






















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
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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 ,
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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 .
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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 .

2 6



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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