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Abstract

Although conventional wisdom suggests that OPEC is a cartel,
many studies since 19273 have considered other underlying torces

in order to understand and forecast OPEC behavior. Using the
most general model to date on quarterly data frem 1971:1 to
1986: 1V we econometrically test a variety of hvpotheses. We find

that the variocus OPEC countries behave in quite dissimiiar ways
suggesting that a cartel hypothesis is not appropriate. Under
opur specification there was no evidence for dynamic optimization
gr a strons target revenue model . There was some evidence that a
form of target revenue may be included in the goais for Irans
Libyva, Saudi Arabias; and the UAE. Iraqi behavior was most
consistent with a static competitive market structure; while a
static noncompetitive market structure was not rejected for
Algerias Nigeria, Saudi Arabia, Kwwait, and Venezuela. However
given their divergence in behavior we do not caonclude in tavor of
a weak cartel hut that there i5s a noncompetitive care of swing
producers that each swing tao their own rhythm,



OPEC market structure has been & source of considerabie
debate since 1973/74 when large price increases catapulted OPEC
into public attention. The debate continued with even larger
price tncreases in 1978/79 but subsided in urgency with prices
talling back closer to histarical levels in 1984. Conventional
wisdom suggests that OPEC is a cartel! or at least a weakly
functianing cartels groping towards an optimal level ot revenue
with recent price decreases signaling that the ca;tel is losing
its grip an the market.

The cartel arguments hoDwever: is not universally Heid.l A
variety of arguments have been put forfh to try to explain OPEC
bekhavior. GSince simulations ot OPEC as a cartel or a monapaly
did not simulate the high prices of the 1780°'s, some modeiers
explained continuing high prices with palitical arguments,
changing QPEC*Nehavior, or changing OPEL perceptions,

Competitive arguments suggest that market forces 'ed to kigh
pri:és and thenm to |lower prices. Property rights arguments
suggest that they resulted fraom shifting praperty rights from the
companies with a higher discount rate to OPEC countries with a
lower dis:nunf rate. A competitive target revenue models which
yields backward bending supply curves once target revenue has
*The authars would like to thank without implicating Dermot
Gately anmd Cliftton Jones for comments on an earlier dratt of th:s

paper and Protessgr James Griftin for encouragement and genergus!y
providing us with his data.

l1.for more compliete surveys of the | iterature see Fischer:
Gatefys and Kyle {197%9), Hammoudeh (1%7%9), Gately (1984 » and
Daki and Yicel (1988).



been attained, suggests that higher pPrices lead to lower OPEC
Dutput.

Griffin (1985) is the first paper to systematically test
OPEC market structure acraoss competing hypotheses. Using
quarterly data fraom 1971 to 1982 ke estimates 4 simple static
econgmetric models that represent tour competing theories ot OPEC
behavior --a cartel! modef:; a competitive model!, a target revenue
modets and a praperty rights mode! - anmd concludes in favor ot a
market sharing cartel model faor QOPEC. Salehi-lsfakani (1987)
using Grittin’s data and model allows for expectations with a
| agged price and cormcludes in tavor of a target revenue model.

Neither of these studies considered the implications ot
dynamic pptimization on their tests and both tested their
hypaotheses one at a time. We buiid upan their tramework and
extend their Gork by expiicit!y considering a dynamic mode! and
the implications that dynamtc behavior would have on the
campeting hypotheses. Providing a strong thedretical base atiouws
us to test directly rather than assume whether static or dynamic
behavior is more appropriate. We increase the power Ot Dur tests
by building a madel in which al! hypotheses are nested in orne
equatian rather than testing each hypothesis separately as bhas
been done earlier. We use this more general model to first test
whether each cuntry in OPEC is characterized better by 3 stat i c
gr a dynamic mn&ef. We use the results ot these tests to test
the earlier hypotheses: whether property rights models with
lower discount rates tar OPEC than tor the multimatiomal o
cempanies are appropriate for explaining OPEC behaviors whether

there is evidence fgor noncompetttive behaviaor: and whether 12a-zs-

™~



revenug appears tog be the primary ggal for any at the QPEC
countries. We also do formal testing across the various OPEC
countries to see 1+ they have the same economic gpoals and the
same lags in bekaviar.
.-.-Data iimitations precluded either of these studies from
including cost in their model. . Recently available cost
information al lowed us to include this important variable for a
more compiete model specttfication. Ecanometric advances 1nclude
testing far serial correlation and correcting for it where
appraopr iate; testing tor simultameity using a Sims’ test and
estimating using 2 stage seemingly unrelated regressiaons where
appropriate: and paving somewhat more attention to creating
quarterl|ly from annual data. We:; ot courses; include more recent
data than the=original studies; which allows estimatian over
peri0ds ot dramatic price increases as well as more recent price
decreases.
1. Model

Far a producer of a nonrenewable resgurce economic theoary
sugest a dynémic gptimization model. Since assuming such a
Hotelling tvpe of behavior does not preclude static behaviar:
hypDthesizing such a model allows us to test both static and
dynamic behavior within this single tramework. We start with
producers maximizing the present value ot protits from exports

gver a finite time haorizon,

T
Max[[‘f(Y:q)q - Cy(R)a - Cp(w)le™ % dt
D



subject to

R

G{Xsw)-q

X G(XJw)

where t is the demand function, Y is incame; g is output, () the
cost of production, R the level ot reserves, Co the cost of
explagration: w the level of exploratary ettorts X the sum of ail
discoveries to datey amd G the discoveries functian. The
Hamiltonian fgr this praoblem is

H=[Ct{Ysa)a = Ci(RYa =~ Colw)le™ t + g,(G-a) + g,G

The tirst order conditians are:

Hq = [fgqa + + = Cy(R)Je™"t - ¢4 =0

Hy, = Cp,e "t + G, () + d) = 0
. " et

¢1 = —HR = CIRQE "

g2 = “H, = -G, (@) + g3

Atthough we cannbt gobtainm an explicit expression for g one can
see fram the above tirst order conditions that an implicit
tunction af g9 waouid be

Figr py Y» Ry ws r Clscz) = 0>

which we appraximate with the following model. The quantity ot
oil exported is calculated to be a tfuncticn of the demand +tor
oils the costs of extraction and expiorationy the interest rate.

and the level ot reserves egqual to initial reserves plus new

discoveries minus extraction, ODemand for OPEC oil is world
demand minus non QOPEC supply. In our models price and income
will represent the worid demand tunction. Since non OPEC s.o=

is heavi'ly dependent an prices price and income may represert 3



reduced form for OPEC demand. We will alco add naorOFEC
Pproduction directly along with price and income to test it it
adds any intfarmation to the estimation. The number of wells
drilied represents exploration. The intercept picks up the
ettect ot the initial level ot reserves. Expioration:
deveiopment:; and !|itting costs are entered directly. Since the
inclusion of extra variables does not bias parameter estimates we
also include investment in fixed capital formation tpD test the

target revenue bypothesis. Qur model is:

Lmn QOIL = B4 + Bp Ln POIL + Bg Ln Qu + B, Ln WELLS

+ B, r + By Ln GDP + Bj; Ln Inv + B_ Ln COST (1)

Where QOIL = o0il exported.

POIL = current and/or |agged real prices aof oil.

Gw = £Grrent and/or Jagged nan-0PEC free warlid oil
Ppraduction, X

WELLS = current and/or l|lagged welils drilled.

r = current and/or Jagged the interest rate.

GOP = current and/or iagged indices ot sross domestic
product ot buyvers at OPEC oil.

[nv = current and/ar |asged investment in graoss tixed
capital used as the target revenue.

COST = a tive year running average of extraction and

exploration costs per barrel.
We will begin with current values of all variables but will

also cornduct a wide array ot lag testing to determine what sorts

OT i13gs might DesSt CAdpture UFEC Lehav.dr. integrest irdigs s

already Iin percentage ftorm are entered directl!y. All other



var:ables are entered as |ogs and hence their coetticients are
elasticities.
[[ Data and Estimation Technigue

This model is estimated on quarterly dats for 1971:] to
1984+ [V tar the countries where all dats are available - Algeria:
Ilndoresiay Kuwait: Nigeria:» Saudi Arabia; and Vengzuela: 71:1 o
85:[V tor lran; 71:0 to 82:IV tar Iraq and Libyva; and 72:[ ta
85: 1V tar UBE. Gabor: Qatars; ard Eruador with too much missing
data are tett out of the analy5¢s.- The price gf oIl inm dollars,

supplied by Griftin, is updated by the QPEC Annual Statistical

Buiietin and the Manthly Energy Review. While Grittin used CPEL

praoductiaon data, we use export data berause damestic pricing and
consumptions; whichkh are isalated tram world markets im many of

these countries, may be responding to political goais. Our

2xport data is acquired by adjustimg Gritfttin’s data through 1782

and updating fraom monthly observations of oil exports ftrom the

Qi ! and Gas Journali. Wells drilled are not available on a

qQuarter|y basis but are crested by interpolations using guarter!y

exploration data om rig counts. The praxy tor the interest rate
tacing OPEC is the real rate of return on U, 5. treasury bi!is,
and the praxy for GDP for buyers ot OPEC crude gil is an index ar
real GOP {for the industrial worid trom the [MF. Imvestment

numbers: anly available on am annual basis from the [MF, are

made into gquarterly data by interpalations based on a cne year

lag pn il revenues. A pgne wear lag is used Ssince regressicns
experimenting with annual iags up to three years suggests thast .
Erovides the best fit. O1t srize n U.S. dogllars is defiateg =-



the U.S5. GDP detlator base vear 1982. Inuestment 15 canvert2d 3
U. S. dollars by the exchkange rates and then deflated by the U.5S.
tixed Investment detftlator base vear 1982. Cost is taken tram

Ade Iman and Shahi (198%). Given the random variation 1n £Os5ts
that Occurs trom year to wear ftor pach year we took & mowving
sverage ot the previous five years caosts arnd 1mterpolated to maks2
it gquarteriy.

We estimate armrd test wsing seemingly unrelated regressions
unlees otherwise specitied. Given the ditticulty im programm:ng
with diftfer ing sample sizes, we estimate am 4 sampie sizes 71:0-
B4: [V, 71:1-85:[V, 72:[-8&:1V, and 71:]1-82:1V, All cauntries
with sutficient data are included 1n each at the runs. The tests
are dgrne gn the longest sample Iim which the countery 1s 1ncludea.

in the imitial estimates the Durbin Watson statistic suggested

o~
-

tirst order serial carrelation was a praoblem for all but Irag.
whizch would lead to biased and inconsistent estim;tes gt the

var iance cOvariance matrix. To agbtain cun5i5£Ent estimates the
data was adjusted by a rhos which was estimated usimng a
Hildreth-Lu search procedure tor each epgquation. Furthers; soms =¢
the QOPEL exporters have signiticant market shares, 1+ their
exports influence the price of atl, gil price endogenerty wi !
bias estimates. A Sims’(1972) exngeneity test on each equat.c-
re jected the hypathesis that the price of oIl was exogenOus *ov

1

[ran, Kuwaits the UAE, and Venezuela. For these countrigs -

1. This test was caonducted by includimg a future lag gn pricse -
the egquaticn. The puill hypotrmes's 5 rejected tor each coo--
where the coetticient on the tuture lag is signiticantly
ditferent trom zero.



instrumental variable was substituted far the price at o1l by
regressing the price ot otl an lags ot the other vari abies.
[Il Hypothkesis Testing
Table 1 shows a wide variatian in reserves; productian:
costs: and absorption capacity far OPEC economies.

Table 1 Variables representing OPEC’s production capacitys costss apsorpt:ve
capacitys and export wvariance.

Exports

OlL WELL PRODUCT 1ON Ayerage Fange
RESERVES R/FP [DEPTH NUMBER 1000 / WELL ARTIF POP. PER CAP. 1000 1000

mb in yr feet WELLS b/d b/d LIFT 1040 GoOR b/d L/ d

COUNTRY 1987 1987 1986 1987 1987 1987 1986 1984 1986 US®  71:1-8&6:4
Algeria 8500 35.94 8945 840 648  771.43 205 21720 25646 &31 758
Ecuadar 1615 ?8.18 7848 922 157 170.28 802 2550 1153 - -
[ndanesia 8400 19.40 4501 577 1184 205.40 514 168940 451 957 P
[ran F2850 108.&82 7743 361 2342 &487.53 0 44210 3362 3113 9355

lrag 10000 13p.71 NA &15 2096 3408.13 NA 11120 1225 1618 3038
Kowait 91920 229.78 3717 363 1096 3019.28 20 1790 9956 1538 Z702
_ibya 21000 S&.41 1230 661 1020 1543.12 NA 3600 S°14 1587 2574
Nigeria 15980 35.34 NA 125 1239 988.83 NA 78520 374 1593 1719

Qatar 3150 30.39 7780 174 ZB4 1632.18 2 330 15400 420 ~ 3868
Saudi A 166980 T112.85 5870 588 4054 6874.56 Na 11540 4446 &347 V&
AR 96605 194.47 8688 &80 1361 2001.47 223 1380 1945 1450 1381

Venezuel a56300 94.87 NA 979 1592 1462.50 851 17320 Z808 1402 1809

Data Detinitions: b/d = barrels per day: mb = milliogns ot barrels: yr = years.
There are approximately 7.4 barrels per metric ton ot o:il.

Sources: Qil and Gas Journal: Dec. 1987
Opec Ampual Statisticai Bulletins
[ntermational Financial Statistic

Despite these diftferences, i+t OPEC is strictly a cartel with
some sort ot market sharing scheme ar it countries have simi!lar
market structures: we might expect similar estimated coettic.ents
across countries. Qur tirst three hypotheses are to tarmal !y

test this conjecture tor OPEC ang tor two cores ot producers

us img equation 1 and curerent values of all variables,
Mypothesis 1: All OPEC Countries share a similar market
structure and Rave similar cogettic.ents. et 1 and J represant



all QPEC cguntriess then

B for atl ixj

W
qJ
rJ
v i
I

T

g
B;J

[}

n—~x >0 & D

BPJ for atl &y
Bw_j

RBaj

B,J

ByJ

BLJ

BCJ'

WD oo

n_»—-\c 5 O 1D
oo W W W W

Hvonthesis 2. Same as 1 but let | and J = Ilranm, lrag, Kuwait:

Saudi Arabia, and UAE.

Hypothesis 37= Same as 1 but let | amd J = lran, Irag:; Kuwait,

Saudi Arabias UAE, and Vernezuela. .
These three hypotheses are tested using Chi Square tests.
The signiticance levels of these tests and al! subsequent
hypotheses tests are given in Table Z. Since degrees ot freedam
and test statistics wvary: for economy and clarity ot expositian:

we report signiticance levels rather than the test statistic.

Since all testing is done at the 5% signiticance level, any
signiticance level less than 5% results 1n a rejection ot the
rnult hypothesis.



Table 2: Signiticance Leveis tor ail Hypothesis Tests

Alg  lnd Irn Irg Kow Lib Nig Sau UAE Ven  Nolil Hypothesis
H1 0% 0% d% 3% 0% 0% o 0 0O»n 0% all OPEC Same

HZ2 - - 0% 1% 0% - - gr d%x - (3) Midkast Same

W3 - - o% 0% 0% - - 0% 0% 0% ! Core (&) Same

He 7% 100% Z1% 99% 10C% B8% 100% 4% 100% 4% NonDynamic

HS 0% Z&%  47% 37% 15k 40% SB%  T1% 24% L4 No Property rights

M&s 100% B88% 100% % 8% 100% 17% 100% 100% 1C0% OFEC Non Competitive
H? 2% 21% 19% 3% Ox &% O% 0% &89% 0% OPEC Non Moropaly

H8 0O» Ox 0% a% Q% O% Ox 0% 0% D% Strong Target Rev

H? 0% 1% 4&% 0% 0% 1%  0On 268% 0% 0% Weak Target Rev

All hypotheses that all countries ar a care of
countries aréﬁzimilar are stranaly rejected using current values
ot all variables. Betore proceeding to complete our hypothesis
testing we investigate whether current values or some lag
structure better explains these countries’ behavior. Too do so
separate regressions are run with fags from O to 20 for each
variable except cost. The lag length is chosen that minimizes
the Schuarz (1978) Criterion = (RSS + K f0g(T) ¢ )/T: where RSS
is the regression sum of squares: K is the number of regressgrs.
T is the estimated standard error of the rearessiom and T is the
number ot aobservations. Cost :s not including in the testing
because it is a five vear running average and already has lags
built intg 1t. Table 3 contains the lag length chosen tor each

ot the variablies wsing this procedure.

14



Table 3: Lag Lengths Chosen by the Schuarz Criteria.

Poil r Wells GOF lnv Qu
Algeria 1 a 20 1 0 a
Indonesia 1 0 G i} 0 g
[~an 3 o 0 a 8 14
lrag 8 9 0 0 9 8
Kuwait a g 0 17 0 a
Libya 0 0 o 0 a 8
Nigeria 1 0 0 A 0 3
Saudi Arabia i 0 20 0 0 20
UAE 0 J a 4 a @
Venezuela 3 12 8 12 4 |

The !ag testing most often suggests that the current value
tits better tham & distributed lag of the variable. Where iags
are appropriata they vary considerably across countries but arse
generally B guarters or |less. To further inuestigqte lags in

behaviar the lags resuiting from the abgve teating are included

in each eguation and the mode! is reestimated to determine
whether lags added any intormatian. Oniy those lags whose sum 1 s
signiticantly ditterent from zero is retained in the model. The

oniy lags that added information and were retained in the fimai
gstimatign results are thase on income for Kuwailt and the
interest rate for lragq.

Fimally: the coefficient on Non-OPEC free world production
18 examined to determine it it added any imtormation to the

mode | . Only tor Nigeria and [rag 15 its coefticient

signiticantly ditterent from zero leading to its 1nelusian 1m =or



Preterred results. These results: which are used tar all
subsequent hypothesis testing, are given in Table &. The tirst
row ot numbers next to the sample vears are the estimated
caetticients while the secgnd row ot numbers are the t
statistics.

The RZs imply that betueen 34 and 94 percent gt the
variation in exports 15 explained by these wvariabies. Althaough
tarmal tests did not tind countries ta have the same

coefticients, there are a number ot gualitative similarities

across cQuntries. The copetticient on wells is alwavs inelastic
and most cften positive. Thus: drilling_has temnded to fali much
faster than exports suggesting excess capacity. The

significantly negative coefticient for Nigerta and lraa may
suggest ditficulty in maimrtaining exports since wells drilled
increased as &=ports decreased.

45 would be expecteds the coe+ficient an cost is most atten
negative. The coetticient on the price of oil 18 most often
negative: that on the interest rate is almost always negative:
white that an investment is always positive and one ot the most
signiticant variables. The implicatiaons at these coetfic:mnts on

market structure are now examined formally.

The negative cgefficient om the price ot o1l could be
consistent with dynamic gptimizatraon in a Hatelling type ot wor
with price rising and exports tai!ling gver time:, with a

nancampetitive static warld, Or withk a8 target revenue goal whe-=z
expCrts rise ta make up tor tall . mg Prices, Each ot these

possibilitres wtl |l he consicer=d.



Table 4:

Algeria
1971 1984
t stat

[ndaresia
1971 19856
t stat

lran
1971 1985
t stat

[raq
1973 1982
t stat

Kuwait
1975 1986
t stat

Libya
1971 1982
t stat

Nigeria
1971 1985
t stat

Saudi Arab
1971 1984
t stat

UAE
1972 1986
t stat

Venezuela
1971 198&
t stat

-21.06
-5.15

13.%6
14,39

-1.35
~-0.98

C  Poil
-0.27
-3.38

C Pai
3.28 -0.07
5.21 -1.17

C Paoi i

-0.4%9
-4.37
C Faoil

0.40
Z2.80

C Foil

Cc Fail
-0.&62
-5.1%

C “Poil

10.15 D.0s6

4.31 0.76
C  Paii
3.96 -0.40
7.51 -3.99

C Foil
3,23 -0.17
3.13 -3.52

c  Pail
6.13 -0.36
7.87 -5.23

A key test ot

coefticient on the

the

over o1l

decreasing

rnterest

1t shpould decrease Qutput.

rate wouwld

Wells r
.33 -0.0Z
7.48 -2.33

Wells r
g0.11 -0.02
3.70 -2.79

Wells r
0.1 0.01
1.05 0.82

Wells r (L)

-0.% -0.3%

-7.70 -14.28

Wellis r
0.01 -0.04
0.31 -4.39

Weils r

-0.15 -0.01

-1.43 =-1.17

Wells r

-0.13 -0.03

-3.53 -2.77

Wells r
0.0z -0.01
0.47 -1.5&

Wells r
g.0s -0.0z
0.fq0 -2.75

Wells r
.17 -0.01
3.88 -1.59

whether the model

interest

¥
~1.&2
=2.39

Y
-0.48
-1.28

Y
1.79
1.31

¥

~3.77

=2.40

Y{L1?)
-4 .84
-13.790

= N <
= n
o 0

Gl <
un
B

.07
.12

0.07
0.15

.84
.20

rate.

tn the ground and skould
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Inv
0.&2
12.79

v
0.20
3.67

[
0.5%9
11.55

Inv
.70
17.49

[rw
.55
14.88

Irv
0.47
7.88

Inv
0.12
8.793

Irv
J.%91
10.00

L
0.34
8.25

Inv
0.18
3.90

Cost
~3J.74
-1.&&

Cost
-0.18
-z.0%9

Cost
-2.42
-3.39

Cost
-0.20
-g.87

Cost
0.25
3.1&6

Cast
-0.43
-1.23

Cost
~0.30
-2.37

Cost
-0.16
-J.81

Cost
-0.31
-Z2.3&

Cost
0.37
1.01

G rho oW
- 0.78 1.89
8.00
QW rho Dl
- 0.61 2.29
5.465
QW rko LA
- 0.68 1.82
5.84
(] B[N
Z.54 - 1.72
3.97
QlJ rhko (N
- G.45 1.88
1.89
Ql rho [RA]
- 0.76 1.7
&£.38
Gk rho Dw
-1.01 Q.35 2.02
=-3.39_ 2.9
G rho Dl
- g.78 1.71
8.a0
W rho DWW
- 0.55 1.48
4.18
G rho (]
- 0.41 1.80
2.08
dymamic s

is static ar

increase the value at gil

ingrease gutput:s

Thus B, > 0

[n 28 dynamic world,

white

i85 ¢€oOns

im the bar.

=

RZ
0.74

RZ
0.36

R

.88

RZ
C.74

RZ

0.93

R2
0.40

RZ
0.6l

-

rFaIS IS



Wwith a dynamic model . In a static modet the interest rate is
ocrnly & cost ot praoduction, An increasing rate of inteérest wouid
incredse costs Ot production decreasing exports and vielding a
negative B_ . Hypothesis 4 is that countries do not behave in 3
dynamic manner versus the alternative that they do or:
Hvpgthesis 4: Countries are dyvnamic gr for each OFEC country |
Hot B.; = 0 ftor each i
Hy B,; > 0 for each i

Surprisingly: in na case can we reject the null bypathesis
in tavor ot the alternative that countries behave dynamicaliy.*
Hawever, both the countries and the companies have produced gver
the sample periaod withkh the control ot exports transtferred aver
time trom the multinationals to OPEC., Property Owunership
arguments suggest that they might have different discount rates.
The campanies risking nationalization may have had a higher
interest rate than the countries sncial rate ot interest.
Altermnatively Adelman (1984) argues that countries whose
gcgnomies are very dependent on an unstable oil market shguld
bhave had higher discount rates than the companies. Im pither
event:; the use gt one interest rate might result in a failure to
detect dynamic behaviar,

To test this conjecture we allcw separate discount rates +*or

the companies and countries anmd retest to determine whether thev

1.These results supersede our preliminary resuflts in Dakl and
Yicel (1988). Atter updating: checking: and correcting all dats
and transtoprmatiaons and using a more caompiete and correct
speciticatiaons we no longer tind much evidence consistent w: -
dyvnamic optimizatian.

L




eachk display static or dynamic bekavior and it their bekhavigr is
similar., We hypothesize that the sOocial rate #r i5 SOme percent
of the private rate. Under this hypothesis the rate ot interest
IS & weighted average of the private and the sgcial rate or:

r = [r(1=-G) + RG] S (2)
wheré G is the percent ot OPEC output controlled by the OPEC
countries or the country participation rate and (1-G) is the
share controlled by the mu!tinatiqnals. Substituting this
expression itnto (l) gives us oOur testing equation:
Ln QOIL = B, + B, Ln POIL + B, Lmn WELLS + B, [r(1-G) + &rGl

+ B, Ln GOP + B[ Ln Inv + @, &n COST (3)

This equation allows us to test property rights arguments ar

whether the countries and the multinationals bebave the same

——
-

against the aiternative that they behave ditterently or:

Hvypothesis $: Multinationals and OPEC countries have the same

discount rate or for each OPEC country i
Hg: B.; = aB,.; for each i
Hi: B,.; # dB,.; tor each i

Onmly +or Algerias where the coefficient ftor Algeria is

negative and significant while that for the companies is positive

and significant, do the multimationais and the country bekave 'n

a dissimilar manner. Since the coetficient ftor Algeria is
signitficantly negative: there is stiil mo evidence that countri=s
dynamical ly gptimize. Nor does thkis test suppOrt property r:ghts

arguments,
Given no evidence for dynamic optimization we proceed ta

analyze the implicatigns of behavior in a8 static ftramewark.
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For static behavior, we can further test market structure. In 3
cempetitive warld we know that price egquals marginal cost and
would thus expect price and quantity to be directly related. The
null hypothesis 0ot no competitive behaviaor is tested asainst this
alternative that the countries behave competitively:

Hypothesis &: OPEC countries are competitive or for each OPEC

country |
Hg® B =0 +tor each i

Hy: By > O tar each i

Only +or the case [rag do we reject in ftavar ot campetitive
behavior. An upward storing supply curve would be necessary but
not necessarily sutticient tor competitive behaviar. Tg further
test for market structure we jnvestigate the implications of
monopoly behawior.

1+ OPEC countries are behavinmng in a momopolistic manmers we
woguld expect that income in industrialized cguntries and pernass
NanOPEC supply woul!d atfect export patterns. Although a supply
tunction may not exist tor the monopoly case; comparative statics
shows what tHe signs an P and Y might be expected to be. Totaliw
difterentiating the tirst order condition MR - MC = 0 gtves:

(3MR/8Q - 3MC/0Q)dQ + aMR/dy dy = 0.

Rearranging we get:
dQ/dy = - @MR/Qy/ (OMR/3G-0MC/3Q) .

(QMR/B80-0OMC/3Q)<0 from second order conditians, while
QMEIQy equals:

= QLP(1-1/6,)1/8y = 8P/8y(1-2/8) + P(OE_/Bv)/ £,2.
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Then 8F/dy is positive, (1-1/&,) is pasitive, and
(PE].{;‘ /ay)/é‘pz is positive uniess & /Sy s nmegattive ar
=) P
equivalently demand gets more elastic as it is shifted out.

Thus,: since dB@/dy can be greater than zerag or less thamn zeros we

will take signiticant cogetticients on GOP g+ industrialized
countries as evidence 0t meEnepoly behavior. To determine what
sign on the aoil price coetficient IS consistent with monopoly

behkavior totally ditterentiate P to get:

dP = 8rP/80 d@ + BF/dy dy ar dP/dQ = BP/8Q + 8P/, dy/da.
Since 89/3@ { zero and QP/QV > zern: a sutficient condition
for dP/dQ to be negative is a megative dQ/dy. Imn the more |ikely
event that d@/dy is positive, the sigm ot dP/dg is ambigupus.
Thus: a negative signiticant coefficient on Y will require a
negative coef¥icient on price for us to cenclude in ftavaor of
monopaly. _

The null hypaothesis is no monopoly behkavigr against the
alternative gt mongpoly behavior.
Hypothesis 7: Manopoly hehavior or tor each OPEC country |

Hg: Byi = 0 +or eachk |

Hy* Byi # 0 for each 1

We can see trom Table 2 that the candidates for monopoly
behavior by testing income are Algeria, [ragq:; Kuwait, Niger:ia:
Saud! Arabia, and Venezuela. Hgwever in lrags, the sign on incame
15 negative and significant and the sign aon price is positive and
significant which is inconsistent with monopaly behavior.
Further, since expart suppiy s Jpward sloping and Iraqi exporis

dre pPOSitively correfated with mare competitive NognQPEC supp' » .=
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conelude that Iragr bekavior is more consistent with competitive
than monaopoiy behavior. Whether the ending of the war with [ran
changes lragqi behavinr to be more consistent with cther Middle
Eastern Countries remains to be seen. Recent resolution ot quota
problems suggests movements In that direction.

Inve;tment is the last variable to be discussed. The
carrelation between otl revenues and GDP per capita across the
cOuntries in gur sample in 17846 was guver . F0. Thuss oi! revenues
are a major source at total income as well as :inuvestment income
leading tg the last bypothesis, the target revemue magel. In the
strict torm ogf this hypothesis |let Inu¥ be the target revenuo.
Then lnu® = QOIL=POIL or QOIL = Invx/POIL. A igg |inear
formutation ot this hypothesis is far the cpoefficient on POIL to

be -1 and that aon [nv* to be + 1.

e
-

Hypothesis 8: Target revenue strong or ftor each QPEC country

HD: Bpi=”1 and BII: 1, -

Hl: Bp'#—l and Bll# 1

As can be seen in Table 2, this hypothesis s strongly
rejected for all counmtries leading us to test a weaker form ot
the hypothesis which is for the coetficients on POIL to be
negative and that on [nuv* t0o be egual and opposite in sign.

Hypothesis 9: Target revenue weak or tor each OPEC country

Ho: Bpi==Bp’
Hl: Bpi#_ﬁli’
Three countries do not reject the weaker form of the
hypothesis - Irans Libyva: and Saud: Arabia. Although forma:

tests af the target revenue model are most aftten rejectecd:



investment is positive and significant in every €quation, In

most equations it is the maost signiticant variable sugsgesting

that a significant portion of oi!l expart revenues are earmarked
tor gross domestic capital faormatian.

lndonesia and the UAE are the only countries not consistent
with at least one ot the hypotheses tested. Both have shown the
least percentage variation In expl:;rts ot all countries tested hbut
are extremes otRerwise since lndonesia has the |lowest reserve
over production ratios less than 20 vears, while the UAE has ane
gt the highest:; aver 190 years. The t statistics suggest that
Wwells is the best forecaster for Indonesian exports, implying

little excess capacity. investment is almost as impgrtant:

aithgush lndanesia hkhad the smallest and least significant

th

coefficient on invesiment at all the countries tested. Indones :

+

aiso kad the smailest percentage variatiaon in exprts, the Qwes
ggvernment participation rate; and the smallest percent ot
vari1ation in expaorts explatned by these economic variabies.

For the UAE, investment is by tar the best predictor ot
exports with price running second. This importance of inuestment
and the fact that the coefficient on the price ot gil and

INvestments are OpPPOSItEe inm Sigr Suggest target revenues are

+
D
wn
rt
D
u}

ImpOrtant but not in as strong a form as either hypothes s
here.

Our testing results have Implicatrans aon the hypnthesfs t-as
Saud! Arabia or same caore gt countries act as swing produce-s
Since a swing producer would be ncncampetitive; the cand:cdatac

tor swing producer trom the absue anaivsis are Algerias Nicoria



Saudi Arabias Kuwait, and Venezuela. Further, we wou!d expect

that a swing producer would s5hOw largser swings in production aver

the sample. Examining the evidence in Table 1 we can see that
all five have had large swings in exports as a percent ot average '
exparts. Iran and Iragq have had {arge swings as well but they

may have been more war and revolutiaon related since the testing
suggested competitive ar target revenues may be motivating their
bekaviar.
As with any study at this nature data quality and
multicollinearity present problems. We have tound over the
course of the study that gur results are somewhat sensitive to
specitication and urge the reader to view the present conclusions
fram our most =Hmplete specitfication in that |ight.
IV Caonciusions i .
Sp is OPEC a cartel? Although a lot ot uncertainty still

surrounds OPEC decision making: our econometric model developed

out of dyvnamic Ooptimization suggests that various OPEC countries

seem to bebave in quite dissimilar ways, Hence a strict market
sharing cartel hypothesis is not appropriate. Nor did we find
any core of countries that had identical coefficients. Although
countries did not behave like a strict cartel there is evidence

0t mnoncompetitive behavior for Algerias Kuwaits Nigeria» Saud:
Arabia, and Venezuela. This moRcompetitive bekavior cOupled with
large swings in production but dissimilar coeftticients leads us
ts qualify these countries as swing producers rather than as a .
cartet.
We were disappainted to tind little svidence ot dynamic

gptimization using either current or distributed lags nan inter=23:



rates. Although such myopic behavior might well be guite
ratigmal in a highly uncertain environment. This econometric
work is cansistent with the disappPOinting results obtained by

dynahic optimization models and suprOrts efforts of modelers ta

mogve away ftrom them. In addition to not finding evidence for
dynamic behaviaor, lag testing suggested rather short 1&8gs 10
adjustment. For many variables current values were preferred and

on!y in two cases (lagged interest rate in the lragi equatior and
buver incame in the Kuwaiti equation) did lags add any
intfarmatian to the estimatian. The lag testing again Suggests
the short term nature of the decision process.

Not swurprisinglys there is |i1ttie evidence that companies
dynamically optimized eithers since the majority af the

multinational production in these nations was gradually

natignatlized. Naor was the property rights argument suppbOrted.
These is evidence that same form of tanEtrrEVEHUES may be a

goafl tar Iran:; Libya, and Saudi Arabia. Howewver:; altbhough tformal

tests ot the target revenue model were:rejected in the majority

of casess forecasters should note that investment is still an

important, usually the maost important, explanatary variable.
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