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1.0 INTRODUCTION TO THE SOCIAL COSTSOF OIL IMPORTS

The levels of oil production, imports, and consumption raise concerns because they may have
undesirable side effects which their market prices do not signal to consumers. Underlying this
possible excess of social cost over market prices is the possibility that domestic and/or world
markets for oil may be subject to market failures.*

Thisreport reviewsthefull socia benefitsand costs of oil imports. Asdiscussed further in Section
2.0, it isgenerally accepted that the social benefits of oil imports equal their private benefits (i.e.,
there are no significant benefit spilloversfromimporting). The benefits of oil importsat the margin
are thus believed to be represented accurately by oil’s market price. Accordingly, this document
focuses its attention on costs. It surveys the conceptual issues surrounding the socia costs of oil
imports and offers arange of quantitative estimates of what those may be. It would be premature
to concludethat, for example, thefull social cost of oil isso many dollarsand cents per barrel higher
than the market price. The diversity of professional opinion neither supports nor justifies such
confidence or precision at this point. However, review of the components which various experts
believeto comprisethefull social cost can clarify why opinionsdiffer and help foster the discussion
which may lead to improved consensus.

Oil isacommodity, but it possesses characteristicsdifferent, at |east in degree, from other common
commodities such as grains or metals. First, in common with most mineral commodities, it must
be taken from where it is found--it cannot be grown or raised under suitable conditions. However,
oil is extraordinarily concentrated in small parts of the world. Some 30 percent of current world
production and over 60 percent of known reservesarelocated in the Persian Gulf region (U.S. DOE
1994:287), an area whose political and cultural instabilities are exacerbated by the opportunities
represented by its vast oil wealth. This locationa circumstance introduces possibilities for
monopolistic (or, technically speaking, oligopolistic) behavior in the world oil market. Second, in
conjunction with the locational concentration of oil reserves, the world's flexibility in substituting
away from oil as afuel has been more limited than is the case with most other mineral products.
For other minerals, varying aloy proportions, production methods, and even synthetic substitutes
are viable options. Third, the concentrated sources and limited substitutability away from oil in
modern, industrial economies may combine to leave nations vulnerable to serious adjustment
problems when faced with supply shocks. Fourth, all stages of the oil fuel cycle--extraction,
refining, delivery, and final use--impose unintended, but nonetheless undesirable, impacts on the
environment, ranging from oil spillsto automobile exhaust.

These characteristics can contribute to a departure of the full social cost of oil from the price paid
for adelivered barrel of oil or for agallon of gasoline at the retail pump. The unaccounted social
costs may include problems associated with noncompetitive markets (e.g. higher prices paid to
noncompetitive suppliers); losses due to the risk of oil price shocks; environmental and health
externalities; and military program costs. Some of these differencesbetween private and socia costs
derive from oil production (e.g., some environmental disturbances in oil fields), others from
consumption (e.g., automobile emissions or the exposure of the economy to shocks), and some may

1 The term market failure has been standard in the economics discipline since Bator [1958] for describing conditions in which the market
outcome isinefficient, i.e., is not Pareto optimal [Cornes and Sandler 1986:17].
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derive explicitly fromimports (e.g., the possibility of excessinternational wealth transfers’ through
cartel rent). Somearedifficult to assignto asingleactivity. Theinterest hereisin costswhich vary
directly with imports.

Although not technically correct, many analysts place all potential market failures and their
associated costs under the heading of "externalities." "Externality" has become a convenient
shorthand for any and all market failures that cause a deviation of full costs or benefits from price,
and that may call for some type of government intervention. Unfortunately, lumping all market
failures under one heading masks the sources and types of potential costs associated with oil
production, imports, and consumption. More importantly, it blursthe types of government actions
that can be taken to either offset the impacts of these market failures or directly correct the sources
of the failures. Given this caveat, the study adopts the commonly used, broad definition of
externality.

1.1 Study Focus on Imports

This report focuses on oil imports rather than consumption or production, not because imports per
se are presumed to have higher social costs than consumption, but because imports are of more
immediate policy interest for the Domestic Natural Gas and Oil Initiative. U.S. oil imports have
grown substantially over the last decade, and are expected to climb to 60 percent of consumption
by 2010. In general, freetradeis highly beneficial to U.S. society, asisthe use of oil. However,
in cases where the market for acommaodity is not fully competitive, is subject to price shocks and
physical interruption, and may involve social costs not borne by the users of the commodity, the
magnitude of trade, in addition to consumption and production, could be a concern.

Consumerswill buy or import oil until the benefitsof thelast barrel bought by thelast or "marginal”
buyer are equal to its price.* However, at the margin, the "true" cost of oil imports may be higher
than the price because of possibilities such astheinfluence of Organization of Petroleum Exporting
Countries (OPEC) onworld oil markets, price spikesfrom oil supply disruptions, or environmental
damage from the importation of oil. The difference between the true cost of oil imports and the
market price of oil iscalled the oil import premium.

This study has three purposes:

o0 toidentify the possible social costs of oil importsthat are not included in the price paid by
consumers,

0 todiscussthe possible size of these costs; and

o to highlight the reasons for differencesin cost estimates.

2 |tisimportant to stress that the term "excess wealth transfer" is not intended to invoke a neomercantilist obsession with avoiding trade. To

the contrary, free trade under competitive conditions increases social welfare. Rather the concern here is with transfers beyond the actual
resource costs of the commodity, i.e. beyond that which would occur under competitive conditions. The term wealth (or income) transfer
isin common use in the oil economics literature [e.g. Bohi and Toman 1993 or Eastwood 1992] when discussing the full costs of ail.

At the margin, private benefits must equal the price, otherwise no purchase would be made if the benefits were too low, or more would be
purchased if the benefits were more than the price.

Oil Imports: An Assessment of Benefits and Costs 2
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Accordingly, the report identifies underlying conditions which appear critical to differences of
opinion regarding the full social costs of oil imports and presents estimates of the per-barrel cost
premiums which would be associated with those conditions.

Most of the analysis and debate about social costs of oil imports has centered on whether significant
costs arise from noncompetitive market structures and oil price shocks. Non-competitive costsare
those associated with monopoly or oligopoly power among producers and those involving
MOoNOPSONY power among certainimporting countries. Disruption costsincludepossiblesocial costs
deriving from the difficulties an industrial economy experiences in preparing for or adjusting to
large oil price shocks. With a subject as extensive as the economics of ail, it isto be expected that
scholarsand other experts may reach different conclusionsregarding features of oil markets. While
diverse research on some topics in the economics of oil has led to a broad consensus, if not
unanimity of opinion, other important topics, including elements of the social cost of imports,
continue to experience some sharp differences of professional opinion. Much of the current
diversity of opinion can be attributed to differing assessments of the character of competition in the
world oil market, of the volatility of that market, and of the consequences of volatility. For example,
while some scholarsfind little persuasive evidence that the world oil market isat all close to being
competitive, and have even calculated numerically what they believe to bethe monopoly rent in the
world oil price, others find little persuasive evidence that market power is being exercised by
suppliers. The significance of these disagreements is that different characterizations may lead to
quite different estimates of costs, and an inappropriate choice of policy could be very expensive.
In deference to the variety of expert opinion on oil’'s social costs, we use the terms potential cost or
potential social cost.

1.2 Overview of the Study

Section 2.0 introduces several concepts involved in the definition and measurement of the social
costs of oil imports. First, there is the interdependence among total consumption, imports, and
domestic production, which can create confusion when attempting to isolate the incremental costs
of imports alone. Second, the base against which costs are measured must be specified because
different choicesof basewill yield different assessmentsof costs. Third, closely associated with the
choice of base, margina cost concepts may be used to inform different types of policy decision.
Fourth is the concept of an optimal oil import premium, or the difference between the social cost
and the market price of imported oil when the volume of importsis at its socially optimal level.
Finally, the concepts of the world oil market’s competitive structure and volatility, or susceptibility
to major supply disruptions, are presented in a two-dimensional continuum which facilitates
identification of the grounds for several important differences of expert opinion regarding social
costs of oil imports.

Section 3.0 discusses the social costs an importing country may experience as a consequence of
suppliers exercising market power--technically a condition of oligopoly or cartel but commonly
called monopoly power in the literature--and the possibilities that relatively large buyers may be
able to exert influence over the price of a commodity which they buy--called monopsony power.
Monopsony power need not be used even if it is possessed, but in the presence of the exercise of
monopoly power by a seller, some exercise of it may be justified as a corrective measure.
Nevertheless, it is possible that strategic or noneconomic considerations might dictate restraint in
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using monopsony power even in such circumstances. 1nthe oil market, both supplier-cartel power
and U.S. buyer monopsony power together are required to jointly motivate and enable the partial
recovery of cartel rents. In this case, the recoverable cartel rents comprise along-run component
of the import premium.

Section 4.0 reviewsanumber of social costswhich may arisethrough thelimitationsof anindustrial
economy in adjusting smoothly and rapidly to a sudden shock in oil supply. The magnitude, and
even the existence, of most of these components of social costs of oil imports have been questioned
in recent literature despite widespread, apparent evidence of those costs. This chapter reviewsthe
diversity of reasoning used to arrive at the different conclusions.

Section 5.0 presents a series of numerical estimates of the oil import premium deriving from the
potential costs of non-competitiveness and supply shocks, under a range of circumstances. This
controlled construction of additive componentsfacilitatesidentification of the relative quantitative
importance of different sources of social costs and the sources of different opinions about the size
of overall costs.

Before embarking on the remainder of the report, we offer a precis of conclusions.

® While the approach used in this study identifies different estimates of the premium
associated with oil imports, it does not indicate preferred methods or policies for
improving socid efficiency. For example, diplomatic optionscould beeffectivesubstitutes
for strictly economic policies. Few policies are costless, and the costs and benefits of
policies should be compared to the magnitudes of problemsthey are intended to alleviate
to see if an improvement actually can be made.

e Virtualy all of the identified components of the oil import cost are subject to disputes
regarding their validity and to uncertainty regarding their magnitude.

® Theprincipa direct effects of animport reduction would follow fromits ability to reduce
theworld priceof oil inthe face of noncompetitive supply, and from reducing the quantity
of ail which is subject to higher import costs during a disruption. If world oil supply is
deemed to be not subject to substantial exercise of market power and stable, then the
United States has no motive to take this action.

® Although thereisadebate about the competitivenessof world oil supply, thereisempirical
evidence available that supports viewing the Organization of Petroleum Exporting
Countries (OPEC) as an imperfect cartel rather than an association of competitive
producers. The behavior of oil prices, as contrasted to their level, is aso not well
explained by exhaustible resource theory. The most common view in the literature isthat
the cost of oil above its marginal extraction cost includes some cartel rent as well as
scarcity rent. Other analysts believe that world oil markets are not subject to substantial
exercise of market power.

e |f the United States has a motive but little ability to influence world oil price through its
imports, then alarge component of the import premium, the recoverable cartel rent (also
called the monopsony premium), isnear zero. The strength of U.S. buying power inworld
markets depends largely on the supply response of OPEC and other producers and the
demand response of other consuming countries.

Oil Imports: An Assessment of Benefits and Costs 4
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Some of the costs attributed to noncompetitive supply (long-run inflation and balance of
payments/exchangerate costs) are not well established theoreticaly or empirically. These
components are excluded from the final premium estimates presented.

The principal uncertaintiesregarding the disruption-related import costs are the likelihood
of price shocks and the ability of the oil market and other input and product markets to
anticipate and accommodate them smoothly with existing mechanisms.

A long record of econometric analyses has repeatedly yielded evidence of a statistical
relationship at the aggregate level between oil price disruptionsand macroeconomic | osses.
Nonetheless, some recent, conflicting evidence suggests the need for a more careful
disaggregated analysis. The contribution of macroeconomic adjustment losses to the oil
import premium hinges on the marginal ability of import reductions to reduce shock size,
either by influencing quantities of oil trade at risk or by reducing relative price rises.

Quantitatively, the premium estimates are composed of three main components of roughly
equal sizes. avoidable cartel rents; increased import payments during disruptions; and
incremental macroeconomic adjustment losses.

The marginal economic costs not counted in the market price fall within atotal range of
zero to $10.00 per barrel of imported oil but more likely within arange from zero to $4.60
per barrel of imported oil.

Of the components omitted from the import premium estimates presented here, the
unaccounted environmental costsassociated withincremental oil importsstemmostly from
oil transportation, and are quite small, probably $0.23 per barrel or less.

The strategic insurance costs for oil-related military preparedness and for the Strategic
Petroleum Reserve do not vary directly with the level of imports, so they cannot be added
to the marginal economic costs to influence policy decisions on reducing imports at the
margin. Additionally, the alocation of these costs per barrel of incremental importsis
problematic. In particular, the clear attribution of military expenditures to particular
missions has defied resolution to date, making a reliable assignment of some portion of
those costs to imports impossible at present.

Oil Imports: An Assessment of Benefits and Costs 5
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2.0 FRAMEWORK FOR ASSESSING OIL COSTS
2.1 Thelnterdependence of Consumption, Production, and Imports

The issues of possible market imperfections and social costs do not arise from imports alone, but
also hinge on levels of consumption and production. Thisreport focuses on oil imports rather than
on consumption or production not because imports per se are presumed to have higher socia costs
than consumption, but because imports are of more immediate policy interest for the Domestic
Natural Gasand Qil Initiative. While consumption may entail significant environmental costs, and
it isan important determinant of our exposure to price shocks, such factors are outside the scope of
this study.

A simple identity relates imports, consumption, and production of oil in the United States:; *
U.S. ail imports = U.S. oil consumption - U.S. oil production.

Sinceimportsare the difference between domestic consumption and production, the analysis of any
oil policy would benefit from the evauation of itsfull equilibrium effects on imports, consumption,
and production, and their attendant economic, environmental, and energy security consequences.
For example, the equilibrium effects of an oil import fee, an oil consumption tax, and a domestic
oil supply incentive would differ. However, this study does not evaluate a specific policy but
instead makes a first step by considering only a subset of the relevant issues. The focus hereis
exclusively on the effect of changing imports, without presuming particular changes in domestic
supply or demand.

Theoil import study usesamarginal partial approach: "marginal” becauseit isbased onincremental
changes in imports, and "partial” because it does not consider changes in production and
consumption. Thisis agood means of isolating the costs and benefits directly attributable to oil
importsto get a sense of the magnitudesinvolved, independent of policy choice. It avoidsascribing
costs or benefits to imports which may not depend on imports per se, and is a precursor to policy
anaysis.

Theoil import premiumsreported includeonly thoseexter nal costswhich arisefrom changing
oil imports. They exclude costs which arise from changesin consumption or production, or
which do not vary with the level of imports.

2.2 Import Incremental Benefitsare Largely Internalized

Private benefits are the benefits received by the buyer from using imported oil, which at the margin
will equal the price paid. External benefits would be the benefits received by third parties not
involved in the sale or purchase of oil imports. If one person’s purchase of imported oil confers
some benefits on someone not purchasing that oil, the marginal social benefit of imported oil would
exceed its marginal private benefit, which is equal to its delivered import price. These potential

4 Thisidentity omits the minor effects of inventory changes. Also, the United States does export some petroleum. To account for that in
this equation, imports could be changed to net imports.

Oil Imports: An Assessment of Benefits and Costs 6
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benefits of oil imports are not included in the price, or are "external" to the price. In redlity,
however, the full margina benefits of oil imports generally can be captured by private buyers, and
there are no accepted significant external benefits of oil imports. Thus, at the margin, socia
benefits of oil imports are the private benefits.

The partial analysis conducted in the study omits consideration of induced changes in domestic
production or consumption because such changes depend upon policies which are not specified.
Holding constant oil consumption and domestic production also avoids counting external benefits
of consumption or costs of production as external benefits of imports. Possible external benefits of
imports which have been proposed by some include less domestic pollution, fewer tax distortions,
and more efficient alocation of capital. These candidate benefit categories would arise from
changesindomesticoil production, which our partial marginal analysisexcludes. Nevertheless, after
examination, it appearsthat at least two of these three possible external benefits of importswould
be limited even if changes in production were considered. The proposed externa benefits are
revised here for completeness.

External Environmental Benefit

Imports may displace domestic production, thereby |essening the domestic pollution associated with
production. However, there is very nearly a consensus among analysts that most environmental
externalities associated with oil production and transportation have been internalized at the margin
by additional insurance requirements, safety regulations, and private anticipations of law suitsand
finesin the event of spillsand other damages. Consequently, the marginal external environmental
benefits of oil imports can be expected to be small, as are the estimates of their marginal external
environmental costs.

External Resource Allocation Benefit

To the extent that domestic oil production issubsidized through the tax code, the marginal resource
cost of domestic oil production would be higher than theworld priceof oil. Inthiscase, substituting
imports for more costly subsidized domestic production would reduce external production costs,
which might be interpreted as an external import benefit. Again, the present analysis, by holding
constant domestic production, does not account for thiseffect, the magnitude of whichisnot known.

Externa Investment Benefit

Some have noted that reduced imports may require the use of scarce capital to increase domestic
production, and thereby adversely influence the U.S. economy. For this capital saving to be an
external benefit of imports the marginal resource cost of domestic oil production must exceed the
market price, which islikely to occur only under the implicit tax subsidization argument discussed
above.

Thus, even amoreinclusiveanaysisof thefull equilibrium effects of import changes on production
and consumption may not reveal substantial externa benefitsof imports. Regardless, inthe absence
of such afull equilibrium analysis, it is proper to exclude marginal externa benefits deriving from
the reduction of domestic production, and no other marginal external benefits of imports have been
identified by researchers.

Oil Imports: An Assessment of Benefits and Costs 7
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2.3 Thelssue of a Reference Point: Costs Relativeto What?

When assessing the costs of oil, we must choose an appropriate reference point, that is, answer the
question "costs relative to what?' Three reference points for comparison are: perfect market
conditions; optima levels of imports given market imperfections; and a marginal (small

incremental) change in importsfrom agiven level. At one extreme, the costs of oil imports can be
measured rel ative to the competitiveideal. Such anideal world would have competitive supply and
demand, no unanticipated price shocks, and no unpriced environmental damages. In other words,
the per-barrel costs of oil could be compared to the costs that would exist in the absence of market
failures. Using the competitive ideal as a reference point would provide a general view of the
magnitude of costs which we might wish to recover. This may be a useful guide for research and
motivate the search for cost-effective solutions. It would offer no insight, however, on whether
government can or should do anything about oil use or importsto avoid these costs. It would be a
mistake to treat all costs beyond those of the competitive ideal as avoidable, since that implicitly
assumes the existence of costless government actions which totally eliminate the market failures.

Secondly, the potential costs of oil may be defined in terms of the difference between the optimal
(efficient) level and the current level of costs, recognizing that some government programs are
already in placeto respond to potential market failures. Since government action isnot costless, the
pragmatic issue is one of balancing the costs imposed by government intervention against the
expected value of that intervention. The goal isto approach an efficient level of oil import costs,
not to reduce those coststo zero. Thisoptimal leve isdependent on a host of conditions about the
structure of the domestic and world oil markets, the vulnerability of the domestic and world oil
markets to price shocks, and the relationship between oil markets and the macroeconomy. The
efficient or optimal level of costs and imports may not be attainable with policies which are cost
effective and pragmatically acceptable, but the concept has the merit of being adesirable reference
point.

A third alternativereference point isthe cost that woul d be caused by amarginal (small incremental)
change in oil imports from the current, or alternatively, from the optimal, level. A small
incremental reduction in imports may not be an efficient goal, but it has the virtue of being an
achievablereference point. Themargina reduction in social costs of achangeinimport levelsalso
reveal s the amount we should be willing to pay (per barrdl) to achieve that modest change. Hence,
marginal cost is auseful guide for incremental policy.

2.4 Marginal Importsand Marginal Welfare

In examining thefull costs of oil imports, one could estimate total costs, average costs, or marginal
costs. Totd cogts(in dollarsor dollars per year) must be measured relative to some reference value
or alternative. Examplesarerelativeto a perfectly competitive market [Greene and Leiby (1993)],
or relative to optimal U.S. policy regarding import levels [e.g., Broadman and Hogan (1986),
(1988), Huntington (1993)]. Average costs(estimatedindollarsper barrel) requiresmilar decisons
about the reference point, as well as requiring that oil costs be carefully segregated into those
attributable to consumption and those attributable to imports, so that the correct denominator can
be used.

The principal method used in this report is the marginal analysis of U.S. welfare, employing the
concepts of the economic welfare function and the oil import premium. The margina costs of
imported oil (in dollars per barrel) are the incremental costs associated with a unit change in oil

Oil Imports: An Assessment of Benefits and Costs 8
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imports.®> Their estimation does not require that we know total costs, but only how total costs
change with the level of oil imports. The usual analytical approach isto begin with a functional
description of how U.S. economic net benefits depend on the level of oil imports. The term net
benefits means the difference between benefits and costs. Here we begin with a representation of
U.S. economic net benefit or welfare (relativeto an arbitrary reference point), W(q,,), which depends
on the quantity of U.S. imports (g,,).° Given the focus on imports, it is convenient to combine the
domestic demand and supply curves into a net import demand curve. This corresponds to
combining the private benefits of consumption and the private costs of domestic production into an
import private net benefits function B;(q,,). The net economic welfare function includes import
benefits B,(q,,), the direct costs of imports (P,,q,,), and al other costs associated with externalities,
shocks, and market failures (C(q,,)), which producers and consumers do not ordinarily consider.

quu) = B]( qiu) _ngiu_ce( qiu) (l)

The margina welfare from achange in importsisthen the marginal private benefit of importsless
the marginal direct cost of imports less all the other marginal non-private costs identified:

W4 AR eold))

social ~— aqiu i aqiu aqiu
oC(q,,) @)
— /o A e Iu

The il import premium s defined asthe difference between the marginal private net benefits of oil
and themargina social net benefits. Sinceitisgenerally believed that the social benefits of imports
equal the private benefits, the import premium is the difference between marginal social costs and
marginal private costs. Inthiscase, the marginal socia benefit isaccurately measured by the price
U.S. consumers would be willing to pay for oil, given theimport quantity g,,. Thisprice, P,,(q;,),
corresponds to the point on the import demand curve above quantity g,

Vls/oci al - (Piu B PVI) B (3)

q P/ " ace( qIU)
iu w aqiu

The marginal private cost of oil isthe prevailing world oil price, P,. Sothe margina private net
benefit of imports is P,(q,) - P,- The oil import premium, &, being the difference between
marginal private and marginal social value, is:

H( qiu) = V‘;:{rivate - Ms./ocial

- (Piu_Pm> B Vls./oci al 4
=1 ;P + °GLa;) X
iu w aqiu

®  Technically, marginal cost isthe derivative of total cost, and is based on an infinitesimal changein oil use.

¢ Naturally, net benefit also depends on levels of oil production and consumption, but we are abstracting from these issues here.
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As will be discussed below, the first term of the premium corresponds to the monopsony or
consumer buying power premium. The second includesall other marginal social losses such asthe
expected disruption losses.

2.5 TheBase Import Premium and the Optimal Import Premium

The premium can be measured under base conditions (of essentially free-market policy) or under
conditions where policy has reduced import demand. The former estimates the social gainsfrom
an incremental imports reduction from the current base level, while the latter estimates the social
gains after imports have been reduced by anon-trivial quantity. Oncethe socially efficient level of
importsisidentified (that which maximizessocia net benefit), the"optimal™ import premium which
applies at that level can be estimated. Note that neither the premium nor imports is necessarily
reduced to zero at the optimal level. Many studies of oil import costs seek to estimate the optimal
premium, sinceit servesasaguidefor longer-run policy after atransition to lower imports has been
made. Asimports decline, the premium declines. Calculating the premium at the current level of
imports rather than the (lower) optimal level would indicate too high an external cost.

A graphical representation may clarify the concepts of the base and optimal premia. Under free-
market policy, import demand will adjust until the marginal private benefit equalsworld price, and
the marginal private net benefit iszero. Thisisshown by the intersection of the import supply and
demand curves in Figure 2.1, at imports level M,. The base premium, n(M,), is shown as the
difference between the private marginal cost (import supply) curve P, and the social marginal cost
curve C'y 4, above imports level M,. The base or "free market" premium provides an estimate of
the potential social gain from reducing imports by a small amount from their current level.
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Figure2.1: Deviation Between Marginal Social Cost and Marginal Private Cost
of ImportsImpliesa Premium
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If apolicy isintroduced to reduce imports below the free market level, M,, to any other level, say
M, then the marginal private benefits diverge from private costs. The foregone margina
consumption benefit exceedsthe foregone private cost of imports. The difference between the new
private benefit P, (M) and the new world price P (M) correspondsto an implicit tariff, t(M), which
would be needed (in the absence of other policy) to reduce imports to the level M. At the free
market level M, the implicit tariff is zero. While reducing imports to level M reduces private
margina net benefit by t(M), the gap between social and private marginal costsis aso declining.
When imports are reduced to the level M, the gap between private benefits and private costs just
equalsthe gap between social marginal costs and private marginal costs (theimport premium), and
no further reduction is beneficial. Thisisthe optimal imports level, and the implicit tariff equals
the optimal import premium. Note that thisis also the imports level at which the socia marginal
cost intersects the private demand curve (Figure 2.1), so social: margina costs equal private
margina benefits, which equal social marginal benefits:

Cs./ocial(M) = Pd( M) = Bs/ocial(M) (5)
P(M)-P{M) = t(M) = n(M)
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The oil import premium isa useful concept for summarizing non-market costs, but should not be
interpreted as an instrument of policy (NES Draft 1990:9). For example, Plummer et al. (1982)
make the clear point that the two basic components of the import premium associated with non-
competitive market costs and disruption costs each may motivate a different policy. The import
premium indicates the marginal social value of a sustained reduction in imports, but does not
indicate the most efficient policy for achieving that reduction. Similarly, the disruption component
of the import premium should not be interpreted as the marginal value of stockpiling against a
disruption, in order to offset importsduring adisruption. Thisvalue could be estimated separately,
asinthe Plummer et a. (1982) "stockpiling premium,” or numerous other stockpiling studies[e.g.,
Teisberg (1981), Hogan (1982), Leiby and Lee (1988), DOE/Interagency Study (1990)].

2.6 Basesfor Expert Disagreement: Viewsof the Costsof Oil Market Instability totheU.S.
Economy and Oil Exporter Market Power

26.1 Divergent Views

The current disagreement about potential oil costsis explained in part by different views among
analystsregarding the potential exercise of oil exporter market power and the possibility of market
failure costs to the U.S. economy following oil price shocks. To highlight this, a smple 2-by-2
diagram is useful.

Figure 2.2 presents a simple two-dimensional matrix that represents alternative "Views of the
Effects on the U.S. Economy" and "Views of Oil Exporter Market Power." Thetwo polar views
of the effects on the U.S. Economy are "Minimal Market Failure from Oil Market Instability” and
"Substantial Market Failure from Market Instability.” The minimal market failure view describes
aworld where ail price shocks are largely anticipated and hedged against that possibility, and the
U.S. economy is one that smoothly and efficiently adjusts to the sudden increase in oil prices.
Substantial market failurewould describe aworld where oil price shockswerelargely unanticipated
and little hedging is done in anticipation of oil price shocks, and where the economy
underperformsin trying to adjust to the oil price shocks.

Price shocks can be of two general types. (1) temporary price shocks that may last for a few
months, but not more than a few years; and (2) sudden, large, and long-run price increases that
reflect asudden movement to anew price plateau and afundamental changein theworld oil market.
For the most part, analysts have focused on price shocks of the first type. Thisis an important
distinction because the opportunities for policy action in the two cases will differ. A temporary
price shock could be eliminated by a sufficient drawdown from public stocks, which would avoid
all the associated costs. However, in the case of a sudden movement to a new price plateau, the
long-term priceincreaseisnot preventabl e through buffer stocks, and the mitigative effects of other
policies need to be explored. In either case, the short-run adjustment costs associated with the
movement to that new price level are potential costs of concern.

Thetwo polar views of exporter oil market power can vary from aminimal exercise of oil exporter
market power to substantial exercise of market power, with many alternative market structures
between thetwo. With aminimal exercise of exporter market power, theworld isonewhere OPEC
has little capability to control oil prices, and oil prices are close to levels that would occur in
competitive markets. At the other end of therange, aworld with substantial exporter market power
would be one where OPEC sets the world ail priceto its preferred level.
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Views of Effects on U.S. Economy

Figure 2.2: Potential Costs of Oil Imports and Consumption
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Each world view is associated with particular events and categories of potential costs (see Figure
2.2). The upper-l€eft region is representative of an essentially competitive oil market with the U.S.
economy suffering only minimal market failure costs in the event of a severe oil price shock, but
with the possibility of health and environmental externalities. In the upper-right region, the
economy dill ischaracterized by minimal market failure, while oil exporters are assumed to wield
substantial market power and health and environmental externalitiesremain. Thelower-left region
isrepresentative of acompetitive oil market and aU.S. economy that is characterized by substantial
market failure costs in response to price shock plus health and environmental externalities. The
bottom-right region contains the most severe cost conditions. the oil market is characterized by ail
exporters having substantial market power, the economy suffers from market failure costs after oil
price shocks, and health and environmental externalities remain. Note that potential costs are
cumulated as we move to the right and down. Only the added costs of moving from one market
view to another are highlighted in the figure. The four quadrants constitute four different world
views, and are discussed in turn below..

2.6.2 Minimal Oil Exporter Market Power/Minimal U.S. Economy Market Failure

Some contend that today’s world oil market shows little evidence of supplier market power or
vulnerability to price shocks. To defend that position, they argue that although there may be severe
oil price shocksin the future, these shocks are anticipated and hedged, and the U.S. economy will
smoothly and efficiently adjust to an oil price shock. They point to the factors mitigating price
shocks: the increased use of spot and futures markets; pricing methods such as netback pricing
(when used, ties the price of crude to the market price of products); the existence of the U.S.
Strategic Petroleum Reserve (SPR); and greater flexibility of domestic suppliers and demandersto
adjust to price fluctuations. For example, a study by Tussing and Van Vactor (1988) pointsto the
widespread introduction of facilities to accommodate fuel switching and to allow greater domestic
supply, especialy in the areas of transportation and refining (where there is now greater ability to
refine heavy crude oils and residua oil into gasoline and other light distillates).

While acknowledging that members of OPEC are capable of influencing the market price of ail,
advocates of the no substantial exporter market power view argue that OPEC has not exercised its
market power historically and that other factors explain members behavior [e.g., Bohi and Toman
(1993), MacAvoy (1982) and Teece (1982)]. They point to OPEC's reduced market share and
explain past oil price increases as the results of individua political events and demand-side
responses, not the exercise of monopoly power. They argue further that although the United States
may possess monopsony power in the world oil market, it does not follow necessarily that a
potential monopsony position should be exploited. Some analysts argue that U.S. monopsony
power is, in fact, very limited, and any declinesin U.S. demands are apt to be offset partially by
increasesin other countries demands[e.g., Walls(1990)]. The main argument against the use of
monopsony power, however, isthe potential retaliation of major exporting countries [Nesbitt and
Choi (1988)]. If OPEC isnot already earning monopoly profits the exercise of monopsony power
could bring greater cohesion to thewould-becartel. Increasesinworld oil pricescould result, which
would leave the United States worse off.

Therefore, in thisworld view, costs associated with market failures in the U.S. economy from oil
price shocks and oil exporter market power are limited and thus not important for policy. Potential
costs of oil production, imports, and consumption are reduced to those associated with
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environmental and health externalities. (Environmental and health externalities are discussed in
detail in another section of this report.)

2.6.3  Minimal Exporter Market Power/Substantial Market Failurein U.S. Economy

Inthisview of theworld, oil exportershavelittle market power, buttheU.S. economy suffersfrom
substantial market failure costs from oil price shocks. The possibility of price shocks raises the
prospect of incomplete markets and therefore external costsif producers and consumersare unable
to anticipate and adequately "insure" themselves against such market contingencies. These costs
result from abroad set of possible market imperfections, including incomplete insurance or hedging
opportunities, excessve market uncertainties, rigidities of domestic marketsfor oil and other goods
and services dependent on oil, and/or institutional/regulatory constraints that may cause domestic
producers and consumers of oil to underinvest in capital equipment and oil stockpilesto respond to
oil price fluctuations. Substantial exporter market power, however, is not a serious concern to
proponents of thisworld view.

2.6.4  Substantial Oil Exporter Market Power/Minimal Market Failurein U.S. Economy

In thisworld view, oil exporters have substantial market power, but there are only minimal market
failures in the U.S. economy when there are oil price shocks. Thus, this Situation suggests two
potentiadl market failures -- health and environmental externalities and potential
monopoly/monopsony power. However, if suppliers possess market power, it isan open question
what can be done to prevent itsexercise. If nothing can be done to counter or prevent the exercise
of market power, the long-term cost associated with ahigher world oil price may be large, but may
not be avoidable. Whilethe avoidability of particular cost categoriesisnot really the issue we seek
to address, it istrue that the cost estimates of substantial oil exporter market powers provided in the
literature depend critically on the assumed ability of changing U.S. import levelsto influence OPEC
supply, non-U.S. oil demand, and thereby price. These matters are discussed further in Chapter 3.

26,5 Substantial Oil Exporter Market Power/Substantial Market Failurein U.S. Economy

In thisview of the world, there is substantial exercise of market power on the supply and demand
sidesand oil market price shockstrigger substantial market failure costsin the U.S. economy. The
potential costs of oil imports and consumption are of the same types as identified in the previous
discussions of alternative world views, although the magnitudes of the costs may be more severe
when markets characterized by oil exporter market power existin combination withaU.S. economy
that suffers substantial market failure costs during oil price shocks. For example, monopolistic
producers may take advantage of temporary disruptions in world supplies (e.g., wars, terrorism,
natural disasters) to solidify their market power and increase world oil prices. In other words, a
supply disruption may allow a"clumsy cartel" to become something closer to a profit maximizing
oligopoly. Major producers may also be encouraged to fabricate disruptions. Therefore, the
probability of disruption may be larger.

Thisview of the world also opens the possibility that price shocks could result from a significant
shift in world oil market structure. For example, a clear change in the leadership of OPEC, owing
to political factors within or between member countries, could result in altered pricing objectives
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and short-run production shifts. Of equal importance, an acknowledged changein leadership could
lead to significant changesin future expectationsby oil consumers, with resulting changesin private
stock levelsand long-term contract prices. The combination of these changes could result inaprice
shock, even without a disruption in the production of crude oil.

Alternatively, the existence of market power on the demand side may alow oil importers to take
actions to deter disruptions. For example, the existence of public oil stocks or the threat of
monopsony power may deter producers from fabricating an oil disruption or taking advantage of
asupply disruption to increase world oil prices.

2.7 Understanding Different Estimates of Import Costs, and Organizing the Potential Cost
Categories

Figure 2.2 highlights the two principal determinants of imported oil costs. the degree to which oil
exporters exercise market power and the degree to which market failure costs are imposed on the
U.S. economy after an oil price shock. Theseissuesare not well resolved, and the four categorical
views described here are variants in the range of expert opinion. It is ranges of opinion, such as
those presented here, that explains why estimates of the social costs of imports found in the
literaturediverge sowidely. Thesimplified 2-by-2 representation of Figure 2.2 also emphasizesthat
potential import costsfall into two distinct categories: those which would follow from the sustai ned
exercise of oil exporter market power, and those attributable to the market failures in the U.S.
economy that lead to potential costs following, and during, an oil price shock. The next two
chapters address each of these categories in turn considering whether marginal external costs of
imports exist and how they might be estimated. For each of the potential costslisted in Figure 2.2,
the actual magnitude and policy relevance of margina costs borne will depend upon other factors.
Principal among these are whether the U.S. can and should mitigate supplier market power by
reducing its imports, and whether the possible disruptions entail non-trivial external costs which
vary with the level of imports.
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3.0 NONCOMPETITIVE MARKET COSTS: EXISTENCE AND MEASUREMENT

The exercise of market power by OPEC, even if imperfect and clumsy, may generate some
economic lossesto the United Statesasanet oil importer. Thefirst section of this chapter describes
the disagreement about the degree to which OPEC can or does exercise market power. The second
section discusses the conditions under which the United States might be able to reduce possible
noncompetitive market |ossesthrough policy action and whether other considerationsmight restrain
such actions. The third section reviews various costs which monopolistic or oligopolistic behavior
of oil exporters may impose on an importer, both directly and indirectly. The fourth section
discusses how the exercise of monopsony, or buyer, power over oil prices might be able to
counteract the price-raising effects of monopoly power. The final section of the chapter reviews
numerical estimates of the monopsony premium, which is the amount of the monopoly effect on
price which the exercise of monopsony power could retrieve for a buyer.

3.1 Variation of Opinion on OPEC Monopoly/Cartel

There is significant disagreement about the degree to which OPEC or any set of oil producers can,
or does, manipulate oil prices. Although the capacity of OPEC or a subset of OPEC to exercise
market power is acknowledged, it is generally agreed that OPEC's power has not been exercised
fully. There are several views of how OPEC market decisions are made. For example, Adelman
(1980) has viewed OPEC asa"clumsy cartel" that has exercised its power only partially. Others,
such as Teece (1982) argue that OPEC decisions are based on the ability of exporting countries to
absorb oil revenues rather than the exercise of market power. Once petroleum prices rise beyond
a point where revenues cannot be absorbed comfortably, exporters reduce production, so the
argument goes. MacAvoy (1982) also takes issue with the conventional wisdom that oil prices
reflect significant monopoly power. According to his study, the significant price increases of the
1970s resulted from political events and demand-side responses, not concerted OPEC actions.

Several empirical studies have rejected the hypothesis that OPEC countries behave competitively

and have tended to support the’notion that OPEC functions as a cartel [e.g., Dahl and Yucel, (1991);
Jones (1990); Griffin (1985)]. The very existence of price-setting and production quotas is proof
that OPEC is attempting to exercise market power. Others’analysts, however, have cited evidence
that individual OPEC members have undermined officialOPEC price structures andViolated OPEC
production quotas as proof that OPEC is not an effective cartelTe.g., Okogu, (1990)]. But the'issue
is not whether OPEC is a perfect cartel, rather the degree to which it exerts market power on world
prices.

Following the Persian Gulf War of 1991, some have surmised that OPEC may’be finished. This
view holds that there are new political cat@hs in which the interests of the key Persian Gulf
producers, Saudi Arabia and Kuwait, are permanently aligned with those of'the West, and that the
interests of the major producers in withholding production is undermined”in any event by debt
burdens and development demands, which wouldteaddermine Eece's’explanation of OPEC
behavior. On the other hand, the entire history of the"worldoil trade has been one of attempts to
monopolize [e.g., see Yergin (1991)].” Furthermore, the trends are toward’ever-increasingOPEC
market share, and the rewards for reestablishing the oil cartel are great:
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"The rewards of monopolizing the world oil industry have been so huge that . . . [if] the
cartel collapsesit will reappear, perhaps with a partly different membership. Whenever
they settle their differences they can cut production, and raise the price.” (Adelman,
1990:12)

An imperfect measure of the degree of non-competitive supply behavior could be gained by
comparing prevailing prices with estimates of the competitive oil price. Yergin [1991] argues that
itisnot clear that the world oil market has ever been truly competitive, in the sense of being free
from monopolistic influence by states or corporations. If the world oil market was approximately
competitive before members of the OPEC cartel disrupted world oil pricesin 1973, then the 1972
price, in real dollars, should be some indication of what the price would be today in a competitive
market. In 1972, the refiner acquisition cost of imported oil to U.S. refiners was $10.30/BBL in
1993 dollars [U.S. DOE/EIA, (1994)]; the corresponding price was $16.14/BBL in 1993. A
second approach isto review predictions by modelers and analysts of competitive market world oil
prices. These generaly range from $5-$10/BBL, 1990$ [Energy Modeling Forum 1992:103,
Greene and Leiby (1993)]. A third approach is to examine data on the costs of developing oil
reserves, and make adjustments for any depletion or scarcity rent. Estimated finding and lifting
costs for the OPEC countries fall in the range of $0.10 to $3.00 per barrel, with the Persian Gulf
producers generally below $1.00/BBL [Adelman and Shahi (1989); Dahl and Yucel"(1991)].

Some assert'that any scarcity or depletion rent component of the world oilprice is small,since, for
practical purposes, oil is not an exhaustible resource (Adelman 1990:9).” Oil resources are
sufficiently large that the market is concerned almost’entirely with the marginalcost of developing
additional reserves and almost not at"all with the eventual depletion of those reserves. "“Despite
several noteworthy efforts to modify and extend the Hotelling (1931) depletableresource model to
capture the reality of the world oil market [e.g., Gilbert (1978); Alsmiller, et al., (1985); Marshalla
and Nesbitt, (1986); Stiglitz, (1976)] its explanatory powerremains limited TWatkins, (1992)]. In
fact, Mabro (1992) suggests that the Hotelling model“appears to predict oil price behavioronly
during disruptions, and that a cartel model”seems to explain oil”prices best during normal,
undisrupted periods.

In 1975, world proven oil reserves stood at just over”700 billion barrels.” In the next fifteen’years,
the economies of the world produced and consumed 360 billion barrels of oil. Yet at the’end of that
period, world proven reserves stood at 990 billion barrels, a net'inaesserves of"290 billion
barrels. The fear of exhaustion followed by continual replenishment of reserves is not"a new
phenomenon; this is the way it has been since the Standard Oil Trust in the early 1880s (Yergin
1991:51-52).

Simply running out of oil is not the problem, even if'the Hotelling theory applies, due to the size
of the resource base:

"The geophysical limits may bite one day, but this day of reckoning is so far ahead as to
have, on any conceivable assumption about discount rates, no impact on price." (Mabro
1992:3)

" Theoil price fluctuates routinely. As of thiswriting (5/12/95) it is $19.75/BBL for Arabian Light.
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This point is crucial because if it is not the inexorable economics of exhausting the world’s oil
resources that causes oil pricesto exceed marginal extraction costs, then it must be something el se,
and the widely accepted explanation is the exercise of monopoly power (Toman 1993:1178).

3.2 Taking Action on Monopoly/Oligopoly Power in International Trade

The exercise of monopoly or oligopoly power transfers surplus from consumersto producers and
leads to losses of output. When both the monopolistic seller’s and the buyers' interests are
considered, that is, when the monopoly isadomestic firm, the welfare loss from monopoly isonly
the deadweight loss. Thetransfer isnot aloss, but rather aredistribution. When the monopolistic
sdler and the buyers are residents of different accounting units, such as nations, the transfer excess
of wealth from consumersto seller can be accounted a cost to the buying nation, athough the entire
world swelfare will experience mostly redistribution rather than a major amount of lost output.®
Consequently, thereisapotential reason for concern domestically about the excesswealth transfers
of monopoly (or oligopoly) rent when international trade is involved.

Foreign monopoly power—in this case, OPEC market power—can be offset in international trade
only if an importing country accounts for a large enough share of the world market to be able to
affect the world price of the product by its buying behavior. A country having such buyer power
is said to have monopsony power. By reducing its purchases of the monopolized good, such a
country can reduce the world price somewhat. Tariffs, quotas, domestic supply incentives, and
consumption disincentives can be used to accomplish such a reduction in imports. Monopsony
power also is greater when the price responsiveness of OPEC and other producing and consuming
countriesislimited. The exercise of monopsony power in an international market characterized by
competitive supply conditions would not be desirable, but the use of monopsony power to offset
seller market power may be an desirable intervention to correct a pre-existing distortion.

Evenif OPEC does behave asan effective cartel, and if the United States could exert countervailing
monopsony power to mitigate the excess wealth transfer from the United States to OPEC ail
suppliers, there may yet be reasons for the United States not to exercise that power. While such
policies might effectively retain monopoly rentsfor the United States, the political ramifications of
such actions might destabilize an important ally within OPEC such as Saudi Arabia. The
consequences of such destabilization could be far more costly to United States interests than a
continued excesswealthtransfer. Someanalystsbelievethat exercising monopsony power may also
provoke retaliation by less than perfectly colluding suppliers that more than offsets the rent
recapture. Such a scenario entails at least some cartel discipline while characterizing the cartel as
too loose to be effective in raising prices in the first place.

3.3 Costs of Noncompetitive Supply

Thelong-run exercise of monopoly power leadsto world and domestic oil pricesthat are higher than
competitive levels. The resulting sustained oil price increases impose long-term costs. A gradual
price increase under conditions of full employment will impose long-run consumer surplus losses,
higher U.S. production cost, and an excess transfer of wealth to foreign producers in the form of
monopoly rent. Theselossesand transferswill be determined by the domestic long-run curves, not
by the capital inflexibilitiesincorporated inashort-run analysis. When the market hasfully adjusted

As mentioned previoudly, "excess wealth transfer” refers to transfers beyond the actual resource costs of the commodity, or what
would obtain under competitive conditions.
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to ahigher, cartelized oil price (with the economy moving to amore constricted production frontier
than isachievablewith competitive oil prices), alarger fraction of U.S. production goesto overseas
claimants as oil import payments.

3.3.1 Direct Costsof Monopoly Power
Sustained Monopoly Rent Costs

The largest component of the cost of oil at non-competitive pricesis the excess payments from oil
consumersto oil producers. This excess payment beyond what would be paid at competitive prices
is called monopoly "rent". The situation of an oil importer facing a noncompetitive supplier is
depicted graphically in Figure 3.1. At acompetitive price P,, the United Stateswould produce Qg;,
consume Qp;, and import Qp;-Qg,. At the higher monopoly price, P,, the United States produces
agreater quantity, Qs,, consumes a smaller amount, Q,,, and imports a smaller amount, Qp,-Q,.
The United States must pay much more for the oil it imports, indicated by the areaB. The areaB
isan excess payment of U.S. wealth to foreign producers. Some of this payment goesto pay for the
cost of increased world oil production but most of it is monopoly rent. Rentswithin asociety are
traditionally not considered economic costs because they are atransfer, not aloss of real resources.
While payments abroad of true resource costs are a necessary, and indeed desirable, aspect of
international trade, here we are concerned with excess payments -- beyond resource costs -- to non-
competitive suppliers.

Sustained Loss of Economic Output (GDP)

Another cost of higher-priced oil is areduction in the economy’ sability to produce [e.g., Pindyck
(1980), Pakravan 1984:15-19]. Higher monopoly oil pricing increases the economic scarcity of oil.
The capability of our economy to produce, and also that of the entireworld, isreduced.’ Thiseffect
islong-run in nature and does not decrease over time as the economy adjusts to the higher prices.
To emphasize the long-run nature of this phenomenon we refer to the loss in "potential GNP."
Potential GNP is the technical term for the maximum sustainable or high employment GNP
(Samuel son and Nordhaus 1985:79). Thelossof GNP from anincreasein oil pricesdependson the
importance of oil to the economy, and the ability to substitute other energy, capital, and labor for
oil. Absent any substitution of either capital or labor for energy, the long-run potential GNP loss
elasticity with respect to energy priceis- gg, the cost share of energy [Bohi (1989), Ch. 3]. AsBohi
(1989) points out, if both capital and labor are gross substitutes for energy the long-run elasticity
of potentiad GNP with respect to the price of energy will certainly be smaller (in absolutevalue) than
o.. We refer to this as the long-run effect of energy prices because it excludes macroeconomic
adjustment losseswhich, in the short-run, will prevent the economy from reaching itslong-run, full
employment, potential output level. Any short-run adjustment losses are categorized here as
disruption losses.

®  Put another way, the world’ s production possibilities frontier has shifted inward (i.e., the world has become poorer). See, e.g., Pindyck
(2980) for adiscussion of the scarcity effect.
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Since the long-run potentiadl GNP loss Figure3.1: Direct Costsof a Monopalistic or
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social surplus loss triangles in the traditional
microeconomic representation of the oil
market, but not both. Each method has been
used in the past. As discussed elsewhere
[Horwich and Weimer (1984), Broadman and
Hogan (1986), Leiby and Lee (1988), Greene =
and Leiby (1993)] the domestic producer cost ? | |
and consumer surplus loss triangles (areas A P, A B C
and C in Figure 3.1) measures the full- ‘ f f
employment GNP change associated with a
priceincrease. Any such potential output loss %
isin addition to the increased payment of rents Qs:  Qs2 Qoz  Qo:
for imported oil (area B in Figure 3.1). Inthe

oil sector, oil consumption falls from Q, to

Qp, With a concomitant loss of consumers Qe
surplus(thetriangle C) asaresult of the higher
price. The consumers surpluslossfor afactor Qu

of production like oil equalsthelost GNP that

would have been produced from the cil. To

expand U.S. oil production to Qg, capital and labor must be spent; thisisrepresented by thetriangle
labeled A.*° Thisextraproduction cost is adeadweight lossto the U.S., and to the world economy.
Area B, due to increased payments for oil imports, is not a reduction in potential GNP, but an
increased claim by foreign interests on U.S. output/GNP [Huntington and Eschbach (1987)]. "

In estimating the total or average output |osses due to costs of imports, the area of the social surplus
triangle between the prevailing price and some reference price (basis of comparison) would be
calculated and attributed toimports. The problematic step isestablishing areference price or import
level for which the attribution of the surplus losses to imports is appropriate.

Estimating the marginal effects of imports on output/social surplus isclearer. To estimate the oil
import premium, themarginal gainin GDP/social surplusattributableto anincreaseinimportsmust
be counted and weighed against any marginal increases in external costs. The change in social
surplusis equal to the incremental area under the (inverse) import demand curve P, (q):

0 |f private US supply cost isless than full social cost because of favorable tax treatment, higher domestic oil prices will increase the
deadweight loss.

™ Thereisfrequently an argument about whether the money represented by B will or will not return to the U.S. economy in the form of

increased demand for U.S. exports. From the perspective of the welfare of U.S. citizens the point is, who gets the output of the U.S.
economy? Leiby and Lee (1988) have termed this"Domestic Absorption™ versus "Foreign Absorption” of U.S. output. Domestic
absorption (how much of our GNP we get to keep) is a better measure of U.S. welfare than gross output (how much we produce).
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The marginal reduction in output isjust theimport demand price P,,, which equals the marginal net
benefits of imports. This term is counted in the marginal welfare expression developed above
(Equation 5).

3.3.2 Indirect Costsof Monopoly Power

Severa analysts haveidentified two principa indirect social costsfrom the exercise of cartel power
intheworld oil market: along-run deteriorating effect on the balance of payments (or the value of
the dollar) and along-run, cost-push inflationary effect. Subsequent literature on the balance-of -
payments effect has shown greater complexity to theissueand correspondingly lessclear directions
of effect, and theinflationary cost has both weak theoretical foundationsand avery small empirical
magnitude at any rate. However, both possible social cost categories have had a stubborn half-life
inthe oil literature, and we discuss the mechanisms originally envisaged for both ssmply to air the
full range of views on all possible costs. In our "most recommended” socia cost calculations,
presented in Section 5.3, we exclude both of these cost categories.

Long-Run Balance of Payments Costs (terms of trade)

Nordhaus (1980) first raised the prospect that a substantial trade imbal ance dueto oil imports could
generate indirect macroeconomic costs. |If the United Statesisimporting alarge amount of oil, the
long-run balance of payments constraint necessitates an exchange rate adjustment which worsens
the terms of trade for the United States. U.S. goods become cheaper to foreigners, and foreign
goods become more expensiveto U.S. consumers. Inthiscase not only would there be a substantial
excess wealth transfer overseas for oil, but other imported goods would become dearer.*® The
mechanism by which this occurs has been well described el sewhere [Broadman (1986), Hogan and
Broadman (1988), Huntington and Eschbach (1987)]. The strength of this effect depends on the
fraction of oil payments recycled to the United States, and on the degree to which the U.S. trading
partners are also subject to oil-induced currency readjustments. If there is immediate and full
recycling, then there is no balance of payments "externality,” but the excess wealth transfer or
foreign claim on U.S. GNP still occurs.

There is some confusion as to whether this effect isa cost in addition to the transfer of wealth, or
simply another manifestation of it. Huntington (1993) arguesthat regardless, theincremental effect
of imports on the terms of trade is smal. He notes that the imbalance between savings and
investment is far more important over the long-run than oil trade in affecting trade balance and
exchange rates. Many other analysts generally assert that the indirect balance of payments effect
issmall, if it exists at al, and omit it from their premium estimates.

12 As mentioned previoudly, "excess wealth transfer” refers to transfers beyond the actual resource costs of the commodity, or what

would obtain under competitive conditions.
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Nordhaus made some simple and admittedly "treacherous" calculations of the balance of payment
cost, estimating that the indirect cost may be half of the real resource costs (world price) of ail ($15
in 1979, using 1993 dollars). Hogan (1981) suggeststhat thisfigureisan upper bound, since many
U.S. trading partnersare significant oil importers. The most recent effort to explicitly estimate the
bal ance of paymentscostswasby Broadman and Hogan (1986). The method extendsHogan (1981),
determining the exchange rate variation necessary to restore the trade balance after an incremental
increase in imports occurs and an assumed fraction R of any increase in oil import payments is
recycled. The balance of payments marginal cost (premium) is the product of the elasticity of
import price with respect to exchange rate (73,¢) and the elasticity of exchange rate with respect to
import quantity (77,,):

1_IBCP - Pinpeneq (7)

The first elasticity reflects OPEC's desire to adjust the dollar-denominated oil price if the U.S.
exchangerateworsens. Broadman and Hogan assumean el asticity of -1.0, assuming producerswish
to maintain the purchasing power of their oil. The second elasticity trandatesthe changein import
quantity into the necessary exchangerate variation to balance payments. Itissenstivetotherecycle
rate, and varies directly with import levels (Broadman and Hogan 1986:A-12). The elasticity of
exchange rate with respect to import quantity is low when recycling rate "R" is near 1 or the
elasticities of import and export demand are high. Thisis consistent with the expectation that the
balance of payments cost is small when trade adjustment is fast and recycling is complete.
Broadman and Hogan’s (1986) estimate of balance of payments premium at the optimal imports
level was on the order of $1/BBL (1993$). A smple adjustment of this cost would multiply by the
ratio of the 1993 oil price ($17) to the 1985 price used by Broadman and Hogan ($35, 19933$).
Thus, al else equal, the Broadman and Hogan approach would estimate the current balance of
payments premium to be about $0.50/BBL .

The balance of payment cost component is less well established empiricaly or theoretically than
other costs(Toman 1993:1188-9). Thosewho argueagainst including long-run balance of payments
costs note that the net effect on trade patterns of an oil priceincreaseisambiguous. Theinitial trade
imbalance felt by an oil importer will be experienced by all importing countries, not just the United
States. The net effect on international competitiveness and trade depends on each country’s ability
to adjust to higher ail prices [Marion and Svensson (1986)]. The principal oil exporters spend or
invest most of their oil revenuesin the oil-importing, industrialized countries, and the net effect on
the demand for any particular currency will depend on OPEC'’s relative spending patterns among
those countries [Krugman (1983)]. Additionally, the modeling of this phenomenon to date has not
made the important distinction between tradable and nontradable goods in the industrialized
countries; the reduction in domestic spending will be allocated among those categories of goods as
aconsequence of increased oil payments can have asignificant effect on the exchangerate. Findly,
since oil prices denominated in U.S. dollars, a change in price will alter the demand for U.S.
currency by all importers.

Long-Run Inflationary Costs

The potential for along-run rising oil price trend to induce inflationary costs was also raised as
significant issue by Nordhaus (1980). It isnot inflation, but the measuresto limit inflation, which
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are thought to impose significant output losses. Hence, one important assumption is the extent to
whichinflationisaccommodated versus eliminated through fiscal and monetary restraint. The costs
of controlling inflation stem from market rigiditiesand imperfect foresight. With perfect flexibility
and perfect anticipation, this would not be a problem.

The concernisfor inflation following from along-run trend of increasing prices.”* Hence, itisan
externality associated with the time-rate of price change (dP/dt), and therefore the time rate of
demand change (dQ./dt). One complication is the volatile sequence of actual price movements,
which disguises an uncertain trend. Hogan (1981) noted that the impact of an oil price change on
the aggregate price level will be proportional to the value-share of the consumption of oil and
related productsin GNP (Broadman and Hogan include natural gasconsumption). Nordhausformed
quick estimates of the costs of inflation assuming no accommodation, where inflation is generated
from the (unexercised) monopsony effect and from terms of trade deterioration. Nordhaus's
estimates of $2 to $10/BBL assume that reducing inflation by 1 percent costs 4 percent of GNP for
one year.

Following Nordhausand Samuel son (1985:437-9), and Hogan (1981), Broadman and Hogan (1986,
1988) provided an estimate of theinflationary marginal cost (premium) of imports. The estimation
method combines two rules of thumb: a Phillips curve relating inertial inflation to excess
unemployment, and Okun's law relating changes in unemployment to changes in output. The
Phillips curve suggests that the economy must suffer 2 percentage points of increased
unemployment for a year to eliminate 1 percent from inertia inflation [Nordhaus and Samuel son
(1985)]. Okun’'s law implies a 2 percent loss in GNP for each percentage point of excess
unemployment, at the margin [Nordhaus & Samuelson (1985)]. Thisimplies aroughly 4:1 link
between output loss and the reduction of inertial inflation. The approximation used calculates the
long-run impact of inertial inflation assuming full anticipation and accommodation. It then applies
judgement to determinethefraction of oil inflation removed through macroeconomic policy actions.

Hogan and Broadman estimate a long-run inflationary optimal premium of $1-$2/BBL (1993$),
depending on the magnitude of other premium components. Theinflationary premium of Broadman
and Hogan is proportional to the fraction of inflation not accommodated, and roughly proportional
torate of oil priceinflation and the share of GDP spent on oil and related products. The 1994 DOE
International Energy Outlook projectsred oil pricesto rise at 3.4 percent, compared to Hogan and
Broadman’ s3 percent. The Hogan and Broadman assumption that 30 percent of inflation would be
unaccommodated (eliminated) seems conservative, given current desiresto limitinflation. In 1985,
the share of GDP spent on oil was 3.6 percent, currently the shareisabout 1.7 percent, projected to
rise to 2.5 percent by 2010. The expenditure share of oil substitutes has grown relative to the ail
share, although it is not known which substitutes are included in the Broadman-Hogan cal cul ation.
Overall, an updated 1994 estimate of the inflationary premium would be roughly half of its 1985
value ($0.60-$1.00/BBL) and growing as the oil share expands.**

Toman (1993:1189) and others find the long-run inflationary cost component to be suspect. The
long-runinflationary cost, which some analystsattributed to larger oil imports, reliesonanindirect,
cost-push mechanism. If increased oil imports caused ahigher trend rate of growthinreal oil prices,

B Theinflationary effects of price shocks or one-time price shifts are conjectural and possibly negligible.

* Note that the Broadman-Hogan premium estimates are at optimal import levels, which will also change as cost parameters change. Hence,
this effort to update their estimates is very rough indeed.
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andif that real pricetrend were somehow turned into an effective cost-push inflationary mechanism,
a higher long-term rate of growth of the price level could ensue. Cost-push theories for inflation
have declined in popularity since the early 1970s, with a wide acceptance of the concept that
inflation is primarily a monetary phenomenon influenced by the relative rates of expansion of the
money supply and real production. Furthermore, the share of oil intheprice-level deflator issmall,
leaving only asmall component for oil price increases to contribute to general price-level growth.
Of course, those who estimate an inflation cost component would hold that matters of numerical
magnitude are better resolved by direct calculation than by apresumption of insignificance. If the
cost mechanism relies on the monetary authority’s unwillingness to completely accommodate oil
price increases, then some argue that the problem is one of monetary policy rather than of oil price
growth. Findly, evenif oil price growth does produceinflationary costs, critics might question the
link between marginal imports and the rate of oil price growth.

3.4 Monopsony Power and the M onopsony Premium

This section reviewsthe basis of possible U.S. monopsony power, and discusses some of the issues
involved in the estimation of the monopsony premium. These issues concern how to represent the
response behavior of other agents in the world oil market, particularly non-U.S. importers and
OPEC. Estimates of thisimportant import premium component alone are provided in section 3.5.

341 Monopsony Power

Monopsony power isthe demand-side counterpart of monopoly power. If monopsony consumers,
such as the United States, can reduce their levels of consumption below competitive levels, it is
possibleto drive down theworld oil price and thereby benefit U.S. consumers, aswell as consumers
in other importing nations. Thereissignificant disagreement about the extent to which monopsony
power can be exploited due to potential retaliation by monopolistic producers and to what some
interpret to be the very limited monopsony power of the United States.

Most analysts agree that the United States has at |east limited monopsony power. However, they
disagree about whether that power can/should be exercised. Some argue that the monopsony power
of the United States s, in fact, very small. Others argue that the exercise of monopsony power,
especially the adoption of an import tariff or quota, would call for retaliation on the part of oil
exporters. Thisargument becomes more compelling given the widely-held opinion that OPEC has
not exercised its full monopoly power and is at best acting as a "clumsy cartel." The exercise of
monopsony power could lead to greater solidification of the oil cartel and thus result in world oil
price increases.

To the extent that the United States has monopsony power and faces market power in oil supply,
the failure to exercise monopsony power can be viewed as an opportunity cost. If monopsony
power exists, U.S. imports of oil can be reduced by increasing the price of imports (i.e., atariff) or
by directly limiting the quantity of importsallowed (i.e., aquota). Theimpactsof atariff or aquota
depend on the elasticity of import supply, which isthe subject of much debate. The greater the U.S.
share of the world oil market, the greater the potential of the United States to exercise monopsony
power.

The benefits of the successful exercise of monopsony power are of the same types as those
associated with areduction in monopoly power. In other words, benefits can be measured in terms
of reduced direct costs (i.e., producer and consumer surplus losses and excess wealth transfers) and
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indirect costs (i.e., increased savingsand alower balance of payments deficit). A relevant question
in assessing these potential benefits is establishing the correct point of reference. Potential
monopsony power can be assessed relative to an optimizing monopolist or, for example, a"clumsy
cartel." Obvioudy, one'sassumption about potential monopoly power determines, to agreat extent,
the potential size of monopsony benefits. Another relevant question concernsthe response of other
importing countries. Will they act callectively with the United States to reduce consumption, will
they not react, or will they take actions to actually increase their import levels? One's specific
modeling approach and thus the estimated benefits of monopsony actions are very much dependent
on the assumed reactions of oil producers and other importing countries.

3.4.2 Issuesin Estimating the Monopsony Premium

Since the United Statesis alarge consuming nation, in theory it could influence world oil prices by
altering itslevel of imports. The monopsony premium is the marginal reduction in excess wealth
transfer resulting from imports reduction. The "monopsony cost” of imported oil is the failure of
oil consumersto collude and use their market power to recapture monopoly rentstransferred to oil
exporters (Murphy, Toman, and Weiss 1986:68). Broadman (1986:243) has described the
monopsony cost effect as follows.

"If an increase in the demand for imports leads to a rise in the world price of ail, the
increasein price affectsall imports..... Inthiscase, the demand increase by the marginal
importer produces an external cost by raising total payments abroad for oil imports by
more than the price [it pays]."

In the exposition above on the import premium, the first term in the premium of Equation (4)
corresponds to the monopsony premium. The monopsony premium isjust the incremental change

inworld oil priceinduced by the import reduction times the level of imports:
1_Im)nops( qi u) - Pvf/qi u (8)

Here the prime symbol (") denotes the derivative with respect to import levels. If 1, isthe supply
elasticity for oil imports, then the imported oil monopsony premium is also expressed as:

_ PW( qi u)

is

©)

1_Im)nops( qi u)

The social cost exceedsthe private cost by P/, Thisformulashowsexplicitly that the monopsony
premium will vary with world oil price, import levels, and the price elasticity of net supply of
importsto the United States. If the supply of importsisvery elastic, the monopsony premium will
be very small, and very large if supply isinelastic.

Estimating the monopsony premium has aways been recognized as difficult because it requiresthe
specification of non-U.S. response, and particularly OPEC response, behavior (Plummer 1981:6).
Should the United States reduce imports through some policy measures, the following categories
of response are possible:

® Non-U.S. Importer Responses

- Market-based (some limited increase in demand as price drops, no policy change)

Oil Imports: An Assessment of Benefits and Costs 26



November 1, 1997 ORNL-6851

- Joint/Coordinated policy effort with United States
- Contradictory/Compensating policy

® OPEC Supply Responses
- Maintain production at cartel-agreed levels
- Partid (elastic, unitary elastic)
- Cartelized - Full Offset (perfectly elastic)
- Cartelized - Retaliatory (no supply curve)

Non-U.S. Importer Response Representation

For some premium estimates, the limited response of non-U.S. importersis approximated by fixed
non-U.S. demand or supply. A more defensible and common approach isto include amarket-based
response by other importers and non-OPEC producers as prices fal, partialy offsetting the
monopsony power of the United States. The monopsony power of the United States and the size
of the monopsony premium increases with the share of world oil trade comprised by U.S. imports.™
The United States current and projected imports as a share of OPEC exports (non-OPEC net
imports) isaround 30 percent (U.S. DOE/EIA 1994), so the elasticity of non-U.S. import demand
IS an important parameter.

Themarginal benefitsto the United States of acoordinated policy with other oil consuming nations
would be greater than those of a unilateral action, because of the global nature of the monopsony
gains. The estimated import or consumption premium would be correspondingly higher, when the
free market outcome is compared to a coordinated policy. Under coordinated policy action, non-
U.S. importers are typically assumed to reduce their consumption in the same proportion as the
United States [e.g., Stobaugh (1979)]. The early Energy Modeling Study [EMF-6 (1982)]
considered the base monopsony premium or "buying power wedge" for both unilateral and joint
OECD action. Testswith nine oil models all indicated that the base monopsony premium was 3
to 3.5 times larger given coordinated OECD action (Gately 1982:46). Joint action by the United
States and other importers effectively increases the share of world oil trade under monopsony
control, and increases the monopsony premium faster than linearly with the share of imports
monopsoni zed (see previous footnote). ™

> The elasticity of net import supply can be decomposed into the elasticity of OPEC supply ( ny,) and the elasticity of net import demand
from non-U.S., non-OPEC regions (n;):

P
' w
1_Im)nops - n_
i
- NsHso ~ Nindin
: qiy
PWSU

H =
nonops _ _
Nso = MM 1-S)
where s is the share of world net exportsimported by the U.S.

6 An extreme alternative to joint action by importersis the possibility of contradictory/compensating measures in other importing countries.
Brown and Huntington (1994) note that Hoel’s (1991) work on unilateral environmental actions also applies to unilateral oil conservation
efforts: unilateral action by the United States could weaken its bargaining position with other importers who are considering comparable
policy. Inthiscase other countries could relax their efforts and, in theory, world oil imports could increase.
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OPEC Supply Response Representation

M ost estimates of the monopsony premium component assume some positive rel ation between price
and OPEC supply, or include OPEC supply in aworld import supply curve [e.g., EMF-6, Gately
(1982), Broadman and Hogan (1986), Walls (1990), Huntington (1993)]. If OPEC is a true
monopolistic supplier, then thereisno well-defined conventiona upward-sloping supply curve. A
monopolist setsa price in inverse proportion to the elasticity of demand for its product, so in this
case it may be more important for an import demand policy to increase demand elasticity than
reduce the quantity demanded.

Neshitt and Choi (1988) offer one polar alternative representation of OPEC supply. They apply a
depl etable-resource cartel model of OPEC behavior to estimate the effects of an import tariff and
conclude "the degree of monopsony power that can be exerted by the United Statesissmall, indeed
almost minuscule" (Neshitt and Choi 1988:46). They estimate that a $10.50 tariff such as that
proposed by Broadman and Hogan would sharply reduce U.S. imports (by 30 percent in the first
year) but would only reduce world oil price by $1.30/BBL. The insensitivity of world price to
demand results from their assumption of a highly elastic world supply, and the treatment of oil
supply according to dynamic depletable resource theory, in which price paths are strongly driven
by the estimated resource base size and backstop price. Alternatively, viewing OPEC as a von
Stackelberg monopolist suggests that while the elasticity of import supply may beill-defined, the
price charged will depend on U.S. consumption via the effect of U.S. consumption on OPEC'’s
market share [Greene (1991), Greene and Leiby (1993)]. If the world could somehow reduce
OPEC'’s market share enough, there would be pressure for prices to return toward competitive
market levels.

Some critics of the monopsony premium approach gquestion whether the exercise of monopsony
power would be ajustifiableinterferencein oil markets. 1f monopsony power can lower monopoly
prices, why not use it to lower competitive market prices aswell? Why not useit in all phases of
international trade? According to standard theory, there are two good reasons. 1) competitive
market prices produce an economically efficient allocation of resources; and 2) the indiscriminate
exercise of monopsony power would likely shatter painstakingly negotiated free trade agreements.
In short, there istoo much to lose. But if free trade in competitive world marketsisthe goal, then
judicious use of monopsony power against monopoly pricing may be a step in the right direction,
while indiscriminate use of monopsony power against competitive producers is counterproductive
[Greene and Leiby (1993)].

3.5 Numerical Estimates of the Monopsony Premium

As Table 5.4 shows, many of the early estimates of the monopsony premium [Plummer et al.
(1982), EMF-6] arequite high, reflecting high base-priceforecastslimited world supply elasticities.
Broadman and Hogan (1986) carefully subdivided premium components, and estimated the
monopsony premium assuming OPEC would drop price by $.50/BBL for each MMBD reduction
of imports. Their optimal premium estimates of $1.50 - $5.00/BBL varied depending on base price
and the magnitude of the disruption/security risk (the premium components interact when
determining the optimal level of imports).

Some, but not all, recent studies are skeptical of policies to reduce imports, arguing that the
elasticity of import demand in the rest of the world isfairly high [=1.8 Walls (1990)] and that with
limited import share the United States is essentially a price-taker on world oil markets with no
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significant monopsony power. The effective elasticity of net supply to the United States estimated
by Wallsisgreater than 12.0, given any world supply elasticity greater than 0.5. Thisstandsin stark
contrast to the implications of the set of oil market models surveyed in EMF-11 (1992), which
exhibit long-run regional supply and demand elasticities of well under 1.0 and elaticities of net
supply to the United States of between 2.0 and 3.0, given unitary OPEC supply elasticity [based on
Huntington (1991)]. Huntington (1993) used alinear approximation of these models and estimated
arange of optimal premiafrom $5 to $13/BBL (depending on the model), with an average of $9."

TheU.S. Department of Energy’sOil Market Simulation (OMS) model wasincluded intheEMF-11
study. The 1994 version of the model was obtained to generate updated monopsony premium
estimates. Thismodel conformsto current EIA projections for oil price, and regional supply and
demand levels. It also includes a partial-adjustment framework with smaller short-run elasticities
and larger long-run elasticities. AsintheHuntington (1991) report onthe EMF-11 study, the OMS
was run over two price paths to allow the estimation of long-run price elasticities for five world
regions. Theestimated elasticitiesarelistedin Table3.1, alongwiththeEMF-11implied elasticities
for comparison.

Table 3.1: Estimated L ong-Run Demand and Supply Elasticities
Based on EMF-11 Models and Updated OM S-94

DEMAND SUPPLY
Other Non- Other

M odel Y ear U.SA OECD OECD U.SA NonOPEC
OMS90 (20 yr) 2010 -0.327 -0.465 -0.149 0.340 0.170
CERI (20 yr) 2010 -0.441 -0.452 -0.455 0.196 0.144
HOMS (20 yr) 2010 -0.308 -0.381 -0.280 0.522 0.510
FRB-D (20 yr) 2010 -0.537 -0.528 -0.400 0.475 0.480
DFI (20 yr) 2010 -0.185 -0.532 -0.190 0.499 0.981
OMS94 (20 yr)’ 2010 -0.187 -0.458 -0.223 0.604 0.144
OMS94 (10 yr) 2000 -0.124 -0.271 -0.129 0.245 0.081
OMS94 (1 yr) 1994 -0.122 -0.073 -0.037 0.050 0.021

Source for older models: EMF-11 WP 11.5, H. Huntington, Jan. 1991. OMS-94 el asticities estimated with a similar method.

“While some of these el asticities of OM S94 differ from those of earlier models, the monopsony premium depends on the OPEC response
and on the elasticity of net demand for imports in non-U.S. regions. For OMS94, the non-U.S. elasticity of net demand for imports =
0.68, which approximately matches OMS90. Also, tripling the elasticity of U.S. demand modestly lowersthe high premium estimate
inTable5.13from $4.60t0 $3.91. Using -1.0 for the non-U.S. elasticity of net demand for imports (= CERI and HOMSlong-run value,
while FRB-D = -1.2) reduces the premium from $3.91 to $3.81/BBL.

The elasticity of OPEC supply was taken as exogenous, being either zero (no supply change in
response to price movements), unitary, or perfectly elastic (supply adjusts to prevent any price
change). The results of experiments with this model are summarized in Figures 3.2 through 3.6.
Figure 3.2 shows that the base monopsony premium using long-run (20 year) elasticities lies
somewhere between $0 and $6.50/BBL (1993%). Naturally, the premium is highest in the case
where OPEC supply haszero elasticity: in thiscase OPEC holdsproduction fixed, and the pricefalls

"Huntington's full premium estimates including disruption and monopsony premiarange from $8/BBL to $14.3/BBL in 1988 dollars.
Converting to 1993 dollars and subtracting the disruption premium of ~$3/BBL yields the reported range for the monopsony premia.
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by the maximum amount. Theamount that pricefallsdependson the elasticity of non-OPEC supply
and demand. If OPEC supply isperfectly price elastic, the monopsony premiumiszero. Theresult
for the unitary elasticity of OPEC supply lies right in the middle, $3/BBL at base import levels.
Note that the monopsony premium declines with the degree of import reduction, since the reduced
import level and reduced oil price make it decreasingly valuable to limit imports.

Figure 3.3 reminds usthat the net coststo U.S. consumers could be quite high if import demand is
reduced in the face of a highly elastic world supply. In this case domestic production and
consumption must make costly shifts with little or no gain in terms of lower world prices. Thisis
the warning raised by Walls (1990), Neshitt and Choi (1988), and Brown and Huntington (1994):
we are uncertain about OPEC behavior, and import reduction policies could be costly (especially
if done unilaterally).

Theefficient level of import reduction iswhere the net marginal benefit of import reductioniszero.
Figure 3.4 compares the monopsony premium with the net marginal benefit of import reduction.
For thisillustration, the net benefit number reflects only the monopsony benefits, and excludes other
potential sourcesof import premium. The"net marginal benefit" isthe monopsony premium minus
the marginal social surplus loss due to reduced consumption. The latter overwhelms the former
quickly, here in the zero OPEC elagticity case at around 1 MMBD of reduction. Smaller import
reductions would be justified on monopsony grounds with a higher OPEC supply elasticity (as
higher elasticities of other supplies and demands).

The monopsony premium, if non-zero, can be expected to increase over time. By the year 2010,
due to projected increases in oil price and U.S. imports, the base monopsony premium is about
doubled (for the unitary elasticity of OPEC supply case, see Figure 3.5). The monopsony premia
estimated from the 1994 version of DOE’s OM S model are much lower than those estimated from
the 1990 version in the EMF-11 study (Figure 3.6). The differenceislargely due to a substantial
downward revision in both projected 2010 prices and U.S. imports.
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Figure 3.2: 1994 Monopsony Premium Estimatesfor Different Long-Run
OPEC Responsesto Import Reductions
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Note: Monopsony premium estimates depend critically on assuming OPEC supply response.
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Figure 3.3: Losses From Import Reduction if Long-Run OPEC Supply Response Perfectly
Offsets Import Reductions
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Note: Import reduction can impose enormous|osseson consumersif OPEC responseisto reduce output by the full amount of aU.S. import reduction,
and prices consequently do not decline.
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Figure 3.4: 1994 Monopsony Premium and Marginal Net Benefit for Long-Run
Zero-Elastic OPEC Responseto Import Reductions
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Note: The premium and the net marginal benefit or import reduction. Here the net benefit number only reflects the monopsony benefits, not other
potential sources of the full import premium.

Oil Imports: An Assessment of Benefits and Costs 33



$/BBL

$6.00

$5.00

$4.00

$3.00

$2.00

$1.00

$0.00

November 1, 1997 ORNL-6851

Figure 3.5: 1994, 2000, 2010 M onopsony Premium for Long-Run
Zero-Elastic OPEC Responseto Import Reductions
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Note: The monopsony premiawill increase over time, as U.S. imports and oil pricesrise. (Based on EIA’s 1994 OMS model).

Oil Imports: An Assessment of Benefits and Costs 34



$/BBL

$12.00

$10.00

$8.00

$6.00

$4.00

$2.00

$0.00

November 1, 1997 ORNL-6851

Figure 3.6: Long-Run Monopsony Premia Based on Parametersfor 1990 and
1994 International Energy Outlook
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Note: The monopsony premiaestimated from the EIA OMS model are much lower based on the 1994 version than the 1990 version, largely dueto
lower base oil pricesin the year 2010.
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4.0 DISRUPTION COSTS

This section describesthree major typesof cost that different oil anaysts have claimed may be costs
of oil supply disruptions. Further, it considers the portion of those costs which may vary with the
volume of oil imports. Inthissense, the section’s ultimate focusis on the marginal disruption costs
of oil imports, not smply thetotal costsof oil supply disruptions. Sincethe opportunity for private
agents to hedge against oil price shocks such as the world has experienced since the 1970s is an
important element in protecting against avoidable costs, we aso discuss private hedging
opportunities, including oil futures marketsin particular.

4.1 Conceptual Issuesin the Definition of Disruption Costs

Studies of the value of "oil security” for the United Statestypically have focused on the economic
costs of supply interruptions or price fluctuations. Some analysts find a substantial value of oil
security while others find less clear room for intervention policies. For example, Broadman &
Hogan (1988) obtain expected benefit val ues between $6.80 and $8.50 per barrel, in 1993 dollars.
In contrast, Bohi & Toman (1993) remain skeptical of numbers valuing oil disruption premia and
question how much of the economic consequences of supply disruptionsisagenuine externality and
how much represents the predictable operation of markets or failure of macroeconomic policy.

The social cost components which may derive from disruptions or the risk of disruptionsinclude:

® short-run lossin producers and consumers surplus (during a disruption);
® increased excess wealth transfer (during a disruption)*®; and
® macroeconomic adjustment losses (short-run transitional macroeconomic consequences).

Typically, the costs of price shocks are divided into direct and indirect costs, although these terms
are sometimes used differently by different analysts. Here, we define direct costs as those which
accrue directly to oil markets. Included are incremental domestic oil production costs (known as
deadweight losses), domestic consumption benefit losses, and increased payments for imports.
Indirect costs result from the inability of the macroeconomy to either prepare fully for or adjust
smoothly to oil price shocks. A host of mechanisms have been proposed by which these indirect
disruption costs might arise, but most are only informally specified, and inadequately validated
empirically. Consequently, analysts commonly group the hypothesized, indirect macroeconomic
adjustment mechanisms together as unspecified adjustment costs, and seek empirical support for a
simplefunctional form relating priceincreasesto adjustment losses. This section reviewsthe direct
and indirect costs of disruptions.

In estimating the import premium associated with each of these categories, we identify what is
included in the cost component, and discuss the degree to which the component may vary with the
level of imports. As with the noncompetitive market premium components discussed above, the
estimate of marginal costs due to importsis conceptually smpler and more analytically sound than
estimating total or average costs. Thisislargely due to the attribution problem: if the costs are not

1 As mentioned previoudly, "excess wealth transfer” refers to transfers beyond the actual resource costs of the commodity, or what

would obtain under competitive conditions.
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influenced at the margin by imports, then how much of the costs are assignable to imports? On the
other hand, the conundrum remains that certain "inframargina" costs (such as macroeconomic
disruption costs) occur, and are borne in total or on average, because we consume imports and
because imports (or exports) link us to volatile world oil markets.

Each of the disruption componentsis an expected cost, that is, their possible valuesfor alternative
disruption sizes are weighted by their assumed probabilities. Most analyses of the disruption
premium specify a probability distribution over the lossesin supply quantity. Lesscommon isthe
approach of specifying aprobability distribution over price shockswithout referenceto supply [e.g.,
Huntington (1993)]. The advantages of the quantity-based shock approach isthat it alows explicit
modeling of how demand levels, demand price responsiveness, stockpiling, or other disruption
offsets (U.S. DOE/ Interagency Working Group 1990) can mitigate the price consequences of the
shock. It requiresthat a price disturbance have an identifiable cause and imposes the discipline of
afairly smoothly functioning market when estimating consequences. The advantages of the price-
shock approachisthat it issmpler, and admitsthe possibility of sharp short-term price disturbances
stemming from only modest supply losses (e.g., inventory effects), sudden shiftsin the political or
national security situation, or changesin market structure or resource ownership [ Curleeand Russell
(1992)].

4.2 Oil FuturesMarketsand Other Private Hedging Opportunities

The present study implicitly includes a role for the futures market and other private hedging by
assuming that 25% to 100% of the expected price increase from alow-probability oil price shock
is effectively hedged and internalized. Inview of the literature on the functions of futures markets
in general and the characteristics of the oil futures marketsin particular, we believe that this may
be optimistic, giving excessive credit to futures markets’ ability to hedge oil price shocks. Herewe
review some salient conclusions about futures markets in general, the operations of oil futures
marketsin particular, and theresearch literature on their performance. We conclude this subsection
with a brief review of other private hedging opportunities.

The literature has identified two principal functions of futures markets, the provision of insurance
for hedgers and a mechanism to incorporate information on future market conditions into current
prices. Theformer function requiresthat futures prices contain arisk premium, which implies that
futures prices are systematically biased relative to future spot prices. The latter function operates
more efficiently the more accurately futures prices predict future spot prices. Thereisclearly a
tension between these two functions, since the provison of hedging insurance distorts the
information content which futures prices convey about expectations of future market conditions.
The existence of arisk premium in futures prices and their unbiasedness characteristic as predictors
are both empirical questions in the study of all futures markets--agricultural, metals, foreign
exchange--not just those for crude oil and refined petroleum products. Newbery and Stiglitz
[1981:185], summarizing the empirica literature, report that, "for many markets the hypothesis of
zero bias is reasonable, but for thin markets or markets which for ingtitutional reasons are
unattractive to speculators the risk premium may be positive". Tomek and Robinson [1981:264]
concur in their assessment of the empirical research on agricultural futures markets.

For storable commodities such asgrainsand crude oil, the principal contribution of futures markets
is to coordinate and insure stock holding activities, offering relatively little price-stabilization
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insurance [Newbery and Stiglitz, 1981:191]." Newbery and Stiglitz note that, ". . .it should be
stressed that futures markets do not generate the arbitrage benefits (that is, the benefits of
transferring goods from low-value to high-value states) which the storage associated with price
stabilization can produce” [1981, p. 188]. Noting that most agricultural futures contracts operate
within the period six months ahead of the spot price, they suspect that the advantages to be gained
from more distant contracts diminish to the vanishing point, relating the functioning of a futures
market to the length of the production period (not just agricultural production). The oil futures
markets also share this characteristic. Despite the growth in oil futures trading in recent years, in
mid-March 1995, on the NYMEX, 44% of the volume of light sweet crude futures fall within 4
months of spot delivery, and 75% are within 10 months. (The futures markets for heating oil and
unleaded gasoline continue to be much more heavily loaded toward the first three to four months
than is the case for crude.)

Trand ating these general observations on futures marketsto oil futures markets, it is useful to note
that any risks hedged by futures marketsare privaterisks. First, no divergence between private risk
and socid risk isinvolved. The creation of afutures market in crude oil does indeed eliminate the
problem of a"missing market"--for private oil price risk--but it does nothing to help drive together
private and socia risk if private assessments underestimate social risk. Second, storage, not futures
markets, moves oil from use in low-value periods to use in high-value (scarcity or disruption)
periods. Third, while futures markets can reduce private price risk over arolling six-month (or
thereabouts) time horizon, they serve no clear function with regard to longer-term risks. They can
alter short-run production and supply behavior of producers--principally oil refiners--but do not
bring far future information into current pricing and capital investment decisions. Consequently,
they are not able to help firms adapt their energy-using equipment to decade-horizon risks of oil
supply disruptions. Finally, futures contracts are zero-sum exchanges of risk; one party to the
contract wins at the expense of the other, so the economy as a whole does not avoid increased oil
payments.

The futures market academic literature hasfocused to agrest extent on the issue of the unbiasedness
of oil futures prices as predictors of future spot prices. The null hypothess, of course, is their
efficiency in transmitting information to the spot market. The empirical results have been mixed.
For the West Texas Intermediate (WTI) futures market, Dominguez [ 1989] accepted the efficiency
hypothesisfor three- to six-month futures and rejected it for one- and two-month futures, but noted
the particular thinness of the market beyond the two- to three-month contracts. (Inthe Brent futures
market, Weiner [1989] reported that fewer than 2% of the transactions from 1983 to 1989 involved
contracts four or more monthsin the future.) Serletisand Banak [1990] found that forecasts based
on current spot prices are commonly as reliable as those based on futures prices. Moosa and Al-
Loughani [1994] criticize the econometric tests used in several other studies of oil futures markets.
Using the most sophisticated time-series econometric techniques directed at the oil futures market
to date, they find that WTI futures prices are both biased and inefficient forecasters of future spot
prices, although they decline to generalize their findings to futures markets for other crudes, such
as Brent.

As an additional theoretical problem in appealing to futures markets as the effective solution to
externalities of oil price shocks, Toman has raised the question whether the volume of private
hedging could be adequate. To the extent that there are macroeconomic consegquences or other

SAn alternative perspective is the limited ability of futures markets to provide price stabilization insurance is an indicator that the private costs
of uncertainty are small.
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social consequences of price shocks not fully included in private decisions, the social risk premium
due to shocks will exceed the private risk premium. "A consequence of this possible gap between
the premia would be lower investment by the private market in hedges against energy price
fluctuations than is socially efficient” [Toman 1993:1199].

Additional private hedging opportunities also exist to safeguard against oil price shocks. Some of
these, such as private stockpiling, have long existed as private options. Others, such asinvestment
in flexible energy technologies, have emerged as part of the industrial world’s response to the oil
price shocks of the 1970s. Private stockpiling, to the extent that it isused asa private hedge against
oil price shocks, is supplemented by the Strategic Petroleum Reserve. Regarding stockpiling, in
1973, OECD countries held 2.6 billion barrels of petroleum stocks, about 44 days of total world
consumption. At theend of September 1994, OECD stocksamounted to 3.7 billion barrels, or some
57 days of world consumption. Government-owned reserves accounted for the full differencein
stocks held between the two times (U.S. DOE/EIA 1995, Tables1.1c, 1,3, and 1.6). The extent of
the adoption of flexible energy technologiesin the transportation sector and other petroleum-using
sectorsisan open empirical question. Altogether, the evidence on whether this package of hedging
optionsis producing an efficient level of insurance is an open empirical question.

Despite the existence of efficient hedging or insurance markets, society is still concerned about the
aggregate losses from shocks and, in general, would want to take cost-effective measuresto reduce
them. For example, evenif adequateinsurance marketsand privately purchasabl e capital equipment
exist to protect against floods, there may still be social value at the margin to measureswhich reduce
the aggregate expected damage of flooding. Market failures which might produce a socially
suboptimal quantity of hedging and other insurance may not be directly attributable to oil imports,
but rather to seller market power or to oil consumption in general. Nonetheless, if the quantity of
imports hasamarginal impact on the macroeconomic cost of an oil price shock which itself is partly
attributable to socially inadequate hedging, such a marginal impact is till attributable to import
levels.

4.3 Direct Costsof Disruptions
4.3.1 Market Consequences of a Temporary Price Shock

Consider first the oil market (direct) consequences of a temporary oil price shock. Figure 3.1
(which was used to describe possible long-run noncompetitive price increases) may also serve as
agraphical representation of the different direct disruption cost components. In thisinterpretation
of Figure 3.1, it isassumed that the United States is a price taker on the world oil market, i.e., the
domestic price is set by the world price. The oil import level is determined by the difference
between short-run domestic oil supply, Sy, and short-run domestic oil demand, D,. If theworld oil
price jumps from P, to P,, domestic oil production increases, domestic oil consumption decreases,
and oil imports decrease. In the long-run, changes in domestic production, consumption, and
imports are defined by the long-run domestic supply and demand curves. However, in the event
of a sudden and unexpected price jump, changes in production, consumption, and imports are
defined by short-run domestic supply and demand curves which are more price inelastic (steeper)
than the long-run curves.

The domestic oil market experiences three types of direct costs as aresult of the price shock: (1)
added production costs due to the expansion of higher-cost domestic supply (deadweight loss
triangle A in Figure 3.1); (2) increased payments from oil importing countries to oil exporting
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countries (B in Figure 3.1); and (3) aconsumer surplusloss(Cin Figure3.1). Horwich and Weimer
(1984) present adetailed interpretation of the variousgeometric areasin Figure 3.1. They show that
areas A and C (the change in social surplus) can be equated with the direct net losses in potential
Gross National Product (GNP) from an oil priceincrease. Area B represents an increased domestic
payment to foreign producersof oil. Assuch, areaB entailsno direct effects on domestic potential
GNP, but isan additional payment to foreign producers and therefore should be considered a cost
of a price shock to the United States. The area to the left of the domestic supply curve and
partitioned by P, and P, is an increase in domestic oil revenues above any costs incurred in
producing that given quantity of oil. This area is thus a transfer from domestic consumers to
domestic oil producers. Although this transfer may raise equity concerns and may contribute to
some indirect costs (e.g., see the below discussion on this "oil price drag") the transfer is not
considered a cost of an oil price increase.

4.3.2 Calculating the Short-Run Loss in Social Surplus and Increased Excess Wealth
Transfer During a Disruption

A common approach to estimating marginal reductions in disruption losses begins by calculating
thelossfrom adisruption asthe additional transfer of wealth abroad plusthe deadweight U.S. social
(consumer plus producer) surplus loss during the disruption. Together, these measure the "full-
employment” (of labor and other factors of production) disruption loss. In contrast an early study
by Plummer et al. used acompact macroeconomic model, ETA-Macro [Manne (1980)], to estimate
full employment disruption losses. Sometimes the short-run losses in producer and consumer
producer surplusare supplemented or replaced with an estimate of GDP macroeconomic adjustment
losses, in which productive factors are unemployed due to short-run rigidities (see Section 4.4
below).

To calculate the socia surpluslosses and the increased excess wealth transfer during a price shock,
we begin with a ssimple microeconomic representation of the oil market. Suppose a disruption
occurs which causes aworld price change AP and a shock-induced reduction in U.S. imports AQ,.
In the linear approximation the social surplus and excess wealth transfer cost is given by the area
of the trapezoid (see Figure 3.1):

Cdisrfl—'E = %AP( Qiu_AQiu * Q/ ) (10)

These costs may be subdivided into the social surplus (or potential output) loss and the increased
excess wealth transfer:

Cdisrfl—'E - CdisrfSS CdiserlI
1 11
= S0PAQ, + AA(Q,0Q,) )

The socia surpluslossisthe usual triangle under the import demand curve, whose areais smaller
when U.S. import demand is less elastic and AQ,, is small. When the oil price rises during a
disruption, imports decline (by AQ,,) but U.S. consumers pay more per barrel to foreign producers
for the remaining imports (Q,, - AQ,,). Thusthe excess wealth transfer isincreased.
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4.3.3 Calculating the Import Premium Componentsfor Direct Disruption Costs

For the oil import premium approach, we are interested in the marginal expected disruption |osses
asimportschange. Themargina changein (full employment) disruption loss dueto anincremental
changein base or importsis found by taking derivatives:

C[;isr _ acdisraSS " acdisr—VlI
P °Q, )
onQ
aAPiAQ +(Q,-AQ )| + Q’“iAP—AP+A
aQ,'u 2 1 u Iru 1 U aQ[U 2

The third term on the right (AP) is the direct value of avoided higher import payments during a
disruption, per barrel reduction of the pre-disruption importslevel. Thisiscaptured by most import
premium studies. Some studies [e.g., Huntington (1993)] ssimplify by omitting the possible
secondary effects of long-run import policy on the disruption price increase AP or the shock-
induced import reduction AQ,,. Thesetermsreflect thefact that changing the baselevel of imports,
Q, may alter the volume of imports at risk to disruption, and the magnitude of the resulting price
shock. If short-run elasticitiesaresmall, AQ,,issmall and the other termsare of second and higher
order. Alternatively, Broadman and Hogan (1988) treat those secondary effects explicitly.

With the completely-inelastic short-run demand approximation (AQ,,=0), the expected direct
marginal disruption cost isjust the expected disruption price change:

HChie wd = H2LA (13)

Thisisexactly the result reported for Huntington (1993) in Table 5.4, who considers a 10 percent
annual probability of a $38 (1993$) price spike.® This result raises an important point regarding
the disruption premium. The import premium is intended to reflect the difference between the
marginal social costsof importsand the marginal private costsof imports. In the case of the normal
market premium, the marginal private cost is given by the world price of oil. The portion of
disruption costs which are "internalized" in private decision making depends on the degree of
foresight by private consumers and their opportunities to act on their expectations through
diversification, contingent markets, or other means. Of the disruption cost components identified,
the strongest case can be made for excluding some portion of the expected price change component
(E(AP)) from the premium, on the groundsthat it could be anticipated and internalized by private
agents. Nonethelessit is commonly included in the optimal premium calculations. The optimal
premium isusually calculated as the difference between marginal benefits (demand price) P,, and
normal market world price P, at the optimal import level Q,," [e.g., Hogan 1981:293, Plummer et
al. 1982:30,% Broadman and Hogan (1988), Huntington (1993)]:

2 Huntington' s results actually reflect the net present value of along-run reduction in imports divided by the NPV of barrels reduced, given
the annual price shock probability and various model assumptions about supply and demand dynamics. The NPV per discounted barrel
over 20 years turns out to be about 10 percent greater than the result for the single year 2000.

21

Plummer et al. (1982:30) are explicit about their assumption that the private sector does note fully anticipate the size or frequency of
disruptions. They assert that given perfect foresight and flexibility, the direct microeconomic portion of the disruption premium becomes
Zero.
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m o= H( QI*) - T(Qiu*) - Piu( QI*U) _PW( QI*U) (14)

Alternatively, we could calculate the premium asthe difference between margina benefits and the
expected world price P,+AP,, at the optimal import level Q"

T -n(Q,) - 1(Q," = PQ)APLQ,) +E1P) (15)

Thislatter formulation assumes that consumers are foresighted and have options, hence the private
margina cost includes both the normal market price and the expected price increase due to
disruption. A useful approach is to parameterize the degree of consumer foresight and
internalization, with the scalar p.. The premium estimates assume that consumers internalize the
portion pE[ AP,] of positive price shock direct costs for various choices of p..”> We continue to
assume that individual consumers do not recognize the marginal effect of their decisions on the
magnitude of price shock, the degree of demand responsiveness during a shock, or any
macroeconomic shock consequences.

Thedisruption premium components are defined asthe expected val ue of the variousdisruption cost
components. More generaly, the disruption premia can be decomposed into the portions
attributable to social surplus (m44.ss), €xcess wedlth (rent) transfer (m44.1), @nd transitional GDP
adjustment 10sses (T g_cpp):

. = . . +
Hdl sr Hdl sr-SS * Hd/ sr-wr I

di sr -GDP
an0
HdiSI’*SS - 1 ﬁAQ/u + AP =
2199, °Q, (16)

_ doap anaQ,
i sr-wr = %WIU(QIU_AQIU)_AP 30 M pEAP

1 u

The disruption excess wedth transfer premium is anal ogous to the undisrupted market monopsony
premium, except that the lower short-run el asticities during adisruption suggest that the monopsony
wedge is greater (conditional on the occurrence of a disruption). The GDP adjustment portion of
the disruption premium, 74.pp, 1S discussed in the next section.

4.4 Indirect Costs of Disruptions

The GDP adjustment losses depend upon the size of the proportional price increase aswell as the
vulnerability of the macroeconomy to adjustment losses for a price shock of agiven size. The
vulnerability to adjustment loss is widely recognized to depend on the level of oil consumption
rather than imports. Although consumption isamajor determinant of thetotal shock effect on GDP

2 Whether the existence and use of futures and forward markets actually internalize macroeconomic shock externalities rather than simply
stabilize spot prices remains an open question, both theoretically and empirically. Internalization of macro shock externalitiesisa
different matter from straightforward price stabilization, and involves the effects of individuals' separate decisions on other individuals
activities. Other hedging mechanisms, such as stockpiling and diversification, exist, but they existed during the previous oil price shocks,
and presumably their effects operated then.
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and hasits own marginal effect, thereisa marginal effect of importsaswell. This arises because
the pre-disruption imports level may affect the size of the price shock, as the social surplus portion
of equation (16) shows. In thisanaysisthere aretwo mechanisms by which thismay occur. First,
changing the level of imports may alter dightly the distribution of oil disruption quantities, that is,
marginaly change the expected size of the oil shortfall by either creating excess capacity or
reducing the supply flowsat risk of disruption. Second, changing the predisruption level of imports
changesthe starting points on the oil import supply and demand curves from which the disruption
deviates. Asaresult of either of these mechanisms, the proportional size of the price shock may be
diminished.?

44.1  Possible Mechanisms by which Indirect Disruption Costs Could Arise

Indirect costscan arisein addition to thedirect costs, dueto the limited ability of the macroeconomy
to adjust smoothly to the price shock. The extent to which these costs are the result of a market
failure, however, is debatable. The costs are based on the assumptionsthat: (1) oil playsacrucia
rolein overall economic activity; and (2) our macroeconomy’s short-term adjustment possibilities
arelimited by variousingtitutional constraints. Several mechanismsby which adjustment costs may
arise in response to a price shock have been discussed in the literature over the past two decades,
not all of which remain widely accepted among students of the problem. For thoroughness, we give
a brief noncritical overview of potential costs which have been suggested in the literature. We
review these more thoroughly in the subsequent sections.

Inflexible Wages

The most important short-run adjustment cost is based on the possibility that real wages will not
adjust to maintain full employment when thereisan oil price shock. Anincreasein oil priceswill
decrease the consumption of oil and will lower themarginal productivity of labor. If real wagescan
not be reduced, employers will decrease employment, and GNP will be reduced.

Adjustments to New Relative Prices

In addition to wage rigidities, adjustments to changes in the relative price structure for all energy
sources and all goods and services may occur also. While the economy is adjusting constantly to
new relative prices, the notion isthat oil is of such great importance to the total economy, that the
adjustment costs associated with an oil price change are of special significance. GNP |osses may
occur as the economy adjusts to the new long-run demand mix.

Premature Obsolescence of Capital Stocks

An oil price shock may lead to premature obsolescence, or otherwise inefficient utilizations, of
energy-using capital stocks. New energy prices may cause some capital stock elements to be no
longer competitive with more efficient capital goods, and some capital stocks may become
obsol escent prematurely because of ageneral declineinthedemandsfor expensive, energy-intensive
products. A reduction in capital serviceswill result in areduction of potential domestic output.

% |t has also been argued that reduced imports could lower the probability of opportunistic price shocks, by reducing cartel market share and
the value of exploiting short-run market power (e.g., Suranovic 1994, Greene 1991, Wirl 1985, Fromholzer 1981). This possible effect is
not included in this study.

Oil Imports: An Assessment of Benefits and Costs 43



November 1, 1997 ORNL-6851

Qil Price Drag

Horwich and Weimer (1984) identify reductions in aggregate demand from the "oil price drag" as
a potential problem (sometimes called "leakage"). Asindicated in Figure 2.2, a price shock will
transfer wealth from domestic consumers to domestic and foreign producers.® The oil price drag
results from the inability of domestic and foreign oil producers to spend the incremental revenues
they receive during the price shock. Aggregate demand therefore is reduced temporarily.

Domestic Inflationary Pressures

Higher oil priceswill result in short-term domestic inflationary pressures. Thereis disagreement,
however, about the existence and extent of this problem and whether an oil price shock will lead to
aone-time inflationary jump or be a catalyst for alonger-term inflationary spiral.

Reduced Domestic Savings and | nvestment

Some analysts [e.g., Broadman, (1986)] suggest that an oil price shock can lead to reductionsin
domestic savings and investment and thus reduced capital formation. L ower economic growth will
follow. While earlier theories of economic growth indicated little effect of the savings rate on the
growth rate, recent theories of endogenous economic growth have revealed more important links
between savings and growth [e.g., Romer (1986)].

Estimating each of these potential indirect costs without overlap poses serious challenges. Also
challenging is the disaggregation of adjustment costs that are directly associated with oil markets
and adjustment costs that occur in the macroeconomy.

An important distinction among these disruption cost componentsiis that some depend largely on
import levelswhile othersdepend on thelevel of total oil consumption. Although the excesswealth
transfer associated with a price shock isadirect function of oil import levels, surpluslossesand the
indirect costs of a price shock are determined primarily by the level of domestic oil consumption.
The possible exception to this statement is the rel ationship between the level of oil imports and the
oil price drag (i.e., shifts of revenues to foreign producers may be more damaging than shifts to
domestic producers).

4.4.2 Issuesin Macroeconomic Adjustment Costs: Short-Run, Long-Run, and Policy

The remarkable correlation and apparent causal link between oil price shocks and subsequent
economic recessions has received extensive attention from energy economists [e.g., Hamilton
(1983), Hickman (1987), Bohi (1989); see Toman 1993:1192-8 and Mork 1994 for surveys].”® As
discussed in the previous section, the existence of monopoly induces both atransfer of wealth and
aloss of socia surplus (potential GDP). Of course the continuing transfer and GNP loss from

2 As mentioned previoudly, "excess wealth transfer” refers to transfers beyond the actual resource costs of the commodity, or what

would obtain under competitive conditions.

% Much of this discussion in this section is based on Greene and Leiby (1993).
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monopoly will rise when a price shock occurs because the price increase is even greater.® But oil
price shocks also generate what Pindyck (1980:2) has termed "secondary” effects or what
Huntington and Eschbach (1987, p.201) call "macroeconomic adjustment costs." Macroeconomic
adjustment costs arise because imperfect adjustment in the short-run to a major oil price increase
will cause the economy to contract more than is necessary in the long-run (more than the loss of
potential GNP). Wages and prices will not adjust immediately to the new price of oil for avariety
of reasons, including cost-of-living provisions in labor contracts and entitlement programs. Also,
substitutions of other energy sources and other factors of production for oil will take time because
of the durability (economic value tied up in) energy-using equipment.?” Hickman (1987:141)
explains: "Stability considerations suggest that prices, and hence output, will probably overshoot
the long-term equilibrium . . . ." The GNP level that can be reached in the short-run is necessarily
lower than that which could be reached if the economy were able to adjust at the long-run, optimal
prices and wages. Figure 4.1 illustrates how the economy will overshoot its long-run loss of
production possibilities by moving first to apoint that islong-run inefficient (2), and then to apoint
that is on the new long-run production possibilities frontier (3).

Short-term macroeconomic adjustment costs occur in addition to the longer-run loss of potential
GNP. Macroeconomic adjustment costs are atemporary (severa year) excessloss of GNP, that is
suffered in addition to the loss of potential GNP due to the increased economic scarcity of oil.
Huntington and Eschbach (1987:200) also emphasize that excess wealth transfers and the oil price
shock losses of real GNP measured by macroeconomic models are additive. Their argument that
macroeconomic models ignore the oil wealth loss arises from the way GNP is measured and is
essentially an accounting problem [see a'so Toman (1993)].

Thelevel of macroeconomic adjustment lossesisan empirical question. In practice, thelosses may
also depend on the choice of fiscal and monetary policy. Oil price shocks may produce
governmental policy responses that exacerbate the problem. If a deflationary monetary policy is
pursued to deal with the effect of the il price shock oninflation (rather than an expansionary policy
to accommodate the price increase and return the economy as quickly as possible to full
employment), one could argue that part of the cost should be attributed to monetary policy rather
than to the price shock itself (e.g., Bohi 1989:84-85). Attempts to prevent the redistribution of
income (e.g., due to "windfall" profits) may also produce excess economic costs. Some analysts
attribute most of the historical GDP lossfollowing disruptionsto misguided macroeconomic policy
[e.g., Bohi (1989), Bohi and Toman (1993)]. However, others maintain that a tradeoff must be
made between the inflationary effects of accommodation and the output reductions of fiscal and
monetary control [Nordhaus (1980), Rasche and Tatom (1981), Broadman and Hogan (1988),
Huntington (1993)]. Thus the macroeconomic adjustment losses will depend in part on the extent
to which temporary inflation can be tolerated and an accommodative policy may be pursued.®

% Broadman, (1986 p. 245), makes this same argument in terms of the "monopsony wedge" effect.

27 Numerous other types of macroeconomic costs can result from an oil price shock. These include "leakages" in trade that may affect the
United States’ balance of payments, as well as producing a shortfall in aggregate demand. Thisleakage or "fiscal drag" effect depends on
oil exporters’ (and domestic oil producers’) short-run marginal propensity to spend. Huntington (1993) notes some evidence that oil
exporters are attracted to dollar-denominated assets as a short-run means to hold new-found wealth (see Hickman et al. 1987:41), so that
the fiscal drag may be limited. Another type of macroeconomic cost can result from consumption-investment shifts due to the
international and domestic redistribution of income. To the extent that the new distribution of oil revenues resultsin a greater or lesser
propensity to consume, this too can affect aggregate demand. Price shocks may also affect the willingness of producersto invest in capital
equipment, thus affecting the rate of economic growth. For adiscussion see, e.g., Goulder (1985).

% The estimation approach of Broadman and Hogan [1988] explicitly includes the proportion of inflation accommodated as one of its

parameters. However, thisis used for the long-run inflationary costs, not disruption costs.
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Figure4.1l: Effectsof Oil Price Shock-1nduced
Scar city on Short-Run and L ong-Run Output
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Services
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1. Initial Output Level
2. Output at Suboptimal Use of Factors
3. Output at Long-Run Optimal Use of Factors

It isimportant to distinguish between these short-run adjustment costs and the possibly permanent
reduction in potential GNP which would be caused by arapid, but long-term, change in energy
prices, effectively shrinking the production possibilities of the entire economy. Hamilton (1988)
has developed areal (i.e., non-monetary) business cycle model which illustrates how the effect on
the economy is not limited by the dollar share of energy in GNP but rather on the dollar share of
products whose use depends importantly on energy, i.e., on the elasticity of substitution between
energy and other inputs and productsin production and consumption. Macroeconomic adjustments
also include financial rearrangements which may appear to be far removed from oil--effects on
bal ance sheets of both firmsand individuas; portfolio effectsin the stock and bond markets--which
may reduce aggregate demand or shift its sectoral composition in ways that cause didocations in
various parts of the economy.

443 Direct Empirical Evidence on Macroeconomic Adjustment Costs

Recently, some questionshave been rai sed about the existence and magnitude of the macroeconomic
effects of oil price shocks. It isuseful to review the literature regarding these effects, to weigh the
arguments. A number of studieshavefound significant and apparently causal correlations between
oil price shocks and macroeconomic performancein the United Statesand in other countries. Mork
and Hall (1980a, 1980b), Bruno and Sachs (1982, 1985), Hamilton (1983, 1985), Burbridge and
Harrison (1984), Davis (1984, 1985), Santini (1985), Loungani (1985, 1986), Gisser and Goodwin
(1986), Mork (1989), Tatom (1993), Mory (1993), Mork et al. (1994), all of which find significant
effectsof ail price shocks, dthough commonly differing across countriesand among oil price-shock
episodes. Estimated valuesof the oil-priceelasticity of GNPfor the U.S. haveranged between -0.02
and -0.06. Analysts have obtained different results regarding the symmetry or asymmetry of
macroeconomic response to oil price shocks, but as closer attention has been paid to that question,
econometric evidence has pointed toward some degree of asymmetry for most, but not all countries
examined. Gilbert & Mork (1986) have developed the theoretical underpinnings for asymmetric
aggregate responses, highlighting that an economy incurs adjustment costs regardiess of the
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direction of an oil price shock. According to Lilien's (1982) dispersion hypothesis [see also the
model of Hamilton (1988)], any relative price shock which requires reallocation of labor (possibly
other factors as well) involves periods of unemployment as specialized factors search or retrain.
Mankiw (1990, p. 1654), in summarizing the empirical research on the hypothesis, notes that the
accompanying reduction in income may lower the demand for all products during such a period of
labor reallocation. Energy price shocks have been found to be the principal type of external
disturbance which propagates such a process of unemployment (Loungani 1987). Inthe caseof a
price decline, such asoccurredin 1986, whether the aggregate GNP responseispositive (symmetric
to the case of positive price shocks) or negative (asymmetric) is an empirical matter of whether
production frontier effects (expansion of full-adjustment production opportunities when oil prices
fall) or adjustment costs dominate.

Toman (1993), relying on Bohi (1989, 1991), and Bohi and Toman (1993) have questioned these
findings. Bohi’smonograph (1989) and corresponding article(1991) examined output, empl oyment,
and energy intensity in some twenty 3-digit ISIC (International Standard Industrial Classification)
industries in Germany, Japan, the United Kingdom, and the United States over the two periods
1973-75 and 1978-80, and using zero-order correlation analysis found no strong or consistent
correlations between energy intensity and industry-level activity. He also reported finding no
evidence of wage rigidity during these periods. Toman (1993, p. 1198), relying principally on the
negative findings of Bohi, concludes his assessment of macroeconomic effects of oil price spikes
with, "While Bohi’s analysis does not represent the last word on the subject, it does shift a
considerable burden of proof to those who would favor a strong link between energy price shocks
and macroeconomic losses."

Despite the theoretical exposition of asymmetric macroeconomic responses to oil price shocks
offered by Gilbert & Mork (1986), Toman considersthe evidence of asymmetry in macroeconomic
responseto oil price drops as casting further doubt on the econometric findings of strong effects of
price spikes. In aseparate discussion of asymmetric macroeconomic responsesto oil price shocks,
Bohi and Toman (1993, p. 1104) may underemphasize Mork’s (1989) important confirmation of
Hamilton’s (1983) econometric analysis of the macroeconomic consequences inthe United States
of oil price shocks between 1948 and 1980: "Hamilton looksat correl ations between energy prices
and GNP before 1981 and concludes that higher energy prices cause recessions, while Mork finds
that the same statistical methods applied to dataextended through 1986 give adifferent impression.”
Infact, Mork’s (1989, p. 743) assessment of hisown findingsis, "The results now strongly confirm
alarge negative effect of oil price increases. . .. The coefficients for price declines, on the other
hand, are smaller and of varying signs." Clearly, Bohi’s largely negative findings regarding
industry-level responses during the two major oil shocks of the 1970s raise important questions
which warrant further econometric investigation with more sophisticated techniques.

Bohi and Toman (1993) attribute most of the apparent macroeconomic cost following oil shocksto
inappropriate macroeconomic policy, athough they have not econometrically tested such an
hypothesis. Nonetheless, some of the more recent studies (e.g. Mory 1993), attempt to account for
monetary policy intheir estimates, yet still find losses after oil pricerises. Furthermore, Hamilton’s
(1983) findings of a stable relationship between oil price shocks and GNP from the end of World
War Il through 1980 rai ses questions about Bohi’s policy explanation for the 1973-74 and 1979-80
shocks.
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The important distinctions between the Bohi study and other contradictory empirical work arein
the degree of aggregation and the econometric methods used. To shed new light on this question
of the macroeconomic cost of oil shocks would require applying sophisticated econometric
techniques to data at various levels of sectoral and regional aggregation.

444  Evidenceon Macroeconomic Adjustment Costs from Simulation Models

The evidence on the magnitude of these adjustment costs comes in two forms, direct empirical
studies of the effects of oil price shocks on aggregate economies and simulation studies of energy
in the aggregate economy. Over the past fifteen years, regression anayses of oil shocks and
macroeconomic performance consi stently have shown strong, negativeimpactsof oil priceincreases
on GNP and employment (some of these studies are referenced below). The strength of the effects
variesamong industrialized countries, and more recently it seemsto be emerging that the effectsare
asymmetric, that is while sharp increases precipitate sharp or mild recessions, price drops do not
causeeconomic booms. Different models, different time periodsand different data serieshave been
used in obtaining these results, so while some differences are to be expected, the consistency of the
negative macroeconomic effects found across the corpus of these studies reinforces the findings of
any individual study.

The simulation models offer another kind of evidence since, admittedly, little comes out of such a
model which is not put into it by the modeler. The contribution of the simulation studies to
assessment of the macroeconomic adjustment cost of oil price shocks comes not from the
appearance of the effect, since that is built into the models, but rather from the ability to examine
inacontrolled fashion the magnitudes of effect deriving from particular combinationsof parameters
reflecting various characteristics of the oil market and the aggregate economy. The parameter
values used in the simulations are derived from empirical experience--price elasticities of demand
for ail, etc. The results of these models should not be accepted uncritically, as their creators and
users themselves warn. Bohi and Toman (1993, p. 1104) believe that, "The main source of
skepticism about the results of these modelsisthat the equations of the models employ parameters
estimated from limited experience with price shocks over the 1950 to 1980 period.” Hamilton
(1983) found substantial continuity of the GNP-oil price shock relationship between the period from
1949 through 1972 and the period from 1973 through 1980, and Mork (1989) found that extending
the later period through 1986 strengthened the relationship Hamilton found between oil price
increasesand GNP. Another problem for these energy-economy simulation modelsliesin assessing
their correspondence to purely theoretical counterpart models. The smulation models are
empirically implementable compromises of accepted macroeconomic models using the IS-LM
curve, or arelated, framework, but it isunclear exactly what macroeconomic specificationsunderlie
various eguations in the smulation models. Eastwood (1992) has found the numerical pattern of
wage adjustment in the EMF-7 modeling study (Hickman et al., 1987) consistent with a Phillips-
curve model of real-wage stickiness, and he raises the question whether that specification parallels
the U.S. empirical experience. Similarly, the international linkages of the ssimulation models
generally do not distinguish between tradabl e and non-tradabl e goods, a distinction which has been
found of critical importance in open-economy macroeconomic models.

445 Methodsfor Simulating the Macroeconomic Adjustment Costs of Disruptions

Early studiesused amultiplier approach to estimateindirect adjustment costs. Asmentioned above,
the Plummer et al. study used a compact macroeconomic model to estimate the benefits of oil
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consumption. During a simulated disruption, ETA-Macro provided the value of short-run full-
employment output. Indirect macroeconomic adjustment losses associated with wage and price
rigidity and unemployment were estimated by applying a multiplier to the estimated lossin full-
employment output.

More recently, acommon approach for estimating the frictional or adjustment lossesin GDPisto
assume a constant elasticity form for GDP with respect to oil price shocks:

GDP = @Po( F’Z] ° (17)

where GDP, and P, are undisrupted levels of GDP and price, and eisthe percentage changein GDP
per percentage changein oil price. Thisapproach came into wide use[e.g., Leiby and Lee (1988),
Broadman and Hogan (1988), DOE/Interagency SPR Study (1990), NES Oil Externalities Draft
(1990)] after the Energy Modeling Forum 7 (EMF-7) study, in which estimates of e were generated.
Thismethod isusually presumed to incorporate al so any short-run macroeconomic lossesdueto the
inflationary effect of a price shock.

An important issue for the present purpose is whether possible GDP adjustment costs would imply
a premium on marginal import use. The macroeconomic adjustment costs due to disruptions are
widely believed to be proportional to levels of oil consumption rather than imports. Since
macroeconomic adjustment |osses are not necessarily afunction of importsper se, they may not vary
with incremental import changes (Plummer et al ., 1982:29; Huntington 1993:16). Previousstudies
of the import premium have adopted one of three ways to deal with thisissue:

1. Omit GDP adjustment costs of disruptions altogether, since they depend on consumption
levels and are not expected to change at the margin with imports, at least to afirst order
approximation [e.g., Huntington (1993)]. Thisapproachimpliesthat consumptionremains
fixed, and import reductions must be achieved by domestic supply increases. Theaccuracy
of thisfirst-order approximation isan empirical issue.

2. Assume that some fraction (p,) of the marginal imports change is accomplished by
changing domestic consumption, and include the appropriate share of GDP adjustment
losses in the premium [e.g., Plummer et al. (1982:30) who assume p=1 to establish a
maximum estimate of the import premium. Another related approach was used by Hogan
(1981:292) who included a multiplier m on the direct disruption costs to account for
indirect macroeconomic costs, thereby implying a non-zero marginal indirect
Macroeconomic cost].

3. Include an explicit formulation describing how marginal import changes alter the
determinants of the GDP adjustment losses, and indirectly affect the level of those losses
[e.g., Broadman and Hogan (1988) assume that adjustment losses depend on the relative
size of the price shock and include termsfor the marginal effect of pre-disruption imports
on the base price and size of the price shock].

Because the purpose of the present study isto assess the marginal external costs of oil imports, the
third approach is adopted in the numerical calculations presented in Section 5.
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5.0 NUMERICAL ESTIMATESOF THE OIL IMPORT PREMIUM

This section reviews previous estimates of the oil import premium reported in the literature; re-
calculates Broadman and Hogan’s (1988) detailed import premium components using up-dated
information on price, GDP, market shares, etc.; and offers revised premium estimates relying on a
restricted group of external cost components. The revised estimates are based on the Broadman-

Hogan methodol ogy, excluding some of its more controversial cost components.

5.1 PreviousEstimates

This section reviews, in tables, the methodol ogy, scenarios (parameter assumptions), and resulting
estimates of the oil import premium from seven studies.  The premium estimates are broken down
into the Noncompetitive Market and Disruption components, with more detailed cost components

provided where available.

Table5.1: Economic Cost Components - M ethodology

Broadman NES Qil
Plummer et and Hogan Huntington Exter nality
Component al., (1982) (1986, 1988) (1993) Draft (1990) | Miscellaneous
Monopsony Effect | Y Y - usesisoelastic | Y -basedon | N Y [EMF-6
(Normal Market LR curves multi-year (1982), walls
Increased Prices model effects (1990)]
and Excess Wealth
Transfer)
LR Socid Surplus | N - (small) Y - (marginal loss | Y - (marginal | N
Loss is demand price) lossisde-
mand price)

LR Potential GNP | N - (small) N N N
Loss
LR Baance of N Y - exchangerate | N N
Payments Costs varies with import
LR Inflationary N Y - PhillipsCurve | N N
Costs & Okun’sLaw
Cost of Policy: SPR | Y - includes N N Y - no margin-

monopsony a cost; report

effect of SPR average cost

acquisitions
Military and Na- N N N (no mar- Y - no margin- | Hall: est.
tional Security ginal effect a cost; report | linear function
Costs of imports) average cost of imports
SR Social Surplus | Y -use SR Y Y N
Lossin Disruption | macro model
Increase Excess Y Y Y Y
Wealth Transfer
During Disruption
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Table5.1: Economic Cost Components - M ethodology (cont.)

Broadman NES Qil
Plummer et and Hogan Huntington Exter nality
Component al., (1982) (1986, 1988) (1993) Draft (1990) | Miscellaneous
Macroeconomic Y - (but mini- | Y - price elastic N - (assume [Y - (simple
Losses During mal marginal GDP form, mar- no marginal GNP-elagticity
Disruptions (Ad- effect of im- ginal effect of effect of form)
justment Costs) ports) imports imports)
SR Balance of N N N N
Payments Costs/
Leakage or Fiscal
Drag
Dynamic Consider- | SR éasticity Different single- ImposesLR | Multi-period
ations of substitution | period SRand LR | shiftsinU.S. | SPRsize
for oil is10% | elasticities of de- production or | model with
of LR. Dy- mand and supply consumption, | independent
namic stock- 1989-2010. sequential SR
pile manage- Calculates equations
ment discounted
costs per
discounted
barrel shift.
Basic Approach, Combines Integrated frame- Resultsfrom | Focuseson
Other Notes: insights and work considers 7 oil models | non-market
general results | margina variation | from EMF- costs of im-
fromasuiteof | ineach component | 11, for two ports dueto
related studies | with imports, com- | fixed price disruption risk.
onoil model- | putes premium at paths, bench- | Uses SPR size
ing, monopso- | optimal level of mark linear model from
ny wedge, and | imports. import DOE 1990
SPR value. supply and study. Premi-
Marginal pre- demand. um computed
mia computed curves. Then | at base (non-
at base import calculates optimal) im-
level. year 2000 port level, on
premiumat | $/BBL con-
optimal im- | sumed basis,
port level.
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Table5.2: (Base) Assumptions For Noncompetitive M arket Economic Cost Estimates

Broadman NES Qil
Plummer et and Hogan Huntington Exter nality
Parameter al. (1981) (1986, 1988) (1993) Draft (1990) | Miscellaneous
Base Prices Unknown $27.00 (1985%) | Base pricesflat | IEO 90 projec-
at $18 (1988%) | tions
U.S. Demand and Imports 6.3 Imports 6.0 Imports vary IEO 90 projec-
Import Levels MMBD MMBD by EMF mod- | tions
e, 9-22.9
MMBD in year
2000, average
=158 MMBD
U.S. Demand and Assume de- Constant elas- | Assumelinear | Fixed normal
Supply Price Re- mand declines | ticity LR (0.5) | net import market levels
sponsiveness with imports demand
Non-U.S. Demand | Unknown Part of linear Assumelinear | Fixed norma Walls: demand
and Supply Price import supply | net import market levels | elasticity 1.8
Responsiveness supply
Non-U.S. Demand | No change No change No change Foreign stock | Walls: none
and Supply Policy draws, else no
change
LR OPEC Supply Mix of 3 Part of import | Replaced with | LR monopsony | Walls: 0.5-10
Behavior Gately models | supply curve, assumed calculation, dadticity
slope $.50/B- | fraction (~20- | elasticity 0.0
BL/ %) of tariff
MMBD shifted to
foreigners
Disruption Deter- None None None None
rence
Discount Rate 8% N/A 5% 10%
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Table5.3: (Base) Assumptionsfor Disruption Economic Cost Estimates

Broadman NES Qil
Plummer et and Hogan Huntington Exter nality
Parameter al. (1982) (1986, 1988) (1993) Draft (1990) Miscellaneous
Disruption 20% annual 13% annua 10% annua Base: 1%
Probability probability of 3 | probability of 1 | probability of | probability of >
MMBD loss, MMBD, 3.5% | $30/BBL price | 15%loss (8.1
10% annual probability of 3 | shock (1982%) | MMBD), 7.5%
probability of | MMBD, 0.5% probability of >
loss of 10 probability of 6 5% loss (2.7
MMBD! MMBD MMBD).
(steady state)® | loss of import Alts: probabili-
supply to U.S.® ties are 1.5%,
8.5% respect.
Disruption Duration | 1 year initial, 1 year 1year 6 months
with < 50%
probability of
continuation
SPR Policy Optimal stock | Rule: Unstated (in- Cases: no use vs.
management 1/2 of shortfall | corporatedin | full offset of
and sizefor or 1/2 of re- assumed price | shortfall (600
premium esti- | serve jump) MMBD reserve)
mate
Other Disruption None None None 6.9 MMBD
Offsets average, foreign
stock, excess
capacity, fuel
switching
GDP SR Responseto | Unknown -0.05 dlagticity | NA -0.025 elasticity
Price Change of GDP of GDP
Short-run Demand SR elagticity of | Linear SR SR elasticity Increase w/
and Supply oil substitution | curves, (fixed $30 disruption size,
Responses =0.04 elasticity 0.05 | price shock) 10-.22 1%
quarter
Short-run OPEC Followsprice | Part of SR Completely Fixed produc-
behavior reaction func- | import supply | elastic at shock | tion (elasticity
tion price 0.0)

1

Disruptions are proportionally shared according to consumption levels regardless of the size of disruption.

Base Case Disruption Probability Transition Matrix
Disruption, year t+1

Disruption, t

Normal
Normal 0.85
3 mmbd 0.425
10 mmbd 0.20

LR Stationary  0.70

3mmbd 10 mmbd
0.10 0.05

0.05 0.075
0.30 0.50
0.20 0.10

Broadman and Hogan consider four cases of disruption probabilities (World View 2 isbase): Annual Probabilities: OneY ear Interruption in

Import Supply to U.S.

World View
WO
W1
w2
w3

0.0%
6.7%
13%
26%

1MMBD 3MMBD 6 MMBD

0.0%
0.5%
0.5%
2.2%

0.0%
1.0%
3.5%
6.7%
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Table5.4: Economic Cost Components. Estimates
($/BBL Imports, Unless Otherwise Stated, 1993%)

Broadman
Plummer et | and Hogan Huntington NES Dr aft
Component al., (1982) (1986, 1988) (1993) (1990) Miscellaneous
Monopsony Effect $5.20- a $1.50 a $5.70- $13.20 EMF-6, w/
(Normal Market $10.40 b. $5.00 b. $9.10 different OPEC
Increased Prices & c. $2.70 assumption.*
Excess Wealth U.S.: $10.00-
Transfer) $23.00
Joint:$31.00-
$68.00
Walls: < $1.60
LR Social Surplus $0.00
Loss
LR Potential GNP $0.00
Loss
LR Balance of a $0.91
Payments Costs b. $0.89
c. $1.96
LR Inflationary a $1.90
Costs b. $1.30
c. $2.00
Cost of Policy: SPR a $0.0 $0.0MC Hall: $1.10-
b. $0.0 $0.66/BBL $1.70MC
Consumed
Military and Na- a $0.0 $0.00 MC Hall: $10.90
tional Security b. $0.0 $1.90/BBL MC
Costs Consumed
AC
Noncompetitive $5.20- a $4.30 a. $5.70- $13.20 EMF-6
Market Subtotal $10.40 b. $7.20 b. $9.10 U.S.: $10.00-
c. $6.70 $23.00
SR Socia Surplus $0.00 $0.00
Lossin Disruption
Increased Excess $15.60- a $3.80
Wealth Transfer $38.10 b. $3.80
During Disruption
a. $0.20-$0.60
Macroeconomic $5.20-$6.90 b. $0.60-
Losses During (assuming $1.70
Disruptions (Ad- consumption
justment Costs) reduced with
imports, $0
otherwise)
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Broadman
Plummer et | and Hogan Huntington NES Dr aft
Component al., (1982) (1986, 1988) (1993) (1990) Miscellaneous
Disruption/ $20.80- a $10.20 a $3.80 a. $0.20-0.60
Security Subtotal $45.00 b. $9.30 b. $3.80 b. $0.60-
c. $0.00 $1.70
TOTAL $26.00- a $14.50 a. $9.50-$17 a. $0.20-0.60
ECONOMIC $55.40 b. $16.50 b. $12.90 b. $0.60-
c. $6.70 $1.70
: EMF-6 Monopsony Premium Estimates (1993%)
Salant/ ETA/
Model Gately |EES IPE ICF Macro WOIL Kennedy OIL-TANK OIL-MAR
Joint: $31 $50 $31 $48 $68 $36 $52 $47 $68
us.: $10 $16 $10 $14 $23 $12 $14 $14 $23
OPEC assum. target target target inter-tem- price-reac- target capital  fixed pro- target capital  target capital
capital capital capital poral opti- tionfunction  utility duction utility utility
utility utility utility mize market prices
Notes:

Plummer et al (1982)
Cases vary mostly by disruption frequency. Variation in non-disruption costs due to alternative buying power
assumptions.
Broadman and Hogan (1986, 1988)
a. Highprice
b. Low price
c. Secureimports
Huntington (1993)
a  Low estimate - high estimate
b. 6-Model Average
NES Draft (1990)
a.  Midcase disruption probability and excess capacity
b. High disruption probability and low excess capacity
For both cases (a) and (b), thelow end of range corresponds to immediate SPR use and the high end of range corresponds to
no SPR use.
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5.2 Updated Estimates of Broadman and Hogan’s Oil Import Premium

This section provides new estimates of the economic oil import premium, based on updated
parameters, and for avariety of assumptions. First we review the critical assumptions which must
be made for estimation. Estimates are then provided, broken down by each premium component,
for assumptions spanning the range of views offered by energy analysts. The estimates are based
on current oil market prices and quantities, and use estimates of long-run oil market responsiveness
derived from the Department of Energy’s Oil Market Simulation Model, 1994 version (OMS94).
The resulting economic portion of the oil import premium varies between $0 and $10, depending
on the view adopted. It isnot necessary to conclude from thiswide variation that we know nothing
about the level of the oil import premium. Rather we may conclude that we know a fair amount
about how different premium estimates arise, and what confluence of events and conditions is
required for the premium to be large or small.

The estimation method is consistent with most recent approaches [e.g., Broadman and Hogan
(1988), DOE NES Qil Externalities Subgroup (1990), Walls (1990), Huntington (1993)] initsfocus
on the marginal value of import reduction at current and optimal import levels, and in its division
of the premium into long-run noncompetitive market costsand expected disruption costs. Likethese
approaches, the dynamic behavior of the oil market is smplified by using long-run and short-run
price-responses (elasticities) for major supply and demand regions, with linear approximations of
short-run behavior. A range of OPEC supply responses are considered. In the interest of
completeness and consistency, the accounting framework follows Broadman and Hogan (1988),
since that study estimated the most inclusive set of potential marginal cost components.® The
approach accounts for tradeoffs among components and for potentially important second-order
effects of long-term imports reduction. Adopting this comprehensive approach does not
predetermine the answer, however, because the framework admits the possibility that many
components are of limited importance, given suitable assumptions.

521 Important Uncertainties

The many previous efforts at estimating the oil import premium indicate which conditions and
parameters are most important. Based on the above review of components and approaches, the
following are known to be among the most important determinants of the estimated premium size.

OPEC supply behavior

Demand/policy behavior of other importers

Fraction of long-run inflation accommodated (versus eliminated through macro policy)
Import payments recycling rate

Disruption probabilities

Disruption offsets (gross versus net shortfall distinction)

SPR policy (size and drawdown during disruptions)

Short-run net-import demand elasticities

Degree of disruption anticipation/expectation

Macroeconomic policy during disruptions

#  Weare grateful to Professor William Hogan for providing work files which clarified his approach.
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5.2.2 Treatment of Disruption Probabilities

Thedisruption components of the oil premium (increased imports costs and GNP adjustment costs)
are each weighted by the probabilities of disruption. Aninclusive range of disruption probabilities
would include the possibility that there are no net disruptions, that is, no disruptions large enough
to exceed the available excess production capacity and U.S. and foreign strategic reserve drawdown
capability. Thisresult closely approximatesthe mid-case assumptionsused in the DOE/Interagency
1990 SPR Size Study, aswell astherevised disruption probability and of f set assumptionsdevel oped
for the DOE/EIA modeling work in this study, if all disruption offsets are available. Under these
assumptions there is little probability (0.3%, or 2% excluding the SPR draw), of a disruption
exceeding the full range of offsets and the expected (probability-weighted) price increase due to
shocks is nearly zero ($0.04 in 1995). In contrast, many previous studies of the premium have
considered expected disruption price increases of $2 to $3/BBL (e.g. Hogan and Broadman 1988,
Huntington 1993).

The approach to disruptions adopted by the 1990 DOE SPR Size Study restricts concern to net
quantity shortfalsin the oil market. That approach applies multiple offsets (e.g. excess production
capacity, fuel switching, strategic stock draws) to gross supply lossesin a manner that completely
eliminates any pricerisefor most disruptions. The estimated frequency of gross quantity shortfalls
is loosely based on historical observation. An alternative approach, used in some of the cases
examined here, would recognize that only afraction of these offsets may be applied, and even then
only after price rises high enough to provide astrong signal. Historically, five events since 1973
have caused substantial price rises (greater than either $4/BBL or 20% of prevailing price), for at
least afew months.*

The DOEQO study applieslarge offsetsto the gross disruption sizes considered, and asaresult there
isavery low probability of price shocks (compared to history or to other oil disruption anayses).
In general, the DOE90 net disruption probabilities are closely approximated by zero in the tables.
However, since most of the assumed offsets are from excess production capacity in Persian Gulf
region, it maybe optimistic to assume that they are fully and promptly available during disruption.
The "medium™ and "high" net disruption probability casesin the Tables roughly correspond to the
DOE9O0 gross disruption probabilities with reduced offsets as shown by Table 5.5.

For the medium and high disruption probability casesreported here, the expected priceincrease due
to shocksis $0.67 and $1.31 respectively. As seen below, the "medium™ probabilities used here for
net disruption sizes substantially exceed the DOE90 study probabilities for comparably-sized
disruptions net-of-offsets, but the "high" probabilities are lower than the corresponding DOE9S0
study probabilitiesif one excludes non-SPR offsets:*

®  Included are the 1973 Arab-Israeli war and embargo, the 1979 Iranian Revolution, the 1980 Iran-Irag war, the 1988 UK Piper Alpha
Platform explosion, and the 1990 Persian Gulf war.

* DOE 90 study probabilities are given as continuous Weibull distributions. These were converted to discrete disruption size probabilities

by constructing bins around the stated val ues with conditional expected value approximately equal to the bin value.
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Table5.5 Comparison of Annual Disruption Probabilitiesfor Varying
Non-SPR Offset Assumptions

Disruption Size
1MMBD [3SMMBD |6 MMBD
DOE90 Midcase, Net Disruptions (full offsets) 0.8% 0.6% 0.15%
This study, Medium Case, Net Disruptions 6.7% 1.0% 0.5%
This study, High Case, Net Disruptions 13% 3.5% 0.5%
DOE90 Midcase, Gross Disruptions (no offsets) 38% 24% 6%

523

Premium Components Estimated, and the Direct and Indirect Effects Included

The premium components estimated here include the major categories discussed in Sections 3 and
4. Each premium component corresponds to the marginal effect of changing long-run (base)
imports on one cost component. Hence some premia necessarily involve indirect or second-order
effects. An important lesson from the numerical results is that such effects, while commonly
omitted, are not necessarily insignificant. Included are®:

Noncompetitive Market Components

- Recoverable Cartel Rents (Monopsony Effect)
The marginal effect of long-run imports reduction on the undisrupted period
price, timesthe level of imports [standard approach (see 3.4.2)].

- Balance of Payments Cost
Effect the incremental trade deficit due to oil imports on exchange rate and cost
of other imports. Depends on the recycling rate [see Equation (7)].

- Long-run Inflation Costs
The margina costs of controlling incremental inflation due to imports, given
rising real importsprice. Depends on the marginal effect of importson oil price,
the rate of price growth, and the consumption of oil and close substitutes.
Proportional to the fraction of inflation unaccommodated i.e., eliminated by
macro policy [based on Broadman and Hogan (1988)].

Disruption Cost Components
(All disruption components are expected marginal costs, hence are proportional to the
probability of disruption)

- Disruption Social Surplus Loss
The marginal change in disrupted period social surplus "triangles” due to:
a. theeffect of base imports on disruption price change AP;; and

*  Note: Omitted from the current estimates is the marginal change in GNP adjustment loss which might follow from the effect of the base
import level on the base consumption level, since consumption is held constant.
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b. the effect of base imports on demand response during disruption, Ag,.
- Disruption Increased Imports Costs
Themarginal changein theincreased costs of imports during adisruption dueto:
a. theeffect of baseimportslevel g on disruptionimportslevel g+Ag, atering
loss exposure for any given disruption price change AP;; and
b. theeffect of baseimportson disruption price change AP, altering disruption
excess wealth transfer for any given disrupted imports level g+Aq;
- Disruption GDP Adjustment Losses
The marginal change in GDP adjustment losses (which are a function of ail
consumption, base GDP, and disruption relative price change) due to:
a. theeffect of base imports level on the disruption price change AP;; and
b. the effect of base imports level on base price P;, and thereby the relative
disruption price change AP/P.,.

524  Updating Original Broadman and Hogan Estimatesfor 1985 With 1994 Conditions

As reported in Table 5.4, the mid-case estimate of the total economic premium by Broadman and
Hogan was $14.50 per barrel (1993%), based on 1985 conditions. We might expect the premium
to be much lower now, given lower oil prices and reduced U.S. share in the world oil market. For
the purposes of comparison, the Broadman and Hogan estimateswerere-generated, with parameters
altered to match 1994 oil market conditions (See Table 5.5). Notethat for thisinitial comparison,
the disruption probabilities were not "updated” since they remain uncertain, moreover the goal is
to examine the effect of changing base-market conditions on the import premium. Looking at the
entriesin Table 5.5, we see that anumber of market developments since 1985 are expected to lower
theimport premium. Thebaseoil priceislower, oil isasmaller share of total expenditures, and less
important in the U.S. total trade flows. U.S. imports and demand are a somewhat smaller share of
world oil trade or demand (from 36 percent to 31 percent), making import reduction less effective
for reducing the size of a potential disruption (shortfal) to the United States. The price-
responsiveness of foreign net imports supply to the U.S. (from OMS94 implicit elasticities) is
greater, so the expected world price change per unit imports change is lower. The smaller
expenditure share of oil indicates smaller GNP adjustment |osses during disruptions, and the SPR
islarger.

The principal development contributing toward alarger import premium isthe substantially higher
1994 import level. We see from Table 5.7 that all components of the premium are reduced except
those relating to the monopsony wedge or excess wealth transfer during normal and disrupted
periods. The undisrupted-market monopsony premium is dightly larger than in the Broadman-
Hogan estimate for 1985. With the optimal premium lower overall ($9.91 compared to $14.51),
there will be a smaller import reduction at the new optimal level, therefore leaving the monopsony
premium relatively larger. Using the updated Broadman-Hogan base assumptions, the total
economic import premium, at the optimal import level in 1994, isstill around $10 per barrel. Note
that the base premium ($14.60in 1994, $23in 1985), evaluated at the current level of importsrather
than the optimal level, will aways be higher than the optimal premium. It isimportant to bear in
mind, however, that theseimport premium estimates are uncertain, and depend strongly on disputed
assumptions. The next section explores how that $10 premium estimate can erode, if certain
important assumptions are changed.
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Table5.6: Updated Oil Market and Economic Parameter s of
Broadman and Hogan (1988)
Study of 1985 ver sus 1994 Conditions
Broadman and Updated
Hogan (1988) Comparison Value,
Assumption Value, 1985 1994 Sour ce/Comments
Base Qil Price $35.52 $16.91 Annua Energy Outlook 1994
(1993%/BBL)
Rate of Growth in Real 3% 3.4% Annual Energy Outlook 1994,
Oil Price long-run growth rate, Base price
path
Base U.S. Qil Imports 6.0 MMBD 9.0 MMBD Annua Energy Outlook 1994
U.S. Exports (93$ Billion) $299 $464 Int'l Financial Statistics, 1994
Non-Oil imports (1993% $375 $498 Int'l Financial Statistics, 1994
Billion)
Reduction in Disruption 36% 31% Based on U.S. share of world
Size per BBL Reduction demand (U.S. share of world
in Base Imports imports is comparable)
(BBL/BBL)
Slope of Long-run $0.50 $0.37 Based on OM S94 regional
Imports Supply Curve elasticities, and OPEC price
($/BBL per MMBD elasticity of 1.0 (see Table 3.5)
Imports Change)
U.S. Long-run Elasticity -0.5 -0.19 OMS94 implied elagticities
of Demand
U.S. Long-run Elasticity 0.50 0.60 OMS94 Implied Elasticities
of Supply
GDP ($ Billion) $5300 $6381 Annual Energy Review 1993 p.
361
Oil Expenditure Share of 3.5% 1.74% Calculation from above (combined
GDP oil & gas sharesroughly in same
ratio)
Elasticity of GNP with 0.05 0.025 Consistent with areduction in the
Respect to Disruption oil expenditure share of GNP from
Price Rise (GNP t0 3.448% to 1.76%, also
Adjustment Cost consistent with DOE 1990 SPR
Parameter) Size Study Mid-case.
SPR Size (Million BBL) 500 600 Approximate current size
Disruption Probabilities See Table 5.3 Unchanged Defer for later sensitivity analysis
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Table5.7: Comparison of Premium Estimates 1985 vs. 1994, With Updated
Market Parameters
(Optimal Premium, $/BBL Imports, 1993%)

1985 Broadman and 1994 Simple
Component Hogan est. (1986, 1988) Updated Estimate
Recoverable Cartel Rent (Monopsony Effect) $1.46 $1.85
LR Balance of Payments Costs $0.91 $0.32
LR Inflationary Costs $1.90 $0.97
Noncompetitive Market Subtotal $4.27 $3.14
SR Socia Surplus Lossin Disruption $0.56 $0.22
Increased Import Costs During Disruption $2.95 $2.96
Macroeconomic Adjusted Losses During Disruptions $6.73 $3.60
Disruption/Security Subtotal $10.24 $6.77
TOTAL ECONOMIC $14.51 $9.91

Notes: See Table5.5. Disruption probabilities unchanged in updated estimate.
LR - Long-Run, SR - Short-Run

525  Sensitivity of Import Premium Estimate to Alternative Oil Market Conditions

The import premium estimate of $10/BBL was constructed using updated assumptions from
Broadman and Hogan (1988). While inclusive, this does not constitute the highest estimate
consistent with prevailing conditions and the range of plausible assumptions currently offered. The
disruption probabilities, while higher than those used in recent DOE studies [e.g., DOE SPR Size
Study (1990), DOE NES Oil ExternalitiesDraft (1990)], imply alower expected priceincreasethan
those used by Huntington (1993), for example, or many earlier studies (see Table 5.7). The
estimated premium would be up to 50 percent higher if it were assumed that OPEC memberswill
defend their output quotas (were completely inelastic), and allow priceto fal further. 1t would also
be greater if one assumed that other OECD importers acted jointly with the U.S., reducing their
imports in the same proportion.®

* Those components proportional to the reduction in world demand would be about 2-3 times greater, at the base import level. However,
other components more dependent on the U.S. level of imports or consumption (e.g., balance of payments costs due to worsening terms of
trade) would be less affected. Furthermore, the optimal premium (premium at the optimal level of imports) would be reduced by less than
the base level premium.
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Table5.8: Comparing Expected Disruption Price Increases

Study Expected Price I ncrease

Huntington (1993) $3.00/BBL

Broadman and Hogan (1988), applied to 1994 | $1.81/BBL base, $1.66/BBL at optimal imports

DOE SPR Size Study (1990), Mid-Case $0.04 - $0.13*, 1994 to 2010

On the other hand, substantially lower premium estimates are obtained when one questions the key
assumptionsin turn. To highlight the reasons why oil import premium estimates vary so widely,
we can show how the methodology used above admits estimates ranging from $10/BBL to near
zero, as assumptions are varied. The selection of particular assumptionsis left to the reader asa
subjective and empirical question beyond the scope of this paper.

Nine caseswereconsidered, starting from the updated Broadman and Hogan estimates. Thechanges
considered in each case a so gpply to the successive cases (i.e., arecumulative). Theresultsfor each
premium component are reported in Table 5.9.%

Case 1. OPEC Supply Moderately Price Responsive

Here OPEC supply elasticity is 1.0, and the resulting elasticity of net import supply to the
United Statesisabout 5. Thisimplies amoderate degree of monopsony power for the United
States. Thedirect monopsony premium at the optimal import level is$1.85, substantialy lower
than many previous estimates of that premium component alone. For a given elasticity of
imports supply, the base monopsony premium is proportional to price[see Section 3, Equation
(8)]. The constant of proportionality is one over the elasticity. Hence for a base oil price of
$16.90, the base monopsony premium in this caseis about $3.30. When interactions with the
other premium components are accounted, and the optimal import level determined, the
monopsony premium estimateis substantially smaller ($1.85). However, this case emphasizes
the many other potential components of the oil import premium can have non-trivial values,
depending on important details of how the oil market and economic policy work. These
components are often omitted.

Case 2: Highly Elastic OPEC Supply

OPEC suppliers may defend price, by cutting back production to offset most of the import
reduction (OPEC elasticity equals 5.0). Herethe elasticity of net import supply to the United
Statesisabout 18, comparable to the range considered by Walls (1990). The base monopsony
premium is $0.96, comparable to Walls' estimate of under $1, and the optimal level is $0.54.
Theinflationary cost component, which also depends, in part, on the responsiveness of the base
oil price to marginal import changesisabit lower. It is noteworthy that while the long-run
economic premium components decline, some of the disruption premium components are a bit

34

35

This study assumed a one percent annual probability of a disruption greater than or equal to 15 percent of world demand (8.1 MMBD), and
includes offset of 8.25 plus an SPR annual draw capability of 3.3 MMBD. A disruption large enough to exceed al offsets (and thereby
increase prices) has a probability of 0.005.

Note that these estimate are by no means precise, and the reporting of two decimal placesis done only to indicate some of the smaller
relative changes between components and cases.
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higher than in Case 1. This is an example of the interactions among the optimal premium
component estimates, which are often compensating [Broadman and Hogan (1988)]. In this
case, since import reductions are less effective in reducing price, at the optimal level the
undisrupted world oil price and the import level are somewhat higher. Accordingly, the
optimal disruption premium is slightly higher while the normal market economic premium is
lower.

Case 3: Low Baance of Payments/Term of Trade Costs

If paymentsfor oil importsarequickly and fully "recycled" by the subsequent foreign purchase
of U.S. goods (either by oil exporters or others), or if there are offsetting capital account
adjustments, then the terms of trade losses induced by the imbalance of payments are
minimized. Inthiscaseweassume that the proportion of oil import payments quickly recycled
is 75 percent, rather than 25 percent. The balance of payments premium, already modest,
decreasesin direct proportion to the recycling rate.

Case 4: Low Inflationary Costs

The long-run inflationary costs depend on the fraction of oil-induced inflation left
unaccommodated by macroeconomic policy. If all of the inflationary effect of an anticipated
long-term oil price growth is accommodated (100 percent rather than 70 percent is left
unchecked), then output |osses are avoided, and this premium term becomes zero. The same
istrueif onetakesthe view that oil priesare not amajor source of long-terminflation. Asin
other cases, thetotal premium declinesby lessthan thelong-runinflationary premiumterm, due
to interactions.

Case 5: Import Levels Have No Marginal Effect on Disruption Sizes

Changesinimport levels could alter the effective size of disruptions subsequently faced by the
United States [ Broadman and Hogan (1988)]. Possible mechanismsinclude the creation of idle
production capacity, the ateration of sharing rights under the IEA International Energy
Program, reduced oil trade flows subject to interruption (accidental or intentional) and the
reduction in output levels from potentially disrupted sources. Previous cases considered the
possibility that import supply net disruption sizes decrease with marginal reductionsin normal
market imports. The marginal reduction rate assumed was 31 percent, roughly matching both
U.S. imports as a share of world oil trade, and U.S. demand as a share of world oil demand.
In this case the marginal reduction in disruption size per barrel imports reduction is five
percent. With minimal effect of imports on disruption size, the disruption premium
components are substantially reduced. Note that none of the estimates produced for Table 5.9
assume any effect of imports on the likelihood of disruptions (sometimes called the deterrence
effect).

Case 6: Private Expectations Internalize Disruption Price Increase

Qil prices represent the marginal cost of oil to private consumers. The price of oil in an
undisrupted market is universally agreed to be borne by private agents, and therefore fully
internalized. Oil consumers may also anticipate some of the disruption-related price increases
when making oil-related decisions. Accordingly, some fraction of the expected priceincrease
dueto disruptionsisinternalized, depending on the foresi ghtedness and expectations of private
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agents. This portion of the disruption cost should be excluded then from the social import
premium. It isassumed that the share of disruption price increase internalized is 75 percent,
rather than the more common assumption of zero percent. If so, the total optimal premium
decreasesby $1.25, that is, somewhat less than 75 percent of the $2.00 expected price increase
in Case 5.

Case 7: Zero GDP Adjustment Costs During Disruption

Some analysts assert the connection between oil pricesand economic activity isnot that strong,
provided effective macroeconomic policy isused to limit potential transitional losses of GDP
due to oil price shocks. This possibility is modeled with a GDP elasticity with respect to
disruption price of zero. The $1.80 macroeconomic adjustment |0ss premium component from
Case 6 is eliminated, and the total premium declines by $1.20. Note that the hypothesized
existence of the GDP adjustment |ossimpliesan income-induced contraction of demand during
adisruption. Conversely, assuming that the GDP loss does not occur eliminates the anticipated
income shift of demand, effectively decreasing the expected price elasticity of demand during
disruptions. Hence the expected price shock size grows, from $2 to $2.40. Thisalso explains
the increase in expected disruption costs.

Case 8: More Stable World with Lower Disruption Probabilities

The disruption probabilities used by Broadman and Hogan are higher than those used in some
recent studies, although lower than others (see Tables 5.3 and 5.7). In this case the disruption
risk is halved, with the expected oil price increase at base import levels declining from $2.40
to $1.20. The disruption premium components are likewise halved.

Case 9: Minimal Oil Exporter Market Power and Minimal U.S. Economy Market Failure

This case ismodeled with a zero probability of any net shortfall in supply after the application
of offsets and the SPR. That is, there is a zero probability of price shocks from any source.
Equivalently, the ruling assumptions could be that the adverse economic consequences of
paying more for oil during an oil supply disruption would be 100 percent anticipated and that
the U.S. economy will smoothly and efficiently adjust to the oil price shock. Thereasoisno
long-term premium dueto the exercise of seller market power, and thus no motivation for U.S.
intervention. In this case, all of the premium components reduce to zero, except for a minor
bal ance of paymentsterm which suggests some cost associated with oil’'s part of the continuing
trade deficit.
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5.3 Estimation of the Most Robust Economic Components of the Oil Import Premium

The estimates of the oil import premium provided here are based on current oil market prices and
quantities, and use estimates of long-run oil market responsiveness derived from the Department of
Energy’ S(DOE) Oil Market Simulation Model, 1994 version (OMS94). Calculationsaremadewith
the Broadman and Hogan model. The estimation method used is consistent with most recent
approachesin that it does not include environmental components. Instead, the method focuses on
the marginal value of import reduction at current and economicaly efficient import levels
considering only disruption costs and long-run economic costs. The approach used here accounts
for trade-offs among components and for potentially important second-order effects of long-term
reduction of imports.

The calculations presented in this subsection eliminate the controversial balance of payments and
inflation costs because of theweakness of their theoretical foundations. Social surpluslossesduring
disruptions are small in any event, and we omit those possible costs to avoid distraction from the
threemost important and robust cost categories—avoidablecartel rent, increased import costsduring
disruptions, and macroeconomic adjustment costs during disruptions.

Tables 5.10 through 5.13 reveal the sengtivity of the three principal, potential economic
externalities of oil imports at the margin to important oil market conditions. For each component,
a numerical measure of the total cost is identified, and the marginal variation of that cost with
respect to importsis calculated and reported. This avoids attributing any costs which do not vary
at the margin with imports. Tables 5.10 through 5.12 report on each of the three components
individually, while Table 5.13 aggregates these costs. In each of thefirst three of these four tables,
the reported costs are calculated under the condition that the costs in the other two categories are
zero. When these costs are aggregated in the fina table, the values reported are calculated
simultaneously, which tends to reduce slightly each cost category.®

Cartd Rents

Table 5.10 describes the sensitivity of external costs from marginal cartel rentsto the elasticity of
OPEC response. Rather than attempt a dynamic model of OPEC supply response behavior, the
long-run responseto aU.S. import reduction isrepresented with asimple OPEC response el asticity
parameter.®” The range of that parameter is from completely inelastic (a vertical cost--or supply--
curve) to completely elastic OPEC ail supply.

% Thisis because the marginal costs are calculated at the efficient level of imports, which decreases somewhat as more cost categories are
included.

% Strictly speaking, a cartelized or monopolistic supplier will not have awell-defined supply curve. However, when alarge consumer with
market power initiates a demand reduction there will be a series of actions and reactions between the consumer and the large producer.
The change in the supplier’s asking price which ultimately results from thisinteraction is summarized here with a supply elasticity.
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TABLE 5.10: MARGINAL CARTEL RENTS, 1993 $/BBL

OPEC Supply Responseto U.S. Import Demand Changes

Perfectly elastic Highly elastic Moderately elastic | Completely inelastic
(elasticity = ) (elasticity = 5) (elasticity = 1) (elasticity = 0)
0.00 0.90 2.86 6.63

Notes: All other cost components are assumed to be zero (i.e., zero net disruption risk, or disruptions and completely
anticipated and hedged, and no marginal effect on macroeconomic disruption losses). These numbers are cal culated
using the total elasticity of net import supply. Thetotal elasticity of net import supply to the U.S. is calculated using
the OPEC supply elasticity and long-run supply and demand elasticities for non-US non-OPEC regions derived from
the EIA’s OM S94 model.

Oil Import Costs During Disruptions

This component corresponds to the added cost for oil imports during a disruption. Import costs
during adisruption vary at the margin with the level of imports prior to the disruption. There are
two issues. given adisruption, by how much will pricesrise; and how much of theincreased import
costs due to the price rise has been anticipated and internalized by private agents? The price rise
during a quantity shock is determined by short-run demand and supply elasticities. A reasonable
assumption for theseelagticitiesis 10% of thelong-run price elasticities derived from the DOE/EIA
OMS94 model.*

Table5.11 reportsthe sensitivity of oil import costsduring disruptionsto various market conditions.
First, zero, medium, and high disruption probabilities are considered. It is possible that reducing
imports will reduce the risk of disruptions, by reducing their expected size. Accordingly, the
analysis next explores the effect of a zero marginal effect of imports on the risk of disruption and
of a non-zero margina effect, under the high and medium disruption probability conditions.
Finally, under each characterization of the margina effect of imports on disruption risk, the
consequences of anticipation and the use of hedging opportunities by consumers are considered.
Such anticipation and hedging may partialy internalize the higher cost of imports during
disruptions. Most studies include the whole increase in the cost of imports during adisruption in
the premium estimate. Here, the fraction of the shock costs avoided by anticipation and hedging
isvaried from 100% to 25%. The external costswill be zero with 100% anticipation and hedging.
Table 5.11 assumes that all cost components other than increased import costs during disruptions
are zero: i.e., that there are no cartel rents and that labor, capital, and product markets operate
smoothly enough to avoid all macroeconomic adjustment costs. 1n these estimates, the SPR is used
fully, except for the smallest disruptions (1 MMBD), in which cases only half of the SPRis used,
assuming that half iswithheld to protect against the event of alarge disruption.

®  These short-run elasticities are consistent with anticipated rates of short-run supply and demand adjustment toward long-run response
levels. Inthe DOE's OMS model, these adjustment rates average about 10% per year, depending on the region, hence the short-run
elasticities are about 10% of the long-run levels. Thelong-run elasticities used are derived from OMS, as reported in the main report.
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M acr oeconomic Adjustment Costs Component

Againtheanaysisincludesonly those marginal external costswhich areattributabletoimports. The
first mechanism by which the GNP adjustment losses may be affected by changes in imports is
through possible incremental changes in net disruption size. It is represented by a parameter
indicating the marginal reduction in disruption quantity per barrel of reduction in imports. This
parameter is called the "marginal effect of imports on disruption size." The analysis uses values
between 0 and 31%, the latter figure being the current US share of world net imports from OPEC.
The second mechanism, the dampening of proportional price changes, isimplemented in the short-
run and long-run equilibrium calculationsof themodel. Theanalysisapproximatestheselosseswith
aGNP oil-price elasticity, to which are assgned values between -0.025 and -0.06. This means that
an oil price doubling will cause adjustment losses of between 2.5% and 6% of GNP. The 2.5%
figure is used by the 1990 DOE/Interagency study on SPR size, and is about one-half of the value
commonly used prior to that date.*® The 6% figure isthe most recent empirical result (Mory 1993).

Table5.12 reportsthe effects of various conditions on the magnitude of macroeconomic adjustment
costs. Again, a variety of circumstances contingent upon the probability of disruption--high,
medium, or zero--are compared. Under the conditions of high and medium disruption probability,
the consequences are explored, in a nested fashion, of the size of the marginal effect of importson
disruption risk (again, zero and positive) and, under those conditions, the effects of the size of the
GNP elasticity with respect to oil price shocks. Table 5.12 assumesthat all cost components other
than macroeconomic adjustment costs are zero: i.e., that there are no cartel rents which vary with
imports and that disruptions are 100% anticipated and hedged.

¥ The DOE Interagency 1990 study (T2/T3 Working Group) assumed a GNP elasticity range of -0.02 to -0.04, with a preferred value of -
0.025 (page 5-1).
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