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Pr i ces  vs .  Quan t j t j e s  i n  Ca r te l  Theo ry

w i th  Spec ia l  Re fe rence  to  0PEC

1. I n t r oduc t i on

Because  o f  nego t i a t i ng  cos t s ,  i t  i s  economica l  f o r  a  ca r t e l  t o  f i x  i t s

con t ro l  va r i ab les  ove r  a  pe r ' i od  o f  t ime  w j thou t  upda t i ng  them to  fu l  l y

exp lo i t  changes  i n  ma r  ke t  cond i t j ons .  Pn i ces  and  quan t i t i e s  canno t  be

s imu l taneous ly  f i xed  j f  t he re  a re  changes  i n  demand .  However ,  p r i ces  can

be  suppor ted  by  va ry jng  p roduc t i on  o r ,  a l t e rna t i ve l y ,  quan t i t i es  can  be

f i xed  w i th  p r i ces  a l l owed  to  change  to  c lea r  t he  marke t .  The  ques t i on

a r i  ses  as  to  whe the r  t he  ca r te l  shou ld  p re fe r  one  con t ro l  s t ra tegy  to

a  n  o the r .

The  cho ice  be tween  p r i ce -se t t i ng  and  quan t i t y - se t t j ng  has  been  s tud ied

p rev ious l y  by  We i t zman  (1974)  fo r  t he  case  o f  a  regu la ted  i ndus t r y  and  by

Young  (1979)  fo r  t he  case  o f  a  na t i on  choos ing  be tween  ta r i f f s  and  quo tas

as  a  means  o f  r es t r j c t i ng  i n te rna t i ona . l  t r ade .  The  p rob lem we  env i s i on  i s

one  i n  wh i ch  a  ca r t e l  chooses  t o  f i x  e i t he | i t s  p r i ces  o r  quan t i t i e s

th rough  pen iods  o f  chang ing  demand  ra the r  t han  i ncu r  t he  h igh  cos ts  o f

i n te rna l  nego t i a t i ons  wh ich  wou . ld  a r i se  i f  ope ra t j ng  s t ra teg ies  were  a lways

upda ted  to  re f l ec t  cu r ren t  marke t  cond i t i ons .  Because  p lans  mus t  be

fonmu la ted  be fo re  the  rea l i za t i on  o f  demand ,  t he  p rob lem i s  one  o f

dec i s ion -mak ing  under  unce r ta in t y .  An  op t ima l  con t ro l  s l ra tegy  ' i  s  one

wh ich  p rov ides  l a rge  expec ted  agg rega te  p ro f i t s  and  wh ich  a l so  enhances

ca r te l  s t ab j l i t y  by  p romo t i ng  a  s tab le  i n t e rna l  d i s t r i bu t i on  o f  agg rega te

p ro f i  t s .
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We beg in  i n  Sec t i on  2  w i th  a  mode l  o f  a  ca r te l  t ha t  o f fe rs  a

homogeneous  p roduc t .  Such  a  mode l  has  l j t t l e  t o  say  abou t  whe the r  a

pa r t i cu la r  con t ro l  s t ra tegy  p romotes  i n te rna l  s tab i l  i t y .  Bu t  j t  i s  a

use fu l  mode l  f o r  de te rm in ing  wh ich  o f  t he  t v io  s t ra teg ies ,  p r i ce -se t t i ng  o r

quan t i t y - se t t i ng ,  o f fe rs  g rea te r  expec ted  agg rega te  p ro f i t s .  To  keep

th i ngs  s imp le ,  we  use  a  s i ng le -pe r i od  mode l  and  i gno re  o the r  ca r t e l

p rob lems  such  as  ou tpu t  sha r ing  and  chea t i ng . l /

Ma t te rs  a re  more  comp l  i ca ted  when  the  ca r te l  o f f e rs  more  than  one

economica l  l y  d i  s t i nc t  p roduc t .  Cons ide r  t he  case  o f  0PEC wh i ch  supp l  i es

c rudes  o f  d i f f e ren t  v i scos i t y .  Because  membens  a re  endowed  w i th  d i f f e ren t

p ropo r t i ons  o f  l i gh t  and  heavy  c rude ,  con t ro l  s t r a teg ies  can  d i f f e r  i n  t he

evenness  w i t h  wh i ch  changes  i n  ma rke t  cond i t i ons  a f f ec t  member  coun t r i es .

A  rank ing  o f  con t ro l  s t r a teg ies  shou ld  t hen  i nvo l ve  no t  on l y  a  compar i son

o f  t he  d i  s t r i bu t j ons  o f  agg rega te  p ro f i t s ,  bu t  a l so  o f  t he  ex ten t  t o  wh i ch

members r  f o r tunes  tend  to  r i  se  and  fa  l  I  t oge the r .  0 the r "  t h i  ngs  be i  ng

equa l  ,  an  op t ima l  con t ro l  s t ra tegy  shou ld  l end  s tab i l i t y  t o  t he  ca r te l  by

p rov id ing  pos i t i ve  coya r jance  be tween  members '  p ro f i t s  and  l ow  va r . i ance  i n

the i r  sha res  o f  agg rega te  p ro f i Ls .

In  Sec t ' i on  3  we  deve lop  a  s imp le  mu l t i - p roduc l  mode l  t o  compare  the

s tab j l i t y  p rope r t i es  o f  va r i ous  con t ro l  s t r a teg ies .  The  mode l  i s

s t ruc tu red  to  dep ic t  t he  dec i s ion  p rob lem faced  by  OPEC.  There  a re  two

produc ing  g roups  w i th in  the  ca r te l - -one  endowed  w i th  heavy  c rude  and  the

o the r  w i t h  l i gh t  c rude .  Heavy  c rude  i s  mo re  d i f f i cu l t  t han  l i gh t  c rude  t o

re f i ne  i n to  f i na l  p roduc t s ,  and  t he  un i t  cos t  d i f f e rence  i s  assumed  to  r i se

w i th  the  amoun t  o f  heavy  pu rchased .  Randomness  appears  th rough  the  demand

fo r  f  i na l  p roduc t s .
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To  abs t rac t  f rom po in t s  cove red  i n  Sec t i on  2 ,  su f f  i c ' i en t  a lgeb ra i c

s t ruc tu re  i s  imposed  on  the  mu l t i - p roduc t  mode l  t o  ensu re  tha t  max imum

expec ted  p ro f i t s  a re  the  same rega rd less  o f  t he  con t ro l  s t l "a tegy  emp loyed .

Th i s  a l l ows  us  t o  eas i  l y  compare  s t r a teg ies  ' i  n  mo re  sub t l e  d imens jons .

Sec t i on  4  uses  the  mode l  t o  compare  the  e f fec ts  o f  p r i ce -se t t i ng  and

quan t i t y - se t t i ng  on  the  cova r iance  o f  members '  p ro f i t s  and  the  va r iance  o f

t he i r  sha res  o f  agg rega te  p ro f i t s .  Sec t j on  5  uses  t he  same  c r i t e r i a  t o

eva l  ua te  t he  pe r f o rmance  o f  m i xed  s t r a teg ies ,  wh i ch  j nvo l ve  se t t i ng  bo th  a

p f l i ce  and  a  quan t i t y .

I n  Sec t i on  6  we  d raw upon  recen t  even ts  i n  t he  wor ld  o j l  marke t  t o

i  l  I  us t ra te  some o f  t he  theo re t i  ca l  p r i  nc i  p l  es  deve ' l oped  i  n  Sec t i  on  4 .

Ev ' i dence  i s  p resen ted  to  show how,  because  o f  0PECrs  re l  i ance  on  p r i ce

con t ro l s ,  an  unexpec ted l y  weak  demand  fo r  o i l  p roduc ts  i n  t he  1980s  l ed  to

d i sp ropo r t i ona te  reduc t i ons  i n  p roduc t i on  among  members  and  how  th i s ,  i n

t u rn ,  p rec ip i t a ted  a  number  o f  un i l a t e ra l  and  des tab i l i z i ng  ac t i ons  w j t h i n

the  ca r t e l  .  The  ma in  po in t s  o f  t he  pape r  a re  summar i zed  i n  Sec t i on  7 .

? .  Compar i sons  i nvo l v ing  expec ted  agg rega te  p ro f i t s

The  mos t  bas i  c  way  i n  wh i  ch  p r i  ce -se t t i  ng  and  quan t i  t y - se t t i  ng  cou l  d

d i f f e r  i s  i n  t he i r  capac i t i es  t o  gene ra te  agg rega te  p ro f i t s .  I t  j s  na tu ra l

t hen  to  beg in  by  compar ing  the  max imum expec ted  p ro f i t s  ava i l ab le  under  the

two  s t ra teg ies .  The  s imp les t  mode l  w i th  wh ich  to  make  th i s  compar i son  ' i  s  a

s i ng le -pe r i od ,  s i ng le -p roduc t  mode l  o f  a  j o i n t  p ro f i t -max im iz i ng  ca r t e l  .

The  ca rLe l  i s  assumed  to  face  a  demand  cu rve  w i th  add i t i ve  randomness .  Fo r

t he  momen t ,  we  a l so  i gno re  any  cos t s  o f  p roduc t i on .  The  dec i s i on  p rob lem

of  the  ca r te l  i s  t hen  to



(  1 ) Max E( r )  =  E(PQ)

s . t .  Q  =  c  -  f (P )

where  c  i s  a  r andom va r i ab le ,  P  i s  p roduc t  p r i ce ,  and  Q  i s  quan t i t y

supp l  i ed .  Under  a  p r i  ce -se t t i  ng  s t ra tegy ,  p r i  ce  i  s  de te rm i  ned  be fo re

demand  i s  rea l i zed ,  and  quan t i t y  i s  ad jus ted  ex  pos t  t o  c lea r  t he  marke t .

Under  quan t i t y - se t l j ng ,  i t  i s  quan t i t y  t ha t  i s  p rede te rm ined  and  p r i ce  tha t

ad jus ts  to  ac tua l  marke t  cond i t i on r .? /

Fo l  l  ow i  ng  We i  t zman ,  we  assume tha t  t he  randomness  i  n  demand  i  s

su f f i c i en t i y  sma l  I  as  to  j us t i f y  a  second-onden  app rox ima t ion  to  the

quan t i t y - se t t i ng  p ro f i t  f unc t i on .  I t  ' i  s  shown  in  the  append jx  tha t  t he

op t ima l  quan t i t y  under  quan t i t y - se t t i ng  (Q* )  t hen  equa ls  the  expec ted

quan t i t y  under  op t ima l  p r i ce -se t t i ng  (Q) .  Fu r the r ,  t he  d i f f e rence  be tween

max ima l  expec ted  p ro f i t s  ' i n  t he  two  cases  can  be  wr i t t en  as

(2) E(n)l - E(n) %qflAl":
P:k  Q*  [ f , (P * ) ] 3

whe re  o2  i s  t he  va r i ance  o f  c . I f  demand  i  s  non random,  the re  i s  no

d i  f f e rence  be tween  the  expec ted  p ro f i t s  o f  t he  two  s t ra teg ies .  W j th

randomness  i n  demand ,  however ,  t he  compar i son  h inges  upon  the  na tu re  o f  t he

cu rva tu re  i n  t he  demand  f unc t j on .  Spec i f i ca l l y ,  t he  max imum expec ted

p ro f j t s  ava i l ab le  t h rough  p r i ce - se t t i ng  w i  l 1  exceed  ( f a l l  sho r t  o f )  t he
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max imum expec ted  p ro f i t s  ava i Iab le  th rough  quan t j t y - se t t i ng  i f  demand  i s

concave  ( convex )  i n  p r i  ce .

These  resu l t s  mus t  be  qua l i f i ed  i f  t he re  a fe  non l i nea r i t i e s  i n  t he

ca r te l ' s  cos t  f unc t i on .  Th i s  i s  easy  t o  see  because  cos t s  a re  assumed  to

be  f r ee  o f  s t ochas t i c  e l emen ts .  F rom Jenson rs  i nequa l i t y  and  t he

(app rox ima te )  equa l i t y  be tween  Q  and  Q* ,  we  have

Etc (a ) l l p *  <  (> )  C(Q* )  as  C  i s  concave  (convex)  in  Q

where  C  deno tes  the  ca r te l ' s  t o ta l  cos ts .  Thus ,  op t ima l  expec ted  cos ts

w i  I  I  be  sma l  I  e r  (  l  a rge r )  under  p r i  ce -se t t i  ng  than  under  quan t i  t y - se t t ' i ng

when  cos ts  a re  concave  ( convex )  i n  ou tpu t .  Accoun t ing  fo r  bo th  revenues

and  cos t s ,  p r i ce - se t t i ng  unamb iguous l y  p rov ides  l a rge r  expec ted  p ro f i t s  i f

demand  i s  concave  i n  p r i ce  and  cos ts  a re  concave  i n  ou tpu t .  I f  bo th  the

demand  and  cos t  f unc t i ons  a re  convex  j n  the j r  angumen ts ,  max ima l  expec ted

p ro f i t s  w i l l  be  l a rge r  unde r  quan t i t y - se t t i ng .  Compar i sons  i n  o the r  cases

invo l ve  t he  re l a t i ve  deg rees  o f  cu r va tu re  i n  t he  two  f unc t i ons .

3 .  A  s imp le  mu l t i - pnoduc t  mode l

I f  ca r te l  members  p roduce  d i f f e ren t  p roduc ts ,  t he  i n te rna l  d i s t r i bu t i on

o f  agg rega te  p ro f i t s  may  be  more  sens j t i ve  to  f l uc tua t i ons  i n  demand  under

some con t ro l  s t ra teg ies  than  o the rs .  I f  so ,  a  con t ro l  s t ra tegy  shou ld  be

eva lua ted  no t  on l y  on  the  bas i s  o f  i t s  expec ted  agg rega te  p ro f i t s ,  bu t  a l so

on  j t s  ab i l i t y  t o  r educe  t he  va r i ab j l i t y  i n  t he  i n te rna l  d i s t r i bu t i on  o f

p ro f  j  t s .
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0u r  ana l ys i s  o f  t h i s  j s sue  w i l 1  be  spec ia l i zed  i n  t h /o  r espec t s .  F i r s t ,

t he  s t ruc tu re  o f  demand  i s  f ash ioned  a f te r  t he  wor id  o i I  marke t ,  V r l h i l e

some  gene ra l i t y  ' i  s  j nev i t ab l y  1os t ,  we  a re  ab le  t o  mo re  spec i f i ca l l y

i den t i f y  t hose  con t ro l  s t r a teg ies  t ha t  wou ld  be  re l a t i ve l y  success fu l  i n

i nsu la t i ng  0PEC f rom l a rge  sw ings  i n  i t s  j n t e rna ' l  d j s t r i bu t i on  o f  p ro f i t s .

Second ,  an  a lgeb ra i c  s t ruc tu re  i s  imposed  on  the  mode l  t o  ensu re  tha t

expec ted  agg rega te  p ro f i t s  a re  i nva r ian t  t o  t he  con t ro l  s t ra tegy  se lec ted ,

Th i s  a l l ows  us  t o  abs t rac t  f r om po in t s  a l r eady  cove red  i n  SecL ion  2 ,  and  i t

r esu l t s  i n  s imp le  exp ress ions  f o r  h i ghe r -o rde r  momen ts  o f  t he  re l evan t

p ro f i  t  d i s t r i bu t i ons .

An  o i1 -p roduc ing  ca r te l  i s  assumed  to  cons i s t  o f  t v /o  g roups - -one

endowed  w i th  heavy  c rude  and  ano the r  endowed  w i th  l i gh t  . rud " .9 /  Because

o f  t he  sho r t  t ime  ho r i zon  imp l i c i l  t h roughou t  t he  paper  (a  hon izon  equa l  t o

the  t ime  be t ! , / een  ca r t e l  nego t i a t i ons ) ,  we  i gno re  a l l  comp l i ca t i ons  a r i s i ng

f rom resou rce  exhaus t i on  and  the  f i n i t eness  o f  rese rves .  The  mode l  i s  once

aga in  a  s i ng le -pe r i od  mode l .  We  sha l l  a l so  assume  tha t  t he re  a re  no

ex te rna l  sou rces  o f  o i l  . ! /  The  marke t  demands  fon  heavy  and  l i gh t  c rude

are  then  the  same as  those  faced  by  the  ca r te l  .

C rude  o i l  demands  a re  de r i ved  f rom a  demand  func t i on  fo r  f i na l  p roduc ts

and  f rom rep resen ta t i ons  o f  re f i ne ry  cos ts .  The  demand  fo r  f i na l  p roduc ts

i s  t aken  to  be

(4 ) Q=c-bP .
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The  te rm o  i s  a  random va r iab ' l e ,  and  i t  i s  t he  on l y  sou rce  o f  randomness  i n

the  mode l .  L i nea r i t y  i s  assumed  i n  ( 4 )  i n  o rde r  t o  e l jm ina te  t he  e f f ec t  o f

s t ra tegy  cho jce  on  expec ted  agg rega te  p ro f i t s .

0u r  desc r ip t i on  o f  re f i ne ry  cos ts  i s  i n tended  to  cap tu re  two

cha l ' ac te r i  s t i c s  o f  r e f i n ' i  ng  t echno logy .  F j ns t ,  heavy  c rude  i s  mo re

d i f f i cu l t  t han  l i gh t  c rude  t o  r e f i ne  j n to  f i na l  p roduc t s .  Second ,  wh i l e

re f j ne r ies  des igned  fo r  p rocess ing  heavy  c rudes  can  a l so  accommoda te  l i gh t

c rudes ,  l i gh t  r e f j ne r i es  a re  i ncapab le  o f  p rocess ing  heavy  c rudes .

Re f ine ry  capac i t y  i s  t hen  more  qu i ck l y  app roached  fo r  heavy  c rudes  than  fo r
' l  

i gh t  c rudes .  To  mode l  t hese  cha rac te r i s t i cs  i n  as  s imp le  te rms  as

poss ib l e ,  suppose  t ha t  each  un i t  o f  f i na l  p roduc t  can  be  re f i ned  f r om

e i  t he r  one  un i  t  o f  heavy  c rude  o l -  one  un i  t  o f  1  i  gh t  c rude .  We w i  I  I

abs t rac t  f rom any  poss ib l  e  I  osses  o f  ma te r i  a l  t h rough  p rocess i  ng .  A l  so

suppose  t ha t  t he  cos t s  o f  r e f i n i ng  c rude  o i l  i n t o  f i na l  p roduc t s  can  be

represented by

(s)

( 6 )

l ^  = D  I- L  ' L '

C ,  =  P rH  +  26g2

where  P , -  and  P ,  deno te  the  p r i ces ,  and  L  and  H  the  quan t i t i es ,  o f  l i gh t  and

heavy  c rude ,  r espec t i ve l y .  Thus ,  f o r  equa l  p r i ces  o f  heavy  and  I i gh t ,  t he

marg ina l  (and  ave rage)  cos t  o f  p rocess ing  heavy  c rude  exceeds  the  marg ina l

( avenage )  cos t  o f  p rocess ing  1 i gh t .  The  d i f f e rence  i n  cos t s  r i ses  w i t h  t he

amoun t  o f  heavy  re f i ned ,  as  heavy  re f i ne r ies  app roach  capac i t y .
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0 i1  re f i n ing  i s  assumed  to  be  compe t i t j ve .  The  marke t  demands  fo r

heavy  and  l i gh t  c rude  a re  de r i ved  by  f i r s t  us i ng  (5 )  and  (6 )  t o  ob ta i n

re f i ne ry  demands ,  and  then  us ing  (4 )  t o  i n teg ra te  the  marke t  f o r  f i na l

p roduc ts .  The  resu l t i ng  demand  func t j ons  a re  g i ven  by

(7 ) H = (Pr-P*) /c

L=a-bPr- (Pr -Pr ) /c .( 8 )

Heavy  and  l i gh t  c rude  a re  subs t i t u tes ,  o f  cou rse .  A l so  noLe  tha t  t he

randomness  fnom the  demand  fo r  f i na l  p roduc ts  appears  on l y  i n  t he  demand

fo r  l i gh t  c rude . : '

i t  i s  we l l  known  tha t  op t ima l  dep le t i on  i s  sequen t i a l  ,  w j t h  t he  be t t e r

qua l i t y  depos i t s  m ined  f i r s t . 9 /  Th i ,  r esu ' l t  i s  a l so  a  p rope r t y  o f  ou r

mode l  .  An  uncons t . ra ined  max im iza t i on  o f  expec ted  agg rega te  p ro f i t s

requ i res  tha t  heavy  c rude  be  en t i re l y  w i thhe ld  f rom the  marke t .  S ide

paymen ts  shou ld  be  made  to  p rov ide  heavy  p roduce rs  w j th  i ncen t i ves  to

rema in  i nac t i ve .  Such  a r rangemen ts  a re  no t  p rac t i ced ,  o f  cou rse ,  ne i t he r

in  OPEC no l i  n  o the r  ca r te l s .  Thus ,  t o  ensu re  tha t  some heavy  p roduc t i on

j s  unde r taken ,  wh i l e  a t  t he  same  t ime  avo id i ng  t he  ques t i on  o f  how  the

sha r i ng  ag reemen ts  a re  made ,  we  assume  tha t  t he  se lec t i on  o f  con t ro l

va r i  ab l  es  i  s  cons t ra  i ned  bv

r r o \ E(H)  =  eE(L) .
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Eq .  (9 )  requ i res  tha t  expec ted  ou tpu ts

one  ano the r .  Th rough  a  su i t ab le

ach ieve  any  des i red  ra t i o  o f  expec ted

As  a  f i na l  s imp l i f i ca t i on ,  we  sha l
7 /

p roduc t i on . l '  The  dec i  s i on -p rob lem o f

I  i e  i  n  a  p rede te rm i  ned  p ropo r t i on

cho i ce  o f  0 ,  i t  i s  a l so  poss ib l e

p ro f i  t s .

I  assume tha t  t he re  a re  no  cos ts

the  ca r te l  can  then  be  wr i t t en  as

to

to

o f

(  10 ) Max E(n )  =  E (P*H +  P ' -L )

s.  t .  (  7 ) - (  e ) .

Under  a  p r j ce - se t t i ng  s t r a tegy ,  t he  p r i ces  o f  l i gh t

chosen  lo  max im ize  expec ted  agg rega te  p ro f i t s .  0u tpu ts

demands  a re  rea l  i zed  so  as  to  suppor t  t hese

quan t i t y - se t t i ng  s t r a tegy ,  i t  i s  Lhe  quan t i t i e s  o f  l i qh t

de te rm ined  ex  an te ,  w i t h  p r i ces  a l  l owed  t o  ad jusL

and heavy crude are

a re  ad jus ted  when

n r i n o <  l l n d c v '  ,

and  heavy  tha t  a re

to  ac tua l  marke t

c  ono t  t t  0n  s .

Ana l y t i c  so lu t i ons  f o r  t he  con t ro l  va r i ab les  a re  p rov ided  ' i n  Tab le  1 .

Because  o f  t he  s imp le  a l geb ra i c  s t r uc tu re  used  i n  ( 10 ) ,  t he  op t ima l

expec ted  va l  ues  o f  t hese  va r i  ab l  es  a re  i  ndependen t  o f  t he  pa r t i  cu l  a r

s t ra tegy  emp loyed .  Fo r  examp le ,  t he  op t ima l  p r i ce  o f  l i gh t  c rude  under  a

p r j ce -se t t i ng  s t ra tegy  i s  Lhe  same as  the  expec ted  p r i ce  o f  l i gh t  under  the

op t ima l  quan t i t y - se t t i ng  s t ra tegy .  Th i s  imp l i es  tha t  max imum expec ted

p ro f i t s  a re  the  same rega rd less  o f  t he  s t ra tegy  used .  The  s t ra teg ies

d i f f e r ,  howeve r ,  i n  h i ghe r -o rde r  momen ts  o f  members r  p ro f i t  d i s t r i bu t i ons .

I t  i s  t o  t hese  compar i sons  tha t  we  now tu rn .
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4 .  Compar i sons  j nvo l v i ng  va r i a t i on  i n  t he  i n te rna l  d i s t r i bu t i on  o f  p ro f i t s

I ssues  o f  s tab i l i t y  i n  ca r te l  t heo ry  a re  genera l l y  o f  a  l ong - te rm

na tu re ,  v r j t h  emphas is  on  equ i tab le  a r rangemen ts  fo r  reduc ing  ou tpu t  and

e f f ec t i ve  means  o f  en fo r c i ng  p r i ce  ag reemen ts .  Fo r  0PEC i n  pa r t i cu l a r ,

s t ab i l i t y  i s  o f t en  j udged  by  t he  w i l l i ngness  o f  na t i ons  w i t h  t he  l a rges t

rese rves  and  l owes t  immed ia te  revenue  needs  to  make  the  bu l  k  o f  t he

p roduc t i on  cu ts  tha t  a re  necessa ry  i f  monopo ly  power  i s  t o  be  exe rc i  sed ,9 /

In  con t ras t ,  t he  concep t  o f  s tab i l  i t y  exp lo red  he re  dea ls  w i th  the  ex ten t

to  wh jch  f l uc tua t i ons  i n  demand  a re  abso rbed  even ly  by  ca r te l  members .  The

more  equ i tab le  the  a r rangemen ts  fo r  sha r ing  r i sk ,  t he  more  s tab le  the

cartel  -

The  bas i c  d i f f e rences  be tween  p r i ce -se t t j ng  and  quan t i t y - se t t i ng  can  be

seen  in  F igu re  1 .  The  l i ne  l abe l l ed  
-D-0  

rep resen ts  the  mean  demand  fo r

f i na l  p roduc ts .  The  op t ima l  expec ted  p r i ce  o f  f i na l  p roduc ts  j s  assumed  to

be  P l ,  wh ich  i s  l he  same as  the  expec ted  p r i ce  o f  l i gh t  c rude  g i ven  the

s imp le  way  i n  wh i ch  we  have  desc r i bed  t he  l i gh t  o i l  r e f i ne ry  p rocess .  The

expec ted  quan t i t y  o f  f i na l  p roduc ts  i s  (H*+L* ) ,  t he  sum o f  t he  mean

quan t i t i es  o f  heavy  and  l  i gh t  c rude .  The  b reakdown  be tween  expec ted

quan t i t i es  i s  de te rn jned  by  the  pa ramete r  0 .  The  op t ima l  expec ted  p r j ce  o f

heavy  c r  ude  equa les  the  marg ina l  cos t  o f  heavy  re f i n ing  w i th  the  marg ina l

cos t  o f  l i gh t  ne f i n i ng .  Th i s  r equ i res  t ha t  t he  expec ted  p r i ce  o f  heavy  be

Pi.

F igu re  1  can  now be  used  to  show the  e f fec ts  o f  a  dev ia t i on  i n  t he

demand  fo r  f i na l  p roduc ts .  Suppose  tha t  Lhe  ac tua l  demand  fo r  f i na l

p roduc ts  i  s  D 'Dr  na the r  t han  DD.  Under  a  p r i  ce -se t t j  ng  s t ra tegy ,  t he



pr i ces  o f  l i gh t  and  heavy  rema in  f i xed  a t  e i  ana  e f f .  l l a rg ina1  cos ts  mus t

be  equa l i zed  f o r  r e f i ne rs  t o  be  i n  equ i l i b r i um .  Th i s  imp l i es  t ha t  t he

quan t i t y  o f  heavy  ac tua l l y  so ld  mus t  be  H* ,  t he  same  as  i t s  expec ted  va lue .

The  quan t i t y  o f  l  i gh t  so1d ,  howeve r ,  w i l l  be  (Q ' -H* ) .  A l l  o f  t he

unan t i c j pa ted  j nc rease  i n  f i na l  demand  i s  p roduced  w i t h  l i gh t  c rude .  Th j s

occu rs  because  o f  ou r  assump t i on  t ha t  
' l  

i qh t  r e f i n i ng  i s  a  cons tan t  cos t

ope ra t i on ,  wh i ' l e  heavy  re f i n i ng  i s  sub jec t  t o  i nc reas ing  cos t s .  A  s im i l a r ,

t hough  l ess  ex t reme ,  r esu l t  wou ld  emerge  i f  a l  l  r e f i n i ng  exh ib i t ed

inc reas ing  cos ts ,  bu t  capac i t y  cons t ra in t s  \ {e re  more  rap id l y  app roached  fo r

heavy  c rude  than  fo r  l i gh t  c rude .

0n  the  o the r  hand ,  suppose  tha t  t he  ca r te l  had  adop ted  a  s t ra tegy  o f

quan t i t y - se t t ' i ng .  The  quan t i t i e s  o f  heavy  and  l  i gh t  wou ld  be  i nva r i an t  t o

dev ia t i ons  i n  f i na l  demand .  Howeve r ,  w i t h  ac tua l  demand  a t  D 'D ' ,  t he  p r i ce

o f  f i na l  p roduc t s ,  and  hence  t he  p r i ce  o f  i i gh t  c rude ,  wou ld  equa l  P ' .  And

s ince  the  quan t i t y  o f  heavy  c rude  j s  f i xed  a t  H* ,  t he re  cou ld  be  no

va r i a t i on  i n  t he  pn i ce  d i f f e ren t i a l  .  Thus  t he  p r i ce  o f  heavy  wou ld  a l so

dev i  a te  f rom i  t s  mean  by  the  amoun t  (  P ' -P l )  .  W i  t h  a  quan t i  t y - se t t i  ng

s t ra tegy ,  unan t ' i c i pa ted  changes  j n  demand  have  the  same qua l i t a t i ve  impac t

on  t he  p ro f i t s  o f  a l l  ca r t e l  members .

To  more  fonma l  l y  compare  the  two  s t ra teg ies ,  Tab le  2  p rov ides

exp ress ions  fo r  t he  second-o rde r  momen ts  o f  t he  i nd i v jdua l  and  agg rega te

p ro f i t  d i s t r i bu t i ons .  0u r  pa r t i cu l a r  j n t e res t  j s  i n  t he  evenness  w ' i t h

wh ich  random f l uc tua t i ons  i n  demand  a f fec t  member ' s  o ro f i t s .  The re  a re  a t

l eas t  t r , / o  ways  o f  app roach ing  th i s  ques t i on .  One  cou ld  s imp ly  compare  the

cova r iances  o f  t he  p ro f i t s  o f  t he  t "o  g "o rp r .9 /  Acco rd ing  to  th i s  measure ,
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quan t i t y - se t t i ng  \ rou ld  c lea r l y  be  p re fe r red  to  p r i ce -se t t i n9 .  When

quan t i t i e s  a re  f i xed ,  p r i ces  and  hence  p ro f i t s  co r re l a te  pos i t i ve l y .  Unde r

p r i ce -se t t j ng ,  t he  p ro f i t s  o f  heavy  p roduce rs  a re  non random,  wh ' i  l e  t he

p ro f j t s  o f  l  i gh t  p roduce rs  r j  se  o r  f a l  l  w i th  demand .

A l te rna t i ve l y ,  t he  s tab i l i t y  o f  each  s t ra tegy  m igh t  be  measured  by  the

va r iances  o f  members '  sha res  o f  agg rega te  p ro f i t s .  S ince  the re  a re  on l y

lwo  g roups  i n  the  mode l  ,  t h i s  wou ld  be  eq r i va len t  t o  s imp ly  compar ing  the

va r i ances  o f  t he  ra t i o  o f  g roup  p ro f i t s ,  Va r (n , / n r ) .  The  va r i ance  o f  a

ra t i  o  o f  random va r i  ab l  es  w i  I  I  t end  l o  be  sma l  I  e r  t he  sma ' l  I  e r  a re  the

jnd j v idua l  va r i ances  and  the  g red te r  i s  t he  cova r iance  be tween  the

va r iab . l es .  As  can  be  seen  f rom Tab le  2 ,  t he  quan t i t y - se t t i ng  s t ra tegy

o f fe rs  a  sma l l e r  van iance  i n  n ,  and  a  g rea te r  cova r iance .  Each  tends  to

reduce  t he  va r i ance  o f  r , / t , , .  Howeve r .  t he  va r i ance  o f  n , ,  i s  c l ea r l . y  l owe r
L T J H

under  p f i ce -se t t i ng ,  s ince  the  p ro f i t s  o f  heavy  p roduce rs  a re  i ndependen t

o f  r andom f l uc tua t i ons  i n  demand .  Th i s  e f f ec t  can  dom ina te  i f  t he  exoec ted

p ro f i t s  o f  t he  heavy -p roduc ing  g roup  a re  su f f i c i en t l y  sma11 .  Thus  i t  i s

no t  gene ra l l y  poss ib i e  t o  r ank  t he  va r i ances  o f  n r , / n r .

Some th ing  conc lus i ve  can  be  sa id ,  howeve r ,  i f  t he  ouLpu t - sha r i ng

paramete r  0  i s  se lec ted  so  as  to  equa te  the  expec ted  p ro f i t s  o f  t he  two

g roups .  I n  t h i s  case ,  t he  va r i ance  o f  n , / nu  can  be  app rox ima t "d  by lQ /

(11 ) Var(n,_, /ng) (nr ) -2{  var (  n ;  -  4Cov(nr ,nr ) }

l l h i ch  s t ra tegy  y ie lds

a  sma  l  l e r  va r i ance

a  sma l  I  e r  va r i  ance

o f  n , , / n r ,  dePends

o f  p ro f i  t  sha res ,  o r  equ i  va l  en t l y

on l y  upon  the  va l i ance  o f  agg  rega te
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pro f j t s  and  the  cova r iance  o f  g roup  p ro f i t s .  The  quan t j t y - se tL ing  s t ra tegy

p rov ides  a  sma l l e r  va r i ance  o f  agg rega te  p ro f i t s .  The re fo re ,  i t  o f f e r s  a

sma l le r  va r j ance  o f  p ro f i t  sha res .  Th j s  can  be  demons t ra ted  w i th  the

fo rmu las  ' i n  Tab le  2 .  0 r  re tu rn  to  F igu re  l  and  cons jde r  t he  e f fec ts  o f  a

dev ia t i on  i n  demand  on  agg rega te  p ro f i t s .  Unde r  p r i ce - se t t j ng ,  p ro f j t s

i nc rease  by  the  a rea  "abcd" .  Under  quan t i t y - se t t i ng ,  p ro f i t s  i nc rease  by

the  a rea  "ae fg " .  A  rank ing  o f  t he  two  a reas  depends  upon  the  e las t i c i t y  o f

demand  f o r  f i na l  p roduc t s .  I t  j s  easy  t o  show  tha t ,  i n  a  ne ighbo rhood  o f

t he  mean  equ i l i b r i um ,  t he  e l as t i c j t y  o f  f i na l  demand  i s  g rea te r  t han  one .

Thus ,  t he  dev ia t i on  i n  f i na l  demand  p roduces  a  g rea te r  d j s tu rbance  i n

aggrega te  p ro f i t s  under  p r i ce -se t t i ng  than  under  quan t i t y - se t t i ng ,

I n  summary ,  con t ro l  s t r a teg ies  can  d i f f e r  i n  t he  evenness  w i t h  wh j ch

f l uc tua t i ons  i n  demand  a f f ec t  members r  p ro f i t s .  I n  ou r  mode l  o f  an

o i1 -p roduc ing  ca r l e l  ,  a  g rea te r  covan iance  o f  g roup  p ro f i t s  j s  ach jeved

when  quan t i t i es  ane  f i xed  than  when  p r i ces  a re  f i xed .  Wh ich  o f  t he  two

s t ra teg ies  y i e l ds  a  sma l  l e r  va r i ance  o f  p ro f i t  sha res  depends  upon

agreemen ts  conce rn j  ng  the  i  n te rna l  d i  s t r i bu t i on  o f  expec ted  agg rega te

p ro f i t s .  However ,  i f  t he  expec ted  p ro f i t s  o f  p roduce r  g roups  a re  no t

w ide l y  d i spa ra te ,  a  quan t i t y - se t t i ng  s t r a tegy  a l so  y i e l ds  a  sma l l e r

va r i  ance  o f  p ro f i t  sha res .

5 .  l v l  i xed  s t ra teg ies

A  m ixed  s t ra tegy  i s  one  whose  con t ro l  vec to r  con ta ins  bo th  a  p r i ce  and

a  quan t j t y .  The re  a re  fou r  m jxed  s t raLeg ies  i n  ou r  two -pnoduc t  mode l .  Bu t

because  the re  i s  no  randomness  i n  the  demand  fo r  heavy  c rude ,  two  o f  t hese
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are  redundan t .  Bo th  s t ra teg ies  tha t  i nvo l ve  f i x i ng  the  quanL i t y  o f  heavy

c rude  a re  equ jva len t  t o  a  pu re  p r i ce -se t t i ng  s t ra tegy .  The  s t ra tegy

invo l v i ng  t he  p r i ce  and  quan t j t y  o f  l i gh t  c rude  i s  a l so  un in te res t i ng  s i nce

a l  I  o f  t he  randomness  i  n  f i  na l  demand  wou l  d  be  bo rne  by  the  heavy

p roduce rs .  Our  ana lys i s  w i l l  t hen  be  con f i ned  to  the  m ixed  s t ra tegy  whose

con t ro l  va r i ab les  a re  t he  p r i ce  o f  heavy  and  t he  quan t i t y  o f  1 i gh t .

The  va lues  o f  P*  and  L  tha t  max im ize  expec ted  agg rega te  p ro f i t s  a re  the

same as  those  i n  Tab le  1 .  Max ima l  expec ted  p ro f i t s  under  th i s  s t ra tegy  a re

then  i den t i ca l  t o  t hose  under  the  pu re  p r i ce  and  quan t j t y  s t ra teg ies .  The

h ighe r -o rde r  momen ts  o f  t he  p ro f i t  d i s t r i bu t i ons  a re  d ' i f  f e ren t ,  howeve r .

Our  i n te res t  i s  i n  t he  s tab i l i t y  p rope r t i es  o f  t he  s t ra tegy ,  as  measured  by

the  cova r iance  o f  g roup  p ro f i t s  and  the  va r iance  o f  p ro f i t  sha res .

Under  the  m ixed  s t ra tegy ,  t he  p ro f i t s  o f  t he  two  p roduc ing  g roups  w i11

exh ib i t  pos i t i ve  cova r i ance .  Th i s  i s  c l ea r  f r om eqs .  ( 7 ) - ( 8 ) .  W i t h  t he

p r i ce  o f  heavy  and  t he  quan t i t y  o f  l i gh t  f i xed ,  a  pos i t i ve  dev ja t i on  i n

f i na l  demand  ra i ses  t he  p r i ce  o f  1 i gh t .  Th i s ,  i n  t u rn r  i nc reases  t he

quan t i t y  o f  heavy .  The  revenues  o f  bo th  g roups  r i se .  As  measured  by  the

cova r i ance  o f  g roup  p ro f i t s ,  sho r t - t e rm  s tab i I  i t y  i  s  mo re  e f f ec t i ve l y

p romoted  by  bo th  the  m ixed  s t ra tegy  and  the  pu re  quan t i t y - se t t i ng  s t ra tegy

than  by  the  pu re  p r i ce -se t t i ng  s t ra tegy .

A  rank ing  o f  t he  cova r i ances  o f  t he  m ixed  and  quan t i t y  s t r a teg ies  j s

l ess  s t ra iqh t fo rwand .  The  fo rma l  cond i t i on  can  be  de r i ved  f rom Tab le  2  as
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Cov ( r r , n ,  ) l r * , *  >  Cov (nu , r ,  )  p *  1 *  i f f .'  n  L '  n  ! L

0(  1+0 )  +  bc {  o2 -  1+2obc  } 0.

VJh jch  o f  t he  s t ra teg ies  y ie lds  a  g rea te r  cova r iance  depends ,  among  o the r

th ings ,  upon  the  ou tpu t - sha r jng  pa ramete r  0 .  I f  heavy  p roduce rs  nece jve  a t

l eas t  one -ha l f  o f  expec ted  ou tpu t  ( 8  >  1 ) ,  t hen  t he  cova r i ance  unde r

quan t j t y - se t t i ng  w i l l  exceed  the  cova r iance  under  the  m ixed  s t ra tegy .  The

rank ing  i s  r eve rsed ,  howeve r ,  f o r  su f f i c i en t l y  sma l l  va l ues  o f  0 .

In  o rde r  t o  compare  s t ra teg ies  j n  t e rms  o f  t he i r  imp l i ed  va r iances  o f

p ro f i t  sha res ,  v {e  mus t  once  aga in  res t r j c t  ou rse l ves  to  cases  where  the

expec ted  p ro f i t s  o f  t he  ca r te l  a re  equa l l y  d i s t r i bu ted  be tween  p roduce r

g roups .  As  may  be  reca l l ed  f r om eq . (11 ) ,  t he  compan i sons  t hen  i nvo l ve  on l y

the  va r iances  o f  agg rega te  p ro f i t s  and  the  cova r iances  o f  g roup  p ro f i t s .

I t  i s  easy  t o  show  f r om Tab le  2  t ha t  t he  va r i ance  o f  agg rega te  p ro f j t s  i s

sma l l e r  under  the  m ixed  s t ra tegy  than  under  the  pu re  quan t i t y  s t ra tegy .

Th i  s  g  i ves  us  t he  f o l  l ow i  ng  rank i  ng :

(  13 ) Var (n )

By  p rov id ing  bo th  a  g rea te r  cova r jance  be tween  members '  p ro f i t s  and  a

sma l l e r  va r i ance  i n  agg rega te  p ro f i t s ,  each  o f  t he  m ixed  and  quan t i t y

s t r a teg jes  y i e l ds  a  va r i ance  o f  p ro f i t  sha res  t ha t  i s  sma l l e r  t han  Lhe

va r i ance  o f  sha res  imp l i c i t  i n  a  pu re  p r i ce  s t r a tegy .

P,1
n



A nank . i ng  o f  t he  va r i  ances

quan t ' i t y  s t r a teg ies  j s  l ess  c l ea r .

va r i  ance  o f  agg rega te  p ro f i t s .

assumed  i n  t he  de r i va t i on  o f  eq . (11 )

g rea te r  cova r iance  o f  g roup  p ro f i t s .

t o

o f  p ro f i t  sha res  be tween  the  m jxed  and

The  m ixed  s t ra tegy  o f fe rs  a  sma l  l e r

Bu t  when  I  i s  g rea te r  t han  one ,  as  i s

,  t he  quan t i t y  s t ra tegy  p rov ides  a

6 .  0PEC '  s  recen t  expe r j  ence  w i th  p r i  ce  con t ro l  s

S ince  l he  o i l  embargo  o f  1973-74 ,  0PEC 's  ope ra t i ng  s t ra tegy  has  been

genena ' l  1y  one  o f  pegg ing  p r i ces  fo r  d i f f e ren t  t ypes  o f  c rude  and  suppor t j ng

these  p r i ces  vJ i t h  the  necessa ry  ad jus tmen ts  i n  pnoduc t i on .  l l os t  o f  j t s  o  j ' l

has  been  pu rchased  on  l ong - te rm  con t rac t s  a t  o f f i c i a l  p r i ces .  D i f f e rences

in  g rades  o f  o i l  and  d i s tances  to  marke ts  have  been  accoun ted  fo r  by  a

schedu le  o f  o f f  i c ' i a l  p r i ce  d i f f e ren t i a l s  wh j ch  a re  ad jus ted  pe r i od i ca l1y  i n

response  to  fundamen ta l  changes  i n  marke t  cond i t j ons .  Up  un t i  1  7982 ,

OPEC 's  expe r i ence  w i t h  p r j ce  con t ro l  s  was  a  t r anqu i l  one .  The  pe r i od  was

charac te r i zed  by  i nc reas ing  demand  and ,  a l t hough  the  ex t ra  revenues  o f  t he

ca r te l  we re  no t  a lways  sha red  even ly ,  no  member  su f fe red  a  dec l i ne  i n

revenues  tha t  was  no t  a  consequence  o f  reduced  p roduc t i ve  capac i t y .  The re

was  I  i  t t l  e  con f l  i  c t  w j  t h i  n  t he  o rgan i  za t i  on  .

The  des tab i l i z i ng  fea tu re  o f  a  p r i ce -se t t i ng  s tna tegy  became ev iden t

a f t e r  t he  ma jo r  p r i ce  i nc reases  o f  1979 -1980 .  These  p r i ce  i nc reases

resu l ted  j n  an  unexpec ted l y  s t rong  reduc t i on  i n  t he  demand  fo r  0PEC o i1 ,  as

ex te rna l  sou rces  o f  o i l  we re  deve loped  and  as  the  wor ld  began  to  subs t j t u te

away  f nom o i l  and  and  o j l - r e l a ted  p roduc t s .  Subs tan t i a l  cu t s  j n  p roduc t i on

were  necessa ry  i f  p r i ces  we re  t o  r ema i  n  a t  o f f i c i a l  l e ve l s .  Mo reove r ,  w i t h



r i g i d  p r i ce  d i f f e ren t i a l s ,  t he  requ i red  p roduc t i on  cu t s  we re  uneven l y

d i s t r i bu ted  ac ross  p roduc ing  g roups .  Th i s  was  pa r t i cu i a r l y  ev i den t  du r i ng

the  pe r iod  immed ia te l y  p receed ing  the  p r i ce  reduc t i ons  i n  March  1983 .  As

shown  i n  Tab le  3 ,  p roduce rs  o f  l  i gh te r  o i l s  ( t hose  w i t h  a  we igh t  g rea te r

t han  31  deg rees  AP I )  made  s j gn i f j can t  cu t s  i n  t he i r  p roduc t i on  f r om June

7982  to  Feb rua ry  1983 .  The  on l y  excep t j ons  were  I ran  and  l raq ,  whose

behav io r  was  d i s to r ted  by  the  war .  P roduce rs  o f  heavy  cnudes ,  on  the  o the r

hand ,  ac tua l  l y  r a i sed  t he i r  p roduc t i on  l eve l s  du r i ng  t he  pe r i od .

These  changes  i n  l he  d j s t r i bu t j on  o f  r evenues ,  bo th  w i t h i n  and  ou t s i de

o f  0PEC,  pu t  des tab i ' l  i z i ng  p ressu re  on  t he  ca r t e l .  I n  r esponse  t o  s ' l  ump ing

sa les ,  t he  U .K . ,  a  l i gh t  o i 1  p roduce r ,  un i l a t e ra l l y  r educed  i t s  o f f i c i a l
' t 1 /

p r i ces . - : '  N ige r i a ,  a  d i r ec t  compe t i t o r  w i t h  t he  U .K . ,  f o l l owed  w i t h  p r i ce

cu ts  o f  i t s  own .  These  ac t i ons  resu l ted  i n  an  emergency  ag reemen t  t o  cu t

the  marke r  p r i  ce  (A rab  L igh t )  by  gS /ba r re l  and  to  rea l  i  gn  the  p r i  ce

d i  f f e ren t i  a l  s .  The  ag reemen t  h ,as  reached  a f te r  t h rea ts  o f  a  comp i  e te

co1  l  apse  o f  t he  o rgan i  za t i  on  .

More  recen t l y ,  OPEC has  begun  to  move  toward  g rea te r  use  o f  quan t i t y

con t ro l s .  The re  i s  an  i nc reas ing  accep tance  o f  sa les  on  t he  spo t  ma rke t  by

members .  Be fo re  1982 ,  nea r l y  a1  l  o f  t he  o  i I  so l  d  was  th rough  l  ong - te rm

con t rac t s  a t  o f f i c i a l  p r i ces .  A t  t he  p resen t  t ime ,  howeve r ,  nea r l y  ha l f  i s

so ld  on  a  spo t  ma rke t  bas i s ,  mak ing  t he  o f f i c i a l  p r i ce  s t r uc tu re

i  nc reas i  ng l y  i r re l  evan t .  The  o rgan i  za t j  on  has  a l  so  h i  red  an  accoun t i  ng

f i rm  t o  p rov ide  a  de ta i l ed  mon j t o r i ng  o f  p roduc t i on  t o  make  i n fo rma t i on  on

chea t i ng  by  i nd i v i dua l  members  more  read j l y  ava i l ab le .  A l t hough  t he

accoun t i ng  f i rm  i s  even tua l l y  t o  mon i t o r  p r i ces ,  i t s  cu r ren t  emphas i s  j s  on

o roduc t i on .
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7. Conc l  us i ons

In  o rde r  t o  reduce  the  cos ts  o f  i n te rna l  nego t j a t j ons ,  a  ca r te l  may

choose  t o  f i x  e j t he r  j t s  p r i ces  o r  quan t i t i e s  t h rough  pe r i ods  o f  chang ing

demand .  Th i s  pape r  has  exp lo red  t , he  ways  i n  wh i ch  t he  d i s t r i bu t i ons  o f

members r  p ro f i t s  a re  a f fec ted  by  the  cho ice  be tween  va r iab les  tha t  a re  to

be  p rede te rm i  ned  and  va r i  ab l  es  tha t  a re  to  ad jus t  t o  ac tua l  marke t

cond i  t i  ons .  We have  spec i  f i  ca l  l y  f ocused  on  the  e f fec t  o f  Lhe  s t ra tegy

cho ice  on  the  expec ted  agg rega te  p ro f i t s  o f  t he  ca r te l  and  the  va r ia t i on  i n

i t s  j n te rna l  d j s tn ibu t i on  o f  p ro f i t s ,  as  measured  by  the  cova r iance  o f

members '  p ro f i t s  and  t he  va r i ance  o f  p ro f i t  sha res .

D i  f f e rences  i  n  max i  mum expec ted  o ro f i  t s  can  a r i  se  i  f  t he re  a re

non l  i nea r i t i e s  i n  e i t he r  ma rke t  demand  o r  i n  t he  cos t  f unc t i on  o f  t he

ca r te l  .  A  s t ra tegy  o f  se t , t i ng  p r i ces  w i l l  p roduce  l a rge r  expec ted  p ro f i t s

j f  demand  i s  concave  i n  p r i ce  and  cos ts  a re  concave  i n  ou tpu t .  l r l hen  demand

and  cos ts  a re  convex  i n  the i r  a rgumen ts ,  however ,  l a rge r  expec ted  p ro f i t s

can  be  ob ta i ned  by  se t t i ng  quan t i t i e s .

I f  ca r te l  members  p roduce  d i f f e ren t  p roduc ts ,  con t ro l  s t ra teg ies  may

a l so  d i f f e r  i n  t he  evenness  w i t h  wh i ch  f l uc tua t i ons  ' i n  demand  a f f ec t

members '  p ro f i t s .  Th i s  wou ld  be  pa r l i cu l a r l y  t nue  f o r  0PEC,  s i nce  members

a re  endowed  w iLh  d i f f e ren t  p ropo r t j ons  o f  heavy  and  l  i gh t  c rude .  I n  a

s imp le  mode l  des igned  to  capLure  the  sa l  i en t  aspec l s  o f  t he  wor ld  o i  I

marke t ,  quan t i t y - se t t i ng  was  shown  Lo  y ie ld  a  l a rge r  cova r iance  o f  members l

p ro f i t s  t han  p r i ce - se t t i ng .  Wh ich  o f  t he  two  s t r a teg ies  p rov ides  a  sma l l e r

va r iance  o f  p ro f i t  sha res  depends  upon  ag reemen ts  conce rn ing  the

d is tn ibu t i on  o f  expec ted  agg rega te  p ro f i t s  be tv reen  members .  However ,  j f
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the  expec ted  p ro f i t s  o f  p roduce r  g roups  a re  no t  w ide l y  d i  spa ra te ,  t he

quan t i t y - se t t j ng  s t ra tegy  a l  so  y ie lds  a  sma l  l e r  va r i ance  o f  p ro f i t  sha res .

As  demons l ra ted  by  the  even ts  l ead ing  up  to  the  March  1983  p r i ce  cu t ,

OPEC 's  cho i ce  o f  a  p r i ce - se t t i ng  s t r a tegy  resu l t ed  i n  l i gh t  o i 1  p roduce rs

hav ing  to  bea r  t he  bu l k  o f  t he  p roduc t i on  cu ts  necess i ta ted  by  a  weakness

in  o i l  demand  wh i ch  deve loped  du r i ng  t he  ea r " l y  1980s .  Th i s ,  i n  t u rn ,

th rea tened  the  s tab i  l i t y  o f  t he  ca r te l .  I t  wou ld  be  e r roneous  to  sugges t

t ha t ,  by  se t t i ng  quan t i t i e s  r a the r  t han  p r i ces ,  a1 l  p rob lems  cou ld  have

been  avo ided .  P ro f j t s  wou ld  have  f a l l en  i n  any  case .  Howeve r ,  w i t h  p ro f j t

sha res  more  s tab ie ,  i t  m igh t  have  been  eas ie r  t o  nego t i a te  an  ag reemen t  on

p r i ces  and  quan t i t j es  tha t  were  more  cons i  s ten t  w i th  the  l onger - te rm

s t ruc tu re  o f  o i  I  demand .
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Footnote s

1 .  See  0sbo rne  (1976 )  f o r  a  use fu l  d i scuss ion  o f  t hese  p rob lems .

2 .  Th i s  d j f f e rs  f rom the  me thod  o f  ana lys j s  used  by  | r / e i t zman .  I n  the
We i t zman  mode l ,  i t  i s  i n  e f f ec t  ma rg ina l  cos t  r a the r  t han  p r i ce  t haL  i s
se t  and  de fended  th rough  va r ia t i ons  i n  p roduc t i on .  When  a  va lue  fo r
marg ina l  cos t  i s  announced ,  ou tpu t  i s  se lec ted  a f t e r  cos t s  a re  nea l  i zed
so  as  t o  be  cons i s ten t  w i t h  t ha t  l eve l  o f  ma rg ina l  cos t .  P r i ce  i s  t hen
de te rm ined  a f te r  demand  i s  rea l  j zed  as  the  h ighes t  p r i ce  wh ich  can  be
charged  fo r  t ha t  ou tpu t .  I f  cos ts  a re  non random,  th i s  k ind  o f  con t ro l
s t ra tegy  i  s  equ i  va l  en t  t o  quan t  i t y - se t t i  ng .

3 .  Some  OPEC coun t r i es  p roduce  more  t han  one  g rade  o f  o i l .  Saud i  A rab ia ,
fo r  examp ie ,  p roduces  l a rge  amoun ts  o f  bo th  heavy  and  l i ghL  o i ' l  .  Fo r
mos t  members ,  howeve r ,  i t  i s  no t  poss ib i e  t o  make  ma jo r  subs t i t u t j ons
be tween  g rades .

4 .  The re  i s  l i t t l e  l oss  o f  gene ra l  i t y  i n  mak ing  t h i s  assump t i on .  See  n .5 .

5 .  Had  we  recogn i zed  a l t e rna te  sou rces  o f  o i 1 ,  t he  p r i ce  coe f f i c i en t s  i n
(7 )  and  (8 )  wou ld  embody  the  p roduc t i on  responses  o f  ex te rna l
supp i i e r s ,  as  we l l  as  cha rac te r i  s t i c s  o f  r e f i n i ng  t echno logy  and  t he
p r i ce  respons i veness  o f  f j na l  demand .  Howeve r ,  t he  randomness  i n  f i na l
demand  wou ld  con t i nue  t o  exp ress  i t se l f  on l y  t h rough  t he  demand  f o r' I  

i gh t  c rude ,  and  t h i s  i s  wha t  i s  c ruc j a l  f o r  ou r  r esu l t s .

6 .  Fo r  examp le ,  see  Hen f indah l  (1967)  and  Dasgup ta  and  Hea l  (1 ,979 ,  pp .
J.72-175).

7 .  The  p r i nc i pa l  i n f l uence  o f  p roduc t i on  cos t s  on  t he  cho j ce  be th ,een
con t ro l  sL ra teg ies  i s  as  i n  Sec t j on  2 ,  Convex i t y  ( concav i t y )  i n  t he
ca r te l r s  cos t  f unc t i on  t ends  t o  f avo r  quan t i t y - se t t i ng  (  p  r  i  c  e  -  s  e  t  t  i  n  g  )  .

8 .  Fo r  examp ' l e ,  see  Dan ie l son  ( i 980 )  and  Mohammad  (1984 ) .

9 .  S ince  expec ted  p ro f i t s  a re  the  same,  i t  wou ld  no t  be  necessa ry  to
s tandard j  ze  the  cova r i  ances  be fo re  compar i  ng  them ac ross  con t ro l
s t  ra teg  i  es .

10.  For  a  der i va t ion
p .181) .

11 .  The  U.K .  i s  no t  a
in  I  i ne  w i th  0PEC.

o f  eq . (11 ) ,  see  l , 4ood ,  G rayb i l l ,  and  Boes  (1974 ,

member  o f  0PEC,  bu t  i t  t ends  t o  se t  o f f i c i a l  p r i ces
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Append i  x  :  De r i va t i on  o f Eq. (2 )

To  de r i ve  eq . (2 ) ,  f i r s t  cons ide r  a  second -o rde r  Tay lo r  app rox ima t i on  o f

the  quan t i  t y - se t t j  ng  p ro f j  t  f unc t i  on  ,  r  =  Q f - i ( a -Q)  .  Expand  abou t  t he

po in t  O ,q l ,  whe re  E  i s  t he  mean  o f  t he  random va r i ab le  o  andQ i s  t he

expec ted  quan t i t y  under  the  op t ima l  p r i ce -se t t j ng  s t raLegy .  Now take  the

expec ted  va lue  o f  t he  app rox ima ted  func t i on .  A l l  t e rms  invo l v ing  (o -c )

w i  I  I  van  i  sh .  The  resu l  t i  ng  exp ress i  on  can  be  wr i  t t en  as

(A1) e(.,) " ar-1(*-81 . frro-O1 . ,* "'. t$ to-012

A n umbe r

o f  (A1 )

us i  ng  the

easy  ro

eva l  ua ted

cond i t i on

o f  s imp l i f j ca t i ons  a re  now  poss ib l e .  The  f i r s t  t e rm  on  t he  r . h . s .

i s  t he  max ima l  va lue  o f  expec ted  p ro f i t s  under  p r i ce -se t t i ng .  By

f j r s t - o rde r  cond i t i on  t o  t he  p r i ce - se t t i ng  p rob lem,  i t  i s  a l so

show tha t  t he  f i r s t - o rde r  pa r t i a l  de r i va t i ve  i n  (A1 )  van i shes  when

a t  ( ; , a ) .  F ina11y ,  i t  can  be  shown  f rom the  second-o rde r

to  the  p r i ce -se t t i ng  p rob lem tha t  t he  coe f f i c i en t  on  (Q- [ ) z  mus t

be  nega t i ve .  I t  l hen  fo l  l ows  tha t ,  t o  a  second-o rde r  app rox ima t ion ,  t he

op t ima l  quan t i t y - se t t i ng  s t ra tegy  i s  t o  se t  quan t i t y  equa l  t o  i t s  expec ted

va lue  unde r  t he  op t ima l  p r i ce - se t t i ng  s t r a tegy .  Eq . (2 )  i n  t he  t ex t  f o l l ows

f rom th i  s  r esu l  t .
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Tab le  1 ;  Op t ima l  P r i ces  and  Quan t i t i e s

ef i  = o-11aZuyt(r+e;2 + o(e-1)bc)

H* =  D-10(  1+o) ;

whereD=z( t *e)z tzeZbc

pt  = o-1(aZu)t ( l+e)2 + 2s2s.1

L*  =  D-  1 (  1+o ) t
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l , 4omen  t  s  o f  P ro f i t  D i s t l ^ i bu t i ons

srrate gy

Var ( r )

Var(nr)

Va r (  n1 )

Cov (  n ,  ,  n1 )

pr r  ces

( Pt \2 n2

0

t )( ri) '" '

0

^ r ^ n + i + i a c

1t*0121t* /o12oz

o21L* h12o2

11* /O)2 oz

e(L*  /b)2a2

m t  x e d

(  1+bc ; -21P;+s1*12t2

1 r*uc;  
-21 

r ; ;2o2

17rtc1-21cL* 12 oz

( 1+bc ) 
-2( 

cPfi  L* )02
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Tab l  e  3 :
OPEC capac i t y  u t i l j za t j on  i n  pe r i od  p receed ing  March  1983  p r i ce  cu t

Ava  i  I  ab l  e
Capa c i  ty**

Country ldei  qht* (  1000 bbl  /dav)

^ - - - ^ r ! . ,  l l + i  1  i - - + i ^ ^
r .c lPcL I  r -y

June  1982  Februa ry  1983
(  Pe rcen t ) (  Pe rcen t )

A l  ge r i  a

Li  bya

Qata r

UAE

Indones ia

I  raq

I nan

N ige r i a

Saud i  A rab i  a

Kurva i t

Gabon

Ecuador

Venezue l  a

42

40

900

1 ,750

600

1  ,245

900

3 ,200

2,200

7 ,000

1  ,250

150

225

2,200

72 .22

68 .57

68 .00

92 .93

79 .76

88 .89

68 .  75

7+.81

95.24

7 J .  .44

i01 .80

95 .56

68 .  63

66 .67

f , 1 . + J

28.50

6 J .  U J

61.58

94  .44

75 .00

41 .  18

50 .  14

7 J .  .52

103 .33

102.67

Y + - f , f ,

40

39

35

35

34

34

34

J - L

29

28

26

The  we igh t  repo r ted  i n  t he  tab ' l  e  i nd i ca tes  the  mos t  p redominan t  we igh t
t r aded  on  an  o f f i c i a l  bas i s .  Mos t  coun t r i es  have  mu l t i p l e  g rades
rang ing  f rom l i gh t  t o  heavy .  P IW repo r t s  p r i ces  fo r  ove r  100  "ma jo r "
g rades  t raded  by  OPEC.
Ava i  I  ab l  e  capac i  t y  i  s  based  on  ex i  s t i  ng  j  n f ras t rucLu re  and
inc l udes  announced  p roduc t i on  ce i i i ngs  by  some  members .  I t  r ep resen t s
the  max imum p roduc t i on  l ha t  cou ld  be  sus ta ined  w i thou t
new  i nves tmen t  i n  p roduc t j on  o r  t r anspo r ta t i on  f ac i l i t i e s .  The
ava i l ab le  capac i t y  f i gu re  used  i s  f o r  Ma rch  1983 .

Sou rces :  Pe tno  I  eum In te l l i gence  | / i eek l y
In te rna t i ona l  Ene rqy  S ta t j s l i ca l  Rev iew ,  U .S .  Cen t ra l
I  n te l  1  i  gence  Agency
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F igu re  1 : E f fec ts  o f  a

P r i ^ a - q 6 + + i F d

Change in Demand under

and Quant i ty-S ett  ing




