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THE DETERMINANTS OF OFFICIAL OPEC CRUDE PRICES
Philip K. Verleger, Jr.*

A LTHOUGH the effects of changes in world
oil prices on economic growth have been
extensively documented (Fried and Schultz,
1975; Nordhaus, 1974, 1980; and Tobin, 1980),
there have been few attempts to empirically iden-
tify the factors which determine crude oil prices.
The objective here is to offer an empirical expla-
nation for changes in the official crude price
charged by the members of the Organization of
Petroleum Exporting Countries (OPEC).

We show that the market clearing prices which
are reported to prevail for petroleum products on
the principal petroleum spot market—Rotter-
dam—are the primary determinants of changes
in official crude prices. This conclusion is, by
itself, not surprising. However, we also argue
that a very systematic relationship between
official and spot prices has prevailed since 1974.

The identification of the spot market as the
principal determinant of crude oil prices is not
new. In fact, the relationship has been un-
derstood among oil economists for years and has
been described in some detail by Adelman
(1972). More recently, Jacoby and Paddock
(1980) have offered a description of the move-
ment of official and spot prices which occurred
during the chaotic market conditions of 1979.
However, with the exception of Nordhaus
(1980), there appear to be no attempts to apply
econometric techniques to the examination of the
relationship between spot and official prices.

The approach taken here is to offer a brief
theoretical exposition on the relationship be-
tween spot and contract prices in section I, em-
pirical tests of the hypothesis and a brief discus-
sion of the direction of causality in section II, and
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some conclusions and implications for economic
and energy policy in section III. Discussion of
the institutional relationships and data used in
the analysis are presented in an appendix.

I. The Model

Our hypothesis is that crude oil, like any other
unfinished commodity, is valued for the products
derived from it. Thus the *‘value,”” V, of a barrel
of crude oil of type i at time ¢ is expressed as a
weighted average of the market prices, P, of the
principal products (gasoline, naphtha, fuel oil,
residual fuel oil) which can be produced from it.

n
Vie= Z WiiPi-

=1

(1)

In equation (1) the weights, w, represent the
percentage of the various products which are
derived from a particular type of crude when it is
distilled.! '

The value of crude oil is measured at a specific
geographical location, usually a well-organized
petroleum market. Since the oil is usually pro-
duced in a different location, and since there
are refining costs, V;, overstates the price a re-
finer would be willing to pay for a barrel of crude
of type i in a competitive market. That price,
P*,,, can be found by subtracting the cost of
transporting the crude from the source to the

! The percentage of various products derived from a barrei
of crude oil can be varied in refining by cracking the crude.
However, in the absence of cracking, the mix of products
produced from a barrel of crude is relatively fixed (see Copp,
1976). In general, the increase in value resulting from the
addition of cracking is treated as a return to the incremental
investment in refining. Thus, if w;;, represents the percentage
of a product derived from a crude through distillation and
w*,;, represents the percentage of a product, j, derived from
a crude in a refinery equipped with cracking capacity, the
return, R, for cracking (per barrel of output) can be measured
as

R = Z W* 5.P50) — 2 (Wise Pii)-
=1 =1
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least squares while fitted values of P,
P,-,,_l" were substituted for P;,_,* when L. V. esti-
mation techniques were used. These were com-
puted by regressing P;,* on successively lagged
values of P*;,.° In the final case, it was assumed
that first order autocorrelation was present in the
disturbance term

U= poy Tt U (8)

To correct for this potential error, the price equa-
tion was estimated in the form

P =alP - pi)i,t—‘z(-)
F AP P P
9)

The two basic hypotheses, described in equa-
tions (4) and (6), were examined. Under the first,
the parameter y was unconstrained in the regres-
sion in order to test the hypothesis described in
(4), where y = 8 = Wea. Under the second, more
restrictive, hypothesis, y is constrained to equal
1 — «. This restriction provides a test of the
proposition that

w E of = 1.
k=1

Since both hypotheses cannot be maintained
simultaneously, the statistical test described in
Chow (1960) and Fisher (1970) was used to
choose between hypotheses. Under this test, the
ratio formed by dividing the difference between
the sum of squared residuals in the unrestricted
hypothesis and the sum of squared residuals in
the restricted hypothesis by the sum of squared
residuals from the restricted hypothesis adjusted
by degrees of freedom is distributed as F with 1
and 1 — 2 degrees of freedom. If the computed
ratio falls below the critical value of F, the
second, restricted, hypothesis will be accepted,
while if the ratio exceeds the critical value, the
unrestricted hypothesis will be accepted.

II. Results

Estimation of Equation (4)
Equation (4) was estimated using three differ-

ent quarterly measures of official crude prices for

® Leviatan (1963) shows that this approach will yield con-
sistent estimates of the parameters of the equation.
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an interval from 1975 to 1980:3.7 The types of
crude were Arab 34, a 34° crude typical of the
crude exported by Saudi Arabia, Arab 31°, a
heavier crude which is exported by other Persian
Gulf countries, and African light, a crude typical
of the Nigerian and Algerian exports. The price
data, which are described in the appendix, were
developed by Petroleum Intelligence Weekly
(PIW). Estimates of petroleum product prices on
the Rotterdam market published in Platt’s were
used to construct data on the value of a barrel of
each crude together with estimates of the typical
yield for each (used in forming the w’s) which
were published in PIW.

The results shown in table 1 provide estimates
of the statistically estimated parameters « and 83,

as well as the calculated values of W and WZ o,

i=1
the ultimate effect of a permanent $1.00 increase
in P*,,. The usual regression statistics are also
given.

The following implications may be drawn from
these results. First, the equation appears to fit
very well to all three types of crudes. Second, a
$1.00 increase in the value of products eventually
induces more than a $1.00 increase in official
prices. Third, the increase in the price of Arab
light crude per $1.00 increase in P*;, is less than
for Arab heavy and African crudes.® Finally, the
results suggest that the producers of Arab light
are slower to respond to a change in P* than the
producers of Arab heavy or African light. Ac-
cording to the results presented here, a $1.00
increase in P*,, for Arab light in the current
quarter causes only a $0.26 increase in the official
price of Arab light the next quarter, while similar
increases in P*;, for Arab heavy or African light
crudes would induce $0.38 and $0.34 increases,
respectively.’

7 The period of estimation was limited by problems of data -
definition. Prior to 1975 information on official transaction
prices for crude oil (as opposed to posted prices) is quite
vague: See the appendix for further details.

8 This-result is somewhat surprising, since it is generally
believed that the producers of Arab light crude, primarily
Saudi Arabia, are *“price moderates,”” while the producers of
African and heavy Middle Eastern crudes tend to seek higher
prices.

9 The increase in the P; ¢ in the current quarter following a
one dollar increase in P*;,_, is given by Wa.
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TABLE 1.—ESTIMATES OF THE PARAMETERS FOR THE UNCONSTRAINED PRICE EQUATION

Estimation .
Technique « B p R? D.W. SEE SSR w WZak a
Arab Light

OLS L7570 .256b .996 2.17 .39 3.26 .339 1.049
(.025) (.020)

I.V. - .784P .228P .91 0.69 .58 7.12 .291 1.051
(.039) (.031)

LLV. 7820 2300 .046 .990 1.72 .58 7.11 .294 1.044
(.040) (.032) (.043)

Arab Heavy

OLS .667° .381° 994 2.04 .51 5.64 575 1.147
(.039) (.036)

I.v. .694p .350° 991 1.79 .61 7.79 .504 1.144
(.049) (.045)

LLV. .695P .349> —.021 1991 1.77 .61 7.79 .501 1.141
(.048) (.049) (.043)

African Light

OLS .695b 3360 .984 2.27 1.04 22.85 .483 1.102
(.053) (.046)

I.V. 7140 .314° .976 2.04 1.23 32.09 .440 1.094
(.067) (.057)

[LV.e 7230 .305° —.0940 981 1.96 1.23 31.83 422 1.101

(.063) (.053) (.043)

Note: Standard errors are in parentheses. Estimation period. 1975 to 1980:3.
# Estimate of the cumulative effect of a $1.00 permanent increase in P*.

" Statistically significant at the 997 level.

< Instrumental variables with adjustment for first order autocorrelation.

TABLE 2.—ESTIMATES OF THE PARAMETERS FOR THE CONSTRAINED PRICE EQUATION

Estimation _
Technique a p R? D.W. SEE SSR l -«
Arab Light

OLS 7192 .995 1.83 .42 3.82 .281
(.016)

V. .7482 991 1.48 .59 7.57 252
(.024)

LV.>? 7422 .1834 991 1.63 .59 7.33 258
(.028) (.021)

Arab Heavy

OLS 5422 981 0.67 .87 16.98 .458
(.058)

I.V. 5782 981 0.67 .89 17.47 422
(.063)

LLV.» .520¢ 7512 .986 1.51 .75 11.72 .480
(.076) (.221)

African Light

OLS .6152 .981 1.64 1.14 28.52 .385
(.044)

LVv. 6392 .976 1.61 1.29 36.57 .361
(.052)

L.V.p .6282 120 .974 1.73 1.31 36.20 372
(.060) (.237)

Note: Standard errors are in parentheses. Estimation period. 1975 to 1980:3.
@ Statistically significant at the 99% level.
" Instrumental variable estimation technique with correction for first order autocorrelation.
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Estimation of Equation (6)

The second step in the analysis was to impose
the restriction W = (a — 1)/a, in order to test
statistically whether the pass through of in-
creases in spot prices to official prices really was
greater than one for one. The statistical results
from the imposition of the restrictions are given
in table 2. Here we show the values of «, (1 — «),
and the usual regression statistics for the same
crude oils examined above. Once again we note
that the equation fits extremely well and that all
of the estimated parameters are statistically dif-
ferent from zero at the 99.5% level of confidence.

The results from estimation of the restricted
hypothesis indicate that producers of the Arab
heavy crude respond more quickly to changes in
the spot market, while producers of Arab light
are the slowest to respond. While this general
result matches that obtained with the un-
constrained model, the degree of sensitivity to
the spot market changes.

The test of the proposition that W = (a — 1)/«
is performed by applying the F test described in
Chow (1960) and Fisher (1970). The results are
shown in table 3. The proposition that W =
( — 1)/ is accepted for Arab light at all levels
of statistical significance, but rejected at all levels
of statistical significance for Arab heavy. For
African light the result is ambiguous.

This apparent dichotomy would appear to sug-
gest that the adjustment in prices made by the
producers of Arab heavy and possibly African
light represents an overreaction to changes in the
market, and, indeed, the data appear to bear this
out. Specifically, it can be noted that during the
estimation period the price of Arab heavy de-
clines twice and the price of African light declines
three times, while the price of Arab light never
declines.

III. Conclusion

The analysis presented here has demonstrated
that the official price for crude oil set by OPEC
countries is determined by the prevailing prices
of the products derived from the crude on the
major world petroleum product markets. This
conclusion has several implications for economic
and energy policy makers. The first conclusion is
that attempts to persuade members of OPEC to
exercise price restraint—such as those made by
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TaBLE 3.—TesT oF HyPoTHESIS H,

THAT W o =1vs. HoTHAT W N o # |
i=1 i=1
Estimation
Technique Value of Ratio Comment
Arab Light
OLS 3.61 Accept Hy W N o = I
=1
V. 1.33 Accept H: W > o =1
i=1
Ly.a 0.62 Accept H: W Y o = 1
i=1
Arab Heavy
OLS 42.22 Accept Hp W N o # 1
=
LV. 26.09 Accept Ho W N o # 1
i=1
LV.& 10.09 Accept Hp W N o' # |
i=1
African Light
OLS 5.21 Accept H, at 99% confidence,
H, at 95% confidence
1.V. 2.93 Accept H,
[.V. 2.75 Accept H,

“ Instrumental variable estimation technique with correction for first order
autocorrelation.

former U.S. Treasury Secretaries Simon and
Blumenthal—have had no effect.

The second conclusion is that the so-called
price moderates within OPEC—the producers of
Arab light crude—are not following moderate
pricing strategies at all, but only adjusting prices
at a slower rate. According to this analysis, all
producers are following the market.

The third conclusion is that consuming coun-
tries have the power to prevent future surges in
the price of oil such as those experienced in
1973-74 and 1979 by promoting calm and orderly
spot markets and preventing panic buying and
selling. _

While such an avoidance of panic is difficult,
particularly under conditions such as those
which prevailed in 1979, the analysis presented
here suggests that had increased spot product
prices been avoided, the contract price of oil
today would be lower, assuming, of course, that
post crisis supply and demand were in balance.



