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INTRODUCTION AND PLAN OF THE STUDY

The method o f  p a r t i a l  e q u i l i b r i u m  a n a l y s i s  known a s  " p r i c e  

t h e o r y , "  h a s  g a in e d  a c c e p t a b i l i t y  and  r e s p e c t .  N e v e r th e l e s s ,  b o th  

th e  v a l i d i t y  o f  th e  th e o ry  and i t s  a p p l i c a t i o n  a r e  c o n t r o v e r s i a l .

Some eco n o m is ts  b e l i e v e  t h a t  p r i c e  th e o ry  n o t  o n ly  e x p l a in s  m arke t  

b e h a v i o r ,  b u t  a l s o  e x p l a in s  human b e h a v io r  o u t s i d e  th e  m onetary  

m arke t fram ew ork . On th e  o t h e r  h a n d ,  c r i t i c s  a rg u e  t h a t  p r i c e  th e o ry  

does n o t  e x p l a i n  o r  p r e d i c t  even th e  m a rk e t  b e h a v i o r .  These c r i t i c s  

deny th e  v a l i d i t y  n o t  o n ly  o f  a n a l y t i c a l  i n v e s t i g a t i o n s ,  b u t  o f  th e  

e m p i r i c a l  s t u d i e s  a s  w e l l .  T y p i c a l l y ,  th e y  b e l i e v e :

The u s e  o f  m a th e m a t ic s ,  e s t im a te d  s t a t i s t i c s ,  and th e  
com puter have o n ly  g iv e n  th e  i l l u s i o n  o f  c e r t a i n t y  t o  th e  work 
o f  th o s e  who have  s o u g h t  e i t h e r  to  q u a n t i f y  econom ic a c t i v i t y  
o r  to  p r e d i c t  t h e  f u t u r e .  These p r e d i c t i o n s  a r e  n e i t h e r  more 
n o r  l e s s  th a n  w hat th e y  have a lw ays  b een — g u e s s e s . ( 1 )

The m a rk e t  b e h a v io r  o f  th e  i n t e r n a t i o n a l  o i l  i n d u s t r y  i s  o f t e n

p r e s e n te d  a s  an example o f  th e  a p p a r e n t  f a i l u r e  o f  p r i c e  th e o r y .  The

economic a n a l y s i s  o f  th e  m a rk e t  i s  n o t  c o r r e c t  b e c a u s e ,  th e  c r i t i c s
2

s a y ,  th e  p r e d i c t i o n s  and c o n c lu s io n s  a r e  o b v io u s ly  i n c o r r e c t .

The f a l l a c y  o f  t h i s  r e a s o n in g  i s  c l e a r :  th e  f a i l u r e  o f  a g iv e n  

p r e d i c t i o n  does  n o t  im ply  t h a t  th e  p r e d i c t i o n  I s  u n w a r ra n te d .  T ha t 

c e r t a i n  e co n o m is ts  f a i l e d  to  a n a ly z e  th e  m a rk e t  p r e c i s e l y  does n o t  i n ­

d i c a t e  t h a t  th e  th e o ry  i s  i n s u f f i c i e n t .  N e v e r t h e l e s s ,  t h e  t h e o r e t i c a l  

and e m p i r i c a l  l i t e r a t u r e  p r e s e n t i n g  th e  economic a n a l y s i s  o f  th e  

p e t ro le u m  I n d u s t r y  does l a c k  an  a c c e p t a b l e  e x p l a n a t i o n  o f  th e  p r i c e  

changes  o f  th e  r e s o u r c e .  Of th e  t h r e e  e le m e n ts  w hich  d e te rm in e  th e

8
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p r i c e  o f  p e t ro le u m  ( c o s t - o u t p u t  f u n c t i o n ,  demand f u n c t i o n ,  and th e  

d e g re e  o f  c o m p e t i t i o n ) , t h e  c o s t - o u t p u t  f u n c t i o n  and i t s  fu n d am en ta l  

changes  a r e  th e  l e a s t  u n d e r s to o d  and r e q u i r e  c o n s i d e r a b l e  a t t e n t i o n .

One g o a l  o f  t h i s  s tu d y  i s  to  p r e s e n t  a  t e n a b le  a n a l y t i c  framework 

f o r  th e  s tu d y  o f  th e  i n t e r n a t i o n a l  c ru d e  o i l  s u p p ly  c o n d i t i o n s  so t h a t  

th e  r o l e  o f  t h e  p r i c e  th e o ry  i n  e x p l a in in g  and p r e d i c t i n g  th e  p r i c e  

changes o f  w o rld  c ru d e  o i l  may be  e x p l o r e d .  As a  s o u r c e  o f  ene rgy  

(from  th e  consum ers ' p o i n t  o f  v iew ) a n d / o r  a s  an e x h a u s t i b l e  r e s o u r c e  

(from  th e  p r o d u c e r s '  p o i n t  o f  v ie w ) ,  c ru d e  o i l  i s  a s u b j e c t  o f  n a t i o n ­

a l  co n c e rn  i n  each  c o u n t r y .  These  and o t h e r  f a c t o r s  m ust b e  c o n s id e re d  

i n  e x p l a in in g  th e  o b se rv e d  p a t t e r n s  i n  th e  w o rld  o i l  i n d u s t r y .  A 

com prehensive  a n a l y s i s  o f  th e  w o r ld  o i l  m a rk e t  i s  n o t  a t t e m p te d  h e r e ;  

i n s t e a d ,  a t t e n t i o n  i s  d i r e c t e d  to  c e r t a i n  b a s i c  s u p p ly  c h a r a c t e r i s t i c s .  

An a c c e p ta b l e  m easu re  o f  t h e  c o s t  w i l l  be  d e f in e d  i n  o r d e r  to  e s t i m a t e  

th e  s u p p ly  f u n c t i o n  f o r  each  c o u n t ry  o r  f o r  th e  O r g a n iz a t io n  o f  P e t r o ­

leum E x p o r t in g  C o u n t r i e s  (OPEC).

O i l  i s  by f a r  th e  l e a d i n g  commodity i n  i n t e r n a t i o n a l  t r a d e  and

t h e r e f o r e  t h e r e  i s  no s h o r t a g e  o f  th e  l i t e r a t u r e  d e a l i n g  w i th  th e

v a r i o u s  a s p e c t s  o f  th e  i n d u s t r y  i n c lu d in g  s o - c a l l e d  p o l i t i c a l  and

economic a n a l y s e s .  N e v e r t h e l e s s ,  d e s p i t e  th e  enormous q u a n t i t y  o f

m is c e l l a n e o u s  i n f o r m a t io n  on th e  w o rld  p e t ro le u m  i n d u s t r y ,  r e l a t i v e l y

l i t t l e  h a s  been  w r i t t e n  o r  r e p o r t e d  on th e  t e c h n iq u e s  o r  th e o ry  o f  th e
3

p r i c i n g  o f  c ru d e  o i l .  F ran k  (1966) exam ined th e  d e t e r m in a t io n  o f  

th e  p r i c e  o f  o i l  a s  an  o l y g o p o l i s t i c  b e h a v i o r .  R i f a i  (1974) c o n s i d e r ­

ed and exam ined th e  i n f o r m a l ,  t e c h n o c r a t i c  and s t r a t e g i c  app roach  to  

c ru d e  o i l  p r i c e s .  B r a d l e y 's  e m p i r i c a l  s t u d i e s  (1967)^  In c lu d e  th e  

m easurem ent o f  th e  c o s t  o f  c ru d e  o i l  f o r  some r e g i o n s  i n  th e  M iddle
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E a s t .  Adelman (1972) p r e s e n t e d  a  com prehensive  a n a l y s i s  o f  th e  w orld  

o i l  m a rk e t ,  s k i l l f u l l y  c a l c u l a t e d  th e  c o s t ,  and p r e d i c t e d  th e  m a rk e t  

p r i c e  o f  t h e  r e s o u r c e  f o r  th e  coming y e a r s  up u n t i l  1985. Each o f  

t h e s e  s t u d i e s  a r e  v a l u a b l e .  T h e i r  c o n t r i b u t i o n  to  th e  l i t e r a t u r e
7

i s  a p p r e c i a b l e ,  and t h e i r  p r e d i c t i o n s  may be c o n s id e r e d  " w a r ra n te d "  

and " c o r r e c t . "  However, i n  r e c e n t  y e a r s ,  r e l a t e d  e v e n t s  have  cau sed  

s u b s t a n t i a l  changes  i n  th e  n a t u r e  o f  th e  s u p p ly  f u n c t i o n .  T h e r e f o r e ,  

n o t  o n ly  t h o s e  p r e d i c t i o n s  b u t  a l s o  th e  method o f  th e  a n a l y s e s  r e q u i r e  

r e c o n s i d e r a t i o n .

In  o r d e r  to  a n a ly z e  t h e  s u p p ly  f u n c t io n  o f  p e t ro le u m ,  as  w i th  

any o t h e r  n a t u r a l  r e s o u r c e ,  i t  i s  n e c e s s a r y  to  d e te rm in e  w h e th e r  o r  

n o t  th e  r e s o u r c e  i s  e c o n o m ic a l ly  e x h a u s t i b l e ,  i . e . ,  w h e th e r  i t s  

s c a r c i t y  r e n t  i s  s i z e a b l e  o r  n e g l i g i b l e .  A r e s o u r c e  may be  c o n s id e r e d  

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

o t h e r s .  In  t h e  l i t e r a t u r e  m en tioned  ab o v e ,  th e  q u e s t i o n  o f  e x h a u s -  

t i b i l i t y  h as  e i t h e r  been  ig n o re d  o r  d e c l a r e d  u n im p o r ta n t .  Such view s 

were c o n s id e r e d  a c c e p ta b l e  u n t i l  th e  l a t e  1960’ s  f o r  th e  f o l lo w in g  

r e a s o n s :

(1) The p r i c e  sy s tem  i s  t h e  main s o c i a l  i n s t i t u t i o n  ev o lv ed  

by c a p i t a l i s t  econom ies (and ,  to  an  i n c r e a s i n g  e x t e n t ,  s o c i a l i s t
8

econom ies , to o )  f o r  r e g i s t e r i n g  and r e a c t i n g  to  r e l a t i v e  s c a r c i t y .

(2) I f  t h e  m arke t  p r i c e  o f  a  commodity i s  h i g h e r  th a n  i t s  

m a rg in a l  c o s t  b e c a u se  o f  monopoly pow er, t h e  gap be tw een  th e  p r i c e  and 

t h e  m a rg in a l  c o s t  must be  narrow ed  o v e r  t im e ;  i . e . ,  th e  p r i c e  m ust 

move downward tow ard  t h e  m a rg in a l  c o s t .

(3) B ecause  t h e  r e l a t i v e  p r i c e  o f  c ru d e  o i l  u n t i l  1970 was a
9

d e c r e a s i n g  f u n c t i o n  o f  t im e ,  i t  i s  p o s s i b l e  t h a t  t h e  m a rk e t  p r i c e
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In c lu d e d  m o n o p o l i s t i c  p r o f i t s  b u t  n o t  s c a r c i t y  r e n t .

I t  i s  th e  h y p o th e s i s  o f  t h i s  s tu d y ,  how ever, t h a t  p e t ro le u m  h as  

become e c o n o m ic a l ly  e x h a u s t i b l e .  S u b s e q u e n t ly ,  i t s  a n a l y s i s  m ust be 

c o n s id e re d  w i t h i n  th e  framework o f  " th e  econom ics o f  e x h a u s t i b l e  r e ­

s o u r c e s . "

T h is  p a p e r  c o n s i s t s  o f  t h r e e  c h a p t e r s .  The f i r s t  c o n s id e r s  th e  

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

under  th e  c o n d i t i o n s  o f  p e r f e c t  c o m p e t i t io n  and o f  m onopoly. The 

second  b r i e f l y  d e s c r i b e s  th e  i n t e r n a t i o n a l  o i l  i n d u s t r y ,  i t s  f o r c e s  

and t h e i r  changes  o v e r  t im e  in  o r d e r  to  p ro v id e  a b ackg round  f o r  th e  

a n a l y s i s  which w i l l  fo l lo w  i n  C h ap te r  3 .  The l a s t  c h a p t e r  r e p o r t s  th e  

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

o f  i n t e r n a t i o n a l  c ru d e  o i l  th ro u g h  the  r e l a t e d  e x p la n a to r y  v a r i a b l e s .  

In  s h o r t ,  t h e  f i n a l  c h a p t e r  i s  th e  a p p l i c a t i o n  o f  th e  model p r e s e n te d  

i n  C h a p te r  1 i n  o r d e r  to  e x p l a in  th e  changes o f  th e  p r i c e s  cau sed  by 

th e  e v e n t s  d e s c r ib e d  i n  C h ap te r  2



FOOTNOTES

K a r l  F. Simpson, ( L e t t e r ) ,  H a r p e r 1s Septem ber 1975, p .  12.
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a r e  needed  to  a s s u r e  i t s  p r o v i s i o n ,  and p r i c e s  w i l l  r i s e .  But 
th e  c o n c lu s io n s  o f  t h i s  s tu d y  a r e  t h a t  c ru d e  o i l  p r i c e s  w i l l  d e ­
c l i n e  b e c a u s e  s u p p ly  w i l l  f a r  exceed  demand even  a t  low er p r i c e s ,  
and b e c a u se — a s e p a r a t e  i s s u e — t h e r e  w i l l  c o n t in u e  to  be enough
c o m p e t i t io n  to  make p r i c e  g r a v i t a t e  tow ard  c o s t ,  however s lo w ly .
The o f f i c i a l  t r u t h  h a s  r u l e d  f o r  25 y e a r s  and h a s  n o t  much r e ­
sem bled th e  f a c t s . "

3
H. J .  F ra n k ,  Crude O i l  P r i c e s  i n  th e  M iddle  E a s t :  A Study i n  

O l i g o p o l i s t i c  p r i c e  b e h a v i o r ,  (New York: P r a e g e r ,  1966)

A
T. R i f a i ,  The P r i c i n g  o f  Crude O i l ,  (New York: P r a e g e r ,  1974 ) .

^P. B ra d le y ,  The Economics o f  Crude O i l  P r o d u c t i o n , (Amsterdam: 
N orth  H o lla n d  P u b l i s h i n g  Company, 19 6 7 ) .

^M. A. Adelman, The World P e tro leu m  M a rk e t , ( B a l t im o re :  Johns 
Hopkins U n iv e r s i t y  P r e s s ,  1 9 7 2 ) .

^A p r e d i c t i o n  can  be  c a l l e d  " r a t i o n a l "  o r  " c o r r e c t "  o r  
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M arch -A p r i l  1973, p p .  3 9 -5 0 .
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See W. D. N ordhaus ,  "R eso u rces  a s  a C o n s t r a i n t  on G ro w th ,"

The A m erican Economic Review, May 1974, p p .  2 2 -3 2 .

12



CHAPTER 1

PRICE, DEPLETION RATE, AND THE SUPPLY OF AN EXHAUSTIBLE RESOURCE

I .  A Review o f  th e  T h e o r e t i c a l  L i t e r a t u r e ....................................................... 16

I I .  The U ser C ost F u n c t io n s   ......................................................................23

I I I .  The Course o f  th e  P r i c e  and D e p le t io n  R a te :  The
Case o f  M o n o p o ly .........................................................................................................33

IV. Duopoly and C a r t e l ............................................................................................................37

Appendix I - A ..............................................................................................................................43

Appendix I-B  ...........................................................................  . . . . . . . . . .  49

13



The main p u rp o se  o f  t h i s  c h a p te r  i s  to  f in d  an economic answer 

to  th e  fo l lo w in g  q u e s t i o n :  "What d e te rm in e s  th e  (q u a s i )  su p p ly  f u n c t io n  

o f  an  e x h a u s t i b l e  r e s o u r c e  f o r  a f i rm  and how can i t  be d e r iv e d  in  

c a s e  o f  im p e r f e c t  c o m p e t i t io n ? "  In  o r d e r  to  p ro v id e  a background f o r  

th e  a n a l y s i s ,  I  w i l l  p r e s e n t  th e  d e f i n i t i o n  o f  an e x h a u s t i b l e  r e s o u rc e  

and i t s  p r i c e s  fo l lo w ed  by a  rev iew  o f  t h e o r e t i c a l  l i t e r a t u r e .  I  

w i l l  th e n  i n d i c a t e  th e  form o f  s tu d y .

An E x h a u s t ib le  R esource

The s t a r t i n g  p o i n t  f o r  th e  s tu d y  o f  th e  econom ics o f  e x h a u s t i b l e  

r e s o u r c e s  i s  th e  d e f i n i t i o n  o f  th e  term  " e x h a u s t i b l e . "  There a re  two 

m eanings f o r  th e  word " e x h a u s t i b l e . "  The f i r s t  i s  th e  d i c t i o n a r y  

d e f i n i t i o n ,  i . e . ,  " t h a t  which can  be e x h a u s te d " ;  i n  t h i s  s e n s e ,  

e v e r y th in g  i n  th e  w orld  i s  e x h a u s t i b l e .  The second  meaning has become 

an  economics te rm : "A r e s o u r c e  which can n ev e r  i n c r e a s e  i t s  s to c k  through 

t im e . I t  can o n ly  d e c r e a s e  o r ,  i f  unmined f o r  a  w h i l e ,  rem ains  th e  

sam e."  Whenever we u se  " e x h a u s t i b l e "  i n  t h i s  p a p e r ,  we e x c l u s i v e l y  

v.»an th e  economics term  and n o th in g  e l s e .  T h e r e f o r e ,  w heat i s  an 

i n e x h a u s t i b l e  commodity b u t  o re  i s  an e x h a u s t i b l e  r e s o u r c e .  We sh o u ld  

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

s o u rc e s  b e ca u se  th ey  a r e  r e p l a c e a b l e  o v e r  t im e ;  aluminum o r  i r o n ,  

how ever, even  though th e y  a r e  r e c y c l a b l e ,  a r e  e x h a u s t i b l e  r e s o u r c e s  

b e c a u se  th e  laws o f  Thermodynamics g u a ra n te e  t h a t  we w i l l  n e v e r  

r e c o v e r  a  whole pound o f  p r im a ry  i r o n  i n  u s e .  I t  i s  im p o s s ib le  to

b u i l d  a  machine w i th  100% e f f i c i e n c y .  Thus i r o n ,  f o r  exam ple,

14
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rem a ins  an  e x h a u s t i b l e  r e s o u r c e  d e s p i t e  t h e  p o s s i b i l i t y  o f  p a r t i a l  

r e c y c l i n g .

There  a r e  two k in d s  o f  e x h a u s t i b l e  r e s o u r c e s ,  th o s e  w hich  a r e  

renew ab le  and th o s e  w hich a r e  n o t  ren ew ab le  i n  t h i s  s t a g e  o f  te c h n o lo g y .  

Some o f  t h e  m e t a l s ,  i f  n o t  a l l ,  a r e  c l a s s i f i e d  i n  th e  fo rm er c a t e g o r y  

w h i l e  p e t ro le u m  i s  c l a s s i f i e d  i n  th e  l a t t e r .  S in ce  th e  main theme o f  

t h i s  p a p e r  i s  th e  econom ics o f  i n t e r n a t i o n a l  c ru d e  o i l ,  and i t  i s  

n o n - re n e w a b le ,  we w i l l  s tu d y  and a n a ly z e  th o s e  e x h a u s t i b l e  r e s o u r c e s  

w hich  a r e  n o t  r e n e w a b le .  T ha t i s ,  w henever we u se  th e  te rm  "ex h a u s ­

t i b l e  r e s o u r c e , "  we e x c l u s i v e l y  mean t h a t  k in d  o f  r e s o u r c e  w hich 

c a n n o t  be  r e c y c l e d .

The P r i c e  o f  th e  R esource

T here  a r e  two d i f f e r e n t  p r i c e s  f o r  an  e x h a u s t i b l e  r e s o u r c e ,  

nam ely , " s c a r c i t y  p r i c e "  and " p r i c e  i n  th e  m a r k e t . "  The s c a r c i t y  

p r i c e  o f  a  r e s o u r c e  i s  th e  m a rk e t  p r i c e  o f  th e  r e s o u r c e  when i t  i s  i n  

th e  g round .  Some a u th o r s  c a l l  t h i s  p r i c e  " s c a r c i t y  r e n t . "  The p r i c e  

i n  th e  m arke t  i s  a summation o f  th e  p r i c e  i n  th e  ground p lu s  e x t r a c t i o n  

and t r a n s p o r t a t i o n  c o s t s ,  and p r o f i t .

Q u a l i ty  d i f f e r e n c e s ,  such  a s  th e  v a r y in g  c o n c e n t r a t i o n  o f  

m e ta l s  i n  d i f f e r e n t  o r e s ,  a f f e c t  th e  p r i c e  o f  a  r e s o u r c e .  The 

m in e r a l  i n d u s t r i e s  g e n e r a l l y  h a n d le  t h i s  by th e  c o n ta in e d  m e ta l  

ap p ro a c h .  One m easures  th e  m e ta l  c o n ta in e d  i n  th e  o r e ,  r a t h e r  th a n  

t h e  g ro s s  w e ig h t  o f  th e  m a t e r i a l .  T h is  ap p ro ach  seems a p p r o p r i a t e  

h e r e  s i n c e  i t  p e r m i t s  us  to  i n c lu d e  a l l  d e p o s i t s  o f  th e  same m a t e r i a l .  

Q u a l i ty  d i f f e r e n c e s  become c o s t  d i f f e r e n c e s .
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Whenever th e  te rm  " p r i c e "  I s  u sed  i n  t h i s  paffer, we mean " n e t  

p r i c e , "  i . e . ,  th e  p r i c e  i n  th e  g round , u n le s s  o th e rw is e  s t a t e d .  T h is  

co n v e n t io n  i s  e q u a l  to  th e  assu m p tio n  t h a t  e x t r a c t i o n  and t r a n s ­

p o r t a t i o n  c o s t s  rem ain  th e  same th rough  t im e :

P r i c e  i n  th e  ground  » p r i c e  i n  th e  m arke t -  a l l  c o s t s .

I f  " a l l  c o s t s "  f o r  a  u n i t  o f  th e  r e s o u r c e  a r e  c o n s t a n t  th rough  t im e ,

th en  a l l  th e  changes w hich may happen f o r  p r i c e  i n  the  m arke t w i l l

t r a n s f e r  to  p r i c e  i n  th e  ground and v i c e  v e r s a .

A REVIEW OF THEORETICAL LITERATURE

A p io n e e r in g  a r t i c l e  by Lewis Gray in  1914 e n t i t l e d  "Rent

Under th e  A ssum ption o f  E x h a u s t i b i l i t y , " p r e s e n te d  the  b a s i c

p r o p o s i t i o n s  r e l a t i n g  to  th e  i n d i v i d u a l  f i r m .  He u sed  v e r b a l  a n a l y s i s
4

supp lem en ted  by n u m e r ic a l  exam ples , to  in g e n io u s ly  d i s t i n g u i s h  

betw een two k in d s  o f  b e h a v io r :  b e h a v io r  o f  th e  la n d  owner ( i n d e s t r u e t a b l e  

a s s e t ) ,  and th e  b e h a v io r  o f  th e  mine owner ( e x h a u s t i b l e  a s s e t ) .  Gray 

s a y s ,

A ccording  to  th e  R ic a rd ia n  th e o ry  o f  r e n t  th e  landow ner w i l l  
f i n d  i t  to  h i s  i n t e r e s t  to  add u n i t s  o f  l a b o r  and c a p i t a l  to  
a  g iv e n  s u r f a c e  o f  la n d  up to  th e  p o i n t  where th e  l a s t  u n i t  
a p p l i e d  j u s t  e q u a l s  th e  p ro d u c t  which m ight be d e r iv e d  from 
i t s  employment on m a rg in a l  l a n d .  I n  f a m i l i a r  p h ra s e o lo g y ,  
l a b o r  and c a p i t a l  a r e  added up to  th e  i n t e n s i v e  m arg in  o f  
c u l t i v a t i o n .  A ccord ing  to  th e  th e o r y ,  such  a  r a t i o  betw een 
th e  f a c t o r s  o f  p r o d u c t io n  w i l l  y i e l d  the  maximum r e n t a l  to  
th e  landow ner,  under  th e  g iv e n  c o n d i t i o n s .  The e x h a u s t i b i l i t y  
o f  th e  n a t u r a l  r e s o u r c e ,  how ever, d i c t a t e s  a  d i f f e r e n t  c o u r s e .
The owner o f  th e  mine may w e l l  h e s i t a t e  to  p ro cee d  beyond th e  
p o i n t  o f  maximum a v e ra g e  r e t u r n s  p e r  u n i t  o f  e x p en se .  At t h i s  
r a t e  o f  rem oval th e  av e ra g e  n e t  r e t u r n  p e r  to n  o f  c o a l  i s  a 
maximum, s i n c e  th e  av e ra g e  expense  o f  rem oval p e r  to n  i s  a 
minimum. (4)

H o t e l l i n g ' s  c l a s s i c  a r t i c l e ,  "The Economics o f  E x h a u s t ib le  

R esources"^- (1931) p ro v id e d  th e  f u l l e s t  t r e a tm e n t ;  he gave a  more 

p r e c i s e  d e f i n i t i o n  o f  e x h a u s t i o n ,  deve loped  a  m a th e m a t i c a l - a n a l y t i c a l
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fram ew ork, and o u t l i n e d  th e  a n a l y s i s  o f  s e v e r a l  b a s i c  c a s e s . ^  In  

P r o f e s s o r  Solow’s  w ords :  "L ik e  a l l  econom ic t h e o r i s t s ,  I  am i n  h i s  

d e b t . " ^

I t  i s  u n f o r t u n a t e  t h a t  th e  w hole i s s u e  o f  e x h a u s t io n  was 

a lm o s t  n e g l e c t e d  u n t i l  v e ry  r e c e n t  y e a r s .  D uring  the  1950 ' s  we can  

se e  one a r t i c l e  by H e r f i n d a h l .^  In  t h i s  a r t i c l e  he used  av e ra g e  and 

m a rg in a l  c o s t  c u rv e s  to  show G ray ’s  a n a l y s i s .  D uring th e  1960 ' s ,  

f o r t u n a t e l y ,  t h e r e  w ere s e v e r a l  good a r t i c l e s .  These works have 

c o n c e n t r a t e d  on a m p l i fy in g  p o r t i o n s  o f  G r a y - H o t e l l i n g ' s  work.
g

Anthony S c o t t  d ev e lo p ed  a more g e n e r a l  g e o m e tr ic  app roach  t h a t  c o u ld  

d e a l  w i th  c o m p l ic a t io n s  p roduced  by f o r c e s  such a s  s h i f t s  o f  p r i c e s  

and c o s t  o v e r  t im e .  H is  c o n c lu s io n  i s  t h a t  th e  r a t i o n a l  mine manager 

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

p ro d u c in g  a t  a  c o n s t a n t  a n n u a l  r a t e .  He w i l l  do t h i s  becau se  o f  

th e  e v e r - s h o r t e n i n g  f u t u r e  l i f e  o f  th e  m ine , even  i n  th e  ab sen ce  o f  

c o n d i t io n s  such  a s  d e t e r i o r a t i o n  o f  o r e  q u a l i t y ,  o r  f a l l i n g  p r i c e s  

and r i s i n g  c o s t s .  T h is  i s  b e c a u se  o f  th e  r i s i n g  v a lu e  o f  what 

P r o f e s s o r  S c o t t  c a l l s  th e  u s e r  c o s t  o f  m in ing  as  e x h a u s t io n  s h o r te n s
g

th e  f u t u r e  l i f e  o f  a m ine.

I t  was m a in ly  th e  p u b l i c a t i o n  o f  The L im i t s  to  Growth, p u b l i c i z i n g  

o f  th e  s o - c a l l e d  "Doomsday M o d e ls ,"  th e  w o rld -w id e  a t t e n t i o n  to  th e  

advan c in g  s c a r c i t y  o f  some raw m a t e r i a l s  i n  th e  w o r ld ,  and f i n a l l y  a  

g lo b a l  enigma ( o r  dilemma) te rm ed th e  " e n e rg y  problem " which have 

demanded t h a t  e c o n o m is ts  pay more a t t e n t i o n  to  t h e  Economics o f  

E x h a u s t ib le  R e s o u rc e s .  A l e a d in g  a r t i c l e  on t h i s  to p i c  i s  P r o f e s s o r  

S o low 's  "The Economics o f  R esou rces  o r  th e  R eso u rces  o f  Economics" (19 7 4 ) .  

Solow r e s t a t e d  c l e a r l y  t h e  n e o c l a s s i c a l  c o n d i t i o n s  n e c e s s a ry
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f o r  e f f i c i e n t  u t i l i z a t i o n  o f  an  e x h a u s t i b l e  r e s o u r c e  which were 

e x p lo re d  by H o t e l l i n g .

C oncern ing  th e  problem  und er  i n v e s t i g a t i o n ,  th e  t h e o r e t i c a l  

l i t e r a t u r e  can be summarized a s  f o l lo w s :

1. B eh av io r  o f  a  f i rm  when th e  m arke t i s  p e r f e c t  c o m p e t i t i o n . 

Case A: U n it  e x t r a c t i o n  c o s t  i s  c o n s t a n t  o r  n e g l i g i b l e .  In  t h i s  case  

th e  owner i s  i n d i f f e r e n t  to  s e l l i n g  a l l ,  p a r t  o r  none o f  h i s  mine i n  

the  p r e s e n t  p e r i o d ,  i . e . ,  h i s  su p p ly  f u n c t i o n  i s  p e r f e c t l y  e l a s t i c .  

Case B: Average c o s t  f u n c t io n  has  th e  f a m i l i a r  U -shape (F ig u re  1-1)

and i t  i s  c o n s t a n t  th rough  t im e .

P r i c e ,  C ost

;.ic
Rate o f  E x t r a c t i o n

F ig u re  1 -1 .  Optimum r a t e  o f  e x t r a c t i o n  f o r  a f i rm

4 8Gray b e l i e v e d  th e  r a t e  o f  e x t r a c t i o n  i s  OB. But S c o t t  su g g e s te d

t h a t  th e  f i rm  w i l l  t i l t  i t s  p r o d u c t io n  p la n  i n  f a v o r  o f  e a r l y

p e r i o d s ,  p l a c in g  th e  r a t e  somewhere betw een OB and OZ, such as  H,

where i n  e a r l y  p e r io d s  OH i s  c l o s e r  to  OZ b u t  i n  l a t e r  p e r io d s  i t

i s  c l o s e r  to  OB.

2 .  B ehav io r  o f  th e  i n d u s t r y  when th e  m arke t  i s  p e r f e c t  

c o m p e t i t io n . The l i t e r a t u r e  i s  m o s tly  conce rned  abou t th e  c o u rs e  o f  

th e  p r i c e  o f  th e  r e s o u r c e  and i t s  r a t e  o f  e x t r a c t i o n .  S ince  i t  i s  a 

m a t t e r  o f  i n d i f f e r e n c e  to  th e  owner o f  a mine w h e th e r  he r e c e iv e s  f o r  

a  u n i t  o f  h i s  p ro d u c t  a  p r i c e  Pq now o r  a  p r i c e  PQe ^ t  a f t e r  t im e t
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(where e ^  i s  a  d i s c o u n t  f a c t o r ) ,  i t  i s  n o t  u n re a s o n a b le  to  e x p e c t

t h a t  th e  p r i c e  P w i l l  be a  f u n c t i o n  o f  th e  t im e o f  th e  form P. ■ P e*’t .^t o

In  o t h e r  w ords , i f  each  y e a r  d u r in g  th e  p e r io d  o f  e x p l o i t a t i o n  i s  

to  have some p r o d u c t io n ,  no y e a r  can be  more a t t r a c t i v e  to  an  owner 

o f  a d e p o s i t  th a n  a n o t h e r ,  f o r  i f  i t  w e re ,  he and a l l  h i s  b r e t h r e n  

would s h i f t  p ro d u c t io n  to  t h a t  y e a r .  I t  means t h a t  th e  p r e s e n t  v a lu e  

o f  a  mine a t  d i f f e r e n t  p o i n t s  i n  tim e must be th e  same.

T h is  i s  th e  fundam en ta l p r i n c i p l e  o f  th e  economics o f  e x h a u s t i b l e  

r e s o u r c e s ,  and was th e  b a s i s  o f  H o t e l l i n g ' s  a r t i c l e .  He th o u g h t  o f  

i t  m a in ly  a s  a  c o n d i t io n  o f  f low  e q u i l i b r i u m  i n  th e  m arke t f o r  th e  

r e s o u r c e :  i f  p r i c e  i s  I n c r e a s i n g  l i k e  compound i n t e r e s t ,  owners o f  

o p e r a t i n g  mines w i l l  be i n d i f f e r e n t  a t  th e  m argin  between e x t r a c t i n g  

and h o ld in g  a t  ev e ry  i n s t a n t  o f  t im e .  Solow deduced i t  a s  a  c o n d i t io n  

o f  s to c k  e q u i l i b r i u m  i n  th e  a s s e t  m a rk e t :

A r e s o u r c e  d e p o s i t  draws i t s  m arke t v a l u e ,  u l t i m a t e l y ,  
from th e  p ro s p e c t  o f  e x t r a c t i o n  and s a l e .  In  th e  m eanw hile , 
i t s  owner, l i k e  th e  owner o f  e v e ry  c a p i t a l  a s s e t ,  i s  a s k in g :
What have you done f o r  me l a t e l y ?  The o n ly  way t h a t  a 
r e s o u r c e  d e p o s i t  i n  th e  ground and l e f t  i n  th e  ground can  
p roduce  a c u r r e n t  r e t u r n  f o r  i t s  owner i s  by a p p r e c i a t i n g  in  
v a l u e .  A ss e t  m a rk e ts  can be in  e q u i l i b r i u m  o n ly  when a l l  
a s s e t s  i n  a  g iv e n  r i s k  c l a s s  e a rn  th e  same r a t e  o f  r e t u r n ,  
p a r t l y  a s  c u r r e n t  d iv id e n d  and p a r t l y  a s  c a p i t a l  g a i n .  The 
common r a t e  o f  r e t u r n  i s  th e  i n t e r e s t  r a t e  f o r  t h a t  r i s k  
c l a s s .  S in ce  r e s o u r c e  d e p o s i t s  have  th e  p e c u l i a r  p r o p e r ty  
t h a t  th ey  y i e l d  no d iv id e n d  so long  a s  th e y  s t a y  i n  th e  g round , 
i n  e q u i l i b r i u m  th e  v a lu e  o f  a  r e s o u r c e  d e p o s i t  must be 
growing a t  a  r a t e  e q u a l  to  th e  r a t e  o f  i n t e r e s t .  S ince  th e  
v a lu e  o f  a  d e p o s i t  i s  a l s o  th e  p r e s e n t  v a lu e  o f  f u tu r e  s a l e s  
from i t ,  a f t e r  d e d u c t io n  o f  e x t r a c t i o n  c o s t s ,  r e s o u rc e  owners 
must e x p e c t  th e  n e t  p r i c e  o f  th e  o r e  to  be  i n c r e a s in g  
e x p o n e n t i a l l y  a t  a  r a t e  e q u a l  to  t h e  r a t e  o f  i n t e r e s t .  ( 2 )

Using th e  f a m i l i a r  g e o m e tr ic  ap p ro ac h ,  th e  c o u rse  o f  p r i c e  

and d e p l e t i o n  r a t e  can be shown by F ig u re s  1-2  and q u a d ra n t  4 o f  

F ig u re  1 -4 ,  r e s p e c t i v e l y .
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P r i c e P r i c e

j t-

j Time

F ig u re  1 -2 .

T

q = f ( p )

P o

o
Q u a n ti ty

The c o u rse  o f  p r i c e  o v e r  tim e

F ig u re  1 -3 .

Demand f o r  the  r e s o u r c e

P r i c e

Q uadrant I I Q uadrant I

Q u a n t i ty Time

Q uadrant I I I , Q uadran t IV

f ( t )

Q u a n t i ty

F ig u re  1 -4 .

The c o u rs e  o f  p r i c e  and  d e p l e t i o n  r a t e  o v e r  time
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3. Monopoly. H o t e l l i n g  c o n s id e r e d  a  v e ry  s im p le  c a s e  where 

demand i s  known and rem ains  c o n s t a n t  th ro u g h  t im e .  For each  p e r io d  

th e  m onopoly 's  r ev en u e  ( i n  th e  ab sen ce  o f  p r o d u c t io n  c o s t  revenue  i s  

th e  same a s  p r o f i t )  i s  y = pq . The m onopo ly 's  o b j e c t i v e  i s  to  maximize 

th e  p r e s e n t  v a l u e ,

( 1 - 1 ) P .v .  = f  qp(q) e iC d t ,
0

o f  th e  mine s u b j e c t  to  th e  c o n d i t io n

( 1 - 2 ) f  q d t  => r
0

where r  i s  the  t o t a l  d e p o s i t  o f  th e  m ine. Because no d e r i v a t i v e  i s  

in v o lv e d  un d er  th e  i n t e g r a l  s i g n s ,  he s u g g e s te d  in s t e a d  to  maximize

(1 -3 )  p q (p )  e it: -  A q,

where A i s  a L agrange m u l t i p l i e r ,  f o r  ev e ry  v a lu e  o f  t .  The f i r s t  

o rd e r  c o n d i t io n  i s :

( 1 - 4 )  - A - ( p q )  - p  +  q - ^ - . X e 1 1 .

H o te l l in g  d id  n o t  i n t e r p r e t  X, b u t  i t  can  be seen  as  th e  p r e s e n t  

v a lu e  o f  m a rg in a l  p r o f i t ,  i . e . ,  i n  c a s e  o f  monopoly, th e  fundam en ta l p r i n ­

c i p l e  o f  th e  econom ics o f  e x h a u s t i b l e  r e s o u r c e s  s ay s  t h a t  i t  i s  the

m a rg in a l  p r o f i t  t h a t  h a s  to  be g row ing , and i s  ex p ec ted  to  grow

2
p r o p o r t i o n a l l y  l i k e  th e  r a t e  o f  i n t e r e s t .

There  a r e  a t  l e a s t  two re a s o n s  t h a t  t h e o r e t i c a l  l i t e r a t u r e  i s  

i n s u f f i c i e n t  to  answ er th e  q u e s t io n  which was r a i s e d  a t  th e  b eg in n in g  

o f  t h i s  c h a p t e r :  ( 1 ) i t  i s  n o t  i n  th e  form o f  su p p ly  f u n c t io n  i n  o r d e r  

to  be t e s t e d  by th e  d a t a  o f  th e  r e a l  w o r ld  and ( 2 ) th e  assu m p tio n  o f



22

c o n s t a n t  demand f u n c t i o n  i s  f a r  from r e a l i t y .  A c c o rd in g ly ,  th e  

rem a in d e r  o f  t h i s  c h a p te r  w i l l  be d ev o ted  to  th e  fo l lo w in g  s u b j e c t s :  

th e  d e f i n i t i o n  and d e r i v a t i o n  o f  a  f u n c t i o n  which re s e se m b le s  th e  

s u p p ly  f u n c t i o n  o f  a  mine under  g iv e n  c o n d i t io n s  and th e  p r e s e n t a t i o n  

o f  th e  c o u rse  o f  p r i c e  and d e p l e t i o n  r a t e s  i n  th e  c a s e  o f  im p e r f e c t  

c o m p e t i t io n  when th e  demand f o r  the  r e s o u r c e  does n o t  n e c e s s a r i l y  

rem ain  th e  same th rough  t im e .
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THE USER COST FUNCTIONS 

Having p r e s e n te d  some i n t r o d u c t o r y  n o te s  and a  rev iew  o f  th e  

t h e o r e t i c a l  l i t e r a t u r e ,  l e t  us  c o n s id e r  th e  b e h a v io r  o f  a mine owner 

under  c o n d i t i o n s  o f  im p e r f e c t  c o m p e t i t io n  and known d eg ree  o f  

c e r t a i n t y .  To p r e s e n t  an  a n a l y t i c a l  framework to  be t e s t e d  by the  

d a t a  o f  th e  r e a l  w o r ld ,  we n o t  o n ly  have to  make some assu m p tio n s  

ab o u t  th e  n a t u r e  o f  th e  p rob lem , b u t  we have to  s im p l i f y  th e  complex 

p rob lem s o f  th e  r e a l  w o r ld ,  a s  w e l l .  A c c o rd in g ly ,  we may c o n s id e r  

th e  s im p le  c a se  o f  a mine owner whose o b j e c t i v e  i s  to  maximize h i s  

( p r o p e r ly  d i s c o u n te d )  i n t e r t e m p o r a l  p r o f i t ,  and n o t  h i s  i n s t a n ta n e o u s  

p r o f i t .

A ssum ptions and D e f i n i t i o n s  

In  o r d e r  to  a c h ie v e  h i s  o b j e c t i v e ,  we assume t h a t  th e  mine 

owner h as  o b ta in e d  th e  fo l lo w in g  knowledge and in fo rm a t io n :

Assum ption 1

"The q u a l i t y  o f  th e  r e s o u r c e  i s  homogeneous; th e  t o t a l  p ro -  

d u c e a b le  s to c k  o f  th e  r e s o u r c e  can be e s t im a te d  and i t  i s  a c c e s s i b l e  

to  o n ly  one f i r m  (o r  a  group o f  f i rm s  which a c t  c o l l e c t i v e l y ) . "  (For 

th e  r a t i o n a l e  o f  the  a s su m p tio n  and some e x p l a n a t i o n s ,  se e  Appendix I -A .)

D e f i n i t i o n  1

F or  each  u n i t  o f  e x t r a c t i o n  o f  th e  r e s o u r c e  in  a p e r i o d ,  t ,  

t h e r e  w i l l  be one u n i t  l e s s  rem a in in g  f o r  th e  f u t u r e  p e r i o d s .  The 

e x p e c te d  d i s c o u n te d  p r o f i t  i s  fo reg o n e  b e c a u se  th e  e x t r a c t i o n  o f  t h i s
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u n i t  i s  c a l l e d  th e  " u s e r  c o s t "  o f  th e  u n i t .  S i m i l a r l y ,  each e x t r a  

u n i t  i n  t h e  p e r io d  t  w i l l  c r e a t e  an e x t r a  u s e r  c o s t .  The l o c a t i o n  

o f  th e  u s e r  c o s t s  c o n s t i t u t e  th e  u s e r  c o s t  cu rv e  o r  u s e r  c o s t  f u n c t io n .

A ssum ption 2

As lo n g  as  th e  o p e r a t io n  o f  a mine i s  econom ica l and th e  

e x p e c te d  te ch n o lo g y  rem ains  more o r  l e s s  th e  same, the  e x t r a c t i o n  c o s t  

has  no s i g n i f i c a n t  im pact on th e  r a t e  o f  e x t r a c t i o n .  The u s e r  c o s t ,  

however, d o e s .  (For th e  r a t i o n a l e  o f  t h i s  a s su m p tio n ,  s ee  Appendix I - B . )

A ssum ption 3

The d e g re e  o f  u n c e r t a i n t y  can be e s t im a te d  and shown w i th i n  

th e  d i s c o u n t  c o e f f i c i e n t .  In  o t h e r  w ords,  " i "  i n  th e  d i s c o u n t  c o e f f i c ­

i e n t  ( 1  + i )  re sem b le s  th e  i n t e r e s t  r a t e  and r i s k  c o e f f i c i e n t ;  i . e . ,
—  £

we may say  t h a t  th e  n o t a t i o n  [ ( F u tu r e  P r o f i t )  (1 + i )  ] r e p r e s e n t s  

t h e  p r e s e n t  v a lu e  o f  th e  f u t u r e  p r o f i t s  i n  th e  c a s e  o f  p e r f e c t  

c e r t a i n t y .  However, we may c a l l  i t  th e  ex p ec ted  d is c o u n te d  f u tu r e  

p r o f i t ,  i n  c a se  o f  known d e g re e  o f  u n c e r t a i n t y .  The low er th e  d eg ree  

o f  u n c e r t a i n t y ,  th e  c l o s e r  w i l l  " i "  be to  th e  i n t e r e s t  r a t e .

A ssum ption 4

Time i s  d i s c r e t e ;  t  = 0 d e n o te s  th e  p r e s e n t  p e r io d  and t  = T 

d e n o te s  t h e  l a s t  p e r io d  o f  e x t r a c t i o n .  T i s  a d e c i s i o n  v a r i a b l e  f o r  

th e  f i rm  and i s  n o t  exogenously  d e te rm in e d .  S ince  th e  q u a n t i t y  o f  an  

e x h a u s t i b l e  r e s o u r c e  and i t s  p r i c e  may be chang ing  c o n t in u o u s ly ,  i t  

would seem th e  economic a n a l y s i s  o f  th e  r e s o u rc e  sh o u ld  be i n  te rm s o f  

r a t e s  o f  f low  a t  each  moment o f  t im e ,  t r e a t i n g  th e  p ro c e s s  a s  

c o n t in u o u s  th ro u g h  t im e .  T h is  i s  n o t  an i n e v i t a b l e  c o n c lu s io n ,  however, 

and o f t e n  i t  i s  p r e f e r a b l e  to  assume t h a t  th e  v a r i a b l e s  ( p r i c e  and



25

q u a n t i t y )  change d i s c o n t i n u o u s l y  so  t h a t  i n s t e a d  o f  sp e a k in g  o f  a 

" r a t e  o f  f low  a t  a  p o i n t  o f  t im e "  we sp e a k  o f  th e  "am o u n t ,"  ( p r i c e ,  

q u a n t i t y )  d u r in g  a  p e r io d  o f  t im e .  T h is  g iv e s  us th e  g r e a t  ad v a n ta g e  

o f  b e in g  a b l e  to  c o n s t r u c t  a  s t e p - b y - s t e p  a n a l y s i s  o f  th e  q u a n t i t y  

and p r i c e  changes  th ro u g h  t i m e . ^  One o f  th e  a d v a n ta g e s  o f  t h i s  

m ethod i s  t h a t  i t  i s  a  r e a s o n a b le  a p p ro x im a t io n  o f  r e a l i t y .  The 

s t a t i s t i c s  we have o f  f low s i n  th e  economy do n o t  r e l a t e  to  tim e r a t e s  

b u t  to  am ounts o v e r  a  p e r i o d .  We do n o t  know th e  ex  p o s t  r a t e  o f  

c ru d e  o i l  im p o r ts  on 8  a .m . on Septem ber 12, b u t  we know th e  ex  p o s t  

im p o r ts  o f  th e  whole month o f  S ep tem ber .  In  o t h e r  w o rd s ,  ou r  knowledge 

o f  much o f  th e  economic sy s tem  i s  d i s c o n t in u o u s ,  so t h a t  an a n a l y s i s  

w hich i s  d i s c o n t in u o u s  w i th  r e g a r d  to  tim e i s  o b v io u s ly  w e l l  s u i t e d  

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

A ssum ption  5

q fc d e n o te s  th e  r a t e  o f  e x t r a c t i o n  a t  tim e t .  For s i m p l i c i t y ,  

we assume away th e  p o s s i b i l i t y  o f  s t o r a g e  so t h a t  a l l  o u tp u t  q t  i s  

s o ld  d u r in g  p e r io d  t .

A ssum ption  6

The i n s t a n t a n e o u s  demand cu rv e  ( p fc) f a c i n g  th e  f i r m  f o r  each 

p e r i o d  can be  e s t i m a t e d  a t  th e  p r e s e n t  tim e and i s  n o t  n e c e s s a r i l y  th e  

same o v e r  t im e .

A ssum ption  7

q t (p t ) i s  a  v a r i a b l e  w i th  th e  f o l lo w in g  r a n g e s :

d T
0  * ^  P.. • q t  and XL q ^  r  w here dg ^  0

C dpf  t - 1  C dp



D e f i n i t i o n  2

The u s e r  c o s t  can be m easured  by means o f  t h r e e  d i f f e r e n t  

u s e r  c o s t  f u n c t i o n s :  TOTAL USER COST, AVERAGE USER COST, and 

MARGINAL USER COST f u n c t i o n s .  These can be d e r iv e d  from th e  ex p e c te d  

d i s c o u n te d  f u t u r e  t o t a l ,  av e ra g e  and m a rg in a l  p r o f i t s  r e s p e c t i v e l y .  

The fo l lo w in g  i s  a n u m e r ic a l  example to  i l l u s t r a t e  th e  d e r i v a t i o n  

o f  th e  u s e r  c o s t  f u n c t i o n .

Example 1 : C o n s id e r  a h y p o t h e t i c a l  mine owner whose o b j e c t i v e  

and in fo rm a t io n  have been e x p la in e d  by th e  p re c e d in g  assu m p tio n s  and 

th e  fo l lo w in g  s t a t i s t i c s :

1 -  E s t im a te d  t o t a l  p roved  r e s e r v e  a t  time " t "  i s  " r ^ " .

2 -  The l a s t  p e r io d  o f  e x t r a c t i o n  i s  "T".

3 -  The d is c o u n te d  c o e f f i c i e n t  o f  th e  f u t u r e  p e r io d  i s

( i  +  i ) ' T + t .

A -  The e s t im a te d  demand f u n c t i o n s  f o r  th e  p r e s e n t  and th e

f u t u r e  p e r io d s  a r e :

p = a -  b q o o o o

pi  ■ a i  -  V i

p t  * a t  ‘  b t q t

5 -  A ccord ing  to  th e  above in f o r m a t io n  and d e f i n i t i o n s ,  th e  

A verage U ser C ost i n  p e r io d  t  (AUCfc) o f  t h i s  mine i s :

( 1 - 5 )  AUCC -  ^  q t

w h e re :



P r i c e
AUC
MR
MUC

+

FUTURE PRESENT

E x t r a c t i o n  
R a t e ._____

E x t r a c t i o n
R a te ,

.e se rve
R eserve

F ig u r e  1 -5 .

A verage and m a rg in a l  u s e r  c o s t  f u n c t i o n s
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Legend F ig u re  1-5

AE = Demand f o r  th e  p r e s e n t  p e r io d  (P^ = a^  -  bo tlÔ

AE « M arg ina l rev en u e  f o r  th e  p r e s e n t  p e r io d  (Pq ■ a^  -  2b^qQ) 
/

AR ■ Demand f o r  th e  f u t u r e  p e r i o d .
*

AR » M arg ina l  revenue  o f  t h e  f u t u r e  p e r io d  
✓

BE = Average u s e r  c o s t  f o r  th e  p r e s e n t  p e r io d  (AUCq)

GE = M arg ina l u s e r  c o s t  f o r  the  p r e s e n t  p e r io d  (MUC^)

OR » T o ta l  d e p o s i t s  o f  th e  r e s e r v e s

Oq ■ R ate  o f  e x t r a c t i o n  d u r in g  th e  p r e s e n t  p e r io d

Op = p r i c e  f o r  th e  p r e s e n t  p e r io d

. = AP
0  '  u EP

a o "  0A
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Bt - V
J=»l t+ J

S i m i l a r l y ,  th e  m a rg in a l  u s e r  c o s t  f o r  t h i s  mine in  p e r io d  t  w i l l  be:

At  “  Rt  2qt( i - 6 ) m u c ^ - ^  +

6  -  I f  i  = 0 and T = t  -  1:

AUC = a ,  -  b . r  + b .q  ( s e e  F ig .  1 - 5 ) .  o 1 1 o 1 o °

Theorem 1

T hat r a t e  o f  p r o d u c t io n  which i s  th e  r e s u l t  o f  th e  i n t e r ­

s e c t i o n  o f  MRfc w ith  MUĈ  i s  th e  optimum r a t e  o f  e x t r a c t i o n  f o r  th e  

mine ow ner. I t  i s  i d e n t i c a l  w i th  th e  r a t e  o f  e x t r a c t i o n  which i s  th e  

r e s u l t  o f  th e  I n t e r s e c t i o n  o f  AR^ w ith  AUC^ o r  TR^ w ith  TUC^.

Using th e  p re c e d in g  n u m e r ic a l  exam ple , the  optimum r a t e  o f  e x t r a c t i o n  

i s :

a B - A + R  . T ..
_ t  t  t  t  ( s e e  F ig .  1 - 6 ) .

d - 7) q t  "  ~  + 2T b
t  t

A p p l i c a t io n

The a p p l i c a t i o n  o f  th e  model w i l l  be p r e s e n te d  i n  C hap te r  th r e e  

o f  t h i s  p a p e r .  However, a b r i e f  summary— to  show how t h i s  model can

be a p p l i e d  to  t h e  r e a l  w o r ld — c o n c lu d es  t h i s  p a r t .

Having r e c e iv e d  some in fo rm a t io n  from th e  g e o l o g i s t  ( c o n c e rn in g

th e  q u a n t i t y  o f  p roved  r e s e r v e :  r  = r ) ; from th e  e c o n o m e tr ic ia n
A

(c o n c e rn in g  th e  e s t i m a t io n  o f  demand f o r  th e  f u t u r e :  p = -  b t q £) ;

and from a  b a n k e r  ( c o n c e rn in g  th e  r a t e  o f  i n t e r e s t :  i  = 1 ) ,  th e  f i rm
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MUC
MR
AUC, TR

TUC,

PRESENT
PERIOD

E x t r a c t i o n
R a te ,  .--------
R eserves

F ig u re  1 -6 .

U ser c o s t  f u n c t io n s  and optimum r a t e  o f  e x t r a c t i o n
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Legend F ig u r e  1-6

/

AE ■ Demand cu rv e

AE “  M a rg in a l  rev en u e  c u rv e

BE ■ A verage u s e r  c o s t  c u rv e

GE « M a rg in a l  u s e r  c o s t  c u rv e  
r

ORLM = T o t a l  rev en u e  

OULN « T o ta l  u s e r  c o s t

OR * The r e s e r v e  a t  th e  b e g in n in g  o f  th e  p r e s e n t  p e r io d  

Oq ■ The r a t e  o f  e x t r a c t i o n  d u r in g  th e  p r e s e n t  p e r io d  

qR =» The re m a in in g  r e s e r v e  f o r  th e  f u t u r e  

OP = The p r i c e  o f  th e  r e s o u r c e  

LL = PE = Oq
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owner needs  some a d v ic e  from ou r  User C ost F u n c t io n  to  t e l l  him:

"How much sh o u ld  he p u t  i n  th e  m arket?  o r  "how much s h o u ld  he a s k  f o r  

a  u n i t  o f  t h e  r e s o u rc e  to d a y ?"  A c tu a l ly ,  t h i s  i s  n o t  th e  o n ly  tim e 

he need s  th e  a d v ic e ,  he may want i t  l a t e r  on , to o .  Whenever he 

r e c e iv e s  good o r  bad news from th e  g e o l o g i s t  (AR), o r  from th e  

e c o n o m e tr ic ia n  (AD), o r  from th e  b a n k e r  ( A i ) , h e  comes to  th e  

U ser C ost F u n c t io n  and a s k s :  "How sh o u ld  I  r e a c t  to  t h i s  news, do 

I  change p o r  q?" UC g iv e s  th e  fo l lo w in g  answ ers :

(1) 3UC 
3R < 0

(2) 3UC ,
9 i

(3) 3UC .
3a °

(4) 9UC f
3b

The r e l a t i o n  (1) s im p ly  s a y s :  "Whenever th e  g e o l o g i s t  comes w i th  good 

news o f  new d i s c o v e r i e s ,  i t  i s  good news f o r  consum ers , t o o . "

I f  Rf ■+ UC + -*■ p 4- t  r t

The r e l a t i o n  (2) s u g g e s t s  t h a t :  "bad news from th e  b an k e r  i s  a bad 

th i n g  i n  th e  long  ru n ;  b u t  when i t ' s  w orse f o r  th e  ow ner, i t ' s  good 

f o r  th e  consum ers ."

I f  i t  UC + -»■ P + t  t

R e l a t i o n  (3) i s  n o t  new to  u s :  "One o f  th e  p r i c e s  o f  grow th i s  

i n f l a t i o n . "  For exam ple,

I f  GNPt -*■ Demand f o r  energy*  ■+ D f o r  o i l *  UC^* ->■ ^
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and f i n a l l y ,  (4) g iv e s  a  m essage w hich we a l r e a d y  know: "New in v e n t io n s

f o r  new e n e rg y  a r e  a  n ig h tm a re  f o r  th e  o i l  o w n er ."  F or  exam ple ,

I f  P ro d u c t io n  C ost o f  N u c le a r  Energy-)- -+ D f o r  oil-1- -+■ UC.+ -*■ P +t  t

THE COURSE OF THE PRICE AND DEPLETION RATE:

THE CASE OF MONOPOLY

A ccord ing  to  the  fu n d am e n ta l  p r i n c i p l e  o f  th e  econom ics o f  

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

t h e  r e s o u r c e  i n c r e a s e s  o v e r  tim e b u t  th e  r a t e  o f  consum ption  d e c r e a s e s  

o v e r  t im e ,  i . e . :

(A) dg. < o 
d t

(B) &  > o

( 1 - 8 ) p t  -  PQe i t

In  th e  c a se  o f  monopoly, th e  above r e l a t i o n s  may o r  may n o t  be  c o r r e c t ,  

i . e . :

(A) dg, < 0  
d t

(B) dp, £ o 
d t

( 1 - 9 )  P t  *  P o e U

L e t  us s e e  how and when th e  p r e c e d in g  r e l a t i o n s  a r e  a p p l i c a b l e  

to  monopoly, and  why. The n e c e s s a r y  c o n d i t i o n  f o r  th e  m o n o p o l is t  to  

maximize h i s  p r e s e n t  v a lu e  o f  mine p r o f i t s  i s  to  maximize th e  fo l lo w in g  

f u n c t i o n :
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Pi qi  PTqT( 1- 10)

s u b j e c t  t o :

T
( 1 - 1 1 ) Z q -  r  

t = 0  c

To o b t a in  th e  maximum v a lu e  f o r  ( 1 - 1 0 ) ,  s u b j e c t  to  th e  c o n s t r a i n t  o f  

( 1 - 1 1 ) i t  i s  enough to  maximize ( 1 - 1 2 ) ,  th e  augmented o b j e c t i v e  f u n c t i o n .

(1-12) z = pQq0 + + . . .  + * -  x (q-L + • ■ • + qT " r ) .
( 1 +1 )

The f i r s t  o r d e r  c o n d i t i o n  i s :

d p t  t(1 -13) p t  + q t  = X (l+ i)

X , w hich i s  a  L agrange m u l t i p l i e r ,  can be i n t e r p r e t e d  as  th e  p r e s e n t

v a lu e  o f  m a rg in a l  r e v e n u e .  T h is  c o n c lu s io n  i s  s i m i l a r  to  ( 1 - 4 ) ;

n e v e r t h e l e s s ,  I  do n o t  assume c o n s ta n t  demand f u n c t io n  th rough  t im e .

R e la t io n  1-13 i n d i c a t e s ,  u n l ik e  th e  c a se  o f  p e r f e c t  c o m p e t i t io n ,  t h a t

th e r e  i s  a  r e l a t i o n s h i p  betw een th e  p r i c e  o f  th e  r e s o u rc e  i n  each

p e r io d  and th e  e l a s t i c i t y  o f  demand i n  t h a t  p e r io d .  I f  we r e - w r i t e

e q u a t io n  1 -1 3 ,  we h av e :

q dp
(1 -14)  p (1 + . - r ^ - )  -  A Q +i)*1;

Pt  awt

o r

(1 -15)  p (1 + 7 ) = A U + D St  e

(where e l a s t i c i t y  o f  demand = e = ^
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and f i n a l l y :

C 1 —e

To see  t h e  im p o r ta n c e  o f  e q u a t io n  1-16 and to  u n d e r s ta n d  th e  

i m p l i c a t i o n  o f  t h i s  c o n c l u s i o n ,  l e t  us do some e x e r c i s e s .  F i r s t ,  l e t  

us c o n s i d e r  a  c a s e  w here e l a s t i c i t y  o f  demand i s  th e  same f o r  each 

p e r i o d ,  i . e . :

G1 3  £2 = G3 "  ■** £T ^ 0 *

1 —  1 —  ;
E £  *

= ^  ( 1+ i ) 11

p ‘ i - ie

We can  r e - w r i t e  th e  above a s  fo l lo w s :

(1 -1 8 )  p0  ( 1  -  j )  = X

P t  (1 -  \ )  = M l  + D * .

Or,

( I - ! 9 )  f o  = — L _ ^  p -  p (1 + i ) *  
p t  ( 1 + i )

R e l a t i o n  1-19 i s  c o r r e c t  i n  monopoly i f  and o n ly  i f  ^  • • •  eT = e ,

w h i le  i t  i s  t r u e  f o r  c o m p e t i t io n  i n  any c a s e .
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S e c o n d ly ,  l e t  U3 c o n s id e r  a c a s e  w here th e  e l a s t i c i t y  o f  demand 

f o r  th e  second  p e r io d  i s  l e s s  th a n  f o r  th e  f i r s t  p e r i o d ,  i . e . :

i f  e > e .  th e n  —-— < —
t “ 1  e t - l  e t

and 1  -  ——  > 1 ---- —
e t - l  e t

° r  Pt  > p t - l ( 1  + i ‘> *

T h is  means t h a t  i f  th e  e l a s t i c i t y  o f  th e  second  y e a r  i s  l e s s  th a n  th e

e l a s t i c i t y  o f  th e  f i r s t  y e a r ,  th e  i n c r e a s e  i n  th e  p r i c e  i s  more th an

th e  r a t e  o f  i n t e r e s t .  In  g e n e r a l :

(1 -2 0 )  I f  E l a s t i c i t y  o f  ^  = eD2  th e n  p 2  = p (1 + i )

(1 -2 1 )  I f  e > e 2  th e n  p 2  > p (1 + i )

(1 -2 2 )  I f  < e 2  th e n  p 2  < p ^ ( l  +  i ) .

C o n s e q u e n t ly ,  i n  the  c a s e  o f  monopoly:

(1 -1 3 )  P fc £ pQ( l  + 1 ) Z .
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DUOPOLY & CARTEL 

We have  s e e n  some o u t l i n e s  o f  th e  econom ics o f  e x h a u s t i b l e  

r e s o u r c e s  u n d e r  p e r f e c t  c o m p e t i t io n ,  w here each  f i rm  i n d i v i d u a l l y  h as  

no i n f l u e n c e  on th e  m a rk e t  b e h a v i o r ;  and un d er  monopoly, w here a 

s i n g l e  f i rm  i s  th e  o n ly  p ro d u c e r  o f  th e  r e s o u r c e .  I n t e r m e d ia t e  

betw een p e r f e c t  c o m p e t i t io n  and monopoly, and more c l o s e l y  r e l a t e d  

th a n  e i t h e r  to  th e  r e a l  w o r ld ,  i s  th e  c o n d i t i o n  i n  w hich t h e r e  a r e  

a  few com peting  p r o d u c e r s .  T here  i s  v a l u a b l e  t h e o r e t i c a l  l i t e r a t u r e  

on " d u o p o l y " ^  w hich f a c i l i t a t e s  i n t r o d u c in g  th e  p roblem  w i th o u t  

p r e s e n t i n g  u n n e c e s s a ry  d e t a i l s .

E x t e r n a l i t i e s  and C o l lu s io n

A cco rd ing  to  th e  n e o c l a s s i c a l  p r i c e  th e o ry ,  a s  long  as  th e

e l a s t i c i t y  o f  demand f o r  a  commodity i s  l e s s  th a n  i n f i n i t y  ( th e  demand

s c h e d u le  f o r  th e  commodity i s  n o t  p e r f e c t l y  e l a s t i c ) ,  t h e r e  w i l l  be

some " e x t e r n a l  d is e c o n o m ie s "  f o r  th e  f i rm s  p ro d u c in g  t h a t  commodity.

T h is  e x t e r n a l i t y  i s  r o o te d  to  th e  n a t u r e  o f  th e  demand, r e g a r d l e s s  o f

th e  s u p p ly  w hich may o r  may n o t  be  a f f e c t e d  by e x t e r n a l i t i e s .  In

o t h e r  w ords ,  each  f i r m  i n  th e  i n d u s t r y  c o n t in u e s  to  i n c r e a s e  i t s

p r o d u c t io n  i n  o r d e r  to  maximize i t s  p r o f i t  up to  th e  p o i n t  where

MR * MC . By t h i s  a c t i o n ,  how ever,  each  f i rm  i n t r o d u c e s  some e x t e r -  
t  t

n a l  d is e c o n o m ie s  to  th e  o t h e r  f i rm s  i n  th e  i n d u s t r y .  The r e s u l t  o f  

t h e s e  d iseco n o m ies  i s  th e  lo w e r in g  o f  th e  i n d u s t r y  p r i c e  to  a  l e v e l  

w here AR^ = MC  ̂ f o r  th e  i n d u s t r y .
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To m inim ize  th e  e x t e r n a l  d ise c o n o m ie s ,  t h a t  i s  to  i n t e r n a l i z e  th e  

e x t e r n a l i t i e s  by means o f  c o l l u s i o n  o r  c o o p e r a t io n ,  th e  f i rm s  o f  th e  

i n d u s t r y  may f i n d  i t  b e n e f i c i a l  to  g e t  t o g e th e r  and c o o p e ra te  w ith  

each  o th e r  a g a i n s t  t h e i r  c u s t o m e r s . ^  T h e r e f o r e ,  c o l l u s i o n  o r  co­

o p e r a t io n  which i s  aimed a t  m in im iz in g  th e  e x t e r n a l  d iseconom ies  and 

c o n se q u e n t ly  maximizes th e  f i r m 's  p r o f i t s ,  can  be c o n s id e re d  a  f a c t o r  

o f  p r o d u c t io n .  The f i rm  w i l l  c o n t in u e  to  use  i t ,  l i k e  any o t h e r  f a c t o r  

o f  p r o d u c t io n ,  u n t i l  th e  v a lu e  o f  i t s  m a rg in a l  p ro d u c t  exceeds o r  i s  

a t  l e a s t  e q u a l  to  i t s  m a rg in a l  c o s t s .

The c o s t s  o f  c o l l u s i o n  can be d iv id e d  in t o  i n s t i t u t i o n a l  and 

economic c o s t s .  I n s t i t u t i o n a l  c o s t s  a r e  th o se  la w s ,  r e g u l a t i o n s ,  

and p u b l i c  o p in io n  which f o r b id  th e  u se  o f  c o l l u s i o n  by f i r m s .  To 

m easure th e  economic c o s t s  o f  c o l l u s i o n  we sh o u ld  make th e  d i s t i n c t i o n  

betw een an e x h a u s t i b l e  r e s o u rc e  and an in e x h a u s t i b l e  commodity. I f  

th e  commodity I s  i n e x h a u s t i b l e  th e n  F ig u re s  1-7 and 1-8  e x p l a in  th e  

whole story.'*'®

I f  a  r e s o u r c e  i s  s c a r c e  and e x h a u s t i b l e ,  we ex p e c t  a low er 

economic c o s t  o f  c o l l u s i o n .  With l e s s  to  lo s e  by a  tem porary  r e d u c t io n  

in  s a l e s ,  a  s e l l e r  w i l l  be p a r t i c u l a r l y  I n c l i n e d  to  ex p er im en t by 

r a i s i n g  h i s  p r i c e  ( a n d /o r  by r e d u c in g  th e  r a t e  o f  e x t r a c t i o n )  In  

th e  hope t h a t  h i s  c o m p e t i to r s  w i l l  a l s o  i n c r e a s e  t h e i r  p r i c e s  

( a n d /o r  c u t  back  t h e i r  p r o d u c t i o n ) .  To i l l u s t r a t e  t h i s  p o i n t ,  we 

w i l l  c o n s id e r  th e  ex trem e c a se  o f  c o l l u s i o n  ( o r  c o o p e ra t io n )  i  . e . ,  th e  

c a s e  o f  c a r t e l ,  and we w i l l  m easure th e  economic c o s t s  f o r  a  member 

f i rm  un d er  d i f f e r e n t  assu m p tio n s  and c i r c u m s ta n c e s .
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P
MC
MR

F ig u r e  1 -7 .

C o l lu s io n  c o s t :  The c a se  o f  an  i n e x h a u s t i b l e  r e s o u r c e

The s u p p ly  f u n c t i o n  h as  n o t  b een  a f f e c t e d  by e x t e r n a l i t i e s .

A c tu a l  c o s t  o f  c o l l u s i o n  f o r  th e  f i r m  i s  EHM, b u t  t h e  b e n e f i t
18

o f  c h e a t in g ,  a s  th e  f i rm  s e e s  i t ,  i s  ABM.

MC
MR

Q /t
F ig u r e  1 -8 .

C o l lu s io n  c o s t :  The c a s e  o f  an  i n e x h a u s t i b l e  r e s o u r c e  and
e x t e r n a l  d iseco n o m ies

The Supply  f u n c t i o n  h a s  been  a f f e c t e d  by e x t e r n a l  d is e c o n o m ie s .  

The a c t u a l  c o s t  o f  c o l l u s i o n  f o r  th e  f i r m  i s  AKF, how ever,  the

f i r m  th i n k s  i t  i s  AHE. The b e n e f i t  o f  c h e a t in g  i s  ARM, b u t  th e
18

f i r m  th i n k s  i t  i s  ABM.



C a r t e l

(1 )  A c a r t e l  i n  an  e x h a u s t i b l e  r e s o u r c e  i n d u s t r y  may be 

c o n s id e r e d  a  monopoly , s u b j e c t  to  th e  th e o ry  w hich h a s  been  p r e s e n te d  

i n  t h i s  c h a p t e r .  In  a d d i t i o n ,  we may have  th e  fo l lo w in g  in f o r m a t io n ,  

a s  w e l l :

"N" i s  th e  number o f  f i rm s  i n  th e  c a r t e l .

i s  th e  t o t a l  d e p o s i t s  o f  th e  mine owner " i " .

n
1  R. = R i s  th e  t o t a l  d e p o s i t s  o f  th e  c a r t e l .  

i - i  1 c

i s  th e  r a t e  o f  p r o d u c t io n  (q u o ta )  o f  p ro d u c e r  i  d u r in g

p e r io d  t .

E Q i s  th e  r a t e  o f  p r o d u c t io n  o f  th e  c a r t e l  a t  t im e t .  
i = l  lt:

T i s  th e  f i n a l  p e r io d  o f  th e  e x t r a c t i o n ;  t  = 1, 2 ,  3, . . .  T.

Z Qir = Ri and £ Z = V
t = l  t = l  i = l  C

(2) The optimum r a t e  o f  e x t r a c t i o n  f o r  th e  c a r t e l ,  a s  f o r

a  s i n g l e  monopoly, can be  d e te rm in e d  by th e  i n t e r a c t i o n  o f  th e  demand 

f u n c t i o n  f o r  th e  r e s o u r c e  and th e  a v e ra g e  u s e r  c o s t  f u n c t i o n  o f  th e  

c a r t e l .

(3 )  The q u o ta  f o r  each  f i rm  i n  each  p e r io d  i s  d e te rm in e d  by 

th e  c a r t e l  such  t h a t :
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(4) a s  lo n g  a s  th e  r e s o u r c e  m arke t i s  n o t  i n  p e r f e c t  com­

p e t i t i o n ,  th e  u s e r  c o s t  f o r  th e  f i rm  i s  a  f u n c t io n  o f  th e  r a t e  o f  

e x t r a c t i o n ,  even i f  th e  o p e r a t i o n a l  c o s t  i s  c o n s ta n t  ( s e e  F ig .  1 - 9 ) .  

Whenever t h e r e  i s  a c a r t e l  f o r  th e  r e s o u r c e ,  t h e r e  a r e  two d i f f e r e n t  

u s e r  c o s t s :  u s e r  c o s t  f o r  th e  c a r t e l  and u s e r  c o s t  f o r  each  i n ­

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

fo l lo w in g  exam ples i l l u s t r a t e  t h i s  p o in t :

Example I :  I f ,  a s  th e  f i rm  se e s  i t ,  t h e r e  i s  c e r t a i n t y ,  i . e . ,

th e  c a r t e l  w i l l  e x i s t  in  th e  f u t u r e ;  and i f  " i " — th e  d is c o u n t  f a c t o r —

i s  th e  same f o r  th e  c a r t e l  and f o r  th e  f i rm ;  and i f  th e  p r i c e
£

e l a s t i c i t y  w i l l  rem ain  the  same (p fc = p ( 1  + i )  , th e n :

THE COST OF COLLUSION FOR THE FIRM IS NEGLIGABLE.

Example I I :  I f ,  a s  th e  member f i rm  s e e s  i t ,  t h e r e  i s  u n c e r t a i n t y  

ab o u t th e  c a r t e l ' s  f u t u r e  a n d /o r  th e  d i s c o u n t  r a t e  f o r  th e  f i rm  i s  

h ig h e r  th a n  th o s e  o f  th e  c a r t e l ' s ,  th e n  th e  u s e r  c o s t  o f  th e  f i rm  i s  

low er th an  th e  c a r t e l ' s  ( s e e  F ig .  1 - 9 ) .  In  t h i s  c a se :

THE COLLUSION COST IS SIGNIFICANT.

(5) C o n c lu s io n : The p re c e d in g  c a se s  i n d i c a t e  t h a t  c o l l u s i o n  

c o s t  f o r  an in e x h a u s t i b l e  commodity i s  always s i g n i f i c a n t  w h i le  f o r  

an e x h a u s t i b l e  r e s o u r c e  i t  may o r  may n o t  be s i g n i f i c a n t .  In  o th e r  

w ords , In  th e  c a s e  o f  i n e x h a u s t i b l e  r e s o u rc e  i n d u s t r i e s ,  c a r t e l s  a re  

i n h e r e n t l y  u n s ta b l e  and s o o n e r  o r  l a t e r  th e  economic c o s t s  i n c r e a s e  

and exceed  th e  b e n e f i t  o f  c o l l u s i o n ,  le a d in g  to  th e  c o l l a p s e  o f  the  

c a r t e l  from i n t e r n a l  p r e s s u r e s .  There  i s  a good p o s s i b i l i t y ,  however, 

t h a t  a  c a r t e l  i n  an e x h a u s t i b l e  r e s o u rc e  in d u s t r y  w i l l  c o n t in u e  f o r

a  lo n g  t im e .



19R e c e n t ly ,  O sborne has  rea c h e d  th e  same c o n c lu s io n  th ro u g h  a

d i f f e r e n t  method o f  a n a l y s i s .  He s t a t e s  t h a t  t h e  e x t e r n a l  problem  

o f  a  c a r t e l ,  " p r e d i c t i n g  p r o d u c t io n  by nonmembers," and th e  i n t e r n a l  

p ro b le m s ,  " l o c a t i n g  th e  c o n t r a c t  s u r f a c e ,  s o l v i n g  s h a r in g  p ro b lem s ,  

d e t e c t i n g  and  d e t e r i n g  c h e a t i n g , "  a r e  i n h e r e n t l y  i n s o l u b l e  prob lem s 

f o r  an  i n e x h a u s t i b l e  r e s o u r c e  i n d u s t r y ,  b u t  t h a t  t h e s e  p ro b lem s ,  

w h i le  d i f f i c u l t ,  a r e  n o t  i n h e r e n t l y  i n s o l u b l e  f o r  an e x h a u s t i b l e  

r e s o u r c e  i n d u s t r y .

P r i c e  $ 
C o s ts  $

P P

U '

M

M E C

0
P ro d u c t io n  R ate

F ig u re  1 -9 .

C o l lu s io n  c o s t :  The c a s e  o f  an  e x h a u s t i b l e  r e s o u r c e

MEC = M arg in a l  e x t r a c t i o n  c o s t  

MUC = M a rg in a l  u s e r  c o s t  

PP *» C a r t e l  p r i c e  

Oq^ = F i r m 's  q u o ta

UPC ( n o t  EPCC) i s  t h e  c o s t  o f  c o l l u s i o n



APPENDIX I-A  

RATIONALE AND EXPLANATION FOR ASSUMPTION 1 

To g iv e  an  a d e q u te  e x p l a n a t i o n  f o r  t h i s  a s su m p tio n ,  and i t s  

r a t i o n a l e ,  i t  i s  b e s t  to  s p e c i f y  a r e s o u r c e  and e x p l a in  i t  w i th  d a t a  

from th e  r e a l  w o r ld .  What i f  t h i s  r e s o u r c e  i s  c ru d e  o i l ?  A f t e r  a l l ,  

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

c ru d e  o i l .

P r o d u c t io n  o f  c ru d e  o i l  i s  th e  r e s u l t  o f  a  s e r i e s  o f  a c t i v i t i e s

which we may c l a s s i f y  a s  f o l lo w s :  e x p l o r a t i o n ,  dev e lo p m en t ,  and

w e l l  o p e r a t i n g .  Through " e x p l o r a t i o n s "  th e  o i l  man f i n d s ,  i f  he

i s  lu c k y ,  th e  r e s e r v o i r ,  i . e . ,  th e  o i l - i n - p l a c e .  T h e r e f o re ,

E x p l o r a t io n  i s  th e  p r o c e s s  o f  f in d i n g  o i l  d e p o s i t s .  At any g iv e n

tim e t h e r e  a r e  a  number o f  p la c e s  to  lo o k ,  and th e  b e t t e r  p l a c e s

a r e  p r e f e r r e d .  The h ig h e r  th e  o i l  o u tp u t  d e s i r e d ,  th e  more th e

c o s t l i e r  p r o s p e c t s  m ust be e x p lo re d .  The second  s t e p  tow ard

p r o d u c t io n  o f  o i l  i s  d ev e lo p m e n t . T h is  p ro c e s s  c o n s i s t s  o f  f i n d i n g

th e  h o r i z o n t a l  and  v e r t i c a l  l i m i t s  o f  th e  r e s e r v o i r s  i n  any g iv e n

f i e l d ,  l a r g e l y  by d r i l l i n g  w e l l s  and e q u ip p in g  them f o r  p r o d u c t i o n .

Most d i s c o v e r i e s  a r e  non -com m erc ia l ;  few a r e  d e v e lo p e d .  Van D yke 's  

1 2
s t a t i s t i c s  show t h a t  o n ly  2 % o f  a l l  n e w - f i e l d  w i l d c a t s  d i s c o v e r  a 

" s i g n i f i c a n t "  f i e l d ,  a l th o u g h  ab o u t  1 0 % pro d u ce  some o i l  o r  g a s .

The h i g h e r  th e  p r i c e  o f  o i l  o r  g a s , th e  more i t  pays  to  d e v e lo p  th e  

poor d iscoveries . '* ' '* ' The t h i r d  and f i n a l  s t e p  i s  w e l l  o p e r a t i n g .

T h is  p r o c e s s ,  l i k e  i t s  p r e d e c e s s o r s ,  i s  an o p e r a t i o n  w i th  i n c r e a s i n g

43
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c o s t :  th e  g r e a t e r  th e  o u tp u t  th e  h ig h e r  th e  c o s t  p e r  b a r r e l  •

UNDERGROUND STOCK by e x p l o r a t i o n ____________  DEPOSITS OF OIL-IN-PLACE

by developm ent

by w e l l  o p e r a t in g

-> PROVED RESERVE = THE READY SHELF INVENTORY

-> CRUDE OIL ON THE GROUND

F ig u re  1-10 

The P ro c e ss  o f  Crude O i l  P ro d u c t io n

Even n e g l e c t i n g  w e l l  w o rk o v ers ,  f r a c t u r i n g ,  a c i d i z i n g ,  w a te r -

f lo o d in g ,  e t c . ,  th e  b a s i c  f a c t  abou t o i l  and gas p ro d u c t io n  i s  th e

p ro d u c t io n  d e c l in e  cu rve  o f  the  r e s e r v o i r .  The o p e r a t o r  needs  to  know

how much more p ro d u c t io n  he can g e t  o u t  o f  a w e l l  o r  poo l b e f o r e

re a c h in g  th e  "economic l i m i t s " — th e  p o in t  a t  which th e  u n i t  c o s t  o f

p ro d u c in g  more i s  go ing  to  r i s e  above th e  p r i c e .  T h is  amount, which

i s  an  e s t i m a t i o n ,  i s  u s u a l l y  c a l l e d  "proved  r e s e r v e . "  As in  a l l

e s t i m a t i o n s ,  d i f f e r e n t  fo rm u las  g iv e  d i f f e r e n t  r e s u l t s  b u t  i n

p r a c t i c e  th e  r e s u l t s  a r e  s i m i l a r .  Because o f  th e  im portance  o f  th e

co n c e p t  o f  "p roved  r e s e r v e , "  we p r e s e n t  h e re  i t s  d e f i n i t i o n  as  has

been  employed by API.

The r e s e r v e s  l i s t e d  a s  "p roved"  in  t h i s  r e p o r t ,  a s  i n  a l l  
p r e v io u s  API r e p o r t s ,  a r e  th e  e s t im a te d  q u a n t i t i e s  o f  c ru d e  
o i l  which g e o l o g ic a l  and e n g in e e r in g  d a t a  d e m o n s tra te  w i th  
r e a s o n a b le  c e r t a i n t y  to  be  r e c o v e ra b le  from known r e s e r v o i r s  
under  e x i s t i n g  economic and o p e r a t i n g  c o n d i t i o n s .  (13)



For ev e ry  f i e l d  f o r  w hich th e  c o s t  cu rv e  h as  been  e s t i m a t e d ,  th e  

i n t e r s e c t i o n  o f  th e  c o s t  f u n c t i o n  w i th  th e  p r i c e  l e v e l  o f  th e  

r e s o u r c e  d e te rm in e s  th e  "p roved  r e s e r v e s . "  (See F ig .  1 -1 1 ) .

P r i c e  $ , C ost $

i s  (?2 and so o n .  The f o l lo w in g  i s  an  example from an o i l  f i e l d  i n  

C a l i f o r n i a .

A s tu d y  by th e  D epartm ent o f  O i l  P r o p e r t i e s ,  C i ty  o f  Long

Beach, C a l i f o r n i a  shows W ilm in g to n 's  f i e l d  has  a  r e s e r v e  o f  2 .3

b i l l i o n  b a r r e l s  i f  th e  p r i c e  o f  c rude  o i l  i s  $ 2 .6 1 .  T h is  r e s e r v e

w i l l  be 2 .5 1  b i l l i o n  b a r r e l s  i f  th e  p r i c e  i s  $ 4 .2 1 .  I f  th e  p r i c e

goes a s  h ig h  a s  $9 .21  th e n  th e  proved  r e s e r v e  o f  th e  f i e l d  w i l l  be

2 .84  b i l l i o n  b a r r e l s . 1 4  (See F ig .  1 -1 2 ) .

So f a r  X have  shown t h a t  "p roved  r e s e r v e "  i s  a ( d e c i s i o n )

v a r i a b l e  which i s  a  f u n c t i o n  o f  th e  p r i c e  o f  th e  r e s o u r c e :  R = f ( P  ) .t  t

The r e a d e r  may a s k ,  " i f  t h i s  i s  s o ,  why do we assume a  f ix e d  s t o c k  

o f  th e  r e s e r v e ? "  The a ssu m p tio n  can be defended  on two g ro u n d s ,  A 

a n d / o r  B.

C

M

0
0~2 ^ 3

Proved R ese rves  
B i l l i o n  B a r r e l s

F ig u re  1-11 .

The m a rg in a l  e x t r a c t i o n  c o s t  and p roved  r e s e r v e

At p r i c e  P^ th e  p roved  r e s e r v e  i s  and a t  th e  p roved  r e s e r v e



How crude price affects  W ilmington recovery

r

W ater injection 
s tarted  

June 1, 1961

100 200 300 400 S00 600

Cumulative oil production' Barrels per acre-foot

S o u n i: O tr  of lo n g  lo a th , Oopartrncnt o l Oil Properties OSJJ

F ig u re  1 -1 2 .
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(A): The m o n o p o l is t  sums up th e  demand f u n c t i o n s  o f  a l l  th e  

f u t u r e  p e r i o d s .  Assume t h a t  th e  m a rg in a l  r ev en u e  o f  t h e s e  o v e r a l l  

demand f u n c t i o n s ,  a g g r e g a te  demand, i s  a s  shown i n  F ig u re  1 -1 3 .  

Under th e  g iv e n  c o n d i t i o n s  ( c o s t  and r e v e n u e ) , i t  i s  p e r f e c t l y  

l o g i c a l  to  assume t h a t  th e  amount t h i s  monopoly i s  c o n s id e r in g  i s  

a  " f i x e d "  amount o f  th e  r e s o u r c e ,  OQ. In  o t h e r  w ords ,  th e  proved  

r e s e r v e  w hich i s  by n a t u r e  a  v a r i a b l e ,  can  be assumed to  be a p a r a ­

m e te r  to  t h i s  m odel.

P r i c e  $ ,  C os t  $

  (B ) : Bac k s to p  T echno logy

i m ­

proved  R ese rv es  
B i l l i o n  B a r r e l s

F ig u re  1-13 

Proved r e s e r v e s  and p r o d u c t io n  c o s t

Q = R

(B ) : As we m en tioned  e a r l i e r ,  th e  fu n d am e n ta l  p r i n c i p l e  o f  

th e  econom ics o f  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  th e  p r i c e  o f  the  

r e s o u r c e  i s  i n c r e a s i n g  o v e r  tim e ( i f  th e  m arke t i s  pure  c o m p e t i t io n )  

and ( i f  th e  m a rk e t  i s  monopoly) i t  i s  th e  " m a rg in a l  rev en u e "  which 

i n c r e a s e s  e x p o n e n t i a l l y .  Suppose t h a t  somewhere i n  th e  b ack g ro u n d , 

th e r e  i s  a  te c h n o lo g y  o f  c a p a b le  o f  p ro d u c in g  o r  s u b s t i t u t i n g  f o r  

th e  r e s o u r c e  a t  a  r e l a t i v e l y  h ig h  c o s t ,  b u t  on an e f f e c t i v e l y  i n ­

e x h a u s t i b l e  r e s o u r c e  b a s e .  W. D. Nordhaus c a l l s  t h i s  a  " b a c k s to p

238te c h n o lo g y "  ( f o r  th e  en e rg y  i n d u s t r y  i t  m igh t be u s in g  U a s  a

f u e l  o r  s o l a r  e n e r g y ) .

S in c e  t h e r e  i s  no s c a r c i t y  r e n t  to  grow e x p o n e n t i a l l y ,  th e  
b a c k s to p  te c h n o lo g y  can  o p e r a t e  a s  soon  a s  th e  m a rk e t  p r i c e  
r i s e s  enough to  co v e r  i t s  e x t r a c t i o n  c o s t s  ( I n c lu d i n g ,  o f
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c o u rs e ,  p r o f i t  on th e  c a p i t a l  equipm ent in v o lv e d  i n  p r o d u c t i o n ) .  
And a s  soon a s  t h a t  h ap p en s ,  t h e  m arke t p r i c e  o f  th e  r e s o u rc e  
o r  i t s  s u b s t i t u t e  s to p s  r i s i n g .  The " b a c k s to p  te ch n o lo g y "  
p ro v id e s  a  c e l l i n g  f o r  th e  m arke t  p r i c e  o f  th e  n a t u r a l  r e ­
s o u rc e .  (2) (See F ig .  1 -1 3 ) .

Note

Whenever we u se  th e  term  " t o t a l  r e s e r v e "  we do n o t  mean the  

l i t e r a l  meaning o f  th e  p h ra s e  b u t  s im p ly  " t h a t  p o r t i o n  o f  the  mine 

which i s  econom ica l to  e x t r a c t . "  In  o th e r  w ords,  r e g a r d l e s s  o f  th e  

d eg ree  o f  c o m p e t i t io n  i n  th e  m a rk e t .  In  P r o f e s s o r  R icha rd  Gordon’s 

w o rd s :

The a u to m a t ic  assu m p tio n  t h a t  th e  pu re  th e o ry  o f  e x h a u s t io n  
i s  a p p l i c a b l e  to  n a t u r a l  r e s o u r c e  com m odities in v o lv e s  a 
com plete  m isu n d e r s ta n d in g .  E x h au s t io n  i s  n o t  n e c e s s a r i l y  
d e s i r a b l e .  J u s t  as  m achines can  become o b s o le t e  b e f o r e  they  
wear o u t ,  e x t r a c t i o n  o f  m in e ra l s  can become u n n e c e ssa ry  
b e fo re  the  su p p ly  i s  d e p l e t e d .  Scrap  a v a i l a b i l i t y  m igh t make 
m ining u n d e s i r a b l e ;  s o l a r  energy  m igh t d i s p l a c e  m in e ra l  
f u e l s .  The p u re  th e o ry  o n ly  p ro v id e s  a  t e s t  o f  w he ther  ex­
h a u s t io n  i s  p r o f i t a b l e .  I f  i t  w ere ,  th e  th e o ry  I n d i c a t e s  
t h a t  we would o b se rv e  f i rm s  s a c r i f i c i n g  c u r r e n t  p r o f i t s  
to  in c r e a s e  f u t u r e  s u p p l i e s .  S ince  m in e ra l  i n d u s t r i e s  gen­
e r a l l y  do maximize c u r r e n t  p r o f i t s ,  th e  th e o ry  a c t u a l l y  
seems to  s u g g e s t  t h a t  e x h a u s t io n  o f  m in e ra l s  i s  u n l i k e l y .
Thus, i n s t e a d  o f  p ro v id in g  r u l e s  o f  c o n s e r v a t io n  p o l i c y ,  the  
th e o ry  s u g g e s t s  t h a t  c o n s e r v a t i o n i s t s  a r e  conce rn ed  ab o u t 
a  n o n - e x i s t e n t  p rob lem . (5)



APPENDIX I-B 

RATIONALE AND EXPLANATION FOR ASSUMPTION 2

We may f i n d  t h r e e  d i f f e r e n t  ways o f  j u s t i f y i n g  t h a t  u s e r  

c o s t  i s  a lm o s t  th e  o n ly  c o s t  which a l t e r s  th e  d e c is io n -m a k in g  o f  th e  

mine ow ner,  a s  i n  th e  fo l lo w in g :

(A): The p r i c e  w hich th e  mine owner c o n s id e r s  i s  th e  " s c a r c i t y  

r e n t "  o r  th e  " p r i c e  i n  th e  g round" ;  t h e r e f o r e ,  th e  u s e r  c o s t  i s

th e  o n ly  c o s t  f o r  t h i s  mine owner.

(B ): G e o lo g ic a l  s i t u a t i o n  o f  th e  mine i s  such t h a t  m a rg in a l  

e x t r a c t i o n  c o s t  i s  c o n s t a n t :  (1) C o n d i t io n s  o f  c o n s t a n t  c o s t s  h o ld

a p p ro x im a te ly  th ro u g h  t im e .  (2) Only i f  t h e  r e s e r v e s  a r e  f l u i d ,  a s  i n  

a  w e l l .  P resum ably  t h i s  i s  why M a rsh a l l  ch o se  to  i l l u s t r a t e  h i s

a s s e r t i o n  a b o u t  th e  ab se n c e  o f  d im in is h in g  r e t u r n s  in  m in ing  w ith

th e  exam ple o f  pumping o u t  a  r e s e r v o i r .  In  t h i s  c a s e ,  a s  i n  A, th e  

u s e r  c o s t  i s  th e  o n ly  c o s t  which e n t e r s  th e  p i c t u r e .

( C ) : M a rg in a l  e x t r a c t i o n  c o s t  f o r  c rude  o i l  and most o t h e r  

m i n e r a l s  i s  a c t u a l l y  i n c r e a s i n g ,  n o t  c o n s t a n t .  (See F ig .  1 - 1 3 ) .

For exam ple , n a t u r a l  g as  d i s s o l v e d  in  c ru d e  o i l  e x e r t s  p r e s s u r e  t h a t  

f o r c e s  th e  o i l  to  th e  s u r f a c e .  As p r o d u c t io n  p ro c e e d s ,  th e  p r e s s u r e  

d ro p s  and th e  w e l l  p ro d u c e s  l e s s .  S in c e  th e  t o t a l  o p e r a t i n g  c o s t s  o f  

a  w e l l  a r e  a lm o s t  c o n s t a n t ,  u n i t  c o s t  and e x t re m e n t  c o s t s  r i s e ,  

how ever, i f  te c h n o lo g y  i s  more o r  l e s s  c o n s t a n t ;  t h e s e  i n c r e a s i n g  

c o s t s  a f f e c t  th e  amount o f  t o t a l  p roved  r e s e r v e s  o f  th e  m ine ,  n o t  th e  

r a t e  o f  e x t r a c t i o n  f o r  a  p e r i o d  such  a s  t  ( i f  t  < T ) . T h is  i s  so

49
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b e ca u se  o f  th e  o r i g i n a l  a ssu m p tio n  t h a t  th e  mine o w n e r 's  o b j e c t i v e  

i s  m ax im iza tio n  o f  th e  ex p e c te d  p r e s e n t  v a lu e  o f  th e  m in e 's  t o t a l  

p r o f i t .  In  o t h e r  w ords , th e  mine owner w ants  to  maximize H ( p r e s e n t  

v a lu e  o f  t o t a l  p r o f i t )  c o n s id e r in g  th e  r e s t r i c t i o n  o f  ( I  q t  = r )  t o t a l  

r e s e r v e :

no = po qo -  co qo

(1 -23)  n i  -  (P l  qx -  c x qx) (1 + i ) " 1

nt = (Pt q t  -  c t  qt ) (1 + i ) - t

T<T
Where FI > 0 b u t  H > I  IT

t = 0

( 1 - 2 4 )  n = ( n Q +  n x +  n 2 . . .  n t ) =  z  n fc

T p q T c qr t* f" r( 1 - 2 5 )  n =  I  — -  E c
t = 0  ( l + i ) *1 t = 0  ( l + i ) c

(1-26) I  (c  q ) = s
t = 0  c c

S i s  a lm o s t c o n s t a n t  b eca u se  i t  i s  th e  a r e a  under th e  cu rv e  o f

OCTR (F ig .  1 -1 3 ) .  A c c o rd in g ly ,  we may e x p e c t— under  norm al c o n d i t i o n s —
>

to  g e t  a lm o s t  th e  same r e s u l t s  i f  we maximize H in  r e l a t i o n  1-27 

s u b j e c t  to  th e  c o n s t r a i n t  o f  t o t a l  p roved  r e s e r v e  o r  H i n  r e l a t i o n  1-25.

d - 2 7 )  S -  (q0 , 0) + ^  + . . .  + ^ t -  M , 0 + <4 + . . .  + qt -

which means e x t r a c t i o n  c o s t  does n o t  a f f e c t  th e  r a t e  o f  e x t r a c t i o n  in  

P e r io d  t .
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I .  A BRIEF HISTORY OF THE INDUSTRY'S STRUCTURE 

No commodity has  b e e n ,  and i s ,  more i n  th e  news and more 

c o n t r o v e r s i a l  th a n  o i l .  I t  a l l  s t a r t e d  on i t s  v e ry  day o f  b i r t h  i n  

1859, when Drake d r i l l e d  th e  f i r s t  w e l l  n e a r  T i t u s v i l l e ,  P e n n s y lv a n ia ,  

to  e x t r a c t  o i l :  a p r e a c h e r  in  th e  town condemned th e  p r o j e c t  a s  b e in g  

immoral b e c a u se ,  he  s a i d ,  th e  o i l  was needed down th e r e  to  feed  th e  

f i r e s  o f  h e l l I  The c r i t i c i s m s  in  somewhat f a n c i e r  words have been  

c o n t in u o u s  s in c e  t h a t  tim e by d i f f e r e n t  p eo p le  and f o r  v a r io u s  p u r ­

p o s e s .  On th e  o t h e r  hand ,  t h e r e  i s  no s h o r ta g e  o f  a d m ira t io n  and 

rew ards e i t h e r .  The fo l lo w in g  i s  j u s t  one among many:

"OIL" a  number one commodity i n  i n t e r n a t i o n a l  t r a d e

O il !

B e n e f ic e n t  o i l ,

M ankind 's  most p r e c io u s  t r e a s u r e  i n  th e  s o i l !

O i l !

D is g u s t in g  o i l ,

F a th e r  o f  b lo o d  and sw ea t and t e a r s  and t o i l !

O i l ,  you have made t h i s  Puny ra c e  

M as te rs  o f  tim e and Lords o f  s p a c e ,

Have opened v a s t  h o r iz o n s  f o r  th e  p o o r ,

And b ro u g h t  th e  c i t y  to  th e  c o t t a g e  d o o r ,

Or r a t h e r  (which i s  n o t  so good)

The c o t t a g e  d oo r  to  Hollywood.

O i l ,  you have made th e  m ountains  and th e  s e a s
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Mean l e s s  th a n  b a rb e d  w ir e  fe n c e s  mean to  b e e s .

M eth lnks I  s e e  t h i s  w r i t i n g  In  th e  sk y :

'T hose  who by o i l  have  l i v e d  by o i l  s h a l l  d i e  I

-  S i r  A lan  H e rb e r t

In  s p i t e  o f  th e  m asses  o f  m i s c e l l a n e o u s  in f o r m a t io n  on th e

I n t e r n a t i o n a l  o i l  i n d u s t r y — p ro b a b ly  more th a n  any o t h e r  i n d u s t r y  i n

th e  w o r ld — l i t t l e  h as  been  w r i t t e n  o r  r e p o r t e d  on th e  te c h n iq u e s  o r
2

th e o ry  o f  th e  p r i c i n g  o f  c ru d e  o i l .  M oreover,  th e  econom ics o f  

o i l  may be v iew ed from th e  v a r y in g ,  and o f t e n  o p p o s in g ,  s t a n d p o i n t s  

o f  th e  p ro d u c in g  c o u n t r i e s ,  th e  o p e r a t i n g  com panies o r  th e  consum ers .

We have  seen  some o u t l i n e s  o f  th e  econom ics o f  e x h a u s t i b l e  r e s o u r c e s  

u n d er  d i f f e r e n t  m a rk e t  s t r u c t u r e s  i n  C h a p te r  I .  The g o a l  o f  t h i s  

c h a p t e r  i s  an e x p l a n a t i o n  o f  why th e  p a r t i c u l a r  b e h a v io r  o b se rv e d  

( p r i c e  i n c r e a s e  o f  c ru d e  o i l  i n  1973-74) em erges from th e  v e ry  dynam ics 

o f  th e  i n d u s t r y .  T h is  i s  a p a r t i a l  e q u i l i b r i u m  a n a l y s i s  and i s  f a r  

from b e in g  d e t a i l e d ;  n e v e r t h e l e s s ,  i t  i n v e s t i g a t e s  th e  f o r c e s  a f f e c t i n g  

the  m arke t  b e h a v io r  o f  th e  i n d u s t r y .

A. The P r i c e  I n c r e a s e  o f  1973-74

A lthough  t a l k i n g  o f  o i l  and o i l  i n  th e  news i s  n o t  new, 

n e v e r t h e l e s s ,  t h i s  t im e i t  i s  n o t  s im p ly  th e  news b u t  what everyone  

f e e l s  and th i n k s  ab o u t  p ay in g  f o r  i t .  The p r i c e  o f  c ru d e  o i l  has  

i n c r e a s e d  more th a n  two h undred  p e r c e n t  a lm o s t  o v e r n i g h t .  What w ere 

th e  r e a s o n s  b e h in d  i t ?  S in c e  t h a t  t im e ,  n o t  more th a n  t h r e e  y e a r s  

ago ,  t e n s  o f  b o o k s ,  h u n d red s  o f  a r t i c l e s  and in n u m erab le  l e c t u r e s  and 

s e m in a rs  have  been  d e v o te d  to  an sw erin g  t h i s  q u e s t i o n ,  and s t i l l  

t h e r e  i s  no s a t i s f a c t o r y  e x p l a n a t i o n  o f  i t .  T h is  s tu d y  hopes  to  shed 

some l i g h t  on t h i s  q u e s t i o n ,  n o t  o n ly  what happened i n  th e  p a s t  b u t
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what may happen In  th e  f u t u r e .

The p r i c e  i n c r e a s e  o f  1973 was a lm o s t  c o i n c i d e n t a l  w i th  two 

o t h e r  i n t e r n a t i o n a l  e v e n t s :  th e  A r a b - I s r a e l i  war and th e  o i l  

embargo. The war and p ro b a b ly  th e  embargo had been  caused  m o s tly  

by non-econom lc f a c t o r s .  How ab o u t  th e  p r i c e  in c r e a s e ?  The chances  

a r e  t h a t  th e  answ er i s  a f f i r m a t i v e ,  e s p e c i a l l y  s in c e  many non­

eco n o m is ts  (and some e c o n o m is ts ,  to o )  have  found d i r e c t  c o r r e l a t i o n s  

among th e  t h r e e  e v e n t s :  w ar,  embargo, and th e  p r i c e  i n c r e a s e .

I t  was a war t h a t  some Arabs p a r t i c i p a t e d  i n ;  i t  was an 

embargo t h a t  some Arabs im posed; and f i n a l l y ,  i t  was a p r i c e  h ik e  

which some Arabs b e n e f i t e d  from . T h e r e f o re ,  th e s e  e v e n t s  a r e  r e ­

l a t e d  to  one a n o th e r  s i n c e ,  i f  t h e r e  had  been  no w ar ,  th e r e  would 

have been  no embargo and no p r i c e  h ik e !  The l o g i c a l  c o n c lu s io n  o f  

t h a t  l i n e  o f  r e a s o n in g  i s :  " I t  was a war betw een Sem ite  p e o p le s  

(Arabs and I s r a e l i s ) ,  b u t  th e  r e s t  o f  th e  w orld  p a id  th e  p r i c e . "

T hat k in d  o f  l o g i c  rem inds me o f  th e  fo l lo w in g  s t o r y :  There

was once a c h o le r a  ep idem ic  i n  Old R u s s ia .  The governm ent, i n  an 

e f f o r t  to  s tem  th e  d i s e a s e ,  s e n t  d o c to r s  to  th e  w o r s t - a f f e c t e d  a r e a s .  

The p e a s a n t s  o f  th e  p ro v in c e  d i s c u s s e d  th e  s i t u a t i o n  and o b se rv ed  

a  h ig h  c o r r e l a t i o n  betw een th e  numbers o f  d o c to r s  i n  a  g iv e n  a r e a

and th e  in c id e n c e  o f  c h o l e r a  i n  t h a t  a r e a .  R e ly in g  on th e se  hard
3

f a c t s ,  they  r o s e  and m urdered th e  d o c t o r s .

The h y p o th e s i s  o f  t h i s  p a p e r  d i s p u te s  th e  p re c e d in g  r e a s o n in g .  

In  o t h e r  w ords ,  th e  h y p o s th e s i s  o f  t h i s  p ap e r  i s :  Even i f  we 

a c c e p t  th e  a ssu m p tio n  t h a t  i n t e r n a t i o n a l  o i l  i n d u s t r y  i s  n o t  (and 

h as  n o t  been) p e r f e c t  c o m p e t i t io n ,  n e v e r t h e l e s s ,  i t  i s  th e  demand 

and th e  s u p p ly  which a r e  (and w ere) m o s t ly  r e s p o n s i b l e  f o r  th e
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p r i c e  I n c r e a s e — n o t  war n o r  p o l i t i c s . The monopoly power i n  th e  o i l  

i n d u s t r y  i n  th e  lo n g  ru n  i s  l i m i t e d  b e c a u s e ,  i n  th e  lo n g  ru n ,  th e  

e l a s t i c i t y  o f  s u b s t i t u t i o n  moves tow ard i n f i n i t y  (a  ->■'»).

To s y s te m iz e  th e  e x p l a n a t i o n  o f  th e  c a u se s  o f  th e  p r i c e  

i n c r e a s e ,  we w i l l  p r e s e n t  a  s h o r t  h i s t o r y  o f  th e  c ru d e  o i l  p r i c e s ,  

fo l lo w e d  by a  b r i e f  summary o f  th e  s t r u c t u r e  o f  th e  i n t e r n a t i o n a l  

o i l  i n d u s t r y  and i t s  changes  o v e r  t im e .  Then we w i l l  a n a ly z e  th e  

e le m e n ts  w hich d e te rm in e  th e  s u p p ly  f u n c t i o n  and th e  demand f u n c t i o n ;  

each  w i l l  be fo l lo w ed  by i t s  changes  o v e r  t im e .

B. The P r i c e  S t a b i l i t y  o f  Crude O i l

B efo re  th e  1 9 3 0 ’s ,  o i l  was one o f  th e  l e a s t  s t a b l e  com m odit ies .  

When Drake " ta p p e d  th e  m in e ,"  he was un d er  c o n t r a c t  to  pay a  r o y a l t y  

o f  t e n  c e n t s  a g a l l o n  on a l l  c ru d e  o i l  p ro d u c e d ;  i n  too  s h o r t  a  tim e 

P e n n s y lv a n ia  c ru d e  was s e l l i n g  f o r  te n  c e n t s  a  b a r r e l .  P e r io d s  o f  

" f e a s t  o r  fam ine"  have been  a l l  too  common. See th e  fo l lo w in g  t a b l e :

T a b le  1: M onthly Average P r i c e  P e r  B a r r e l  o f  Crude O i l  a t  W ell

1860 1861 1862 1863 1864 1865

J a n u a ry $18.25 1 . 0 0 0 . 1 0 2 .25 4 .0 0 8 .25

F e b ru a ry 18 .00 1 . 0 0 .15 2 .50 4 .37 7 .50

March 12 .62 1 . 0 0 . 2 2 2 .62 5 .50 6 . 0 0

A p r i l 1 1 . 0 0 .622 .50 2 .87 6 .5 6 6 . 0 0

May 1 0 . 0 0 .50 .85 2 .87 6 .87 7.37

S o u rce :  S ta n le y  C la rk :  The O i l  C en tu ry
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At th e  t u r n  o f  th e  c e n t u r y ,  S p ln d le to p  came i n  w i th  a  r o a r

and th e  p r i c e  o f  o i l  f e l l  to  t h r e e  c e n t s  a  b a r r e l .  A few y e a r s

l a t e r ,  th e  g u sh in g  abundance o f  th e  Cushing f i e l d  i n  Oklahoma in

1915 f o r c e d  p r i c e s  downward to  tw e n ty - th r e e  c e n t s .  Two y e a r s  a f t e r
4

t h a t  p r i c e s  went up to  fo u r  d o l l a r s  a b a r r e l .

But s i n c e  th e  second  World War, p e t ro le u m  h as  been  c o n s id e r e d  

one o f  t h e  m ost s t a b l e  com m odities  ( s e e  T a b le  2 ) .

T ab le  2: P r i c e  S t a b i l i t y  1949 -  1974

Commodity A verage Annual P e rc e n ta g e
Change in  P r i c e

Banana 4 .4

P e tro leu m 4 .6
Very S ta b l e

Wheat 5 .6

Sugar 6 . 8

Coconut O il 2 0 . 1

U n stab le Rubber 2 1 . 1

Cocoa 2 6 .5

( In  each  c a s e  th e  s i n g l e  h i g h e s t  f i g u r e  h as  been  d ro p p e d .)

Source : S t r u c t u r i n g  I n t e r n a t i o n a l  Raw M a te r i a l s  M a rk e ts , by 
S tephen  D. K rasn e r

Why have  p e t ro le u m  p r i c e s ,  so  u n s t a b l e  i n  th e  p a s t ,  become so 
5

s t a b l e  now? The answ er may b e  found i n  th e  s t r u c t u r e  o f  th e  i n d u s t r y  

i t s e l f  and  i t s  changes  o v e r  t im e ,  i . e . ,  s tu d y in g  th e  p r i c e  changes  

o f  a  commodity i s  th e  f i r s t  s t e p  i n  i d e n t i f y i n g  th e  s t r u c t u r e  o f  th e  

i n d u s t r y .  The f o l lo w in g  i s  a  b r i e f  summary o f  th e  s t r u c t u r e  o f  th e  

i n t e r n a t i o n a l  o i l  i n d u s t r y  and th e  changes  w hich  have  ta k e n  p la c e
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C. The F o rc e s  In  th e  I n d u s t r y

O i l  i s  th e  p re e m in e n t  commodity i n  i n t e r n a t i o n a l  t r a d e  by any 

s ta n d a rd ^  w h e th e r  econom ic, p o l i t i c a l  o r  s t r a t e g i c .  Key e le m e n ts  i n  

t h i s  t r a d e  a r e  ( 1 ) th e  e x p o r t - i m p o r t  r e l a t i o n s h i p s  among c o u n t r i e s  

and ( 2 ) th e  dom inant r o l e  o f  a  h a n d fu l  o f  i n t e r n a t i o n a l  co m p an ies .^

Any change i n  th e  p r i c e  o r  q u a n t i t y  o f  o i l  i s  "news" and w i l l  

a f f e c t  many n a t i o n s ,  d i r e c t l y  o r  i n d i r e c t l y .  F i n a l l y ,  th e  i n t e r ­

n a t i o n a l  o i l  i n d u s t r y  h as  become th e  most com plex, s o p h i s t i c a t e d  and 

c o n t r o v e r s i a l  economic phenomenon o f  o u r  t im e .  D e s p i te  such  a  complex 

i n t e r p l a y  o f  p o l i t i c a l  and econom ic f o r c e s ,  th e  p r i c e  s t r u c t u r e  i n  th e  

w orld  p e t ro le u m  m a rk e t  can be used  a s  a  benchmark o f  economic th e o ry .  

The f i r s t  s t e p  i n  th e  s tu d y  o f  th e  p r i c e  mechanism i s  to  i n v e s t i g a t e  

th e  s t r u c t u r e  o f  th e  i n d u s t r y  i t s e l f .

The p e t ro le u m  I n d u s t r y  i s  a phenomenon i n  two r e s p e c t s .  F i r s t ,  

most o f  th e  w o r l d ' s  o i l  r e s e r v e s  a r e  l o c a t e d  i n  a  few c o u n t r i e s  and 

a r e  r e f i n e d  a n d /o r  m arke ted  by a h a n d fu l  o f  com panies w hich a r e  some o f  

th e  b i g g e s t  c o r p o r a t i o n s  i n  th e  c a p i t a l i s t  w o r ld .  Second, o i l  men l i v e ,  

more th a n  any o t h e r  i n d u s t r y ,  i n  th e  f u t u r e ,  making d e c i s i o n s  on th e  

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

f i r s t  a s p e c t  o f  th e  i n d u s t r y ’s  s t r u c t u r e  r e q u i r e s  i n s p e c t i o n  f o r  th e  

d e g re e  to  w hich i t  engages  i n  c o m p e t i t io n  and i t s  changes  o v e r  t im e .  

I m p l i c i t  i n  th e  second  a s p e c t  i s  th e  f a c t  t h a t  a  s t a t i c  method o f  

a n a l y s i s  i s  n o t  a d e q u a te  to  th e  s tu d y  o f  th e  b e h a v io r  o f  t h i s  m a rk e t .  

T h e r e f o r e ,  a  b r i e f  e x p o s i t i o n  o f  th e  t r e n d  and d i r e c t i o n  o f  c o m p e t i t io n  

i s  n e c e s s a r y  f o r  an u n d e r s ta n d in g  o f  th e  s t r u c t u r e  o f  th e  i n d u s t r y .

In  1928 o i l  men took  s t e p s  to  t r a n s l a t e  t h e i r  co n c e rn  ab o u t 

p r i c e  i n s t a b i l i t y  on I n t e r n a t i o n a l  o i l  m a rk e ts  i n t o  a  program  o f
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a c t i o n .  S i r  John  Cadman o f  A n g lo -P e r s ia n ,  S i r  H en ri D e te rd in g  o f  

Royal D u tc h -S h e l l ,  and W a l te r  C. T eag le  o f  New J e r s e y  S tan d a rd  O i l — 

th e  b ig  t h r e e — p r o je c t e d  a p la n  d e s ig n e d  to  supp lem en t th e  c o n t r o l  

program  and b r in g  s t a b i l i t y  to  th e  w orld  o i l  m a rk e ts .  T h is  a g r e e ­

ment l a t e r  was c a l l e d  th e  "AS-IF A greem en t,"^  and opened a  new e r a  

f o r  th e  i n t e r n a t i o n a l  o i l  i n d u s t r y .

Around 1950 th e  m ajor com panies ,  th e  sev en  s i s t e r s ,  con­

t r o l l e d  n e a r l y  90 p e r c e n t  o f  o i l  p r o d u c t io n  o u t s i d e  th e  U n ited  

S t a t e s  and th e  S o v ie t  b lo c  and a lm o s t e ig h ty  p e r c e n t  o f  r e f i n i n g  

c a p a c i t y .  In  a d d i t i o n ,  they  owned o r  c h a r t e r e d  tw o - th i r d s  o f  th e
g

w o r l d ' s  ta n k e r  f l e e t .  They a l s o  c o n t r o l l e d  a l a r g e  p r o p o r t i o n  

o f  th e  m arke ts  in  th e  consuming c o u n t r i e s .

S ince  th e  Second World War th e  number o f  f i rm s  o p e r a t in g  

i n  " th e  i n d u s t r y "  has i n c r e a s e d .  The f i r s t  economic consequence o f  

t h i s  was t h a t  the  c o s t  o f  c o l l u s i o n  by " th e  b ig  Seven" r o s e  as  

t h e i r  s h a r e  o f  th e  m arke t d e c l i n e d .  C o m p e t i t io n ,  though f a r  from 

p e r f e c t ,  r e s u l t e d  n o t  o n ly  among th e  newcomers b u t  among th e  m a jo rs  

a s  w e l l .  The second consequence was th e  emergence o f  a new economic 

power i n  th e  i n d u s t r y  which h as  been  grow ing s t e a d i l y  e v e r  s i n c e ,  

i . e . ,  th e  power o f  th e  o i l - p r o d u c in g  c o u n t r i e s  to  d e te rm in e  th e  

p r i c e  and th e  r a t e  o f  e x t r a c t i o n .

I r a n ,  th e  p io n e e r  o f  th e  i n d u s t r i a l i z a t i o n  o f  th e  o i l  r e ­

s o u rc e s  o f  th e  M iddle E a s t ,  so u g h t to  i n c r e a s e  h e r  p o r t i o n  o f  o i l  

p r o f i t s  by a s k in g  th e  B r i t i s h  P e tro leu m  Company to  r e v i s e  i t s  method o f  

r e v e n u e - s h a r in g .  The B .P . r e f u s e d .  Thus began th e  d i s p u te  betw een I r a n  

and B r i t i s h  P e tro leu m  which c o n t in u e d  u n t i l  1951 when I r a n  d ec id ed  

to  f u l l y  com pensate  B r i t i s h  P e tro leu m  and n a t i o n a l i z e  h e r  o i l .  She
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then  f a c e d  n o t  o n ly  th e  o p p o s i t i o n  o f  B r i t i s h  P e tro leu m  b u t  t h a t  o f  th e

whole i n t e r n a t i o n a l  o i l  c a r t e l .  The c a r t e l ' s  b o y c o t t  o f  I r a n ' s  o i l

was s u c c e s s f u l  and I r a n  s t r u g g l e d  w ith  enormous i n t e r n a l  economic

and p o l i t i c a l  p rob lem s . F i n a l l y ,  i n  August o f  1953, th e  a d m in i s t r a t i o n

o f  Dr. Mossadegh c o l l a p s e d  and th e  new a d m i n i s t r a t i o n  was fo rc e d  to

a c c e p t  B r i t i s h  P e t r o le u m 's  te rm s .  The r e s u l t  o f  th e  c a r t e l ' s  v i c t o r y

was a bonuB o f  50% n e t  p r o f i t  on I r a n i a n  o i l  f o r  a l l  th e  i n t e r n a t i o n a l

o i l  companies ( th e  "seven  s i s t e r s "  and some in d e p e n d e n ts )  who p a r -
9

t i c i p a t e d  in  th e  b o y c o t t .

I r a n ' s  e x p e r ie n c e  proved  a  c r u c i a l  p o i n t  to  th e  o i l - p r o d u c in g  

c o u n t r i e s :  e i t h e r  th ey  c o u ld  c o n t in u e  to  a l lo w  f o r e ig n  companies to  

e x p l o i t  t h e i r  r e s o u r c e s  and c o l l e c t  t h e i r  r o y a l t i e s  o r  they  c o u ld  

a c t  c o l l e c t i v e l y  on t h e i r  own i n t e r e s t .  T h is  l a t t e r  l i n e  o f  t h in k in g  

gave b i r t h  to  OPEC which began a  new e r a  i n  th e  o i l  i n d u s t r y .

From th e  tim e o f  i t s  i n c e p t i o n ,  OPEC was t o r n  betw een two 

c o n f l i c t i n g  d e s i r e s  w i th i n  each o f  i t s  member n a t i o n s :

(1) T h e i r  d e s i r e  to  i n c r e a s e  t h e i r  rev en u es  i n  o r d e r  to  

i n d u s t r i a l i z e .  T hat in v o lv e d  a s k in g  f o r e ig n  companies to  in c r e a s e  

o i l  p ro d u c t io n  and made c o m p e t i t io n  w ith  f e l l o w  p ro d u c e r  c o u n t r i e s  

in  OPEC i n e v i t a b l e .

(2) T h e i r  d e s i r e  to  t r u s t  and c o o p e ra te  w i th  one a n o th e r  and 

th e re b y  b a r g a in  c o l l e c t i v e l y  w i th  th e  i n t e r n a t i o n a l  com panies .

The e v e n ts  o f  th e  1960 ' s  f a v o re d  th e  second method o f  o p p o r tu n ­

i t y  and ,  r e l a t i v e l y ,  d im in is h e d  th e  power o f  th e  I n t e r n a t i o n a l  O il  

C o m p a n ie s .^  By the  e a r l y  1970 ' s ,  th e  i n t e r n a t i o n a l  o i l  i n d u s t r y  

underw ent a r e v o l u t i o n  which was marked by fo u r  im p o r ta n t  changes:
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(1) S t r a t e g i c  c ru d e  o i l  p r i c i n g  and p ro d u c t io n  d e c i s i o n s  were 

ta k e n  from th e  m u l t i n a t i o n a l  o i l  companies by OPEC;

(2) From 1973-1974 th e  i n t e r n a t i o n a l  p r i c e  o f  c ru d e  o i l  

i n c r e a s e d  more th a n  300%.

(3) Some c u t -b a c k  in  o i l  p ro d u c t io n  took  p la c e ;

(4) N a t i o n a l i z a t i o n  o f  o i l  r e s e r v e s  was accom plished  by most o f
g

th e  OPEC members.
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I I .  THE ELEMENTS OF DEMAND FOR PETROLEUM 

The p r o d u c t s  and u s e s  o f  p e t ro le u m  a r e  num erous, b u t  I t s  m a jo r  

f u n c t i o n  i s  a s  a  s o u rc e  o f  e n e rg y .  T h is  means th e  demand f o r  p e t ro le u m  

i s  a  demand d e r iv e d  from th e  need  f o r  e n e rg y .  On th e  o t h e r  h an d ,  

e n e rg y  i t s e l f  i s  a f a c t o r  o f  p r o d u c t io n  and th e  demand f o r  i t  i s  i t s e l f  

a  d e r iv e d  demand. To d e r iv e  th e  demand f u n c t i o n  f o r  p e t ro le u m  p ro d u c ts  

i n  g e n e r a l  and c ru d e  o i l  i n  p a r t i c u l a r ,  we sh o u ld  c o n s id e r  th e  f a c t s  

t h a t ,  a t  t h i s  l e v e l  o f  te c h n o lo g y  th e  o n ly  use  o f  o i l  i s  to  p roduce  

e n e rg y ,  b u t ,  o i l  i s  n o t  th e  o n ly  s o u rc e  o f  e n e rg y .

The c r u c i a l  q u e s t i o n  f o r  o b t a i n i n g  th e  demand f u n c t i o n  f o r  o i l ,  

a s  w e l l  a s  any o t h e r  demand f u n c t i o n ,  i s :  w hat d e te rm in e s  th e  sh ap e  o f  

th e  cu rv e?  T here  a r e  t h r e e  e le m e n ts  w hich d e te rm in e  th e  sh ap e  o f  th e  

demand f u n c t i o n  f o r  o i l ,  th ey  a r e :  ( 1 ) th e  demand f u n c t i o n  f o r  e n e rg y ,

(2) th e  s u p p ly  f u n c t i o n s  o f  a l l  o t h e r  s o u rc e s  o f  e n e rg y ,  and (3) th e  

e l a s t i c i t y  o f  s u b s t i t u t i o n  be tw een  o i l  and o t h e r  s o u rc e s  o f  e n e rg y .

The e l a s t i c i t y  o f  s u b s t i t i t i o n  i s  an  economic v a r i a b l e  which may 

be  any number from  ze ro  to  i n f i n i t y ,  depend ing  on th e  l e n g th  o f  th e  

p e r io d  o f  a n a l y s i s .  I f  a  s h o r t  p e r io d  i s  ch o se n ,  sa y  s i x  m on ths ,  th e n  

th e r e  i s  a  good chance  t h a t  o ,  th e  e l a s t i c i t y  o f  s u b s t i t u t i o n ,  w i l l  be 

a  s m a l l  number c l o s e  to  z e r o .  On th e  o t h e r  han d ,  i f  a  long  p e r io d  i s  

ch o se n ,  sa y  te n  y e a r s ,  th e n  o w i l l  be a  l a r g e  number c l o s e  t o  i n f i n i t y .  

T h e r e f o re ,  o may be c o n s id e r e d  a s  b e in g  e q u a l  to  z e r o ,  i n f i n i t y  o r  a  

number betw een z e ro  o r  i n f i n i t y .  I f  o=0 i t  means no s u b s t i t u t i o n  a t
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a l l  and i f  o -  «  i t  means p e r f e c t  s u b s t i t u t i o n .  I f  o = « ,  i . e . ,  

a l l  th e  economic c a u se s  and t h e i r  e f f e c t s  t a k e  p la c e  i n  th e  same 

p e r i o d ,  and i f  th e  e s t i m a t e d  demand f u n c t i o n  f o r  en e rg y  and su p p ly  

f u n c t i o n  o f  a l l  o t h e r  s o u r c e s  o f  ene rgy  a r e  g iv e n ,  th e n  i t  i s  p o s s i b l e  

to  d e r iv e  t h e  demand f u n c t i o n  f o r  p e t ro le u m .  For exam ple , i f  demand 

f o r  en e rg y  i s :

( 1 ) pe = a  -  bqe

and i f  th e  su p p ly  f o r  a l l  o t h e r  s o u rc e s  o f  en e rg y  i s :

( 2 ) pfi = c + dqg

th e n  th e  consum ption  o f  en e rg y  w i th o u t  u s in g  o i l  w i l l  be: 

a  -  c(3) q b + d

w here th e  u n i t  p r i c e  o f  en e rg y  i s :  

ad + be(4) p = b + d

C o n se q u e n t ly ,  th e  demand f o r  o i l  which can be used o n ly  a s  a 

s o u rc e  o f  en e rg y  i s :

/ r \ , ad  + be s r b (a d  -  dc) ,
<5) " o n  = < " r r r  > - [ o ^ n u - c ) 1 w  •

(See F ig u re  I I - l . )
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P r i c e

D

S

F ig u r e  I I - l . Q u a n t i ty

D er iv ed  demand f o r  o i l

DE = Demand f o r  ene rgy

SC = Supply o f  a l l  o t h e r  s o u rc e s  o f  energy  

DO = Demand f o r  o i l

A. The P ro d u c t io n  o f  Energy 

Energy h a s  been  c o n s id e r e d  th e  f o u r t h  f a c t o r  o f  p r o d u c t io n ,  

a f t e r  l a b o r ,  l a n d  and c a p i t a l .  Economic a c t i v i t y  h as  a lw ays r e q u i r e d  

r e l a t i v e l y  l a r g e  amounts o f  e n e rg y .  I t  h a s  been  e s t i m a t e d  t h a t  u n t i l  

th e  I n d u s t r i a l  R e v o lu t io n ,  some 80 to  85 p e r c e n t  o f  t o t a l  en e rg y  was 

p ro v id e d  by p l a n t s ,  an im a ls  and humans. The i n t r o d u c t i o n  o f  th e  s team  

en g in e  i n  th e  e i g h t e e n t h  c e n tu r y  opened a  new c h a p t e r  f o r  e n e rg y  and 

was th e  tu r n i n g  p o i n t  o f  a  new l i f e  s t y l e  f o r  human b e i n g s .  A lthough  

th e  e a r l y  e n g in e s  were g r o s s l y  i n e f f i c i e n t ,  th ey  c o u ld  p roduce  a s  

much a s  100 h o r s e  pow er. The a g g r e g a te  ho rsepow er o f  s team  e n g in e s  i n  

B r i t a i n  i n  1800 may have  been  a b o u t  1 0 ,0 0 0 ;  by 1840 th e  f i g u r e  was 

o v e r  600 ,000  and  by 1900 o v e r  1 4 ,0 0 0 ,0 0 0 .  C o rre sp o n d in g  e s t i m a t e s  f o r
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th e  whole w orld  a r e  ab o u t  1 ,6 5 0 ,0 0 0  horsepow er i n  1840 and over

70 ,00 0 ,0 0 0  In  1 9 0 0 .^  The tw e n t i e th  c e n tu ry  opened a n o th e r  e r a  in

th e  economic developm ent o f  th e  w orld  and ,  c o n s e q u e n t ly ,  r e v o lu t io n i z e d

th e  p ro d u c t io n  and consum ption o f  e n e rg y .

In  e v e ry  c o u n t ry ,  grow th in  the  a g g re g a te  demand f o r  energy

b e a r s  a  c l o s e  r e l a t i o n s h i p  to  growth o f  th e  economy in  g e n e r a l .

B u t,  w h i le  t h e r e  i s  a b ro ad  p a r a l l e l i s m  betw een economic growth and

en erg y  g row th , i t  i s  im p o r ta n t  to  p in  down t h i s  r e l a t i o n s h i p  as

p r e c i s e l y  as  p o s s i b l e .  Both c r o s s - s e c t i o n a l  and tim es  s e r i e s  r e g r e s s io n

a n a ly s e s  show a  h ig h  c o r r e l a t i o n  betw een p e r  c a p i t a  income and energy

consumption.'*''*' For th e  w orld  as  a  whole i n  1950 to  1965, th e  Energy-

GNP E l a s t i c i t y  C o e f f i c i e n t  was 1 .0 6 ,  i . e . ,  a one p e r c e n t  i n c r e a s e  i n

r e a l  g ro s s  n a t i o n a l  p ro d u c t  was accompanied by a  1 .06  p e r c e n t  in c r e a s e

10i n  ene rgy  consum ption .

In  o t h e r  w ords, the  lo n g - te rm  growth o f  t o t a l  ene rgy  u se  in

th e  w orld  a s  a whole o r  in  each c o u n t ry  i n d i v i d u a l l y  h as  been c l o s e l y

p a r a l l e l  to  the  w o r l d ' s  economic e x p a n s io n ,  even though the  two

t r e n d s  have n o t  a lw ays p roceeded  in  l o c k s t e p .  For exam ple, from 1900

to  1970 th e  r a t e  o f  GNP grow th f o r  th e  U.S.A. i s  3 .3  p e r c e n t  b u t  the

y e a r l y  growth r a t e  f o r  a g g re g a te  consum ption  o f  p r im ary  energy

r e s o u r c e s  i s  s l i g h t l y  lo w e r ,  i . e . ,  3 .2  p e r c e n t .  On a p e r  c a p i t a  b a s i s ,

th e  lo n g - te rm  grow th r a t e  o f  energy  comes to  1 .7  p e r c e n t  p e r  annum,

w h i le  th e  GNP p e r  c a p i t a  i s  1 .8  p e r c e n t .  For th e  more r e c e n t  f i f t y

y e a r  p e r io d ,  from 1920 to  1970, a  w id e r  gap i n  grow th r a t e s  p r e v a i l e d :

en e rg y  consum ption  grew a t  th e  av e ra g e  an n u a l  r a t e  o f  2 .5  p e r c e n t ;

GNP a t  3 .3  p e r c e n t .  The r e s p e c t i v e  p e r  c a p i t a  f i g u r e s  were 1 .2

11p e r c e n t  and 2  p e r c e n t .



Table 3
World Energy Consumption ( M i l l io n  M e tr ic  Tons Coal E q u iv a le n t )

S o l id
F u e ls

L iq u id
F u e l

N a tu r a l
Gas

1925 1938 1950 1960 1965 1966 1967 1968 1969 1970 1971 1972 1973

1230 1292 1593 1999 2268 2310 2207 2274 2326 2394 2392 2430 2486

197 378 722 1499 2001 2172 2329 2543 2736 3002 3169 3340 3657

48 100 252 613 931 1014 1092 1189 1302 1436 1529 1616 1695

2 f d r ? ” , 10 23 43 8 6  117 128 132 138 148 157 167 179 189E l e c t r i c i t y

T o t a l  1485 1793 2610 4197 5318 5623 5759 6144 6512 6989 7257 7566 8027

S o u rce :  D a rm s ta d te r ,  J . ,  Energy i n  th e  World Economy, ( B a l t i m o r e :  The Johns  Hopkins U n iv e r s i t y  P r e s s ,  1971) 

U n ite d  N a tio n s  S t a t i s t i c a l  Y earbooks.
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The m a jo r  s o u rc e  o f  en e rg y  has  changed o v e r  t im e .  C o in c id e n t  

w i th  th e  I n d u s t r i a l  R e v o lu t io n  i n  B r i t a i n  was th e  d is p la c e m e n t  o f  wood 

by c o a l  a s  th e  main f u e l .  I n  B r i t a i n ,  ab o u t 10 m i l l i o n  to n s  w ere 

mined i n  1800, o r  1 .1  to n s  p e r  head  o f  p o p u la t i o n .  By 1860, th e  t o t a l  

had r i s e n  to  80 m i l l i o n  to n s ,  o r  3 .5  p e r  head . And, by 1910, to  264 

m i l l i o n ,  o r  6 .1  to n s  p e r  h ead .  C orrespond ing  f i g u r e s  f o r  th e  w orld  

w ere ab o u t 15 m i l l i o n ,  132 m i l l i o n  and 1 ,057  m i l l i o n  t o n s .  At th e  

o u tb r e a k  o f  th e  F i r s t  World War, c o a l  c o n s t i t u t e d  o v e r  90% of th e  

w o r ld 's  com m ercial s o u rc e s  o f  e n e r g y . ^

Compared to  c o a l ,  p e t ro le u m  was a la te c o m e r ,  and assumed impor­

ta n c e  as  a s o u rc e  o f  ene rgy  o n ly  a f t e r  World War I .  Commercial 

p ro d u c t io n  s t a r t e d  in  th e  1 8 5 0 's ,  b u t  t o t a l  w o r ld  o u tp u t  o n ly  re a c h e d  

th e  7 m i l l i o n  b a r r e l s  l e v e l  by 1972, and th e  766 m i l l i o n  b a r r e l s  

mark was n o t  p a s se d  u n t i l  1921. C o r re s p o n d in g ly ,  i t s  s h a re  o f  th e  

w orld  p ro d u c t io n  o f  com m ercial energy  s o u rc e s  r o s e  to  6  p e r c e n t  i n  1913 

and to  10 p e r c e n t  s h o r t l y  a f t e r  th e  F i r s t  World War.

Development s in c e  1925 i s  shown in  T ab le  3. Over the  whole 

p e r io d ,  t o t a l  en e rg y  consum ption  r o s e  a t  a compound r a t e  o f  3 .4  p e r ­

c e n t  a  y e a r .  A breakdown i n t o  s u b p e r io d s  shows wide f l u c t u a t i o n s ,  th e  

r a t e  f o r  1925 to  1950 b e in g  o n ly  2 .3  p e r c e n t  and t h a t  f o r  1950 to  1968 

ab o u t  5 p e r c e n t .

Demand E l a s t i c i t y

I t  was p o in t e d  o u t  t h a t  th e  economic s t u d i e s  show a  h ig h  c o r ­

r e l a t i o n  betw een th e  consum ption  o f  ene rgy  and th e  r e a l  GNP o f  th e  w orld  

(and  i n  each  c o u n t r y ) .  B ut, u n f o r t u n a t e l y ,  o u r  knowledge o f  demand 

e l a s t i c i t y  o f  en e rg y  i s  l i m i t e d .  A ccording  to  some e m p i r i c a l  w orks,  in
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th e  long  ru n ,  energy  i s  a  s u b s t i t u t e  v i s - a - v i s  a l l  o t h e r  i n p u t s ;  

t h e r e f o r e ,  t h e r e  a r e  no o f f s e t t i n g  com plem en ta r ie s  (such  a s  betw een 

c a p i t a l  and energy  in  th e  s h o r t  ru n )  to  d im in is h  th e  im pact o f  r i s i n g  

ene rgy  p r i c e s  on th e  demand f o r  e n e rg y .  The demand e l a s t i c i t y ,  a s  we 

e x p e c t  i t ,  i s  d i f f e r e n t  from one c o u n t ry  to  a n o th e r  and i s  l e s s  th a n  

one ( i . e . ,  demand i s  i n e l a s t i c )  b u t  n o n t r i v i a l .  The r e s u l t  o f  an 

e m p i r i c a l  s tu d y  by G r i f f i n  and G r e g o r y ^  h as  been  shown in  T ab le  4 .

As we s e e  i n  th e  t a b l e ,  th e  f i r s t  column shows th e  en e rg y  o w n-p rice  

e l a s t i c i t y  (Egg) which i s  n e g a t i v e ,  o f  c o u r s e ,  and s i g n i f i c a n t l y  d i f f e r ­

e n t  from z e ro .  i s  th e  c ro s s  e l a s t i c i t y  between energy  and c a p i t a l

and E„t i s  the  c ro s s  e l a s t i c i t y  betw een ene rgy  and l a b o r .

T ab le  4: Own and C r o s s - P r i c e  E l a s t i c i t i e s

Country
eee e ek eel

France - .8 0 .27 .52

W. Germany - .8 0 .40 .40

I t a l y - .7 9 .33 .45

U.K. - .8 0 .27 .53

U.S. - . 7 9 .15 .64

Source : J . G r i f f i n  and P. G regory"^

Even i f  th e  demand e l a s t i c i t y  o f  energy  i s  i n e l a s t i c ,  th e  demand 

e l a s t i c i t y  o f  p e tro leu m  as  a s o u rc e  o f  en e rg y ,  i n  th e  long  ru n ,  i s  

e l a s t i c .  T h is  i s  b e ca u se  o f  th e  e x i s t e n c e  o f  s u b s t i t u t e s  and a  h ig h  

d e g re e  o f  e l a s t i c i t y  o f  s u b s t i t u t i o n  t h a t  we o b se rv e  and e x p e c t  between 

th e  s o u rc e s  o f  e n e rg y .
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I I I .  THE ELEMENTS OF THE SUPPLY OF OIL 

The f i r s t  s t e p  i n  a n a ly z in g  and m e asu r in g  th e  c o s t  o f  p r o d u c t io n  

f o r  o i l  i s  to  d e te rm in e  w h e th e r  o r  n o t  o i l  i s  s u b j e c t  to  the  econom ics 

o f  e x h a u s t i b l e  r e s o u r c e s .  In  o t h e r  w ords,  t h e r e  a r e  two ap p ro ach es  

to  m e asu r in g  th e  c o s t :  a c c e p t i n g  o r  r e j e c t i n g  th e  e x i s t e n c e  o f  " s c a r c i t y  

r e n t "  f o r  th e  r e s o u r c e .  I f  t h e r e  i s  s c a r c i t y  r e n t ,  th e  r e s o u r c e  can 

be c l a s s i f i e d  a s  an  e x h a u s t i b l e  r e s o u r c e  and i t s  p r e s e n t  q u a s i  su p p ly  

f u n c t i o n  i s  d e te rm in e d  by i t s  u s e r  c o s t .  However, i f  t h e r e  i s  no 

s c a r c i t y  r e n t  f o r  t h e  r e s o u r c e ,  th e  s u p p ly  f u n c t i o n  o f  th e  r e s o u r c e  i s  

d e te rm in e d  by i t s  p r o d u c t io n  c o s t  and monopoly pow er, i f  an y .

The h y p o th e s i s  o f  t h i s  p a p e r  a c c e p t s  th e  e x i s t e n c e  o f  th e  

s c a r c i t y  r e n t  and th e  s t a t i s t i c a l  i n f e r e n c e s  w i l l  be  p r e s e n te d  in  C h ap te r  

3 . Thus, t h e  p r e s e n t  q u a s i  s u p p ly  s c h e d u le  f o r  o i l  i s  i t s  m a rg in a l  u s e r  

c o s t  f u n c t i o n .  On th e  o t h e r  h an d ,  u s e r  c o s t  depends on th e  proved  

r e s e r v e s  and th e  e x p e c te d  d i s c o u n te d  f u t u r e  p r i c e s  ( e . d . f . p . ) .  A b r i e f  

e x p l a n a t i o n  and d e s c r i p t i o n  o f  t h e  p roved  r e s e r v e s  w i l l  be fo l lo w ed  by 

a  b r i e f  d e s c r i p t i o n  o f  e . d . f . p .  and i t s  changes  o v e r  t im e .

A. P roved  R e se rv e s  (R)

The t o t a l  d e p o s i t s  o f  th e  w o r ld ’ s p e t ro le u m  can be c l a s s i f i e d  

i n t o  two c a t e g o r i e s :  ( 1 ) known r e s e r v e s  and ( 2 ) unknown r e s e r v e s  (o r  

s p e c u l a t i v e  r e s e r v e s ) .  However, known r e s e r v e s  hav e  a l s o  been  c l a s s i ­

f i e d  i n t o  two t y p e s : p ro v ed  r e s e r v e s  and p ro b a b le  r e s e r v e s  ( o r  o i l - i n -  

t h e - p l a c e ) , ( s e e  f i g u r e  I I - 2 ) .
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proved
r e s e r v e s

X
/

I

F ig u re  I I - 2 : P ro b a b le ,  P o s s i b l e  and Proved R ese rv es

The unknown ( s p e c u l a t i v e )  r e s e r v e s  a r e  th o s e  d e p o s i t s  i n  th e  

e a r t h  whose l o c a t i o n  and s i z e  a r e  n o t  known; t h e i r  s i z e  i s  a  random 

v a r i a b l e  w hich can be any p o s i t i v e  number, and may be too  l a r g e  o r  too  

s m a l l .  The e x p e c te d  s i z e  o f  t h i s  r e s e r v e  may v a ry  from one p e r io d  to  

a n o t h e r ,  depend ing  on many f a c t o r s  such  a s  g e o l o g ic a l  r e p o r t s ,  s u c c e s s  

o r  f a i l u r e  o f  b ig  d i s c o v e r i e s ,  e t c .  For i n s t a n c e ,  th e  e x p e c t a t i o n  o f  

l a r g e  r e s e r v e s  was v e ry  h ig h  d u r in g  th e  1 9 5 0 's  b e c a u se  t h e r e  was good 

news o f  o i l  d i s c o v e r i e s  each  y e a r ;  i t  i s  n o t  a s  h ig h  i n  th e  1970 ' s  be ­

c a u s e  t h e r e  have  been  no b ig  d i s c o v e r i e s  n o r  e n c o u ra g in g  words from 

g e o l o g i s t s .  S in ce  t h e r e  i s  no r e l i a b l e  in f o r m a t io n  c o n c e rn in g  t h i s  

ty p e  o f  r e s e r v e ,  we c a n n o t  i n c lu d e  th e s e  s p e c u l a t i v e  r e s e r v e s  i n  o u r  

a n a l y s i s .

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

whose l o c a t i o n  i s  a l r e a d y  known and whose s i z e  can be e s t i m a t e d ,  b u t  

f o r  w hich t h e r e  i s  no e s t i m a t i o n  o f  c o s t  ( o r  th e  c o s t  i s  so  h ig h  t h a t  

i t  i s  n o t  eco n o m ica l  to  p ro d u ce  t h e  d e p o s i t ) .  F o r exam ple ,  a c c o rd in g  

to  API th e  t o t a l  r e c o v e r a b le  c ru d e  o i l  i n  th e  e a r t h  i n  1974 was 

e s t i m a t e d  a t  2685 b i l l i o n  b a r r e l s ,  b u t  t h e r e  i s  no e s t i m a t i o n  o f  th e
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c o s t  o r  t h e  c o s t  i s  so h ig h  t h a t  most p o r t i o n s  o f  th e  f i e l d  c o n ta in  

d e p o s i t s  which a r e  n o t  econom ica l to  e x t r a c t .

Proved r e s e r v e s ,  R, a r e  t h a t  p o r t i o n  o f  o i l - i n - t h e - p l a c e  f o r  

which ( 1 ) th e  e s t im a te d  c o s t s  a r e  a v a i l a b l e  and ( 2 ) th e  o p e r a t i o n  o f  

th e  f i e l d  i s  econom ica l .  I t  was p o in te d  o u t  t h a t  R i s  an economic 

v a r i a b l e  whose q u a n t i t y  may change o v e r  t im e .  The changes may be 

caused  by one o r  more o f  th e  fo l lo w in g :

( 1 ) r e v i s i o n  o f  th e  o ld  e s t i m a t io n  due to  t e c h n o lo g ic a l  o r  

economic changes ,

( 2 ) new o i l  f i e l d  d i s c o v e r y ,

(3) e x t r a c t i o n  d u r in g  th e  p e r io d .

To s tu d y  th e  t r e n d  o f  R and i t s  changes o v e r  time i t  i s  e x tre m e ly  

im p o r ta n t  to  make th e  d i s t i n c t i o n  between th e  cau se s  o f  i t s  i n c r e a s e ,  

i . e . ,  th e  i n c r e a s e  o f  R due to  the  r e v i s i o n  o f  th e  o ld  e s t i m a t io n  o r  

due to  new d i s c o v e r i e s  (from th e  in n e r  c i r c l e  i n  F ig u re  I I - 2  o r  from 

th e  o u t e r  c i r c l e . )  To more e a s i l y  d i s t i n g u i s h  betw een th e se  two d i f f e r ­

e n t  s o u rc e s  o f  i n c r e a s e  i n  R, i t  i s  b e t t e r  to  back  d a te  any in c r e a s e  

i n  th e  p roved  r e s e r v e s  o f  a f i e l d  (caused  by improvement o f  te chno logy  

a n d /o r  a  p r i c e  i n c r e a s e )  to  th e  y e a r  o f  d is c o v e ry  o f  th e  f i e l d .

During th e  l a s t  few y e a r s  when o i l  w as, i s ,  i n  th e  news, many 

good eco n o m is ts  (a s  w e l l  a s  n o n -eco n o m is ts )  have f a i l e d  to  make the  

p ro p e r  d i s t i n c t i o n  betw een th e  p u b l i s h e d  p roved  r e s e r v e s  and backda ted  

p roved  r e s e r v e s  and have been  (and a r e )  co n fu sed .  They saw t h a t  R was 

i n c r e a s in g  o v er  tim e a s  f a s t  a s  p ro d u c t io n  and t h a t ,  t h e r e f o r e ,  t h e r e  

was no s c a r c i t y  in v o lv e d .  T h e i r  l o g i c a l  c o n c lu s io n  was: "The p r i c e  

must d e c l i n e  toward th e  lo w e s t  p ro d u c t io n  c o s t . "  The fo l lo w in g  i s  one 

among many exam ples o f  t h i s  l i n e  o f  r e a s o n in g :



Table 5
P u b l i s h e d  P roved  R e se rv e s  ( R ) , P ro d u c t io n  (Q ), and R/Q f o r  S e le c te d  C o u n tr i e s

( B i l l i o n  B a r r e l s )

I r a n Saud i A ra b ia V enezue la U.S .A .
R Q R/Q R Q R/Q R Q R/Q R Q R/Q

1938 - 0 .0 8 - - - - - 0 .1 9 - 1 7 .0 1 .2 6 13 .5

1948 - 0 .1 9 - - - - - 0 .4 9 - 27 .0 2 .1 9 1 2 .3

1953 1 5 .0 0 . 0 0 - 2 8 .0 - - - 0 .9 5 - 29 .0 2 .4 1 2 . 0

1958 - 0 .2 9 - _ 0 .3 8 - - - - 37 .0 2 .74 1 3 .5

1963 37 .0 0 .5 3 70 .0 6 0 .0 0 .6 5 9 2 .3 17 .0 1 . 1 2 15 .2 31 .0 2 .75 1 1 .3

1964 3 8 .0 0 .6 1 6 2 .3 60 .0 0 .6 9 8 7 .0 1 7 .0 1 .2 4 13 .7 3 1 .0 2 .74 1 1 .3

1965 4 0 .0 0 . 6 8 5 9 .0 6 0 .0 0 . 8 75 .0 17 .2 1 .27 1 3 .5 3 1 .3 2 .8 4 1 1 . 0

1966 4 4 .0 0 .7 7 5 7 .2 6 6 . 0 0 .9 5 7 0 .0 17 .4 1 .24 1 4 .0 31 .4 3 .02 10 .4

1967 4 4 .0 0 .9 4 4 7 .0 75 .0 1 . 0 2 73 .5 17 .0 1 .3 1 3 .0 31 .4 3 .21 9 .8

1968 5 4 .0 1 .0 4 5 2 .0 7 7 .0 1 . 1 1 69 .4 15 .5 1 .3 3 11 .7 30 .7 3 .31 9 .3

1969 5 5 .0 1 .2 3 4 4 .7 140 .0 1 .17 1 2 0 . 0 14 .7 1 .3 2 1 1 . 1 29 .6 3 .36 8 .8

1970 7 0 .0 1 .9 0 36 .8 128 .0 1 .38 9 3 .0 1 4 .0 1 .37 1 0 . 2 39 .0 3 .51 1 1 . 1

1971 5 5 .0 1 .7 0 32 .4 145 .0 1 .4 8 9 8 .0 13 .9 1 .32 1 0 .5 4 5 .0 3 .45 1 3 .0

1972 6 5 .0 1 .8 4 35 .3 138 .0 2 .09 6 6 . 0 1 3 .7 1 . 2 0 1 1 .4 4 3 .0 3 .44 1 2 .5

1973 6 5 .0 2 .15 30 .2 150 .0 2 . 6 8 5 6 .0 1 5 .0 1 .2 6 1 2 . 0 4 1 .0 3 .35 1 2 .9

1974 66.0 2 . 2 2 30 .0 164 .0 3 .0 5 5 .0 1 5 .0 1 . 1 1 1 3 .5 4 0 .0 3 .26 1 2 .3

1975 6 4 .0 2 .35 2 7 .5 148 .0 2 .65 5 7 .8 1 7 .7 0 . 8 8 2 0 . 0 3 3 .0 3 .05 1 0 . 8

1976 6 3 .0 2 .30 2 7 .4 1 1 0 . 0 3 .13 35 .1 1 5 .3 0 .8 4 18 .2 3 1 .3 2 .9 6 1 0 . 6

S o u rce :  See f o o tn o t e  18.
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Table 6
P u b l is h e d Proved  R ese rv es (R ), P r o d u c t io n  (Q ) , and R/Q f o r  th e  W orld, 

( B i l l i o n  B a r r e l s )

M iddle  E a s t , and A f r i c a

World M iddle E a s t A f r i c a
R Q R/Q R Q R/Q R Q R/Q

1938 30 .0 2 . 0 1 5 .0 3 .0 0 . 1 2 25 .0 0 . 0 0 . 0 -

1948 77 .0 3 .6 21 .4 33 .0 0 .4 2 7 8 .0 0 . 0 0 . 0 0 1 -

1953 1 3 5 .0 4 .7 28 .7 78 .0 - - 0 . 0 0 .0 0 3 -

1958 279 .0 6 .9 4 0 .4 174 .0 1 .54 113 .0 4 .0 0 .0 3 -

1963 326.0 9 .5 3 4 .3 207 .0 - - 1 6 .3 - -

1964 338 .0 10 .77 3 1 .4 2 1 2 . 0 2 .7 8 7 6 .0 1 9 .3 - -

1965 348 .0 1 1 . 0 3 1 .6 215 .0 3 .04 70 .0 23 .0 0 .8 1 2 .84

1966 381.0 1 2 . 0 3 1 .8 236 .0 3 .4 77 .7 32 .3 1 .0 3 31 .4

1967 407 .0 1 2 . 8 31 .8 249 .0 3 .66 6 8 . 0 4 2 .3 1 .1 4 37 .1

1968 4 5 4 .0 1 4 .0 32 .4 270 .0 4 . 1 2 65 .5 4 4 .5 1 .46 30 .5

1969 530 .0 1 5 .2 34 .8 333 .0 4 .5 4 73 .3 5 4 .6 1 .85 29 .6

1970 611 .0 1 6 .7 36 .5 344 .0 5 .1 0 67 .4 7 4 .6 2 . 2 2 33 .6

1971 641 .0 1 7 .6 3 6 .4 366 .0 5 .9 8 6 1 .2 9 8 .0 2 .06 4 7 .5

1972 672 .0 1 8 .5 36 .3 355 .0 6 .6 1 53 .7 106 .0 2 .0 8 5 1 .0

1973 634 .0 2 0 .3 3 1 .2 349.0 7 .71 4 5 .2 6 7 .0 2 .15 31 .2

1974 720 .0 2 0 .7 34.7 403 .0 8 .2 7 4 8 .7 6 8 . 0 2 . 0 3 4 .0

1975 6 5 8 .0 1 9 .6 33 .6 368 .0 7 .42 49 .6 65 .0 1 .77 36.7

1976 598 .0 2 0 . 8 8 2 8 .6 326.0 7 .66 4 2 .5 60 .5 2 .04 29 .6

S ource : See f o o tn o t e  18 .
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T a b le  7

The Change R a te  o f  R e s e r v e /P r o d u c t io n  o f  Crude O i l  
f o r  th e  World and S e le c te d  C o u n t r i e s  (1963-76)

 World_________   I r a n ____________  Saudi A ra b ia
R Q R/Q R Q R/Q R Q R7q"

8.6 0 . 2 7 . 1 8 .9  -5 . 19, 1 1 .4  4 .2

63

2 . (- 76 -  X70 ) /7 - 0 . 3 3 .6 - 3 . - 1 . 4 - 3 . 7 - 2 . 18, - 4 .4

70

3 . ( i V ^ ) / 1 4  
63

6 . 8 .5 - 1.2 5 .  2 3 .9  - 4 . 3 6 . 27 . - 4 .4

4 .  ( = ^ _ ) 1 0 0  
63

162 .6  160. 10 1 . 148 .6  232 . 63. 233 . 180. 130.

5 .  ( r r ^ - ) 1 0 0
*70

9 7 .8  125. 78. 90. 1 2 1 . 74-4 8 6 . 226. 37.

6 . ( ^ - ) 1 0 0  1 8 3 .4  220. 83 . 170 .2  434 .  3 9 .1  183. 482 . 38.
63

Rows 1 -3  = % Annual Change f o r  1963-1969, 1970-1976 and 1963-1976 r e s p e c t i v e l y .
Rows 4 -6  = i n d i c e s  f o r  1969 (1963 = 1 0 0 ) ,  f o r  1976 (1970 = 100) and f o r  1976 (1963 -  1 0 0 ) ,  r e s p e c t i v e l y .
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th e  o i l  p rob lem  i s  one o f  p o l i t i c s  and m arke t pow er, n o t  
one o f  th e  co n seq u en ces  o f  d e p l e t i o n  o f  n a t u r a l  r e s o u r c e s .
To b e g i n ,  w o r ld  p ro v ed  r e s e r v e s  o f  o i l  a r e  s u f f i c i e n t  to  
s u p p ly  r a t e  o f  consum ption  beyond th e  t u r n  o f  th e  c e n t u r y .
F u r t h e r ,  i t  i s  w e l l  known t h a t  p r o d u c t io n  from a g iv e n  f i e l d  
t y p i c a l l y  e x ce ed s  th e  p roved  r e s e r v e s  e s t i m a t e d  to  be i n  t h a t  
f i e l d  some y e a r s  e a r l i e r .  And f i n a l l y ,  w orld  p roved  r e s e r v e s  
have  grown more r a p i d l y  th a n  consum ption  i n  th e  p o s t-W o rld  
War IX p e r i o d ,  7.0% a s  opposed  to  6 . 6 % from 1965 to  1975, 
f o r  exam ple . . . (15)

I f  we a r e  i n t e r e s t e d  i n  R f o r  "a "  p e r i o d ,  th e n  th e r e  i s  no need 

f o r  b a c k - d a t in g  th e  p ro v ed  r e s e r v e s .  However, i f  we a r e  i n t e r e s t e d  in  

a n a ly z in g  th e  t r e n d  o f  R and i t s  changes  o v e r  t im e ,  th e n  th e  b ack ­

d a te d  r e s e r v e  i s  s u i t a b l e  f o r  th e  a n a l y s i s .

I f  th e  r a t e  o f  new o i l  d i s c o v e r i e s  i s  l e s s  th a n  th e  r a t e  o f  

e x t r a c t i o n  f o r  a  p e r io d  o f  t im e ,  i t  may o r  may n o t  a f f e c t  th e  pub­

l i s h e d  r e s e r v e s .  The p u b l i s h e d  r e s e r v e s  rem ain  th e  same o r  may even 

i n c r e a s e  o v e r  some p e r io d s  o f  t im e b u t  a f t e r  a w h i le  th e  gap be tw een  

p r o d u c t io n  and new d i s c o v e r i e s  w i l l  a p p e a r  and R s t a r t s  d e c l i n i n g .

In  o t h e r  w ords ,  t h e r e  a r e  some l a g s  betw een a r e d u c t io n  o f  new o i l

d i s c o v e r i e s  and  i t s  im pac t on th e  p u b l i s h e d  r e s e r v e s .  As p o in t e d  o u t  

above ,  to  e l i m i n a t e  the  gap i s  to  b a c k - d a te  th e  p roved  r e s e r v e s  to  th e  

y e a r  o f  d i s c o v e r y .  As an  exam ple ,  th e  r a t i o  o f  th e  p u b l i s h e d  r e s e r v e s  

to  th e  r a t e  o f  p r o d u c t i o n  f o r  th e  w o rld  and f o r  some i n d i v i d u a l  coun­

t r i e s  h a s  been  c a l c u l a t e d  i n  T a b le s  5 and 6  and i n  F ig u re  I I - 3 .  T h is  

r a t i o  i s  a  d e c r e a s in g  f u n c t i o n  o f  tim e i n  F ig u re  I I - 3 ;  i n  th e  t a b l e s ,  

how ever,  th e  r a t i o  h a s  rem ained  f a i r l y  s t a b l e  u n t i l  r e c e n t  y e a r s .  T h is  

i s  b e c a u s e  th e  p roved  r e s e r v e s  a r e  b a c k -d a te d  i n  F ig u re  I I - 3  b u t  they

a r e  n o t  b a c k -d a te d  in  T a b le s  5 and 6 .

S in ce  th e  e a r l y  1 9 6 0 's  t h e r e  have  n o t  been  any b ig  o i l  d i s c o v e r i e s  

e x c e p t  i n  th e  N orth  Sea and  A la s k a .  But from 1960 th e  consum ption  o f  

c ru d e  o i l  h a s  i n c r e a s e d  more th a n  200%. As i t  was p o in t e d  o u t ,  th e
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e f f e c t s  o f  th e  gap be tw een  th e  r a t e  o f  p r o d u c t io n  and th e  r a t e  o f  

new d i s c o v e r i e s  on th e  p u b l i s h e d  proved  r e s e r v e s  may n o t  be s e e n  f o r  

a  lo n g  t im e .  F ig u re  I I - 3  and T ab le s  5 ,  6  and 7 may e x p la in  t h i s  

p o i n t .  C o n s id e r  th e  l a s t  14 y e a r s  as  two p e r i o d s ;  p e r io d  1 in c lu d e s  

th e  sev en  y e a r s  1963-69 and p e r io d  2 in c lu d e s  th e  seven  y e a r s  from 

1970-76 .  The r a t e  o f  new o i l  d i s c o v e r i e s  f o r  each  p e r io d  h as  been  

v e ry  low . The c o m b in a t io n  o f  A laskan  and N orth  Sea o i l  i s  ( i f  we 

c o n s id e r  th e  p roved  r e s e r v e s )  l e s s  th a n  the  consum ption  o f  th e  w orld  

f o r  two y e a r s .  For th e  f i r s t  p e r i o d ,  1963-69 , p r o d u c t io n  had a  very  

h ig h  r a t e  o f  growth (60% f o r  th e  p e r io d ;  8 . 6 % a n n u a l ly )  b u t  th e  growth 

r a t e  o f  p u b l i s h e d  p roved  r e s e r v e s  was even  h ig h e r  (62.6% f o r  th e  

p e r io d ;  9% a n n u a l l y ) .  C o n s e q u e n t ly ,  th e  r a t i o  o f  proved  r e s e r v e s  

to  consum ption  in c r e a s e d  by 1%. However, d u r in g  th e  second p e r io d  

p r o d u c t io n  in c r e a s e d  o n ly  25% f o r  th e  w hole p e r io d  (1970-1976) ,  

b u t  th e  grow th o f  r e p o r t e d  p ro v ed  r e s e r v e s  was n e g a t i v e ,  such  t h a t  

th e  r a t i o  o f  R/Q d e c re a s e d  by 21.7%. The news i s  even  worse f o r  some 

OPEC members; f o r  exam ple ,  th e  M iddle  E a s t ’ s p r o d u c t io n  in c r e a s e d  81.6% 

d u r in g  th e  f i r s t  p e r io d  b u t  b e c a u se  th e  r e p o r t e d  p roved  r e s e r v e s  

in c r e a s e d  60%, th e  R/Q dropped  o n ly  3.6%. The p r o d u c t io n  o f  th e  M iddle 

E a s t ' s  o i l  i n c r e a s e d  o n ly  50.2% d u r in g  th e  second  p e r io d ,  n e v e r t h e l e s s ,  

th e  r a t i o  o f  R/Q dropped by more th a n  37%. There  was no new o i l  

d i s c o v e ry  d u r in g  e i t h e r  p e r io d  (1963-69 and 1970-76) b u t  th e  im pac t o f  

th e  gap betw een p r o d u c t io n  and new d i s c o v e r i e s  i s  by f a r  g r e a t e r  on th e  

r e p o r t e d  p roved  r e s e r v e s  o f  th e  second  p e r io d  th a n  on th e  f i r s t  p e r io d .
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R eserv e /P ro d u c  t  io n

100

->Time

1950 1960 1970 19741955 1965

F ig u re  I I - 3 :  R a t io  o f  R e se rv e /P ro d u c t io n  
f o r  th e  World

(R ese rv es  b a c k d a te d  to  Years o f  D iscovery )

Source : B r i t i s h  P e tro leu m  Company R ep o r t ,  1974.

To summarize o u r  d i s c u s s io n  ab o u t proved  r e s e r v e s  o f  the  w o rld ,

we sh o u ld  b e a r  i n  mind t h a t :

(1) The o n ly  m ajo r o i l  d i s c o v e r i e s  d u r in g  the  l a s t  14 y e a rs  have 

been  th e  A laskan  and N orth  Sea o i l  and th e  com bina tion  o f  b o th  i s  b a r e l y  

enough f o r  two y e a r s '  w orld  consum ption .

(2) The r a t e  o f  consum ption o f  c rude  o i l  f o r  th e  w orld  d u r in g  

t h i s  p e r io d  (1963-1976) h a s  in c r e a s e d  120%, from 9 .5  b /b  i n  1963 to

20 .88  b /b  i n  1976.

(3) The known b a c k -d a te d  proved  r e s e r v e s  o f  th e  w orld  d u r in g

t h i s  p e r io d  have  been  a  d e c r e a s in g  f u n c t i o n  o f  t im e .

(4) Even i f  we do n o t  b a c k -d a te  th e  proved  r e s e r v e s ,  th e  r a t i o  

o f  p roved  r e s e r v e s  to  th e  r a t e  o f  p ro d u c t io n  h a s  dropped 17.6% d u r in g
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t h i s  p e r io d  (1963-1976) and 21.7% o v e r  th e  l a s t  7 y e a r s  (1 9 7 0 -1 9 7 6 ) .

(5) F or  t h e  l a s t  7 y e a r s  (1970-1976) th e  p roved  r e s e r v e s  o f  th e  

U n ite d  S t a t e s  have d e c re a s e d  20% from 39 b /b  i n  1970 to  31 .3  b /b  i n  

1976. For th e  same p e r io d  th e  r a t e  o f  p r o d u c t io n  h a s  d ropped  16% from 

3 .51  b i l l i o n  b a r r e l s  a y e a r  to  2 .96  b /b  and f i n a l l y  R/Q h as  d ropped 

4.5% from 1 1 .1  i n  1970 to  1 0 .6  i n  1976.

( 6 ) D uring  th e  l a s t  14 y e a r  p e r io d  th e  r a t e  o f  p r o d u c t io n  f o r  

th e  M iddle E a s t  h as  i n c r e a s e d  more th a n  200% from 2 .5  b /b  i n  1963 to  

7 .66  b /b  i n  1976 b u t  th e  r a t i o  o f  R/Q h a s  d e c r e a s e d  37% from 76 in  

1963 to  4 2 .5  i n  1976. For t h i s  p e r io d  th e  r a t e  o f  p r o d u c t io n  f o r  I r a n  

in c r e a s e d  334% from 0 .5 3  b /b  i n  1963 to  2 ,3 0  b /b  i n  1976; d u r in g  t h i s  

p e r io d  th e  r a t i o  o f  R/Q dropped 61% from 70 i n  1963 to  2 7 .4  i n  1976.

And f i n a l l y ,  th e  p r o d u c t io n  o f  Saud i A ra b ia  i n c r e a s e d  382% from 0 .6 5  

b /b  i n  1963 to  3 .13  b /b  i n  1976 w h i le  R/Q d e c re a s e d  62% from 9 2 .3  in  

1963 to  35 .1  i n  1976.

B. The Expec ted  D isco u n ted  F u tu r e  P r i c e s  ( e . d . f . p . )

The s t a t i s t i c a l  i n f e r e n c e s  o f  th e  im pac t o f  th e  e . d . f . p .  on u s e r  

c o s t  and c o n s e q u e n t ly  on th e  m a rk e t  p r i c e  o f  c ru d e  o i l  w i l l  be p r e s e n t ­

ed  i n  C h ap te r  3, w h i le  th e  re m a in d e r  o f  t h i s  c h a p t e r  w i l l  p ro v id e  a 

background  f o r  t h e s e  a n a ly s e s  th ro u g h  a  b r i e f  d e s c r i p t i o n  o f  th e  

e . d . f . p . rs  changes  d u r in g  r e c e n t  y e a r s .  The s i z e  o f  e . d . f . p .  (and 

c o n s e q u e n t ly  i t s  im pact on u s e r  c o s t )  i s  a v a r i a b l e  w hich may be low 

( n e g l i g i b l e )  f o r  some y e a r s  and may be  s i g n i f i c a n t  f o r  o t h e r s .  I t  i s  

e x t re m e ly  d i f f i c u l t  to  e x p l a i n  and d e s c r i b e  th e  changes  o f  e . d . f . p .  

y e a r  by y e a r ;  n e v e r t h e l e s s ,  i t  i s  e a sy  to  o b s e rv e  a  low and n e g l i g i b l e  

v a lu e  o f  e . d . f . p .  f o r  t h e  y e a r s  p r i o r  to  1970 and a  s i g n i f i c a n t  v a lu e  

f o r  1970 and  t h e r e a f t e r .
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As i t  was p o in te d  o u t  i n  C h ap te r  1 ,  th e  fu ndam en ta l p r i n c i p l e  

o f  the  economics o f  e x h a u s t i b l e  r e s o u r c e s  i s  "The n e t  p r i c e  o f  th e  

r e s o u r c e ,  i f  th e  m arke t  i s  i n  c o m p e t i t io n ,  (o r  th e  m a rg in a l  p r o f i t  o f

each u n i t  o f  th e  r e s o u r c e ,  i f  c o m p e t i t io n  i s  im p e r f e c t )  must i n c r e a s e

1.1 te x p o n e n t i a l ly  o v e r  t im e " ;  i . e . ,  p t  = pQe o r  mpc = mp^ ( 1  + i )  .

A c c o rd in g ly ,  i f  p t  = pQ, f o r  t  = 1 ,  2 , 3 and i  > 0 , we c o u ld  say

th e  s c a r c i t y  r e n t  i s  n e g l i g i b l e ,  i . e . ,  p fc = Pq = 0 .  Up to  1970 th e

r e a l  p r i c e  o f  i n t e r n a t i o n a l  c rude  o i l  was a d e c r e a s in g  o r  c o n s ta n t

fu n c t io n  o f  time and th e  nom inal p r i c e ,  w hich was low er th a n  th e  1950s

l e v e l ,  a lm o s t  rem ained  th e  same d u r in g  th e  1960s.

Because th e  p r i c e  was th e  same o r  was d e c re a s in g  o v e r  t im e , each

p ro d u ce r  t r i e d  to  maximize h i s  p r o f i t  by maxim izing th e  r a t e  o f  ex­

t r a c t i o n .  H i s t o r i c a l l y ,  t h e r e  was a lm o s t  always ex c e ss  c a p a c i t y  f o r  

each p ro d u ce r  and t h i s  was th e  main r e a s o n  f o r  a d e c r e a s in g  p r i c e  o v e r  

t im e .  The r e l a t i v e  p r i c e  o f  c rude  o i l  to  l a b o r  in  th e  U.S. was 1034 

i n  1900, 726 in  1920, 213 in  1950, 135 in  1960, and 100 in  1 9 7 0 .16

By 1970 th e  i n e v i t a b i l i t y  o f  an ene rgy  s h o r t a g e  was making news

in  most i n d u s t r i a l  c o u n t r i e s .  A lthough i t  i s  n o t  o u r  concern  to

i n v e s t i g a t e  the  re a so n s  f o r  th e  s h o r t a g e ,  b u t  r a t h e r  th e  im pact o f  i t ,

i t  i s  w orth  n o t in g  t h a t  on September 7, 1970, O i l  and Gas J o u r n a l  w ro te :

O i l  and gas a re  two com m odities i n  ou r  i n f l a t e d  economy t h a t  a r e  
v a s t l y  u n d e r p r ic e d .  O il  men have to  g e t  more r e a l i s t i c  p r i c e s  
b e f o r e  they  can a f f o r d  to  f in a n c e  g r e a t e r  e x p l o r a t i o n  . . .  A 
few s im p le  f i g u r e s  show what th e  o i l -m a n  i s  up a g a i n s t .  H is c o s t  
o f  c a s in g  i s  up 34.4% s in c e  1956; wages a r e  up 52.8%; d r i l l i n g  
t o o l s ,  up 32.4%. Yet c rude  o i l  p r i c e s  r o s e  o n ly  10% from 1956 
to  1969. Measured i n  c o n s t a n t  d o l l a r s ,  t h i s  r e p r e s e n t s  a d e c l i n e  
o f  20.2% i n  co m p ara tiv e  v a lu e  f o r  c rude  . . . P r i c e  i s  th e  v i t a l  
key to  s o lv in g  th e  en e rg y  c r i s i s .

I t  h as  been  p o in te d  o u t  t h a t  th e  growth o f  energy  consum ption  i s  

p a r a l l e l e d  by th e  grow th o f  GNP. B u t,  d u r in g  th e  l a t e  1960s, th e  " r a t i o
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o f  energy  growth r a t e  to  GNP grow th r a t e "  I n c r e a s e d  d i s p r o p o r t i o n a t e l y  

f o r  most c o u n t r i e s  o f  th e  w o r ld .  The an n u a l r a t e  o f  ene rgy  grow th 

r a t e  f o r  1925-1950 was o n ly  2.24%, f o r  1950-1965 i t  was 4.74% and 

f o r  1965-1970 i t  went up to  5.35%. The grow th p a th  f o r  each i n t e r v a l  

i s  as  fo l lo w s :

„ t  -  e (6 .7085  + 0 . 2 2 * t )  f<Jr 1 9 2 5 _ 1 9 5 0

, t  -  e <5 - 4 9 4  + f o r  1950-1965

( 5 . 0 9 6  +  0 . 0 5 3 * 6 0  -q = e f o r  1965-1970

t  = 0 f o r  1900

q = m i l l i o n  m e t r ic  to n s  c o a l  e q u i v a l e n t

In  o t h e r  w ords, th e  t o t a l  consum ption  o f  ene rgy  grew 20%,

45%, 60% and 6 6 % f o r  th e  r e s p e c t i v e  p e r io d s  o f  1925-1938-1950, 1950- 

1960 and 1960-1970. And f i n a l l y ,  energy  consum ption had a r a t e  o f  

growth o f  6 . 6 8 % and 6.0% f o r  1968 and 1969; d u r in g  1970 th e  ene rgy  

consum ption o f  th e  w orld  had a growth r a t e  o f  7.32%, th e  h i g h e s t  

growth r a t e  e v e r .

Now l e t  us lo o k  a t  th e  s o u rc e s  o f  ene rgy  and t h e i r  changes o ver  

t im e .  The p ro d u c t io n  o f  c o a l ,  h i s t o r i c a l l y  th e  m ajo r so u rc e  o f  en e rg y ,  

has  in c re a s e d  o v e r  t im e ,  to o :  30% d u r in g  th e  1925-1950 p e r io d  and 50% 

f o r  th e  1950-1970 p e r io d .  O v e r a l l ,  f o r  1925-1970 th e  compound r a t e  was 

1 . 6 % w ith  a  growth p a th  o f :

q t  = e (6 .6 2 4  + 0 .0 1 6 3 t )

t  = 0 f o r  1900

q i s  m easured by m i l l i o n  m e t r ic  to n s .
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However, c o a l ' s  g row th  r a t e  was f a r  from enough to  match th e  

en e rg y  g row th  r a t e .  The a v e ra g e  en e rg y  grow th  r a t e  f o r  th e  same 

p e r io d  o f  1925-1970 was 3.75%, w i th  th e  grow th  p a th  o f :

(6 .1 7 4  + 0 .0 3 7 5 t )qt = e

T h e r e f o r e ,  c o a l ' s  s h a r e  a s  a s o u r c e  o f  en e rg y  was a d e c r e a s in g  

f u n c t i o n  o f  t im e .  I t s  s h a r e  o f  th e  en e rg y  m a rk e t  was 83% in  1925; i t  

d e c l i n e d  to  61% i n  1950, to  47% in  1960 and in  1970 i t  was o n ly  34%.

By th e  l a t e  1960s and e a r l y  1970s , th e  p r i c e  o f  c o a l  s t a r t e d  

r i s i n g  in  m ost i n d u s t r i a l  c o u n t r i e s .  In  th e  U n ite d  S t a t e s ,  f o r  example

i t s  p r i c e  was a lm o s t  th e  same d u r in g  th e  1950s and e a r l y  1960s, b u t

from 1965 to  1968 i t  r o s e  3% a n n u a l ly ;  d u r in g  1968 i t  went up 8 % 

and i t  jumped 38% d u r in g  1970. I t  i s  i n t e r e s t i n g  to  n o te  t h a t  n o t  

o n ly  i s  t h e r e  a  h ig h  c o r r e l a t i o n  betw een th e  p r i c e s  o f  c o a l  and c ru d e  

o i l  i n  th e  U n ite d  S t a t e s ,  b u t  t h e r e  i s  a l s o  a h ig h  c o r r e l a t i o n  betw een 

th e  p r i c e  o f  c o a l  i n  th e  U n ite d  S t a t e s  and th e  p e r  b a r r e l  o i l  rev en u e  

f o r  an OPEC member:

p n  = 38 .92  + 0 .5 2  p r  = 0 .9 8 8  f o r  1960-1975
0  c

r_ = -1 9 0 .5  + 2 .67  p r  -  0 .9 5  f o r  1960-1975
0  c

Pq i s  th e  in d e x  p r i c e  o f  c ru d e  o i l  i n  th e  U .S .A . (1967 = 100)

p^ i s  th e  in d e x  p r i c e  o f  c o a l

Tq i s  th e  p e r  b a r r e l  o i l  rev en u e  (1967 * 100)

A nother  s o u rc e  o f  en e rg y  i s  h y d r o - e l e c t r i c i t y  which h as  had a 

v e ry  h ig h  grow th  r a t e .  I t s  p r o d u c t io n  i n  1970 was more th a n  15 t im es  

i t s  1925 p r o d u c t i o n ,  from 10 m i l l i o n  m e t r i c  to n s  o f  c o a l  e q u i v a l e n t  in
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1925 to  157 i n  1970. I t s  grow th r a t e  f o r  t h i s  p e r io d ,  from 1925 

to  1970, was 6.1% w i th  a  grow th  p a th  o f :

(0 .7 7 6 2  + 0 .0 6 1 t )  r
q “  e '  t  = 0 f o r  1900

q i s  a  m i l l i o n  m e t r i c  to n s  c o a l  e q u i v a l e n t

I t s  s h a r e  o f  th e  en e rg y  m arke t  r o s e  from . 6  o f  1% in  1925 to  2% in  

1970; n e v e r t h e l e s s ,  2% i s  too  low to  be c o n s id e r e d  a main s o u rc e  o f  

e n e rg y .

A f t e r  th e  Second World War i t  was e x p e c te d  t h a t  by th e  1970s o r  

a t  most th e  1980s n u c l e a r  en e rg y  would become one o f  th e  main s o u rc e s  

o f  en e rg y  and e v e n t u a l l y  i t  would be th e  m ajo r s o u r c e .  But i t  d id  n o t  

f u l f i l l  th e  h ig h  hopes s e t  on i t  i n  th e  l a s t  two d e c a d e s .  D evelop­

ment o f  n u c l e a r  en e rg y  was b eh in d  s c h e d u le  and by 1970 i t  became known 

t h a t  i t s  e n v i ro n m e n ta l  and economic c o s t s  w ere  much h ig h e r  th a n  had 

b een  e x p e c te d .  S o la r  e n e rg y ,  s h a l e  o i l ,  t a r  sands  w ere a l s o  con­

s i d e r e d  a s  p o t e n t i a l l y  b e in g  main s o u rc e s  o f  ene rgy  b u t  t h e i r  com m ercia l 

u se  i s  c u r r e n t l y  f a r  from a  r e a l i t y .

For th e  l a s t  30 y e a r s ,  th e  huge r a t e  o f  en e rg y  grow th was made 

p o s s i b l e  by  th e  r e l a t i v e l y  cheap and abundan t s u p p l i e s  o f  p e t ro le u m ,  

n a t u r a l  g as  and c ru d e  o i l .  D uring th e  t e n - y e a r  p e r io d  from 1950-1960, 

th e  p r o d u c t i o n  o f  n a t u r a l  g as  in c r e a s e d  240%, f o r  1960-1970 i t  was 234%. 

N a tu ra l  gas  a c c o u n te d  f o r  o n ly  3% o f  ene rgy  i n  1925; i t  w ent up to  

10%, 14%, and 20% i n  1950, 1960 and 1 9 7 0 ,r e s p e c t i v e l y .  The compound 

r a t e  o f  grow th  f o r  th e  e n t i r e  p e r i o d ,  from 1950 to  1970, was 8.63% p e r  

y e a r  and i t s  tim e t r e n d  was:
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In  = 1 .2 2 3  + 0 .0 8 6 2 8 t  

t  * 0 f o r  1900

q In  m i l l i o n  m e t r i c  to n s  c o a l  e q u i v a l e n t .

The r o l e  o f  c ru d e  o i l  a s  a  s o u rc e  o f  energy  h as  been  in c r e a s in g  

s t e a d i l y  s i n c e  1900. The compound r a t e  o f  growth s i n c e  th e  tu r n  o f  

th e  c e n tu ry  h as  b een  6,93% p e r  y e a r  f o r  th e  w o r ld .  I t s  grow th p a th  i s

(4 .787  + 0 .0 6 9 3 t )
qt = e

t  * 0 f o r  1900

q i n  m i l l i o n  b a r r e l s  p e r  y e a r .

T h is  r a t e  o f  growth means th e  p r o d u c t io n  w i l l  d o u b le  w i th i n  each 

t e n - y e a r  p e r i o d ,  i . e . ,

qi970  = 2q60 = 4q50 = 8q40 = 16q30 = 32q20 * * ‘ 128ql900

The a c t u a l  p r o d u c t io n  in  1970 was more th an  d o u b le  t h a t  o f  1960, 

more th a n  q u a d ru p le  t h a t  o f  1950, 8  t im es  t h a t  o f  1940 and a lm o s t 

128 t im es  th e  p r o d u c t io n  o f  1900. As we s e e  i n  T ab le  8 , th e  a c t u a l  

p r o d u c t io n  was 6  b i l l i o n  b a r r e l s  i n  1956 and 12 b i l l i o n  b a r r e l s  in  

1966; and i t  was 5 .0 0  b i l l i o n  b a r r e l s ,  10 .77  and 20 .70  b i l l i o n  b a r r e l s  

f o r  t h e  y e a r s  1954, 1964 and  1974, r e s p e c t i v e l y .

T h is  r a t e  o f  grow th w as, more o r  l e s s ,  th e  same u n t i l  1968. The 

r a t e  o f  g row th  f o r  1968 and 1969 was h i g h e r  th a n  u s u a l ,  9.4% and 8.5%. 

The r a t e  o f  grow th d u r in g  1970 was a s  h ig h  as  10%. As i t  was p o in te d  

o u t ,  t h e s e  h ig h  r a t e s  o f  grow th  o f  p r o d u c t io n  g r e a t l y  d im in is h e d  th e  

e x c e s s  c a p a c i t y  and  c o n s e q u e n t ly  p u t  p r e s s u r e  on th e  p r i c e  l e v e l .  The 

p r i c e  o f  c ru d e  o i l ,  s i m i l a r  to  t h a t  o f  c o a l ,  s t a r t e d  moving up in



Year

1900

1940

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

T a b le  8

The Trend o f  The World Crude O i l  P ro d u c t io n  S in c e  1900

A E s t im a te d :
A c tu a l :  I n  Q = ( - 2 .1 2  + 0 .0 6 9 3 t )

Qt  ( t  -  0 f o r  1900)

0 . 1 2 0 . 1 2

2 . 0 1 .9 2

3 .84 3 .84

4 .2 4 .1 1

4 .5 4 .4 1

4 .7 4 .7 2

5 .0 5 .0 6

5 .6 5 .4 3

6 . 0 5 .8 2

6 .5 6 .2 3

6 .9 6 . 6 8

7.2 7 .16

7 .6 3 7 .6 7

8 . 2 8 . 2 2

8 .9 8 .8 2

9.54 9 .45

10.77 10 .13

1 1 . 0 1 0 . 8 6

1 2 . 0 1 1 .6 2

1 2 . 8 12 .45

14 .0 13 .34

15 .2 14 .32

16 .7 15 .35

1 7 .6 16 .45

18 .5 17 .63

2 0 .3 18 .90

20 .7 20.25
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T a b le  8  (C o n tin u ed )

Year A c tu a l In
A E s t im a te d
Qt  =* ( - 2 .1 2  + 0 ,0 6 9 3 t)

( t  =* 0 f o r  1900)
Qt - Q t

<*t

1975 1 9 .6 21 .70 -  1 0  %

1976 2 0 . 8 8 23 .26 -  1 0  %

1977 24 .93

1980 30 .69

S o u rce :  (1) U n ite d N a tio n s S t a t i s t i c a l  Y earbooks .

(2) O i l  and Gas J o u r n a l ,  Worldwide I s s u e s .

N ote: The p r o d u c t io n  i n  t h i s  t a b l e  h a s  b een  r e p o r t e d  by b i l l i o n
b a r r e l s ;  e s t i m a t i o n  and c a l c u l a t i o n s  have  been  done by 
th e  a u t h o r .
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i n t e r n a t i o n a l  m arke ts

In  W estern Europe, th e  r i s e  i n  p e t ro le u m  p ro d u c t  p r i c e s  
was c l e a r l y  i n  ev id e n c e  d u r in g  1970. By S ep tem ber,  th e  
p r i c e  o f  f u e l  o i l ,  e s p e c i a l l y  o i l  o f  th e  heavy q u a l i t i e s ,  
had r i s e n  q u i t e  c o n s id e r a b ly .  Thus, i n  R o tte rdam  th e  
p r i c e  had  I n c re a s e d  d u r in g  one y e a r  from $10 to  $25 pe r  
to n .  In  th e  c o a s t a l  r e g io n s  o f  I t a l y ,  th e  p r i c e  in c r e a s e d  
from $ 8 .5 0 -$ 9 .0 0  to  $23-$25 p e r  to n .  In Sweden, th e  
p r i c e  ro s e  to  $30 p e r  to n .

The com bina tions  o f  th e  fo l lo w in g  e v e n t s  had a double  e f f e c t  

on th e  b e h a v io r  o f  each o i l - p r o d u c in g  c o u n t ry  ( a n d /o r  company):

-  An i n c r e a s e  o f  th e  r a t e  o f  growth o f  ene rgy  consum ption 

and the  e x p e c t a t i o n  t h a t  th e  r a t e  o f  growth w i l l  rem ain  h igh  in  th e  

f o r e s e e a b l e  f u t u r e .

~ The c o n t in u o u s  d e c l in e  o f  c o a l ' s  s h a r e  o f  energy  p r o d u c t io n ,  

and th e  c o n t in u o u s  in c r e a s e  in  i t s  p r i c e — e s p e c i a l l y  d u r in g  1970 

when i t  jumped more th a n  30% in  th e  U n ited  S t a t e s ,  f o r  exam ple.

~ The d e la y  in  d e v e lo p in g  n u c l e a r  e n e rg y ,  s o l a r  e n e rg y ,  o i l  

s h a le  and t a r  s a n d s ,  s i n c e  i t  i s  a lm o s t  a  c e r t a i n t y  t h a t  t h e i r  c o s t  

w i l l  be too  h ig h ,  g iven  th e  e x i s t i n g  te c h n o lo g y ,  to  compete w ith  

c o a l  o r  p e t ro leu m  as  energy  s o u rc e s  f o r  a t  l e a s t  2 0  y e a r s .

-  The i n c r e a s in g  r o l e  o f  p e tro le u m  i n  p ro d u c in g  energy  

(from 38% o f  th e  m arke t i n  1950 to  64% in  1 9 7 0 ) ,  and th e  expec­

t a t i o n  t h a t  t h i s  t r e n d  w i l l  c o n t in u e  f o r  a w h i le  and rem ain th e  

same a t  l e a s t  to  1990.

-  A h ig h  r a t e  o f  growth o f  p ro d u c t io n  f o r  OPEC members, 

th e  in c r e a s in g  r o l e  o f  t h e i r  o i l  i n  i n t e r n a t i o n a l  m arke ts  and the  

e x p e c t a t i o n  t h a t  t h i s  t r e n d  w i l l  c o n t in u e  o r  rem ain  th e  same a t  

l e a s t  u n t i l  1990.
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i ^  -  The p s y c h o lo g i c a l  im pac t  o f  th e  en e rg y  c r i s i s  and th e  news 

t h a t  en e rg y  s h o r t a g e s  would be  w i th  th e  w orld  f o r  a  lo n g  t im e .

I 2 -  The i n c r e a s i n g  re v e n u e s  f o r  OPEC members b e c a u se  o f  th e  

h ig h  r a t e  o f  grow th o f  p r o d u c t i o n .

i ^  -  An i n c r e a s e  i n  th e  i n t e r n a l  p o l i t i c a l  s t a b i l i t y  o f  m ost OPEC 

members.

i ^  -  The c o n t in u o u s  w o rld -w id e  i n f l a t i o n ,  i n s t a b i l i t y  o f  th e  

w orld  m one ta ry  sy stem s  and th e  d e v a l u a t i o n  o f  th e  B r i t i s h  pound.

Q-̂  ** A c o n t in u o u s  d e c l i n e  i n  th e  b ac k d a te d  p ro v en  r e s e r v e s ,  

d e s p i t e  a  h ig h  r a t e  o f  grow th  f o r  e x t r a c t i o n .

(?2 “  Lack o f  s u c c e s s  i n  f i n d i n g  cheap o i l  r e s e r v e s .  The o n ly  

o i l  d i s c o v e r i e s  made d u r in g  th e  w hole decade  o f  th e  1960s were i n  th e  

N orth  Sea and A la sk a  where th e  r e s e r v e s  a r e  r e l a t i v e l y  s m a l l  and t h e i r  

c o s t  i s  v e ry  h ig h .

The f i r s t  e f f e c t  o f  t h e s e  e v e n t s  on th e  o i l - p r o d u c i n g  c o u n t r i e s  

was t h e  r e c o n s i d e r a t i o n  o f  t h e i r  p o l i c y  tow ard m a x im iz a t io n  o f  p ro d u c t io n  

to  maximize income. M axim izing p r o d u c t io n  was n o t  d e s i r a b l e  any more, 

i . e . ,  u s e r  c o s t  became a  s i g n i f i c a n t  e lem en t  i n  each  d e c i s io n -m a k in g  

p r o c e s s .  T h is  e f f e c t  i t s e l f  was th e  c a u s e  o f  a second  e f f e c t :  a  r e ­

d u c t io n  o f  th e  c o s t  o f  c o o p e r a t i o n .  I f  m axim izing  th e  r a t e  o f  e x t r a c t i o n  

i s  n o t  th e  o b j e c t i v e  o f  th e  o i l  p ro d u c in g  c o u n t r i e s ,  th e n  why n o t  a c t

c o l l e c t i v e l y ?  The c o s t  o f  c o o p e r a t io n  i s  n e g l i g i b l e  even  i f  th e

c o l l e c t i v e  a c t i o n  r e q u i r e s  a  r e d u c t i o n  o f  p r o d u c t io n  o r  a  r e d u c t i o n  o f  

th e  r a t e  o f  p r o d u c t io n  g ro w th .

These  e v e n t s  and t h e i r  economic e f f e c t s  made th e  f o l lo w in g

e v e n t s  i n e v i t a b l e :  t h e  p r i c e  o f  c ru d e  o i l  i n c r e a s e d  b e c a u s e  o f  a  s h i f t
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i n  i t s  u s e r  c o a t  f u n c t i o n ,  even  though i t s  o p e r a t i o n a l  c o s t  rem a ined  

th e  same. I t  was d i c t a t e d  by  th e  law  o f  s u p p ly  and demand w hich 

everybody  i n  t h e  i n d u s t r y ,  and some o u t s i d e  a s  w e l l ,  knew and e x p e c te d .  

Sometimes some eco n o m is ts  a r e  th e  l a s t  p e o p le  to  s e e  th e  i n v i s i b l e  hand . 

T h is  o c c a s io n  was one o f  them. As F i n a n c i a l  T im e, November 17 , 1970 

w ro te :

In  r e t r o s p e c t ,  1970 may be  lo o k ed  back  on a s  a  y e a r  i n  which th e  
b a la n c e  o f  power betw een o i l  com panies and th e  p ro d u c in g  s t a t e s  
s h i f t e d .  The im provement i n  th e  l a t t e r ’s te rm s h as  been  p o s s i b l e  
l a r g e l y  as  a  r e s u l t  o f  th e  t i g h t n e s s  o f  th e  s u p p ly  s i t u a t i o n .

As was e x p e c te d ,  OPEC’s  t w e n t y - f i r s t  c o n f e r e n c e ,  h e ld  i n  

C aracas  from December 1 to  9 ,  1970, opened a new c h a p t e r  i n  o i l  i n d u s t r y  

h i s t o r y .  For th e  f i r s t  t im e ,  OPEC a c t e d  c o l l e c t i v e l y  to  i n c r e a s e  th e  

p o s te d  p r i c e  and th e  s h a r e  o f  re v e n u e s  f o r  p ro d u c e r  members from 50% 

to  55%. The p e r  b a r r e l  rev en u e  o f  th e  p ro d u c in g  c o u n t r i e s ,  w hich was 

a lm o s t  th e  same d u r in g  th e  p r e v io u s  te n  y e a r s  and low er th a n  t h a t  o f  

th e  1950s , i n c r e a s e d  a p p ro x im a te ly  6.5% i n  1970, 40% to  50% d u r in g  

1971 and th e  p r i c e  i n c r e a s e  was a s s u r e d  f o r  th e  coming y e a r s .

The p r e c e d in g  e v e n t s  p roved  one p o i n t :  th e  e r a  o f  c o n s t a n t  o r

d e c r e a s in g  p r i c e  had p a s t ;  o i l  had  become a  s c a r c e  commodity and was 

s u b j e c t  to  th e  laws o f  the  econom ics o f  e x h a u s t i b l e  r e s o u r c e s .

E xcep t f o r  P r o f e s s o r  Adelman and o t h e r s  who b e l i e v e d  o i l  was an 

ab u n d an t commodity and t h e r e f o r e  the  gap be tw een  th e  p r i c e  and th e  c o s t  

m ust narrow  by lo w e r in g  th e  p r i c e ,  i t  was a lm o s t  u n i v e r s a l l y  a c c e p te d  

among th e  i n d u s t r y  t h a t  th e  p r i c e  o f  o i l  was i n c r e a s i n g  o v e r  t im e .

F or exam ple ,  P r o f e s s o r  I s s a w i  w ro te  i n  1972:
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F i r s t  t h e r e  i s  th e  q u e s t i o n  o f  M iddle E a s t e r n  and N o r th e rn  
A f r i c a n  o i l  p r i c e s .  A l l  i n d i c a t i o n s  a r e  t h a t  th e s e  w i l l  r i s e ,  
s t e a d i l y  and a p p r e c i a b l y ,  o v e r  th e  n e x t  decade  o r  two. In  
i t s e l f ,  such  a developm ent i s  n o t  c a t a s t r o p h i c ,  s i n c e  th e  main 
im p o r te r s  (W estern  Europe, Jap an  an d ,  i n c r e a s i n g l y ,  th e  U n ite d  
S t a t e s )  a r e  T ich  and s i n c e  t h e  p r i c e s  o f  t h e i r  e x p o r t s  to  th e  
o i l  p ro d u c in g  c o u n t r i e s  a r e  a l s o  r i s i n g  s t e a d i l y .  M oreover, 
an  i n c r e a s e  i n  o i l  p r i c e s  may s e r v e  a  v e ry  u s e f u l  economic 
f u n c t i o n  by f o r c in g  an  o v e rd u e  r e d u c t i o n  i n  consum ption ,  
s t i m u l a t i n g  e x p l o r a t i o n  f o r  o i l  i n  o t h e r  r e g i o n s ,  and e n c o u r ­
a g in g  th e  developm ent o f  a l t e r n a t i v e  s o u r c e s  o f  e n e rg y .
Compared to  c o s t s  o f  p r o d u c t i o n ,  th e  p r i c e  o f  M iddle  E a s te r n  
and N orth  A f r i c a n  c ru d e  o i l  h a s  b een  v e ry  h i g h .  But compared 
to  th e  p r i c e  consumers a r e  p r e s e n t l y  p ay in g  f o r  o i l  p r o d u c t s ,  
I n c lu d in g  th e  ta x e s  l e v i e d  by t h e i r  own gov ern m en ts ,  i t  has  
been  low. And, t a k in g  a b ro ad  s o c i a l  p o i n t  o f  v iew , f o r  a 
commodity w hich may be e x h u a s te d  w i t h i n  a few d e c a d e s ,  o i l  
i s  a t  p r e s e n t  b e in g  p ro v id e d  f a r  too  c h e a p ly .  ( 1 0 )

D uring 1971 and 1972, th e  demand f o r  en e rg y  c o n t in u e d  on i t s  

u s u a l  growth p a th  and p e t ro le u m  was th e  m a jo r  s o u rc e  o f  s a t i s f y i n g  

t h i s  demand. D uring  th e s e  y e a r s  th e  en e rg y  c r i s i s  took  on new dimen­

s i o n s .  Because o f  th e  r e d u c t i o n  o f  o i l  d e p o s i t s ,  th e  U n ited  S t a t e s — 

th e  l a r g e s t  p ro d u c e r  c o u n t ry  i n  th e  w o r ld — and V en ezu e la— u n t i l  1970, 

th e  l a r g e s t  o i l  e x p o r t i n g  c o u n t ry — red u ced  t h e i r  p r o d u c t i o n .  The 

r e s u l t  o f  some i n t e n s i v e  r e s e a r c h  i n d i c a t e s  t h a t  t h e r e  w i l l  be no cheap

o i l  l e f t  to  be d i s c o v e r e d  and t h a t  th e  A f r ic a n  and M iddle  E a s te rn  o i l

16
rem ains  th e  c h e a p e s t  i n  th e  w o r ld .

Because o f  th e  reduced  p r o d u c t io n  r a t e s  o f  th e  U n ited  S t a t e s  and 

V en ezu e la ,  th e  p r e s s u r e  on M iddle E a s t e r n  o i l  i n c r e a s e d .  The compound 

grow th r a t e  o f  p r o d u c t io n  f o r  M iddle E a s t e r n  o i l  d u r in g  th e  p e r io d  

from 1950 to  1970 was v e ry  h ig h ,  i . e . ,  11%. The grow th p a th  was:

( -0 .5 4 1 1  + O . l l t )
e

t  » 0 f o r  1900

q -  b i l l i o n  b a r r e l s  p e r  y e a r .
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D uring  1970 t h i s  r a t e  was 12.3%, In  1971 i t  was 11.7% and i n  1972,

10 . 6%.

1973 became a n o th e r  h i s t o r i c a l  y e a r  f o r  th e  o i l  i n d u s t r y .

In  e a r l y  1973 f o r  th e  f i r s t  tim e in  o i l  h i s t o r y ,  a p ro d u c e r  c o u n t ry ,  

K uw ait,  r e s t r i c t e d  th e  r a t e  o f  p r o d u c t i o n ,  i . e . ,  c o n s e r v a t io n  m easures  

were a p p l i e d .  Almost s im u l t a n e o u s ly ,  Canada r e s t r i c t e d  e x p o r t s  

o f  p e t ro le u m  to  th e  U n ite d  S t a t e s  and s h e ,  to o ,  u t i l i z e d  c o n s e r v a t io n  

m e t h o d s . ^  The U n ite d  S t a t e s  and V enezue la  c o n t in u e d  to  red u ce  

t h e i r  p r o d u c t i o n .  These r e s t r i c t i o n s  o f  s u p p l i e s  c o in c id e d  w i th  

a n o th e r  demand peak  f o r  en e rg y  i n  g e n e r a l  and p e t ro le u m  s p e c i f i c a l l y .

As i n  1970, o r  p e rh a p s  even  w orse  th a n  t h a t ,  th e  en e rg y  c r i s i s  became 

f r o n t  page new s.

P er  b a r r e l  o i l  r e v e n u e ,  which had r e v e r s e d  i t s  d i r e c t i o n  i n  1970 

and in c r e a s e d  by a p p ro x im a te ly  6.5% in  1970, jumped to  45% in  1971 and 

c o n t in u e d  to  i n c r e a s e  a s  was e x p e c te d  d u r in g  th e  l a t e r  y e a r s .  I t  

In c r e a s e d  a n o th e r  9% in  1962, 4.7% by J a n u a ry  1 , 1973, and 6 % by A p r i l  

1 , 1973.

D uring  1973, demand f o r  o i l  i n c r e a s e d  more th a n  was e x p e c te d  and 

so d id  th e  p r i c e  o f  o i l .  By O c to b er  1 ,  1973, th e  p r i c e  was h ik e d  an o th ­

e r  10% and by November l i t  i n c r e a s e d  80%. D e s p i te  a  r e d u c t io n  o f  

o i l  p r o d u c t io n  d u r in g  th e  l a s t  q u a r t e r  o f  th e  y e a r  (b ec a u se  o f  a 

p a r t i a l  embargo) th e  p r o d u c t io n  o f  e n e rg y ,  o i l  and M iddle E a s t  o i l  

rea c h e d  r e c o r d  h ig h s  o f  6 . 1 %, 1 0 % and 16.6% r e s p e c t i v e l y  f o r  t h i s  

y e a r .

By t h i s  t im e  (1973) th e  o p e r a t i o n a l  c o s t s  o f  i n t e r n a t i o n a l  c rude  

o i l  p r o d u c t io n s  w ere a lm o s t  unchanged b u t  th e  u s e r  c o s t s  moved up­

w ard . The f o r c e s  w hich  pushed  u s e r  c o s t s  (U .C .) upward can be d iv id e d
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I n t o  to  c a t e g o r i e s ,  i n d i v i d u a l  and c o l l e c t i v e .  The i n d i v i d u a l  f o r c e s  

w ere m a in ly  th o s e  w hich w ere  m en tioned  on pages  87-88  f o r  1970, how ever, 

t h i s  tim e w ith  a  h i g h e r  d e g re e  o f  c e r t a i n t y  and i n t e n s i f i c a t i o n  o f  most 

o f  th e  f o r c e s .  F or  each  p r o d u c e r ,  th e  s h i f t  o f  U.C. became e v i d e n t  

and f e a s i b l e ;  f o r  I n s t a n c e ,  The U n ited  S t a t e s ,  Canada, Kuwait and 

V enezue la  red u ce d  t h e i r  p r o d u c t i o n s .  O th e r  p ro d u c e r s  w ere  n o t  e a g e r  

to  p roduce  more and som etim es r e l u c t a n t  f o r  any i n c r e a s e  o f  p r o d u c t io n  

i n  e x p e c t a t i o n  o f  th e  p r i c e  i n c r e a s e  i n  th e  f u t u r e .  As i t  h as  been  

p o in t e d  o u t ,  a l l  t h e s e  w ere c o in c id in g  w i th  a s t r o n g  demand and  th e  

e x p e c t a t i o n  t h a t  th e  t r e n d  would c o n t in u e  f o r  a lo n g  t im e .

The v o lu n t a r y  r e d u c t i o n  a n d /o r  d e s i r e  f o r  l i m i t e d  grow th o f  

p r o d u c t io n  by th e  p ro d u c in g  c o u n t r i e s —members o r  non-m em bers--gave  

OPEC a  new and u n p re c e d e n te d  s t r e n g t h .  OPEC became a  v i a b l e  o r g a n i z ­

a t i o n  and ev e ry  e v id e n c e  i n d i c a t e d  t h a t  i t  would rem a in  s t r o n g  in  th e  

f o r e s e e a b l e  f u t u r e .

The s t r e n g t h  o f  OPEC and th e  e x p e c te d  demand w ere c o n s id e r e d

s e r i o u s l y  by t h e  c r e a t o r s  o f  th e  " A s - I f "  ag reem en t o f  1928, In  s h o r t ,

th e  e n s u in g  e v e n ts  n o t  o n ly  i n c r e a s e d  th e  i n d i v i d u a l  u s e r  c o s t  b u t  th ey

red u ced  th e  c o s t  o f  c o o p e r a t io n  and in c r e a s e d  i t s  b e n e f i t s .  OPEC

members on one s i d e  and th e  i n t e r n a t i o n a l  o i l  com panies on th e  o t h e r

s i d e  c o u ld  e a s i l y  c o o p e r a t e ,  o r  c o l l u d e ,  among each  o t h e r  and betw een 

6
th e  two g r o u p s .
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2
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I. METHOD

Numerous econom ic, p o l i t i c a l  ( i n s t i t u t i o n a l ) ,  t e c h n o l o g i c a l ,  

and p s y c h o lo g ic a l  f a c t o r s  have d e te rm in e d ,  and s t i l l  i n f l u e n c e ,  th e  

m arke t p r i c e  o f  i n t e r n a t i o n a l  c rude  o i l .  Some o f  th e se  e lem en ts  may no t  

be in d e p e n d e n t  from o t h e r  f a c t o r s  and in  some c a s e s  they  a re  c e r t a i n l y  

I n te r d e p e n d e n t .  The v a r i e t y  o f  th e  f a c t o r s ,  t h e i r  in te rd e p e n d e n c e ,  

and th e  d i f f i c u l t y  o f  m easurem ent, make a com plete  and com prehensive 

e m p i r i c a l  s tu d y  o f  th e  i n t e r n a t i o n a l  c rude  o i l  m arke t  i n t r a c t a b l e .  

N e v e r th e le s s ,  by ch o o s in g  th e  most im p o r ta n t  e lem en ts  o f  su p p ly  and 

demand, by s u b s t i t u t i n g  proxy v a r i a b l e s  f o r  th e  non -m easu rab le  f a c t o r s ,  

and by u s in g  th e  p a r t i a l  e q u i l ib r iu m  a n a l y s i s  m ethod, an e m p i r ic a l  

s tu d y  a im ing  to  e x p lo re  the  mechanism o f  th e  p r i c e  o f  i n t e r n a t i o n a l  c rude  

o i l  i s  p r a c t i c a b l e .

The m a jo r  p u rpose  o f  t h i s  c h a p te r  i s  to  develop  an econom etr ic  

model f o r  th e  i n t e r n a t i o n a l  c ru d e  o i l  m arket w hich w i l l  e x p l a in  and 

m easure th e  m arke t  p r i c e  o f  t h i s  r e s o u r c e .  To a c h ie v e  t h i s  o b j e c t i v e ,  

th e  f o r c e s  a f f e c t i n g  th e  m arke t p r i c e  must be i d e n t i f i e d  and q u a n t i f i e d ;  

i n  a d d i t i o n ,  th e  in f l u e n c e s  t h a t  each f a c t o r —o r  s e t  o f  f a c t o r s —has on 

th e  p r i c e  must be m easured . I d e n t i f i c a t i o n ,  q u a n t i f i c a t i o n ,  and m easure­

ment r e q u i r e  c e r t a i n  assu m p tio n s  and s i m p l i f i c a t i o n s  r e g a r d in g  th e  

n a t u r e  and e x t e n t  o f  th e  v a r i a b l e s .

Two s e t s  o f  e x p la n a to ry  v a r i a b l e s  cause  v a r i a t i o n  o f  th e  

m a rk e t  p r i c e s ;  nam ely, th e  s e t  o f  su p p ly  and th e  s e t  o f  demand v a r i a b l e s .

A r e l a t i o n s h i p  which c o n s id e r s  o f f e r  p r i c e  ( o r  q u a n t i t y )  a s  the

96
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d e p e n d e n t  v a r i a b l e ,  and th e  r e s t  o f  th e  s u p p ly  s e t  a s  th e  e x p la n a to r y

v a r i a b l e ,  i s  c a l l e d  QUASI SUPPLY FUNCTION. 1  A s i m i l a r  d e f i n i t i o n  has
2

been  used  f o r  th e  QUASI DEMAND FUNCTION, I f  we e s t i m a t e  th e  q u a s i  

s u p p ly  and q u a s i  demand e q u a t i o n s ,  we can e s t i m a t e  (o r  p r e d i c t )  th e  

m a rk e t  p r i c e  a n d /o r  th e  r a t e  o f  e x t r a c t i o n .  A no ther  method o f  e s t im ­

a t i n g  th e  m arke t  p r i c e  i s  th ro u g h  the  REDUCED FORM e q u a t io n .  B efo re  

r e p o r t i n g  th e  r e g r e s s i o n  r e s u l t s  o f  th e s e  f u n c t i o n s  ( i . e . ,  s t r u c t u r a l  

and red u ce d -fo rm  e q u a t i o n s ) ,  a re v ie w  o f  th e  e m p i r i c a l  l i t e r a t u r e  

fo l lo w ed  by the  d e f i n i t i o n  and c l a r i f i c a t i o n  o f  th e  term s o r  symbols 

used  i n  t h i s  r e p o r t  w i l l  be h e l p f u l .

A. A B r i e f  Review o f  the  E m p ir ic a l  L i t e r a t u r e

P a u l  B r a d l e y 's  book, The Economics o f  Crude P e tro leu m  P ro d u c t io n  

(1 9 6 6 ) ,  can be c o n s id e r e d  a  p io n e e r  i n  e m p i r i c a l  work on th e  c o s t  and 

s u p p ly  o f  c ru d e  o i l .  He e s t a b l i s h e d  a  t e n a b le  a n a l y t i c  framework in  

o r d e r  to  c o n s t r u c t  th e  c o s t - o u t p u t  c u rv e  f o r  a  p a r t i c u l a r  r e g io n  a t  

a  g iv e n  t im e .  O r i g i n a l l y  a Ph.D. d i s s e r t a t i o n ,  h i s  book i s  h ig h ly  

t e c h n i c a l  and i t  i s  e x t re m e ly  d i f f i c u l t  to  sum m arize; n e v e r t h e l e s s ,  

th e  fo l lo w in g  n o te s  may be  h e l p f u l  a s  a  rev ie w  o f  h i s  approach  to  

m e asu r in g  th e  c o s t  o f  c ru d e  o i l .

A f t e r  p r e s e n t i n g  some p r e l i m i n a r y  econom ic, g e o l o g ic ,  and 

m a th e m a t ic a l  background  m a t e r i a l ,  he d e f in e s  developm ent c o s t ,  which 

h e  c o n s id e r s  th e  c o s t ,  a s :

z = (E/Q) (D + i )  

w here : z = developm ent c o s t  $ p e r  b a r r e l

g
— “  c a p i t a l  o u tp u t  r a t i o  $ p e r  b a r r e l
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D = d e c l i n e  r a t e  o f  th e  w e l l  

i  = d i s c o u n t  r a t e .

H is e m p i r i c a l  i n v e s t i g a t i o n s  a r e  m a in ly  an  e s t i m a t i o n  f o r  " a v e ra g e  

p r o d u c t io n  r a t e  p e r  w e l l  i n  a p e r io d "  (T ab le  9) and "an n u a l  c a p i t a l  

e x p e n d i tu r e "  (T ab le  10) f o r  some d i f f e r e n t  r e g io n s  and some d i f f e r e n t  

p e r i o d s .  As a sam ple ,  he c a l c u l a t e s  developm ent c o s t  f o r  A bqalq i n  

1954, g iv e n  i  = 15%, 1 5 .3  c e n t s  p e r  b a r r e l .

T ab le  9

P ro d u c t io n  R a te  o f  Crude O i l :  B r a d l e y ’s Approach

( R e g re s s io n  V a r ia b l e s )

q = a -  dQ + gsU + htU

Symbol D e s c r ip t i o n

q a v e ra g e  p r o d u c t io n  r a t e  p e r  w e l l

i n  p e r io d  t

Q c u m u la t iv e  o u t - p u t

U in d e x  o f  f i e l d  u t i l i z a t i o n

s , t dummy v a r i a b l e s

F in d e x  o f  u se  o f  a r t i f i c a l  l i f t

S o u rce :  P. B ra d le y ,  The Economics o f  Crude P e tro le u m  P r o d u c t i o n ,
(Amsterdam: N orth  H o lla n d  P u b l i s h i n g  Company, 1 9 6 7 ) ,  p .  53 .
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Table 10
C a p i t a l  E x p e n d i tu re :  B r a d le y 's  Approach 

E = a + [b + c t ]  [i|i(W + Lc)} + d S '
3

Symbol D e f i n i t i o n

E an n u a l  c a p i t a l  e x p e n d i tu r e  f o r  p ro d u c t io n  f a c i t l i t e s ,

m i l l i o n s  o f  d o l l a r s  

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

b av e ra g e  c o s t  p e r  w e l l  o f  s ta n d a r d i z e d  d e p th ,  m i l l i o n s

o f  d o l l a r s

c an n u a l  change in  c o s t  p e r  w e l l  o f  s t a n d a r d i z e d  d ep th

t  t im e ,  y e a rs

ip dep th  f a c t o r

W t o t a l  number o f  w e l l s  d r i l l e d

C number o f  w e l l s  com ple ted  a s  p ro d u ce rs

d ave rage  c o s t  p e r  u n i t  o f  s u r f a c e  c a p a c i t y ,  thousand

d o l l a r s  p e r  d a i l y  b a r r e l  

S '  in c re m en ts  to  s u r f a c e  c a p a c i ty  ( tw o -y ea r  moving a v e r a g e ) ,

b a r r e l s  p e r  day

Source : P. B ra d le y ,  The Economics o f  Crude P e tro leum  P r o d u c t io n ,
(Amsterdam: N orth  H olland  P u b l is h in g  Company, 1967 ) ,  p .  72.

P r o f e s s o r  Adelman o f  M . I .T . ,  one o f  th e  l e a d in g  academic e x p e r t s  

on th e  o i l  i n d u s t r y ,  h as  long  examined th e  p r i c e s  and c o s t s  o f  c rude  

o i l .  The r e s u l t s  o f  h i s  e m p i r i c a l  i n v e s t i g a t i o n s  have been r e p o r te d  

i n  The World P e tro leu m  M arket (1 9 7 2 ) .  He o rg a n iz e d  h i s  c o s t  s tu d y
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a c c o rd in g  to  th e  c o n v e n t io n a l  th ree -w ay  d i v i s i o n  i n t o  o p e r a t i n g ,  

developm ent,  and f in d i n g  c o s t .  However, he combined t h r e e  ty p e s  o f  

c o s t s  i n t o  one: "developm ent c o s t  h a s  sw allow ed o p e r a t in g  c o s t  on th e  

one s i d e  and f in d i n g  c o s t  on th e  o t h e r , H e  c a l c u l a t e d  th e  lo n g - ru n  

su p p ly  p r i c e  (1970-1985) f o r  d i f f e r e n t  c o u n t r i e s  ( t a b l e  11) and h i s  

c o n c lu s io n  i s :

For a t  l e a s t  15 y e a r s  we can coun t o n ,  and must l e a r n  to  l i v e  
w i th ,  an  abundance o f  o i l  t h a t  can be b ro u g h t  f o r t h  from f i e l d s  
now o p e ra te d  in  th e  P e r s ia n  G ulf a t  som eth ing  between 10 and 20 
c e n ts  p e r  b a r r e l  a t  1968 p r i c e s  and in  some o t h e r  p ro v in c e s  a t  
c o s t s  even low er when acc o u n t  i s  ta k e n  o f  t r a n s p o r t .

P r i c e  i s  many tim es  c o s t ,  and no m a t t e r  who g e t s  what p e r ­
c e n t  o f  p r o f i t ,  i t  w i l l  pay (as  i t  does now) n o t  to  buy from 
th e  abundan t a v a i l a b l e  s u p p ly ,  b u t  i n s t e a d  to  spend l a r g e  
amounts on e x p l o r a t i o n  and developm ent in  th e  r e a s o n a b le  hope 
o f  reco u p in g  th e  in v e s tm e n t  and making a  p r o f i t  a f t e r  even a 
few y e a rs  o f  o p e r a t io n  a t  c u r r e n t  o r  even much low er p r i c e s .
I f  o i l  e x p l o r a t i o n  c o n t in u e s  a t  a  b r i s k  p a c e ,  new f i e l d s  w i l l  
come i n  and a v a i l a b l e  r e s e r v e s  w i l l  exceed  th e  minimum f ig u r e  
used  h e r e .  The supp ly  p r i c e  w i l l  r i s e  l e s s  th a n  i s  c a l c u l a t e d  
h e r e ;  i t  may w e l l  d e c re a s e  in  th e  f u t u r e  as  i t  has  in  th e  
p a s t .  (6 )

Long-run 
Adelm an's

T ab le  11

Supply P r i c e  o f  Crude O i l :  
E s t im a t io n  and P r e d i c t i o n

Country Long-run  Supply P r i c e  
(1970-85) $

I r a n 0 . 2 0

I r a q 0 . 2 0

Kuwait 0 . 2 0

Saudi A rab ia 0 . 2 0

V enezuela 0 .64

Source : M. A. Adelman, The World P e tro leu m  M a rk e t , (B a l t im o re :  The 
Johns Hopkins U n iv e r s i t y  P r e s s ,  1 9 7 2 ) ,  p .  76.
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The b a s i c  d i f f e r e n c e  betw een th e  A delraan-Bradley approach  to

th e  problem  o f  c o n s t r u c t i n g  th e  c o s t - o u t p u t  cu rve  and my approach  i s

t h a t  they  ig n o re  u s e r  c o s t  b e c a u se ,  de f a c t o ,  they  assume a  n e g l i g i b l e

v a lu e  f o r  th e  s c a r c i t y  r e n t ,  w h i le  I  c o n s id e r  th e  u s e r  c o s t  as  the

c o s t .  R e fe r in g  to  " e x h a u s t i b l e  r e s o u r c e s "  and th e  concep t o f  u s e r

c o s t ,  Adelman s a y s ,

But t h i s  i s  n o t  an i n t e r e s t i n g  o r  im p o r ta n t  p rob lem , n o r  i s  
u s e r  c o s t  a  h e l p f u l  co n ce p t  b e c a u se  i t  assumes th e  unknown 
we sh o u ld  be s o lv in g :  the  f u t u r e  p r i c e ,  which i t s e l f  depends 
on f u t u r e  in c re m e n ta l  c o s t .  In  any c a s e ,  th e  s i z e  o f  th e  
problem  i t s e l f  s h r in k s  w i th  d e c l i n i n g  o u tp u t .  L e t  us r e t u r n  
to  a more im p o r ta n t  a s p e c t :  in v e s tm e n t  d e c i s i o n . (7)

I  have shown i n  C hap te r  2 how r e l a t e d  e v e n ts  have a f f e c t e d  s c a r c i t y

r e n t  and c o n s e q u e n t ly  t h e  s i z e  o f  th e  u s e r  c o s t  o f  i n t e r n a t i o n a l  c rude

o i l ;  I  have a l s o  shown i n  C hap te r  1 t h a t  as  f a r  as  s c a r c i t y  r e n t  i s

s i g n i f i c a n t ,  th e  u s e r  c o s t  f u n c t io n  c o n s t r u c t s  th e  c o s t - o u t p u t  curve

f o r  a r e s o u r c e .  A c c o rd in g ly ,  we e x p e c t  th e  u s e r  c o s t  model to  e x p la in

th e  p r i c e  v a r i a t i o n s  by th e  v a r i a t i o n s  o f  th e  e lem en ts  o f  demand a n d /o r

u s e r  c o s t  ( s u p p ly )  f u n c t i o n s .

B. D e f i n i t i o n  o f  th e  Terms and Symbols

Crude o i l  i s  an e x h a u s t i b l e  r e s o u r c e  s u b j e c t  to  th e  p r i n c i p l e s  o f  

economics o f  th e  m ine; m oreover,  th e  c ru d e  o i l  m arke t i s  n o t  o f  p e r ­

f e c t  c o m p e t i t io n .  T h e re fo re ,  th e  su p p ly  o f  t h i s  r e s o u rc e  can be b e s t  

d e s c r ib e d  by th e  th e o ry  p r e s e n te d  i n  C h ap te r  1 .  However, to  e s t im a te  

the  c o s t - o u t p u t  cu rv e  f o r  each  p ro d u c e r  c o u n t ry ,  o r  f o r  th e  s e t  con­

s i s t i n g  o f  n e a r l y  a l l  o i l - p r o d u c in g  c o u n t r i e s  (OPEC), c e r t a i n  a ssum ptions  

must be made. We may th u s  c o n s id e r  a p ro d u c e r  c o u n t ry  ( o r  a group o f  

p ro d u c e rs  such  as  OPEC) a s  a  mine owner and c o n s t r u c t  th e  q u a s i  su p p ly  

f u n c t i o n ,  c o s t - o u t p u t  c u rv e .  The q u a s i  s u p p ly  f u n c t io n  f o r  a p ro d u c e r
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c o u n t ry  o r  OPEC can be d e f in e d  a s :

U >  Ps t  -  £(Qt , Rt ,  F t i 0 P R t )

w here: "P " I s  th e  u s e r  c o s t  f u n c t i o n ,  I . e . ,  i t  r e p r e s e n t s  th e  s c

minimum p r i c e  a t  which a  g iv e n  q u a n t i t y ,  d u r in g  th e  p e r io d  t ,  w i l l  be 

fo r th c o m in g .

"Qt " i s  th e  r a t e  o f  e x t r a c t i o n ,  p r o d u c t io n ,  d u r in g  y e a r  t .

"R " i s  th e  t o t a l  p roved  r e s e r v e s  a t  th e  b eg in n in g  o f  th e  y e a r  t .

"F " i s  a PROXY VARIABLE r e p r e s e n t in g  the  im pact o f  ex p ec ted  

d is c o u n te d  f u t u r e  p r i c e s  on th e  p r e s e n t  p r i c e .  T h is  proxy v a r i a b l e  

can be d e f in e d  by A o r  B:

(A) I f  tim e i s  c o n s id e re d  to  be d i s c r e t e :

p ) -  i ;
F = — -—

t- 5

(B) I f  t im e i s  c o n s id e re d  to  be co n t in u o u s :

In  Pt

t  " 5

E i t h e r  A o r  B mean: "The t r e n d  o f  th e  m arket p r i c e  i s  an 

i n d i c a t o r  f o r  th e  ex p e c te d  d is c o u n te d  f u t u r e  p r i c e s . "  The r a t i o n a l e  

o f  s u b s t i t u t i n g  "Ft " f o r  " e x p e c te d  d is c o u n te d  f u t u r e  p r i c e s "  i s  the  

s u b s t i t u t i o n  o f  a  cau se  f o r  i t s  e f f e c t .  A f t e r  a l l ,  a  mine owner ( l i k e  

th e  owner o f  any c a p i t a l  a s s e t )  a sk s  h i s  a s s e t :  "What have you done f o r  

me l a t e l y ? "
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"0PRt " i s  th e  OPEC-share o f  t h e  w o r l d ' s  en e rg y  p r o d u c t i o n ,  i* £ »

QpR _ T o ta l  O i l  P ro d u c t io n  o f  OPEC D uring  Year t _________
t  T o t a l  Energy P ro d u c t io n  o f  th e  World D uring  Year t

In  o t h e r  w ords,

OPR^ = (OPEC-share i n  p ro d u c in g  c ru d e  o i l )  ( O i l - s h a r e  i n  p ro d u c in g  en e rg y )

I f  th e  c o m p e t i t io n  w ere p e r f e c t  t h e r e  would be  no need  to  in c lu d e  t h i s  

v a r i a b l e  i n  th e  r e l a t i o n  b e c a u se  i t s  c o e f f i c i e n t  would be i n s i g n i f i c a n t ,  

anyway. However, w henever th e  m a rk e t  c o m p e t i t io n  i s  I m p e r f e c t ,  th e  

c o e f f i c i e n t  o f  t h i s  v a r i a b l e  may be  s i g n i f i c a n t .  The n e c e s s i t y  o f  i n ­

c lu d in g  i s  shown by th e  fo l lo w in g  exam ples:

Example 1 : In  o r d e r  to  i d e n t i f y  th e  s u p p ly  f u n c t i o n  when th e

m arke t  f o r  a commodity i s  p u re  c o m p e t i t io n ,  we have to  assume t h a t  

th e  s u p p ly  o f  t h e  commodity i s  s t a b l e  o v e r  tim e b u t  t h a t  th e  demand 

f u n c t i o n  i s  f l u c t u a t i n g .  I t  i s  th e  s h i f t  o f  th e  demand f u n c t i o n  t h a t  

h e lp s  us to  t r a c e  o r  to  i d e n t i f y  th e  su p p ly  cu rv e  o f  th e  commodity.

C o n s id e r  a monopoly such  a s  i n  f i g u r e  I I I - l ,  where th e  c o s t - o u t p u t  

cu rv e  (m a rg in a l  c o s t )  i s  s t a b l e  b u t  demand i s  f l u c t u a t i n g  and th e  

o b s e rv e d  p o in t s  a r e  A (q^, p ^ ) , B(q2 > P2 ) i  E (q^ ,  p ^ ) » e t c .  I t  i s  

o b v io u s  t h a t  we c a n n o t  t r a c e  th e  c o s t - o u t p u t  cu rve  from th e  o b s e rv e d  

p o i n t s  a lo n e .  N e v e r th e l e s s ,  i t  i s  p o s s i b l e  to  f i n d  an  a u x i l i a r y  v a r i a b l e  

which h a s  th e  p r o p e r t i e s  o f  ( 1 ) t r a n s fo rm in g  th e  o b s e rv e d  p o i n t s  to
y ✓ ^

new l e v e l s  such  a s  p ) ,  B(q2> p 2) , E (q^j P3) » e t c .  and ( 2 ) th e

r e g r e s s i o n  c u rv e  o f  t h e s e  t r a n s fo rm e d  p o i n t s  w i l l  be  p a r a l l e l  to  MC. 

A c c o rd in g ly ,  i n  o r d e r  to  m easure th e  s lo p e  o f  th e  m a rg in a l  c o s t ,  i t  i s  

enough to  i d e n t i f y  and  t r a c e  th e  t ra n s fo rm e d  c u rv e  and m easu re  i t s  

s l o p e .  A c t u a l l y ,  i f  we check  f o r  th e  c o r r e c t  i n t e r c e p t ,  th e  t r a n s fo rm e d
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P r ic e
MC

q / t0
% .  9 i

F ig u re  XIX-1.

T ra c in g  MC: th e  c a s e  o f  monopoly

104



105
cu rv e  can  be used  I n s t e a d  o f  MC. For th e  problem  under  I n v e s t i g a t i o n ,

0 PRt  can  be  u sed  a s  t h e  a u x i l i a r y  v a r i a b l e  w hich h a s  th e  above p r o p e r t i e s .

Example 2 ; Assume a  h y p o t h e t i c a l  c a r t e l .  The members o f  which 

have  no chance to  i n c r e a s e  t h e i r  p r o d u c t io n  beyond t h e i r  q u o ta ,  

and assume t h e i r  m a rg in a l  c o s t  f u n c t i o n s  rem ain  th e  same, b u t  an 

i n c r e a s e  i n  q u o ta  c o in c id e  w i th  a  r e d u c t i o n  o f  th e  p r i c e  ( s e e  f i g u r e  

I I I - 2 ) . In  t h i s  c a s e ,  t o o ,  t h e  c o s t - o u t p u t  f u n c t i o n  o f  a  member (MC in  

f i g u r e  I I I - 2 )  can be  e s t im a te d  by o b s e rv e d  p r i c e s  and q u a n t i t i e s — such  as  A,

P  ,MC

P *

p3

q / t

M C

F ig u re  I I I - 2 .

C a r t e l ' s  p r i c e  and MC o f  a  m em ber's  f i rm
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B, E, e t c . — i f  and o n ly  i f  we in c lu d e  o t h e r  e x p l a n a to r y  v a r i a b l e ( s )  which 

i s  ( a r e )  n e c e s s a r y  f o r  th e  e s t i m a t i o n .

A lthough we have  s a i d  t h a t  demand g e t s  a  minimum o f  o u r  a t t e n ­

t i o n ,  w i th o u t  i t  t h i s  s tu d y  would be  in c o m p le te .  Demand f o r  c ru d e  o i l ,  

from th e  o i l - p r o d u c e r ' s  p o i n t  o f  v ie w , i s  r e l a t e d  to  th e  p r o d u c t io n  o f  

en e rg y  and th e  p r i c e  o f  o t h e r  s o u rc e s  o f  en e rg y  such  a s  c o a l .  In  o t h e r  

w ords , th e  q u a s i  demand f u n c t i o n  f o r  c ru d e  o i l  i s :

( 2 )  Qd t  -  f ( P t , E e , P L t )

w here: i s  demand f o r  c ru d e  o i l  i n  p e r io d  t .

P i s  th e  p r i c e  o f  c ru d e  o i l .  

i s  p r o d u c t io n  o f  en e rg y

PLfc i s  th e  p r i c e  o f  c o a l  which i s  th e  c h i e f  s u b s t i t u t e  f o r  o i l .

Having p r e s e n te d  th e  s e t  o f  su p p ly  and demand v a r i a b l e s ,  we w i l l  

now s p e c i f y  t h e i r  u n i t s  o f  m easurem ent.

"Q " o r  "Q "d s  : The q u a n t i t y  o f  c ru d e  o i l  i s  m easured  by b i l l i o n

b a r r e l s  p e r  y e a r .  We assume t h a t  i t s  q u a l i t y ,  f o r  each  p r o d u c e r ,  has  

been  th e  same o v e r  t im e .

"P Numerous p r i c e s  a r e  used  i n  th e  i n t e r n a t i o n a l  o i l  m a rk e ts

in c lu d in g  "P o s ted  P r i c e , "  " R e a l iz e d  P r i c e , "  e t c .  To s t a n d a r d i z e  th e  

u n i t  o f  measurement th e  te rm  PRICE o r  MARKET PRICE, Pfc, i n  t h i s  c h a p t e r  

r e f e r s  to  " th e  an n u a l  a v e ra g e  p e r  b a r r e l  r ev en u e  r e c e iv e d  by OPEC, o r  

a  p ro d u c e r  c o u n t r y ,  m easured  by U .S . D o l l a r s  ( c u r r e n t  o r  c o n s t a n t ) . "

T here  i s  a c o n s id e r a b le  gap be tw een  th e  amount w hich a  consumer 

pays f o r  a  b a r r e l  o f  c ru d e  o i l ,  and th e  amount w hich  a  p ro d u c e r  c o u n t ry  

r e c e i v e s  f o r  th e  same b a r r e l  o f  c ru d e  o i l .  T h is  gap i n c lu d e s  e x t r a c t i o n  

c o s t ,  t r a n s p o r t a t i o n  c o s t  and th e  i n t e r n a t i o n a l  o i l  co m p an ie s '  p r o f i t .
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N e v e r th e l e s s ,  t h i s  s tu d y  em phasizes  th e  e s t i m a t i o n  o f  q u a s i  s u p p ly  

f u n c t i o n ;  t h e r e f o r e  a l l  th e  p r i c e s  o f  c ru d e  o i l  i n  t h i s  s tu d y  ( s u p p ly ,  

demand, and e q u i l i b r i u m  p r i c e )  have  been  b a s e d  on p r o d u c e r ' s  r e c e i p t s  

n o t  consum ers ' c o s t .

"R": The r e s e r v e  o f  c ru d e  o i l  o f  each  c o u n t r y ,  o r  o f  OPEC a s  a

g ro u p ,  i s  an  e s t i m a t i o n  o f  " b a c k -d a te d  p ro v ed  r e s e r v e s "  m easured  by 

b i l l i o n  b a r r e l s  o f  c ru d e  o i l .

"E": T h is  v a r i a b l e  i s  th e  t o t a l  en e rg y  p r o d u c t io n  o f  th e  w orld  

d u r in g  a  y e a r  m easured  by m i l l i o n  m e t r i c  to n s  c o a l  e q u i v a l e n t .

"PL": The m a rk e t ,  w h o le s a le ,  p r i c e  o f  c o a l  i n  th e  U .S .A . ( c u r r e n t  

o r  c o n s t a n t  d o l l a r s ) .

"OPR" :  D e f i n i t i o n  o f  OPEC-share was g iv e n  on page . OPEC was 

founded by f i v e  c o u n t r i e s ,  IRAN, IRAQ, KUWAIT, SAUDI ARABIA, and 

VENEZUELA, In  1960 b u t  th e  number o f  member c o u n t r i e s  i n c r e a s e d  from 5 

i n  1960 to  13 in  1973. However, th e  p e r io d  o f  t h i s  s tu d y  s t a r t s  from 

1957; c o n s e q u e n t ly ,  th e  d a t a  r e f e r i n g  to  OPEC r e f e r s  to  d a t a  o f  a l l  

13 p ro d u c e r  c o u n t r i e s  ( a s  a  g roup) f o r  th e  p e r io d  o f  t h i s  s tu d y ,  1957- 

1976 o r  1956-1973.

I I .  RESULT8

The r e g r e s s i o n  r e s u l t s  o f  OLS and TSLS f o r  depen d en t v a r i a b l e s

P , P » Q » and Q, (o f  OPEC and some member c o u n t r i e s )  have been  r e p o r t e d  s s  d

by t a b l e s  1-10 i n  Appendix I I I - A .  The r e s u l t s  a r e  s e l f - e x p l a n a t o r y  

and c o n s i s t a n t  w i th  th e  h y p o th e s i s  o f  t h i s  p a p e r .  N e v e r th e l e s s ,  i t  

may be  u s e f u l  to  c l a r i f y  some o f  t h e s e  r e l a t i o n s  and b r i e f l y  p r e s e n t  an  

economic e x p l a n a t i o n  f o r  th o s e  r e s u l t s .
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A. P o r  th e  U ser C os t  F u n c t io n  3 t________________________________

The "Average u s e r  c o s t "  o r  " su p p ly  p r i c e "  o f  OPEC f o r  th e

p e r io d  1957-76 i s  th e  dependen t v a r i a b l e  i n  e q u a t io n  3:

-  0 .6 1  In  OPRfc 

(2 . 2 )

The p r i c e  i s  i n  c u r r e n t  d o l l a r s ;

F ( 4 , 15) = 1811.11

s ta n d a r d  e r r o r  as  p e r c e n ta g e  o f  mean = 0 .9

The m u l t i p l e  c o r r e l a t i o n  and th e  a s s o c i a t e d  F - s t a t i s t i c s , w ith  t - r a t i o s  

f o r  th e  r e l a t i o n s h i p  betw een th e  dependen t and e x p la n a to ry  v a r i a b l e s

(3) In  P = 35 .1  + 0 .4 3  In  Qfc s t  t

( 6 .7 )  (1 .6 )

- 4 . 8  In  R + 4 . 4  F t  t

( - 5 .6 )  (20)

R2  = 0 .9 9 ;  D.W. = 2 .03

show t h a t  th e  dependence betw een P and th e  e x p la n a to ry  v a r i a b l e s  a r e  

s u b s t a n t i a l .
$

I f  p r i c e  i s  c o n s id e re d  c o n s t a n t ,  i . e . ,  -p-j- , the  r e g r e s s i o n  

r e s u l t  would b e :

(4) In  P = 1 4 .2  + 0 .5 5  In  0  -  1 .3 8  In  K +  2 .4  Ffcs t  t  t  t

( 2 .1 )  ( 1 .6 )  ( - 1 .2 5 )  ( 8 . 6 )

-  0 .7 5  In  OPRt

( - 2 . 1)

D.W. “  1 .99  

R2  = 0 .9 8
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The d ep en d en t v a r i a b l e  i n  e q u a t io n  3 and 4 i s  th e  "Average

U ser C o s t"  m easured  by th e  c u r r e n t  o r  c o n s t a n t  d o l l a r s .  T h is

v a r i a b l e  may be  c a l l e d  th e  " q u a s i  s u p p ly  p r i c e , "  A c c o rd in g ly ,

e q u a t io n  3 and 4 r e p r e s e n t  " th e  c o s t - o u t p u t  c u rv e "  o r  " th e  q u a s i

s u p p ly  f u n c t i o n . "  A lthough  we a r e  n o t  co n ce rn ed  w i th  th e  p r e c i s e

i n f l u e n c e  o f  each  p a r t i c u l a r  e x p l a n a to r y  v a r i a b l e  on P , n e v e r t h e l e s s ,s

r e l a t i o n s  3 and 4 y i e l d  a d e q u a te  i n f o r m a t io n  on th e  d i r e c t i o n  and 

e x t e n t  o f  th e  i n f l u e n c e  o f  each  e x p l a n a to r y  v a r i a b l e  on Pg . These 

i n f l u e n c e s  may be examined b r i e f l y :

"Q " :  The i n f l u e n c e  o f  Q on P i s  n o t  s i g n i f i c a n t .  Viewed
t  C S t

s t a t i s t i c a l l y ,  th e  low t - r a t i o  f o r  t h i s  c o e f f i c i e n t  i s  th e  r e s u l t  o f

h ig h  c o r r e l a t i o n  be tw een  t h i s  v a r i a b l e  and  0PRt . Viewed t h e o r e t i c a l l y ,  

th e  model p r e s e n te d  i n  C h ap te r  1 i n d i c a t e s  t h e  r a t e  o f  p r o d u c t io n

may o r  may n o t  a f f e c t  th e  u s e r  c o s t .  I f ,  f o r  exam ple ,  th e  p r i c e

e l a s t i c i t y  o f  f u t u r e  demands (which i s  l o n g - r u n )  i s  v e ry  h ig h ,  t h e  

u s e r  c o s t  f u n c t i o n  would have a  h ig h  e l a s t i c i t y .  C o n s e q u e n t ly ,  th e  

i n f l u e n c e  o f  th e  c u r r e n t  r a t e  o f  p r o d u c t io n  on th e  c u r r e n t  u s e r  c o s t  

would be  i n s i g n i f i c a n t .

"R A cco rd ing  to  r e l a t i o n  3 , th e  p r o b a b i l i t y  t h a t  a  change 

o f  R^ c a u s e s  a  change o f  th e  c u r r e n t  u s e r  c o s t  i n  th e  o p p o s i t e  d i r e c t i o n  

( c e t e r i s  p a r ib u s )  i s  more th a n  0 .9 9 9 .  T h is  i s  s i m i l a r  to  t h a t  s e e n  i n  

' 3UCC h a p te r  1; t  < 0 . E q u a t io n  3 s im p ly  q u a n t i f y in g  t h i s  i n e q u a l i t y  
3Rt

and m e asu r in g  th e  r e s e r v e  e l a s t i c i t y ,  i . e . ,  a  d e c r e a s e  o f  1 % o f  p roved

r e s e r v e  w i l l  c a u se  an i n c r e a s e  o f  th e  u s e r  c o s t ,  P by 4,8%. Whens t

we u se  th e  c o n s t a n t  d o l l a r ,  e q u a t io n  4 ,  th e  R’ s  c o e f f i c i e n t  i s  a l s o
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3Pnegative C at < 0); however, it ia leas significant than the 
9R

t

c u r r e n t  d o l l a r ,  e q u a t io n  3 .

I t  i s  p o s s i b l e  t h a t  e q u a t io n  3 o v e r - e s t i m a t e s  R 's  s i g n i f i c a n c e

and e q u a t io n  4 u n d e r e s t im a te s  i t .  R e l a t i o n  3 o v e r - e s t i m a t e s  th e

i n f l u e n c e  o f  R on P s in c e  f o r  th e  l a s t  20 y e a r s  R h as  been  e s c  c

r e l a t i v e l y  s t a b l e  o r  d e c r e a s i n g .  D uring th e  same p e r io d  th e  p r i c e  

in d e x  f o r  i n t e r n a t i o n a l  com m odities  h as  been  s t a b l e  o r  i n c r e a s i n g .  

C o n s e q u e n t ly ,  e q u a t io n  3 w hich does  n o t  e x c lu d e  t h i s  common e f f e c t  

seems more s i g n i f i c a n t  th a n  i t  a c t u a l l y  i s .  R e l a t i o n  4 ,  on th e  

o t h e r  h a n d ,  h a s  c e r t a i n  d i f f i c u l t i e s .  The U n i te d  N a t i o n s '  G en e ra l  

Commodity P r i c e  Index  w hich h a s  been  u sed  a s  th e  p r i c e  in d e x  may o r  

may n o t  be  an a c c u r a t e  p r i c e  in d e x  f o r  a  p ro d u c e r  c o u n t ry  o r  f o r  OPEC. 

In  any c a s e ,  a s  f a r  a s  th e  e x i s t a n c e  and th e  d i r e c t i o n  o f  th e  i n ­

f lu e n c e  can  be  d e te rm in e d ,  th e  e x a c t  s i z e  o f  t h e  I n f lu e n c e  i s  n o t  

im p o r ta n t  t o  o u r  m odel.

"F t " :  T h a t  th e  in f l u e n c e  o f  Ft  on P ( i n  e q u a t io n s  3 and 4 j i s  

th e  m ost em p h a tic  and s t r o n g e s t  i n  co m p a r is io n  w i th  o t h e r  e x p la n a to r y  

v a r i a b l e s ,  i s  n o t  s u r p r i s i n g .  These  r e l a t i o n s  s im p ly  re se m b le  th e  

r e a l  w o r ld ;  i f  t h e r e  i s  no f u t u r e  need  f o r  c ru d e  o i l ,  i t s  u s e r  c o s t  

i s  h a r d l y  more th a n  th e  p r i c e  o f  san d s  i n  th e  d e s e r t .

The p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  betw een F and P i s  0 .9 8L St
f o r  e q u a t io n  3 and 0 .9 1  f o r  e q u a t io n  4 .  On th e  o t h e r  h an d ,  th e  

3P
p r o b a b i l i t y  o f  -r=r—  > 0 i s  more th a n  0 .99999  f o r  b o th  e q u a t io n s .

t

An i n c r e a s e  o f  1% o f  F w i l l  i n c r e a s e  P by 4.4% u s in g  th e  c u r r e n t
t B k
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d o l l a r ,  w h i le  I t  w i l l  i n c r e a s e  P o n ly  2,4% u s in g  th e  c o n s ta n ta t

d o l l a r .  C o n s id e r in g  th e  r a t e  o f  i n f l a t i o n  o f  th e  l a s t  20 y e a r s ,  b o th  

o f  th e s e  f i g u r e s  can be a c c e p ta b l e .

"OPR^": The c o e f f i c i e n t  o f  t h i s  v a r i a b l e  ( f o r  b o th  e q u a t io n s

3 and 4) i s  n e g a t iv e ;  t h e r e f o r e ,  th e  demand f u n c t io n  f o r  the  re s o u rc e  

i s  g e n e r a l ly  e l a s t i c ,  I . e . ,  to  i n c r e a s e  i t s  s h a re  o f  m a rk e t ,  OPEC 

must o f f e r  a  low er p r i c e .  However, t h i s  n e g a t iv e  c o e f f i c i e n t  does 

n o t  mean t h a t  th e  c o r r e l a t i o n  betw een OPR and the  m arket p r i c e  i s  

low a n d /o r  n e g a t iv e .  On th e  c o n t r a r y ,  t h i s  c o r r e l a t i o n  i s  h ig h  and 

i t  i s  p o s i t i v e .  To be  p r e c i s e ,  i t  i s  0 .6 6  ( f o r  c u r r e n t  d o l l a r s ) .

Why i s  i t  th e  c a se  t h a t  th e  p a r t i a l  c o r r e l a t i o n  betw een P and OPRS L L
i s  n e g a t iv e  b u t  th e  c o r r e l a t i o n  betw een th e s e  two v a r i a b l e s  i s  p o s i t i v e ?  

The answer may be se e n  i n  f i g u r e  I I I - 3 .

OPR

F

F ig u re  I I I - 3

D i r e c t  and I n d i r e c t  E f f e c t  o f  OPEC-share on User Cost

OPR i n f l u e n c e s  Pg b o th  d i r e c t l y  and i n d i r e c t l y .  In  th e  fo rm er an  

i n c r e a s e  o f  OPR must c o in c id e  w i th  a p r i c e  c u t  ( c e t e r i s  p a r i b u s ) .

I n  th e  l a t t e r ,  an i n c r e a s e  o f  OPR w i l l  i n c r e a s e  th e  ex p e c te d  f u t u r e£

p r i c e ,  Ft :
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I f  OPRf -+■ u n c e r t a i n t y !  *> d i s c o u n t  r a t e  o f  th e  f u t u r e !  *> e x p e c te d  f u t u r e  

p r i c e t  + F+

w hich i n  t u r n  w i l l  c a u se  an  i n c r e a s e  o f  P . F i n a l l y ,  p a r t i a l  c o r -

r e l a t i o n  be tw een  OPR and P i s  - 0 . 5 0 ;  c o r r e l a t i o n  betw een F and OPRt  s t  t  t

i s  + 0 .6 9 ;  and p a r t i a l  c o r r e l a t i o n  be tw een  P „ and F i s  + 0 .9 8  ( a l ls t  t

m easured i n  th e  c u r r e n t  d o l l a r ) .

Note 1 ; We have  s e e n  t h a t  th e  u s e r  c o s t  model works w e l l  f o r  

th e  p e r io d  o f  1957 -76 .  Does i t  a l s o  f u n c t i o n  p r o p e r l y  f o r  th e  p e r io d  

p r i o r  to  th e  p r i c e  i n c r e a s e  o f  1973-74? For t h e  f u n c t i o n  o f  th e  model 

i n  t h i s  c a s e ,  s e e  e q u a t io n  5 w hich p r e s e n t s  th e  r e g r e s s i o n  r e s u l t s  f o r  

1957-73.

(5) I n  P = 2 1 .8  + 0 .1 7  In  Q -  2 .7  I n  R +  4 .6  Fs t  t  t  t

( 7 .8 )  ( 2 .8 )  ( - 6 . 1 )  ( 2 3 . )

-  0 .2 8  I n  0PRfc 

( - 4 .3 )

( P r i c e s  a r e  i n  th e  c u r r e n t  $)

D.W. = 3 .2 9 ;  R2  = 0 .99

S ta n d a rd  e r r o r  a s  p e r c e n ta g e  o f  mean = 0 .2 2

G e n e r a l l y ,  t h e s e  r e s u l t s  a r e  q u i t e  s i m i l a r  to  th o s e  i n  e q u a t io n  

3 ,  e x c e p t  t h a t  th e  c o e f f i c i e n t  o f  R i s  h i g h e r  i n  e q u a t io n  3 ,  T h is  

i n d i c a t e s  t h a t  th e  p ro d u c e r s  p a id  more a t t e n t i o n  to  th e  p roved  r e s e r v e s  

i n  l a t e r  y e a r s  th a n  th e y  had  b e f o r e .

N ote 2 : The 0LS and TSLS r e g r e s s i o n  r e s u l t s  f o r  th e  f i v e  o r i g i n a l

members o f  OPEC ( I r a n ,  I r a q ,  K uw ait ,  S au d i A ra b ia  and V en ezu e la )  have  

been  r e p o r t e d  by t a b l e s  2-6  i n  Appendix I I I - A .  The s t a t i s t i c a l
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i n f e r e n c e s  and th e  econom ic e x p l a n a t i o n s  o f  th o s e  r e g r e s s i o n  r e s u l t s  

f o r  I r a n ,  I r a q ,  K uw ait,  S aud i A ra b ia  and V en ezu e la  a r e ,  a s  i t  i s  

e x p e c te d ,  s i m i l a r  to  th o s e  o f  OPEC, i . e , ,  f o r  each  o f  th o s e  member

u s e r  c o s t ,  P , and th e  s e t  o f  e x p l a n a to r y  v a r i a b l e s  i s  s u b s t a n t i a l .S fc

The m arke t  p r i c e  o f  c ru d e  o i l ,  o r  o f  any o t h e r  commodity, i s  

a d ep en d e n t v a r i a b l e  and i t s  v a l u e  i s  d e te rm in e d  by i n t e r a c t i o n  o f  

many v a r i a b l e s .  T here  a r e  two m ethods to  e s t i m a t e  th e  m arke t  p r i c e :  

th e  e s t i m a t i o n  o f  s t r u c t u r a l  e q u a t io n s  ( s u p p ly  and demand) and th e  

e s t i m a t i o n  o f  r e d u c e d -fo rm  e q u a t i o n s .  T h is  s e c t i o n  p r e s e n t s  th e  

r e g r e s s i o n  r e s u l t s  o f  th e  re d u c e d -fo rm  e q u a t i o n s .  The e s t i m a t i o n  o f  

th e  s t r u c t u r a l  e q u a t io n s  w i l l  b e  p r e s e n t e d  i n  S e c t io n  I I I .

I f ,  from th e  p ro d u c e r  c o u n t r y ' s  p o i n t  o f  v ie w , th e  demand and 

s u p p ly  s c h e d u le  o f  I n t e r n a t i o n a l  c ru d e  o i l  can  be summarized as

c o u n t r i e s ,  -----  < 0  and
3Ps t > 0 ; m o reove r ,  dependency  be tw een  th e

B. P o r  th e  M arket P r i c e

(6 ) and (7) :

th e n ,  r e g a r d l e s s  o f  th e  d e g re e  o f  c o m p e t i t io n  i n  th e  m a rk e t ,  th e  m a rk e t  

p r i c e  s c h e d u le d  w i l l  b e :



114
C8 ) P t  = f (R t , Ffc, OPRt> Et )

w here ; 3P 3P 3P 9p

1 5 7 <0i -5f7 >0! Torat < 0; T ^ >0-

The OLS r e g r e s s i o n  r e s u l t s  o f  r e l a t i o n  8  f o r  th e  1957-76 p e r io d s  a r e ;

(9) I n  P. -  - 1 .9  In  R + 5 .0  F -  0 .8 3  In  0PR_ + 1 .61  In  Et  t  t  t  t

( - 2 .7 )  ( 2 2 . )  ( - 4 .5 )  (4 .3 )

(The p r i c e  I s  i n  c u r r e n t  d o l l a r s )

R2  -  0 .9 9

2
O b v io u s ly ,  th e  m u l t i p l e  c o r r e l a t i o n s ,  R , w i th  t - r a t i o s  f o r  

th e  in d e p e n d e n t  v a r i a b l e s ,  show t h a t  th e  dependence between th e  m arket 

p r i c e  and th e  s e t  o f  e x p la n a to ry  v a r i a b l e s  i s  s u b s t a n t i a l .  Using the  

c o n s ta n t  d o l l a r ,  th e  r e g r e s s i o n  r e s u l t s  o f  th e  same p e r io d  (1957-76) 

a r e :

(10) P t  -  181. -  0 .3 1  Rfc + 4 8 4 .0  -  9 .6  OPR^ + 0 .037  Et  t  t  t  t

( 0 .9 )  ( - 0 .9 )  ( 1 2 .)  ( - 5 .6 )  (3 .7 )

D.W. = 2 .8 7 ;  R2 = 0 .9 9

The r e g r e s s i o n  r e s u l t s  o f  1957-73 p e r i o d s ,  u s in g  c u r r e n t  d o l l a r s

a r e ;

(11) I n  P -  1 7 .1  -  2 .29  In  R + 4 .7  F -  0 .2 0  I n  OPR

( 4 .0 )  ( - 3 .8 )  ( 1 9 .)  ( - 3 .6 )

+ 0 .2 3  In  E

( 1 .9 )

D.W. » 2 .6 5 ;  R2  -  0 .99
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A c c o rd in g ly ,  t h e  r e g r e s s i o n  r e s u l t s  I n  b o th  th e  c u r r e n t  and th e  c o n s t a n t  

d o l l a r — f o r  1957-1976 , 1957-1973— a r e  c o n s l s t a n t  w i th  th e  m odel,  i . e . ,

ap
R ' s  c o e f f i c i e n t s  a r e  n e g a t i v e  ( ——  < 0 ) ,  F ' s  and E . ’s  c o e f f i c i e n t s  

t  t
3P 3P

a r e  p o s i t i v e  Cgp—  > 0 , —  > 0 ) ;  and s t a t i s t i c a l l y  th e y  a r e  s i g n i f ­

i c a n t  .

In  r e g a r d  to  e n e rg y  and t e c h n i c a l  r i g i d i t y ,  one y e a r  may be too  

b r i e f  a  u n i t  o f  t im e ;  m oreo v e r ,  th e  e f f e c t s  o f  a  ca u se  may o c c u r  so 

g r a d u a l ly  t h a t  th e  e f f e c t  I s  com p le ted  a f t e r  s e v e r a l  y e a r s .  For con­

s i d e r a t i o n  o f  th e s e  p ro b lem s— p e r io d  l e n g th  and la g  d i s t r i b u t i o n —we 

d e f in e  new PERIOD LENGTH and c o n s e q u e n t ly ,  new v a r i a b l e s ,  w i th  new 

sy m b o ls :

p - 4 - p  + p  + p  j . p  f  p
P = t  t+1 t+2 t+3 t+4 _ n=0 t+n

5 t “ 5 “ 5

4 *
E „ Q , E R .„ _ n= 0  t+ n  ; „ _ n = 0  t+n

5 t = -------5---------  5 t  = 5

Z n  0PR^ _  npn = n = 0  t+ n  ; e t c .
5 t  " 5

A ccord ing  to  t h e s e  d e f i n i t i o n s ,  t h e  f i r s t  p e r io d  o f  s tu d y  w i l l  be 

1957-1961; th e  second  1958-1962 , t h e  t h i r d  1959-1963 , e t c .  U sing  th e s e  

v a r i a b l e s ,  r e l a t i o n  8  becomes p o s s i b l e :

(13) F J t -  f(H5 t . r 5 t , opR5 t , V -
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I n  o r d e r  to  g e t  a d d i t i o n a l  in f o r m a t io n  c o n c e rn in g  tim e d i f f e r ­

e n c e s ,  a  dummy v a r i a b l e  auch  a s  D may be  i n c lu d e d .  I t s  v a lu e  w i l l  b e  

z e ro  f o r  1957-1970 and one a f t e r  t h a t  p e r io d .  D h a v in g  been  in c lu d e d ,  

r e l a t i o n  13 becomes:

( 1 4 )  P 5 t  -  f ( R 5 t ,  F 5 t , 0 P R 5 t ,  E5 t ,  D ) .

The r e g r e s s i o n  r e s u l t s  o f  th e  above r e l a t i o n s  f o r  OPEC ( c u r r e n t  d o l l a r )

f o l l o w s :

(15) I n  P =• 72. -  1 2 .2  I n  R5 t  + 1 .3  Fg -  0 .8  In  0PR5 t

( 2 .1 )  ( - 5 .5 )  ( 5 .1 )  ( - 0 .6 )

+ 1 .1  I n  E_ + 0 .3 8  D 5t

( 0 .4 )  (3 .7 )

D.W. => 1 .8 2 ;  R2  -  0 .99

The r e g r e s s i o n  r e s u l t s  o f  r e l a t i o n  14 when p r i c e  i s  m easured  i n  c o n s t a n t  

d o l l a r s  a r e :

(16) I n  Pefc -  33. -  5 .8  I n  R ,„ + 0 .8  F-,. -  0 .7  In  QPR_5 t  5 t  5 t  5 t

(1 .7 )  ( - 4 .4 )  ( 5 .2 )  ( - 0 .9 )

+ 1 .0  ECt + 0 .1 9  D 5 t

( 0 .6 )  ( 3 .2 )

These r e s u l t s  a l s o  c o n f irm  th e  i d e a  t h a t  th e  m a rk e t  p r i c e  i s  n e g a t i v e l y  

r e l a t e d  to  th e  s t o c k  o f  p roved  r e s e r v e  and p o s i t i v e l y  r e l a t e d  to  th e  

e x p e c te d  d i s c o u n te d  f u t u r e  p r i c e .



117

X U . TESTING THE HYPOTHESIS

L i t t l e  a t t e n t i o n  h a s  been p a id  to  th e  d eg ree  o f  c o m p e t i t io n

o f  th e  i n t e r n a t i o n a l  c ru d e  o i l  m arke t because  t h e r e  l a  l i t t l e  need  f o r

i t .  The mine owner, o r  a p ro d u c e r  c o u n t ry ,  has  a  u s e r  c o s t  f u n c t io n

which works as  a su p p ly  s c h e d u le  f o r  him , o r  h e r .  Any change o f  th e

deg ree  o f  c o m p e t i t io n  may s h i f t  th e  cu rv e  o r  i t  may change th e

shape  o r  s lo p e  o f  th e  u s e r  c o s t .  N e v e r th e le s s ,  th e  r a t e  o f  p r o d u c t io n ,

o r  th e  m arke t p r i c e ,  w i l l  be de te rm in ed  by th e  i n t e r s e c t i o n  o f  th e

su p p ly  f u n c t i o n ,  P . ,  w i th  th e  demand f u n c t i o n ,  P , „ .  I f  th e  m arkets t  a t

i s  i n  p e r f e c t  c o m p e t i t io n ,  w hich i s  r a r e ,  th e r e  w i l l  be i n f i n i t i v e

i n t e r s e c t i o n s  o f  th e  su p p ly  w i th  th e  demand f u n c t i o n ,  P , , . .  I n  t h i sd t

c a s e ,  t h e  mine owner i s  i n d i f f e r e n t  to  p ro d u c in g  to o  l i t t l e  o r  too  

much.

To t e s t  th e  h y p o th e s i s  t h a t  P ( t h e  u s e r  c o s t  s c h e d u le )  i s  

th e  q u a s i  su p p ly  f u n c t io n  f o r  OPEC, i t  i s  ad eq u a te  to  f in d  th e  i n t e r ­

s e c t i o n  o f  t h i s  f u n c t io n  w i th  th e  demand sc h e d u le  and to  compare 

t h i s  e q u i l i b r i u m  w i th  th e  a c t u a l  m arket p r i c e .  However, i t  i s  n o t  

th e  r a t e  o f  p r o d u c t io n ,  Q^, b u t  r a t h e r  th e  m arke t p r i c e ,  Pfc, i n  w hich 

we a r e  i n t e r e s t e d  and th e  v a r i a t i o n  o f  which we s e e k  to  e x p l a in .  

T h e re fo re ,  we have p r e f e r r e d  to  e s t im a te  s t r u c t u r a l  e q u a t io n s  i n  

te rm s o f  r a t e  o f  p r o d u c t io n ,  Q , and consum ption , Q ^ ,  i n  o r d e r  to  

f in d  e q u i l ib r i u m  p r i c e .

O rd in a ry  l e a s t  sq u a re s  m u l t i p l e  r e g r e s s i o n  e q u a t io n s  f o r  th e  

dependen t v a r i a b l e s ,  Q ( r a t e  o f  p ro d u c t io n )  and ( r a t e  o f  con­

sum ption) f o r  1975-76 a r e :
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(17) I n  Q -  - 6 , 5  +  0 ,3 4  I n  P +  0 .6 19w t

( - 0 , 8 ) a ,  62)

+ 1 ,0 8  In  0 PRt  

(2 3 . )

The p r i c e  i n  c u r r e n t  d o l l a r s  

D.W. = 1 .1 4  

R2  -  0 .9 9

(18) In  Q -  - 1 7 .8  -  0 .0 5 3  I n  Pk + 2 .2 8  Ina t  t  t

( - 3 9 . )  ( - 3 .0 )  ( 3 8 .)

The p r i c e  i n  c u r r e n t  d o l l a r s

D.W. = 0 .9 9  

R2 = 0 .9 9

At e q u i l i b r i u m  when Qg t  = t *ie mar^ e t  Pr *ce w i l l  b e ;

(19) .34 In  P,. +  0 .0 5 3  In  P. = 6 .5  - 1 7 . 8  +  1 .6 8  - 1 .0 8  I n  OPRt  t  t

+ 2 .2 8  In  E -  0 .6 1  In  R

and:

(20) I n  P„ = -2 8 .0 6 7  +  5 .687  In  Efc -  1 .5 2  In  R + 4 .1  Ft  t  t  t

-  2 .7  0 PRt

I f  we s u b s t i t u t e  th e  a c t u a l  v a lu e  o f  E , R , F and OPR f o r  I9 6 0 ,
c t  u u

1970, 1973 and 1976 i n  e q u a t io n  20, th e  e s t im a te d  a c t u a l  m a rk e t  p r i c e  

w i l l  b e :

I n  Rt  -  1 , 6 8  F 

( 1 .4 5 )  ( - 1 ,8 )
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T ab le  12

A c tu a l  and E s t im a te d  P r i c e s  o f  1960, ’ 70, ’ 73, and 1976

1960 1970 1973 1976

A c tu a l  Pt $ 0 .8 1 0 .95 2 . 1 1 9 .50

E s tim a ted P $t  * 0 .81 1 . 1 0 1 .99 9 .40

Thus th e  r e s u l t s  a re  s a t i s f a c t o r y .

E q u a t io n  3 ( i n  w hich th e  u s e r  c o s t  i s  th e  dependen t v a r i a b l e  
2

w ith  R = 0 .9 9 7 ) ,  e q u a t io n  9 ( i n  w hich m arke t  p r i c e  i s  th e  d ependen t 
2

v a r i a b l e  w i th  R = 0 .9 9 5 ) ,  and f i n a l l y  T ab le  12 (which i s  th e  r e s u l t  

o f  th e  i n t e r s e c t i o n  o f  Qs ^ and Q^j.) s t r o n g l y  i n d i c a t e  t h a t  f o r  th e  

p e r io d  o f  s tu d y  Qgfc and Pg t  have  th e  p r o p e r t i e s  o f  a  su p p ly  s c h e d u le ;  

t h e r e f o r e ,  i t  i s  l o g i c a l  to  c a l l  t h e s e  f u n c t io n s  " q u a s i  su p p ly "  o r  

s im ply  " su p p ly "  f u n c t i o n s .

IV. PREDICTING

The OLS r e g r e s s i o n  r e s u l t s  when th e  dependen t v a r i a b l e s  a re

Q , Q , ,  P and P have con f irm ed  th e  model and a r e  c o n s i s t e n t  w i th  ^ s  d s
2

each  o t h e r .  A lso ,  f o r  a l l  th e  r e g r e s s i o n s ,  a  h ig h  R i n d i c a t e s  a  v e ry  

low d e v i a t i o n  between th e  e s t im a te d  and a c t u a l  v a l u e s ,  s e e  T ab le  12. 

N e v e r th e le s s ,  s i n c e  th e  p e r io d  o f  s tu d y  i s  1957-1976, i t  i s  im­

p o s s i b l e  to  t e s t  th e  p r e d i c t i n g  power o f  th e  m odel. One p o s s i b l e  

s o l u t i o n  i s  th e  s e l e c t i o n  o f  a p e r io d  o f  s tu d y  s e v e r a l  y e a r s  p r i o r  to  

1976. The p e r io d  o f  1957-73 i s  an  a p p r o p r i a t e  s e l e c t i o n  f o r  t h i s  

p u rpose  s i n c e  i t  does n o t  in c lu d e  th e  s o - c a l l e d  " q u a d ru p le  p r i c e  

i n c r e a s e "  o f  1973-74 and i t s  p r e d i c t e d  p r i c e  may be compared w i th  th e
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a c t u a l  p r i c e s  o f  1974 and t h e r e a f t e r ,  The f o l lo w in g  i s  th e  r e g r e s s io n  

r e s u l t s  f o r  P f o r  th e  1957-73 p e r io d  ( p r i c e  i n  c u r r e n t  d o l l a r s ) ,

(21) I n  P -  17 .17  -  2 .3  In  R + 4 .7  F. -  0 .2  In  OPRC t  t

( 4 .0 )  ( - 3 .9 )  (1 9 .5 )  ( - 3 .7 )

0 .2 3  In  Et  

(1 .9 0 )

D.W. -  2 .6 4 ;  R2  » 0 .99

The m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  i s  c l o s e  to  one ,  i . e . ,  th e  

e s t im a te d  p r i c e  and m a rk e t  p r i c e  f o r  1957-73 a r e  v e ry  c l o s e ;  m oreover, 

i f  one s u b s t i t u t e s  th e  a c t u a l  v a lu e  o f  e x p la n a to ry  v a r i a b l e s  f o r  

1974, 1975, and 1976 i n  th e  e q u a t io n ,  th e  p r e d i c t e d  p r i c e  w i l l  be 

s t i l l  c l o s e  to  th e  a c t u a l  m arke t p r i c e .  For exam ple, a c c o rd in g  to  

t h i s  e q u a t io n  f o r  1974, th e  p r e d i c t e d  p r i c e  i s  $8 .56  and th e  a c t u a l  

p r i c e  i n  1974 was $ 8 .9 0 .  For 1976 th e r e  i s  a  l a r g e r  gap; th e  

p r e d i c t e d  p r i c e  i s  o n ly  $7 .07  (which i s  low er th an  th e  p r e d i c t e d  

p r i c e  o f  $8 .56  f o r  1974) w h i le  th e  a c t u a l  m arke t p r i c e  o f  1976 i s  

h ig h e r  th a n  th e  a c t u a l  m arke t  p r i c e  o f  1974 a t  $ 9 .5 0 .  At f i r s t  v iew , 

i t  would seem t h a t  t h i s  e q u a t io n  can n o t p r e d i c t  th e  f u t u r e ,  s in c e  i t  

p r e d i c t s  t h a t  th e  1976 p r i c e  would be  low er th a n  th e  1974 p r i c e  

w h i le  th e  a c t u a l  m arke t  p r i c e  o f  1976 p ro v es  to  be  h ig h e r  th a n  th e  

a c t u a l  m arke t  p r i c e  o f  1974.

I f  th e  r a t e  o f  i n f l a t i o n  w ere low and n e g l i g i b l e ,  we c o u ld  n o t  

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

t h e r e  would be no r e a s o n  to  i n f e r  i t s  p r e d i c t i n g  power; how ever, f o r  

t h e  l a s t  f i v e  y e a r s ,  t h e  r a t e  o f  i n f l a t i o n  h a s  n o t  been  n e g l i g i b l e .

I n  t h i s  c a s e ,  th e  r a t e  o f  i n f l a t i o n  may be a rg u e d ,  f o r  i t  i s  ex t re m e ly
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d i f f i c u l t  to  c o n s t r u c t  an a c c e p ta b l e  p r i c e  in d e x .  N e v e r th e le s s ,  by 

any a c c o u n t ,  $9 .50  i n  1976 had low er p u rc h a s in g  power th a n  $8 ,90  in

1974.

Having p r e s e n te d  an  e s t i m a t i o n  o f  th e  red u ce d -fo rm  e q u a t io n ,  

we may now o f f e r  th e  OLS m u l t i p l e  r e g r e s s i o n  r e s u l t s  f o r  th e  dependen t 

v a r i a b l e s  Q ( r a t e  o f  p ro d u c t io n )  and ( r a t e  o f  consum ption) f o r  

1957-73 i n  o r d e r  to  d e r i v e  and e s t i m a t e  e q u i l i b r i u m  p r i c e ,  P^, and th en  

examine th e  p r e d i c t i n g  power o f  th e  s t r u c t u r a l  e q u a t io n s .  The 

fo l lo w in g  a r e  th e  q u a s i  su p p ly  and th e  q u a s i  demand f u n c t io n s  r e ­

g a rd in g  i n t e r n a t i o n a l  c rude  o i l  m arke t f o r  th e  p e r io d  o f  1957-73 .

( 6 ) Qs t  = f ( F t , Rt , Ft , 0PRt )

(?) Qdt -  f(Pt , V

(22) In  Q — 4 6 .8  + 2 .2  In  P +  5 .6  I n  R -  1 0 .6  F
b  L  U  L  t

(2 . 2) (2 . 8) (2 . 0 ) ( - 2 . 8)

+ 1 .2  In  0PRfc 

(1 4 .7 )

D.W. = 2 .0 8 ;  R2  =■ 0 .99

(23) In  -  -  17 .85  -  0 .0 6  In  Pfc + 2 .2  In  E_ d t  t  t

( - 3 7 . )  ( - 1 .0 )  (2 9 .)

D.W. = 0 .6 7 ;  R2  = 0 .99

(24) I n  Pfc -  1 2 .4  + 0 .9 8  I n  Efc -  2 .4  I n  R  +  4 .5  F.t  t  t  t

-  0 . 5  In  0 PRt

T ab le  13 shows a c t u a l  and e s t im a te d  (o r  p r e d i c t e d )  p r i c e s  a c c o rd in g  to  

e q u a t io n  24.



122
Table 13

A c tu a l ,  E s t im a te d ,  and P r e d ic t e d  P r i c e s :  
R e g re s s io n  Method i s  OLS

Y ear A c tu a l
$

P r e d i c t e d
(E s t im a te d )

$

1960 0 .8 2 0 .8 2

1970 0 .95 0 .9 7

1973 2 . 1 2 2 . 1 1

1974 8 .93 8 . 2 0

1976 9 .50 7 .34

U s u a l ly  th e  method o f  two s t a g e s  l e a s t  s q u a re s  (TSLS) i s  p r e ­

f e r r e d ,  f o r  th e  e s t i m a t i o n  o f  th e  s t r u c t u r a l  e q u a t i o n ,  to  o r d in a r y  

l e a s t  s q u a r e s .  The f o l lo w in g  a r e  th e  r e g r e s s i o n  r e s u l t s  f o r  r e l a t i o n  

6  and 7 w here th e  method o f  e s t i m a t i o n  i s  TSLS. The p e r io d  to  be 

c o n s id e r e d  i s  1957-73 ( p r i c e s  i n  c u r r e n t  d o l l a r s ) .

(25) I n  Q . -  -  125 .7  + 5 .7  In  P„ + 15. I n  R -  26. F.s t  t  t  c

( - 2 . )  ( 2 .1 )  ( 1 .9 )  ( - 2 .1 )

1 . 6  I n  OPRt

( 5 .8 )

D.W. = 3 .2 9 ;  R2  -  0 .9 9

(26) I n  Qd t  = -  17 .87  -  0 .0 6 7  I n  P t  + 2 .2  I n  E

( - 3 7 . )  ( - 1 .0 )  ( 2 9 .7 )

D.W. -  .6 7 ;  R2  =* 0 .9 9
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At e q u i l i b r i u m  w here Q -  Qd t , th e  e q u i l i b r i u m  p r i c e  i s ;

a

(27) I n  Pt  i  1 8 ,5  +  0 ,4  I n  E -  2 .7  I n  R +  4 .5  F -  0 .2 8  I n  OPRt

E s t im a te d  (and p r e d i c t e d )  p r i c e  f o r  d i f f e r e n t  y e a r s  compared to  t h e i r  

a c t u a l  p r i c e  a r e  g iv e n  i n  t a b l e  14.

T ab le  14

A c tu a l ,  E s t im a te d ,  and 1 
R e g re s s io n  Method

P r e d i c t e d  P r i c e :  
i s  TSLS

E s t im a te d
Year A c tu a l ( P r e d i c t e d )

$ $

1957 0 .8 2 0 .8 4

1970 0 .9 5 0 .96

1974 8 .9 3 8 . 2 1

1976 9 .5 0 7 .11

N ote 3 ; C o n s id e r in g  1973 a s  a  b a s e  y e a r  f o r  th e  w h o le s a le  p r i c e  

in d e x  o f  t h e  U n ite d  S t a t e s  (1973=100), th e  w h o le s a le  p r i c e  f o r  1976 i s  

1 3 4 .9 0 .  T h a t  i s ,  ($ 7 .1 1 )  (1 .3 4 9 )  -  $ 9 .5 9 ,  i . e . ,  th e  p r e d i c t e d  and 

a c t u a l  p r i c e s  f o r  1976 a r e  v e r y  c l o s e .

N ote 4 : The nom inal 1976 p r i c e  o f  c ru d e  o i l  i s  more th a n  400%

o f  th e  1973 p r i c e  l e v e l .  Y e t ,  a c c o rd in g  to  t a b l e  14 and n o te  3 ,  r e ­

l a t i o n  27 n o t  o n ly  c o u ld  p r e d i c t  th e  i n c r e a s e  b u t  i t  a l s o  c o u ld  e x p l a i n  

i t ;  i . e . ,  80% o f  th e  p r i c e  i n c r e a s e  h as  been  c o n t r i b u t e d  by  th e  i n c r e a s e  

o f  ( i n f l a t i o n  i s  in c lu d e d )  and th e  r e s t  o f  th e  e x p l a n a to r y  v a r i a b l e s
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(Rt » Et  and 0PRt ) a r e  r e s p o n s i b l e  f o r  o n ly  2 0 % o f  th e  p r i c e  i n c r e a s e

Note 5 : The d e f i n i t i o n  o f  Ft , i t s  h i g h e s t  t -< ra t io  f o r  th e

r e g r e s s i o n  r e s u l t s ,  and  i t s  h i g h e s t  s h a r e  i n  c o n t r i b u t i n g  to  th e  

e x p la n a t io n  o f  p r i c e  ch a n g e s ,  may ca u se  an i l l u s i o n  t h a t  i t  i s  s t a t i s ­

t i c a l l y  a  dominant v a r i a b l e .  D o u b t le s s ,  a  c a r e f u l  r e a d e r  w i l l  n o t  be 

a f f e c t e d  by th e  i l l u s i o n s ,  b e c a u se :

( 1 ) a  h ig h  c o n t r i b u t i o n  o f  F f o r  th e  p r i c e  changes o f  th e  r e c e n t  

y e a r s  s im ply  re sem b les  th e  e v e n ts  which we m entioned  i n  C h ap te r  2 ,  i . e ,  

th e  s c a r c i t y  r e n t  o f  o i l  moving from n e g l i g i b l e  to  s i g n i f i c a n t .  A lso ,  

p a r t  o f  th e  c o n t r i b u t i o n  may be coun ted  f o r  i n f l a t i o n .

(2) Whenever th e  le n g th  o f  a  p e r io d  i s  5 y e a r s  i n s t e a d  o f  one 

y e a r ,  th e  t - r a t i o  f o r  F^t  i s  n o t  th e  h i g h e s t  among th e  e x p la n a to ry  

v a r i a b l e s .

(3) I f  we e l im i n a t e  F from th e  e x p la n a to r y  v a r i a b l e s ,  th e

2
r e g r e s s i o n  r e s u l t s  h a v e ,  o f  c o u r s e ,  low er R b u t  th e  r e s u l t s  a r e  s t i l l  

c o n s l s t a n t  w i th  th e  m odel, i . e . ,

(15% c o n t r i b u t e d  by a  d e c re a s e  o f  R and 5% f o r  changes o f  E and OPR ) .
*  I#  t

t t

(28) P = -  0 .394  R -  13 .75  0PRfc + 0 .05E to + 1 .91  PL t  t  t  tt t

( - 3 .2 )  ( - 2 .9 ) (2 , 0 ) (6 . 6)

R2 = 0 .9 0

P e r io d  o f  s tu d y  i s  1957-76;

P r i c e s  a r e  i n  c o n s t a n t  $

R e l a t i o n  28 i s  s i m i l a r  to  r e l a t i o n  9 ,  e x c e p t  t h a t  i n  r e l a t i o n  28 F 

(and i n f l a t i o n  e f f e c t s )  have been  ex c lu d ed  b u t  PL^ h a s  been  in c lu d e d .



APPENDIX TO CHAPTER 3 

TABLES 1-10 

THE REGRESSION RESULTS

125



TABLE 1

In P . ■ a, In Q + a0 In Rt + a_ F + a. In OPR + ast 1 t 2 t 3 t 4 t o

(1) D ata  a r e  from OPEC.

(2) The r e g r e s s i o n  method I s  OLS.

(3) Whenever OPRt  h a s  n o t  been  In c lu d e d  In  th e  l i s t  o f  e x p l a n a to r y  

v a r i a b l e s » I t s  c o r re s p o n d in g  c o e f f i c i e n t  i s  b la n k .

1. P e r io d  o f  
Study

R e g re s s io n
S t a t i s t i c s C o e f f i c i e n t s C o n s ta n t

2 .  P r i c e s D.W. R2
a i a 2 a 3 a 4

a o

1. 1957-76
2. C u r r e n t  $ 2 .0 3 0 .9979 0 .43

( 1 . 6 )
- 4 . 8

( - 5 .6 )
4 .4

( 2 0 . 0 )
-0 .6 1

( - 2 . 2 )
3 5 .1
(5 .7 )

1 .  1957-76
2 . C u r r e n t  $ 1 . 8 6 0 .9972 -0 .1 6

( - 4 .8 )
- 5 .4

( - 6 . 1 )
4 .3

(1 8 .0 )
- 38.5

( 6 .9 )

1 . 1957-73
2. C u r r e n t  $ 3 .29 0 .9990 + 0 .17

( 2 . 8 )
- 2 .7

( - 6 . 1 )
4 .6

(2 3 .0 )
- 0 .2 8

( - 4 .3 )
2 1 . 8
( 7 .8 )

1 . 1957-73
2 .  C u r r e n t  $ 1 .7 6 0 .9975 - 0 .0 9

( - 7 .0 )
- 2 .9

( - 4 .2 )
4 .5

(1 5 .0 )
- 22 .5

( 5 .3 )

1 . 1957-76
2 . C o n s ta n t  $ 1 .99 0 .9841 0 .55

( 1 . 6 )
- 1 .3 8

( - 1 .2 5 )
2 .4

( 8 . 6 )
- 0 .7 5

( - 2 . 1 )
1 4 .2
( 2 . 1 )

1 . 1957-73
2 . C o n s ta n t  $ 1 .9 3 0 .8014 0 .2 9

( 1 . 0 )
- 1 . 1

( - 0 . 6 )
1 .5

(1 .7 )
- 0 .4 5

( - 1 .3 )
1 2 .4
(0 .9 7 )

126



TABLE 2

In P „ 8 a In Q. + a. In R„ + a, F +• a. In OPR + ast 1 t 2 2 3 t 4  t o

(1) D ata  a r e  from IRAN.

(2) The r e g r e s s i o n  method i s  OLS.

(3) Whenever OPR^ h a s  n o t  been  in c lu d e d  i n  th e  l i s t  o f  e x p l a n a to r y  

v a r i a b l e s ,  i t s  c o r r e s p o n d in g  c o e f f i c i e n t  i s  b l a n k .

1 .  P e r io d  o f  
Study

R e g re s s io n
S t a t i s t i c s C o e f f i c i e n t s C o n s ta n t

2 .  P r i c e s D.W. R-* a l a 2 a 3 a4 ao

1 . 1957-76
2. C u r r e n t  $ 1 .32 0 .9957 0 .24

(1 .3 )
- 3 .9

( - 5 .0 )
4 .1

(1 5 .0 )
0 .07

(0 .3 )
21 .4
( 5 .7 )

1 . 1957-76
2 . C u r re n t  $

1 .3 3 0 .9956 - 0 .1 8
( - 4 .9 )

- 3 .8
( - 5 .7 )

4 .1
(1 6 .0 )

- 2 1 . 0
(7 .2 )

1 . 1957-73
2 .  C u r r e n t  $ 0 .94 0 .9885 -0 .1 5

( - 0 .9 8 )
- 1 . 6

( - 1 . 8 )
4 .6

( 1 2 . 8 )
0 .0 8

(0 .4 )
11 .25
(2 .9 )

1 . 1957-73
2 . C u r r e n t  $ 0 .87 0 .9883 -0 .0 9

( - 2 .3 )
- 1 .5

( - 1 . 8 )
4 .6

(1 4 .0 )
- 10 .9

(3 .0 )

1 .  1957-76
2 . C o n s ta n t  $ 2 .59 0 .9928 - 9 . 0

( - 0 .9 )
- 2 .7

( - 2 .7 )
334.0
(1 6 .0 )

- 1 . 6
( - 2 .4 )

340 .0
(4 .0 )

1 .  1957-73
2 . C o n s ta n t  $ 1 .7 3 0.9759 - 0 . 2

( - 0 .1 9 )
400 .0
(1 6 .0 )

- 1 . 7
( - 3 .4 )

133 .0
( 1 .3 )
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TABLE 3

In P “ a. In Q + a- In R + a, F + a. In OPR. + ast X t 2 t 3 t 4 t o

(1) The r e g r e s s i o n  method i s  TSLS.

(2) P r i c e s  a r e  i n  c u r r e n t  $.

Country
R e g re s s io n
S t a t i s t i c s C o e f f i c i e n t s C o n s tan t

a l a 2 a 3 a4 a
0

OPEC 0.9978 0 . 2 1 - 5 .0 8 4 .3 - 0 .3 8 36 .6
(0 .5 5 ) ( -5 .0 4 ) (1 9 .0 ) ( -0 .9 8 ) (6 .5 )

I r a n 0 .9932 -0 .7 6 - 5 .4 3 .7 0 .7 0 25 .9
( - 1 . 8 6 ) ( - 3 .9 ) (9 .4 ) (1 .4 1 ) (5 .2 )

I r a q 0 .9518 -1 .4 4 - 7 .4 5 .8 - 1 . 1 0 30 .8
( - 1 . 0 1 ) ( -1 .1 5 ) (7 .9 ) ( - .3 2 ) (1 .3 5 )

Kuwait 0 .9958 - 0 . 2 -7 .0 6 4 .5 - 0 .3 7 35.6
( - . 2 2 ) ( - 1 .1 5 ) (6 .9 ) ( - . 0 . 3 7 ) ( 1 . 2 2 )

Saudi A rab ia 0 .9944 0 .65 -3 .0 3 4 .1 - 0 .9 1 2 1 . 6
(1 .7 3 ) ( -1 .7 4 ) (1 3 .0 ) ( - 2 .3 ) (2 .7 9 )

V enezuela 0 .9969 -0 .6 7 - 0 . 1 2 4 .6 0 .15 4 .6 8
( - 1 .8 1 ) ( -0 .1 9 ) (1 8 .7 ) (0 .5 2 ) (1 .7 3 )
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TABLE 4

In Ps t  = m  qt  +
a 2  l n  Rt  + a 3 F t  + a .  In  OPR,. 4 t

+ a o

( 1 ) The r e g r e s s i o n  method i s  TSLS.

( 2 ) P r i c e s  a r e  i n  c o n s t a n t  $ .

R e g re s s io n
C o u n try S t a t i s t i c s C o e f f i c i e n t s C o n s ta n t

D.W. Rz a l a 2 a 3 a 4
a o

OPEC 1 .9 8  0 .9 8 4 0 0 .64 - 1 .2 7 2 .45 - 0 .8 4 13.62
(1 .3 1 ) ( - 1 .0 7 ) ( 8 .5 ) ( - 1 .6 9 ) (1 .9 1 )

I r a n 0 .9875 - 0 .0 9 -1 .2 7 2 . 1 1 - 0 .7 1 10 .26
( - 0 .3 4 ) ( - 1 .4 2 ) (8 .4 8 ) ( - 0 . 2 ) (3 .2 5 )

I r a q 0 .9698 -0 .3 6 - 3 .4 1 2 .98 - 0 .3 17 .46
( - 0 .7 7 ) ( - 1 .4 8 ) (1 0 .7 7 ) ( - 2 .3 ) ( 2 . 1 2 )

Kuwait 2 . 1 2  0 .9729 - 0 . 2 2 - 0 . 8 6 2 .3 - 0 .0 6 8 . 2
( - 0 .2 7 ) ( - 0 .1 5 ) (3 .9 ) ( - 0 .0 7 ) ( 0 .3 )

Saudi
A ra b ia 2 .1 4  0 .9807 - 0 .0 8 - 1 . 8 2 .5 - 0 .1 4 1 3 .8

( - 0 .2 6 ) ( - 1 . 2 ) (9 .4 ) ( - 0 .4 3 ) ( 2 . 0 )

V enezue la  1 .9 8  0 .9833 0 . 1 2 - 0 .6 4 2 .5 -0 .3 9 7 .7
( 0 .3 ) ( - 0 .9 3 ) ( 9 .6 ) ( - 1 . 2 ) ( 2 . 6 )
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TABLE 5

In Ps t  * a l  l n  Qt  'f  a 2  l n  Rt + a 3 l n  Ft + a o

( 1 )

( 2 )

The r e g r e s s i o n  method I s  OLS. 

P r i c e s  a r e  i n  c u r r e n t  $ .

C ountry
R e g re s s io n
S t a t i s t i c s C o e f f i c i e n t s C o n s ta n t
D.W. R* a l a 2 a 3 a o

I r a n 1 .3 3  0 .9956 - 0 .1 8
( - 4 .9 )

- 3 . 8
( - 5 .7 )

4 .1 3
(1 6 .8 )

2 1 . 0
( 7 .2 )

I r a q 1 .3 0  0 .9869 0 . 0 1
(0 .0 5 )

0 .9
(0 . 6 )

5 .6
(1 9 .7 )

0 . 8
(0 . 1 )

Kuwait 1 .7 0  0 .9952 - 0 .4
( - 3 .9 )

- 4 . 0
( - 3 .6 )

4 .4
(1 6 .0 )

5 2 .0
(4 .0 )

Saud i
A ra b ia 1 .4 2  0 .9950 - 0 .1 9

( - 3 .9 )
- 5 .5

( - 4 .6 )
4 .3

(1 6 .0 )
7 0 .0
( 4 .9 )

V enezue la 1 .5 8  0 .9968 - 0 .5
( - 4 .1 )

- 0 .4
( - 2 . 8 )

4 .6
(1 9 .7 )

1 2 .7
( 5 .4 )
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TABLE 6

l n  Ps t  ‘  a l  l n  Q c  *  a 2 l n  Rt  + a 3 F t  + a o

(1) The r e g r e s s i o n  method i s  OLS.

(2) The p r i c e s  a r e  i n  c o n s t a n t  $

R e g re s s io n
C ountry  S t a t i s t i c s  C o e f f i c i e n t s _______  C o n s ta n t

D.W. a l a 2 a 3
a

0

I r a n 2 .74 0 .9885 - 0 .1 6 - 1 .5 1 2 .06 11 .09
( - 6 .3 ) ( - 3 . 3 ) ( 1 2 . 2 ) (5 .5 )

I r a q 0 .99 0 .986 0 .06 2 .3 3 .14 - 3 . 8
(0 .3 9 ) ( 2 .0 8 ) (1 4 .2 ) ( - 0 .9 7 )

Kuwait 1 .87 0 .9730 -0 .1 7 0 .4 7 2 .52 0 .2 3
( - 1 .3 9 ) (0 .4 0 ) (8 .7 ) (0 . 0 1 )

Saudi 2 .26 0 .9817 - 0 . 2 2 - 2 .3 5 2 .5 8 33 .7
A rab ia ( - 5 .1 ) ( - 2 .1 9 ) ( 1 0 . 8 ) ( 2 . 6 )

V enezuela 1 .80 0.9835 - 0 .3 6 0 .1 4 2 .5 0 5 .7
( - 2 . 8 ) (0 .8 7 ) ( 1 0 . 0 ) (2 .3 )

OPEC 1 .8 3 0.9792 - 0 .1 7 - 2 .1 8 2 .3 1 1 8 .3
( - 4 .2 ) ( - 1 .9 1 ) ( 7 .6 ) ( 2 .5 )
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TABLE 7

A: ln P„ = c- ln R + c„ ln F + c0 ln OPR^ + c. ln E + ct l  t 2 t 3 t 4  t o
B: B ■ = ! « , +  c2 F t  + c3 OPRt  + c4 Ee + cB

(D ata  a r e  from OPEC)

1 .

2 .
3.

P e r io d  o f  
S tudy 
E q u a t io n  
P r i c e s

R e g re s s io n
S t a t i s t i c s C o e f f i c i e n t s C o n s ta n t

D.W. R^ C1 C2 C3 C4 co

1 . 1957-76
2 . Eq. A - 0 .9951 - 1 .1 9 5 .01 - 0 .8 3 1 .6 2 -
3 . C u r re n t  $ ( - 2 .6 9 ) ( 2 2 . 0 ) ( - 4 .5 ) (4 .3 )

1 . 1957-73
2 . Eq. A 2 .64 0.9987 - 2 .2 9 4 .7 - 0 . 2 0 0 .2 3 17 .1
3 . C u r r e n t  $ ( - 3 .8 ) (1 9 .0 ) ( - 3 .6 ) (1 .9 0 ) ( 4 .0 )

1 . 1957-70
2 . Eq. A 2 .77 0.9765 - 2 . 7 1 .7 - 0 .1 3 0 .2 6 1 9 .3
3. C u r r e n t  $ ( - 5 .8 ) ( 1 . 8 ) ( - 2 . 8 ) ( 2 . 8 ) ( 5 .9 )

1 . 1957-76
2 . Eq. B 2 .87 0 .9905 - 0 .3 1 4 8 4 .0 - 9 .6 0 .037 181 .0
3. C o n s ta n t  $ ( - 0 . 8 8 ) ( 1 2 . 0 ) ( - 5 .6 ) ( 3 .7 ) (0 .9 2 )

1 . 1957-73
2 . Eq. B 2 .03 0 .8249 - 0 .6 2 262 .0 - 6 . 3 0 .024 362 .0
3. C o n s ta n t  $ ( - 1 .3 5 ) ( 2 .4 ) ( - 2 . 0 ) ( 1 .7 ) (1 .5 5 )
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TABLE 8

A: l n  Qs | . -  

B: Qs t  ’  a l

a l  l a  ? t  + a 2  l n  Rt  + 

Pt  + a 2 Rt  + a 3  F t  +

(D ata a r e

a 3 Ft  + a4 

a 4 0PRt  + ao

from OPEC)

l n  OPRt  + ao

1. P e r io d  o f  
Study

2. E qua tion
3. R eg re s s io n  

Method
R eg ress io n
S t a t i s t i c s C o e f f i c i e n t s C o n s tan t

4 .  P r i c e s D.W. RZ a l a 2 a 3 a 4 a
0

1. 1957-76 1 .14  0 .9961 0 .3 4 0 .61 - 1 . 6 8 1 .08 - 6 .5
2 . Eq. A
3. OLS
4 .  C u r re n t  $

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

1 .  1957-73 3 .28  0 .9937 4 .76 1 2 . 8 - 2 2 . 0 1 .53 -1 0 3 .5
2 .  Eq. A
3. TSLS
4 . C u rre n t  $

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

1 .  1957-73 2 .0 8  0 .9965 2 .26 5 .6 - 1 0 . 6 1.28 -4 6 .8
2. Eq. A
3. OLS
4 . C u r re n t  $

(2 .8 1 ) ( 2 . 0 ) ( - 2 . 8 ) (1 4 .7 ) ( - 2 . 2 )

1 .  1957-73 0.9967 0 .031 0 .008 - 5 .8 0 .4 2 - 8 . 0
2. Eq• B
3. TSLS
4 .  C o n s tan t  $

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

«dt ’  bl  Pt  + b2 Et  + b3 Pbt  +

1 .

2 .
3 .

P e r io d  o f  
S tudy
R e g re s s io n  Method 
P r i c e s

R e g re s s io n
S t a t i s t i c s C o e f f i c i e n t s Cons t a n t

RZ bl b 2 b 3 b
0

1 . 1957-76
2 . TSLS 0 .9906 -0 .0 0 1 7 0.0019 0.0066 - 6 .1 4
3. C u r r e n t  $ ( - 1 .3 7 ) (1 5 .4 ) (1 .2 9 ) ( - 1 6 .0 )

1 . 1957-76 0.9906 -0 .0 0 1 3 0.00199 0.0050 - 6 . 1
2 . OLS ( - 1 .1 5 ) (1 6 .4 ) (1 .0 7 ) ( - 1 6 .1 )
3. C u r r e n t  $

1 . 1957-76
2 . OLS 0.9924 -0 .0 0 5 5 0.0019 0 .0147 - 6 . 2
3. C o n s ta n t  $ ( - 2 . 2 ) (1 8 .0 ) (2 .2 9 ) ( - 2 1 . 8 )

1 . 1957-73
2 . TSLS 0.9694 -0 .1 0 4 5 0 .0015 0.0675 -
3. C o n s ta n t  $ ( - 1 0 . 6 ) (8 . 2 ) ( 5 .2 )

1 . 1957-73
2 . OLS 0.9707 -0 .0 9 7 2 0.0015 0.0605 -
3. C o n s ta n t  $ ( - 1 0 .4 ) ( 8 .5 ) (4 .8 8 )
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TABLE 10

A: l n  Q,. = b .  l n  P +  b_ In  E + b a t  I  t  z t o

B: « d t  -  b l  P t  + b 2  Et  +  bo

1 . P e r io d  o f  Study
2 . R e g re s s io n  Method R e g re s s io n
3. E qua tion S t a t i s t i c s C o e f f i c i e n t s C o n s ta n t
4 . P r i c e s D.W. R^ b-, b

1 2 o

1 . 1957-76
2 . OLS 0 .9 9  0 .9940 - 0 .0 5 3 2 .2 8 - 1 7 .8
3 . A ( - 2 .9 8 ) (3 8 .0 ) ( - 3 9 .3  j
4 . C u r re n t  $

1 . 1957-76
2 .
O

TSLS
A 1 .0 0  0 .9940 -0 .0 5 5 2 .28 - 1 7 .8

4 . C u r re n t  $ ( - 3 .0 ) (3 8 .0 ) ( - 3 9 .0 )

i . 1957-76
2 . OLS 0 .9900 -0 .0 0 0 6 0 . 0 0 2 1 - 6 . 2J .
4 .

o
C o n s ta n t  $ ( - 0 .4 5 ) (3 0 .9 ) ( - 1 9 .2 )

1 . 1957-73
2 .
q

TSLS
A 0 .6 7  0 .9932 -0 .0 6 7 2 .29 - 1 7 .8

j  *
4 .

A

C u r re n t  $ ( - 1 . 0 1 ) (2 9 .0 ) ( - 3 7 .7 )

1 . 1957-73
2 .
Q

OLS
A 0 .6 7  0 .9932 -0 .0 6 3 2 .29 - 1 7 .8

J •
4 .

A

C u r re n t  $ ( - 0 .9 5 (2 9 .0 ) ( - 3 7 .7 )

1 . 1957-73
2 . OLS 0.9208 -0 .0 6 4 9 0 . 0 0 2 1 —
3  • 
4.

O

C o n s ta n t  $
( - 6 . 2 ) ( 1 1 . 6 )
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FOOTNOTES

TJhenever th e  c o m p e t i t io n  I s  p e r f e c t ,  m a rg in a l  c o s t  o f  a 
commodity i s  a l s o  i t s  s u p p ly  c u rv e ;  w h i le  MC i s  n o t  th e  s u p p ly  f u n c t i o n  
in  th e  c a s e  o f  im p e r f e c t  c o m p e t i t io n .  N e v e r th e l e s s ,  th e  r a t i o n a l e  f o r  
u s in g  th e  te rm  " su p p ly  f u n c t i o n "  f o r  th e  i n t e r n a t i o n a l  c ru d e  o i l  i s  
th e  fo l lo w in g  (A a n d /o r  B ) :

(A) As my d i s t i n g u i s h e d  p r o f e s s o r ,  M ichae l  Grossman, has  
s u g g e s te d :  a l th o u g h  a m o n o p o l is t  does  n o t  have  a su p p ly  c u r v e ,  one can 
r a t i o n a l i z e  th e  e s t i m a t e s  by a p p e a l in g  to  th e  c o n s t a n t  e l a s t i c i t y  o f  
m a rg in a l  c o s t  and m a rg in a l  rev en u e  f u n c t i o n s ,  i . e . :

(1) l n  MC = a Q + e " 1  l n  Q + a 2  I n  z

(2) l n  MR = -  e ^ l n  Q + b 2  l n  y

Where

l n  z = v e c t o r  o f  MC v a r i a b l e s ;

l n  y = v e c t o r  o f  demand v a r i a b l e s ;

(3) i n  e q u i l i b r i u m :  l n  MC = l n  MR

(4) l n  MR 5 l n  P + l n ( l  -  )

T h e re fo re

(5) l n  P = a Q -  l n  (1 -  + e 1  l n  Q + a 2  l n  z

R e l a t i o n  (1) i s  th e  m a rg in a l  c o s t  c u rv e ,  w h i le  r e l a t i o n  (5) i s  th e
( i n v e r t e d )  q u a s i  su p p ly  f u n c t i o n .

(B) I t  h as  been  shown i n  c h a p te r  one t h a t  " a s  f a r  a s  a  r e s o u r c e  
i s  s u b j e c t  to  th e  econom ics o f  e x h a u s t i b l e  r e s o u r c e s ,  i t s  a v e ra g e  u s e r  
c o s t  i s — r e g a r d l e s s  o f  th e  d e g re e  o f  c o m p e t i t io n  i n  th e  m a rk e t— i t s  
su p p ly  f u n c t i o n  a s  w e l l . "  At th e  same t im e ,  to  rem ind th e  r e a d e r  o f  
th e  p e c u l i a r i t i e s  o f  th e  econom ics o f  e x h a u s t i b l e  r e s o u r c e s ,  th e  p r e f i x  
" q u a s i "  has  been  used  f o r  th e  su p p ly  f u n c t i o n .

2
Numerous demand f u n c t i o n s  can  be e s t i m a t e d  f o r  i n t e r n a t i o n a l  

c ru d e  o i l  b e c a u se  t h e r e  a r e  numerous p r i c e s  f o r  th e  r e s o u r c e .  I t  h a s  
been  shown i n  t h i s  c h a p te r  why and how th e  p r i c e  a  c o u n t ry  pays  f o r  a 
b a r r e l  o f  c ru d e  o i l  i s  c o n s id e r a b ly  h ig h e r  th a n  th e  amount w hich a  
p ro d u c e r  c o u n t ry  r e c e i v e s  f o r  th e  same b a r r e l .  To s t a n d a r d i z e  t h e  u n i t  
o f  m easurem ent,  we u s e  th e  p r i c e  w hich a  p ro d u c e r  r e c e i v e s  a s  th e  m a rk e t
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p r i c e  and demand h a s  been  e s t i m a t e d  a s  a  p ro d u c e r  c o u n t ry  s e e s  i t ,  
t h e r e f o r e  i t  i s  c a l l e d  th e  " q u a s i "  demand f u n c t i o n .

3
P au l B ra d le y ,  The Economics o f  Crude O i l  P r o d u c t i o n , p .  53 . 

4 I b i d . ,  p .  72.

^M. A. Adelman, The World P e tro leu m  M a rk e t , p . 76.

6 I b i d . , p .  77 .

^ I b i d . ,  p .  AO

g
The s o u rc e s  o f  th e  d a t a  w hich have  been  used  i n  t h i s  s tu d y  

have  been  m en tioned  on page 9 4 , f o o tn o t e  18.
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