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Abst rac t :  Convent iona l  w isdon ho lds  tha t  OPEC is  a  weak ly  funcc ion ing  car te l
w l th  non-OPEC producers  fo rming  a  "compet i t i ve  f r inge" .  However ,  sewera l
studies hawe chal-lenged the cartel hypochesis for oPEc, and a few have even
challenged the cornpet i t ivene s s of the fringe, In this paper lte test cornpeting
hypotheses using recently developed cost data that allows the most general

nodel to date. Because econornic theory suggests that natural resource
producers  shou ld  dynamica l l y  op t im ize ,  we exp l i c i t l y  incorPora te  and ces t
whether  var ious  o i l  p rodue ing  count r ies  do .  Under  our  spec i f i ca t ion  there  l tas

no evidence for dynanic optinization. Although formal target-revenue models

were  re jec ted ,  there  was some ev idence tha t  ta rge t ing  may in f luence produc t ion

for  OPEC count r ies .  There  was no  ev idence tha t  any  o f  the  o i l -p roduc ing
countrles in oPEC behaved in a competit ive manner. on che other hand, we were
unab le  to  de tec t  any  fo rmal  ev idence o f  coord inac ion  among count r ies .  More
surpr is ing ly ,  we do  no t  f ind  ev idence tha t  the  f r inge  is  cornPet i t i ve  e i ther .

*The au thors  wou ld  l i ke  to  thank ,  \ ^ ' i thou t  imp l ica t ing ,  Pro fessor  Dernot
Gate ly ,  Pro fessor  C l i f ton  Jones ,  and anonymous re fe rees  fo r  comments  on
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a n d  f o r  g e n e r o u s l y  p r o v i d i n g  u s  v i t h  h i s  d a c a .



The la rge  o i l  p r i ce  inc reases  o f  1973 focused cons iderab le  a t ten t ion  on

Ehe Organ iza t ion  o f  Pet ro leurn  Expor t ing  Count r ies  (OPEC) .  Wi th  th ls  a t tenc ion

came a debate on oPEC market structure that continues to thls day. Although

conventional wisdom suggests that oPEC is a weakly functioning cartel groping

tortard an optimal leve] of revenue, the cartel argunent ls not universally

accepted ,  1

Analysts have put forth a variety of arguments to explain OPEC behawlor,

Because simul-ations of OPEC as a cartel or a rnonopoly did not simulate Ehe

h igh  pr ices  o f  the  1980s,  sorne  mode lers  exp la ined cont inu ing  h igh  pr ices  w i th

Po l i t i ca l  a rguments  (Moran (1982) ) ,  chang ing  OPEC behav io r  (Gerosk i  e t  a l .

( 1 9 8 7 ) ) ,  o r  c h a n g i n g  O P E C  p e r c e p t i o n s  ( ( R o u m a s e t t  e t  a l .  ( 1 9 8 3 ) ) .  M a c A v o y

(1982)  a rgues  tha t  conpec i t ion  and marke t  fo rces  Led to  h igh  pr ices  and chen

to  lower  p r ices .  Proper ty - r igh ts  a rguments  suggest  tha t  h igher  p r iees

resulted from shift ing property-r i. ghcs fron the multinational oil companies

wlth a higher discount rate to OPEC countries lrith a lower discount rate (Mead

(L979)  and Johany (L978) ) .  A  compet i t i ve  ta rge t - revenue mode l ,  wh ich  y ie lds

backward-bending supply cu'rves once targeL revenue has been attained, suggests

tha t  h igher  p r ices  lead to  lo , l re r  OPEC outpu t  (Teece (L982) ,  Crener  and Sa leh i -

I s f a h a n i  ( L 9 8 0 ) ,  S a l e h i - I s f a h a n l  ( 1 9 8 7 ) .

Gr i f f in  (L985)  i s  the  f i rs t  to  sys temat ica l l y  tes t  OPEC marke t  s t ruc tu re

across  numerous  compet ing  hypotheses  a t  the  count ry  leve1,2  Us ing  quar te r ly

d a t a  f t o r  1 9 7 1 : I  t o  1 9 8 3 : I I l ,  c r i f f i n  e s r i r n a r e s  f o u r  s i m p l e  s t a t i c  e c o n o n e t r i c



models  tha t  represent  four  compet ing  theor ies  o f  OPEC behav io r  - -  a  ca l te l

rnodel , a conpetit ive node1, a target-revenue rnodel, and a property-rights

mode l .  He conc ludes  in  favor  o f  a  par t ia l  marke t -shar ing  car te l  roode l  fo r

OPEC but  conpet i t i ve  behav io r  fo r  non-OPEC o i l  p roducers .  SaIeh i - Is fahan i

(1987) ,  us ing  Gr i f f in ' s  da ta  and node l  ,  a lLows fo r  expec ta t ions  w i th  a  lagged

prlce and finds rnore evidence of a Carget-revenue model for individual OPEC

count r ies  than does  Gr i f f in .  Jones  (1990)  recons iders  the  car te l  and

compet i t i ve  theor ies  by  es t ina t i .ng  the  Gr i f f in  ruode l  th rough 1988: IV .  He

conc ludes ,  as  d id  Gr i f f in ,  in  favor  o f  the  par r ia l  marke t  shar lng  mode l  fo r

OPEC and conpet i t i ve  behav io r  fo r  the  non-OPEC count r ies  tes ted .

In  a l l  the  above s tud ies ,  s ta t i c  behav io r  was  assumed.  Do\ , r  ra rd-s lop ing

supp ly  was taken as  a  re jec t ion  o f  compet i t ion ,  and a  cor re la t ion  be tween

outPuts  was a  s ign  o f  par t ia l  narke t  shar ing .  Hovever ,  in  a  Hote l l ing  (1931)

wor ld ,  bo th  conpeEi t ion  and downlvard-  s  l  op  ing  supp ly  cou ld  occur ,  wh i le

cor te la t ion  be tween var iab les  cou ld  imp ly  tha t  the  count r ies  were  conpet i to rs

respond ing  to  s in i la r  exogenous s igna ls .  There fore ,  we ex tend Gr i f f ins 's  work

by trying to capture and test dynamic de c i. s ion-making in the context of a more

conp le te  spec i f i cac ion  o f  noncornpet  i ,  t  i ve  behav io r ,  wh ich  inc ludes  recent ly

available cost infornation -

The ou t l ine  o f  the  paper  i s  as  fo l lows.  Secc ion  I  descr ibes  the

es t imat ion  rnode ls ,  sec t ion  I I  has  the  hypothes is  tes t ing  fo r  OPEC,  sec t ion  I I I

has  the  hypothes is  tes t ing  fo r  non-OPEC count r ies ,  and sec t ion  IV  is  a  surmary

o f  the  conc lus ions .

In  a  s imp le  compe c i  t  i ve  ,

L  Mode I

s t a t i c ,  w o r l d  p r i c e  e q u a l s  m a r g i n a l  c o s t ,



nak ing  quant i t y  supp l ied  (Q)  a  func t ion  o f  o i l  p r i ce  (P) .  Because there  are

heawy capital requirements involved in finding and developinB o11, past

dec is lons  and lags  in  ad jus tmenr  a re  represented  by  we1 ls  d r t l led  (W) ,  g iv ing

Q  -  f r  ( P , w )  ( 1 )

In  a  coDpet ic ive  dynamic  wor ld  user  cos t  (p r ice  minus  narg ina l  cos t  (C) )  in

the current period should equal user cost next period discounted back to the

present with discount rate r. This leads us to formulate a cornDetlt ive

dynamic rnodel as

Q :  f z ( P ,  I , I ,  C ,  r )  ( 2 )

In  a  s ta t i c  monopo l is t i c  wor ld ,  the  monopo l is t  w i I l  p roduce where  narg ina l

revenue equals marginal cost. Marginal revenue is represented by variables in

OPEC's  demand equat ion .  These var iab les  are  the  pr ice  o f  o i l  and  income o f

the lndustrial natlons (Y), minus supply of the non-OPEC fringe (Q.). I,Ie

formulate this rnode L as

Q  :  f 3  ( P , w , Y , C , Q v )  ( 3 )

In  a  dynarn ic  nonopo l is t i c  wor ld  the  monopo l is t  shou ld  equate  narg ina l

revenue n inus  rnarg ina l  cos t  in  the  cur ren t  per iod  w iEh d j .scounted  rnarg ina l

revenue minus rnarginaL cosE next period, We formulate this dynarnic monopoly

model as

Q  -  f a  ( P , W , Y , C , Q . ,  r )  ( 4 )

t le  fo r rnuLate  the  above nodeLs assun ing  pro f i t  max imiza t ion .  The las t

hypothes is ,  wh ich  does  no t  assr .u re  p ro f i t  max imiza t - ion ,  i s  the  ta rge t -  revenue

mode l  ln  \ , rh ich  quant i t y  equa ls  Che ta rge t  inves tment  ( I )  d iv ided by  ne t

pro f i t s  (p r ice  rn inus  cos t )

Q :  f s  ( 1 ,  P - C ) .



We v i l l  exan ine  the  las t  rnode l  f i r s t  to  de termine whether  inves tnent

should be included in the more general model or whether strictly profit-

x0axinizing goals provide complece information on behawior, After deciding how

best  to  dea l  v r i th  inves tment ,  ve  w i l l  tes t  mode l  4  aga ins t  Lhe o ther  th ree

var ian ts ,  wh ich  are  nes ted  in  modeL 4 .  to  de tern ine  the  mode l  most  cons ls tenc

wi th  each count ry ts  behav i  o r .

TL  Hypothes is  Tes t ing  o f  OPEC

Two variarrts of the target-revenue model are tested first to deterxnine

whethet investnent should be includect in the more general model . In che

s t r i c t  ta rge ! - revenue node1,  (P-C) ' tQ :  I ,  wh i le  in  the  weaker  var lan t ,

(P -C) *Q :  B r .

Both  o f  these hypotheses  can be  tes ted  in  the  fo lLowing  es t i rna t ion  mode l :  3

l n Q - B + B r l n t + B p t n ( p - c )  ( 6 )

Hypothes is  1 :  S t rong Target -Revenue

H o :  B  -  0

H r :  B r  - + 1  ,  B o - - 1

Hypothesis 2: l leak Target-Revenue

H o :  B  >  0

H r :  B r  :  + 1  ,  B " :  - 1

As can be  seen by  the  resu l ts  o f  these ces ts  g iven in  Tab le  1 ,  bo th

var ian ts  o f  the  mode l  a re  s t rong ly  re jec ted  in  a l l  cases .  However ,  because

invesunent  i s  a lways  h igh ly  s ign i f i can t ,  iE  i s  inc luded in  the  genera l  rnarke t

node l  (equat ion  4)  to  g ive

Q  -  a  +  a p P  +  o " W  +  o y Y  +  a q " Q \ r  +  o c c  +  a r r  +  a r l .  ( 7 ,



Two s inu l tane i ty  i ssues  must  be  addressed be fore  es t imat ing  and tes t ing

equat ion  7 ,  The f i rs t  i ssue is  whe iher  p r ice  is  endogenous,  requ i r ing  the  use

of  ins t r \ rmenta l  var iab le  lechn iques .  The second issue concerns  inves tnent .

I f  inves t t reu t  i s  exogenous and is  he lp ing  to  d r ive  produc t ion  dec is ions ,

including lt in the estimation equarion may add information. If investment is

endogenous and is  be ing  dr iven  by  produc t ion  dec is ions ,  i t  i s  be t te r  exc luded

f ron  the  es t lna t ion .  Exogene i ty  tes ts  d id  no t  re jec t  the  hypothes ls  tha t

price or investnent lrere exogenous, hence we proceed to test the fenaining

hypotheses  us ing  the  comple te  rnode l  in  equaL ion  (7 )  w i th  seeming ly  unre la ted

r e g r e s s i o n s .  o

We nex t  tes t  whether  o r  no t  ind iv idua l  count r ies  behawe dynarn ica l l y ,

Dynan ic  op t iD iz ing  inp l ies  a  pos i t i ve  coef f i c ien t  on  the  in te res t  ra te  because

ra is ing  the  in te res t  ra te  makes o i l  above ground nore  va luab le  than o i l  in  the

ground.  Our  fo rmal  tesc  is

Hypothes is  3 :  S ta t i c  vs .  Dynan ic  Behav io r

Ho:  c , r -O fo r  each i

H t  :  a r r  >  0  f o r  e a c h  i

As  can be  seen f ro rn  the  t . -s tac isc ics  on  o ,  in  Tab le  1 - ,  dynamic  behav io r

is  s t rong ly  re jec ted  in  a l l  cases .  In  no  case is  the  coef f i c ien !  on  in te res t

ra te  pos i t i ve ,  le t  a lone s ign i f i can t .5  However ,  bo th  the  count r ies  and the

mul t ina t iona l  o i l  cornpan ies  have prodr rced over  the  sample  per iod  w i th  the

cor r t ro l  o f  expor ts  t rans fer red  over  c iue  f rom the  rnu l t ina t iona ls  to  OpEC.

Property ownership arguments suggesL that the cornpanies and countries nay have

d i f fe ren t  d iscount  ra tes .  The co l rpan ies ,  r i sk ing  na t iona l  i za t  ion ,  may have

had a  h igher  in te res t  ra te  than the  count r ies ,  soc ia l  ra te  o f  in te res t .



Al te rna t ive ly  Ade l rnan (1986)  a rgues  tha t  count r ies  whose economies  are  very

dependent on an unstable oil rnarket should have had higher discount rates than

the cornpanles had. In either event, the use of one lnterest rate night result

in  a  fa l lu re  to  de tec t  dynarn ic  behav io r .

There fore ,  to  tes t  the  proper ty - r igh ts  f ranework ,  we a l low separa te

d iscount  ra tes  fo r  the  conpan ies  and count r ies .  We hypothes ize  tha t  the

count r ies '  soc ia l  ra te  i s  sorne  cons tan t  percent  o f  the  pr iva te  ra te  t r .  The

ra te  o f  ln te res t  in  the  es t ina t ion  equat ion  then becomes r ' ,  wh lch  is  a

we igh ted  average o f  the  pr iva te  company ra te  ( r )  and the  count ry 's  soc ia l  ra te

( r r ) :

r - - [ r ( L - c )+ ' r c ]

G is  the  percent  o f  oPEC outpu t  conr ro l led  by  the  OPEC count r ies  ( the  count ry

par t i c ipa t ion  ra te )  and ( l -G)  i s  the  share  cont ro l led  by  the  mul t ina t iona ls .

SubsL i tu t ing  th is  express ion  in to  equat ion  ( l )  g ives  us  our  tes t lng  equat ion

Ln QOIL - Bo + B" Ln POIL + Bv Ln tiELLS + B, [r(1-c) + o.c]

+ & Ln GDP + Br Ln Inv + B. Ln CoST (8)

Th is  equat ion  a lLows us  to  tes t  p roper ty - r igh ts  a r tuments .  We f i rs t  tes t

whether  the  count r ies  and the  mul t ina t ionaLs  behave the  same,  aga ins t  the

a l te rna t ive  tha t  they  behave d i f fe renr ly .  We then cons ider  s igns  o f

coef f i c ien ts  to  de termine whether  e i ther  g roup dynarn ica l l y  op t im izes .  Our

fo rna l  tes t  i s

I l ypo thes ls  4 :  Mu l t ina t iona ls  and OPEC Count r ies  Have the  Same Dlscount  Rate

H o :  8 . ,  :  o B . ,  f o r  e a c h  i

H1 :  8 "1  ; .  aB, ,  fo r  each i

We cannot  re jec t  the  nu l l  hypothes is  tha t  count r ies  and compan ies  have

the  sane d iscount  ra le ,  exsept  fo r  A lger ia  and Indones ia .  For  da ta  be fore



1982,  we never  re jec t  the  nuL l  hypothes is .  Exau in ing  the  s igns  on  the

coef f l c ien ts ,  we f ind  tha t  the  compan ies '  d iscount  ra te  i s  nos t  o f ten  pos i t i ve

but  never  s ign i f i can t ,  and che coef f i c ien t  on  Lhe count r ies '  d iscount  ra te  l s

always negative.

Because these tests provide no evidence of dynarnic behavlor for OPEC, \^re

proceed to  tes t  in  a  s ta t i c  f ramework  \ rhe ther  a  per fec t l y  compet i t i ve  o r  a

rnonopo ly  mode l  i s  nore  cons is ten t  w i th  each count ry 's  behawior .  In  a

competit ive world we would expect supply to slope upward and the varlables

inc luded to  capture  marg ina l  l :evenue ( indus t r ia l  count r ies '  Gross  Domest ic

Produc t  (GDP)  and non-oPEC outpu t )  and marg ina l  cos ts  to  have zero

coef f i c ien ts .  We f i rs t  tes t  these coef f i c ien ts  to  de termine i f  they  are  a l l

zero .  Then we inves t iga te  whether  che i r  s igns  are  compat ib le  t i th  the  markeE

st ruc ture  suggesLed by  the  tescs .

Hypothes is  5 :  S ta t i c  Conpet i r i ve  Behav io r  versus  Sta tLc

Noncompetit ive Behavior

H " :  4 " 1  : 0 ,  o q . i : 0 ,  o . r : 0  f o r  e a c h  i .

Hr :  a "1  +  0 ,  oq . i  #  0 ,  ac i  t  0  fo r  each i

The above equa l i t y  tes ts  o f  sca t ic  compet iu ive  behav io r  a re  re jec ted  fo r

a l l  count r ies  bu t  N iger ia  on  the  fu l l  sample  and are  re jec ted  fo r  a l l

count r i .es  on  da ta  be fore  1983 (see tescs  in  Tab le  1 ) .  On the  fu l l  sample ,  we

f ind  tha t  the  N iger ian  supp ly  ec lua t ion  does  no t  s lope upward  and we re jec t  the

cornpet i t i ve  node l  fo r  N iger ia  as  we l l .

C iven tha t  the  tes ts  do  no t  favor  the  compet i t i ve  mode l ,  we inves t iga te

conpat ib i l i t y  w i th  monopo ly .  For  a l l  count r ies ,  e i ther  the  coef f i c ien t  on

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

A l though a  supp ly  func t ion  does  no t  ex is t  fo r  the  rnonopo ly  case,  compara t ive



s ta t i cs  shor^ rs  tha t  a  nonpos i t i ve  coef f i c ien t  on  Y w i l l  requ i re  a  negat ive

coef f i c len t  on  P to  conc lude in  favor  o f  monopo ly  (see Append ix  B) .

For  every  count ry ,  bo th  on  the  who le  sample  and on  da ta  be fore  1983,  a

negat ive  coef f i c ien t  on  Y is  assoc ia ted  w i th  a  negat ive  coef f i c ien t  on  P.

Pos i t i ve  coef f i c ien ts  on  Y can be  assoc ia ted  w i th  e l ther  pos i t i ve  o r  negat ive

coefflcients on P, and rtre find that both cases occur. We have r,reak results

on ly  fo r  N iger ia  and Indones ia .  Hence,  we conc lude in  favor  o f  noncompet i t i ve

behav io r  v t i th  reserva t ions  in  on ly  a  coupLe o f  cases ,  as  d id  Gr i f f in  (1985)

and Jones  (1990)  in  the i r  s imp ler  f ranework .6

Noncompetit ive behavior can take on a variety of forms depending on the

degree o f  coord ina t ion .  Wi th  duopo ly  we wou ld  expec t  l i t rLe  coord ina t ion .  I f

a country Ltas acting as a sln'ing producer, we would expect that country to have

la rger  percentage var ia t ions  in  ou tp l l c  Ehan fo r  nonswing count r ies .  In  a

s t r i c t  ca l te l  we wou ld  expec t  the  fo l low ing :  h igher -cos t  count r ies  p roduc ing

less  than lower  cos t  count r ies ;  s im i la r -cos t  counLr ies  p roduc ing  s in i la t

anounts ;  and coord ina t ion  o f  p roduc t ion  behav io r  fo r  count r ies  w l th  s imi la r

re la t l ve  p roduc t ion  cos ts ,

We f i rs t  cons ider  the  s t r i c t  car te l  vers ion .  In  F igure  1 ,  average

produc t ion  is  ranked by  cos t ,  where  cos ts  a re  average cos ts  fo r  the  r ' rho le

sample  fo r  each count ry .  I ran ian  produc t ion  is  awerage pre- revo lu t ion

produc t ion  and I raq i  p roduc t ion  is  p re-war  p roduc t ion .

There  are  th ree  group ings  o f  count r ies .  l raq ,  Saud i  Arab ia ,  I ran ,  and to

a  lesser  ex ten t  Kuwai t ,  have 1ow cos ts .  L ibya ,  Indones ia ,  the  Un iEed Arab

Emira tes  (UAE) ,  and A lger ia  have r lecL i run  cos ts .  N iger ia  and Venezue la  hawe

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

l inear  func t ion ,  r 'e  ge t  a  s ign i f i can t ly  negat ive  re la t ionsh ip  as  seen by  the



so l id  l ine  in  F igure  1 .  Fur rheruore ,  because I raq  K i rkuk  producc ion  is  a

cons iderab le  d is tance in land and is  expor ted  th rough a  sha l low Med i te r ranean

Por t ,  i t  has  up  to  a  $ .50  per  bar re l  L ranspor t  d isadvantage to  l . Ies te rn  Europe,

where  the  bu lk  o f  i t s  p roduc t ion  is  sent .  Inc lud ing  t ranspor t  wou ld  then pu t

I raq i  cos ts  c loser  to  those o f  Kuwai t ,  g iv ing  these two count r ies  s ln l la r

cos ts  and produc t ion .

Thus ,  there  is  sorne  loose ev idence thac  lover -cos t  count r ies  p roduce

higher arnounts and that similar cost countries produce sirnilar anounts. On

the  ocher  hand,  there  is  qu i te  a  h i6 ih  range o f  cosEs over  wh ich  produc t lon  ls

fa i r l y  s i rn i la r ,  and the  two h ighes t -cos t  count r ies  average h igher  p roduc t ion

than the  mldd le  cos t  count r ies .  These fac ts  cou ld  a rgue fo r  a  p roduc t ion-

sharing cartel in which the low-cost producers Saudi Arabia and Iran had high

output and the rest of the urarket I^/as nore or less apportioned among the

remain ing  producers .  A l te rna t ive ly ,  a  mode l  in  wh ich  lo \ , r -cos t  count r ies  ac ted

as  swing  producers ,  leav ing  h igher -cos t  count r ies  to  p roduce as  they  w ished

wou ld  a lso  be  feas ib le .

There  is  a lso  sorne  w i th in -count ry  cos t  ev idence tha t  cou ld  be  cons is ten t

r t i th  a  car te l .  For  f i ve  count r ies  - -  Indones ia ,  I raq ,  L ibya ,  N iger ia ,  and the

U . A . E .  - -  c h e  c o s t  c o e f f i c i e r ) L  i s  s i g r r i f i c a n c l y  n e g a r i v e ,  s u g g e s t i n g  r i s i n g

cos ts  a re  assoc ia ted  r , r i th  dec l in ing  producc ion .  Except  fo r  I raq ,  these

count r ies  tend to  have the  h ighes t  cos t  var iance over  che sample .

More  fo rmal  tes t inS to  de ie rmine  whether  s imi la r  count r ies  behaved in

s i rn i la r  ! {ays  was done us ing  equat lon  7 .  ln  pa i rw ise  tes t ing ,  there  r , ras  no

ev idence on  the  who le  samole  tha t  anv  t i ro  count r ies  had s imi la r

coef f i c ien ts .T  Because s t r i cL  carCe l  behav io r  i s  no t  s t rong ly  suppor ted  bu t

nonconpet i t i ve  behav io r  i s ,  ! ' e  resr  fo r  o ther  coord ina t ing  behav io r .  In  a
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narket-sharing model , the changes in production for individual countries wouLd

be in  s i rn iLar  p ropor t ions .  In  a  sw ing-producer  mode l  ,  sv ing  count r ies  r . rou ld

be expec ted  to  have la rger  p ropor t ionate  changes in  the i r  p roduc t ion  than

to ta l  OPEC produc t ion  (See L ibecap 1989) .  As  a  measure  o f  p ropor t i .ona te

change, the numbers given in parentheses after the country names in Figure 1

are slandard deviatlons r of oil production divided by the mean produccion l,

o r  o /p .  The overa l l  rnean fo r  OPEC is  23 .5  mi l l ion  bar re ls  per  day  w i th  a

s tandard  dev ia t ion  o f  s l igh t ly  more  than 6  mi l l ion  bar re ls  per  day .  A  o /p

h igher  than the  average fo r  a l l  o f  OPEC ( .255)  suggests  che count ry  may hawe

been a  swing  producer  (see F igure  1) .

Under  th is  c r i te r ia ,  Venezue la  and the  four  low-cos t  p roducers  a re

swinget  cand ida tes .  Of  Ehese f i ve  count r ies ,  h igh  re la t i ve  var ia t ion

charac ter ized  I ran ian  produc t ion  on ly  a f te r  the  revo lu t ion .  Saud i  Arab ia ,  the

ch ie f  cand idace fo r  s \^ r ing  prodr lcer  because o f  la rge  abso luLe swings ,  does  no t

have the  la rges t  re la t i ve  sv ings  in  p roduc t ion .

L ibecap (1989)  suggests  a  mor :e  fo r rna l  way  to  tes t  the  hypothes is  tha t  a

par t i cu la r  count ry  i s  behav ing  as  a  res idua l  o r  sw ing  producer .  He argues

tha t  a  count ry  be ing  a  swing  producer  wou ld  i rnpLy  a  Long- te rm re la t ionsh ip

bet l teen a  count ry 's  ou tpu t  and to ta l  OpEC outpu t .  I f  the  two var iab les  are

co- in te t ra ted ,  (a  l inear  combina t ion  o f  then are  a  s ta t ionary  t ine  ser ies) ,

then such a  long- te rm re la t ionsh ip  ex is ts  be tneen then.  We argue tha t  such a

re la t ionsh ip  wou ld  be  even mole  1 ike ly  to  p reva i l  in  a  rnarke t -shar ing  car te l .

Hence,  tes ts  o f  co- incegra t ion  w i l l  be  used to  de tec t  ev idence o f  rnarke t

shar ing  or  o ther  coord inac ion  arnong nembers  o f  OPEC.

Tt re  bas ic  mode l  in  th is  resr  i s

Q r : o + B Q O P E C
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where  boch var iab les  are  in  logs  and each count ry 's  ou tpu t  Q!  i s  tes ted  !o

determine i f  i t  i s  co- in regrared  l r i rh  ro ra l  OpEC ourput  (QOPEC) .8  Hypothes is

6  is  tha t  each count ry 's  ou tpu t  i s  no t  co- in teBra ted  r^ , i th  to ta l  OPEC outpur ,

against the altehative ChaE iC is co-integrated or that there ls lonB-terrn

coord lna t ion  among mernbers  o f  OPEC.  As  seen by  the  tes t  scac isc ics  in  Tab le

1, coordination \^ras found to hold over the entire sample only for Algeria, a

rather insignificanc producer. No co-integration was found on data befote

1983 or  on  tes ts  us ing  a  l inear  fo rm.

Hence,  i f  there  was coord ina t ion ,  i t  d id  no t  seen to  take  on  a  l inear  o r

Iog l inear form. Although a sma1l group of countries tended to take the brunt

o f  the  produc t ion  changes,  wh ich  wou ld  qua l i f y  them as  swing  producers ,  they

d id  no t  sw ing  in  a  l inear  beat ,  and each count ry  appeared to  sw ing  to  i t s  own

rhy thn ,  The re jec t i .on  o f  cornpet i t ion  in  a l l  cases  a long w i th  the  co-

in tegra t lon  tes ts  suggests  noncoopera t ive  duopo ly  behav io r .  More  in fo r rna l

ev idence is  cons is ten t  w i th  Loose coopera t ion ,  w i th  some count r ies  p lay ing  a

la rge  ro1e.  e

Tab le  2  p resents  the  pre fer red  spec i f i caL ion  o f  the  rnodeL Ehat  resu l ts

f ron  the  comple ted  Cests -  The R2s imp ly  rhar  be tween 24  percent  and 87

percent  o f  the  var ia t ion  in  p roduc t ion  in  the  var ious  count r ies  i s  exp la lned

by  the  mode l ' s  var iab les .  Surpr is ing ly ,  bu t  perhaps  spur iousLy ,  the  var iab les

included ln the model explain the most for war-torn Iran and, Iraq, For these

count r ies ,  inves tnent  tends  to  be  more  s ign i f i can t  and has  the  h ighes t

coef f i c ien t  o f  a lL  count r ies ,  t :e f lec t ing  the  dependence on  o i l  revenues to

f inance inves tnenL dur ing  war .  Indones ia  i s  a typ ica l  re la t i ve  to  the  res t  o f

the  count r ies .  A l though we cannot  re jec t  monopo ly  behav io r  fo r  Indones ia ,  i t

i s  the  onLy  count ry  w i th  a  s ign i f i can t  upward-s lop ing  supp ly .  Outpu t  !s
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negat ive ly  re la ted  to  non-OPEC producr ion ,  and inves tnent  i s  no t  found to  be  a

s ign i f i can t  fac to r  de tern in ing  o i1  p roduc t ion .

Indones ia  and A lger ia  have pos i t i ve  and s ign i f i can t  coe f f l c len ts  on

wel ls ,  suggest ing  tha t  these t r ,7o  count r ies  were  opera t ing  c lose  to  capac l ty .

The ins ign i f i can t  coe f f i c ien t  on  we l ls  fo r  the  res t  o f  the  count r les  l i ke lv

re f lec ts  excess  capac i ty  in  the  la te r  par t  o f  the  sample .

Although we did not f ind evidence of similar behavior or coordination

across  count r ies  chere  are  s t iL l  some qua l i ta t i ve  s imi la r i t ies  across

count r ies :  1 .  We cou ld  no t  re jec t  nonopo ly  behav io r ;  2 .  Inves tment  tends  to

be the  rnos t  s ign i f i can t  var iab le  fo r  each count ry ,  lend ing  sone suppor t  to  the

targe t - rewenue node l ;  3 .  Supp ly  i s  downward  s top ing ;  and 4 ,  Each count ry 's

produc t ion  is  rnos t  o f ten  pos i t i ve ly  cor re la ted  w i th  non-OpEC f ree  wor ld

produc t ion .  ro

IV .  Non-OPEC Producer  Behav io r

We per fo rm the  same tes ts  as  above on  Gr i f f in ,s  (1985)  e leven non-OpEC

producers  to  de tern ine  vhether  the i r  behav io r  i s  cons is ten t  w i th  a  par t l cu la r

marke t  s t ruc tu re .  These count r ies  a re  Argent ina ,  Brune i /Ma lays  ia ,  Canada,

PeoPIe 's  RepubL ic  o f  Ch ina  (Ch ina) ,  Egypr ,  Ind ia ,  Mex ico ,  Norway,  the  Un i ted

Kingdorn ,  the  Un i ted  Sta tes  and the  U.S.S.R.  Tes ts  on  non-OpEC count r ies  a re

on annual data, using single equation techniques because \,re do no! have the

degrees  o f  f reedon to  es t imate  a l l  the  c ross  equat ion  cor re la t ions .  OLS is

used un less  uhe Durb in  watson s ta t i s t i c  ind ica tes  tha t  a  cor rec t ion  fo r  ser ia l

co t re la t ion  is  appropr ia te .  Because daca were  miss ing  fo r  severa l  o f  the

count r ies ,  as  ind ica ted  in  Append ix  A ,  the  mode l  \ , ras  es t ina ted  as  c lose ly  as

data  permi t ted .
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The hypotheses  are  tes ted  in  the  sane order  w i th  the  tes ts  s ta t i s t i cs

giwen in Table 3. Both the strong and weak target-revenue, hypothesls 1 and

hypothes is  2  a re  re jec ted .  The coef f i c ien t  on  inves tment  i s  s ign i f i can t  fo r

Egypt, Norway, lndia, and Brunei/Malays ia. When investnent is included for

these four  count r ies  in  che comple te  mode l  (equat ion  7) ,  i t  was  found on ly  to

add inforrnation for Brunei /I[aLaysia where it vras retained in further testing.

Hypothes is  3  tes ts  whether  the  coef f i c ien t  on  the  in te res t  ra te  i . s

s ign i f i can t ly  pos l t i ve ,  imp ly ing  dynarn ic  opr im iza t ion .  As  w i th  OPEG,  we

re jec t  the  nu l l  hypothes is  o f  dynarn ic  behav io r . l l  Hypothes is  4  i s  no t

r e l e v a n t  a n d  i s  o m i t t e d  f r o m  C h e  L e s t s -

Hypothes is  5  i s  the  tes t  fo r  s ta t i c  compeEi t i ve  versus  s ta t i c

nonconpet i t i ve  narke t  s t ruc tu re .  Wi th  l in i ted  degrees  o f  f reedom the  resu l ts

in  genera l  tend to  be  veak .  However ,  \ i re  cannot  re jec t  noncompet i t i ve  behav io r

for any country except Canada,12 l,Je find Canada to be compatible with no

mode l  tes ted ,  and the  genera l  mode l  expLa ins  a lmost  none o f  the  var ia t ion  in

Canada 's  ou tpu t  as  rneasured by  an  R2 :  .01 ,

Hypothes is  6  i s  a  tes t  to  de termine whether  any  non-OPEC count r ies

coord ina ted  the i r  ou tpu t  w i th  OPEC,  A l rhough the  sample  s ize  is  very  s rna l l

fo r  such Les ts ,  co- in te t ra t ion  tescs  l re re  per fo r rned r , r i "  th  no  ev idence tha t  any

count ry 's  ou tpu t  was  co- in tegra ted  r , r i th  OPEC ouLput .  The same tes ts  found no

ev idence o f  coord inac ion  o f  each count ry 's  p roduc t ion  w i th  to ta l  f ree  wor ld

produc t ion  inc lud ing  OPEC,  or  to ta l  f ree  wor ld  non-OpEC produc t ion .

We do not f ind much support for t lte target,revenue model arnong non-OpEC

producers .  Brune i /Ma l -ays  ia  i s  the  on ly  count ry  in  wh ich  there  is  ev idence

tha t  they  may be  ta rge t ing  some produc t ion  to  inves tmenE.

I f  we examine the  resu l ts  in  Tab le  4 ,  rae  f ind  tha t  the  coef f i c ien t  on
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i ucome is  most  o f ten  pos i t i ve .  The coef f i c ien t  on  o ther  f ree  wor ld  p roduc t ion

ls  o f  m ixed s ign  bu t  i s  a lways  pos i t i ve  when cos ts  a re  miss ing  and is  more

often negative when costs are included, We see that supply slopes up whenever

cost is unawailable in the model and most often slopes dolrn when costs are

inc luded.  The resu l ts  on  cos t  coe f f i -c ien ts  and we l ls  a re  qu i te  weak.  These

two coef f l c ien ts  have s ign i f l can t ly  cor rec t  s igns  on ly  fo r  Argent ina .

Overa l l ,  we f ind  tha t  non-OPEC producers  do  no t  dynarn iea l l y  op t i rn lze ,

nor do they target-revenues in their production decisions, There !s no

ewidence that they coordinate cheir output r,ri th OpEC or vrith other free world

produc t ion .  Most  in te res t ing  o f  a l l ,  they  do  no t  seen to  behawe in  a

compet i t i ve  manner  e i ther .

IV .  Conc lus  ions

A lo t  o f  uncer ta in ty  s t i l l  sur rounds OPEC dec  i  s  ion- rnak ing ,  and daca

l i rn i ta t ions  are  an  obv ious  cons t ra in t  in  reso lv ing  the  cont roversy .  Us ing  the

ava i lab le  da ta ,  our  economet r ic  tnode l ing  and tes t ing  suppor ts  the  convent iona l

w isdorn  and ear l ie r  s tud ies  tha t  OPEC count r ies  a re  nonconpet i t i ve .  We

inves t iga te  whether  th is  noncompet i t i ve  behav io r  i s  more  cons is ten t  w i th

duopo ly  o r  whether  a  h igher  degree o f  coord ina t ion  such as  marke t  shar ing ,

swing  produc t ion ,  o r  car te l  behav io r  migh t  be  occur r ing ,

There  is  some tendency  fo r  1ow-cos !  count r ies  to  p roduce nore  than h igh-

cos t  count r ies ,  as  wou ld  be  t rue  in  a  car te l ,  bu t  there  is  on ly  loose in fo rnra l

ev idence tha t  s in i la r -cos t  councr ies  behave in  a  s imi la r  way .  Co- in tegra t lon

tes ts  p rov ide  no  fo r rna l  ev idence o f  coord ina t ion  across  OPEC producers  to

suppor t  a  s t r i c t  marke t -shar ing  car te l  hypothes is  o r  rha !  ind iv idua l  count r ies

ac t  s t r i c t l y  as  swing  producers .  Or . r l y  in fo rmal  ev idence suppor ts  the
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convent iona l  r , / i sdom tha t  some degree o f  loose coord inac ion ,  w i lh  la rger - than-

average relative svrings in output might imply the role of swing producer for

I raq ,  Saud i  Arab ia  ,  Kur . t ra i t ,  L ibya ,  and Venezue la .

Economic theory suggests that naturaL resource producers should

dynamically optimize, and OPEC has been widely modeled uuder this franework.

However ,  we found l i t t le  economet r ic  ev idence to  suppor t  dynamic  op t im lz lng ,

one roight atgue that such myopic behavior might well be quite racional in a

highly uncertain environment or thar ic suppot:ts Adelman's (1989) argurnents

tha t  a  l in i ted  o i l  resource  is  a  myrh .  Not  surpr is ing ly ,  there  is  l i t t le

ev idence tha !  compan ies  dynarn ica l l y  op t im ized e icher ,  because the  na jo r icy  o f

the  rnu l t lna t iona l  p roduc t ion  in  these na t ions  was gradua l ly  na t iona l i zed .  Nor

lras the property-rights argument supported, There is sone evidence thal

ta rge t - revenues migh t  be  a  goa l  fo r  nany  count r ies ,

A l though da ta  l im iLa t ions  are  a  p rob lem fo r  the  OPEC count r ies ,  the

l i rn i ta t ions  are  even more  severe  fo r  the  e leven non-OpEC count r ies ,  and the

resu lcs  a re  cor respond ingLy  weaker .  However ,  the  tes ts  on  ava i lab le  da ta

suggest  tha t  the  non-OPEC produeers  do  no t  dynarn ica l l y  op t im ize .  Target -

revenues do noc appear to be an i lnportant factor for any country except

Brune i /Ma lays  ia .  There  is  no  ev idence tha t  non-OPEC count r ies  coord ina te

the i r  ou tpu t  w i th  OPEC or  w i th  o ther  f ree  wor ld  p roduc t ion .  The most

surpr is ing  resu l t  fo r  convent iona l  w isdorn ,s  , , compet i t i ve  f r inge"  however ,  i s

tha8 vte do not f ind the|n to behave in a nanner chat is consistent with

compet i t ion .
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Append ix  A .  Dara  Def in i t ions  and Sources

Quar te r ly  da ta  f ro rn  1971: I  ro  1987: lV  have been deve loped fo r  A lger ia ,

Indones la ,  I ran ,  I raq ,  Kuwai t ,  N iger ia ,  Saud i  Arab ia ,  and Venezue la ;  f ro rn

L 9 7 L : L  x o  1 9 8 2 : I V  f o r  L i b y a ;  f r o m  1 9 7 2 : I  t o  1 9 8 7 : M o r  r h e  U A E .  G a b o n ,

Qatar, and Ecuador are left out of the analysis because chey have too much

miss ing  da ta .

We take production data from Griff in (1985) and update it using uonthly

data  f rom the  Oi l  and Gas Journa l  and che Bas ic  Per ro leum Data  Book by  the

Aner ican  Pet ro leum Ins t i tu te ,

We conp i led  o i1  p r ices  in  do l la rs  fo r  each OPEC count ry  by  tak ing

of f i c ia l  p r ices  f ro rn  the  OPEC Annua l  S ta t i s t i ca l  Bu l le t in  th rough 1985.

Of f i c ia l  p r ices  were  chosen because they  are  rhe  on ly  ones  ava i lab le  f rom 1971

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

and landed cos ts  to  the  Un i ted  Stares  th rough 1985.  Thereaf te r ,  o f f i c ia l

p r ices  d iverge  w ideLy ,  and pr ice  is  taken as  the  f .o .b .  p r ices  to  the  Un i ted

Sta tes  fo r  L986 and 1987 f rom the  U.S.  Depar tment  o f  Energy  Monch ly  Energ . . r

Rev iew.  These pr ices  are  ad jus ted  fo r  in f la t ion  by  the  U.S.  GDP def la to r ,

b a s e  y e a r  L 9 8 2 .  U - S .  v e l l h e a d  p r i c e s  a r e taken f rom the  Bas ic  Pet ro leum Data

!gqk ,  and Canad ian  pr ices  are  caken f ron  Mc lach lan  (L989) ,  Pr ices  fo r  a1 l

o ther  count r ies  a re  we igh ted  averages  o f  the  rea l  p r ices  o f  OPEC count r ies .

Inves tnent ,  p r ice  de f la to rs ,  iD teres t  ra tes ,  and exchange ra tes  are

taken f ron  the  In te rna t iona l  F inanc la l  S ta t i s t i cs  by  the  In te rna t iona l

Monetary  Fund.  Wel ls  d r i l l ed  a re  taken f ro rn  Wor ld  O i1 ,  and r ig  counts  f rom

the Oi1  and Gas Journa l .  Governr ren t t  par t i c ipa t ion  ra tes  were  taken f rom the
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AnnuaL we l ls  d r i l l ed  fo r  OPEC count r ies  a re  made in to  quar te r ly  da ta

us ing  in te rpo la t ions  based on  month ly  r ig  counrs  fo r  pos t -1 -980 da ta .  The

proxy  fo r  the  in te res t  ra te  fac ing  OPEC is  the  rea l  race  o f  re tu rn  on  U.S.

t reasury  b i l l s ,  and the  proxy  fo r  cDP fo r  buyers  o f  c rude o i l  i s  an  index  o f

rea l  GDP fo r  the  indus t r ia l  wor ld .  Because deve lop ing  count r les  have cap l ta l

res t r i cc ions  and the  indusLr iaL ized count r ies  nay  tend to  inves t  in  the i r  own

capital markets, ehe incerest rate for non-OPEC producers ls their ordn

government bond yield or the nearest available substitute adjusted by the rate

o f  in f la t ion ,  In te res t  ra tes  ! re !e  ava i lab le  on ly  fo r  1916-87 fo r  Egypt ,

Ma lays ia  and Mex ico ;  fo r  l9 l l -B i  fo r  Argent ina ,  and were  no t  awa i lab le  fo r  the

P e o p l e s  R e p u b l i c  o f  C h i n a  ( C h i n a ) ,  B r u n e i ,  a n d  t h e  U . S . S . R .  I n t e r e s t  r a t e s

f o r  M a l a y s i a  w e r e  u s e d  f o r  B r u n e i / t l a l a y s i a .

Inves tment  i s  g ross  f i xed  cap i ta l  fo r rna t ion  or  the  c loses t  ava i lab le

subs t i tu te ,  For  OPEC count r ies  inves tment  i s  made in to  quar te r ly  da ta  by

in te rpo la t ions  based on  o i1  revenues.  Because o f  miss ing  domest ic  p r ice

indexes ,  inves tment  i s  converced in to  U,S.  do l la rs  us ing  che exchange ra te  and

def la ted  by  the  U.S,  f i xed  inves t rnent  de f la to r ,  base year  1982,  Inves tx0ent

fo r  non-OPEC count r ies  i s  le f t  in  the  or ig ina l  cur rency  bu t  de f la ted  by  the

who lesa le  p r ice  index  or  the  neares t  ava iLab le  subs t i tu te  index .  Inves t tnent

is  rn iss ing  fo r  Ch ina ,  the  U.S.S-R. ,  and Brune j -  and is  ava i lab le  on ly  th rough

1983 fo r  Argent ina .  Invesrnent  fo r  Ma lays ia  i s  used fo r  Brune i /Ma lays  ia .

Rea l  cos ts  fo r  the  Un i ted  Sta tes  are  caken f rom Dah l  (1990) .  ReaI  cos ts

fo r  Canada are  taken f rom Mc lach lan  (1989)  and Eg l ing ton  and Uf fe lman (1983) .

Add i t iona l  rea l  cos t  da ta  in  U.S.  do l la rs  a re  taken f ron  Ade l rnan and Shah i

(1 -989)  fo r  1971-85 and are  updated  by  the  au thors  us ing  the  Ade lnan and Shah i

a lgor i th rn  and da la  sources .  C iven the  random var ia t ion  in  cos ls  fo r  each

1 8



year ,  we took  a  f i ve-year  mov ing  average o f  the  cos ts  and in te rpo la ted  to  make

i t  q u a r t e r l y  f o r  O P E C .  C o s t s  a r e  m i s s i n g  f o r  C h i n a ,  t h e  U . S . S . R . ,  t h e  U n i t e d

Kingdoru, and Canada.

Tl:re above quarterly interpolations that use additional valiables are

based on  a  lag  s t rucLure  tha t  p rov ided the  bes t  regress ion  f i t  on  annua l  da ta .

Severa l  a lLerna t ive  da ta  de f in i t ions  were  t r ied  such as  o i l  expor ts  vs .  o i l

p roduc t ion ,  lnves tnent  in  1oca l  cur rency  vs .  inves tment  in  do l la rs ,  to ta l

w e l l s  d r i l l e d  v s .  o i l  v e l l s  d r i l l e d ,  a n d  d o m e s t i c  v s .  U . S .  i n t e r e s t  r a t e s  f o r

non-OPEC producers .  The cho ice  o f  the  resu l ts  repor ted  are  based on  the

ava i lab i l i t y  o f  da ta  and the  qua l icy  o f  rhe  resuLts .

ExcepL fo r  rea l  in te res t  ra tes ,  a l l  var iab les  a le  enEered in  Log te rxns ,

mak ing  the i r  coe f f i c ien ts  e lasc ic i t ies ,  Rea l  in te res t  ra tes ,  wh ich  are

a l ready  in  percents  and fo r  sone years  a re  negaL ive ,  a re  en tered  as  leve1s ,

A w ide  ar ray  o f  lag  resr ing  on  OPEC dara  in  Dah l  and y , i i ce l  (1990)

suggested  tha t  add ing  or  subs t i tu t ing  lagged va lues  d id  no t  inprove resu l ts .

N o r  d i d  G r i f f i n  ( L 9 8 5 )  f i n d  a l r e r n a t i v e  1 a g  s p e c i f i c a u i o n s  s u p e r l o r .

There fore ,  no  Lagged va lues  are  conta ined in  any  o f  che  es t imat lon ,

1 9



Append ix  B

Tota l l y  d i f fe ren t ia t ing  the  f i rs t  o rder  cond i t ion  MR -  MC -  0  g ives

(aMR/aQ - AMclaQ)dQ + AMR/Ay dY : O.

Rearranging we get

dQ//dy - - aMR/ayl(dMR /AQ_Ar\c/Aq .

(AMF. /AQ-AMC/AQ)(0  f ron  second order  cond i r ions ,  wh iLe

aMR/aY :  a lP (L -L /e r ) l /A \  :  ap /ay0 - I / eo )  +  p (ae , /Ay ) /e f ,  .

Then AP/AY is posi l ive,  ( t -L/e) is posir ive,  and (p6eo/0'Y)/ef  is posi t ive

un less  0eo/dY is  negat ive ,  o r  equ iva lenEly ,  denand ge ts  rnore  e lasc ic  as  l t  i s

sh i fLed ou t .  Thus ,  the  s ign  on  dQ/dy  is  inde tern ina te .  To  de termine what

s ign  on  the  o i l  p r i ce  coef f i c ien t  i s  cons is tenc  w i th  monopo ly  behav io r ,

to ta l l y  d l f fe ren t ia te  p  co  ger

dP : AP/AQ dQ + dPldY dy or dp//clQ : Ap/Ae + Ap/Ay d\/de.

Because AP/AQ < 0  arLd  0p /6 \  >  0 ,  a  su f f i c ienr  cond i r ion  fo r  dp /dQ to  be

negative is a nonposicive dQ/dy. In the :rore l ikely evenc that dQ/dy is

Pos i t i ve ,  the  s ign  o f  dP/dQ is  a rnb iguous.  Thus ,  a  nonpos i t i ve  coef f i c ien t  on

Y w i l l  requ i re -a  negat ive  coef f i c ien t  on  p  fo r  us  Eo conc lude in  favor  o f

monopo ly .

2 0
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Table 1:  Hypothesis  Tests for  OPEC

Rejec t  5$
Rejec t  1 t

HI H2 H3 H4 H5
>7 .81  >5 .99  > t . 67  <3 .84  >7  . 81
> t -1 .3  >7 .38  >2 .39  <5 .02  >1  1 .  3

H6
<-3 .  67
< -4  .32

EYtT e s t  S t a t *  C h ( 3 )  C h ( 2 )  r ( 5 9 )  C h ( l )  C h ( 3 )
Alger ia  L97L-87 2226
Indonesia L97I-87 35202
Iran l97L-87 249
Iraq L 9 7 L - 8 1 9 1

L 9 7 L - 8 7  6 L 6

2 2 6  - 1  . 9 6
3 9 4  - 2 . L 3

s B  - 0 . 9 3
4 6  - 2 . 0 2
9 5  - 0 . 9 5
5 3  - 0  . 4 0

4 4 4  - 2  . 4 4
L41-  -0.94

5 6 6  - 3 . 8 8
4 5 9  - L 7 9

4 . L 7  4 L . 2
4 . 7 L  6 5 . 9
0 . 2 7  1 0 8  . 4
1 .  9 0  3 6  . 8 9
L . 7 7  2 1 . 0 3
0 .  1 4  2 2  . 5 8
2 . 1 5  6  . 9 1
1 . 8 9  3 2 . 7 3

L . 7 L  3 6 . L 6
r . 9 6  1 8 . 9 6

- 3  . 1 6
- 2 . 9 7

9 . 0 1
- 2 . L 4
- 7 . 4 4
- 3  . 2 7
- 3 . 2 7
- 2  . 0 8

- 2  . 4 L
- 2 . 3 6

Kuruair L977-87 l- Ll-
Libya L97r -82 9L
Niger ia L97l -87 2494
Saudi

Arabia
UAE L972-87 7 45L
venezue la  LY  /  L -6  /  1599

* T h e  t e s t  s t a t i s t i c s  a r e  C h ( i ) : 1 ' w i t h  i  d e g r e e s  o f
f reedom,  the  t  s ta t i s t i cs  a l l  have 59  degrees  o f  f reedom except
fo r  L ibya  l r i th  39  degrees  o f  f reedorn  and the  UAE \ , r i th  55  degrees
of  f reedon,  the  c r i t i ca l  va lues  are  fo r  a  !  s ta t i s t i c  w i th  60
det rees  o f  f reedon.  EYt  i s  the  t -s ta t i s t i c  f ro rn  the  regress ion
\d i th  the  c r i t i ca l  va lues  taken f ron  Eng le  -and Yoo ( f987) ,  p .  f57
f o t  t h e  c l o s e s t  s a r n p l e  s i z e  i n  a l l  c a s e s  o f  6 0 .
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Table 3: H)ryothes is Tests fo r  Non-OPEC Countr ies

ReJ ect
Rej ect

5r
I I

H 1

F (  d 1  .  d 2 )

2 3 6 8 ( 3 , 1 4 ) - x
2 4 0 8 0 ( 3 , s ) *

<-3 .  67
< -4  .3?

F i ' n l  d ? \  F v i

3 .80 (3 ,11 ) *  - 2 .11
5 .1 -1 - (3 ,1 -1 " ) *  - 2 .O3

46 .20 (2 ,L3 ) *  4 .  85
31 .30 (2 ,13 ) *  - t - . 91
L3 .44 (2 ,L2 ) *  -7 .57
48  . 77  (3  , LL r *  - 2 .33
20 .61 (  3  .  1 -0 ) *  - 2 .57

6 .29 (3 , rL ) *  - 2 .63
L2 .29 (2 ,L2 ) *  - 2 .20
0 .73  (3 ,11 )  - 3  . 06

48 .30 (3 ,11 ) *  - 2 .24

EgyPt
Argentina
PR China
USSR
Norway
Ind ia
Brune i/Malays ia#
US
UK
Canada
Mexlco

Itz

F ( d 1  .  d 2 )

2 4 ( 2 , t 4 ) - r
8 3 1 ( 2 , 5 ) ' k

i / . l f \

0 .26 (5 )
-o  . 28  (4 )

ttoH5H 3

6 3 5 ( 3 , 1 4 ) ' t
7207 (3 ,L I )> l
3 7 7 6 ( 3 , 1 4 ) x

3 0 8 8 9 4 ( 3 , 1 4 ) ' t
1 0 8 ( 3 , 1 4 ) *

5 7 9 4 8  (  3 ,  1 4  ) , t
7 8 0 ( 3 , 1 1 ) ' r

3 4 ( 2 , 1 4 ) - x
1 O 5 ( 2 , 1 1 ) - r .
r 0 0 ( 2 , 1 4 ) *
8 1 s ( 3 , 1 4 ) - i . -

1 3 ( 2 , 1 4 ) ' ' r
268 (2 ,  r4) t ,

1 7 ( 2 , 1 1 ) ; r

- 1 . s1 (11 - )
0 .21 (8 )
2  . 06  (5 )

-3 .  17  (10 )
0 .80 (11 )

-4 . r 7 (10 )
-1 .01 (3 )

F(d l ,d2)  denotes  an  F  s ra t i s t i c  \ . r i rh  d1  degrees  o f  f reedom in  the  numera tor
and d2  degrees  o f  f reedon in  the  denorn ina tor .  t (d f )  denotes  an  t  s ta t i s t i c
w i th  d f  degrees  o f  f reedom.  S ince  c r i t i ca l  va lues  vary  fo r  hypothes is  l -  to  5
*  va lues  are  s ign i f i can t  a t  rhe  5?  leve l  o r  1ess .  Ey t  i s  Lhe t -s ta t i s t i c  f rom
the regress ion  w i th  the  c r i t i ca l  va lues  raken f rom Eng le  and yoo (1937) ,  p  157
for  the  sna l les t  sanp le  s ize  in  the  tah le  o f  60 .
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Tab le  4 :  Es t imated Supp ly  fo r  Non-OPEC Counr r ies

Const P C t{c Y Ow Inv R2 DW

Egypt
r 9 7 L  L 9 8 7  3 1 . 9 1  - 0 .  3 7  1 . 0 9  0 . 6 s  1 , . 4 6  - 3  . 2 8  0 . 8 5 7  0 . 9 9 8

( 2 . 0 6 ) ( - 2 . 1 _ 7 )  ( 3 . 1 6 ) ( r . 4 4 )  ( t - . 0 6 ) ( _ 2 . 2 1 _ )

Argentlna
L 9 7 L  1 9 8 7  6 . 4 5  - 0 . 0 8  - 0 . s 4  0 . 2 0  0 . 0 6  - 0 . 0 5  0 . 7 9  L . 6 2

( 3 . 3 3 ) ( - 2 . 5 2 ) ( - 3 . s 9 ) ( 3 . 0 e ) ( 0 . 6 3 ) ( - 0 . 3 )

Chlna
L 9 7 L  1 9 8 7  - 2 3 . 0 8  0 . 3 0  2 . 7 0  L . 6 2  0 . 9 4  ! . 4 0

( - 4 . 6 3 )  ( 4 . 6 1 )  ( e . 6 r )  ( 3 . e 6 )

USSR
L 9 7 l  L 9 8 7  2 . 4 3  0 . L 2  0 . 1 1  0 . 2 8  0 . 9 3  1 . 1 8

( 1 - . 3 9 )  ( s . 2 3 )  ( 7 . 7 8 )  ( 1 . 9 3 )

Nonray
L 9 7 L  L 9 8 7  - 7 2  . 4 2  0  _  8 8  - 0 .  1 9  9 .  5 1  3  . 0 s  0 .  8 7  2 . I 8

( - 3 . 0 7 )  ( 2 .  s e )  ( - 0 .  s 3 )  ( s . 1 8 )  ( 1 . 6 4 )

India
L 9 7 L  1 9 8 7  8 . 2 4  - 0 . 1 3  - 0 . 0 2  0 . 0 4  3 . 4 L  - L . 6 9  0 . 9 5  2 . 2 9

( 1 .  s 6 )  ( * 1 . 6 4 )  ( - 0 . r 4 )  ( 0 , 7 0 )  ( 6 . e 2 ) ( - 4 . 0 8 )

Brunel/}lalaysia
L 9 7 1 ,  L 9 8 1  - L 6 . O 2  - 0 . 1 8  0 . 1 0  - 0 . 2 1  1 . 1 8  1 . 4 0  0 . 6 1  0 . 9 5  2 . 2 2

( - 4 . 8 0 )  ( - 1 . 6 8  )  ( 0 . 8 3 ) ( - 2 . 0 1 )  ( 1 . 7 4 )  ( 4 . 8 3 ) ( 2 . 6 8 )

UnLted States
L 9 7 L  L 9 8 7  1 1 . 8 5  - 0 . 0 8  - 0 . 0 6  0 . 1 0  - 0 .  1 1  - 0 . 2 8  0 .  5 9  r . 7 8

( 8 . 1 7 )  ( - 1 . 2 9 )  ( _ 0 .  8 6 )  ( 1 .  1 1 )  ( _ 0 . 7 6 )  ( _ 3 . 5 4 )

United Klngdon
L 9 7 L  L 9 8 7  - I 3 7  . 9 2  2 . 8 4  - 3  . 4 1  2 4 . 2 2  3 . 9 6  0 . 8 5  0 . 9 2

( - 2 . 8 3 )  ( 2 . 9 7 )  ( - r . 6 e )  ( 4 . e 4 )  ( 1 . 0 6 )

Canada
L 9 7 L  L 9 8 t  - L . r 2  - 0 . 2 8  0 . 3 s  0 . 0 5  - 0 . 0 1  0 . 7 6  0 . 0 1  1 . 4 3

( - 0 . 1 3  )  ( - 1 . 9 4 )  ( 0 .  e 7  )  ( 0 . 2 9 ) ( - 0 . 0 2 )  ( 0 . 8 4 )

Uexico
L 9 7 L  L 9 8 7  - 6 . 3 7  0 . 3 2  0 . 0 5  0 ,  3 8  4 . ] L  - 1 _ . 0 7  0 . 9 7  0 . 9 1

( - 1  . 0 4 )  ( 4 . 0 4 ) ( 0 . 1 7 )  ( 1  6 s )  ( 4 . 1 s ) ( - r . s s )

The nunbers in  parentheses uncler  thc coef f ic ients are t  scat is t ics.
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ENDNOTES

l :  For  more  conp le te  surveys  o f  the  l i te ra tu re  see cace ly  (19g4) ,  Gate ly
( 1 9 8 9 ) ,  D a h I  a n d  Y n c e t  ( 1 9 8 8 ) ,  a n d  C r 6 m e r  a n d  S a l e h i - I s f a h a n i  ( L 9 9 1 ) .

2 -  A t  the  aggregace Ieve I ,  see  Loderer  (1985) ,  Lowlnger  (1986) ,  and Cerosk i
e t .  a l .  ( l - 9 8 7 ) .

3 .  I . Ie  use  seeming ly  unreLated  regress ions  fo r  OpEC,  w i th  a  cor rec t ion  fo r
f i rs t  o rder  ser ia l  cor re la t ion  rdhere  appropr ia te j  except  fo r  the  co-
in te t ra t ion  tes ts .  G iven the  d i f f i cu l ry  in  p rogranming w i th  d i f fe r ing  sarop le
s i z e s ,  w e  e s t i n a t e  o n  3  s a m p l e  s i z e s  7 1 " : I - 8 7  I V ,  j Z : I - 8 7 : . I V ,  a n d  7 l - : I - 8 2 : I V ,
In  the  seeming ly  unre la ted  reg t :ess ion  procedure  each count ry ,s  equat ions  r { re re
r e p x e s e n t e d  a s  Y r . : X r .  I 3 ,  +  u r .  r " : h e r e  i : 1  , . , , N  a n d  t : 1  ,  . , T .  E ( u . , u r .  ) : 8 ,
w i th  u t . : (u i t , .  .u r . ) .  I ^ Ihen the  Durb in  i , Jacson s ta t i s t i c  suggested  p ;s i t i ve
ser ia l  co t re la t ion  in  the  res id r - ra ls  i c  was  assumed tha t  u l r :p i  u i t_1  .  Us ing  a
nax imuu l i ke l ihood procedure  p  and Br  i , re re  es t imated  fo r  each equat ion .  The
est ina ted  p  were  used Lo  t rans form the  var iab les  fo r  each equat ion  in  the
fo l low ing  r ray  Y l t " :  Yr . -p r  Y i . - r  and X i rn  :  X i t -p i  X : , ._ r .  The sys tem o f
equat ions  was then rees t imated us ing  seeming ly  unre la ted  regress ions  where
B - ( f ' ( E - 1 E r ) x " ) - 1 X ' '  ( t - 1 E r ) y ' ) .  w h e i e  t h e  n - a n a  y  a r e  r h e  s i a c k e d
coef f i c ien ts  and independenr  var iab les  fo r  each equat ion ,  the  X"  i s  fo rmed by
s tack ing  augnented  Xr "  rna t r i ces  w i th  co lu rnns  o f  zeros  fo r  aL l  exp lanatory
var iab les  in  o ther  equat ions ,  and N is  the  Kronecker  p roduc t .  A  tes t  o f  che
l inear  res t r l c t ions  RB -  r  in  the  sys tems es t imar ion  is  a  s tandard  x2  (e )  :
( r -R l3 ) ' {R5*n '1 - r ( r -RB)  w i th  : -  rhe  es t iD}a ted  var iance covar iance mat r tx  o f  the
c o e f f i c i e n t s  a n d  Q  t h e  n u m b e r  o f  r e E r r i c t i o n s  b e i n g  t e s t e d .  A  t e s t  o f  a
l inear  res t r i c t ions  done in  a  s ing le  equat ion  fo rmat  i s  s tandard
F ( Q , N - K ) : ( r - R B )  [ R E " R ' ] ( r - R B ) / Q s 2  w h e r e  s 2  i s  r h e  e s r i m a r e  o f  r h e  e r r o r
v a r i a n c e  o f  t h e  e q u a t i o n .  S e e  T h e i l  ( 1 9 7 1 ) ,  p p .  3 0 9 ,  3 j _ 2 - 3 1 4 .

4  A  S i r n s ' ( 1 9 7 2 )  e x o g e n e i t y  t e s t  o n  e a c h  e q u a t i o n  d i d .  n o t  r e j e c t  t h e
hypothes is  tha t  the  pr ice  o f  o i l  i ras  exogenous fo r  a lL  count r ies .  Th is  cesc
l ras  conducted  by  inc lud ing  a  fu tu re  lag  on  pr ice  in  equat ion  7 ,  The nu11
hypothes is  i s  re jec ted  fo r  each count ry  r^ rhere  the  coef f i c ien t  on  the  fu tu re
Iag  is  s ign i f i can t ly  negar ive  imp ly ing  thar  a  pos i t i ve  e r ro r  in  cur ren t  ouEpur
causes  a  decrease in  p r ice  nexr  per iod .  In  an  ear l ie r  vers ion  o f  the  paper  on
data  th rough 1985 and us ing  a  conuron o i l  p r i ce  fo r  each count ry  the  hypothes is
\sas  re jec ted  fo r  l ran ,  Kuwai t ,  the  UAD,  and Venezue la ,  The tes t  fo r
exogeneity for investment lras cor.ldlrcted by including a future lag for
inves tnent  in  equat ion  7 ,  A  s lgn i f i can t  pos i t i ve  s ign  on  fu tu re  inves tnenc
wou ld  imp ly  tha t  inc reas ing  ou tpu t  t l t i s  per iod  causes  inc reases  in  invesument
nex t  per iod  ra ther  than exogenous inves tment  be ing  a  ta rge t  tha t  i s  caus ing
tevenue.  For  no  count ry  nas  exogene i ty  o f  inves tment  re jec ted .

5 .  These resu l ts  supersede pre l im ina t :y  resu l ts  in  Dah l  and y i i ce l
( 1 9 8 9 ) .  W i t h  d a t a  r e v i s i o n s .  u p d r L i n i , . ,  a n d  a  m o r e  c o m p l e t e  m o d e l  E h e r e  i s  n o
Longer  any  ev idence o f  dynamic  op t in r izar ion ,  T \ ro  in te res t ing  recent  s tud ies
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ac a  d isaggregate  leve l ,  Po lasky  (1990)  and Kande l  (1 -990) ,  deve lop  node ls
exp l l c i t l y  assuming dynamic  behav io r  and a  cons tanE d iscount  ra te  over  the
sample .  Kande l  deve lops  a  c losec l  fo rn  so lu t ion  fo r  a  dynamic  compet i t i ve
node l  assuming a  quadra t ic  cos t  func t ion  and a  spec i f i c  fo rm o f  p r ice
exPecta t ions .  H is  equat ion  a1 lows h i rn  to  cornpare  cons ls tency  o f  the  da ta  fo r
24 countries from L958 to 1981 \,rith rlre competit ive hypothesis and to conpaf,e
behav io r  o f  o i l  p roducers  w i rh in  OPEC ro  rhose ours ide .  po lasky  (1990)
deve lops  h is  hypothes is  f rom a  dynarn ic  nu l t i -count ry  Cournot  mode l .  H is
equat j .ons  a l low h in  to  tes t  o l igopo ly  theory  fo r  73  count r ies  f ron  1970-1989
and 400 U.S.  o i l  compan ies  in  1983 and 1984.  Fu ture  researchers  r0 lghc  pursue
the hypothesis of dynanic optirnization further by developing tests in the
contex t  o f  e i ther  o f  these rnode ls .

6 .  These es t imates  aL l  have inves tment  in  them.  In  a l l  cases  except
Indones ia ,  inves t rnent  i s  the  most  s ign i f i can t  var iab le .  A l though inc lud lng
inves tnent  in  the  equat ion  negates  Lhe n ice  theore t ica l  base o f  p ro f i t
max imiza t ion ,  i t  does  add s ign i f i can t  in fo rmat ion  and the  resu l ts  o f  the
hypothes is  tes ts  a le  somewhat  lnore  cons is ten t .  However ,  s ince  the  inves tnent
resu l ts  a re  somewhat  sens i t i ve  to  hon chey  are  quar te r ized ,  we wou ld  u rge
fur ther  work  invesc iga t ing  the  ro le  o f  inves tment  in  OpEC dec is ion  nak ing  as
longer  per iods  o f  annua l  da ta  a re  ava i lab le ,

7 .  The nu l l  hypothes is  tha t  a l l  coe f f i c ien ts  in  equat ion  7  a re  equa l  cou ld
not  be  re jec ted  fo r  Ehese pa i rs  o f  count r ies  a t  the  5 t  leve l .

8 .  The ces ts  fo r  co- in tegra t ion  are  c leve loped us ing  an  augrnented  D ickey
Fu l le r  tes t  in  Eng le  and Granger  (1987)  and ex tended in  Eng le  and yoo ( f987) .
A  n ice  descr ip t ion  o f  how to  per fo r - rn  che ces t  i s  g iven  in  Lay ton  and Stark
( 1 9 9 0 ) .  T h e  p r o c e d u r e  i s  a s  f o l ] o w s .  S i n c e  c o - i n t e g r a t i o n  i s  a  t e s t  f o r
equ i l ib r iu rn  be t \^ reen non-s ta t ionar -y  var iab les .  each var iab le  i s  f i r s t  ces ted
f o r  s E a t i o n a r i t y ,  b y  r u n n i n g  c h e  i o l l o v i n g  r e g r e s s i o n

DQ( t ) :  o  Q (c - l )  +> l  r  DQ( t * i )
where  D represents  a  f i rs t  d i f fe rencc  and p  is  chosen to  be  4  us ing  a  ru le  o f
thumb in  Schwer t  (1987) .  l {e  re jec t  non-s  ta  l ionar  i  t y  in  favor  o f  s ta t ionar i ty
i f  Q is  found to  be  s ign i f i canr ly  negat ive  by  compar ing  the  t  s ta t i s t i c  on  O
to  the  c r l t i ca l  va lues  in  Eng le  and Yoo (1987) ,  p .  1 -57 .  As  r . rou ld  be  expec ted
no count ry 's  ou tpu t  nor  to ta l  OPEC outpu t  \ ras  found to  be  s ta t i .onary .  Nex t  we
tes t  fo r  co- in tegra t ion  o f  each coLrnLry ,s  ou tpu t  w i th  to ta l  OPEC outpu t .  Th is
tes t  i s  conducted  by  regress ing  each count ry ,s  ou tpu t  on  a  conseant  and to ta l
OPEC outpu t  and tes t ing  the  res idLLa ls  to  de termine i f  they  are  s ta t ionary
us ing  lhe  above !es t .  The tes ts  r , re re  aLso conducted  to  see i f  each count ry ,s
outpu t  was  co- in tegra ted  r ,u i fh  c l re  rcs t  o f  OPEC produc t ion  ra ther  than to ta l
OPEC produc t ion .  The resu lcs  o f  t l rese  tesrs  found no  ev idence o f  co-
i n t e g r a t i o n .  C o - i n t e g r a t i o n  w a s  a l s o  t e s t e d  a n d  r e j e c t e d  i n  a 1 I  c a s e s  f o r  a
I inear  spec i f i ca t ion  o f  the  rnode l .

9 .  S i n c e  r e j e c c i o n  o f  c o n r p e c i t i o n  i s  i n c o n s i s E e n E  w i t h  t h e  e a r l i e r  e x o g e n e l t y
tes ts ,  fu r ther  \ ^ ro rk  n igh t  be  underca l<en to  deve lop ,  es t imate ,  and tes t  chese
hypotheses  in  a  s imu l taneous sys terns  f raurevork .
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L0.  A l l  tesEs were  a lso  done us ing  expor ts  ins tead o f  p roduc t ion .  The
resu l ts  r r 'e re  very  s imi la r  bu t  there  was rnore  cons is tency  o f  resu l ts  fo r
productlon Chan for exporcs,

f l .  Us ing  the  US in te res t  ra te  and tes t ing  fo r  the  marke t  econon ies  d id  no t
f ind  dynarn ic  behav io r  e i rher .  For  Ch ina  and the  USSR g iven che
nonconver t  ib  i  l i  t y  o f  the i r  cu l renc ics  and the i r  i so la t ion  f rom the  wor ld
economy such a  tes t  does  no t  see t r  re levant .

L2 .  Our  resu l t  i s  a t  odds  w i th  Cr i f f in  (1 -985)  and Jones  ( l -990) .  I then they
regressed ouEput  on  pr ice ,  they  found upward  s lop ing  supp ly  as  ewidence o f
compet i t ion  fo r  a l l  bu t  the  U.S.  and Canada.  Repeat ing  the i r  tes t  on  our
data ,  we found the i r  conc lus ions  re re  sens i t i ve  to  vhether  Lhe da ta  was
cor rec ted  fo r  ser ia l  cor re la t ion  or  no t .  Kande l  (1990)  in  h is  dynarn ic  node l
also found non-OPEC countries more compatible with a competit ive ruodel than
OPEC count r ies .  Our  resu l t  suppor ts  recent  resu l ts  by  Po lasky  (1990) .  H is
d)mamic  duopo ly  rnode l  imp l - ies  tha t  p roducers  w i th  la rger  reserves  ex t rac t  a
sna l le r  share  o f  the i r  reserves .  l le  f inds  th is  pa t te rn  to  ho ld  fo r  73
coun l r ies  fo r  l -970-L989 and fo r  400 t . l  .S .  o i l  compan ies  in  1983 and L984 and
conc ludes  aga ins t  a  conpet i t i ve  f r inge .  These in te res t ing  d i f fe rences  across
loode l ing  approaches wou ld  be  a  f ru i t fu l  a rea  fo r  fu r ther  work .
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