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ABSTRACT 

We i n v e s t i g a t e  t h e  s t a b i l i t y  p r o p e r t i e s  of a non- 

tatonnement p r i c e  and monetary adjustment mechanism i n v o l v i n g  an 

o i l  expor t ing  and an o i l  importing country. 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 e  pape r  i s  that i t  a t t empt s  t o  b r i n g  t o g e t h e r  

some e l e m e n t s  of t h e  d i s e q u i l i b r i u m  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 t h e  mone ta ry  a p p r o a c h  t o  t h e  b a l a n c e  of payments 

using a Hicksian, temporary e q u i l i b r i u m  framework. We show t h a t  

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 s  t h a t  t h e  m a r g i n a l  

p r o p e n s i t y  t o  consume o u t  of a n  i n c r e a s e  i n  money w e a l t h  is t h e  

same i n  both c o u n t r i e s .  
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IIPBODUCTI OH 

The p u r p o s e  of t h i s  p a p e r  i s  t o  i n v e s t i g a t e  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 o n - t i t o n n e m e n t  p r i c e  and a monetary  

adjustment mechanism i n v o l v i n g  two c o u n t r i e s :  one o i l - e x p o r t i n g  

and one oi l - import ing.  I ts  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  i s  t h a t  

i t  b r i n g s  t o g e t h e r  some e l e m e n t s  o f  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 t h e  modern ba lance -o f -paymen t s  t h e o r y  u s i n g  a 

Bicksian,  temporary equ i l ib r ium framework. 

Although some a u t h o r s  have t r i e d  t o  i n t roduce  elements  

of i n t e r n a t i o n a l  t r a d e  i n t o  t h e  theory of e x h a u s t i b l e  r e sources  

( s e e  D a s g u p t a ,  Eastwood and Heal ,  1978;  C h i c h i l n i s k y ,  Hea l  and 

Sepahban, 1983) i t  has remained an equ i l ib r ium theory  with very 

l i t t l e  t o  o f f e r  t o  macroeconomic problems. I t s  main assumptions, 

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

complete s e t  of forward markets e x i s t s ,  make i t  i n a p p r o p r i a t e  for 

t h e  a n a l y s i s  of "short-term" phenomena. The monetary a spec t  of 

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

r e c y c l i n g  of o i l  revenues and t h e  s t a b i l i t y  of t h e  i n t e r n a t i o n a l  

exchange process  a r e  l e f t  untouched. On t h e  other hand, balance-  

of-payments t h e o r i e s  a p p l i e d  t o  the problem of r e c y c l i n g  of o i l  

r evenues  have  paid no a t t e n t i o n  t o  t h e  f a c t  t h a t  o i l  i s  not o n l y  

a commodity but an  a s s e t  as w e l l .  To bring t h e s e  two t h e o r i e s  

t o g e t h e r  we h a v e  used a H i c k s i a n ,  t e m p o r a r y  e q u i l i b r i u m  

framework s i m i l a r  t o  t h a t  d e v e l o p e d  by D i x i t  and Norman (1980) 
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f o r  t h e  theory of t h e  balance-of-payments. I n  t h i s  framework o i l  

is t r e a t e d  a s  an  a s se t .  We use  a f o r m u l a t i o n  due t o  Heal (1975) 

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

between t h e  c u r r e n t  and t h e  expected o i l  p r i ce .  

S i n c e  t h e  work c o n t a i n e d  in t h i s  p a p e r  stems from two 

i n d e p e n d e n t  d i s c i p l i n e s ,  i t  is hoped t h a t  i t  p r o v i d e s  some 

c o n t r i b u t i o n  t o  b o t h  of them. F i r s t ,  i t  m i g h t  be c o n s i d e r e d  as 

an  e x t e n s i o n  t o  a two-count ry  w o r l d  of t h e  dynamics  o f  f i x e d -  

p r i c e  e q u i l i b r i a  and monetary adjustment. The on ly  at tempt  a t  a 

s y s t e m a t i c  s t a b i l i t y  a n a l y s i s  a l o n g  t h e s e  l i n e s  i s  t h a t  of 

L i v i a t a n  (1979) who used a s i n g l e ,  s m a l l  open economy framework 

i n t r o d u c e d  by D i x i t  (1978) .  I n t r o d u c i n g  a two-count ry  w o r l d  

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

Second,  it migh t  be c o n s i d e r e d  as an  a t t e m p t  t o  i n t r o d u c e  

balance-of-payments cons ide ra t ions  i n t o  t h e  work of Heal (1975; 

1981) and S t o u r n a r a s  ( 1 9 8 4 )  c o n c e r n e d  w i t h  d i s e q u i l i b r i u m  and 

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

The two-count ry  two-per iod  f ramework  t h a t  w e  w i l l  

consider  i n  t h i s  paper has c e r t a i n  s i m i l a r i t i e s  t o  t h a t  of Marion 

and Svensson (1984). However, they cons i d e r  a two-per iod economy 

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

w h i l e  i n  o u r  economy o n l y  s p o t  commodity and money m a r k e t s  a r e  

open. I n  a d d i t i o n ,  t h e y  d o  n o t  t r e a t  o i l  s u p p l y  as  an  a s s e t  

management d e c i s i o n  and ignore  e x h a u s t i b i l i t y .  

The rest of t h e  paper is organised as f o l l o w s .  I n  t h e  

f i r s t  two s e c t i o n s  w e  d e s c r i b e  t h e  economy and d e r i v e  t h e  

t e m p o r a r y ,  i n t e r n a t i o n a l  e q u i l i b r i u m  condi t ions.  I n  t h e  t h i r d  
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s e c t i o n  w e  set  up an  adjustment process ,  designed t o  c a p t u r e  t h e  

f u n c t i o n  of a d e c e n t r a l i z e d  economy where spo t  and a s s e t  markets 

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

t empora ry  e q u i l i b r i u m .  I n  t h e  fourth s e c t i o n  we d e r i v e  some 

p r e l i m i n a r y  r e s u l t s .  I n  t h e  l a s t  s e c t i o n  we study 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  of t h i s  p r o c e s s  and examine how s e n s i t i v e  

t h e  r e s u l t s  are t o  t h e  v a r i o u s  assumptions. An i n t e r e s t i n g  p o i n t  

t o  n o t i c e  might be t h e  s i m i l a r i t y  of t h e s e  assumptions t o  those 

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

i n  t e rna t iona 1 t r ad e. 
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DESCRIPTIOH OF THE ECOHOHY 

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

c o u n t r i e s ,  o r  two g r o u p s  of c o u n t r i e s .  The o i l - e x p o r t i n g  

country,  OPEC, and t h e  o i l - impor t ing  one, OECD. The economy w i l l  

c o n t a i n  two goods and one f i n a n c i a l  a s s e t .  One of t h e  two goods, 

o i l ,  i s  a n  e x h a u s t i b l e  r e s o u r c e  owned by OPEC. It  w i l l  be  used 

as a f a c t o r  of p r o d u c t i o n  i n  OECD t o  p roduce  a c o n s u m p t i o n  good 

d. T h i s  w i l l  be  consumed by b o t h  OPEC and OECD. OPEC's 

consumption will be i d e n t i c a l  t o  i t s  imports and i t s  expor t s  w i l l  

be  i d e n t i c a l  t o  i t s  o i l  production. 

The economy's f i n a n c i a l  a s s e t  w i l l  be  f i a t  money. I t  

w i l l  y i e l d  a z e r o  r a t e  of r e t u r n  and i t s  total world supply w i l l  

be f ixed ,  %. In a d d i t i o n ,  it w i l l  be  t h e  numeraire commodity and 

w i l l  b e  u s e d  b o t h  a s  a medium o f  exchange  and a s t o r e  o f  v a l u e .  

(The 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  economy w i l l  be s p e c i f i e d  

below). We w i l  I assume t h a t  t h e  exchange r a t e  is f i x e d  (pegged) 

and normalized t o  un i ty .  Hence, if OPEC i s  a l l o c a t e d  m u n i t s  of 

money, OECD's a l l o c a t i o n  w i l l  be  & -m. 
The 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  economy w i l l  

resemble a Hicksian,  two-period world.  (See, among o t h e r s ,  D i x i t  

and Norman, 1980, c h a p t e r s  7,  8 and 9.) There w i l l  be no forward 

m a r k e t s  i n  t h e  f i r s t  p e r i o d .  Only s p o t  m a r k e t s  and t h e  money 

m a r k e t  a re  open. D u r i n g  t h e  f i r s t  p e r i o d  t r a d e r s  may form 
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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 .  By a s s u m p t i o n  t h e s e  w i l l  b e  

point e x p e c t a t i o n s  and w i l l  b e  h e l d  w i t h  c e r t a i n t y .  The 

formation of expec ta t ions  i s  an important f e a t u r e  of t h e  model. 

S i n c e  o i l  is a commodity which  can b e  s o l d  now or k e p t  i n  t h e  

ground i n  o r d e r  t o  b e  s o l d  i n  t h e  s e c o n d - p e r i o d  ( t h e  " f u t u r e " ) ,  

its c u r r e n t  supply w i l l  be governed by t h e  d i f f e r e n c e  between t h e  

c u r r e n t  p r i c e  and t h e  p r i c e  expected f o r  t h e  second period. 

I n  t h e  n e x t  s e c t i o n  w e  d e r i v e  t h e  v a r i o u s  demand and 

s u p p l y  f u n c t i o n s  and the f i r s t  p e r i o d  ( t e m p o r a r y  or s h o r t - r u n )  

market c l e a r i n g  cond i t ions .  
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The two c o u n t r i e s '  e x c e s s  demand f u n c t i o n s  w i l l  be  

d e r i v e d  by t h e  s t anda rd  u t i 1  i t y  maximization procedure. OECD's 

demand for o i l ,  demand for money, demand for and s u p p l y  o f  t h e  

consumption commodity w i l l  be g iven  by t h e  s o l u t i o n  t o :  

Max U I d l , ~ l  
f 

( 1 )  

where II i s  t h e  s o l u t i o n  t o :  

Max iI = qY -pC ( 3 )  

Sub jec t  t o :  Y =F(C) ( 4) 

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

consumpt ion  d 1  and r e a l  money b a l a n c e s  M/f. f i s  a l i n e a r  

1 homogeneous f u n c t i o n  of t h e  c o n s u m p t i o n  p r i c e  q . Real  money 

b a l a n c e s  r e p r e s e n t  f u t u r e  e x p e n d i t u r e  ( s a v i n g s ) .  ( 2 )  i s  t h e  

budget c o n s t r a i n t .  M-m i s  OECD's i n i t i a l  a l l o c a t i o n  of money and 
- -  

II is t h e  n e t  v a l u e  of OECD's p r o d u c t i o n  a c t i v i t y  f r o m  

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

consumpt ion  commodity d.  II i s  maximized' s u b j e c t  t o  t h e  

s t r i c t l y  c o n c a v e  p r o d u c t i o n  function (4). I t  m i g h t  b e  n o t i c e d  

t h a t  ( 2 )  p r o v i d e s  t h e  l i n k  b e t w e e n  OECD's r a t e  of  money 

accumulat ion and i t s  t r a d e  s u r p l u s :  
-- 

M - (M-m) =II-qdl = q(Y-dl) - pC ( 5 )  
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The s o l u t i o n  to t h e  a b o v e  p rob lem g i v e s  a s e t  of 

supply and demand func t ions :3  

( 6 )  and ( 7 )  a r e  derived f rom (3 )  s u b j e c t  t o  (4). ( 8 )  i s  d e r i v e d  

from ( 1 )  s u b j e c t  t o  (21, where il = II (q ,p )  i s  g i v e n  by ( 3 )  and 

(4). 

S i m i l a r l y ,  OPEC's demand f o r  consumption, supp ly  of o i l  

and demand f o r  money w i l l  be given by t h e  s o l u t i o n  t o :  

Max W[d2,g] 
f 

( 9 )  

- 
Sub jec t  t o :  qd 2 4. m = m+pS* (10)  

where S* s o l v e s  t h e  problem: 

pS + e(R - S> Max 
S 

(11) 

( 9 )  and (10)  a r e  s i m i l a r  t o  (1) and (2). S* i s  c u r r e n t  

o i l  s u p p l y  and i s  c h o s e n  t o  maximize  t h e  n e t  v a l u e  of o i l  o v e r  

t h e  two p e r i o d s .  By a s s u m p t i o n ,  e x t r a c t i o n  c o s t s  a r e  z e r o  and 

t o t a l  o i l  r e s e r v e s  a rex .  e i s  t h e  e x p e c t e d  o i l  p r i c e  f o r  t h e  

second per iod;  we w i l l  e x p l a i n  how e i s  formed l a t e r .  4 

From ( 1 1 )  we o b t a i n  t h e  p r e s e n t  v a l u e  p r o f i t  

maximization c o n d i t i o n  : 

p=e 

From ( 9 )  and (10)  we ob ta in :  
- 

d2  = d 2 (q,T,G) = d2 (q,p,m> 

where T is def ined  as T = pS*. 

(12) 

(13) 

EqU8tiOn (10) p r o v i d e s  t h e  l i n k  be tween  OPEC's r a t e  of money 
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accumulation and i ts  t r a d e  s u r p l u s :  

m - m = pS -qd 2 
- 

(14) 

We a r e  now ready t o  produce t h e  cond i t ions  r equ i r ed  f o r  

t h e  f i r s t - p e r i o d  equ i l ib r ium.  These a r e :  
- 

H = d1 (q,d,M - ;;;> + d’(q,p,m) - Y(q,p) = 0 (15) 

E = C(p,q) - S* = 0 (16) 

pS* - qd2 = 0 (17) 

p = e  (18) 

E q u a t i o n  (15) i s  t h e  m a r k e t  e q u i l i b r i u m  c o n d i t i o n  f o r  t h e  

consumpt ion  commodity d. E q u a t i o n  (16)  i s  t h e  c o n d i t i o n  f o r  

e q u i l i b r i u m  i n  t h e  o i l  s p o t  marke t .  E q u a t i o n  (17)  i s  t h e  

cond i t ion  f o r  e q u i l i b r i u m  i n  t h e  money market ( w e  w i l l  e x p l a i n  

t h i s  below), and (18) is t h e  cond i t ion  which guarantees  t h a t  t h e  

owner of o i l  (OPEC) i s  i n d i f f e r e n t  between s e l l i n g  o i l  now o r  i n  

t h e  f u t u r e .  

E q u a t i o n  ( 1 7 1 ,  w h i c h  r e q u i r e s  t h a t  O P E C  i s  i n  a 

balance-of-payments equ i l ib r ium,  i s  a l s o  t h e  cond i t ion  f o r  money 

marke t  e q u i l i b r i u m  and,  s i n c e  t h e  wor I d  money s u p p l y  i s  f i x e d ,  

t h e  cond i t ion  t h a t  OECD i s  i n  a balance-of-payments equi l ibr ium.  

T h i s  i s  e a s y  t o  show: u s i n g  e q u a t i o n s  (141, (151, ( 1 6 )  and (171, 

equat ion  (5) y i e l d s :  
- -  - 

M - (M - m) = qd2 - pS* = m - m = 0 

Hence : 
- 

M + m = M  

(19) 

(20) 

which says t h a t  o v e r a l l  money demand i s  equal  t o  money supply.  

We have  no t  i nc luded  i n  t h e  above system o f  e q u i l i b r i u m  

c o n d i t i o n s  a n  e q u a t i o n  e x p l a i n i n g  how e i s  f o r m e d .  I f  

expec ta t ions  a r e  c o n s i s t e n t  w i t h  t h e  in t e r t empora l  s t r u c t u r e  of 

8 



t h e  model ( i e  i f  w e  p o s t u l a t e  r a t i o n a l  e x p e c t a t i o n s ) ,  e must 

s o l v e  t h e  f o l l o w i n g  equat ion:  
- h 

E = c (p ,q )  + c"(e,f) - R = o (21) 

w h e r e  f i s  t h e  same i n d e x  as  i n  (11, ( 9 )  ( a  l i n e a r  homogeneous 

f u n c t i o n  of q) r e p r e s e n t i n g  t h e  expected p r i c e  of good d. 

be i n t e r p r e t e d  as an estimate of t h e  f u t u r e  excess  demand f o r  o i l  

f u n c t i o n . 6  Hence, e x p e c t a t i o n s  w i l l  be  r a t i o n a l  i f  e s o l v e s  

E^ can 

(21). 

However, expec ta t ions  may be formed i n  a d i f f e r e n t  way. 

For in s t ance  they may be formed a d a p t i v e l y  o r  by any o t h e r  r u l e  

of thumb. In t h e  dynamic a n a l y s i s  t h a t  f o l l o w s  w e  simply assume 

a n  expec ta t ions  fo rma t ion  f u n c t i o n  e = e(.). I n  o rde r  to d e r i v e  

s t a b i l i t y  r e s u l t s  w e  w i l l  need t o  impose c e r t a i n  condi t ions.  I n  

f a c t  w e  w i l l  see  t h a t  i f  e(.) i s  s u c h  t h a t  e s o l v e s  (211, some 

i n t e r e s t i n g  r e s u l t s  can be der ived.  
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NON-INSTAKCAHEOUS MARKET CLEARILVG: 
OR PRICE BLPD BSSET ADJUSTMENT 

A n a t u r a l  q u e s t i o n  t o  a s k  i s  how t h e  e q u i l i b r i u m  

d e s c r i b e d  by t h e  sys t em o f  e q u a t i o n s  (15) t o  (18)  i s  a c h i e v e d .  

O r ,  p u t  d i f f e r e n t l y ,  suppose  t h a t  t h e  economy s t a r t s  from an  

a r b i t r a r y  p o i n t  where some o r  a l l  of t h e s e  e q u a t i o n s  a r e  n o t  

s a t i s f i e d .  I n  add i t ion ,  l e t  u s  p o s t u l a t e  t h a t  adjustment occurs 

a c c o r d i n g  t o  a c e r t a i n  dynamic  p r o c e s s .  W i l l  t h i s  p r o c e s s  

converge t o  e q u i l  i b r  ium? 

I n  t h i s  and t h e  n e x t  s e c t i o n  w e  w i l l  s p e c i f y  s u c h  an  

a d j u s t m e n t  p r o c e s s  and s t u d y  i t s  s t a b i l i t y  p r o p e r t i e s .  To 

s i m p l i f y  t h e  a n a l y s i s  we w i l l  assume t h a t  t h e  m a r k e t  for t h e  

consumption commodity c l e a r s  i n s t a n t a n e o u s l y ,  i e  c o n d i t i o n  (15) 

i s  always s a t i s f i e d .  This i s  a s t r o n g  assumption and a f f e c t s  t h e  

r e s u l t s .  We w i l l  comment on it l a t e r .  

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

i n s t an taneous ly .  Non-instantaneous a s s e t  m a r k e t  c l  e a r  i n g  means 

t h a t  t h e  money market i s  n o t  i n  e q u i l i b r i u m  and t h a t  OPEC i s  not  

i n d i f f e r e n t  be tween  s e l l i n g  o i l  i n  t h e  f i r s t  or t h e  second 

p e r i o d .  N o n - i n s t a n t a n e o u s  s p o t  o i l  market c l e a r i n g  means t h a t  

o i l  demand, g i v e n  by (71, d i f f e r s  from t h e  ex-ante o i l  supply,  S. 

S w i l l  be i m p l i c i t l y  given by t h e  a s s e t  adjustment r u l e :  

-. 

-. 

.., 
S = b(p  - e ) ,  b > 0 ,  

10 
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7 where 5 i s  t h e  p a r t i a l  d e r i v a t i v e  of w i t h  r e s p e c t  t o  t i m e .  

(22)  i s  a n  a s s u m p t i o n  f i r s t  u sed  by H e a l  (1975)  and 

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

t h e  e x p e c t e d  f u t u r e  o i l  p r i c e ,  t h e  owner of o i l  w i s h e s  t o  

inc rease  (reduce) c u r r e n t  o i l  supply.  I t s  meaning i s  obvious and 

n e e d s  no f u r t h e r  comment. The s p o t  o i l  p r i c e  will a d j u s t  

according t o  t h e  r u l e :  

= a i ,  a > o (23) 

where  E" is d e f i n e d  as  The f u n c t i o n  C (q ,p )  i s  

g i v e n  by ( 7 )  and t h e  v a r i a b l e  is i m p l i c i t l y  d e f i n e d  i n  (22) .  

T h i s  r u l e  p o s t u l a t e s  t h a t  t h e  s p o t  o i l  p r i c e  a d j u s t s  in 

p r o p o r t i o n  t o  t h e  e x - a n t e  e x c e s s  o i l  demand. In e f f e c t ,  i t  

cap tu res  Arrow's (1959)  w e 1  1-known idea  of how spo t  prices change 

when markets  a r e  i n  d i sequ i l ib r ium.  

= C(q,p) - s. 

F i n a l  l y ,  n o n - i n s t a n t a n e o u s  money marke t  c l e a r i n g  

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

c o u n t r i e s .  For  i n s t a n c e ,  i f  OPEC h a s  a t r a d e  s u r p l u s  ( d e f i c i t )  

OECD w i l l  have  a t r a d e  d e f i c i t  ( s u r p l u s )  and money w i l l  f l o w  i n t o  

( o u t  of) OPEC and o u t  of ( i n t o )  OECD. T h i s  mone ta ry  a d j u s t m e n t  

w i l l  be descr ibed  by t h e  r u l e :  
- 
m = B  (24) 

where B i s  OPEC's t r a d e  su rp lus .  S ince  w e  have  assumed t h a t  t h e  

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

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  market and t h e  f u n c t i o n a l  

form of B w i l l  d i f f e r  according t o  whether excess  o i l  demand o r  

supply  p r e v a i l s .  I f  excess  demand p r e v a i l s  (E > 0) OPEC's t r a d e  
* 

s u r p l u s  is:  

11 



- 
( 2 5 )  2 3' = p i  - qd (p,q,m) 

w h i l e  i n  t h e  c a s e  of excess supply (E < 0 )  t h e  t r a d e  s u r p l u s  i s :  

(25') 
- 

3" = pC(p,q) - qd2(p,q,m) 

For a g i v e n  e x p e c t a t i o n s  f o r m a t i o n  f u n c t i o n  e = e (  ), 

equa t ions  (22), (23) and (24) form a s y s t e m  of t h r e e  d i f f e r e n t i a l  

e q u a t i o n s  i n  t h e  t h r e e  s t a t e  v a r i a b l e s  S, p a n d  m. By 
- - 

a s s u m p t i o n ,  q w i l l  s o l v e  e q u a t i o n  (151, i e  i t  w i l l  c l  e a r  t h e  

consumption good market i n s t an taneous ly .  

The p r e s e n c e  of e q u a t i o n  (24) p r e s e n t s  some t e c h n i c a l  

problems. Because of regime switching ( t h a t  is, because t h e  o i l  

market switches from excess demand t o  excess  supply) t h e  f u n c t i o n  

B d e f i n e d  i n  ( 2 5 )  and ( 2 5 ' )  is n o t  d i f f e r e n t i a b l e  e v e r y w h e r e .  

8 Although some s t a b i l i t y  r e s u l t s  a r e  a v a i l a b l e  f o r  such systems, 

no g e n e r a l  t h e o r y  e x i s t s .  A w a y  o u t  of t h e  p r o b l e m  is t o  

e l i m i n a t e  one of t h e  v a r i a b l e s  and c o n s t r u c t  t h e  phase diagram 

f o r  an e q u i v a l e n t  system of two equa t ions  i n  two s t a t e  v a r i a b l e s ,  

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

d e f i n i t e  r e s u l t s .  

I n  wha t  f o l l o w s  w e  e l i m i n a t e  g. We w i l l  a p p r o x i m a t e  

t h e  a s s e t  a d j u s t m e n t  e q u a t i o n  ( 2 2 )  by a n  e x - a n t e  s u p p l y  

r e l a t i o n s h i p  S(p,e) .  We w i l l  assume t h a t  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  S( 1 e x i s t  and,  when t h e y  a r e  e v a l u a t e d  a t  t h e  

.., 

- 

temporary equ i l ib r ium,  t h e i r  s i g n s  a r e :  
- .., 

s > 0 ,  se < 0. P (26) 

I n  ( 2 6 )  and f o r  t h e  res t  o f  t h e  p a p e r  s u b s c r i p t s  w i l l  d e n o t e  

f i r s t  p a r t i a l  d e r i v a t i v e s .  The meaning of (26) i s  t h e  fo l lowing .  

Suppose  t h a t  t h e  t empora ry  e q u i l i b r i u m  v a l u e s  o f  ( p , e )  a r e  

12 



(p*,e*). I n  f a c t ,  a s s e t  market equ i l ib r ium r e q u i r e s  p* = e*. An 

i n c r e a s e  i n  t h e  c u r r e n t  o i l  p r i c e  Ap k e e p i n g  e c o n s t a n t  a t  e* = 

p* c r e a t e s  a p o s i t i v e  wedge between t h e  c u r r e n t  and t h e  expected 

o i l  p r i c e  (p* + Ap > p* =e* ) and ,  t h e r e f o r e ,  a s s e t  marke t  

a d j u s t m e n t ;  t h e  owner of o i l  w i s h e s  t o  i n c r e a s e  h i s  c u r r e n t  

s u p p l y :  A S  > 0. S i m i l a r l y ,  a n  i n c r e a s e  i n  e ,  he,  k e e p i n g  p 

c o n s t a n t  a n d  e q u a l  t o  p* = e* i m p l i e s  p < e*  + Ae a n d ,  

t h e r e f o r e ,  AS < 0; o i l  i s  expected t o  be more p r o f i t a b l e  i f  saved 
.., 

now i n  o rde r  t o  be sold i n  t h e  fu tu re .  

The s y s t e m  of d i f f e r e n t i a l  equat ions under study w i l l  

c o n s i s t  o f  (23) and (24) where  S i s  now t h e  s u p p l y  r e l a t i o n s h i p  

S = S(p ,e ) ,  s a t i s f y i n g  (26).  I n  o r d e r  t o  d e r i v e  s t a b i l i t y  

r e s u l t s  we w i l l  need t h e  p a r t i a l  d e r i v a t i v e s  of E, B' and B" 

- 
- - 

.., 

w i t h  r e s p e c t  t o  t h e  s t a t e  v a r i a b l e s  p and E. T h i s  w i l l  be t h e  

s u b j e c t  of t h e  next s e c t i o n .  
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SOHE PRELMZHBBY RESULTS 

- 
F i r s t ,  we w i l l  d e r i v e  E I t  i s  n o t  s t r a i g h t f o r w a r d  

t h a t  E < 0 s i n c e  t h e  consumption good market and t h e  e x p e c t a t i o n s  

r e s p o n s e  h a v e  t o  be t a k e n  i n t o  a c c o u n t .  Of c o u r s e ,  o n e  m i g h t  

P' - 
P 

wish t o  impose some k ind  of 'Viagonal Dominance" c o n d i t i o n  r i g h t  

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

dominates t h e  c ros s  p r i c e  (gene ra l  e q u i l  i b r  ium) e f f e c t ,  and hence 

g e t  E < 0. Let  us see i f  t h i s  can  b e  d e r i v e d  f r o m  weake r  P 
assumptions. 

- 

S i n c e  h a s  b e e n  d e f i n e d  a s  = C(p,q)  - S(p ,e )  w e  

have : 
- 
E p = A - G  (27)  

where  A and G a r e  d e f i n e d  a s  A = C 

the i m p l i c i t  f u n c t i o n  theorem to  equa t ion  (15) w e  g e t  q =-H /H 

+ Cqqp,G = S + S e A p p l y i n g  P P e P' 

P P Q' 
Hence, A can be w r i t t e n  as: 

Assuming t h a t  d1 d 2  < 0 ( i e  t h a t  OECD's and OPEC's demand f o r  
q' q 

t h e  consumption good f u n c t i o n s  a r e  well-behaved) and s i n c e  C (0, 

c >O, y >O, Y (0 ( t h e s e  c o n d i t i o n s  f o l l o w  f rom 3 and 4) it  i s  

P 

Q Q P 
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s t r a i g h t f o r w a r d  t o  show t h a t  a s u f f i c i e n t  cond i t ion  f o r  A t o  be 

n e g a t i v e  is: 

d1 + d 2  I O  
P P 

(28)  

I n  words, (28) r e q u i r e s  t h a t  t h e  change i n  t h e  o v e r a l l  demand f o r  

t h e  consumpt ion  good f o l l o w i n g  a n  i n c r e a s e  i n  t h e  p r i c e  of o i l  

should be non-posit ive.  This c o n d i t i o n  w i l l  be s a t i s f i e d  i f  t h e  

income e f f e c t  on OPEC's consumption is equal  t o  o r  less than  t h e  

income e f f e c t  O R  OECD's ~ o n s u m p t i o n . ~  It i s  e a s y  t o  s e e  why. 

From t h e  d e f i n i t i o n  o f  d l ,  see (81, and d 2 ,  see (131, and k e e p i n g  

q cons t an t ,  c o n d i t i o n  (28) is t h e  same as: 

E v a l u a t i n g  t h e  l e f t  hand  s i d e  o f  (29) 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 ,  -fi F o l l o w i n g  a n  i n c r e a s e  i n  t h e  

o i l  p r i c e ,  dp ,  OPEC's c u r r e n t  r evenues  and OECD's c o s t s  i n c r e a s e  

i s  e q u a l  t o  T P P' 

by Cdp. Hence, (29) i s  equ iva len t  t o :  

C (d2 - d') I O  
T n 

2 1  
II T 

and s i n c e  C > 0 ,  t o  d L d 

(31) 

(32) 

From now on we w i l l  assume t h a t  (32) holds .  Hence: 

A < O  (33 )  
- I -., -., 

We now t u r n  t o  G = S + S e S i n c e  S > 0 ,  S e <  0 ( s e e  

(26) and t h e  subsequent d i scuss ion )  a s u f f i c i e n t  c o n d i t i o n  f o r  G 

P e P' P 

t o  b e  p o s i t i v e  is e < 0. I n  f a c t  we c a n  show t h a t  t h i s  w i l l  b e  

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

P 

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

r e s o u r c e ,  i e  i f  e s o l v e s  e q u a t i o n  (21) .  A p p l y i n g  t h e  i m p l i c i t  
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f u n c t i o n  theorem t o  (21) w e  ob ta in :  
A 

-e = - -  EP - cP + %QP 
P *  n 

ce 
( 3 4 )  

The n u m e r a t o r  of ( 3 4 )  i s  e q u a l  t o  A and, f o l l o w i n g  ( 3 3 1 ,  i s  

n e g a t i v e .  The  d e n o m i n a t o r  i s  t h e  p a r t i a l  d e r i v a t i v e  of t h e  

second p e r i o d  ('future') o i l  consumpt ion  w i t h  r e s p e c t  t o  t h e  

second per iod o i l  pr ice .  I n  f a c t ,  i t  deno tes  t h e  same e f f e c t  a s  

t h e  n u m e r a t o r  ( i t  i s  a d e r i v a t i v e  of a demand f u n c t i o n  w i t h  

r e s p e c t  t o  t h e  own p r i c e )  and, t h e r e f o r e ,  i s  nega t ive .  Bence: 

ep< 0 ( 3 5 )  

(35) has a n  a p p e a l i n g  i n t u i t i v e  e x p l a n a t i o n .  A h i g h e r  c u r r e n t  

oil p r i c e  i m p l i e s  lower c u r r e n t  o i l  consumption. For g i v e n  o i l  
- 

r e s e r v e s  R, i t  i m p l i e s  a lower  f u t u r e  e x c e s s  demand and ,  

t h e r e f o r e ,  8 lower f u t u r e  o i l  p r i c e .  

( 3 5 )  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  G > 0. 

In g e n e r a l ,  G w i l l  be p o s i t i v e  i f :  
.., 

- I 

Suppose S -Se = b > 0 where b i s  t h e  speed of adjustment i n  

t h e  asse t  a d j u s t m e n t  e q u a t i o n  (22) .  I n  t h i s  c a s e ,  ( 3 6 )  is 

= 
P 

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

e < l  (37) P 

which might be i n t e r p r e t e d  as an assumption p o s t u l a t i n g  Hicksian 

i n e l a s t i c  e x p e c t a t i o n s .  I n  f a c t  i f  one c o n s i d e r s  "small"  

d e v i a t i o n s  f rom t h e  t empora ry  e q u i l i b r i u m  w h e r e  p*=e*, (37) i s  

equ iva  1 e n t  to:  

epp* ae/e* 

e* ~ P I P *  
- < 1  - -- ( 3 8 )  
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From now on we w i l l  assume t h a t  e i t h e r  e x p e c t a t i o n s  are r a t i o n a l  

( s o  t h a t  c o n d i t i o n  (35 )  h o l d s )  o r  that t h e y  a r e  s u c h  a s  t o  

s a t i s f y  (35). Both  t h e s e  a s s u m p t i o n s  i m p l y  G > 0. Tak ing  ( 3 3 )  

i n t o  account w e  can f i n a l l y  write: 
- 
Ep = A-G < 0 (39)  - I 

We now t u r n  t o  E,. From t h e  d e f i n i t i o n ,  E = C ( P , q ) -  

S"(p,e) ,  we have: 

o r ,  u s ing  (15) , 

where TU' is def ined  as M - m and d '  d' a r e  t h e  w e a l t h  e f f e c t s  on 
i t '  - m 

OECD's and OPEC's consumpt ion  r e s p e c t i v e l y .  S i n c e  C > 0 and Q 
H < 0, d 2  1 < d- 2 1  (d- >d$  i m p l i e s  iE > 0 (& < 0)  and dE,  1 = d K  2 
Q m, - 

i m p l i e s  Em = 0. As w e  w i l l  see l a t e r ,  t h e  r e s u l t s  depend  on 

which of those t h r e e  cases  hold. m' m A t  t h e  moment w e  assume d- 1 2  zd- 

and a c c e p t  t h a t  E E =  0. 

Next ,  w e  w i l l  c o n s i d e r  t h e  p a r t i a l  d e r i v a t i v e s  of B' 

and B" w i t h  r e s p e c t  t o  p and m. From ( 2 5 )  and ( 1 3 )  w e  o b t a i n :  

(42) B'p = T p ( l  - qd2T) - qP(qdzq + d2> - 
S i n c e  w e  a r e  i n  t h e  r e g i m e  of e x c e s s  demand f o r  o i l ,  Tp =; S + 

S > 0. qp = -H /H ( s e e  e q u a t i o n  15) and i t  is s t r a i g h f o r w a r d  
- 

P P q  

t o  show t h a t  qp > 0 f o l l o w s  from (32). I n  f a c t  qp > 0 is what  

common sense would suggest.  A higher  o i l  p r i c e  is expected t o  be 
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f o l l o w e d  by h i g h e r  consumpt ion  good p r i c e s .  It r e m a i n s  t o  

e x p l a i n  t h e  terms i n  t h e  parentheses.  For t h i s  purpose it w i l l  

b e  u s e f u l  t o  d e n o t e  OPEC's e x p e n d i t u r e  ( q d  ) b y  D. Doing t h i s ,  

w e  can wr i te  (42) as: 

2 

( 4 3 )  B'p = Tp (l-DT) - qPDs 

DT is OPEC's m a r g i n a l  p r o p e n s i t y  to spend. Hence ( l - D T )  is 

OPEC's m a r g i n a l  p r o p e n s i t y  t o  s a v e  and is ,  t h e r e f o r e ,  non- 

nega t ive .  The term D is t h e  change i n  expendi ture  f o l l o w i n g  an 

i n c r e a s e  i n  t h e  pr ice .  Its s i g n  depends on t h e  p r i c e  e l a s t i c i t y  

of OPEC's demand ( i m p o r t s )  f o r  good d,  We w i l l  assume t h a t  

e l a s t i c i t y  e x c e e d s  u n i t y  and a c c e p t  t h a t  D < 0. As w e  w i l l  

e x p l a i n  l a t e r ,  t h e  r e s u l t s  do n o t  depend on t h i s  assumption. 

It fo l lows  from t h e  above arguments t h a t :  

9 

Q 

B'p > 0 (44) 

i e  t h e  Next, we consider  t h e  p a r t i a l  d e r i v a t i v e  B" 

change i n  OPEC's t r a d e  s u r p l u s  f o l l o w i n g  an i n c r e a s e  in t h e  o i l  

p r i c e  i n  t h e  regime of excess  o i l  supply.  From (25') and (13) w e  

P' 

o b t a i n :  

( 4 5 )  
- 

B",, = Tp (I-DT) - q D 
P 9  

where  T =  p C ( p , q ) ,  I f  w e  a d o p t  t h e  a s s u m p t i o n  t h a t  OECD's demand 

f o r  o i l  C(p,q> is p r i c e  e l a s t i c ,  T < 0. H a v i n g  p r e v i o u s l y  

assumed t h a t  OPEC's demand f o r  good d i s  a l s o  p r i c e  e l a s t i c  (and 

- 
P 

D < 0) i m p l i e s  t h a t  t h e  s i g n  of B"p i s  ambiguous. However, w e  

w i l l  la ter  see t h a t  t h e  r e s u l t s  are n o t  s e n s i t i v e  t o  t h e  s i g n  of 

Q 

B"p. As a working hypo thes i s  w e  will assume that i n  t h e  regime 

of excess  o i l  supp ly  an i n c r e a s e  i n  t h e  o i l  p r i c e  r educes  OPEC's 
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trade surplus: 

B''p< 0 ( 4 6 )  

It r e m a i n s  t o  f i n d  t h e  d e r i v a t i v e s  B'=, B " 3  

According t o  t h e  monetary approach t o  t h e  balance-of-payments  

these are expected t o  be negative.  From (25 )  we have: 

B'- = -(q-d2 + d- 2 q) (47) m m m 
Since w e  h a v e  assumed t h a t  w e a l t h  e f f e c t s  a r e  t h e  same 

(d- = d 2 ) ,  (15) implies  q, = 0 Hence: 1 
m' m 

From (25') we obtain:  

and s ince  qx = 0 ,  

(483 

( 4 9 )  

%' = - qdii< 2 O (50) 
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THE STABILITY OF THE TEMPORARY EQUILIBRIUM 

Here w e  reproduce t h e  s y s t e m  of d i f f e r e n t i a l  equa t ions  

t h a t  governs t h e  motion of t h e  economy. This  is: - 
6 1  1 p = aE, 

B‘ i f  E > o 
- 
m =  

We will s t u d y  t h e  s t a b i l i t y  p r o p e r t i e s  of t h e  a b o v e  

The 

S i n c e  we h a v e  assumed t h a t  

- 
system by cons t ruc t ing  i t s  phase diagram i n  t h e  (p,m) space. 

slope of t h e  
Y -  

= O l o c u s  i s  - E d E p .  

1 2 
m’ m 

- 
d, The ;=O 

l o c u s  w i l l  be  a l i n e  p a r a l l e l  t o  t h e  E - a x i s  s t a r t i n g  f r o m  t h e  

= d- i t  f o l l o w s  f rom e q u a t i o n  (41) t h a t  E5 = 0. 

p o i n t  (p*,O) where  p* i s  t h e  p r i c e  which  c l e a r s  t h e  o i l  marke t .  

Since E < 0, p > p* (p<p*) implies  < o (I; > 01. P 
From (52) it i s  obvious t h a t  t h e  &=O l o c u s  has  a ’kink‘ 

When e x c e s s  o i l  demand ( E > O )  p r e v a i l s  a t  t h e  p o i n t  where  E = O .  

its s l o p e  is p o s i t i v e :  

- 
w h i l e  i n  t h e  r e g i m e  of e x c e s s  o i l  s u p p l y  (EcO) i t s  s l o p e  i s  

n e g a t i v e  : 
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(53) and (54) foLlow from ( 4 4 1 ,  (461, (47) and ( 4 9 ) .  Hence, t h e  

phase diagram of the system of d i f f e r e n t i a l  equations (511, (52) 

w i l l  b e  as in F i g u r e  1 .  I t  f o l l o w s  t h a t  t h e  temporary 

Ficnrre 1 

J - > 

T h i s  result is n o t  s u r p r i s i n g .  System (511, ( 5 2 )  

cons i s t s  of two pairs  of d i f f e r e n t i a l  equations. The pair  ;=a& 

i=B' in t h e  regime of  excess o i l  demand ( E > O )  and the p a i r  p=aE, 

rn 

- . -  
- &Be' i n  t h e  regime of e x c e s s  o i l  supply  (EcO). Consider the  

pair ;=ai ,  &=Be. Its Jacobian J s a t i s f i e s  t h e  Routh-Rurwitz 

conditions f o r  s t a b i l i t y :  

J = i  + B ' E < O  

J = B'-E > 0 
P trace 

determinant 
.-. 

m P  

(55) 

r - .  

Simi lar ly ,  consider t he  pair p=aE, X=B". Its Jacobian 
- 
J also satisfies the Routh-Burwitz conditions : 

- -  
J = E + B e -  < O P m 

m p  

trace 

d e  t e r m  inant 
- I 

J = B"-E > 0 
( 5 6 )  
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Therefore,  system ( 5 1 1 ,  (52) is c h a r a c t e r i z e d  by regime 

s t a b i l i t y .  AI though regime s t a b i l i t y  is n o t  g e n e r a l l y  s u f f i c i e n t  

for t h e  s t a b i l i t y  of t h e  e q u i l i b r i u m , ' *  i t  i s  c l e a r  from t h e  

a b o v e  d i a g r a m  ( F i g u r e  1) t h a t ,  i n  t h i s  p a r t i c u l a r  c a s e ,  r e g i m e  

s t a b i l i t y  i s  s u f f i c i e n t  for t h i s .  As soon as a t r a j e c t o r y  

c r o s s e s  t h e  l i n e  p=p* i t  c o n t i n u e s  on i t  u n t i l  i t  c o n v e r g e s  t o  

t h e  equ i l ib r ium p o i n t  A (See a l s o  Footnote 1 2 ) .  

I t  migh t  be n o t i c e d  from i n s p e c t i n g  (55) and ( 5 6 )  t h a t  

t h e  above r e s u l t  does n o t  depend on t h e  p a r t i c u l a r  assumptions 

imposed t o  d e r i v e  c o n d i t i o n s  (44) and ( 4 6 ) .  That  i s ,  t h e  

e q u i l i b r i u m  i s  s t i l l  s t a b l e  e v e n  i f  B' < 0 a n d / o r  B'Op> 0. For 

in s t ance ,  t h e  assumptions t h a t  o i l  demand and OPEC's demand f o r  

t h e  consumpt ion  good a r e  p r i c e  e l a s t i c  a r e  n o t  n e c e s s a r y  f o r  

P 

s t a b i l i t y .  

2 = dm i e  

However, t h e  r e s u l t  does depend on t h e  assumption d i  
d 

t h a t  an inc rease  i n  w e a l t h  has t h e  same e f f e c t  on OECD's 

and OPEC's consumption.  F o r  s u p p o s e  t h a t  d-, 1 > dz?' From 
m m - 

(411, q,-C 0 and,  t h e r e f o r e ,  E+ 0. As a c o n s e q u e n c e  t h e  b=O 

l o c u s  w i l l  now have a n e g a t i v e  s lope.  It i s  easy t o  v e r i f y  t h a t  

i n  t h e  regime of excess  demand (l?>O) 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  of equat ions p=aE, *=B' i s  s t a b l e .  However, in t h e  regime 

of excess  o i l  supply (E"<O) s t a b i l i t y  depends on t h e  p o s i t i o n  of 

t h e  b=O l o c u s  r e l a t i v e  t o  t h a t  of t h e  t=0 locus.  I f :  
- 
E- B 1- m m - > -  - B '  'p 
EP 

( 5 7 )  

t h a t  i s ,  i f  t h e  b = O  l o c u s  i s  s t e e p e r  t h a n  t h e  E=O l o c u s ,  i t  i s  

e a s y  t o  show t h a t  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  p=aE, E=B" 
- .  
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is u n s t a b l e .  The p h a s e  d i ag ram f o r  (511, (52) w i l l  b e  as i n  

F igu re  2. 

4 
P 

Fiaure 2 

E= 0 \ 
I - m 

If t h e  f l o c u s  i s  s t e e p e r  t h a n  t he  i = O  l o c u s ,  

t h a t  i s  i f :  
- 
Em E"- m - <- ( 5 8 )  - 
Ep E''p 

i t  is e a s y  to show that r eg ime  s t a b i l i t y  p r e v a i l s  for b o t h  t h e  

E>O and t h e  E < O  r e g i m e s .  However, we c a n n o t  c o n c l u d e  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  by just l o o k i n g  a t  t h e  p h a s e  d i a g r a m  

( F i g u r e  3 )  s i n c e  the  'kink' t h a t  o c c u r s  a t  E50 m i g h t  f o r c e  

t r a j e c t o r i e s  t o  move b a c k  and f o r t h  be tween  r e g i m e s  w i t h o u t  

converging t o  equilibrium." However it has been shown (Van den 

H e u v e l ,  op c i t ,  t h e o r e m  2.32) t h a t  in a p i e c e - w i s e  l i n e a r  

d i f f e r e n t i a l  s y s t e m  w i t h  two v a r i a b l e s ,  r e g i m e  s t a b i l i t y  i s  a 

s u f f i c i e n t  cond i t ion  f o r  t he  s t a b i l i t y  of equi l ibr ium.  Hence i f  

d- > dm t h e  e q u i l i b r i u m  will s t i l l  b e  s t a b l e  p r o v i d e d  t h a t  

c o n d i t i o n  (58) holds .  

1 2 
m' 
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Figure 3 

P 

E > d  

Before we c l o s e  this s e c t i o n  we should make some remarks 

about the r o l e  of e x p e c t a t i o n s  i n  t h i s  model. In  p a r t i c u l a r ,  one 

might  a s k  w h e t h e r  t h e  t e m p o r a r y  e q u i l i b r i u m  has any e f f i c i e n c y  

p r o p e r t i e s , .  A l t h o u g h  w e  h a v e  assumed t h a t  t h e  economy i s  

compe t i t i ve  w e  cannot conclude t h a t  the e q u i l i b r i u m  i s  e f f i c i e n t .  

Since o n l y  spot markets a r e  open i n  t h e  f i r s t  pe r iod ,  a sequence 

of t empora ry  e q u i l i b r i a  l i k e  A ( s e e  F i g u r e  1) m i g h t  i n v o l v e  a 

very r a p i d  o r  a v e r y  slow o i l  e x t r a c t i o n .  The p r o b l e m  i s  w e l l  

known from t h e  theory of e x h a u s t i b l e  resources;  i n  t h e  absence of 

a complete s e t  of forward markets ,  t h e  short-run e q u i l i b r i u m  may 

be a "myopic" one. (See Dasgupta and Heal ,  1979). It is only i n  

t h e  c a s e  of rational 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  based  on 

f u t u r e  s c a r c i t y )  t h a t  t h e  temporary e q u i l i b r i u m  i s  e f f i c i e n t .  In 

o u r  two-pe r iod  economy, e x p e c t a t i o n s  a r e  r a t i o n a l  i f  e s o l v e s  

e q u a t i o n  (21) .  
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COHCLUDIHG Caw)IENTS 

I n  t h i s  p a p e r  we h a v e  d e v e l o p e d  a two c o u n t r y ,  non- 

tgtonnement model of monetary and p r i c e  adjustment resembling t h e  

process  of r e c y c l i n g  o i l  revenues.  Given t h e  s i m p l i c i t y  of t h e  

model and some r a t h e r  p l a u s i b l e  assumptions on t h e  formation of 

expec ta t ions  w e  have shown 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 f  t h e  

weal th  e f f e c t  on t h e  two country’s consumption is t h e  same. 

The model c a n  be e x t e n d e d  i n  many d i r e c t i o n s .  For 

i n s t a n c e ,  one  might  w i s h  t o  s t u d y  t h e  a d j u s t m e n t  p r o c e s s  u n d e r  

f l o a t i n g  exchange  r a t e s ;  t o  i n t r o d u c e  more t h a n  one  f i n a n c i a l  

a s s e t  (bonds) and non-traded goods (eg l abour )  and consider  a l s o  

t h e  p o s s i b i l i t y  of r a t i o n i n g  i n  t h e s e  markets ( c r e d i t  r a t i o n i n g ,  

unemployment,  e t c ) ;  o r  to c o n s i d e r  more t h a n  two c o u n t r i e s  and 

study t h e  t r a d e  r e l a t i o n s  among them. The i n t r o d u c t i o n  of such 

i s s u e s  would make the a n a l y s i s  much more i n t e r e s t i n g  and p r o v i d e  

a f ramework  where macroeconomic i s s u e s  c o u l d  b e  p r o p e r l y  

d is cus sed. 

However, s t a b i l i t y  r e s u l t s  a r e  d i f f i c u l t  t o  d e r i v e  

under a non-tatonnement adjustment process  and i n  t h e  presence of 

many non-clear ing markets, due to s p i l l - o v e r  e f f e c t s .  I n  t h i s  

c a s e  one s h o u l d  r a t h e r  c o n c e n t r a t e  on r e g i m e  s t a b i l i t y  and 

c o m p a r a t i v e  s t a t i c  r e s u l t s  w i t h i n  p a r t i c u l a r  r eg imes .  Such 

r e s u l t s  a r e  a l r e a d y  a v a i l a b l e  i n  t h e  l i t e r a t u r e  (see,  among 

o t h e r s ,  Marion and Svensson, 1984) 
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1 .  

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

f r e p r e s e n t s  expec ta t ions  about t h e  f u t u r e  p r i c e  of good d .  

It i s  assumed t h a t  no o i l  is s t o r e d  i n  OECD. 

I n  a d d i t i o n  to (61 ,  (71, (8 )  t h e  s o l u t i o n  t o  t h e  a b o v e  
problem g i v e s  a demand f o r  money funct ion.  As we w i l l  see 
la te r ,  w e  w i l l  n o t  need i t  because of Walras' law. 

S i n c e  money e a r n s  a z e r o  r a t e  of r e t u r n ,  no d i s c o u n t i n g  
f a c t o r  a p p e a r s  i n  (11). I n  e f f e c t ,  (12)  r e s e m b l e s  t h e  
H o t e l l i n g  p r i n c i p l e :  i f  t h e r e  were a c r e d i t  instrument i n  
t h e  economy e a r n i n g  a r a t e  of r e t u r n  r ,  ( 1 2 )  would  b e  
p = e / l + r ,  which i s  t h e  Hotel  l i n g  p r i n c i p l e  i n  d i s c r e t e  t i m e .  

(12) is t h e  p r o f i t  max imis ing  c o n d i t i o n  f o r  an  a s s e t  
management problem and assumes t h a t  OPEC a c t s  as a p e r f e c t  
c o m p e t i t o r .  The s o l u t i o n  is n o t  i n d e t e r m i n a t e  s i n c e ,  a t  
e q u i l i b r i u m ,  S* w i l l  b e  d e t e r m i n e d  by demand ( s e e  t h e  
e q u i l i b r i u m  cond i t ion  (16) below). I f  OPEC were model led a s  
a m o n o p o l i s t ,  i t  would  t a k e  i n t o  a c c o u n t  o i l  demand and 
d e t e r m i n e  c u r r e n t  s u p p l y  by e q u a t i n g  t h e  p r e s e n t  t o  t h e  
expected marginal  revenue. 

C(.) i s  an  es t imate  of t h e  f u t u r e  ~ i l ~ d e m a n d  f u n c t i o n .  
S i n c e  o i l  demand is s t a t i o n a r y ,  C(.)  and C(.) must  h a v e  t h e  
same f unct iona 1 f orm. 

A 

The u s e  of t i m e  d e r i v a t i v e s  and t h e  n o t i o n  of a s y m p t o t i c  
s t a b i l i t y  are n o t  i n c o n s i s t e n t  w i th  t h e  Hicksian,  two 
period framework. See Arrow and Hahn (1971) ch.12.9. 

See, among o t h e r s ,  Van den Heuvel (19831, Stourna ras  (1982). 

T h i s  seems a r e a s o n a b l e  a s s u m p t i o n  g i v e n  t h e  e x p e r i e n c e  
f o l l o w i n g  t h e  o i l  p r i c e  shocks of t h e  s e v e n t i e s .  

10. See r e f e r e n c e s  i n  Footnote 8. 
*. 

11. The case  d ' < d L  can be analyzed a l o n g  similar l i n e s .  - - 
mr m 
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12.  The p r o b l e m  is f a m i l i a r  f rom t h e  l i t e r a t u r e  on r e g i m e  
s w i t c h i n g  ( s e e  Van den H e u v e l ,  o p  c i t ,  f o r  a s u r v e y  and 
g e n e r a l i z a t i o n  of such r e s u l t s ) .  It might be no t i ced  t h a t  

i n  t h e  case where  d l =  2 (shown in F i g u r e  1) w e  d i d  n o t  

encounter such a problem s i n c e  no t r a j e c t o r y  cou ld  'escape' 
from t h e  l i n e  p=p* once e n t e r e d  i n t o  it. I n  o t h e r  words t h e  
l i n e  p=p* i s  a 's trongly a t t r a c t i v e '  se t  and, t h e r e f o r e ,  t h e  
equ i l ib r ium i s  s t a b l e  (Eckalbar ,  1980). 

ma m 
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