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THE U.S. STRATEGIC PETROLEUM RESERVE: AN ANALYTIC FRAMEWORK*

1. Introduction

The U.S. Government pursues a number of policies that affect
imports of oil. An excise tax is imposed on sales of.gasoline and
the U.S.Government maintains "strategic reserves" of oil in salt domes.
There has been discussion of imposing a tariff on oil'boﬁh to raise
revenue and to impfove the U,S, temms of trade, |

0il presents U.S. pdlié& makers with a situation that is unusual‘
in three respects. First, in mést areas where a protectionist policy has
been pufaued by the U.S. government, the motivatibn has been primarily
domestic, to maintain output and employment levels in different regions
énd_séctors; The second-best nature of tariffs -and quotas for these
purposés is well known. In contrast, many of the existing and proposed
policies toward oil have been justified partly on optimal tariff grounds;
the United Btates is a large importer whose level of imports affects the
world price. From a national perspective,restricting imports is a first-best

policy. Indeed, the current level of protection may be too low.

_ We are grateful to Lars Svensson and Brian Wright for useful
comments and discussions on a previous version of thig paper,




Second, oil is an'exhaustiblé résource. Imports in any period
affect in an essential way not only the international p:ice today but the
world equilibrium in all future periods. The static framework of most
trade theoretic tariff analysis is inappropriate.

Third, the strategic behavior on the part of agents other than
the U.S. government is important to the effects of policy. For one
thing, OPEC constitutes a large supplier. For another, U.S. policies
affect the storage and extraction behavior of private agents in the
‘domestic and world economies,  The interactions of these groups must be
taken into account. - Again, a ététic framework which assumes that all
agents except the U.S. government are atomistic is inappropriate.

These three considerations make an analysis of op;imal commercial
policy in terms»pf'traditional trade models difficult. ﬁefore an
analysis of the welfare éffec;s of the US Strategic Pefroleum Reserve
(SPR) can be attempted, an analytic framework identifying its effects on
US welfare must be specified. Our purpose here is to develop such an
analytic framework. The model we develop does not incorporate all aspects
of the SPR that we believe to be important. Nevertheless, it suggests
a set of considerations that necessarily arise in a strategic setting
between a large importing country and a monopolistic supplier.

The remainder of the introduction provides a brief discussion

of the background of the U.S. Strategic Petroleum Reserve and an outline

of our analysis.




1.1 Background

The current pattern of'general public concern about energy supplies
is in sharp contrast to the-pattgrn:which prevailed prior to 1973, 1In the
early years after World War II, the U.S. was essentially self-sufficient with

vfespect to crude oil supplies. Concern, largely by members of the petroleum
1ndﬁstty, was focused not én problems of shortage"but on the price effects
of abundance. As a result,the U,S. government imposed an oil import quota
in 1959 of 9'percent of the estimated domestic demand.. However, imports‘

rgradualily increased over time and reached approximately 23 percent

of total doméstic deiand by 1972. By April 1973, import quotas were
.discontinued and a tariff was briefly introduced. Despite the quoté,
considerable excess'capacity for crude 611 production developed during the
sixties and regglatory federal and state agencies distributed,production
allocations to the various préducers of crude petrolgum. The real price
of oil wvas continuously dropping dufing the siities until October 1973.

A As a respoﬁse to the oil crisis of 1973 the International Energy
Agency (IEA) of the OECD established the Intérnational Energy Program,
Participants in the program pledged to establish reserves equal to 60
days consumption (to increase to 90 days in 1980), The Strategic
Petroleum Reserve (SPR) program was created by the Energy Policy and
Conservation Act of 1975 as the U.S. component of the program.1 Since
1977 (see Table 1) o0il has been stored at five underground salt dome and
salt mine sites in Louisiana and Texas. Purchases of o1} proceeded at a
rate of 21 thousand barrels per day during 1977 and 162 thousand barrels
per day during 1978 (see Table 1), In late 1978, however, as a consequence
of tight oil market conditions associated with the Iranian crisis, the

Carter Administration postponed purchases of oil from the stockpile. At




that time seven gtockpiliﬁg'nations agreed to curtail stockpiling
acquisitions if such acquisition would "result in any pressure on the
world oil market." (Glétt, pp;~22-23). Consequently, purchases fell
to a daily rate of 67 thousand barrels in 1979 and 44 thousand barrels
in 1980. 1In 1980, however, oil market conditions slackened and
purchases resumed. In that year Congress passed the Energy Security
"Act that required that the President acquire reserves at 2 minimum

rate of 100 thousand barrels per day (Glatt, p. 11). In fact,

during 1981 and 1982 the average acquisition rate has fnr exceeded

that minimum. An issue for the management of the stnckpile is whether
or not ;cquiéitions (or drawdowns) should respond to world oil marke;
conditions (as the IEA agreement would auggeét) or procede 1ndependently
of world market conditions (as implied to some extnnt‘by the Energy
Security Act of 1980). Our analysis sheds some light on this issue.

| As of March 1982 the Reserves contained 250 millions barrels

.of crude oil, while the current plan 1is to place'750 million barrels

of oil in storage by the end of 1989. In most official documentation
the SPR 1s viewed as protection against the consequences of a severe
petroleum supply interruption. In somewhat different way Senator Henry
- Jackson, a strong supporter of the SPR, expressed his view that "...with
a stra:egié petroleum reserve, we will have greater credibility, as I
see it, in dealing with this problem (oil pticeé), and we'll help to
stabilize the price situation, which otherwise could be one of great

havoc."2
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The U.S. 0il Iﬁdugtry fequires about opne billion barrels of crude oil
as minimum operating stocks-vhiﬁh are about 60 dayd of petroleum consumption.
The current goal of the SfR would almost double the days consumption from the US
stock (Table 1). The US is a large consumer of oil, it consumes about 36-40
percent of world oil production (excluding USSR aga China). OPEQ produces about

50-55 percent of the world production (excluding USSR and China). As such we

suggest that the view that the world oil market consists of one large

producer (OPEC) and one large consumer (the USA) is a reasonable first ap-

‘proximation, However, the effect of other (small) producers and consumers

as well as»the large local production of oil in the USA (about 60 percent

of current US consumption) should be cons;dered in extensions of this paper.
1.2 Outline |

In gectioh 2 we develop a simple two-period model of an oil importing

country (the USA) and an oil exporter (OPEC). 1In sectién 3 we examine the
compétitive equilibrium of this model. We show that under certainty an& in
the preseﬁce of a full set of contigent commodity markets there is no role
for inventories, not to mention government inventories, of any form.
Introducing a "convenience yield" on inventories, on the basis of their
use in facilitating production, provides a justification for holdings of
inventories on the part of the private sector. In the absence of produc-
tion externalities, however, there isfno resson for the government to
hold inventories. Intioducing uncertainty by itself does not provide an
argument in favor of US private inventories. Uncertainty combined with the

absence of full contingent commddity markets or US property rights in OPEC




does imply a role for inventories as a form of portfolio diversification
on the part of the USA. Private agents, however, have an incentive to
hold inventories at the level that maximizes expected US national welfare,
In the absence of externalifies, then, we can find no argument in favor
of US government inventories when all agents, including the US government,
behave competitively.

Eckstein and Eichenbaum (1982) show that when oil suppliers are
competitive and US imports have an effect on oil prices, there exists an
optimal, time consistent tariff policy for‘the USA. However, there is
no role for US government inventor ies. Eckstein and Eichenbaum conjectureegd
that if there is a case for US government inventories it should stem from
strategic considerations arising from thg fact that oil prices decrease
as US inventories rise.

In sectioﬁ 4 we turn to a strategic setting in which the US
government and OPEC both have the potential to exercize markgt power,
Imposing the optimal tariff each period (the strategy considered by
Eckstein and Eichenbaum (1982)) provi&es the first-best means for the
US government to exploit its market power. However, unless the US
gBovernment sets its tariffs before OPEC establishes its price each period,
the US government has no incentive to set a tariff at the ex ante optimal
level at the time it makes its tariff decision.

| In the absence of equity investment by OPEC in the USA the ex post
optimal tariff is in fact zero. If OPEC has invested in US equity, however,
the optimal ex post tariff is positive as long as o0il and capital are
complements in production. The tariff acts indirectly as a tax on OPEC's

capital income. In anticipation of the tariff, OPEC sets a lower period




2 price. OPEC reduces its price so much that the US price is actually
lower, despite the tariff, In addition, equity investment.by OPEC acts
directlx to reduce OPEC's secqnd period price.. The reason is that OPEC
takes into account the effect of its pricing decision on the ;ate of
return on its investment in the USA. When capital and oil are substitutes,
a higher oil price means a lower return. There are thus two channels
whereby a high level of equity investment by OPEC in the USA acts to
reduce the second period price of oil. Nevertheléss, even when equity
holdings are positiﬁe the US government would increase US welfare if it
coﬁid credibly impose fhe tariff that is optimal from an ex ante
perspective,

In thisconféxt inventories can act as a aeébnd-best substifute
- for a tariff. The US government can reduce the period 2 price by buying
inventories in period 1 and,selling them in'period 2. 1In section 4 we
show how, given the period 1 price, the US government has An incentive
to buy inventories in period 1 and to sell them in period 2 in order to
lower the period 2 pfice. No atomistic private agent has an incentive
to pursue this policy since he wiil take the second pe:iod price as
given. Whether or not the government's 55_2255 optimal inventory
resporse actually raises US welfare vig-a-vis the no intentory situation
cannot be ascertained in general. 1In fact it can go either vay,

Nichols and Zeckhauser (1977) show how in the framework we
consider here (in the absence of taxes or investﬁent of any form), an
inventory policy can raise US weifare as well as OPEC's. An inventory
policy reduces the distortion due to OPEC's monopoly power. The USA
and OPEC share the gain. We present their example in section 5. We find,

however, that their result is very sensitive to their specification of

the problem. We show in another example that if OPEC's utility function




1s loparithmic rather ;han.linear in each period's consumption, that

a US inventory policy lowers US welfare relative to a no inventory
situation. A lower US welfare ig also obfained when OPEC and the US
governmenf set price and inventory simultaneously rather than with OPEC.
acting as a Stackelberg leader. In each case the positive impact of the
Vgnticipation of aVUS inventory on the first period price more than offsets
its negative impact on second period price. Wﬁen the ﬁS government chooses
inventories the period 1 brice is a bygone so that the US government
neverthe;ess'has an incentive to set inventories at a positive level. 1In
this case the government's capacity to acquire a stbckpile actuall& reduces
US welfare. Thesé results imply that if a government inventory policy

1is t§ faigevUS welfare, inventory pnrchaseg must respond to OPEC's prices,

i.e. OPEC must act as a Stackeiberg leader in setting price each pe:iod.

Another example shows that, when the US goﬁernment acts as a Stackelberg

leader in sett;ng inventories, tﬁe optiﬁal level is zero.

Section 6 contains a discussion of some other work that considers

the desirability of government inventories. Here we discuss papers by
Maskin and Newbury (1978), Wright and Williams (1982) and Tolley and

Wilman (1977). Finally, section 7 contains some concluding remarks.
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2. The Technology

In this section we describe the main aspects of production and
preferences of the environment that we consider in this.paper. Our
focus is on bilateral trade in an exhaustablé_resoutce, oil, that
-énters into proddction of a ;ingle consumed good._ There -are two
nations: the oil consuming country ~the "USA"; and the 01l producing
country - "OPEC". There are two periods for consumption and productién.
‘There is only one consuﬁptidn good that if stored in the first period
serves as capital in the second period. We‘defing the following
vatiaBles:

Ci = Consumption in the USA in period i =1, 2

CI = Copsumﬁtion in OPEC in pgriod i=1, 2 »
K, = Capiial_ stock in the USA in period 1 =1, 2, (K, is
gi&en as an initial condition.)

'AK = Kz - Kl = jnvestment in capital in the USA in the first period
01 = consumption of oil in the USA in period 1 =1, 2

I = d4inventories of oil.in the USA at the end of the first period
Hi = {imports of oil-in the USA in period 1 =1, 2

'_01 = one plus the import tax rate on oil in the USA in period i = 1,
Gk = one plus the tax rate on foreign investment in the USA in period

Pi = jnternational price of o0il in terms of the single consump-

tion good in period 1 =1, 2,
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r = Interest.payhgnts‘on capital investment in the USA jpj the
second petiﬁd.

R = Stock of oil in OPEC at the beginning of the first period

Q = F(K,, Oi) = output of the consumption good in the USA ¢n
period 1 =1, 2. F(e,*) is strictly concave in both
arguments.

" H = OPEC investment in the USA in period one

D(I)= Units of oil in the second period given an inventory

of I units of oil in the first period. For all 1 > 0,

0< D) < I , D'(I)>0 and D'(Iy>0.

We assume that the production of the only consumption-capital good

is done in the USA. There is no depreciation of capital and extraction

costs of oil are zero. OPEC may invest some of its oil revenues in the
first period in the USA and receive the interest payments in

the second per;od. Finally, preferences of the representative

consumer/producer in the USA and OPEC are given, respectively, by

u(cl, Cz) - v(cl) + eu(cz)
x % C* * + k h *
Li] (Cl. 2) = U (Cl) 8 U (Cz)
% *
where U(-) and U (+) are strictly concave and 8 and 8§ are between

zero and one. Obviously one may consider a much more complicated

*
environment in which the total reserves of oil in OPEC, R , are uncertain,
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where the USA also has aﬁ exhaustablg stock of o0il, extraction of oil
is costly, there aré third countfies, etc., We later consider some
extensions along these linés, but we prefer first to present our
model in its simplest form,
While this framework is very simple, we believe that it captures
the essential relationships between the United States and the oil pfoducing

countries. FPirst, it recognizes, albeit in a simple way, that the

supply of oil depends fundamentally upon the intertemporal allocation of
E resources. Seéond, OPEC countries do recieve a large share of their

consunpﬁion goods from the OECD count:iés."rhird, many OPEC countries
have'iubétantial investments in OECD countries. Our model allows their

- oil pricing deciéions to affect their return on these investments.

_After learning about the technological characteristics of
tﬁis world and before observing the actual market strucfure s One
might'wondgr: "Why is the government of the USA buying oil from
OPEC and putting it in the Salt Domes inlouisiana? They call them
Strategic Petroleum Reserves (SPR) - does it make sense?'" 1In order
to understand it we might first con#ider the competitive allocation
of resources with no government intervention. The 'second best"
arguments in favor of the SPR are not considered, since we do not
want to justify one policy instrument due to misuse of another policy

instrument.




3. The Competitive Case

The perfect foresigﬁt optina%,allocation can be characterized by
solving the 'social planniﬁg' problem of the above economy. It is straight-
forward to show that this allocation is identical to the world competitive
perfect foresight equilibrium.4

The social planning problem is to maximize

’ : * % * k %
(3.1) el[u(cl) + BU(CZ)] + 52[u (cl) + 81U (C,)]

subject td
: *
(3.2) C,+¢ + &K < F(Kl}. 01).
*
(3.3) c:Z +C, < 1"(1(1 + AK, 02)
*
{3.4) o1 + o.2 +1-D(I)< R
&, >0 , ¢ 0

% :
by choice of Cl’ C2, Cl, CZ’ &K, 01,»0 and I. Let 11, A, and y be

2 2
the Lagrangian multipliers of equations (3.2), (3.3) and (3.4), respectively.

Equations (3.2) and (3.3) are the world budget constraints each period
L4

Equation (3.4) states that world oil consumption across the two periods

cannot exceed the total world supply, R. Then, the first order condition

with respect to inventories is

(3.5) =4(1-D(I)) < 0 (=01f 1 > ¢g)

Given that u -»0 » 8ince we assume an economy in which oil jig consumed each peric

(3.5) implies that I = 01f 0<D'(I) <1. Given our assumption that
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oil does not appreciate in storage, we conclude that in a perfect
foresight equilibrium-ﬁhere will be no storage of oil. The reason is
that the economy is better off holding the oil in the ground with

zero inventory costs than above the ground incurring the cost I - D(I).

It is also obvious that the inclusion of linear extraction costs does

not affect the above result.

It 18 of interest to see the characterization of the competitive

equilibrium resulting from the above planning solution. Given that Pi is

i .
=3~ = F,(K, 01)’

i
i
i=1, 2, from the first order conditions with respect to 01. Then, the

the real price of oil in period 1,1=1, 2, we get that P

equilibrium is characterized by the conditions

v (c,) v*' ) P,
(306) ’ ) - ‘ * * - P
.8U"' (cz) B U '(cz) 1
and ‘
Py
(3-7) , -q - Fl(xz. 0,) Er

Equation (3.6) establishes that the marginal rate of subtitution is-
equal to the marginal rate of transformation in both the USA and OPEC, and
equation (3.7) is simply the Hotelling rule for extraction of an exhaustable

resource, 5
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3.1 Convenience Yield

Now we wonder not only aﬁout the government strategic petroleum
reserves but also about the existence of private storage. In fact the
Private stocks of crude petroleum in the USA are as large as the level
fof monthly sales (about 300-350 million barrelg) and their existence
should be explained. The industry term for such stocks is 'opérating
stocks, They helﬁ to get‘the oil to the consumer. in the economic
literdture this is called the "convenience yield" (see Brennan, 1958)
which can be analytically godeled using ad~hoc functional férns of Cosfs
of holding inventories. These typically yield an inventory‘rule that
is a function of oil consumption or output production (see, e.g.,
Eckstein and Eichenbaﬁm, 1982). Usually it is assumed that for an
inventory below some given level, say I*, there are negative marginal
costs of inventories where thellevel I* is given exogenously. We could
introduce a convenience yield into our example by coﬁsidering a stor#ge
| technology, D(I) that has the properties b(I) > I, D"(I) <O

over some range I < I. The competitive solution would then establish

1 ] = r
(3.8) P2D (1) Pl
as the first-order condition for a maximum., Equation (3.6) and (3.7)
would continue to characterize. the optimum. Thus the competitivg solution

would bé fully characterized by the conditions
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vep vted r B

(39) 1 17 F(K 0)._.__--—-
. [ ] 1 t

8U (Cz) B*U* (C;)' 1727 "2 D' (1) Pl

The first three of these conditions would also characterize the planner's
solution. If D(I) 4s increasing and differentiable the solution
establishes D'(I*) = 1 both for the social planner and for the
'competitive equilibrium. Tﬁe "éonveniencelyiéld" argument thus
justifies private operating stocks but not any government SPR.
5.2'Uncertaintz, |

Another popﬁlarireason for private and possibly public
inventdries is given by the existence of uncertainty about the oil
supply or proven o0il reserves. Tﬁé argument is based on precautionary
savings tb smooth final consumption. In ﬁhe presence of a full
set of,éontingent commodity markets this argument seems without
merit.A Private agents could optimally insure by trading contingent

ﬁlaims. If stérage is costly (i.e., 1f D(I) < I), then an allocation

(supportable by a comﬁetitive equilibrium) without storage exists which
is Pareto superior to any allocation with storage. This result would
not extend to situation in which extraction costs are non-linear,
however. |

It is possible that a full set of contingent claim markets
does not exist, however, A more fundamental problem might be the non-
existence of property rights in an international context. Private
agents in the USA cannot obtain property rights over oil that is in

the ground in OPEC.
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Americans may be prohibitéd from acquiring these rights or else they
may not trust OPEC governménts' willingness to enforce these rights. 1In
this context an additional>argument~for storing oil emerges: as a form of
insurance.

We illustrate this result in the competitive model by assuming
that the total stock of OPEC reserves, R*, is not known until period 2.6
We assume there .are no contingentcommodity markets or futuresmarkets.
(In fact, there are no formal contingent markets, and futures markets are
limited, none covering a period greater than one year.) All oil is séld
on spot markets. The éécond period pfice, then, is established by equating
second period supply, (R*(s) - 0l - 1+ D(1)), where R*(s) denotes‘the
- oil supply in state of nature s, to second period demaqd, 02, determined

by the condition

_(3.10) A FZ(Kl + AK, 02) = P2

This condition imblicitly defines a demand function
(3.11) 02 = E(Kl + 4K, P2)

which is increasing in Kl + A K and decreasing in Pz. Equilibrium price

in state s 1s then established by the condition

(3.12) R (s) -0, - I +D(I) = E®, + &K, P,(s))

1

The interest payment on investment is given by

(3.13) Fl(Kl + AK, 02(8)) = r(s).
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Consider now the inventory decision of a US agént in period 1.

He chooses 4 K, I and 01, taking P13 H, and r(s) as given, to maximize:

(3.13) u[r(xl, 01) - AK + H - Pl(o1 + ]+

811 () U[F(K, + &K, E(K; + &K, Py(s)) - r(s) H
S

- P, (s) [1?(Kl + oK, PZ(S)) - D(I)]

. , o . .
Here Ni(s) denotes the probability with which R = R(s). The first-order

conditions for AK and 1 are

(3.142)  U'(C;) > B )T (s) U'(C,) r(s) (= 0 4f AK > 0)
. .

(3.14b) P1 U'(Cl) <8 é n (s) U'(Pz) Pz(s) p'(X) (=0 1if I > 0)

If AK and I are strictly positive, these conditions imply

PZ(S)

(3.15) } N(s) U'(C,)r(s)" } n(s) U'(C,) 55— D' (D)
s s 1

The OPEC first order conditions with respect to H and Ml

yield that
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x1 % w1 % Eo(s)
(3.16) I n(s) U (CZ) r(s) = I n(s) U (CZ) 0
s ' 8 1

if H and M, are positive. Under certainty (3.15) is inconsistent
with (3.16), which yields the Hotelling rule, ;f = r, since D'(1I) <1,
(see (3.9), and the left-hand side of (3‘15).15 greater than the right-
hand side)., Hence,under certgainty,I = 0. Under uncercainty, when
' U(Ci) is concave, then both (3.15) and (3.16) can hold as equalities.
Hgnce, there are equilibria in which I is positive. The reason is that
under uncertainty U'(Cz) and Pz(s) are positively correlated when
D(I) = 0. Via Shephard's lemma

dU'(Cz)

(3.17) 3. = U"(Cz) (02 - D(1)).
2

The diminishing marginal utility of consumption implies that this

expression is positive (assuming that some oil is imported in
period 2). Thus when P,(s) 1s high U'(C,) will also be high: for
oil importers, a high price of oil lowers consumption, raising the
marginal utility of consumption.

The positive correlation between U'(CZ) and Pz(s) raises the

term on the right hand side of equation (3.15). The expected return

oﬁ inventories is greater because inventories serve asa hedge. This
provides a justification for holding inventories.

Two comments about this result are in order. First, if US
agents could buy oil in the futuresmarket or obtain property rights
over oil in the groundin OPEC, inventories would not be desirable as

long as D(I) < I. Second, this result, by itself, does not justify
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the establishment of a government reserve unless the government has

a superior storage technology (i.e., for the government D(I) is larger.)

The simplest competitive ;gse thus yields no justification for
inventories at all. A convenience yield, however, or uncertainty
but an incomplete set of contingent commodity markets and imperfect
cross-national property fighté are reasons why 01l stocks may benefit
the USA. In these cases the privaté sector holds a level of iﬁventories
that maximizes social welfare as vell. Therefore, one may stilL wonder
wvhat scope‘there is for government holdings of inventofies. Next we
-find; however, that once strategic considerations in the relationship
between OPEC and the USA are introduced, an argument for a government
SPR emerges. An argumenf can also emérge, however, in favor of

divesting the US government of its capacity to store oil.
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4. The Bilateral Monopoly Case: A Possible Justification for the SPR

The presence of national market power frequently yields situations
in which government intervgnéion can improve national welfare if not
world welfare. The nationally optimal tariff is an example,

In fact in 1978 OPEC provided 65X of production in non-Communist‘
countries while the U.S. accounted for 55 percent of coﬁsumption in
- main consuming countries, 7 There is certainly a presumption of market
power on the part of OPEC, to the extent that it can maintain its cohesive
as a cartel. We assume here that it can. There seems to be a presumption
of market power on the USA's part as well, although this is‘less strong. -

If we were to consider a potential oll-importing country cartel consisting

of the OECD or the International Energy Agency (IEA), the assumption of a
bilateral monopoly situation between sellers and buyers would certainly
fit the facts closely. Even in the absence of a cartel arrangement
among importers, the assumption of bilateral monopoly seems to capture
much of the relationship between OPEC and the USA,

In this section we consider how the presence of a bilateral
monopoly situation can create an incentive on the part of the US govern-
®ent to establishan 3PR. To focus clearly on strategic considerations
ve ignore the convenience yield and uncertainty considerations raisedv
~ earlier. In the next section we show, via example, that by pursuing
an inventory policy the US government can raise US welfare. But it can
also lower it, Because results are, in general, sensitive to the
specification of behavior, we find it useful to discuss alternative

"rules of the game" that we can choose among,




4.1 Rules of the Game
We now consider altérnative fules of behavior in relationships
between the USA and OPEC. We ideritify as OPEC's strategy variables

the oil prices (P Pz) and OPEC's levels of investment in the USA (H).

19
The US government's strategy variables are the tariff rates on oil

in periods 1 and 2 (61 -1 and 6, - 1), the tax rate on OPEC's

2
investments (Ok - 1), and the level of government inventory holdings
(I ). US private agents, behaving atoﬁisticélly. choose 0il consumption
in periods 1 and 2, (01; 02), investment (AK), and private inyentories
(1P to maximize discounted utility., We assume that US private agents
corréctly anticipate the policies that are actually-pufsued both by
OPEC and b& the US government but then take them parametrically.
4.1;1 Open Loop Policies

‘An open loop poiicy is one in which values of the strategy
variables are set for the current and future periods as of the initial
-period. Within the class of open loop policies we can identify strategic
variables that are chosen by one player prior to the choice of some

other strategic variable by the other player (in which case the first

player acts as a Stackelberg leader with respect to those variables,

the first player taking into account the effect of his choice on the
response of the second player) or the decisions are made simultaneously

by the two players, in which case they act as non-cooperative Nash

players with respect to those variables, each taking the level set by
the other player as given in making his choice,

When the game is specified as open loop, the issue of time-
consistency does not arise. The levels of the strategic variables

set in the first period (whether in a Nash or Stackelberg fashion) are the or
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actually implemented."A difficulty with this formulation is that

the players may not have an 1ncentive; in the second period, to follow

the open loop solution.' Becausé of this inconsistency,the open loop

policy will not be credible. Open loop solutions therefore may not be able
to explain the behavior that we observe. Nevertheless, the open loop salutir
provides an interesting benchmark against which to compare time consistent

solutions.

4,1-2 Feedback Solutions and Perfect Equilibria

An alternative policy is one that maximizes the objectives of
each player as of the period the policy is implemented, taking previous
 policy as given. The two players thus play a separate game each period.
The policies that are pursued each period are the outcome ofrshgg
égriod's game. Hence,the players' decisions are based upon feedback
from the previous period. When players correctly take into account the
‘effect of each period's decision on the éutcome of subsequent games
then the solution to the set of games is described as "perfect."
(Bee Selten, 1975, for a discussion of perfection and Kydland, 1977, for a
discussion of the distinction between open loop and feedback solutionms.)
The advantage of a specification of this type is that the solution that

emerges is based upon behavior that is in each player's interest at

the time he acts.
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Within the class of feedback solutions we can also distinguish

between variables that are chosen dn a Nash or Stackelberg fashion.

This choice should be dictated by the underlying technology of the

problem.

We do not consider'all possibilities formstructuring the game.

We assume the following rules.

Rl

Rl

(a)

(c)

R2

R3

R4

OPEC acts as a Stackelberg leader each period with respect to

price (i.e., OPEC chooses P, before the US government chooses 0

1

and Ig; OPEC chooses P2 before the USA chooses 62 and Ok)

'Rl (b) OPEC and the USA act as Nash pléyers with respect to Pl, 91 and

18 in period 1 and with respect to P2’ 92 and Gk in period 2.

The USA acts as a Stackelberg lleader each period (i.e., the
USA chooses 91 and 1% before OPEC chooses Pl’ the USA
chooses . 92 and Gk béfore OPEC chooses Pz).

US private agents take the values of US government and OPEC
strategié‘variables as parametric. Subject to these parameters

they maximize utility.

Both OPEC and the US government correctly anticipate the effect
of their policy on US private agents' behavior.

All agents have perfect foresight,




Rule 1(a) best capturesithe strategy implicit in the IEA's
stockpiling procedures: purchases are made contingent upon the oil
price that OPEC sets. LRules 1(b) and 1(c) reflect more accurately the
stockpiling procedure embodied in the Energy security Act: purchases

procede independently of OPEC's price.

4.2 The Solution

We now attempt to characterize the solution to the game. Since
first period decisions affect outcomes in both periods while, in the
second period, first period decisions and outcomes are a bygone, it is

simplest to consider the second period first.

4,2-1 The Second Period

Profit maximizing firms in the US private sector choose 02 to

maximize profits. Given the US domestic price 92P2 this behavior

implies the first-order condition

(4.1) F,(Ry+ 8K, 0,) < P, (=0 if 0, > 0)

2
which implicitly defines the second period oil demand function

(4.2) 02 = E(OZP K+ AK)

2’

- where El < 0, Ez ) as oil and capital are substitutes or complements.
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In the case of constant returns to scale (CRS) in capital

and oil this function takes the form.’

(4.2") | = e(ezrz)(xl-o- AK)

02
Substituting (4.2) into (4.1) gives second period output as a function of

the capital stock and the second period oil price

(4.3) G(K + AK e PZ) ' ’ G1 > 0, 02 < 0

' 8
In the case of CRS this function takes the form
'l . . »
OPEC's investment in the USA pays an interest rate r equal, before

tax, to the marginal product of capital

Gl(Kl+ 48K, 92P2) (= g (GZPZ) under CRS).
We assume that the US government's objective is to maximize the
utility of us private agents, In period 2 first period consumption

is, of course, a bygone and the policy in period 2 can oniy affect beriod 2

consumption . The US government therefore maximizes U(Cz) where
(4.4) C = G(K1+ s K, G ) -6 GIH

- P, [E(6,P x.1+ s K) - p(x®) - n(1%)]
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Under rules Rl (a) and Rl (b) government policy involves choices

of 02 and @, that maximize C, taking P,, as well as 4 K, 1® and o,

as given. C, is strictly decreding in o,

establishing Gk at its minimum level (zero), effectively confiscating

and a maximum, therefore, involwve:

OPEC investments. When Gk = 0 the first-order condition for a maximum

with respect to 92 is given by

(4.5) F, - P2 =0

which is satisfied at 92 = 1, the zero tariff condition. Since the
USA acts taking P2 as given, the optimal tariff is zero.
An interesting case emerges when the US is constrained to set

.9k> 0, i.e;,'not to confiscate'fully OPEC investment. In this case

the first-order condition for 92 is

(4.6) Fp = P, + QF, H

Thus 1f capital and oil are complements (F12> 0) then the tariff on oil
should be positive (raising F2 above Pz) and conversely if they are
substitutes (F12 < 0). Intuitively, the tariff acts as an indirect

9
tax on OPEC investments. If the US government is constrained not to

tax these investment fully, then a tariff redistributes income awayv
from OPEC to the USA. 1In the CRS case the formula for the optimal

tariff is given by




-

6 H

*
{4.7) t =
K+ AK - @

in which case the tariff is independent of P " When there is no

2°
OPEC investment in equity or when Gk = 0 (confiscation of OPEC equity)
the optimal tariff is zero.

Consider, now, OPEC's problem. In period 2 .OPEC sets P2 to
maximize the utility of OPEC's period 2 consumption. As with the USA,
period 1 consumption is at this point a bygone. OPEC therefore sets

S A * %
AP2 to maximize period 2 utility, U (CZ)’ where

*
=

2

‘4.8) | c 1

g P
PZ(Q2 - D(I®) = D(1)) + Okc H.

Under rule Rl(a) OPEC considers the effect of P2 on 92. The first-

order condition with respect to P2 is given by:

g P dOz d92
: (4.9) 02-D€I)—D(I)+(P2+9kG12H)'dT-92P—2T(92+~d—P—€P2)=

*

subject to the constraint 02 - D(Ig) - D(IP) < R - M1 .

Dividing (4.9) by 0, yields

2

p(18) - p(1’)

(409') 1 - 0

- A(8,2,) (1 + )(1 +
2 22 2

do, (8,P,)
where A(GZPZ) H 0 s the elasticity of US oil demand

d(e,?,) 0,

0
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de., P
with respect to the US price (6.P.) and ¢ = -2z 2 , the elasticity
. 22 sz 92

of the US tariff with respect to PZ' Note that under CRS, { = 0 ;

the US tariff is independent of P2 o
Condition (4.9') implicitly defines P, as a function of Ig,

P

I, 92, Ok, and H ., The most iﬁpottant point to note is that the P2

that solves (4.9') falls as 18 and ip ‘rise as a share of 02 . In

vaddition, when ﬁ = 0, P2 falls as. 92 rises to maintain a constant
domestic price. 1If .H > 0 and G12 > 0 (oil and capital are complements)

an increase in 92 causes P, to fall in greater proportion, lowering

2
not only the world price but the domestic price as wel1 10

This completes the characterization of second~-period equilibfium

under rule R1(a), with OPEC acting as a Stackelberg leader in setting Pz.

When the level of 92 implied by equation (4.6) is independent of Pz,

as in the case under CRS, then the solution undgr rule R1(b), with OPEC
and the US acting as Nash players, is exactly the same as under rule
Rl(a). Under rule Rl(c), with the US acting as a Stackelberg Leader
in setting 92, the US can impose the traditional optimai tariff, From
equation (4.9') 8,P

stays constant or falls as @, rises if Gle > 0.

2 2
In this case the optimal tariff rate is infinite. Introducing extraction




costs or other buyers wouid modify this result, but the point is that
the US can exert its monopsony power via tariffs only if it is able to

commit itself to a tariff rate before OPEC sets P2.

4.2-2 The Pirst Period. Taking the solutions to the second period

choice variables, 92 and Pz,' as given depending upon .IP, Ig, Kl + AK
H, and'R* - Mz we now consider how these magnitudes are determined

in period 1. Here we assume Qk =1 (no taxation of OPEC investment‘income).
The US private sector takes OPEC and US government policy variables

(Pl’ H, 91, Ig) as given to maximize

(4.10) U(Cl) + BU(CZ)

with respect to ‘01, 8K and 1P where

. | P '
(4.11a) C) = F(K;50,) - 8,P1(0; + 1) - AK +H - T,

_ .
(4.11b) C, = G(Ky+ &K, 6,P,) - 9,P, (0, - I') - G H - T,

Here Tl and TZ denote taxes each period. We assume that they are

imposed in a lump-sum fashion. The government budget constraint implies,

- | P g
(4.12a) T, =Q - 92 P1 (01 +1)+ PII

(4.12b) T,=a -0y Py 0 - D)) ~r Dty
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First=order conditions for a maximum are

(4.13a) Fz(Kl,Ol) - OlP1 < 0 (= 0 1if 0l > 0)
—' ] =
(4.13b) U (cl) + BU (cz)r1 (K; + 8K, 02) < 0(=0 1if AK > 0)
P P
<J17 ' U -
(4.13¢c) U (cl) 0,P, + BU (c,) §P.D'(I") < 0 (=04if I > 0)

These equations implicitly define functions for first périod 0il demand,
investment demand, and private inventory demand.

Consider no& the problem facing the US governmentunder rules Rl(a)
and R1(b). Taking P, parametrically the US government chooses 91 and
1% to maximize social welfare, given,as before, by expression (4.10).
The US government correctly anticipates the‘effect of its decisions this
period on this period's private sector behavior (as determined by

equations (4.13)) and on the second period outcome.

Consider the first-order equation for a maximum with respect to Ig,

dp
(4.14)  =U'ER + BUT(C,) [P0 (E) +—2 (0, - Dt®) - p(1D)) < 0
dI :

=0 1f 18> )

dp
From (4.9) ——é is positive. Comparing (4.14) with (4.13c) observe
dI
that the US government has an incentive to invest in inventories beyond

that facing the private sector. The reason is that individuals in the
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US private sector, taking botﬁ GlPl and 62P2 as given, do not take
into account the effect of their own inventory decision on lowering the
second period price. The US governmentAintetn$lizes the effect of its
owﬁ inventory decision on the second period price. The US governmént

. then, facing a given first period price, has an incentive to accumulate
inventories even when the private sector does not.

| Subsidizing first period-impor;s, via setting 91 > 1, provideé

.an alternative method of lowering ‘P2 by raising Erivaté inventories.
This approach subsidizes first-period oil consumption as well As inventory
accﬁﬁulatiqn, however. A direct government investment in inventories
vdoés'not'suffer this difficulty. The private sector continues to

establish F, = P, whether or not 1 1s positive. If the government

2 1
has available a storage technology that is not, at the margin, inferior
to that provided by the private sector then the optimal first period

tariff is zero.
Consider now OPEC's decision. OPEC chooses Pland H¢to

maximize
* * LI
U(c,) +8 (c,)

where

*»

c, = PlMl - H

ot

*
= F.H
C2 P2M2 +5




Under rule R1(a) OPEC acts anticipating the effect of its choice on 1%
and 91, as well as on thé second’geriod equilibrium, Under rules R1(b)
and Rl(c) it treats I® and 91 'as given., US government inventories
augment first-period demand. Under rules R1(b) and Rl(c) Pl is
necessarily greater when 18 o . This‘result does not necessarily
emerge when OPEC is a leader. If I% 1is very price elastic it is
conceivable that a government inventory purchase could lower Pl' In

any event OPEC will set P. at a higher'level under rules R1(b) and

1
Rl(c), given any level of 18,

Finally, under rule Rl(e), ;hé US government chooses 91' and 1%
anticipéting OPEC's resﬁonse. Because an increase in 18 now raises Pl,
the US government has less incentive to implement a reserve poliéy.
While releasing the.inventory lowers the price in period 2 acquiring

it raigses P Under rules Rl(a) and R1(b) US policy takes the second

1’
~ into account bat pot the first, P1 is a bygone when 1% 15 established.
Nevertheless, OfEC, in anticipating (under Rl(a)) or observing (under R1(b))
a US government inventory, is likely to establish a higher Pl as a
consequence,

Calculating the overall welfare effects of optimal inventory
policy under alternative rules of the game is difficult in a general

setting. In the next section we use a simple quadratic case to

consider these issues further.
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5. An Uneasy Case for Government Inventories: A Quadratic Example

We now consider a apgcia; case of the game discussed in section 4,
making specific assumptions about the functional forms that describe
technology and preferences. Our first and fourth examples assume that
the behavior of the U.S. government and OPEC is described by rule
R1(a), OPEC acts aé a Stackelberg leader each period. Our third examplé

18 one in which the U.S. acts first (rule Rl(c)).

We consider the following production function for Qi

| f1.2 . 2, 2
5.1 [ - = - owme— J——. \
__( ) Q= FK,, 01) agk, =3~ K; +aK 0 + a0, -5 0

Note that this function exhibits decreasing returns to scale in

capital and oil.

5.1 The Second Period

We assume that the return on investment in US capital is

the same for U.S. citizens and OPEC members and is equal to the marginal

product of capital, i.e,,

(5.2) Fl(KZ’ 02) =a; - a1K2 + a202.

That is, the U.S. government sets %( = 0. The private sector sets

the demand for imports of oil 4nthe second period by equating the marginal
product of oil to the market price, i.e.

FZ(KZ, 02) = 92P2 and 02 = M2 + D(I)
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where I = 1P + 18« private inventories + public inventories. Then we

get that .
5 % -8
(543) M, +D(I) = == 4= (K, + AK) = == P
2 84 aa 1 a, 2

We consider only a limited set of instruments for US government intervention.

In the second period the only 1nsttument available is the tariff on oil. The
objective of the US government is to maximize second period utility by
naximizing C,, i.e.

.mgimize ‘ F(Kz, 02) -plu - PZM'Z
2

subject to (5.1) - (5.3). The first order condition is:

M -
-P]_:O
2 392

[Fz =

and the optimal tax on imports is -
a,H

* 2
(5.4) 92 "5

+1
2

R S

Tﬁus the optimal tariff rate is zero in two cases: (i) OPEC
does not invest in the first period in the USA (H = 0), or (ii)

oil and capital are separable in the production of the consumption

good (a, = 0).
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Now we turn to OPEC'é_determination'of the second period price by
maximizing its second period consumption, i.e., it maximizes P2M2 + F1H

subject to (5.1) - (5.4) by éhoice.of P2' The optimal P2 turns out to

be
a3 az 84
(5.5) P2-2—+-5— [(K1+AK)] - aZB-TD(I

Again we observe that if o0il and capital are separable in production

(a2 -_0),the capital stock does not affect the determination of oil prices

in the second period; Furthefnore, P2 is a iinear‘function_of capital

‘but OPEC has an incentive to decrease oil prices as its investment in the

US is larger. This result suggests why different members of OPEC would

have different incentives in setting oil prices conditional on their
poftfolio decisions. Finally, it is importanf to observe that P2 decreases
as US invgntories go up. This result establishes a possible role for

public inventories if the US government in the first period takes into

Account OPEC supﬁly behavior in the second period, while US private agents

take P2 parametrically. That P2 falls as 1 rises is independent of
the fact that the US takes P2 parametrically in period 2 while OPEC is

assumed to act upon (5.4), i.e.,that OPEC is a Stackelberg leader in setting PZ'

* .
Under rule Rl(b), in which OPEC takes 02 parameterically so that 6, and P2

2

are set simultaneously in a noncooperative Nash game, then the optimal P2

turns out to be

a3 4 8 %
(5.6) P, = —f +—5 (K +8K) - —5H - —-D(D)
20 20

2 28 2
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Note that if H = 0 the Nash solution and the solution with OPEC
as the Stackelberg leader yield the same pfice. Otherwise, P2
may move either way with 92. P2 moves negatively with D(I) as long

* o .
as 92 is positive. Whichever game is played in the second period,

the oil price is not affected by total capital (Ki+ AK) and by H in the
same degree. The results in the second period are independent of the
utility function since the maximization of welfare is equalivant to the

maximization of consumption.

The third logical possibility, of course, obtains when the US
acts as a Stackelberg leader (Rule R1(c))., As we showed in section 4,
1n this case the US can impose the optimal tariff, driving the world price

to zero (the marginal extraction cost for oil that we have assumed here).

5.2 The First Period and the Complete Solution

5.2-1 Example 1 (Nichols and Zeckhauser)

To solve the first period problem we have to postulate avqtility
function for both the USA and OPEC. ‘We first assume that utilicy 1is
linear and that g = B* =1. Iﬁ this case inventories benefit
the USA. We then compare the government 1ﬁventory policy with a

tax/éubsidy scheme, 1In order to do 8o, we make the following assumptions

Al: H=AK = (0,i,e., no investment
A2: D(I) =1 {.e., no costs of inventory of oil

Al ‘implies that 92 = 1 and as a result we get the following equations

for the second period problem.

N
a; b
(5.7) M = —.-2_71
2 34 aa
a a
3 4
(5.8) iPz - — - _2 .I

~N




I TN

where 33 = alef a3

Note that these solutions obtain-either when the US and OPEC establish
92 and P2 as the outcome of neneooperative Nash game or when OPEC acts

as a Stackelberg leader.

Together (5.7) and (5.8) yield
H
(509) M - 3 - % I

2 284

Since capital is constant we can write the production of the single good

at time i as:

‘ : a
2
(5.10) Q = F®;, 0) =a+d0 -0 | g )
her a g -':l 2
where 0 2 .

We considér the economy under alternative US government policies.
Case (1): the US - government chooses both Mi and I in the USA in the first
period taking the structure of the period 2 problem as given, Given the

linear utility functions the US government 's problem is to maximize

F(Kl, “1 -I)- Plul + F(K Hz +1I)- PZMZ

subject to (5.8), (5.9) and (5.10) by choice of “1 and I ., The first

order conditions with respect to I and Ml » respectively,are:

a 2’ a, &
i, a
+%(—g--2—"1)-k3+a4(u1-1) = 0
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“N
(5.12) 83 - aa(Ml -1I) - P1 f 0
Solving for I and Ml as functions of P1 we get,
N
a P
(5013) I = "‘3'-‘;’—]':
8 8
4Y
: a P
(5.14) M = 2;2--%4
4 4

Given the above result with respect to US government decision rules

OPEC's problem is to maximize P1M1 + P2M2 subject to (5.8), (5.9), (5.10),

(5.13) and (5.14) by choosing P The result is

1.

-2%
(5.15) P, =15 8,

' Hence, we have the following allocation of resources in the two

periodsl%
¥ ¥
»
1 17 a, 2 17 a,
(5.16) _ g
2 17 % 17 a,

Utility levels in the U.S. and OPEC are, respectively

2
(5.17a) U=C. +¢C. = zaxl-ax§+1_sz<:z>
o]

1 2
1 578 a,
a..2
* * Lk 9 (3
5.17b - = LI
( ) U = cl + c2 17

3
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Hence, the price of oil falls from period one to period two and

inventories are i%- of oil éonsumgtion at the second period. We now

turn to the case where there is mno US government intervention.

Case (ii): US private agents choose both oil consumption and oil

inventories. There is no government intervention. US private agents

maximize profitsby setting 0, such that F,(K;, 0,) = P, and they
set > 0 if P1< PZ and otherwise IP = 0 . The first order
conditions with respect to 01 imply that

P a, - P1
(5.18) 0, =M -T2 1
» 1 1 a,

As a result, we can solve OPEC's problem aséuming that IP = 0 and then
see whether the condition for zero inventories is satisfied. OPEC's problem

is to maximize P M, + P subject to (5.8),(5.9), (5.17) and =0,

11 272
Hence, we get that P1 - Pz --% :3 and the conditionmfor zero inventories
is satisfied. Furthermore, we get that M = M = 13, 0, =0, .
1 2 2 a, 1 2

Hence, the two periods are completely symmetric and the model is equivalent

to the case in which OPEC is a simple monopoly in both periods separately.

Utility levels in the U.S. ahd OPEC are

a2 » respectively,

2
5. - - - 3
(5.19a) U© C1 + C2 zaoxl a1K1+ 7
.2 4
a
(5.195) U~ =c* 4+ ¢F = 3
1 2 286

Case (iii): US private agents choose O, while the US government chooses

1
inventories. The allocation of O1 is determined by (5.17)

which is identical to (5.12), the first order condition with respect




to M, in case (1). Hehce, the solution for US optimal inventories
turns out to be identical to that of case (1) - (5.13), and the final

allocation of case (1i1) And (1) are identical and given by (5.5) and (5.16).

Result In the above example a monopolistic OPEC behaves as a Stackelberg
leader in a time consistent game and optimal private inventories are zero.
This is equivalent to the result of zero private (optimal) inventories in
the case of competition (section 3). However, given thé fact that the
government can exploit thé effect of inventories on oil prices in the

. second period, we find that the optimal US allocation 1§ to have a positive
level of 1nventories‘§hich raises the first period oil price and lowers the
second period price, lz_Hence, the US government has a real cost of holding
inventories, (_P1 - PZ)I’ but it creates a welfare gain from changing the
terms of trade and reducing the monopoly power of OPEC‘in the second
period. |

We can p:esent the result on a graph.
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Moving from no intervention in theUSAtm a government inventory policy,
the demand and marginal revenue curves that OPEC faces are moving from
the solid lines to the broken lines. The USA looses the area

PIP B A of consumer surplus in the first period while it gains the

area P P;C B of consumer surplus in the second period and here the difference

is positive.
Given the sequence of decisions that we assume here, in
case (1) we charactefize the optimal allocation fqr the US government,
We show in case (1i) that the private sector does not achieve the same
allocatidn since it cannot exploit the negative effect of 1nventoriés
on the period 2 oil price. If the only government instrument is a public

inventory (case iii) the allocation 1s the same as in the first case.

Comparing (5.17) with (5.19) note that US welfare is in fact
greater when the US govgrnment chooses inventories optimally. 1In
addition, OPEC welfare is greater as well, US inventory policy is
reducing a monopoly distortion in a way that benefits both OPEC and the
UsA. Note that under the inventory policy imports over the two

pPeriods together are greater than when the US government does not use

inventories.
Could an optimal level of inventories be sustained by other policies?
The answer is yes, 1if the government can impose lump-sum and firm

specific taxes and/or subsidies to make holding the optimal level of
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inventories consistent with the firmfo profit maximizingbproblemf This
set of incenﬁives must be specifiod.in the first period. However, once
P2 i{s determined in the second period there will be no incentive for the
government to fulfill 4its obligations. The previous time consistency
argument applies to the tax incentive program for private inventories.
Only by buying the inventories in period 1 itself can the government
Acredibly commit itself to a policy of lowering the second period price
through increased inventories.
5.2-2 Example 2

Now assume that rule Rl(b)_applies, the US government and OPEC

set 12 and P1 simul taneously as non-cooperative Nash playefs rather than

sequentially, i.e., the US government chooses 18 taking P1 as given,

as before, and OPEC sets P1 taking 1% as given, In the consequent

Aequilibrium we get

2a 3a
. O, = .—3- 02 c_:i
(5.20) 12 >
* 3a3 * 2a3
P " — P =
1 5 2 5
n
24
R - 84
while
, u '53
(5.22 8) U= C1 + C2 = ZaoKl- alxl + ) 2,
3
(5.22b NP S P & |
) U =C+C =353
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Compared with a situation in which I® = 0, the USA is again now worse off
while OPEC is again better off.

Moving fron a situagion in which the USA acts entirely as a
Stackelberg follower.to one in whicﬁ the US government and OPEC acts
as Nash players reduces US welfare. The reason is thét US inventory
demand is price elastic. Given the structure of the problem in period

2, - the US government's demand for inventories is given by

a 4p
(5.23) 18 « ?3 -1
4 3a

When OPEC incorporates (5.23) into itsvdecision-making it sets, ceteris

- paribus, a lower price. Iaking Ig‘as given it perceives total demand
as more 1ne1a§tic and consequently sets a higher Pl .

This result is jllustrated in Figure 2. While the US inventory
demand shifts OPEC's demand curve rightward in a Nash game the slope of
OPEC's perceived marginal revenue curve is unaffected by a US government
inventory policy. When OPEC acts as a leader thg optimal US government
inventory policy makes the perceived MR curve flatter. OPEC consequentiy

'charges a lower price each period.

5.2-3. Example 3

Consider now the problem posed in example 1 for the
case in which the US acts as a Stackelberg leader, i.e., rule R1(c)
applies in period 1. We continue to assume that rules Rl(a) or R1(b)

apply in period 2, so that the structure of the second period game is

unchanged. We assume 0 tariffs.

The US government now sets Ig taking the price response of OPEC,

3 a Ig
5.24 e -3 4
( ) P > + 7
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as given. It is straightforward to show that in this case the optimal
US government policy is to set Ig = 0. The same solution as thét for
Example 1, case (ii),'i.e.;-the competitive solution without government
. intervention, obtains here. When the US government must precommit
 itself to someblevel of inventories, it chooses a zero level. This

result obtaimswhen OPEC has a Bernoulli utility function as well as

when OPEC's utility is linear.

5.2-4 Example 4.

We now show that a US government inventory policy is not necessarily
in the USA's interest even when OPEC acts as a Stackelberg legdér. Ve make
the following small modification to example 1. Assume that instead of being

linear in consumption (as in equations (5.17b) and (5.19b)), OPEC's utility
function is Bermoulli:

: * * *
(5.25 U = log Cl + 1log C2
In this case the solution in the presence of a government inventory

(Cases (1) and (i111)) involves

. 5 3 4 3
(5.26) 9 "Tia 02°7 =
4 4
p o9 %3 b o3 %
1 14 a, 2 7 a,
In addition,
_ ;2
2 11 3
(5.27g) U C1 + C2 Zaokl alxl + 56 ;Z—
52
* * * 9 3 3
.27 = = = = -
(5.27b) U log C1 + log C, = log 35 + 2log 5 + 2log a

When there is no government inventory (case ii)) the solution

is exactly as that for example 1. The reason is that, in this case,
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the choice of Pl has no implications for intertemporal substitution in OPEC.
Thus OPEC's utility is given by

o
&

3

(5.28) U* = 2log %-+ 21og ;z—
while the USA's welfare continues to be given by (5.19a)

Again? comparing (5.27b) and (5.28), note that OPEC has benefitted
because the US has pursued an inventory policy. The USA, however, has
lost; (5.27a8) is less than (5.19a). The reason is that, when OPEC has
diminishiné marginal utility of consumption in period 2, it is
less willing to transfer consumption ftomvperiod 2 to period 1 in response
to a US inventory policy. It sets higher prices in both periods to
naintain a higher consﬁmption level in period 2. The US is consequent;y
worse off. In terms of Figure 1, when OPEC has a Bernmoulli objective
function P; and P; -aré displaced upvard relative to Pl. The loss
.in period 1 from having aﬁ inventory is consgquently greater while the
gain in period 2 is less. Note also that here total imports over the two

periods have fallen because of the inventory policy.

Given that the USA is better off without a government inventory
\ 24
will it in fact set 1% = 07 If the US government does3g. set I
— th
taking P1 as given it will set Ig > 0 for all Pl <7 , given the

structure of the remaining problem. As in example 2 once Pl is set

it is too late for the US to affect P1 via its intentory policy.

Consider a situation in which the US govermment announced that

it would
it would establigh Ig = 0., I1f OPEC believed this announcement

a
3 incentive to
establish P1 =5 ; The US government :ould then have an
a a,
3 - — ting this behavior
establish 1= 5—; and drive P2 3 ° Anticipating

s
OPEC will in fact set P1 higher. In example 1 the USA nevertheles
benefitted from having a government inventory when OPEC adjusted P1

in anticipation of period 1 inventory purchases. - An implication of
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this e
xample and example 2 is that the US government can actually 1
over
US wel
elfare by developing the capacity to maintain inventoreis The -

absence
of such a capacity constitutes a credible commitment not to

store o0il before OPEC establishes P

1.
5.3 Conclusion

These examples suggest that, in a strategic setting, the ability.

of the US government to pursue an inventory policy can have both
desirable and undesirable consequences, depending upon both the nature

‘of OPEC's preferences and upon the structure of the process whereby

OPEC sets prices and the US sets inventories.

Our results can be interpreted in light of Samuelson's (1972)
analysis of the dgsirability of destabilizing speculation. Like

Samuel:on, we are considéring a situation in which given demand and

;supply conditions persist for two periods. Samuelson showed that in

a competitive setting, that is, one in which buyers and sellers behave

. as price takers, a destabilizing speculator would raise the welfare of

both buyers and sellers. His own losses would éxceed the gain of the

other two groups combined, however. Hence, in our example, if the

UsA faced a competitive OPEC there would be no positive role for a us

government inventory policy. The US government would be acting as a

destabilizing speculator. The gain to the rest of the world, not just

to US consumers, would fall short of the capital loss the US government

would sustain in buying in period 1 to sell in period 2.
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In facing a monopolistic selle;, however, our examples indicate,
first of all, that a US government'inQentory policy can raise not only
US but world welfare. The reason is that the optimal US inventory rule

makes US demand, on net, more elastic over the two periods. As a
coﬁéequence the distortion due to monopoly is diminished and both sides
can benefit. More oil is consumed overall, so the world is moved closer

:to tﬁe competitive equilibrium,

This result requires tha; OPEC set price incorporating the US
government response into its décision, An implication is that to
succeed at raising US welfare the US goverﬁﬁent inVentofy purchasés
should respond very closely to acfual oil prices; i.e., the govern-
ment #hquld,according to our model, establish purchasing rules that are

- price contigent.

A second implication of our examples is that,unless the US
government acts as a leader iﬂ se:ting Ig befofe OPEC sets Pl, it
may havé an incentive to establish a positive inventory even when US

welfare is higher when there is a precommitment to no inventories. The

reason is that the loss to the USA from having an inventory is incorporated

in the first period price. Once OPEC has established this price it is
too late for the US governmeht to avoid the undesirable consequences

of having anAinventory. From that point on the benefits exceed the costs.




6. Other Arguments for Government Inventories

Our analysis has focusqea én convenience yields, uncertainty,
and strategic interactions to explain the existence of petroleum
reserves. Only in the third case did we find an argument fof government
intervention. Other economists have analysed the case for a strategic
reserve and we discuss their results here. Closest in spirit to our owh
analysis is the paper by Maskin and Newbury.(1978) which examines the
possible effect of US monopsony power on the optimal tariff response.
Wright and Williams (1982) have argued that reserves may be justified as
a second best reponse to éther (suboptimal) government policies, in
particular, price controls. Finally, the stéckpile has been justified as
a means of reducing US vulherabilify to the threat of an embargo. Tolley

and Wilman (1977) discuss this issue.

6.1 U.S. Monopsony Power and Government Inventories

Maskin and Newbury (1§78) develop a two-period model in which a
monopsonistic U.S; faces a competitive set of oil producers and other
buyers. The optimal open loop policy is for the U.S. to establish a
monopsony price (via an optimal tariff, for instance) that must be equal
(in discounted terms) across the two pgriods to extract positive supplies
in tﬁe two periods. The two prices must be equal because of Hotelling's
formula. 1In the second period, however, the U.S. has an incentive to
deviate from the period 2 price that is optimal fromthe open loop perspec-
tive. The reason is that the effect of the period'z price on oil producers'
willingness to hold oil in the ground in period 1 is at this point a bygone.
The price that is optimal from period 2's perspective can be higher or lower

than that which was optimal ex ante. 1If o0il producers and other buyers
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believe the announced open lobp rule in making their period 1 decisions
about extraction the ﬁSA can benefit from rénegging on the contract. If,
however, the rest of the world hniicipates the renegging the USA can
lose from its monopsony position. If, say, the US government has an
incentive to revise the price downward in period 2 and individuals
correctly anticipate this revision, the period 1 price will be driven down
as well (again via the Hotelling‘rule). The gonsequent equilibrium can be
worse from the US perspective than one in which the USA has no monopsony
power at all. The USA would be best_off if it couid precommit itself to
"its optimal open loop policy. If this is not po#sible it could benefit by
somehow divesting itself of its mongpgony Power in tﬁe second period. Other-
wise, the anticipation that the ﬁSA will exceféize monopsony power in tﬁe
second period leads to behavior by other agents in thebfirst period that
is detrimental to the USA.

In this context Maskin and Newbury show that the USA can benefit
ffom government storage in period 1 as a meaﬁs of precommitting itself to
a course of action. By buying stocks of oil the US government can
establish that it has an interest in maintaining the announced price of
oil in the second period when, in the absence of storage, it would want
to revise the second period price downward. Maskin and Newbury find that
in a rational expectations equilibrium the USA cannot be hurt by a
US governmment stockpile while in éome circumstances the USA will strictly
benefit. The argument here is again in favor of a government inventory. Pri
agents do not have an incentive to invest in inventories as a means of making

the government's optimal tariff commitment credible.




6.2 Price Controls and Government Inventories

Wright and Williams (1982) devélop a model in which agents anticipate
that in some beriods (e.g., wvhen the price is high) the govermment will
impose price controls on oil. The private rate of return on storing oil
into these periods is consequently lower than the social rate of return.

The private sector consequently stores too iittle. There is scope for
additionél government reserves. Government storage here is a second best
response to other distortionary government policies. The government does

not actually have to impose price controls for a justification for inventories
.to emerge. Private'agehts simply needﬂto anticipate tﬁatvcontrols will

be applied with some probability. ‘Wright and Williams do not attempt to
model why the goverﬁment would impose controls and, hence, why it cannot

credibly commit itself never to impose controls.

6.3 Vulnerability and Government Inventories

The threat of a future embargo by OPEC can provide an additional
justification for an inventory. In a competitive setting, of course,
this issue does not arise. In the face of a monopolistic exporter,
however, the supplier could decide to curtail supplies at some moment.
A complete modelling of the embargo issue would require a specification
of the supplier's motives 1n'imposing an embargo. A real possibility

is that a government inventory is a means of preventing an embargo.




=54

Tolley and Wilman (1977) show that if a country is faced with
an exogenous threat of an embargo that a justification for inventories
emerges. There is scope for government intervention, however,rgglx_when
the embargo generates external effects. Otherwise, individuals would
have an incentive to maintain the socially opg;gal level of inventories
themselves in the face of an embargo threat, as we showed in section 3.
They derive the optimal levelvof the government inventory as a function
of the externatilities generated by the embargo and the exogenous 1ikelihood
- and length of a potential embargo.

A more complete analysis would specify (1) the nature of the
externalities and (2) the effect of the inventory policy itself on
the 1likelihood andrduration of an embargo. An analysis of this sort could
_be provided in aumultiperiod game-theoretic'frémework. It remains an
important topic for future researcﬁ. Riesman and Aiyagari (1982)
consider the desirability of thé embargo ﬁolicy to the sellers. They
find that only in a very gpecial case can this policy improve the
seller's position frém a purely economic perspective.

The oil price shocks of the last decade have spawned a large
literature on policies toward oil. There exists a number of other
articles that have considered aspects of policies toward oil and/or
optimal stockpile behavior. Examples include Nordhaus (1974), Calvo
and Findlay (1978), Gilbert (1978), Wright (1980), Teisberg (1981),
Ulph and Folie (1981), Newbery (1981), and Epple, Hansen and Roberds

(1982).
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7. Conclusion

This paper investﬁgates the desirability of US governoment

oil inventories in a two period, Ewo country model in which the world
stock of oil is exhaustible. We show that in competitive markets
under certainty or uncertainty there is no welfare improving role for
pdbiic inventories and, leaving aside operating stocks, a precautionary
demand for stocks of o0il is due to the exclusion of international
insurance markets or property rights.

| We show that only under a limited set of strategic games between.
the USA and OPEC can one justify public sttategiq petroleum reserves,

Even then their desirability depends upon the structure of preferehces.

An inventory policy is inferior to one of imposing optimal tariffs
in the two periods. But implementing the optimal tariff may not

constitute a time éonsistent policy (see Kydland and Prescott, 1977):

while the USA could bring US welfare to a higher level by imposing optimal
tariffs in the two periods, the US may not have an‘incentive actually to
impose the tariff in tﬁe period in which it acts. A threat to impose the
tariff at the time OPEC sets price may therefore not be credible. An
SPR, while not raising US welfare to a level equal to that when optimal
tariffs are imposed, may nevertheless raise welfare above that attainable by an:
otﬁer time consistent policy. An inventory constitutes a second-best, but
credible, alternative to an optimal tariff policy.

In all our examples the government inventory makes a loss. Consequently,
private, atomistic agents, acting as price takers, have no incentive to
hold any inventories at all. Inventories serve the purpose of driving
down the price in the second period. The price is driven down for all

second period users. Any non-altruistic individual considering investing
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in an inventory will not take into account the effect of his own inventory
holding on lowering the price-for othef.US individuals, The case is one
of a classic externality. A US government that maximizes US welfare will
internalize this effect. Hence, in m;ving to a strategic setting, a —
justification for a government SPR can be made. As its name implies,
strategic consideration seem to have motivated the establishment of the
Us SPﬁ (see Senator Jackson's statement quoted in the introduction,)
Whether or not a US inventory enhances US welfare depends very
much upon the structure of decision making in the ﬁS and OPEC, and upon
the parameters of the system. We find three examples in which the
preéence of an SPR reduces US welfare relétive to a situa;ion of zero
inventories. Nevertheless, once OPEC has acted, the USA may find it in
. its 1nteres; to pursue an inventorv policv. Holding inventories may then

constitute a time consistent policy thatiis inferior to a credible

precomnitment to hold zero inventofies. Merely by developina the capacity
to hold inventories the SPR can reduce US welfare,

Another aspect of our analysis is to show that if OPEC invests
some of its first period income in US equities a credible, welfare
enhancing tariff policy on the part of the US can emerge. We have not
considered the interaction between OPEC investment and US government
inventories here. We consider this avenue as a p;omiqing one for
further research on the SPR, One possibility is that, since US inventories
raise OPEC's first period income relative to its second period income,
that an inventory policy will increase OPEC's equity investment in the
USA. For the reasons we discuss in section 3 and & this investment
acts further to reduce the second period price. There is a second
channel, then, whereby a US government purchase of inventories in

period one can reduce the price of oil in period two.




FOOTNOTES
lNichols and Zeckhauser show that a stockpile can reduce US
welfare when the resource constraint is binding. In this context,
however, OPEC is not exercizing monopoly power by restricting total
supply. In fact, even when the resource constraint is not binding the

inventory can reduce US welfare, as ve ghow.

zFor detailed description of the SPR see Glatt (1982). For
a discussion of the quota system that prevailed during the period 1954-
1971 see Dam (1971). Dam suggest that in 1969 tariff equivalent of the

quota averaged about $1.25 per barrel.
3CBS Television Network, Face The Nation, Sunday, July 18, 1982.
4See Varian [1978].

Sﬂere se assume that capital cannot be consumed and therefore that
the interest rate is equal to the marginal product of capital.

6This dncertainty could arise either from imperfect informa-

tion about the physical quantity of OPEC's oil or from uncertainty about
OPEC's desire to sell oil to the USA. The possibility of an embargo,
for example, creates uncertainty about OPEC's supply of oil to the USA,
To be consistent with the analysis here the embargo must be considered
as a possibility that is exogenous to the USA's behavior. We discuss
this issue of an endogenous embargo in section 6.

7U.S. Imports that year equalled more than one-third of

OPEC's Production. See Table 1.
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80baerve that G_ = F. and so G

170 127 F

12°
9See Marion and Svensson (1981) for a competitive model
. that deals with the relationship between the oil price and OPEC's

investaents.

lothis result is reminiscent of the well-known Metzler
paradox. Here it arises because of the interaétion between the

price of oil and the return on capitel.

A\
a

llgote that it is assumed here that R %%-";2.,
4

121his allocation (case (1)) is optimal subject to the particular

‘rules of the game that we assumed for the US and OPEC.
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