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IF THE 1970s were not good years for

macroeconormists, they were not alone.
Microeconomists specializing in world oil
markets fared little better. Their predic-
tions were not particularly accurate, and
the orthodox theoretical approach proved
not very useful. Ten years after the 1973-
1974 oil price quadrupling, there remains
much disagreement about what happened
and what we can expect in the future.
Some argue that what happened was just
an artificial scareity, orchestrated by a car-
tel. Others say that the price increases re-
flected an emerging scarcity of an exhaust-
ible resource, in a basically competitive
market.

This paper reviews the main events in
the world oil market since 1973 and some
major explanations as to what happened
and why {Section I). Then there is a discus-
sion of some projections for the next two
decades and of some implications of vari-
ous theories about OPEC’s decisionmak-
ing process (Section II). Section III surm-
marizes what we have learned about
modeling OPEC and the waorld oil market.
This includes: the dominant theoretical
approach based on the wealth-maximiza-
tion madel of Harold Hotelling (1931); the

simulation approach maost commmon in the
applied literature, which envisages target-
capacity-utilization pricing by OPEC; and
the difficult problem of modeling price be-
havior during disruptions. Finally, Section
IV discusses some important unresolved
issuies, both theoretical and empirical.

A variety of contributions to the litera-

- ture will be considered, but our discussion

pays special attention to two important
recent works. One is the book edited by
James Grifin and David Teece, hence-
forth GT (1982), an important collection
of papers on OPEC and warld «oil, pre-
pared for a 1981 conference at the Univer-
sity of Houston. The other is the 1980-
1981 world oil study by the Energy Model-
ing Forum of Stanford University, which
involved ten prominent models of the
world oil market (EMF 1982).

I. Explaining OPEC Behavior
A. The 1973-1974 Qil Price Quadrupling

The 1973-1974 oil price quadrupling
was an astounding event. There was much
disagreement at the time about its signifi-
cance and sustainability. Even now, there
are several explanations of its cause.
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Initially, many people thought that
OPEC had blundered, that it was pricing
itself out of the market. The mast promi-
nent person to hold such an opinion was
Milton Friedman {Netwsweek, March 4,
1974). They believed that bath OPEC and
ail prices would collapse. For many, it fol-
lowed almost axiomatically that QPEC
would be unstable because it was a cartel.

Others argued that it was not OPEC
but the U.8. State Department that had
blundered. Instead of opposing a price in-
crease, it had actively encouraged one.
These charges were personalized as the
“Kissinger-Shah” connection and were
aired on CBS' “60 Minutes.” These and
other attempts at scapegoating are dis-
cussed by Martin Greenberger (1983, pp.
21-22), who concludes: “One may wish
that certain representatives of govern-
ment or certain institutions had acted dif-
ferently at critical points in a crisis, but
that does not mean they created the crisis
or that they had the power to avert it.”

Apart from these assertions of blunder-
ing behavior, there are basically two ex-
planations of what happened in 1973-
1974. The one most widely accepted by
economists is that OPEC effectively car-
telized the world oil market, exploiting
its power -to raise prices above competi-
tive levels by restricting production. Ear-
lier statements of this view are numerous,
but the article by Robert Pindyck (1978a)
is the clearest presentation. He utilized
an applied wealth-maximization model,
from the theory of exhaustible resources,
to generate plausible numerical results.

The other explanation argues that
OPEC was largely irrelevant as an organi-
zation and that its members acted com-
petitively. In this view, the price increase
merely reflected a shift in the underlying
market conditions, in favor of QPEC, that
had been occurring since the late 1960s.
World ocil demand had been increasing
rapidly, non-OPEC production was stag-
nant and extraction costs were increasing,
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and the demand for QPEC oil surged. The
10 percent annual growth rate in OQPEC
production from 1960 through 1973 was
unsustainable, even with QPEC’s large oil
reserves. By mid-1973, months before the
Arab-Israeli War and subsequent price
quadrupling, the market was already very
tight: OPEC’s official prices were well be-
low those in the spot market, a freely com-
petitive market in which a very small part
(below 10 percent) of OPEC’s exports
were traded. As Paul MacAvoy has ar-
gued, “. . . there was no avoiding the sub-
stantial price increases necessary to clear
the market of annual increases in crude
oil demand” (1982, p. 56-57).

This latter explanation has at least two
variants. Ali Johany (1980) argued that
price increases were the natural result of
the shift in property rights from the inter-
national oil companies to the producing
countries that occurred in the late 1960s
and early 1970s. Because the producing
countries had lower discount rates than
the oil companies, who feared expropria-
tion, they sought to conserve their oil re-
serves by refusing to continue expanding
production. Price increases were a natural
consequence. But, such a view is chal-
lenged by Morris Adelman: :

When the Arab countries cut production dur-
ing the so-called ‘embargo’ of 1973-74, this was
a deliberate collusive act, not the gradual ev-
ery-country-for-itself tightening of production
schedules implicit in the low discaunt theories

[1982, p. 39].

A second variant of the competitive ex-
planation is proposed by Jacques Cremer
and Djavad Salehi-Isfahani (1980) and by
David Teece (1982). They argued that
OPEC supply is best understood as a com-
petitive supply curve which is backward-
bending. Such a curve is the aggregated
response of suppliers with limited absorp-
tive capacity. This results from assump-
tions about diminishing marginal utility
of consumption and domestic investment,
together with an unwillingness to accu-
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mulate foreign assets. Thus, prior to 1973,
the relatively low price was determined
by the intersection of demand and the up-
ward-sloping (lower) portion of the OPEC
supply curve. With world economic
growth, the demand curve shifted out far
enough to intersect the backward-bend-
ing (upper) portion of the OPEC supply
curve, at a price several times higher than
before. (Alternatively, the demand curve
could have intersected the backward-
bending supply curve at three points: a
low-priced stable equilibrium, a high-
priced stable equilibrium, and an interme-
diate equilibrium that would be unstable.
The shift from the low-priced to the high-
priced equilibrium would have been
caused by the supply shock of the Arab
oil embargo.) However, none of these the-
ories has been applied so as to generate
plausible numerical results.

B. Aftermath of the Price Quadrupling:
1974-1978

Despite some initial optimism that
OPEC had blundered and would soon col-
lapse, there was surprisingly little re-
sponse by either demanders or non-OPEC
suppliers. Demand for OPEC oil eased off
in the 1974-1975 recession but, at its low
point, was only 15 percent below 1973
levels. OPEC’s ability to restrict output,
which many had questioned, was barely
tested. By 1976 world oil demand and
OPEC production were back to 1973 lev-
els. Non-OPEC production was virtually
unchanged between 1973 and 1976.

During this period of declining demand
for OPEC oil, virtually all OPEC members
had cut back their output. Such “‘disci-
pline” surprised many observers at the
time, given OPEC’s lack of a formal prora-
tioning agreement. The OPEC countries
were content to maintain the official
QPEC price and to react passively to the
international oil companies’ decisions to
reduce output. Such a response can be ex-
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plained in terms of target-revenue behav-
ior, or a backward-bending supply curve.
Even Adelman, who dismisses such an ex-
planation for long-term OPEC behavior,
adopts it here:

The higher the price, the better the financial
condition of the sellers, and the less pressure
on them to cheat and undersell each other in
order to pay their bills [1982, p. 55].

Among modelers, the initial consensus
in 1974-1975 was that OPEC had “over-
shot™ by quadrupling the price. The new
price level was said to be unsustainably
high and not in OPEC’s own best interest.
{See the survey of seven models, from
1973-1973, by Dietrich Fischer et al.
1975.} Price was expected to drift lower
by about 25 percent before stabilizing. In
fact, it did decline, between 1974 and
1978, but only by about 10 percent in real
terms.

Yet as OPEC demand recovered after
1975, there were voices of caution, such
as the Workshop on Alternative Energy
Strategies, or WAES (1977). They argued
that post-1974 prices were unsustainably
low, not high, and that further price in-
creases would be necessary by the mid-
1980s to ward off prospective shortages.
Contributing to this view was the growing
pessimism about the size and cost of non-
OPEC oil reserves and higher-than-ex-
pected costs of alternative sources. More-
over, there was a growing realization that
the price-responsiveness of demand was
weaker and slower than anticipated.

Yet such views were not unanimous. By
1978 there remained substantial disagree-
ment about the prospects for OPEC, espe-
cially over the longer term. (See the sur-
vey in Gately, 1979, of more than a dozen
analyses from the period 1976-1978)
Some projected a sluggish market for
QPEC for the rest of the century. But oth-
ers, including Sheik Yamani (1978) and
some scenarios in the WAES report {1977),
projected a 50 percent growth in OPEC
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demand, to 45 million barrels per day
(MBD), within 10 years.

C. The 1979-1980 Qil Price Doubling

The price doubling of 1979-1980,
while not as astounding an event as that
of 1973-1974, was certainly a surprise.
Few expected such an abrupt and large
price increase following the disruptions in
Iranian production in late 1978. Even in
retrospect, it remains somewhat puzzling:
Far example, in 1979, the year of the Ira-
nian disruption, average OPEC produc-
tion was actually bigger than it had been
the previous year. Yet prices continued
to rise well into 1980.

Just as with attempts to explain the
1973-1974 price increases, there are basi-
cally two alternative explanations of the
1979-1980 price increases. Some argue
that OPEC consciously exploited the Ira-
nian disruptions to extract still greater
profits. But others argue that OPEC was
irrelevant as an organization, that price
rose because of the underlying demand
and supply conditions.

The latter view of OPEC, as an irrele-
vant organization, has more proponents
than it had for the price quadrupling of
1973-1974. The dynamics of the price in-
crease, according to this view, were not
substantially different from what would
oceur from a disruption in a competitive
industry with low short-run elasticities.
Certainly in 1979-1980 OPEC discipline
had broken down. In the words of Robert
Stobaugh and Daniel Yergin (1980), it was
a process of “leapfrog and scramble.” Af-
ter the disruptions in Iranian production,
as the spot market price kept rising, vari-
ous OPEC members played “leapfrog”
with their respective official prices. Aggra-
vating the market tightness was an ex-
tended period of aggressive stockbuilding
by the importing countries for much of
1979 and 1980. Such a stockbuilding
“scramble” during a disruption was cer-
tainly perverse. It undoubtedly drove
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price higher than it would have gone oth-
erwise.

The contrary view of the 1979-1980
price doubling argues that it was merely
an extension of what happened in 1973-
1974. OPEC further exploited its power
to extract still greater profits. It seized the
opportunity presented by the Iranian dis-
ruptions in a tightening market with low
short-run price elasticities. As noted
above, projections had been made by the
WAES (1977) report and others that, by
the mid-1980s, OPEC production waould
have to increase to 45 MBD, or that price
would have to increase significantly. With
such output levels now viewed as neither
likely nor desirable, OPEC accelerated
the shift to higher prices.

Perhaps the most interesting decision
during this period was that of Saudi Ara-
bia, in early 1979, at the height of the
[ranian disruption, to cut its own produc-
tion. Adelman cites this as the cause of
price doubling, placing the blame on a
duplicitous—not “moderate”—Saudi Ara-
bia:

The Iranian revolution is generally considered
as the cause for the price jump of 1979-80,
from about $12 to about $32 per barrel. But
this cannot possibly be true . . . [spot] prices
again rose in January [1979], to not quite $20.
Then on January 20, 18979—a day ta remem-
ber—Saudi Arabia cut praduction from 10.4 to
80MBD. . . by mid-February the [spot] price
had jumped to over $31 . . . Saudi Arabia ‘led
the regiment from behind,’ keeping its own
official price usually $2 or so below the price
for equivalent crudes sald by athers . . . Saudi
actions speak louder than wards. Their 1979
output cutbacks drove the price up to $32 from
$12 [1982, pp. 47-48, 55].

Such a view is consistent with a dominant-
producer theory of OPEC: Saudi Arabia
sets the price, allows other OPEC mem-
bers to produce what they wish, and acts
as the “swing producer,” varying its own
output to absorb demand and supply flue-
tuations so as to defend the price.
Theodore Moran (1982) discusses these
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events from a different perspective. Al-
though apparently agreeing with Adel-
man’s conclusion that the price increase
was engineered by Saudi Arabia, Moran
describes a more complex picture of Saudi
Arabian decisionmaking. ' He depicts the
various centers of power within Saudi Ara-
bia, such as the “foreign policy establish-
ment” and the “petroleum bureaucracy,”
and the conflicts among them with respect
to oil pricing and production decisions. He
suggests a political interpretation of the
Saudi reluctance to assert leadership
within OPEC at this tirne:

[The Saudis] were under great pressure from
other Arab states to distance themselves from
the US [Camp David] peace efforts, a pressure
backed by threats of Palestinian sabotage
against Sandi oil facilities . . . With the shock
_of the Shah’s departure . . . and uncertainty
about US dependability, Saudi leaders showed
extreme relictance to offend either the new
regime in Iran or the newly preeminent
Irag . ..

While there is no certain explanation for
Saudi behavior from January to July, it seems
apparent that the Saudi leadership could not
ar would not build the consensus necessary for
an il paliey that would deny higher spot mar-
ket premiums to its neighbors . . . ar deprive
them of markets, except for the highest politi-
eal stakes [1982, p. 110].

D. Aftermath of the 1979-1980 Price
Doubling

The period 1980-1983 is similar in
some ways to the 1974-1975 period. The
world economy entered a major recession,
attributable at least in part to the oil price
increases. World oil demand fell by about
20 percent, much more than the 6 percent
decline from 1873 to 1975. This resulted
from the combined effects of the recession
and conservation, both the short-term re-
sponse to the 1979-1980 price increases
and the continuing response to the 1973—
1974 price guadrupling. And the demand
for OPEC oil dropped by even more, de-
clining more sharply than in 1974-1975.
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In 1973-1975 it fell by 13 percent, but
in 1980-1983 the decline was more than
triple that figure.

Part of the differences between 1973-
1975 and 1980-1983 can be explained by
the expansion of non-OPEC oil produc-
tion. Although virtually unchanged be-
tween 1973 and 1976, at about 17 MBD,
it has grown by about 6 percent per an-
num since 1976, to about 25 MBD by
1983. Most of the increase has come from
the North Sea and Alaska, whose reserves
were discovered in the late 1960s. In-
creased output has also come from Mex-
ico, where major discoveries were made
in the 1970s.

As evidence of the dramatic adjust-
ments that have occurred, consider the
effects of the Iran-Iraq War. Beginning in
the Fall of 1980, this knocked out more
OPEC production than did the Iranian
Revolution. But the timing was important.
It happened when oil stockpiles were at
historic highs, when demand for OPEC
oil was falling and there was much spare
capacity. As a result, the impact on price
was minimal.

The demand declines facing OPEC
were not only much deeper but also
longer lasting than in 1974-1975. In early
1983, OPEC production was only about
55 percent of what it had been in 1979.
Spot market prices remained almost 20
percent helow the official price of $34, and
there was widespread price undercutting
by OPEC members. OPEC finally faced
the reality of the weak market. It cut its
official price to $29, the first-ever reduc-
tion in its nominal price, and it adopted
formal production quotas for all members.

II. Projections for the World Oil Market
through 1990 and 2000

There is, of course, unavoidable uncer-
tainty about future oil demand, supply,
and especially price. Some of this uncer-
tainty is caused by unknown future
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events, such as supply disruptions, major
oil discoveries, and technological break-
throughs. But uncertainty is also caused
by lack of knowledge about the present.
That is, we are unsure about the exact
value of the long-run price elasticity of
demand, about how much adjustment to
the two major price increases has already
occurred, and about the effects on de-
mand of changes in GNP growth rates.

Yet, despite this uncertainty, there is
now more agreement among analysts,
compared with five or ten years ago, con-
cerning the outlook for the world oil mar-
ket over the next two decades, at least
for a “surprise-free” scenario. But there
remains a considerable range of opinion,
especially for the late 1990s.

The increased agreement among ana-
lysts stems from the enormous amount of
work on energy economics in the past ten
years. The 1973-1974 price quadrupling
provided the impetus for an extraordinary
research effort in response to higher-
priced oil. There was a substantial amount
of scientific and engineering work on the
technological and economic possibilities
for energy conservation and interfuel sub-
stitution. Similar efforts were made on the
supply side, to map out more clearly the
reserves of conventional oil and to under-
stand the technical problems and likely
costs of alternative energy sources such
as solar power and unconventional oil
{from shale, tar sands and liquified coal).

The increased agreement is evident in
the energy projections submitted to a June
1983 conference of the International En-
ergy Workshop (IEW), held at the Interna-
tional Institute for Applied Systems Analy-
sis (ITASA). The results of this polling effort
are summarized in Alan Manne and
Leo Schrattenholzer (1983). Participating
were 78 respondents from around the
world—oil companies, government agen-
cies, international organizations, universi-
ties, and research institutes. Most pro-
jections were for a surprise-free scenario:
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no major disruptions nor any technologi-
cal breakthroughs. The IEW pall results
are, briefly, as follows.

Median projections of world energy
consumption reveal an annual growth rate
of about 2 percent between 1980 and
2000. This is much slower than that for
world GNP, which is expected to grow
at about 3.0 percent. Growth in energy
consumption varies among regions: below
average in the OECD countries and
higher elsewhere. But this increase in en-
ergy consumption entails only a slight in-
crease in oil demand over the next two
decades—about three-fourths of one per-
cent annually. Within the QECD, oil con-
sumption is expected to decline by about
10 percent in the 1980s and flatten out
in the 1990s. This decline will help to off-
set increases elsewhere. With oil produe-
tion relatively flat, the increase in energy
consumption is provided by increased
production of natural gas, coal and nuclear
power.

The international price of crude oil, in
real terms, in the median projections, is
expected to be about 10 percent higher
in 1990 than its 1980 level, and another
one-third above that by 2000. Of course,
there is dispersion among the various re-
sponses. But virtually all project a 1990
price level that is no more than 50 percent
above 1980 nor more than 25 percent be-
low. For 2000, the vast majority project
a price level between the 1980 value and
100 percent above it. Although this repre-
sents a fairly wide range, it is not nearly
as wide as in the past.

In addition to summarizing the [EW
poll results, Manne and Schrattenholzer
discuss various reasons for the differences
among the projections. Not surprisingly,
an important part is played by different
assumptions: GNP growth rates, demand
elasticities (price and income), the geolog-
ical resource base for conventional oil, the
cost of alternative energy sources and the
speed of their market penetration. More
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surprising, however, is the fact that the
source of some of the differences are defi-
nitional, as evidenced by the unexpect-
edly wide variation in the base-year 1980
statistics. These definitional diserepancies
may have occurred because of differences
in the preparation date of the individual
analyses. Finally, they regard the impor-
tance of model structure in explaining the
variation in poll responses as an “open is-
sue,” but observe that their “personal con-
jecture is that far less is explained by strue-
ture than by differences in the numerical
assumptions related to supply and de-
mand scenarios™ (1983, p. 19).

This IEW polling effort involved a huge
number of models and analyses, making
it virtually impossible to standardize the
assumptions or to determine precisely the
sources of the differences in the pro-
jections. In contrast, a controlled corripari-
son was done for ten participating models
in EMF (1982). Standardized assumptions
were made about many parameters, such
as demand elasticities, GNP growth rates,
the geological resource base for conven-
tional oil, and the cost of alternative en-
ergy sources. For twelve “scenarios,” each
defined by a given set of assumptions
about the world oil market, each model
generated its projections.

Among the assumptions for the Refer-
ence Case scenario were the following.
Long-run demand elasticities were: an in-
come elasticity of demand for oil of 1.0,
price-elasticity of —4 for aggregate pri-
maty energy, and —.6 for crude oil. Short-
run demand adjustment was specified so
as to be consistent with a Koyck-lag struc-
ture with a coeflicient for lagged demand
of 9. The amount of world conventional
oil reserves remaining, to be produced if
price were $10 per barrel (in 1979 §), was
estimated at L1075 bhillion barrels. This rep-
resents about forty-five years’ worth of re-
serves at 1980 levels of world oil consump-
tion. If price were to be $20, it would
become economic to produce an addi-
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tional 15 percent, and at $40 another 6
percent above that. Of these reserves,
nearly two-thirds are in QPEC; their pro-
ductive capacity was assumed to be 34
MBD. With respect to unconventional oil,
it was assumed to be available at a cost
of $60 per barrel, but only after 1995, with
capacity increasing to (at most) 5 MBD
by 2000 and 35 MBD by 2020.

For the Reference Case scenario in
EMF {1982) the results to the year 2000
are similar to those of the median pro-
jections of the IEW poll described above.
Energy consumption, for the World Qut-
side Communist Areas (WOCA), grows at
2.4 percent per annum; although higher
than the 2.0 percent energy growth for
WOCA in the IEW poll median, this is
partly attributable to higher GNP growth
assumptions for WOCA in EMF (3.0 per-
cent} than in the IEW poll (3.0 percent).
Qil consumption grows very slowly, again
at a slightly higher rate than in the IEW
poll. The world oil price is about double
its 1980 level, in real terms, by the year
2000; this is about one-third higher than
the IEW poll median.

In the other EMF scenarios, the changes
are all in the expected direction. World
oil prices are higher if the assumed de-
mand elasticity is reduced, if there is a
disruption of OPEC supply, or if the de-
velopment of alternative energy sources
is restricted. Conversely, oil prices will be
lower if there is greater conservation,
lower economic growth, or if there is a
major cost reduction for alternative en-
ergy sources.

The results of the various models were
systematically compared: across models
for a given scenario, and across scenarios
for a given model. Although standardizing
some assumptions reduced the dispersion
of results across models, there remained
some significant differences. These are dis-
cussed in some detail in an excellent paper
by Perry Beider, whose conclusions in-

cluded the following:
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1. The choice of recursive simulation
or intertemporal optirization model
influences types of behavior and ma-
jor trends in the outputs. The latter
models assume here that one or more
sectors have perfect foresight, allow-
ing these sectors the advantage of
smoothing out over time their re-
sponses to changing market condi-
tions.

2. The inclusion of a feedback effect,
in which higher oil prices reduce the
economic growth of the oil importing
nations, is significant in moderating
the magnitude of price changes.

3. Alternative assumptions about the
price responsiveness of non-OPEC oil
production have a major impact on
the projected prices, although part of
this relative significance may be due
to greater standardization of other
sectors in this study (1981, p. 3).

This EMF study, because it involved a
variety of models and because it examined
a range of assumptions, provides a valu-
able benchmark against which to compare
other models. For example, within GT
(1982) is included a simulation model by
George Daly, Griffin, and Henry B. Steele
(DGS). This yields results that are rela-
tively optimistic, from the viewpoint of
the importing countries. Briefly, they con-
clude that the 1981 price, in real terms,
is likely to provide an upper limit to the
long-run price through the vear 2000. In
contrast, in the EMF study, none of the
ten models, under any of the twelve sce-
narios, projected price in 2000 to be at
or below its value in 1980; in most cases
it was projected to be from 50-150 per-
cent higher. The source of the differences
can be found by comparing three DGS
assumptions with the less optimistic as-
sumptions of EMF. DGS use a higher price
elasticity of demand for oil (—73 versus
—.6 for EMF) and a lower income elastic-
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ity of demand (75 versus 1.0 for EMF).
And they assume extremely high additions
to oil reserves in the 1980s and 1990s—
rates double to triple those of the 1970s,
or about equal to those of 1945-1965
when the “super-giant™ fields of the Mid-
dle East were discovered. The importance
of this oil supply optimism is apparent
when the EMF Beference Case results are
contrasted with those from a comparable
case for DGS (4.5 percent GNP growth,
with .75 income elasticity). With DGS,
non-OPEC supply doubles by the vyear
2000, with real price at its 1981 level, and
world oil consumption increases by 40
percent. But in EMF, by the year 2000,
non-OPEC supply has increased by only
one-third, even though real price has dou-
bled from its 1980 level, and oil consump-
tion is only 12 percent higher.

Of course, this does not mean that the
DGS assumptions ate incorrect—it merely
helps us to understand why the models
yield different results. But if DGS do turn
out to be correct, then OPEC will be faced
with a prolonged weak market for the rest
of the century. Given such a scenario, it
is important to understand what would
be implied by different theories of OPEC
behavior. On this topie, GT (1982) has an
excellent discussion, bringing together
various theories: political, target revenue,
and dominant producer.

With some of the models, the conse-
quences would be optimistic. OPEC be-
havior in a sluggish market would be the
opposite of that in a tight market—an ex-
tended period of low prices and excess
supply. Using a target revenue madel, the
symmetric response to climbing up a
backward-bending OPEC supply curve in
a tight market would be sliding down in
a weak market. Lower prices induce
greater output to achieve revenue targets.

With a political model such as Moran’s,
the results are ambiguous. But Griffin and
Teece take an optimistic view. They note
that, unlike a tight market when QPEC's
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main producers can both achieve high
revenue and advance their political goals
(such as influencing the structure of an
Arab-Israeli settlement), a sluggish market
makes both more difficult. They even sug-
gest that “. . . ‘linkage’ might be made
to work in reverse—the United States and
other consumers might continue to pur-
chase OPEC output in exchange for politi-
cal favors in the Mideast” (GT 1982, p.
212).

But Moran’s own political analysis sug-
gests very different conclusions:

Declining dernand for OPEC cil will intensify
the pressure on Saudi Arabia from its col-
leagues and neighbors to reduce production,
pick up a disproportionate share of the com-
mon export cuthack, slow or reverse capacity
expansion, adopt budgetary restraint . . . and
pay for the basic fiscal needs that remain
through low exports at high prices rather than
high exports at low prices. . . . A forecast for
the mid-1980s based on this scenario could en-
vision Saudi exports continuously modulated to
accammodate the demands of the hawks for
a tight market, with maximum sustainable ca-
pacity actually shrinking to 8.5 MBD, and peri-
adic oil shocks permitted to keep the West from
concluding that it can. ignore Saudi views on
the Middle East [1982, pp. 122-23].

Interestingly, these conclusions are close
to those of Adelman (1982), who uses a
dominant producer model of OPEC bhe-
havior.

III. What We've Learned about Modeling
OPEC Behavior

A. The Wealth-Maximization Approach
to OPEC Pricing Behavior

Within economics, the dominant theo-
retical approach to OPEC behavior has
been the wealth-maximizing theory of
Hotelling (1931). Recent summaries of this
literature appear in Partha Dasgupta and
Geoffrey Heal (1979) and in Shantayanan
Devarajan and Anthony Fisher (1981).
Briefly, the owner of the exhaustible re-
source chooses prices or quantities, over
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time, so as to maximize the net present
value of the stream of profits from its re-
source. Under competitive conditions,
quarntities offered at each date are chosen
so that the price (minus marginal extrac-
tion costs) will increase over time at the
rate of interest. Under monopoly owner-
ship, it is marginal revenue (minus mar-
ginal extraction costs) that will increase
at the rate of interest. Marginal extraction
costs are relatively low within OPEC; in
Saudi Arabia they are estimated to be less
than $1 per barrel.

Initially there was optimism that this ap-
proach would help us understand OPEC
behavior; several such applied models
were built. As noted above, Pindyck
(1978a) used such a model to explain the
1973-1974 price quadrupling as the effec-
tive cartelization of the world oil market
by OPEC. A one-time event, it involved
the restriction of QPEC’s output and the
shift to a higher price-path. He also argued
that this theory was the best predictor of
QPEC behavior:

QPEC's behavior is surprisingly predictable,
sinece the cartel is most likely to take only those
actions that are in its best economic interest
.. . It makes most sense, then, to adjust the
price so that it always maximizes the low over
time of all current and discounted future reve-

nues [1978b, p. 37].

Indeed, this approach so dominated the
theoretical literature in economics that its
applicability to OPEC was taken as almost
self-evident. Such belief in a theoretical
model capturing objective reality was
reminiscent of the opening sentence of
an article by Paul Samuelson, in a different
context:

A rope will hang in the shape of a catenary,
yix) = a18** + aze™=

because even a dumb rope knows that such a
shape will minimize its center of gravity [1965,
p. 486).
Thus, even a dumb OPEC would know
that it would have to set its price so as
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to satisfy the appropriate Hotelling condi-
tions.

However, the applied models using this
approach were unable to surmount seri-
ous practical problems. There are now few
such models in use. For example, in the
Introduction ta GT {1982), although they
explain in detail the wealth-maximization
model, their (numberless) price-path dia-
grams are not derived from an operational
model nor is one cited. In fact, of the ten
models participating in the EMF (1982)
study, there was only one wealth-maxi-
mizing model of QPEC behavior, that of
Stephen Salant (1982). Even among its
practitioners, such as Pindyck, disillusion-
ment has set in:

.. . from a theoretical point of view models

of OPEC il pricing have reached practical lim-

its as taols of analysis . . . economic rationality

probably applies even less to OPEC than to
many other economic agents [1982, p. 109].

The normative sensibility of such mod-
els has been questioned for several rea-
sons, mostly having to do with the simplifi-
cations made to ensure mathematical
tractability. The most important of these
simplifications is the neglect of lags in the
price-responsiveness of demand and non-
OPEC supply. Such an omission prevents
the praper evaluation of OPEC pricing
strategies that are designed to take advan-
tage of such lags. Another important sim-
plification involves the assumption of per-
fect foresight in the expectations of some
or all market participants. Related to this,
and perhaps the most serious weakness
of this approach as normative modeling,
has been its neglect of the unavoidable
uncertainty facing OPEC. Like the rest
of us, they are uncertain about the true
functional specification of world cil de-
mand and non-OPEC supply. Nor are they
sure of the underlying parameter values:
elasticities, future GNP growth rates, and
costs of alternative energy sources. This
is important because the “optimal” price-
path results are sensitive to different as-
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sumptions within the range of uncer-
tainty.

In addition, this approach has also been
criticized as not providing a plausible de-
seription of OPEC behavior, either for un-
derstanding the past or for predicting the
future. For example, it is especially diffi-
cult for such models to explain the price
doubling of 1979-1980. Conceivably,
OPEC could have been adjusting its price-
path to reflect new market conditions:
higher-than-expected costs of alternative
energy sources, the limited price-respon-
siveness of the market in 1975-1979, and
the growing realization that the projected
growth of QPEC production to 45 MBD
was neither likely nor desirable. But such
an explanation seems at odds with the ap-
parent short-run orientation of OPEC’s
pricing decisions. Following increases in
spot market prices, OPEC members
would gropingly adjust their official prices
upward, and continue the process until
the spot and official prices were back in
equilibrium.

Moreaver, such models typically have
had difficulty in explaining the actual ini-
tial price level. That is, given some set
of parameter values, the assumption that
OPEC behaves as a wealth-maximizing
price-setter often vields an initial-year
price quite different from the actual value.
For example, in the EMF (1982) reference
case scenario, the Salant model’s price for
1980 was 28 percent above its actual
value. In addition, such a model’s initial
price is quite sensitive to the underlying
parameter values assurned. Using Salant
in EMF (1982) again as the example, a
change in the assumptions caused as big
a change in the 1980 price as in that for
the year 2000: an average change of 18
percent from the reference case. Of
course, one would expect a model’s long-
term results to be affected if, say, the as-
sumed GNP growth rate for the 1990s
were to be increased. Price in the year
2000 would be higher than in the refer-
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ence case. But, with this model, price in
the initial year is affected as much as in
the year 2000. Given the theory, this is
what one would expect to happen. But
it seems implausible that OPEC would be
so farsighted and so certain about its fore-
cast of future economic conditions that its
current price would be so sensitive to
changes in assumptions about the distant
future. :

Finally, some have argued that OPEC’s
profits, discounted to present-value terms,
are relatively insensitive to the price-path
chosen. That is, OPEC and its members
would do quite well over a wide range
of price-paths, giving it considerable dis-
cretion to pursue other goals as well. For
example, Saudi Arabia could “link™its out-
put decisions to progress on an arrns-sale
agreement or to a satisfactory Arab-Israeli

settlement. . .
Some . of these difficulties with the

wealth-maximization approach could be
related to the cartel nature of OPEC and
the absence of a satisfactory theory of car-
tel behavior. A -generally accepted cartel
theary is lacking, even for the static case,
let alone for the dynamic case with an
exhaustible resource. But many of the
weaknesses of this approach are more fun-
damental and would persist even if we
had better cartel theories.

Such shortcomings have persuaded
Moran that the wealth-maximizing price-
path represents, in the words of Griffin
and Teece (1982, p. 34), ““. . . an empiri-
cally elusive concept and, therefore, of
dubious predictive value.” As Moran ar-
gues:

In short, the idea of ecanomic rationality and
the pursuit of economic self-interest have not
been able to play the role of precise guide ta,
or constraint on, the determination of OPEC
oil palicy. Rather, there has been considerahle
leeway for the OPEC states . . . to suggest al-
ternative courses of action without being met
by a decisive demonstration that the damage
‘to national interests would be overwhelming
[L982, p. 103].
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Parenthetically, Moran’s article provides
an excellent survey of the applied model-
ing work on OPEC. Since he is a political
scientist, Moran has reviewed this litera-
ture as an “outsider”; and, in the tradition
of de Taqueville, he has provided us with
insight and perspective.

B. Simulating OPEC Behavior via Target-
Capacity-Utilization Pricing

While theorists have been working
within the Hotelling tradition, many of
OPEC’s applied models have used pricing
strategies which, in effect if not by intent,
aim toward some capacity-utilization tar-
get for OPEC. In these models, OPEC is
assumed to be an imperfectly disciplined
cartel that is uncertain about the underly-
ing demand and supply parameters of the
world oil market. It is groping toward an
unknowable “optimal” price-path by im-
plicitly following a target-capacity-utiliza-
tion rule-of-thumb: increase price when
the market is tight or tightening, and let
it ease off when the market is sluggish.
OPEC capacity limits on maximum pro-
duction are specified exogenously, taking
account of existing capacity, planned
changes and known oil reserves. (There
have been only a few attempts at endo-
genizing OPEC capacity decisions, e.g.,
the model of Nazli Choucri in EMF 1982.)

Seven of the ten models in the EMF
(1982 study used such pricing rules for
OPEC; an updated version of one of these
can be found in Gately (1983). Five of
these seven used very similar price-deter-
mination functions for OPEC (Beider
1981, p. 20). The percentage change in
price for next year is an upward-sloping,
convex function of this year’s capacity uti-
lization for QPEC. (OPEC productive ca-
pacity is assumed to be 34 MBD.) The “tar-
get” capacity utilization, at which price
would be held constant, was 85 percent
on average across these models. The more
that capacity utilization is below this tar-
getlevel in a given year, the more QPEC’s
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price would be reduced. And the more
it is above, the more price would be in-
creased. This “target” capacity utilization,
incidentally, refers to the target of an in-
strument and is not itself a goal.

Additional explanatoty variables are
sometimes included in these price-deter-
mination functions. Among these are the
capacity utilization level for the previous
year {as well as the current year), or the
rate of change of capacity utilization. This
is often necessary to prevent short-term
price oscillations, which can be a problem
with such maodels.

This approach is related to the
“bounded rationality” models first pro-
posed by Herbert Simon. As James March
observes in his excellent survey:

. the original argument . . . started from
the propasition that all intendedly rational be-
havior is behavior within constraints . . . [such
as] limitations on computational capability, the
organization and utilization of memory, and
the like . . . human beings develop decision
procedures that are sensible given the con-
straints, even thaugh they might not he sensi-
bie if the constraints were remaved [1978, p.
590].

Such an approach, although intended as
a positive model of OPEC behavior, could
also be viewed as a normatively sensible
adaptation, given the computational com-
plexity in modeling the world oil market
and given the unavoidable uncertainty
about the market’s true specification and
parameter values. This view is similar in
spirit to that of William Baumol and Rich-
ard Quandt (1964, p. 23), who argued that
“rules of thumb are among the more effi-
cient pieces of optimal decision making.”

Unlike wealth-maximization models,
this approach has no difficulties in deter-
mining price in the initial year because
it may be set equal to its ohserved value.
Moreover, changes in assumptions about
the underlying parameter values have lit-
tle immediate impact on OPEC’s price or
output. The effect of such changes would
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be gradual, increasing over time as the
emerging underlying conditions have a
greater and greater effect.

The use of such pricing rules is some-
times described as “arbitrary.” To evalu-
ate this criticism, it is important to distin-
guish the three basic assumptions
involved: (1) the level of OPEC pro-
ductive capacity over time, (2} the target
level of capacity utilization, at which price
would be held constant, and (3) the shape
of the function relating the change in
price to the level of capacity utilization.

The assumed level of QPEC capacity
over time would affect the longer-term
results, as one would expect, but it has
relatively little effect on the results over
the first few years. Until the late 1980s,
there is likely to be sufficient spare capac-
ity, as a result of continuing adjustments
by demanders and non-OPEC suppliers
to the big price increases of the 1970s.
But it should be recognized that results
beyond 1990 are partly the consequence
of assumptions made about OPEC capac-
ity; this is important for evaluating the re-
sults in EMF (1982).

Changes in assumptions (2) and (3) can
affect the timing of price changes by a
few years. But these differences have rela-
tively little effect on the ultimate price
levels or the general shape of the price-
path over time. In fact, as was evident
from work related to EMF (1982), there
is less price-path variation with different
pricing functions but a single scenario
than there is with a single pricing-rule but
different scenarios.

But this is not to say that QPEC capacity
utilization is a sufficient explanatory varia-
ble for predicting a particular year’s price
change. As Moran argues in GT (1982),
understanding the pricing and output de-
cisions of Saudi Arabia during 1974-1979
requires attention to political factors. Yet,
although such political forces are impor-
tant and perhaps decisive for any given
year’s decision, the underlying economic
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factors affecting capacity utilization can-
not be resisted indefinitely. Thus, Saudi
Arabia has a great deal of discretion in
price and output policy in any given year,
such that it could ignore underlying eco-
nomic pressures for a year or even a few
years. But these forces would then be-
come increasingly difficult to ignore and,
ultimately, will have their effect.

C. Modeling OPEC Behavior Duting a
Disruption

Perhaps the least developed aspect of
modeling the world oil market is its behav-
ior during disruptions; even the definition
and measurement of a disruption remains
problematic. Within EMF (1982}, for ex-
ample, the results of the disruption scenar-
ios were probably the least satisfactory of
all the scenarios. The disruption was de-
fined as a permanent 10 MBD cut in
OPEC productive capacity at the start of
1985. In one madel, the adjustment of de-
mand and non-OPEC supply was instanta-
neous, oceurring entirely within 1985. But
in other models, the impact on price was
50 slow that the maximum price increase
did not occur until several years after the
disruption had happened. Only in a few
of the models were the results believable.
In hindsight, perhaps, this should not have
been surprising, given that these EMF
models had a longer-term focus. Most of
them were annual models and ignored
many of the most important short-term
aspects of a disruption: inventory changes,
the role of expectations, and the interac-
tion between the spot price and official
price for oil.

Recently, an important contribution has
been made by Philip Verleger (1982). 1t
is an ambitious and sophisticated attempt
to model the behavior of the world
oil market during a disruption. Using
monthly data, he estirnates equations for
the behavior of inventories, the spot price
of crude oil, the official price, the con-
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sumer price, expected production, and de-
mand.

With this model he simulates a simple
disruption: a 1 MBD production cut for
six months. The result is striking: spot
prices continue to increase, even well af-
ter supply is restored. As Verleger ob-
serves:

. . .the madel as initially configured is unstable
in the shott term . . . . The initial results high-
light the characteristics of the warld il market
that prolong and exacerbate disruptions, in-
cluding the historically sluggish respanse of of-
ficial crude oil prices to changes in spot values;
the fact that consumer prices have historically
followed [official] crude prices and not spot
values; the speculative nature of inventory de-
mand; and the very sluggish respanse in can-
sumer demand (1982, pp. 130-31].

He then explores the effects upon the
model’s short-term instability of changing
the specification of different equations or
values of parameters such as adjustment
speeds. This work represents a nice exam-
ple of how applied modeling, when it ac-
cepts the challenge of generating plausi-
ble numerical results, can help to focus
the discussion and improve our under-
standing.

Yet, just as the telescopic view of longer-
term models does not analyze short-term
disruptions very well, Verleger’s micro-
scopic view does not capture the impor-
tance of the longer-term goals and expec-
tations of the main participants. For
example, he does not explain what moti-
vated the decision by the Saudis on Janu-
ary 20, 1979 to cut production at the
height of the Iranian disruptions, or of sub-
sequent decisions to raise OPEC’s official
prices. But, presumably, these events rep-
resented purposeful behavior, taken with
some expectation of the post-disruption
consequences for the world oil market. In
this model, the Saudi cutback is a given,
a part of the disruption whose conse-
quences are to be determined by the
model. And the official price increases are
determined mechanically, as a weighted
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average of current spot and official prices.
But, to analyze these events properly re-
quires that attention be paid to the expec-
tations of the participants. Perhaps this
could be done by embedding this disrup-
tion model in a longer-term model of the
world oil market.

The second half of Verleger’s book dis-
cusses policies for coping with disruptions
and mitigating their effects. Some of the
policy preseriptions, however, are incon-
gruously bold, in view of the underlying
model in the first half of the book.

Other analyses of disruptions and poli-
cies to mitigate their effects can be found
in two recent books, one edited by David
Deese and Joseph Nye (1981), the other
edited by James Plummer (1982). The lat-
ter contains an especially well-integrated
treatment of the issues. Among the behav-
ioral questions considered are the macro-
economic impacts of energy price
changes. This, incidentally, is the focus of
a study by the Energy Modeling Forum
subsequent to its study of world oil mod-
els.

IV. Qutstanding Issues

There are numerous important issues,
both empirical and theoretical, that re-
main unresolved.

With regard to empirical questions,
there are important uncertainties about
both demand and supply. On the demand
side, there remains disagreement about
the long-run price elasticity, the form of
the lag structure, and the income elastic-
ity, including the feedback from oil prices
to economic growth rates. There is similar
disagreement on the supply side, about
the geological resource base for conven-
tional oil and the cost and likely capacity
of alternative energy sources.

With regard to theoretical issues, it re-
mains an open question how best to design
a model of the behavior of QPEC. This
is true especially for behavior during dis-
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ruptions but also for decisions in more nor-
mal times, concerning production levels,
pricing and capacity changes. There are
a large number of alternative theories, but
a much smaller number of sensible ap-
plied models.

Finally, there is the continuing dispute
about the significance of OPEC for what
has happened in the past decade. In our
view, OPEC as an organization undoubt-
edly controlled the timing and the magni-
tude of the price increases, and it pre-
vented more rapid price declines after
1980. But, it seems equally clear, in the
light of plausible estimates for the demand
elasticities and the costs of oil and of alter-
native energy sources, that pre-1973 oil
prices were too low to be sustained much
beyond the mid-1970s. Similarly, pre-1979
prices were too low to be sustained be-
yond the mid-to-late 1980s.

QOPEC will continue to have power over
price, especially in the short term, and
its power will increase when its capacity
utilization increases. But, over the longer
term, taking ten-year or twenty-year aver-
ages, OPEC’s market power will be con-
strained by the underlying price-respon-
siveness of demand and of non-QPEC
supply, for oil and alternative energy
sourees.
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