s t e n t  e x p e c t a t i o n s  about  f u t u r e  p r i c e s  they do 

n o t  d r i v e  t h e  c u r r e n t  p r i c e  away from i t s  e q u i l i b r i u m  l e v e l ;  a 

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

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

c u r r e n t  p r i c e  down. 10 

In  e f f e c t  we have  shown t h a t  t h e  r a t i o n a l  e x p e c t a t i o n s ,  

temporary e q u i l i b r i u m  i s  l o c a l  l y  s t a b 1  e. However, t h i s  does n o t  

s a y  a n y t h i n g  a b o u t  t h e  p a t t e r n  o r  t h e  s p e e d  of c o n v e r g e n c e .  I t  

i s  c l e a r  ( s e e  F i g u r e  4) t h a t  c o n v e r g e n c e  m i g h t  o c c u r  through 

dampening o s c i l l a t i o n s ,  or t h a t  t h e  p r i c e  might ove r - r eac t  t o  a 

supp ly  or demand shock; i t  is only a t  t h e  l i m i t  t h a t  t h e  system 

converges  t o  e q u i l  ibrium. 
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It m i g h t  b e  a r g u e d  t h a t  g i v e n  t h e  s i m p l i c i t y  of t h e  

p r e s e n t  p a r t i a l  e q u i l i b r i u m  m o d e l ,  t h e r e  i s  n o  r e a s o n  why t h e  

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

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

adop t ing  t h i s  ( s t r o n g e r )  v e r s i o n  of c o n s i s t e n t  e x p e c t a t i o n s  w i l l  

e n a b l e  us t o  consider  c u r r e n t  supply  p l a n s  as an e x p l i c i t  s t a t e  

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

and e u s i n g  the  e q u i l i b r i u m  ( l o c a l )  approximat ions  d e r i v e d  b e f o r e  

( s e e  (6 ) ) .  

I f  t h e  m a r k e t  c l e a r i n g  f u t u r e  p r i c e  i s  computed 

i n s t a n t a n e o u s l y  ( t h a t  i s ,  i f  t r a d e r s  s o l v e  f o r  t h e  r a t i o n a l  

e x p e c t a t i o n s  p r i c e  e i n s t a n t a n e o u s l y )  t h e  dynamic ad jus tment  of 

t h e  economy w i l l  be d e s c r i b e d  by t h e  fo l lowing  e q u a t i o n s  

S = d[(l+r) p - e ] ,  d >  0,  

t i o n  (14) i s  s i m i l a r  t o  e q u a t i o n  (2 ) .  Equa 

(15) 

(16) 

i o n  (15) i s  

s imi la r  t o  (4) bu t  w i th  a c o n s t a n t  speed of ad jus tment .  I n  f a c t ,  

none of t h e  r e s u l t s  w i l l  change i f  w e  adopt  e q u a t i o n  (4) i n s t ead .  

F i n a l l y ,  equa t ion  (16) d e f i n e s  t h e  r a t i o n a l  e x p e c t a t i o n s  p r i c e  e 

g iven  p ,  R and an e s t i m a t e  of t h e  demand f u n c t i o n  t(.).  - 

* A  

From (161 ,  e = e ( p )  w i t h  e = (-Ep/Ee) < 0 ( s e e  a l s o  

e q u a t i o n  (13)). S u b s t i t u t i n g  e ( p >  for e i n  (15) w e  o b t a i n  a 

dynamic  s y s t e m  c o n s i s t i n g  of e q u a t i o n s  (14) and  (15 )  and t h e  

s t a t e  v a r i a b l e s  p and S. Formal ly ,  t h i s  system l ooks  s imilar  t o  

t h a t  of H e a l  (1981, ~ 2 0 4 ) .  It d i f f e r s  t h o u g h  i n  one  v e r y  

P 
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i m p o r t a n t  r e s p e c t ;  i t  c o n s i d e r s  t h e  e x p e c t e d  p r i c e  e as  

endogenous t o  t h e  model r a t h e r  t h a n  a s  an exogenous constant .  

* 
L e t  u s  d e n o t e  by p t h e  s o l u t i o n  of t h e  e q u a t i o n  

p ( l + r )  = c(p>. S i n c e  e < 0 ,  p > p i m p l i e s  ( l + r ) p > e ( p )  and ,  

f r o m  e q u a t i o n  ( 1 5 ) ,  S > 0. S i m i l a r l y ,  p < p i m p l i e s  S < 0. 

* 
P 

* . 
Rence, t h e  phase diagram of the  system of e q u a t i o n s  (14) and (15)  

Fiaure 5 P* 

I I  E=O 

The e q u i l  ibriurn w i l l  be s t a b l e  a l t h o u g h  convergence occur s  v i a  

dampening c y c l e s .  11 

I n  t h i s  s e c t i o n  t h e  temporary, c o m p e t i t i v e  e q u i l i b r i u m  

is c h a r a c t e r i s e d  by t h e  f o l l o w i n g  p r o p e r t i e s .  F i r s t ,  t h e  r e t u r n s  

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

Second,  e x p e c t a t i o n s  a r e  b a s e d  on  f u t u r e  s c a r c i t y .  T h e r e f o r e ,  

showing t h a t  t h e  e q u i l i b r i u m  i s  s t a b l e  i m p l i e s  t h a t ,  f o r  most of 

t h e  time, t h e  market w i l l  o p e r a t e  a t  a p o i n t  where r e s o u r c e s  are 

a1 l o c a t e d  e f f i c i e n t l y .  We s h o u l d  n o t i c e ,  however, t h a t  we h a v e  

i g n o r e d  s u b j e c t i v e  u n c e r t a i n t y .  Fo r  i n s t a n c e ,  i f  w e  had 

i n c o r p o r a t e d  r i s k - a v e r s e  t r a d e r s  into t h e  model  ( t o  r e f l e c t  

missing i n s u r a n c e  m a r k e t s  or i m p e r f e c t  c a p i t a l  m a r k e t s )  t h i s  
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w o u l d  not  h a v e  been a g e n e r a l  r e s u l t .  I n  p a r t i c u l a r ,  t h e  

p o s s i b i l i t y  of o s c i l  la tory  behaviour suggests that some kind of 

i n s u r a n c e  ( e g  a buffer s t o c k )  i s  needed a g a i n s t  market  

f luc tuat ions .  
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2. EgTENSIONS OF THE BASIC MODEL 
Adjustment in a mixed market structure 

I n  t h e  p r e v i o u s  s e c t i o n ,  t h e  e q u i l  i b r i u m  s t r u c t u r e  

o f  t h e  economy w a s  t h a t  of a c o m p e t i t i v e  m a r k e t .  T h i s  was a 

s i m p l i f y i n g  a s s u m p t i o n  imposed t o  h e l p  us c o n c e n t r a t e  on t h e  

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

n o t  c o m p e t i t i v e  ( e s p e c i a l l y  in t h e  s h o r t - r u n )  and it  is 

r e a s o n a b l e  t o  a s k  how t h i s  p r o c e s s  a p p l i e s  t o  a m a r k e t  

c h a r a c t e r i s e d  by i m p e r f e c t  c o m p e t i t i o n .  This q u e s t i o n  i s  n o t  

e a s y  t o  answer .  F i r s t ,  o n e  n e e d s  t o  c h o o s e  among t h e  numerous 

e q u i l i b r i u m  t h e o r i e s  on imperfect  compe t i t i on  i n  o r d e r  t o  s e l e c t  

t h e  a p p r o p r i a t e  e q u i l i b r i u m  concept.  Second, one h a s  t o  s p e c i f y  

how t h e  economy behaves o u t s i d e  e q u i l i b r i u m .  

I n  t h e  con tex t  of t h e  theo ry  of e x h a u s t i b l e  r e s o u r c e s  

it i s  common t o  use  t h e  Nash-Cournot e q u i l i b r i u m  concept i n  o rde r  

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

o l  i g o p o l  i s t  i c  r e s o u r c e  m a r k e t .  The assumption t h a t  i s  u s u a l l y  

made ( s e e ,  among o t h e r s ,  S a l a n t ,  1 9 7 6 ,  1 9 8 2 ;  D a s g u p t a  and H e a l ,  

1 9 7 9 ;  U l p h  and F o l i e ,  1980 ;  Newbery, 1 9 8 1 )  i s  t h a t  t h e  s u p p l y  

s i d e  c o n s i s t s  o f  a g r o u p  o f  c o l l u d i n g  p r o d u c e r s  ( c a r t e l )  and a 

group of s m a l l ,  c o m p e t i t i v e  p roduce r s  ( t h e  c o m p e t i t i v e  f r i n g e ) .  

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h i s  a s s u m p t i o n  is a r e a s o n a b l e  

approximation t o  t h e  s t r u c t u r e  of t h e  o i l  market. 
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A c c o r d i n g  t o  t h i s  m o d e l ,  t h e  c o m p e t i t i v e  f r i n g e  

m a x i m i s e s  p r o f  i t s  t a k i n g  p r i c e s  as  g i v e n ,  w h i l e  t h e  c a r t e l  

maximises prof i t s  t a k i n g  i n t o  account t h e  fringe's supp ly  and t h e  

m a r k e t  r e s p o n s e .  The model  and i t s  e q u i l i b r i u m  p r o p e r t i e s  a r e  

w e l l  known and w e  w i l l  n o t  reproduce  them here.  Our purpose is 

t o  examine how t h e  model of ad jus tment  d e v e l o p e d  i n  t h e  p r e v i o u s  

p a r t  o u g h t  t o  b e  m o d i f i e d  when t h e  m a r k e t  s t r u c t u r e  i s  a s  

d e s c r i b e d  above. 

We w i l l  r e t a i n  o u r  a s s u m p t i o n  ( 2 )  t o  d e s c r i b e  how t h e  

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

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

a d j u s t m e n t  p r o c e s s  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  The 

d o m i n a n t  p roduce r ' s  c u r r e n t  s u p p l y  p l a n s  w i l l  be  i m p l i c i t l y  

d e f i n e d  by a n  a d j u s t m e n t  p r o c e s s  s i m i l a r  to (4). The o n l y  

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

r e v e n u e  o v e r  t h e  two p e r i o d s  r a t h e r  t h a n  p r i c e s .  The f r i n g e ' s  

supp ly  p l a n s  w i l l  be d e f i n e d  e x a c t l y  as before .  Given t h a t  t h e  

cartel's c u r r e n t  s u p p l y  p l a n s  a r e  based on t h e  p e r c e i v e d  t o t a l  

demand C(p> (wh ich  m i g h t  d i f f e r  f r o m  t h e  a c t u a l  demand) and  i t s  

c o n j e c t u r e  a b o u t  t h e  f r i n g e ' s  s u p p l y  (wh ich  m i g h t  a l s o  d i f f e r  

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

Suppose t h a t  (ex-ante)  excess  supp ly  p r e v a i l s .  I f  t h e  s p o t  p r i c e  

r e m a i n s  unchanged ,  t h e  s p o t  m a r k e t  w i l l  a c t u a l l y  c l e a r  by 

q u a n t i t y  r a t i o n i n g .  The f r i n g e  o r  t h e  c a r t e l  ( o r  b o t h )  w i l l  b e  

r a t i o n e d  t o  s e l l  l e s s  t h a n  t h e y  had p l a n n e d .  W i t h o u t  loss of 

g e n e r a l i t y  w e  might assume t h a t  r a t i o n i n g  i s  p r o p o r t i o n a l  to t h e  

e q u i l i b r i u m  s h a r e s  of t h e  c a r t e l  and  t h e  f r i n g e .  S i n c e  e a c h  

* 
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member of t h e  f r i n g e  i s  "small"  i t  f a c e s  an "almost" h o r i z o n t a l  

demand curve ;  t h a t  is, i t s  pe rce ived  e l a s t i c i t y  of demand i s  v e r y  

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

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

Arrow's (op c i t )  argument mentioned above t h a t  small f i r m s  become 

pr ice  makers i f  marke ts  are o u t s i d e  equ i l ib r ium.  Notice t h a t  t h e  

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

(pe rce ived)  own demand e l a s t i c i t y  exceeds un i ty .  

I t  i s  t h i s  k i n d  o f  a d j u s t m e n t  t h a t  a s s u m p t i o n  ( 2 )  i s  

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

d o e s  f i t  a c t u a l  e v e n t s  i n  t h e  oil m a r k e t  d u r i n g  t h e  p o s t - 1 9 7 3  

era. As has b e e n  e x p l a i n e d  e l s e w h e r e  ( H a b r o ,  1981;  R o b e r t s ,  

1984) smal l  producers  were t h e  f i r s t  t o  change t h e  p r i c e  of o i l  

when t h e  market was i n  d i sequ i l ib r ium.  

We w i l l  now spec i fy  t h e  ad jus tment  p rocess  i n  d e t a i l .  

The c u r r e n t  p r i c e  p w i l l  a d j u s t  accord ing  t o  t h e  r u l e  

p = a E  ( 1 7 )  

E i s  now def ined  a s  

E = C(p) - Sf - Sml (18) 

where Sf and Sm a r e  t h e  ex-ante supply  p l a n s  of t h e  c o m p e t i t i v e  

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

S f w i l l  be  imp1 i c i t  l y  d e f i n e d  by a n  a s s e t  a d j u s t m e n t  

r u l e  similar t o  (4). To s i m p l i f y  m a t t e r s  w e  w i l l  now assume t h a t  

t h e  speed of adjustment  i s  a c o n s t a n t ,  hl: 

e 

1 +r 
if = hl (P- -1, hl > 0 ,  (19) 

Sm w i l l  a l s o  be g i v e n  by an  a s s e t  a d j u s t m e n t  r u l e .  S i n c e  t h e  
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c a r t e l  has  market power it w i l l  a r b i t r a g e  i t s  marg ina l  revenue 

o v e r  t h e  two p e r i o d s ;  f o r  i n s t a n c e ,  i t  w i l l  p r e f e r  t o  c a r r y  t h e  

marg ina l  u n i t  forward r a t h e r  t han  s e l l  it now i f  t h e  discounted 

expected marg ina l  r evenue  i n  t h e  second pe r iod  i s  h i g h e r  t han  i t s  

p e r c e i v e d ,  c u r r e n t  marg ina l  revenue. Hence we p o s t u l a t e  

e n 

Sm = hp [ p  (1-8) - - (1 - + > I ,  h2 > 0 
E 1 +r E 

(20 )  

where a i s  t h e  c a r t e l ' s  c o n j e c t u r a l  market share ( i t  depends on 

t h e  c a r t e l ' s  c o n j e c t u r e  a b o u t  t h e  f r i n g e ' s  s u p p l y )  and i s  t h e  

( n e g a t i v e  of t h e )  e l a s t i c i t y  o f  t h e  p e r c e i v e d  demand f o r  o i l  

c"(p); a  ̂ and a re  t h e  expected v a l u e s  f o r  t h e  same v a r i a b l e s  in  

t h e  s e c o n d  p e r i o d .  0, E, 5 a n d  d e p e n d  o n  t h e  s t a t e  

v a r i a b l e s  of t h e  economy. W e  w i l l  l a t e r  need t h e  f i r s t  p a r t i a l  

d e r i v a t i v e s  o f  0, 0, E and E w i t h  r e s p e c t  t o  p and e ;  as  we 
n 

A 

w i l l  s e e ,  t h e s e  can be e s t i m a t e d  wi thou t  much d i f f i c u l t y  g i v e n  

t h e  Nash-Cournot assumption about t h e  market s t r u c t u r e .  

A 1  1 a g e n t s  i n  t h e  economy expec t  a common f u t u r e  p r i c e  

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

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

acco rd ing  t o  t h e  expected f u t u r e  excess  demand: 
n n * 

l = E ( p , e >  = c ( p >  + c ( e >  - 

where Kf ,  Trn a r e  t h e  i n i t i a l  r e s e r v e s  be long ing  t o  t h e  f r i n g e  and 

t h e  c a r t e l .  

We would  l i k e  t o  know i f  t h e  t e m p o r a r y  e q u i l i b r i u m ,  

d e f i n e d  as  t h e  s t a t i o n a r y  p o i n t  of t h e  s y s t e m  o f  d i f f e r e n t i a l  

e q u a t i o n s  (171, ( 1 9 1 ,  (201, (211, i s  s t a b l e .  Because of t h e  

a n a l y t i c a l  d i f f i c u l t i e s  that  t h i s  q u e s t i o n  i n v o l v e s  we w i l l  a g a i n  

1 i m i t  t h e  a n a l y s i s  t o  l o c a l  s t a b i l i t y .  F o l  lowing e x a c t l y  t h e  
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' f  same method a s  b e f o r e ,  w e  w i l l  f i r s t  e l i m i n a t e  S , Sm and 

c o n s i d e r  Sm, S a s  f u n c t i o n s  of p and e ;  t h e n  we w i l l  use 

e q u a t i o n s  ( 1 9 )  and  (20) t o  f i n d  t h e  s i g n  o f  t h e  p a r t i a l  

d e r i v a t i e s  Sf S E ,  S;y S t  ( a n d ,  t h r o u g h  ( 1 8 ) ,  E p y  E,) a t  t h e  

t e m p o r a r y  e q u i l i b r i u m .  A f t e r  t h i s ,  we w i l l  s t u d y  t h e  l o c a l  

s t a b i l i t y  of  t h e  s y s t e m  of  e q u a t i o n s  ( 1 7 )  and (21) i n  t h e  two 

v a r i a b l e s  p and e. 

f 

P' 

12 

Asset  market e q u i l i b r i u m  r e q u i r e s  t h a t  bo th  ' f  S , Sm ( see  

e q u a t i o n s  (19), (20))  a r e  z e r o .  D e n o t i n g  by a n  a s t e r i s k  t h e  

temporary e q u i l i b r i u m  v a l u e s  of a 1  1 v a r i a b l e s ,  t h e  cond i t ions  f o r  

a s s e t  market  equ i l ib r ium are 

e*/ l+r 
and 

We assume t h a t  a t  t h e  t e m p o r a r y ,  Nash-Cournot  e q u i l i b r i u m  t h e  

c a r t e l ' s  own demand c u r v e  i s  e l a s t i c  ( 0  < E*) s o  t h a t  b o t h  t h e  
* 

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

t h i s  c a s e  (22 )  and  (23) are b o t h  s a t i s f i e d ;  t h e y  i m p l y  t h a t  

e q u i l i b r i u m  i s  such  t h a t  t h e  c a r t e l ' s  market power ( 0  / E  1 i s  t h e  
* *  

same i n  bo th  per iods .  

We will now e v a l u t e  E E, a t  t h e  temporary e q u i l i b r i u m  P' 
where  (22 )  and (23) a r e  s a t i s f i e d  (and  Sf, Sm a r e  c o n s t a n t ) .  

Equat ion  ( 1 8 )  y i e l d s  

E = Cp - Si - S: 
P 

From ( 1 9 )  we have 

S f = h l > O  
P 

( 241 

(25) 
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From (20) we have 
I 

'' - + ecrp -] 
( l+r )  E 

( 2 6 )  
* 

P 
Sm P = h, I" [( - :J-tp E 2 

* *  The f i r s t  t e r m  (1 - U / E )  on t h e  r i g h t  hand s i d e  of (26)  i s  

p o s i t i v e ,  g i v e n  our  p rev ious  assumption t h a t  a t  e q u i l i b r i u m  t h e  

c a r t e l  i s  supp ly ing  t h e  market. The term a p  i s  n e g a t i v e  ( s o  t h a t  

-€ .a is  p o s i t i v e )  s i n c e  a h i g h e r  c u r r e n t  p r i c e  i m p l i e s  a h i g h e r  

c u r r e n t  s u p p l y  from t h e  c o m p e t i t i v e  f r i n g e  - see  ( 2 5 ) -  and ,  

t h e r e f o r e ,  a lower s h a r e  f o r  t h e  c a r t e l .  The t e r m E p  depends on 

t h e  form of t h e  demand f u n c t i o n  C(p). If  C(p) is i s o - e l a s t i c ,  

E = 0. Although t h e  case  < 0 cannot  be excluded ,  i t  i s  common 
- P  

t o  assume t h a t  t h e  ( a b s o l u t e )  e l a s t i c i t y  i s  a n o n - d e c r e a s i n g  

f u n c t i o n  of the pr ice .  For i n s t a n c e ,  t h i s  w i l l  be  t h e  c a s e  f o r  a 

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

w e l l ;  a s  a c o n s e q u e n c e  t h e  t e r m  dE is n o n - n e g a t i v e .  F i n a l l y ,  

the l a s t  t e r m ,  ea,/; ( l + r ) ,  is a l s o  p o s i t i v e :  a h i g h e r  c u r r e n t  

p r i c e  i m p l i e s  a h ighe r  c u r r e n t  s u p p l y  from t h e  f r i n g e  and, g i v e n  

t h e  f r i n g e ' s  t o t a l  r e s e r v e s ,  a l o w e r  f u t u r e  f r i n g e  s u p p l y ;  

P 

P 

t h e r e f o r e  i t  i m p l i e s  a h ighe r  f u t u r e  c a r t e l  share .  

Hence we h a v e  shown t h a t  Sm > 0. G i v e n  ( 2 5 ) ,  i t  
P 

fo l lows  from (24) t h a t  

Ep < 0 ( 2 7 )  

Using t h e  same arguments w e  can a l s o  show t h a t  

E, > 0 (28) 

The proof of t h i s  r e s u l t  is e x a c t l y  t h e  same a s  t h a t  of (27) and 

w e  omit i t .  
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From equa t ion  ( 2 1 1  i t  f o l l o w s  t h a t  
* I \  

E p y  E, < 0 ( 2 9 )  

Now w e  a r e  ready t o  study t h e  ( l o c a l )  s t a b i l i t y  of t h e  

e q u i l i b r i u m  f o r  t h e  s y s t e m  o f  e q u a t i o n s  (171,  ( 2 1 ) .  I n  f a c t ,  

g i v e n  the r e s u l t s  i n  (271, (281, ( 2 9 )  i t  i s  s t r a i g h t f o r w a r d  t o  

show t h a t  t h e  phase diagram f o r  t h i s  system i s  s i m i l a r  t o  t h a t  i n  

F i g u r e  4. Hence, t h e  e q u i l i b r i u m  i s  l o c a l  l y  s t a b l e .  

Some remarks may be u s e f u l  here .  F i r s t ,  t h e  assumption 

t h a t  t h e  m a r k e t  s t r u c t u r e  i s  g i v e n  i s  q u i t e  r e s t r i c t i v e .  

A n a l y s t s  i n  t h e  o i l  i n d u s t r y  a r e  concerned w i t h  t h e  s t a b i l i t y  of 

t h e  s t r u c t u r e  i t s e l f .  F o r  i n s t a n c e ,  "Will OPEC a c t  a s  a 

m o n o l i t h i c  c a r t e l  when t h e r e  i s  e x c e s s  s u p p l y  i n  t h e  m a r k e t ? "  

Such q u e s t i o n s  cannot be answered i n  t h e  con tex t  of t h e  p r e s e n t  

paper. A number of a d d i t i o n a l  v a r i a b l e s  ought t o  be  in t roduced  

t o  account  for t h e  d i f f e r e n c e s  between producers  ( eg  d i f f e r e n c e s  

i n  d i s c o u n t  r a t e s ;  s e e  H n y l i c z a  and P i n d y c k ,  1976) .  Second ,  

s i n c e  we c o n s i d e r  a t w o - p e r i o d  economy and d o  n o t  d i v i d e  t h e  

second pe r iod  i n t o  s m a l l e r  i n t e r v a l s  we canno t  d i s c u s s  a number 

of i s s u e s  r e l a t e d  t o  e n t r y  d e c i s i o n s .  However, t h e s e  have  been 

d e a l t  w i t h  i n  e q u i l i b r i u m  models and a r e  r a t h e r  o u t s i d e  t h e  scope 

of this paper. 

Introducing B e v  Discoveries 

We h a v e  a l r e a d y  n o t i c e d  t h a t  t h e  a b i l i t y  t o  form c o n s i s t e n t  

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

a b o u t  t h e  l e v e l  of i n i t i a l  r e s e r v e s  B i s  p e r f e c t .  A s  c a n  b e  

s e e n  from equa t ions  (10) and (11) e i s  c o n d i t i o n a l  upon F. Hence 
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i f  E i s  n o t  known w i t h  c e r t a i n t y  t h e  e q u i l i b r i u m  e w i l l  a l s o  be a 

random v a r i a b l e .  I n  t h i s  case t h e  market w i l l  be c h a r a c t e r i s e d  

by some "equi l ibr ium" degree  of i n s t a b i l i t y .  
- 

I n f o r m a t i o n  a b o u t  R may n o t  b e  p e r f e c t  f o r  v a r i o u s  

reasons.  For i n s t a n c e ,  i n  models of imper fec t  compe t i t i on  owners 

o f  n a t u r a l  r e s o u r c e s  w i t h m a r k e t  power m i g h t  n o t  b e  w i l l i n g  t o  

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

market e x p e c t a t i o n s .  Another,  perhaps more impor t an t  r e a s o n  has  

t o  d o  w i t h  t h e  f a c t  t h a t  i n i t i a l  ( p r o v e n )  r e s e r v e s  can  b e  

augmented by f u r t h e r  d i s c o v e r i e s .  The p r o c e s s  of e x p l o r a t i o n  and 

d i s c o v e r y  is a c o s t l y  o n e  and i t s  outcome i s  s u b j e c t  t o  

( g e o l o g i c a l )  u n c e r t a i n t y .  Under t h e s e  c o n d i t i o n s ,  i t  i s  1 i k e l y  

t h a t  a p r i v a t e  economy w i l l  n o t  p r o d u c e  t h e  " r i g h t "  amount o f  

i n fo rma t ion  about r e s e r v e s .  A market f a i l u r e  s i m i l a r  i n  n a t u r e  

t o  t h e  d i s t o r t i o n  a s s o c i a t e d  w i t h  t h e  p r o d u c t i o n  of pub1 i c  goods 

m i g h t  o c c u r .  ( S e e ,  among o t h e r s ,  D a s g u p t a  and H e a l  1 9 7 9 ,  ch  

1 4 ) .  

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

We w i l l  assume t h a t  a l l  i n fo rma t ion  i s  p u b l i c ,  and a l l  we want t o  

know i s  how t h e  i n t r o d u c t i o n  of new d i s c o v e r i e s  a f f e c t s  o u r  

p r e v i o u s  r e s u l t s  on t h e  s t a b i l i t y  of t h e  s h o r t - r u n  equ i l ib r ium.  

Although this seems t o  be a s i m p l e  problem i n  comparison t o  t h e  

i s s u e s  d i s c u s s e d  a b o v e  ( o n  i n c e n t i v e s  t o  p r o d u c e  and r e v e a l  

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

q u e s t i o n  about  t h e  o i l  market. 

It has  been sugges t ed  by many o i l  s p e c i a l i s t s  t h a t  t h e  

f a l l i n g  p r i c e  of o i l  i n  t h e  pre-1970 p e r i o d  might  b e  e x p l a i n e d  by 

t h e  f a c t  t h a t  f o r  a s u b s t a n t i a l  p e r i o d  t h e  ' ' a v e r a g e "  r a t e  o f  
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a d d i t i o n s  t o  reserves exceeded t h e  r a t e  of consumption; and t h a t  

(part o f )  the post-1970 p r i c e  e x p l o s i o n  might be e x p l a i n e d  by t h e  

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

although t r a d e r s  m i g h t  h a v e  had c o n s i s t e n t  e x p e c t a t  i o n s  about 

f u t u r e  p r i c e s  they had ( e r roneous ly )  assumed t h a t  t h e  pest  t r end  

of t h e  o i l  consumpt ion lo i l  d i s c o v e r i e s  ratio would p r e v a i l  i n  t h e  

f u t u r e ;  i n  e f f e c t ,  they had n o t  thought t h a t  oil was an 

e x h a u s t i b l e  r e s o u r c e  u n t i l  t h e y  observed t h a t  t h e  r a t e  of 

a d d i t i o n s  t o  r e s e r v e s  f e l l  below t h e  consumption r a t e .  

Although a two-period model s imi lar  t o  t h a t  cons idered  

in this p a p e r  is h a r d l y  s u i t a b l e  t o  acornmodate t h e  c o n c e p t s  of 

exploration and discovery, some i d e a s  can s t i l l  be p re sen ted .  In  

what fol lows we w i l l  extend t h e  model deve loped  in the first p a r t  

t o  t a k e  i n t o  a c c o u n t  t h e  p o s s i b i l i t y  of new d i s c o v e r i e s .  The 

f i r s t  q u e s t i o n  t h a t  we w i l l  a t t empt  t o  answer is how our p r e v i o u s  

s t a b i l i t y  r e s u l t s  a r e  a f f e c t e d  i f  t r a d e r s  form e s t i m a t e s  a b o u t  

new d i s c o v e r i e s  using t h e  r u l e  of thumb d i scussed  above. Second 

we w i l l  cons ide r  a more c o n s i s t e n t  way t o  form such e s t i m a t e s  and 

examine i t s  i m p l i c a t i o n s  f o r  s t a b i l i t y .  

Assume t h a t  e x p l o r a t i o n  occurs i n  t h e  first p e r i o d .  

The s i z e  of newly d i s c o v e r e d  reserves w i l l  n o t  become known u n t i l  

t h e  beginning of the second period. However, traders have  some 

b e l i e f s  a b o u t  t h e  process of e x p l o r a t i o n  and d i s c o v e r y .  We 

assume t h a t  t h e s e  b e l i e f s  are summarised a6 f o l l o w s  

N = M [ e(p),e1, Nt 2 0 ,  p3, > 0 ( 3 0 )  

Equation (30) is an  ad-hoc assumption. I t  e x p r e s s e s  t h e  i d e a  

t h a t  t h e  higher  t h e  c u r r e n t  consumption and/or t h e  expec ted  p r i c e  
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a re ,  t h e  h i g h e r  t h e  i n c e n t i v e  t o  e x p l o r e  f o r  new r e s e r v e s  a n d ,  

t h e r e f o r e ,  t h e  h i g h e r  t h e  p r o b a b i l i t y  of new d i s c o v e r i e s .  

The f u t u r e  excess  demand f u n c t i o n  is now es t ima ted  as 

E^ ( p , e )  = c ( e>  - [ i j ;  + N [ % p ) , e l  - c " ( p ) ~  
n 

(31 )  

We w i l l  a g a i n  assume t h a t  t h e  economy i s  compe t i t i ve .  

The dynamic motion of t h e  s y s t e m  w i l l  be d e s c r i b e d  by (12) where 

E i s  now d e f i n e d  i n  (31). To c o n s t r u c t  t h e  phase diagram of t h i s  
A 

system of d i f f e r e n t i a l  equa t ions  we need t o  f i n d  t h e  s l o p e  of t h e  

E=O locus .  Th i s  is g i v e n  by 
n 

A n 

N e  - 'e 
(32) 

n * 

S i n c e  Ne  > 0; C p ,  C e  < 0 t h e  s i g n  of (32) i s  t h e  same 
* 

a s  t h e  s i g n  o f  (NC-l).  I f  (NC-l) < 0, t h e  E=O l o c u s  w i l l  h a v e  a 

n e g a t i v e  s l o p e  i n  t h e  I p , e >  s p a c e  a n d  t h e  p h a s e  d i a g r a m  w i l l  be 

s i m i l a r  t o  t h a t  i n  F i g u r e  4 ( w i t h  a s t e e p e r  E=O l o c u s ) .  Hence 
* 

t h e  e q u i l i b r i u m  w i l l  be  l o c a l l y  s t a b l e .  

The c o n d i t i o n  N C - 1  < 0 i s  r e l a t e d  t o  t h e  a b o v e  

a r g u m e n t .  I n  e f f e c t ,  i t  imposes  a r e s t r i c t i o n  o n  t r a d e r s '  

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

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

l e s s  t han  t h e  i n c r e a s e  i n  consumption: dN < dC. 

However ,  t h e  c o n d i t i o n  d N  < d C  i s  o n l y  a s u f f i c i e n t  

c o n d i t i o n  f o r  s t a b i l i t y .  I f  it is v i o l a t e d  t h e  e q u i l i b r i u m  might 

s t i l l  b e  s t a b l e .  I t  c a n  b e  e a s i l y  shown t h a t  i f  N C > l  t h e  

e q u i l i b r i u m  w i l l  s t i l l  be  s t a b l e  p r o v i d e d  t h a t  t h e  E=O l o c u s  is 
A 

s t e e p e r  t h a n  t h e  E=O l o c u s .  But i t  i s  r a t h e r  u n i n t e r e s t i n g  t o  
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i n v e s t i g a t e  t h e s e  c o n d i t i o n s  f u r t h e r  g i v e n  t h a t  t h e  a n a l y s i s  

depends on t h e  ad-hoc assumption (30). A f t e r  a l l ,  i f  o i l  can  be 

d i s c o v e r e d  t h r o u g h  e x p l o r a t i o n  one s h o u l d  l o o k  a t  t h e  c o s t  o f  

t h i s  a c t i v i t y  i n  o r d e r  t o  h a v e  an i d e a  a b o u t  s c a r c i t y .  ( F o r  a 

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

c o s t s  s e e  D e v a r a j a n  and F i s h e r ,  1982).  T h i s  s u g g e s t s  t h a t  t h e  

ad-hoc r u l e  (30) s h o u l d  b e  abandoned i n  f a v o u r  of a c a r e f u l  

mode I 1  ing  of t h e  e x p l o r a t i o n  / d i s c o v e r i e s  a c t i v i t y .  

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

produces ( d i s c o v e r s )  o i l .  T h i s  a c t i v i t y  r e q u i r e s  inputs w h i c h  

a re  a v a i l a b l e  a t  a pr i ce .  To keep t h e  a n a l y s i s  i n  t h e  c o n t e x t  of 

t h e  p a r t i a l  e q u i l i b r i u m  model cons ide red  i n  th i s  paper w e  w i l l  

assume t h a t  t h e  o n l y  inpu t  r e q u i r e d  t o  produce ( d i s c o v e r )  o i l  i s  

o i l .  

We w i l l  a g a i n  ignore s u b j e c t i v e  u n c e r t a i n t y  and assume 

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

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

"d i scove r  i e s "  f u n c t i o n  

N = N (C) ( 3 3 )  

w h e r e  C i s  o i l  i n p u t .  O f  c o u r s e ,  i t  may t u r n  o u t  t h a t  a c t u a l  

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

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

e q u i l  i b r  ium. 

Assuming t h a t  e x p l o r a t i o n  i s  b e i n g  u n d e r t a k e n  by 

c o m p e t i t i v e  f i r m s ,  the demand € o r  o i l  a s  an i n p u t  to e x p l o r a t i o n  

w i l l  be determined by t h e  prof i t  maximising c o n d i t i o n  

p = N~ e / l + r  ( 3 4 )  
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C o n d i t i o n  ( 3 4 )  s a y s  t h a t  t h e  c o s t  o f  t h e  m a r g i n a l  b a r r e l  o f  o i l  

u s e d  a s  a n  i n p u t  t o  t h e  e x p l o r a t i o n  a c t i v i t y  is e q u a l  t o  the  

d i s c o u n t e d  expected v a l u e  of its marginal product .  

I f  e x p l o r a t i o n  a c t i v i t y  i s  b e l i e v e d  t o  b e  a w e l l -  

b e h a v e d  p r o d u c t i o n  a c t i v i t y  w i t h  N C  > 0,  NCC < 0 t h e n  e q u a t i o n  

(34) w i l l  g i v e  a w e l l - b e h a v e d  inpu t  demand f u n c t i o n  C(p,e) and a 

wel l -behaved s u p p l y  f u n c t i o n  N [C(p,e>l.  The s i g n  of t h e  p a r t i a l  

d e r i v a t i v e s  of C ( p , e )  and N [ C ( p , e > ]  w i t h  r e s p e c t  o f  p and  e 

- 
- 
- 

w i l l  be as f o l l o w s :  
- - - - 

C < 0, Np = N-C < 0,  Ce > 0,  Ne = NCCe > 0 P C P  

Now we h a v e  t o  i n c l u d e  t h e s e  two f u n c t i o n s  i n  t h e  

e x c e s s  demand system. 

f u n c t i o n  w i l l  now be 

E ( p , e >  = C(p> + 

and t h e  f u t u r e  e x c e s s  
A * 

The c u r r e n t ,  ex -an te  excess  demand f o r  o i l  

demand is expected t o  be 
-., - - 

E ( p , e )  = C ( P >  + C(p ,e>  + C(e)  - [ R  + N [ ~ ( p ,  e l l  

(361 
* 

When t h e  p a r t i a l  d e r i v a t i v e s  of E(.) and E(.) a r e  

e v a l u a t e d  a t  t h e  temporary e q u i l i b r i u m ,  where t h e  a s s e t  market 

e q u i l i b r i u m  c o n d i t i o n  ( l + r ) p = e  i s  s a t i s f i e d ,  i t  i s  

s t r a i g h t f o r w a r d  t o  show t h a t  t h e  E(p,e) = 0 l o c u s  has a p o s i t i v e  

s l o p e  i n  t h e  (p ,e>  space  and t h e  E(p,e) = 0 l o c u s  a n e g a t i v e  one. 
n 

The p h a s e  d i a g r a m  of t h e  s y s t e m  of d i f f e r e n t i a l  e q u a t i o n s  

= b i ( p , e )  w i l l  be  ( q u a l i t i v e l y )  s imi la r  t o  t h a t  i n  = aE(p,e), 

F i g u r e  4 and t h e  temporary e q u i l i b r i u m  w i l l  be  s t a b l e .  

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

t h a t  e x p l o r a t i o n  i s  expected t o  be an i n c r e a s i n g  c o s t  a c t i v i t y .  
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This i s  r e l a t e d  t o  t h e  p r e v i o u s  d i s c u s s i o n  a b o u t  t h e  f a l l i n g  

p r i c e  of o i l  i n  t h e  pre-1970 p e r i o d .  I n  f a c t  i t  m i g h t  be 

s u g g e s t e d  t h a t  t h e  e x t r a p o l a t i o n  of t h e  p a s t  t r e n d  of t h e  o i l  

consumpt ion /o i l  d i s c o v e r i e s  r a t i o  c o u l d  h a v e  r e f l e c t e d  t h e  a t  

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

a c t i v i t y .  However,  a v e r a g e  e x p l o r a t i o n  c o s t s  were i n c r e a s i n g  

d u r i n g  t h e  same period ( s e e  Devara j an  and F i s h e r ,  op  c i t ) ,  which 

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

Other t h e o r i e s  d e a l i n g  w i t h  t h i s  i s s u e  e x i s t ,  b u t  i t  i s  o u t s i d e  

t h e  scope of t h i s  paper  t o  p r e s e n t  them. 
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3. COMCLUDIBG COMMENTS 

We h a v e  c o n s t r u c t e d  a H i c k s i a n  t w o - p e r i o d  model  and 

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

e q u i l i b r i u m  of an e x h a u s t i b l e  r e s o u r c e  market. Our mot ive  was t o  

examine whether t h e  economy converges t o  t h i s  e q u i l i b r i u m  i f  it 

s t a r t s  from a p o i n t  w h e r e  s p o t  and a s s e t  m a r k e t s  d o  n o t  c l e a r .  

We h a v e  d e r i v e d  l o c a l  s t a b i l i t y  r e s u l t s  under v a r i o u s  assumptions 

about the formation of e x p e c t a t i o n s  and the market  s t r u c t u r e .  A 

g e n e r a l  r e s u l t  t h a t  has emerged from t h e  pape r  i s  t h a t  r a t i o n a l  

e x p e c t a t i o n s  ( i e  e x p e c t a t i o n s  b a s e d  on f u t u r e  s c a r c i t y )  a r e  

s u f f i c i e n t  f o r  l o c a l  s t a b i l i t y .  A s  f a r  a s  t h e  o i l  m a r k e t  is 

concerned, t h e  most impor t an t  s e c t i o n s  are pe rhaps  t h e  one w i t h  

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

d e a l i n g  w i t h  t h e  i n t r o d u c t i o n  of new r e s o u r c e  d i s c o v e r i e s .  I n  

p a r t i c u l a r ,  t h e  s e c t i o n  on imperfect  c o m p e t i t i o n  assumes t h a t  t h e  

temporary,  r a t i o n a l  e x p e c t a t i o n s  e q u i l i b r i u m  i s  t h e  Nash-Cournot 

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

how t h i s  e q u i l i b r i u m  i s  a c h i e v e d  i f  t h e  economy s t a r t s  f r o m  a 

p o i n t  where asset and s p o t  markets  do n o t  c l e a r .  

Many e x t e n s i o n s  t o  t h e  model  a r e  p o s s i b l e .  For 

i n s t a n c e ,  one might wish to study t h e  s t a b i l i t y  of t h e  s h o r t - r u n  

e q u i l i b r i u m  i n  a model w i t h  more than  two p e r i o d s  and a l i m i t e d  

number of forward markets.  Another p o s s i b i l i t y  i s  t o  cons ide r  a 
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general equilibrium model with more than one f inanc ia l  a s se t .  In 

a study p a r a l l e l  to t h e  p r e s e n t  one ( s e e  Stournaras ,  1 9 8 4 )  we 

have extended the basic  model considered i n  t h i s  paper t o  a two 

country world economy trading i n  o i l ,  a consumption commodity anti 

money. 
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APPENDIX 

Figure 5 

3 

e 

e ! 

I n  t h e  a b o v e  diagram w e  h a v e  r e p r o d u c e d  F i g u r e  2 and 

sepa ra t ed  t h e  phase space  i n  four reg ions .  It  i s  s t r a i g h t f o r w a r d  

t o  show t h a t  i n  r e g i o n s  1 and 3 t h e r e  i s  no a m b i g u i t y  about t h e  

sign of p. We w i l l  examine t he  c a s e  i n  region 2; b e c a u s e  of 

symmetry, t h e  r e s u l t s  w i l l  also apply t o  r e g i o n  4. 

Take any p o i n t  i n  r e g i o n  2 ,  say B ,  and c o n s i d e r  t h e  

change  i n  t h e  e x - a n t e  e x c e s s  demand E, s t a r t i n g  from t h e  

e q u i l i b r i u m  p o i n t  A. This  i s  
A 

AE = E Ap + E,Ae = E + Ee - P =  
P P P  tan; 

t anw 
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1 e 

P 

E n 
n 

Since  - - =  tan a < t a n  w < - ( s e e  diagram), it 
E. 1 +r 

follows t h a t  AE<O. Hence, t h e r e  i s  e x c e s s  s u p p l y  a t  B and 

t h e r e f o r e ,  p < 0. 
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FOOTNOTES 

1. The a s s u m p t i o n  t h a t  t h e  f i r s t  p e r i o d  i s  a f i n i t e  t i m e  
i u t e r v a l  d o e s  n o t  c o n t r a d i c t  t h e  c o n c e p t  o f  a s y m p t o t i c  
s t a b i l i t y  of t h e  f i r s t  pe r iod  e q u i l i b r i u m ,  s i n c e  t h i s  o n l y  
r e q u i r e s  t h a t  t h e  number o f  s p o t  m a r k e t  i t e r a t i o n s  w i t h i n  
t h e  f i r s t  p e r i o d  c a n  become v e r y  l a r g e .  (See Arrow and 
Hahn, 1 9 7 1 ,  c h  12.9.) I n  p r a c t i c e ,  t h i s  r e q u i r e s  a h i g h l y  
o rgan i sed  s p o t  market, 

2 .  T h i s  i d e a  is f a m i l i a r  f rom t h e  t h e o r y  o f  i n v e s t m e n t  i n  a 
temporary e q u i l i b r i u m  context .  (See B 1  i ss ,  1975, p313.)  In  
t h e  con tex t  of t h e  theory of e x h a u s t i b l e  r e s o u r c e s  a s i m i l a r  
r u l e  i s  u s e d  b y  H e a l  (1981) .  Here we d o  n o t  a s s u m e  a 
cons t an t  speed of a s s e t  adjustment.  We w i l l  l a te r  see t h a t  
f o r  c e r t a i n  r u l e s  on t h e  f o r m a t i o n  o f  e x p e c t a t i o n s ,  t h e  
r e s u l t s  are  s e n s i t i v e  t o  t h e  form of r u l e  (4). 

3 .  I n  p r a c t i c e ,  t h e  p r e s e n c e  o f  p o s i t i v e  s t o r a g e  c o s t s  c a n  
e x p l a i n  e v e n  b e t t e r  why t h i s  might happen. In our  model we 
h a v e  assumed z e r o  s t o r a g e  c o s t s  t o  s i m p l i f y  t h e  a n a l y s i s .  
Had we i n c o r p o r a t e d  p o s i t i v e  s t o r a g e  c o s t s  we would h a v e  had 
t o  d i s t i n g u i s h  between o i l  p roduce r s  and s p e c u l a t o r s ,  w h i l e  
i n  t h i s  model  we c a n  a g g r e g a t e  them i n  t h e  t o t a l  s u p p l y  
v a r i a b l e  S. 

4. S i n c e  t h i s  i s  a p a r t i a l  e q u i l i b r i u m  model  w e  i g n o r e  t h e  
e f f e c t s  o f  r a t i o n i n g  o n  o t h e r  m a r k e t s  ( t h e  " s p i l l - o v e r "  
e f f e c t s ) .  

5 .  R u l e  ( 5 )  is an a l g o r i t h m  which says how t r a d e r s  r e v i s e  t h e i r  
e x p e c t a t i o n s  w i t h i n  t h e  f i r s t  per iod.  By assumption,  they 
a l l  u s e  t h e  same f o r e c a s t i n g  r u l e  and d o  n o t  d i v i d e  t h e  
second p e r i o d  i n t o  s m a l l e r  i n t e r v a l s .  It  d i f f e r s  from t h e  
a d a p t i v e  e x p e c t a t i o n s  r u l e s  of Dasgupta and Hea l  (1979 ch.3) 
and Heal ( 1 9 8 1 )  s i n c e  t h e s e  r e f e r  t o  t h e  r e v i s i o n  of  
e x p e c t a t i o n s  a l o n g  t h e  s e q u e n c e  of t e m p o r a r y  e q u i l i b r i a .  
R u l e  ( 5 )  i s  c l o s e r  t o  t h e  i n f o r m a l  d i s c u s i o n  i n  F i s h e r  
( 1 9 8 1 ,  p 5 6 )  o n  t h e  r e v i s i o n  o f  e x p e c t a t i o n s  o u t s i d e  
equ i I i b r  ium. 

6 .  The phase diagram has been c o n s t r u c t e d  g i v e n  t h e  r e s u l t s  i n  
(6) and a s s u m p t i o n  (8 ) .  S i n c e  t h e r e  m i g h t  b e  some d o u b t  
a b o u t  t h e  d i r e c t i o n  of movement i n  t h e  a r ea  b e t w e e n  t h e  
( l + r )  p = e  l o c u s  and t h e  E(p ,  e > = O  locus t o  t h e  r i g h t  o f  
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p o i n t  A we g i v e  a g e o m e t r i c  p r o o f  o f  t h e  r e s u l t  i n  t h e  
Appendix. I n  Footnote  8 we a l s o  g i v e  t h e  a l g e b r a i c  proof. 

7 .  S a d d l e  p o i n t  i n s t a b i l i t y  is a d e s i r a b l e  f e a t u r e  of 
e q u i l i b r i u m  growth models w i t h  p e r f e c t  f o r e s i g h t  b u t  n o t  i n  
models l i k e  t h e  one cons ide red  here .  

8. T h e  f a c t  t h a t  ( 8 )  t u r n e d  o u t  t o  b e  a n e c e s s a r y  a n d  
s u f f i c i e n t  c o n d i t i o n  f o r  s t a b i l  i t y  i s  n o t  s u r p r i s i n g .  Given 
t h e  r e s u l t s  i n  (61, c o n d i t i o n  (8) ensu res  t h a t  t h e  Jacobian 
m a t r i x  J of t h e  system of d i f f e r e n t i a l  e q u a t i o n s  (2 )  and (5) 
s a t i s f i e s  t h e  cond i t ions :  t r a c e  J=aE -c<O, de t e rminan t  
J=-ac[E +(l+r)Ee]>Oy which a r e  t h e  necessary and s u f f i c i e n t  
c o n d i t i o n s  ( t h e  Routh-Hurwitz c o n d i t i o n s )  f o r  s t a b i l  i t y .  We 
s h o u l d  a l s o  s t r e s s  t h a t  t h e  c a s e  ( l + r ) E e =  IE l c a n n o t  o c c u r  
s i n c e  t h e  e x c e s s  demand f u n c t i o n  E i s  n o t  homogeneous of 
d e g r e e  z e r o  i n  p and e. 

P 
P 

P 

9. Consider t h e  piece-wise l i n e a r  ad jus tmen t  r u l e  

d [ ( l + r ) p - e l ,  ( l + r ) p > e  

S = 0, ( l + r )  p=e 

g [ ( l + r ) p - e l ,  ( l + r l p < e  

* *  A t  the  temporary e q u i l i b r i u m  ( p  e w e  have  E =C -d ( l+ r ) ,  

Ee=g. 

P P  
Condit ion ( 8 )  w i l l  be  v i o l a t e d  i f  ( l + r )  (d-g)<C P '  

10.  I t  i s  s t r a i g h t f o r w a r d  t o  show t h a t  t h e  J a c o b i a n  of ( 1 2 )  
s a t i s f i e s  t h e  Routh-Hurwitz c o n d i t i o n s  i r r e s p e c t i v e  of t h e  
s i g n  of ]Epl - ( l + r ) E e .  

11. I t  i s  easy  t o  show t h a t  t h e  J a c o b i a n  of (14) and (15 )  
s a t i s f i e s  t h e  Routh-Hurwitz c o n d i t i o n s  € o r  s t a b i l i t y  when e 
i s  g iven  by (16). 

12. A l t e r n a t i v e l y ,  we can s tudy t h e  l o c a l  s t a b i l i t y  p r o p e r t i e s  
o f  t h e  s y s t e m  o f  e q u a t i o n s  (171, (191, (20) and (21 )  i n  t h e  
f o u r  s t a t e  v a r i a b l e s  p, S f y  Sm, e. 

38 



REFEBENCES 

Arrow, K.J. (1959) :  "Towards a T h e o r y  o f  P r i c e  A d j u s t m e n t " ,  i n  
M. A b r a m o v i t z  ( e d ) :  The A 1  l o c a t i o n  of Economic R e s o u r c e s ,  
( S t a n f o r d  U n i v e r s i t y  Press) .  

Arrow, K.J. and F.H. Hahn (1971): Genera l  Compet i t ive  Analysis 
(San Francisco ,  Holden Day). 

Bliss, C.J. (1975): C a p i t a l  Theory and t h e  D i s t r i b u t i o n  of Income 
(Nor th  Holland P u b l i s h i n g  Company). 

D a s g u p t a ,  P. a n d  G.M. Hea l  ( 1 9 7 9 ) :  E c o n o m i c  T h e o r y  and  
E x h a u s t i b  1 e Resources ,  (Nisbet/Cambr i d g e ) .  

D e v a r a j a n ,  S. and A. F i s h e r  (1982) :  " E x p l o r a t i o n  and  Scarc i ty" ,  
J o u r n a l  of P o l i t i c a l  Economy, (December). 

F i s h e r ,  A. ( 1 9 8 1 ) :  R e s o u r c e  and  E n v i r o n m e n t a l  Economics  
(Cambridge U n i v e r s i t y  Press) .  

H e a l ,  G.M. ( 1 9 7 5 ) :  "Economic A s p e c t s  of N a t u r a l  R e s o u r c e  
Deplet ion",  i n  Pearce ,  D.W. and J. Rose (eds):  The Economics of 
N a t u r a l  Resource D e p l e t i o n ,  (Macmil l a n  Press) .  

H y n i l c z a ,  E. and  R. P i n d y c k  (1979) :  " P r i c i n g  P o l i c i e s  for a Two- 
P a r t  E x h a u s t i b l e  R e s o u r c e  C a r t e l :  t h e  c a s e  of OPEC" E u r o p e a n  
Economic Review, 8, pp139-154. 

Mabro, R. (1981): "The Dilemma Between S h o r t  and Long Term O i l  
P r ices" ,  i n  Khouja, M. (ea):  The Chal  l e n g e  of Energy, (Longman). 

Newbery, D. (1981): " O i l  P r i c e s ,  C a r t e l s  a n d  t h e  P r o b l e m  of  
Dynamic Inconsis tency",  Economic J o u r n a l ,  (September). 

R o b e r t s ,  S.J. (1983): Who Makes the O i l  P r i c e ? ,  Working Paper, 
WPM4, Oxford I n s t i t u t e  for Energy S t u d i e s .  

S a l a n t ,  S.W. ( 1 9 7 6 ) :  " E x h a u s t i b l e  Resources  and t h e  I n d u s t r i a l  
S t r u c t u r e :  a Nash-Cournot  A p p r o a c h  t o  t h e  W o r l d  O i l  Marke t" ,  
J o u r n a l  of P o l i t i c a l  Economy, (October). 

S a l a n t ,  S.W. (1982): I m p e r f e c t  C o m p e t i t i o n  in t h e  W o r l d  O i l  
Market - a Computerised Nash-Cournot Model, (Lexington Books). 

S t i g l i t z ,  J. ( 1 9 7 4 ) :  " G r o w t h  w i t h  E x h a u s t i b l e  N a t u r a l  

39 



Resources: The Competitive Economy", The Review of Economic 
Studies, Sympos iurn. 

S t o u r n a r a s ,  Y. A. ( 1 9 8 4 ) :  The Recycling of Oil Revenues: Some 
Theoretical Aspects. Working paper, F1, Oxford Institute f o r  
Energy Studies. 

U l p h ,  A.M. and G.M. Folie, ( 1 9 8 0 ) :  "Exhaustible Resources and 
Cartels - an Intertemporal Nash-Cournot Model", Canadian Journal 
of Economics, (November), pp645-658. 

40 



OXFORD INSTITUTE FOR ENERGY STUDIES 
57 WOODSTOCK ROAD, OXFORD OX2 6FA ENGLAND 

TELEPHONE (01865) 311377 
FAX (Of865) 310527 

E-mait: publications@oxfordenergy.org 
http:Ilwww.oxfordenerg y .org 


