
































income is most often positive. The coefficient on other free world production
is of mixed sign but is always positive when costs are missing and is more
often negative when costs are included. We see that supply slopes up whenever
cost is unavailable in the model and most often slopes down when costs are
included. The results on cost coefficients and wells are quite weak. These
two coefficients have significantly correct signs only for Argentina,

Overall, we find that non-OPEC producers do not dynamically optimize,
nor do they target-revenues in their production decisions. There is no
evidence that they coordinate their output with OPEC or with other free world
production. Most interesting of all, they do not seem to behave in a

competitive manner either,

IV, Conclusions

A lot of uncertainty still surrounds OPEC decision-making, and data
limitations are an obvious constraint in resolving the controversy. Using the
available data, our econometric modeling and testing supports the conventional
wisdom and earlier studies that OPEC countries are noncompetitive. We
investigate whether this noncompetitive behavior is more consistent with
duopoly or whther a higher degree of coordination such as market sharing,
swing production, or cartel behavior might be occurring.

There is some tendency for low-cost countries to produce more than high-
cost countries, as would be true in a cartel, but there is only loose informal
evidence that similar-cost countries behave in a similar way. Co-integration
tests provide no formal evidence of coordination across OPEC producers to
support a strict market-sharing cartel hypothesis or that individual countries

act strictly as swing producers. Only informal evidence supports the
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conventional wisdem that some degree of loose coordination, with larger-than-
average relative swings in output might imply the role of swing producer for
Iraq, Saudi Arabia , Kuwait, Libya, and Venezuela,

Economic theory suggests that natural resource producers should
dynamically optimize, and OPEC has been widely modeled under this framework.
However, we found little ecomometric evidence to support dynamic optimizing.
One might argue that such myopic behavior might well be quite rational in a
highly uncertain environment or that it supports Adelman’s (1989) arguments
that a limited oil resource is a myth. Not surprisingly, there is little
evidence that companies dynamically optimized either, because the majority of
the multinational production in these nations was gradually nationalized. Nor
was the property-rights argument supported. There is some evidence that
target-revenues might be a goal for many countries,

Although data limitations are a problem for the OPEC countries, the
limitations are even more severe for the eleven non-OPEC countries, and the
results are correspondingly weaker. However, the tests on available data
suggest that the non-0OPEC producers do not dynamically optimize. Target-
revenues do not appear to be an important factor for any country except
Brunei/Malaysig. There i¢ no evidence that non-0OPEC countries coordinate
their output with OPEC or with other free world production. The most
surprising result for conventional wisdom’s "competitive fringe" however, is
that we do not find them to behave in a manner that is consistent with

competition.
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Appendix A. Data Definitions and Socurces

Quarterly data from 1971:1 to 1987:IV have heen developed for Algeria,
Indonesia, Iran, Iraq, Kuwait, Nigeria, Saudi Arabia, and Venezuela; from
1971:1 to 1982:1V for Libya; from 1972:1 to 1987:IV for the UAE. Gabon,
Qatar, and Ecuador are left ocut of the analysis because they have too much
missing data.

We take production data from Griffin (1985) and update it using monthly

data from the Qil and Gas Journal and the Basic Petroleum Data Book by the

American Petrocleum Institute,
We compiled o0il prices in dollars for each OPEC country by taking

official prices from the OPEC Annual Statistical Bulletin through 1985.

Official prices were chosen because they are the only ones available from 1971
and they were found to be highly correlated with both free on board (f.o.b.)
and landed costs to the United States through 1985. Thereafter, official
prices diverge widely, and price is taken as the f.o.b. prices to the United
States for 1986 and 1987 from the U.S. Department of Energy Monthly Energy
Review. These prices are adjusted for inflation by the U.S. GDP deflator,
base year 1982. U.S. wellhead prices are taken from the Basic Petroleum Data
Book, and Canadian prices are taken from McLachlan (1989). Prices for all
other countries are weighted averages of the real prices of QOPEC countries.
Investment, price deflators, interest rates, and exchange rates are

taken from the International Financial Statistics by the Internatiomal

Monetary Fund. Wells drilled are taken from World 0il, and rig counts from
the 0il and Gas Journal. Government participation rates were taken from the

OPEC_Annual Statistiecal Bulletin.

17




Annual wells drilled for OPEC countries are made into quarterly data
using Interpolatioms based on monthly rig counts for post-1980 data. The
proxy for the interest rate facing OPEC is the real rate of return on U.S.
treasury bills, and the proxy for GDP for buyers of crude oil is an index of
real GDP for the industrial world. Because developing countries have capital
restrictions and the industrialized countries may tend to invest in their own
capital markets, the interest rate for non-OPEC producers is their own
government bond yield or the nearest available substitute adjusted by the rate
of inflation. Interest rates were available only for 1976-87 for Egypt,
Malaysia and Mexico; for 1977-87 for Argentina, and were not available for the
Peoples Republic of China (China), Brunei, and the U,$.5.R. Interest rates
for Malaysia were used for Brunei/Malaysia,

Investment is gross fixed capital formation or the closest available
substitute. For OPEC countries investment is made into quarterxly data by
interpolations based on oil revenues. Because of missing domestic price
indexes, investment is converted into U.5. dollars using the exchange rate and
deflated by the U.5. fixed investment deflator, base year 1982. Investment
for non-OPEC countries is left in the original currency but deflated by the
wholesale price index or the nearest available substitute index. Investment
is missing for China, the U.5.S.R., and Brunei and is available only through
1983 for Argentina. Investment for Malaysia is used for Brunei/Malaysia.

Real costs for the United States are taken from Dahl (1990). Real costs
for Canada are taken from McLachlan (1989) and Eglington and Uffelman (1983).
Additional real cost data In U.5. dollars are taken from Adelman and Shahi
(1989) for 1971-85 and are updated by the authors using the Adelman and Shahi

algorithm and data sources. Civen the vandom variation in costs for each
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year, we took a five-year moving average of the costs and interpolated to make
it quarterly for OPEC. Costs are missing for China, the U.5.5.R., the United
Kingdom, and Canada,

The above quarterly interpolations that use additional variables are
based on a lag structure that provided the best regression fit on annual data.
Several alternative data definitions were tried such as oil exports vs. oil
production, investment in loecal currency vs. investment in dollars, total
wells drilled vs. oil wells drilled, and domestic vs. U.S. interest rates for
non-0PEC producers. The choice of the results reported are based on the
availability of data and the gquality of the results.

Except for real interest rates, all variables are entered in log terms,
making thelir coefficients elasticities. Real interest rates, which are
already in percents and for some years are negative, are entered as levels.

A wide array of lag testing on OPEC data in Dahl and Yicel (1990)
suggested that adding or substituting lagged values did not improve results.
Nor did Griffin (1985) find alternative lag specifications superior.

Therefore, no lagged values are contained in any of the estimation.
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Appendix B

Totally differentiating the first order condition MR - MC = O gives

(MR/3Q ~ 8MC/8Q)dQ + IMR/3Y dY = 0.
Rearranging we get

dQ/dY = - 8MR/3Y/(OMR/8Q-IMC/5Q) .

(3MR./3Q-60MC/3Q)<0 from second order conditions, while
BMR/8Y = 3[P(1-1/¢,))/8Y = 8P/3¥(1-1/¢,) + P(3¢,/aY) /2
Then 8P/8Y is positive, (1-1/¢,) is positive, and (Pde,/3Y)/e’ is positive
unless 3¢, /3Y is negative, or equivalently, demand gets more elastic as it is
shifted out. Thus, the sign on dQ/dY is indeterminate. To determine what
sign on the o0il price coefficient is consistent with monopoly behavior,
totally differentiate P to get

dP = 8P/8Q dQ + 3P/3Y dY or dP/dQ = 3P/3Q + 3P/3Y dY/dQ.

Because 9P/8Q < 0 and §P/3Y > ¢, a sufficient condition for dP/dQ to be
negative is a nonpositive dQ/dY. In the more likely event that dQ/dY is
positive, the sign of dP/dQ is ambiguous. Thus, a nonpositive coefficient on
Y will require_a negative coefficient on P for us to conclude in. favor of

monopoly.
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Table 1: Hypothesis Tests for OPEC

H1 H2 H3 H4 H5 H6
Reject 5% >7.81 >5.99 >1.67 <«3.84 >7.81 <-3.67
Reject 1% >11.3 >7.38 >2.39 <«5.02 >11.3 <~4 32
Test Stat¥ Ch(3) Ch(2) t(59) Ch(1} Ch(3) EYt
Algeria 1971-87 2226 226 -1.96 4.17 41.2 -3.76
Indonesia 1971-87 35202 394 -2.13 4.71 65.9 -2.97
Iran 1971-87 249 58 -0.93 0.27 108.4 9.01
Iraq 1971-87 91 46 -2.02 1.90 36.89 -2.14
Kuwait 1971-87 111 95 -0.95 1.77 21,03 -2.44
Libya 1971-82 91 53 -0.40 0.14 22.58 -3.27
Nigeria 1971-87 2494 444 -2 44 2.75 6,97 -3.27
Saudi 1971-87 616 141 -0.94 1.89 32.73 -2.08
Arabia
UAE 1972-87 7451 566 -3 .88 1.71 36,16 -2.41
Venezuela 1971-87 1599 459 -1.79 1.96 78.96 -2.36

*The test statistics are Ch(i) = xz with i degrees of

freedom, the t statistics all have 59 degrees of freedom except
for Libya with 3% degrees of freedom and the UAE with 55 degrees
of freedom, the critical wvalues are for a t statistic with 60
degrees of freedom. EYt is the t-statistic from the regression
with the eritical values taken from Engle-and Yoo (1987), p. 157
for the closest sample size in all cases of 60.
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Table 2:
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Table 3:

Reject 5%
Reject 1%

Egypt
Argentina
PR China
USSR
Norway
India
Brunei/Malaysia#
us

UK

Canada
Mexico

H1 H2

F(dl.d2) F{dl.d2)

2368(3,14)
24080(3,5)*

635(3,14)*% 34(2.,14)% -1,
.21(8)
.06(5)

7207(3,11)% 105(2,11)* Q
3776(3,14)* 1002, 14)* .

308894(3,14)* 815(3,14)% -3,
108(3,14)% 13(2,14)% 0.
57948(3,L4)* 268(2,14)% -4,
780(3,11)* 17(2,11L)* -1

264(2,14)y% 0,
831(2,5)* -0.

Hypothesis Tests for Non-OPEC Countries

H3

£(df)
26(5)
28(4)
51(11)
17(10)

80(11)
17(10)

.01(3)

3.
L11¢3,11)*
.20(2,13)~*
31.

46
13
48
20

12

H>

F(d41.d2

80(3,11)=

30(2,13)*

A4 (2,12)*
L77(3,11)*
L61(3.10)*
L29¢3,11)*
.29(2,12)%
.73(3,11)

48.

30(3,11)*

=2,
-2,

-1.
=-1.
-2,
=2,
-2,
-2,

-2,

F(dl,d2) denotes an F statistic with dl degrees of freedom in the numerator
and d2 degrees of freedom in the denominator.

with df degrees of freedon.
* values are significant at the 5% level or less,
the regression with the critical values taken from Engle and Yoo (1987), p 157

t({df) denotes an t statistic

for the smallest sample size in the table of 60.
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Since critical values vary for hypothesis 1 to 5
EYt is the t-statistic from




Table 4: Estimated Supply for Non-QPEC Countries

Const P G Wt Y Qw Inv R2 DW
Egypt
1971 1987 31.91 -0.37 1.09 0.65 1.46 -3.28 ... 0.857 0,998
(2.06)(-2.17) (3.16)(1.44) (1.06)(-2.21)
Argentina
1971 1987 6.45 -0.08 -0.54 0.20 0.06 -0.05 ... 0.79 1.62
(3.33)(-2.52)(-3.59)(3.09) (0.63)(-0.3)
China
1971 1987 -23.08 0,30 e .. 2.70 1.62 ... 0.94 1.40
(-4.63) (4.61) (9.61) (3.96)
USSR
1971 1987 2.43 0.12 ces - 0.77 0.28 ... 0.93 1.18
(1.39) (5.23) (7.78) (1.93)
Noxrway
1971 1987 -72.42 0.88 A -(.19 9.51 3.0 ... 0.87 2.18
(~3.07) (2.58) (-0.53) (5.18) (1.64)
India
1971 1987 8.24 -~0.13 -0.07 0.04 3.41 -1.69 ... 0.95 2.29
(1.56)(-1.64){(-0.14) (0.70) (6.92)(-4£.08)
Brunei/Malaysia
1971 1987 -16.02 -0.18 0.1 -0.21 1.18 1.40 0.61 0.96 2.22
(-4.B0)(-1.68) (0.83)(-2.01) (1L.74) {(4.83)(2.568)
United States
1971 1987 11.85 -0.08 -0.06 .10 -0.11 -0.28 ... 0.39 1.78
(8.17)(-1.29)(-0.86) (1.11)(-0.76)(=3.54)
United Kingdom
1971 1987 -137.92 2.84 - -3,47 24,22 3.96 ... 0.85 0.92
(-2.83) (2.97) (-1.69) (4.94) (1.06)
Canada
1971 1987 -1.12 -0.28 0.35 0.05 -0.01 0.76 ... 0.01 1.43
(-0.13)(~1.94>(0.97) (0.29)(-0.02) (0.84)
Mexico
1971 1987 -6.37 0.32 0.05 0.38 .71 -1.07 ... 0.97 0.91

(-1.04) (4.04)(0.17) (1.65) (4.19)(-1.55)

The numbers in parentheses under the coefficients are t statistics.
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ENDNOTES

1. For more complete surveys of the literature see Gately (1984), Gately
(1989), Dahl and Yiicel (1988), and Crémer and Salehi-Isfahani (1991).

2. At the aggregate level, see Loderer (1985), Lowinger (1986), and Geroski
et.al. (1987).

3. We use seemingly unrelated regressions for OPEC, with a correction for
first order serial correlation where appropriate, except for the co-
integration tests. Given the difficulty in programming with differing sample
sizes, we estimate on 3 sample sizes 71:1-87:1V, 72:1-87:1IV, and 71:1-82:1IV.
In the seemingly unrelated regression procedure each country’s equations were
represented as Y;. =X, #; + u;, where i~1,..,N and t=1, . .,T. E(u,,u,.)=E%,
with ug.=(uy.,. . .uy ). When the Durbin Watson statistic suggested positive
serial correlation in the residuals it was assumed that W,=p; W;,;. Using a
maximum likelihood procedure p and B, were estimated for each equation. The
estimated p were used to transform the variables for each equation in the
following way Y;. "= Y,,~p; Y., and X;,” = X;,-p; X,.;. The system of
equations was then reestimated using seemingly unrelated regressions where
B=(X"" (ZIBI)X")IX" (Z!BI)Y"). Where the B and y are the stacked
coefficients and independent variables for each equation, the X' is formed by
stacking augmented X," matrices with columns of zeros for all explanatory
variables in other equations, and 8 is the Kronecker product. A tesg of the
linear restrictions RR = r in the systems estimation is a standard x (Q) =
(r=-RR) ' {RE, R’} ! (r-RR) with 2, the estimated variance covariance matrix of the
coefficients and Q the number of restrictions being tested. A test of a
linear restrictions done in a single equation format is standard
F(Q,N-K)=(r-RB) [RE,R’ ] (r-RA3) /Qs? where s? is the estimate of the error
variance of the equation. See Theil (1971), pp. 308, 312-314,

4. A Sims’(1972) exogeneity test on each equation did not reject the
hypothesis that the price of oil was exogencus for all countries. This test
was conducted by including a future lag on price in equation 7. The null
hypothesis is rejected for each country where the coefficient on the future
lag is significantly negative implying that a positive error in current output
causes a decrease in price next period. In an earlier version of the paper on
data through 1986 and using a common oil price for each country the hypothesis
was rejected for Iran, Kuwait, the UAE, and Venezuela, The test for
exogeneity for investment was conducted by including a future lag for
investment in equation 7. A significant positive sign on future investment
would imply that increasing output this period causes increases in investment
next period rather than exogenous investment being a target that is causing
revenue. For no country was exogeneity of investment rejected.

5. These results supersede preliminary results in Dahl and Yicel

(1989). With data revisions, updating, and a more complete model there is no
longer any evidence of dynamic optimization. Two interesting recent studies
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at a disapggregate level, Polasky (1990) and Kandel (1990), develop models
explicitly assuming dynamic behavior and a constant discount rate over the
sample. Kandel develops a closed form solution for a dynamic competitive
model assuming a quadratic cost function and a specific form of price
expectations. His equation allows him to compare consistency of the data for
24 countries from 1958 to 1987 with the competitive hypothesis and to compare
behavior of o0il producers within OPEC to those outside. Polasky (1990)
develops his hypothesis from a dynamic multi-country Cournot model. His
equations allow him to test oligopoly theory for 73 countries from 1970-1989
and 400 U.S5. oil companies in 1983 and 1984, Future researchers might pursue
the hypothesis of dynamic optimization further by developing tests in the
context of either of these models.

6. These estimates all have investment in them. In all cases except
Indonesia, investment is the most significant variable. Although including
investment in the equation negates the nice theoretical base of profit
maximization, it does add significant information and the results of the
hypothesis tests are somewhat more consistent. However, since the investment
results are somewhat sensitive to how they are quarterized, we would urge
further work investigating the role of investment in OPEC decision making as
longer periods of annual data are available.

7. The null hypothesis that all coefficients in equation 7 are equal could
not be rejected for these pairs of countries at the 5% level,

8. The tests for co-integration are developed using an augmented Dickey
Fuller test in Engle and Granger (1987) and extended in Engle and Yoo (1987).
A nice description of how to perferm the test is given in Layton and Stark
(1990). The procedure is as follows. Since co-integration is a test for
equilibrium between non-stationary variahles, each variable is first tested
for stationarity, by running the following regression

DQ(t) = & Q(t-1) + = 7 DQ(t-1)
where D represents a first difference and p is chosen to be 4 using a rule of
thumb in Schwert (1987). We reject non-stationarity in favor of stationarity
if ¢ is found to be significantly negative by comparing the t statistic on &
to the critical values in Engle and Yoo (1987), p. 157. As would be expected
no country’s output nor total OPEC output was found to be stationary. Next we
test for co-integration of each country’s output with total OPEC output. This
test is conducted by regressing each country’s output on a constant and total
OPEC output and testing the residuals to determine if they are stationary
using the above test. The tests were also conducted to see if each country’s
output was co-integrated with the rest of OPEC production rather than total
OPEC production. The results of these tests found ne evidence of co-
integration. Co-integration was also tested and rejected in all cases for a
linear specification of the model.

9. Since rejection of competition is Iinconsistent with the earlier exogeneity

tests, further work might be undertaken to develop, estimate, and test these
hypotheses in a simultaneous systems framework,
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10. All tests were also done using exports instead of production. The
results were very similar but there was more consistency of results for
production than for exports,

11. Using the US interest rate and testing for the market economies did not
find dynamic behavior either. For China and the USSR given the
nonconvertibility of their currencies and their isolation from the world
economy such a test does not seem relevant.

12, Our result is at odds with Griffin (1985) and Jones (1990). When they
regressed output on price, they found upward sloping supply as evidence of
competition for all but the U.S. and Canada. Repeating their test on our
data, we found their conclusions were sensitive to whether the data was
corrected for serial correlation or not. Kandel (1990) in his dynamic model
also found non-OPEC countries more compatible with a competitive model than
OPEC countries. Our result supports recent results by Polasky (1990). His
dynamic duopoly model implies that producers with larger reserves extract a
smaller share of their reserves. e finds this pattern to hold for 73
countries for 1970-1989 and for 400 U.S. oil companies in 1983 and 1984 and
concludes against a competitive fringe. These interesting differences across
modeling approaches would be a fruitful area for further work.
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