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ABSTRACT
This paper investigates the potential of buffer stock schemes for
reducing the price impacts of transitory supply shocks in commodity
markets. We focus on the oil market, both as an archetype of
international commodity markets subject to supply shocks, and because
its enormous size and importance to the well-being of industrialized
economies has made it a concern for public policy. ‘The issue is viewed
from the standpoint of the large importing countries; since the market
is integrated worldwide, the actions of one have spillover effects on
the others. We formulate the optimization problem of national stockpile
authorities and contrast the cooperative and noncooperative solutions to
the international stockpile game. In general, whether the response for
a given country is greater under a collusive agreement than in a
noncooperative equilibrium depends on the oligopsony potential generated
by collusion and on the persistence of a transitory shock's effects on
prices. The paper examines the foundations of "persistence” in the
contract structure of the market and shows how changes in "persistence”
affect the desirability of cooperation. Finally, the principal results

are reviewed to assess the viability of currently proposed international

agreements.
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I. INTRODUCTION

The past decade has been one of violent fluctuations in
international commodity markets. The "commodity boom” has been most
pronounced in the oil market, where transitory supply shocks in 1973-
1974 and in 1979 have dislocated established trading patterns, inflicted
substantial damage on the OECD economies, effected enormous wealth
transfers to oil—exporting countries, and resulted in large and
persistent increases in oil prices. The average price of a barrel of
crude oil stood-at roughly $2 in 1970, $12 in 1975, and $30 in 1980.

The large macroeconomic costs of oil supply shocks have elicited
studies along several dimensions. Detailed analyses of the economic
transmission of the first oil shock can be found in Gordon (1975) or in
the volume edited by Fried and Schultze (1975). Sachs (1979) has
focused on the role of factor price responses (of the real wage rate and
real interest rate). Bruno (1982) and Bruno and Sachs (1982) have
considered the role of the increase in the relative price of energy in
explaining the slowdown in productivity experienced by most industrial
natioﬁs in the middle and late 1970s. The extent to which oil price
increases may be responsible for current account movements has been
discussed by Sachs (1981). Krugman (1983) looked at links between oil
price increases and appreciation of the U. S. dollar. The Energy
Modeling Forum at Stanford University 1is conducting a study of the
economic costs of oil supply shocks using a set of macroeconometric
models. (See Hickman and Huntington, 1982).

Economists have proposed and examined policies to alleviate the
adverse effects of supply shocks (Gordon, 1975; Gramlich, 1979; Mork and

Hall, 1980), but have had relatively little to say about mitigating the



shocks themselves.1 Inasmuch as macroeconomic costs are related to the
magnitude of the shocks, the use of policies designed to act directly on
oll prices suggests itself. Our focus here is on oﬁe such policy-—the
use of a national oil stockpile. The United States has had sﬁch a
stockpile (known as the Strategic Petroleum Reserve) since 1975.

Since the o1l market is internationally integrated, the use of a
buffer stock by one country has spillover effects on others. The
possibility of intermational policy coordination thus becomes important
in attempting to reduce the transitory oil shocks. Our investigation
parallels a recent strand of the macroeconomics literature (Johansen,
1982; Canzoneri and Gray, 1983; Sachs, 1983) that compares international
coordination of stabilization policies with noncooperative (Cournot-
Nash) equilibria.

While issues of the optimal size of public oil stockpiles have been
discussed2 and empirical estimates of the impact of stockpile releases
on world oil prices have been made (see Hubbard and Weiner, 1983b; and
U.S.G.A.0., 1983), virtually no attention has been paid to optimizing
publié stockpile behavior. Second, while empirical studies have found
merits (in terms of lower prices) of international stockpile
coordination, issues of whether such an outcome would occur in the
absence of an agreement and of what types of institutional mechanisms
might facilitate cooperation have been largely ignored.

The goal here is to characterize optimal stockpiling behavior of
consuming countries in a market subject to tranmsitory supply shocks and
to examine the ability of coordinated agreements to enhance the benefits
of such behavior. Toward those ends, the paper is organized as

follows. Section II develops intertemporal optimizing models of private



and public stockpiling, comparing their motivations and implications.
Since our focus in on market behavior in the short run, our formulation
of supply neglects the exhaustible nature of the resource. Stockpiles
held by consumers, however, are similar to reserves, lending a Hotelling
flavor to the problem.

Of particular importance is the role of "persistence” of the price
impacts of transitory shocks. Knowledge of the intertemporal
correlation of the impacts of shocks is central to the analysis of
optimal stockpiling schemes. Treating public stockpile behavior as an
international game, noncooperative and cooperative solutions are
contrasted. 1In general, whether the response for a given country is
higher under a collusive agreement than in a Cournot-Nash equilibrium
depends on the oligopsony potential generated by collusion and on the
persistence of a transitory shock's effects on prices. With no
intertemporal correlation of prices, the noncooperative response will be
too large. At high levels of persistence, the noncooperative solution
is Pareto inferior to cooperation, and, in particular, stockpile
responses to shocks will be "too small."”

Section III takes up the issue of persistence by examining its

3 which is

foundations in the contract structure of the oil market,
characterized by trades on both "spot” and “"contract” markets. Here
persistence is shown to depend on, inter alia, the price elasticity of
demand and the fraction of trades carried out through contracts.
Changes in these parameters alter the relationship between the
noncooperative and cooperative solutions of section II. The fourth
section reviews the principal results of the paper in assessing the

viability of proposed international agreements. Conclusions and

directions for future research are given in section V.



II. INTERTEMPORAL OPTIMIZING MODELS OF PRIVATE AND PUBLIC STOCKPILING

A. Optimal Private Stockpiling

As a point of reference, we begin with a model of private stockpile
behavior. The emphasis is on speculative stockpiling, that is,
inventory acquisition for the purpose of a future sale on the
anticipation of substantial price appreciation. We assume that firms
maximize the present value of expected future profits. Inventory
adjustment is assumed to be costly—in fact, increasingly costly——in the
size of the adjustment due to rising payments to factors fixed in the
short rum, in this case storage facilities, tankers, and pipelines.

Thus changes in price expectations cannot be fully acted upon
instantaneously. We follow the literature in modeling these costs as
quadratic, the simplest specification of "diminishing returns.”

The notation is as follows: Stock levels are measured at the end
of period t. Firms (assumed to be price-takers) buy oil in period t at
price p,, and expect to sell at price p,,; next period. The stream of
expected future profits is discounted at rate 5-L+ Holding costs have a
linear component at a constant rate c; the cost of adjustment parameter
is denoted by h.

The firm's optimization problem can be written:

-(1) -1 h
+ +6 - - - = -
(1) m;x Et{g(l ) [(1+8) pt+i+lIt+i pt+iIt+i CIt+i 2 (It+i It+i—l
t+i
s = - ]
subject to It+i It+i-l Rt+i + Xt+i’ where R and X are the firm's

sales and purchases respectively. Et denotes the expectation operator

(conditional on the information set in period t).
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Differentiation of (1) with respect to It yields the Euler

equations:
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This is a second-order linear inhomogeneous difference equation in

inventories, with boundary conditions given by the size of the initial

stock and the requirement that
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The two roots are 1 and 1 + 8, so the particular solution is given by:5
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Thus, inventory changes are a function of adjustment costs (through the
parameter h) and of expected profits, with geometrically declining

weights into the future.

B. Optimal Government Stockpiling

Understanding the motives for public stockpiling is important not
only for a realistic analysis of the response of public reserves to
price movements in the world oil market, but also for evaluating the
viability of particular international agreements. Agreements whose
provisions run in opposition to the optimizing behavior of the various
nations involved are unlikely to prove workable and successful in a

crisis.

t+i+l

I
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The public stockpile is to be used in accord with each country j's
assumed economic policy of maximizing the present discounted value of
real income (output less imported intermediate goods). In each country
j, output (yj) of a single final good is produced from oil (Qj) and

other factors (ij) according to the production function

(4) Vi = fj(th,ij); £igofyp > 05 and £, £, <O

Each nation imports all of its oil, which is the only imported
intermediate input. Non—o0il factor supplies are fixed, so that f is
separable. 0il use depends negatively on its relative price p/g,
where p and p are the prices of (imported) oil and output. For
simplicity, we make the produced good the numeraire, so that P equals

unity. Hence,

(5) QJ = Qj(P), Q:; < 0.

At first, we assume that only one oil price, p, prevails in the market
and that it is determined according to
L}
= - +
(6) p.=p(l Q-1 S ) +e,p >0,

m i
where S represents the net release of stockpiled oil from the public
inventory.

The stockpile authority's objective is to maximize the discounted
presented value of real income (by minimizing oil price increases)6 less

the cost of carrying out the stockpile program and of adjusting



stockpile levels, subject to the constraint that stockplle releases not
exceed the amount of o0il held in the reserve. The problem for each
country j 1s to choose the stockpile level Ij (or, equivalently, the net

stockpile release Sj) in each period t so as to:

(7) max L E L+ aj)‘ )
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subject to the constraint that

(8) Lo ™ I e41-17 54, e41
where 6j is the discount rate 1in the jth country. Again, the quadratic
term is a proxy for the cost of adjusting stock levels.

There are clear distinctions between the optimization problem for
the public stockpile authority and the problem for the private firm
stated earlier. Most obvious is the attention paid by the public
authority to aggregate output. Private firms do not consider the
macroeconomic effects of their stockpiling behavior; that is, they do
not consider the impact of their transactions on the world oil price.
Second, the behavior of other countries is important. Because the
stockpiling decisions of other countries affect the o0il price, they can
affect the optimal release strategy of the domestic authority.7

Because the market for oil is a world market, price outcomes from
one country's stockpile movement depend on the actions of other
countries. The problem is inherently game-theoretic. As a base case,

we can consider the noncooperative solution, wherein players do not



consider the beneficial impact of their own actions on the others.8

Each country takes the stockpiling decisions of the others as given,
then selects its own stockpile level. As a result, this solution does
not fully exploit the positive externalities associated with stockpile
policy.

If the discount rates and stock adjustment parameters are the same
across countries, so that: 5j= s, Vj’ and hj=h, Vj, then the solution

to (7) can be written as:
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respect to the conjecture about the reaction of other countries;

dp/deIIj is evaluated for changes in Ij alone.

Examining (9), we can consider the impacts of changes in expected
future prices on public stockpiling behavior. The expected impact of
shocks in the current period on future oil prices plays an important
role here. Note that we can rewrite (9) as
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An explicitly one-period increase in the price will induce a stockpile
-1 -1 dp '
= - + < 0.
release since det/dpt h (1+6)(k2j deleQj) However, as
in the case of a profit-maximizing firm, higher expected future prices,

ceteris paribus, lead to larger stockpiles (smaller releases) today.

That impact is smaller in the "public” case than in the "firm"™ case
because the former takes into account the fact that the stockpile
release affects current-period oil prices, i.e., because of the benefits
of a stockpile release in terms of inframarginal oil consumption
(imports).10

What is required to determine the optimal stockpile policy is
knowledge of the intertemporal correlation of prices. If dEtpt+k/dEtpt+k—l
is "small, then transitory shocks exhibit little persistence, and the
optimal stockpile response is a drawdown. The greater is the

intertemporal correlation, the less likely is a release at the onset of

a shock.

C. EFFECTS OF COOPERATION ON OPTIMAL PUBLIC STOCKPILE LEVELS

To evaluate the benefits of cooperation, we analyze the case of
perfect collusion, where a single stockpile authority maximizes the
joint benefits of reserve management. This case provides a measure
against which alternative solutions ("agreements”) can be judged. Using
the assumptions which generated (9), Pareto-optimal policies are given

by sequences {Ilt}’ {IZt}"..’{Imt} that maximize § Qj’ where
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The solution to (11) can be expressed for each country j as:
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Because g%— in the cooperative case is evaluated considering all stock

J

X dp dp * * .11
changes (i.e., because (dI,IZ I.) > II.)) , Al < Alj and A, > AZj’ Vj

dI.
J

The question is thus thd following. Given an oil shock, how will
the sizes of the stockpiles (stockpile releases) under the
noncooperative and cooperative solutions diverge? From (9), the sum of

the stocks in the noncooperative solution is:

©
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Under the cooperative solution, the sum can be expressed as:

)
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where the superscripts N and C denote noncooperative and cooperative,
respectively.

Comparing (14) and (15) reveals the importance of intertemporal
correlation of prices ("persistence”) and the oligopsony power of the
importing countries in the world oil market, since (%%—IZ 1 ) > (—%%—JI.).
Our empirical work in an earlier paper (Hubbard and Weingr,Jl983b) ’
corroborated this finding. Using a simulation model of oil price
determination, we found substantial increasing returns to coordination
in terms of lower world oil prices.

The solutions presented here make clear that whether the stockpile
release in response to a shock in the current period 1s larger under
coordination or under the noncooperative solution depends on certain
underlying parameters——the slope of the supply function (p'), the price

1
elasticities of demand in consuming countries ({Q j})’ and persistence

dE Py

i by k=1,000%), The difference between the

(the sequence
t
cooperative and noncooperative solutions can be ascertained from
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Ignoring all periods but the current period, the optimal stockpile
response under cooperation is actually smaller than that which would
prevail in the Cournot-Nash equilibrium.13 This is true because, as
countries perceive their collective influence on the price, the
stockpile response required to achieve a given stabilization of prices
is smaller.

Persistence of the effects of sﬁocks complicate matters, however.
As the intertemporal correlation of prices is increased, the current-
period response is dampened more in the noncooperative solution than in
the cooperative solution, so that at very high levels of persistence,
the stockpile responses in the Cournot—-Nash equilibrium will be
suboptimal.14

What factors could account for persistence? In a textbook
neoclassical market, a transitory shock should not affect expected
future prices. In the next section, we abandon the neoclassical supply
assumption and consider the evolution of persistence from the existence
of contracts in the oil market. We investigate the effect of contract
structure on optimal stockpile coordination, then proceed to discuss the

implications of the conditions described above for the viability of

various international stockpiling agreements in section IV.
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ITII. SUPPLIER BEHAVIOR AND THE FOUNDATIONS OF PERSISTENCE

As the macroeconomic costs of an oil supply shock depend in part on
the increase in the o0il price, the ultimate benefits of public stockpile
"rules”™ or their international coordination must be measured in terms of
oil price reduction. Again, the intertemporal dimensions of the problem
surface. From equation (9), we see that the extent of the optimal
public stockpile response depends on, inter alia, the course of expected
future prices. That is, it is important to evaluate the intertemporal
correlation of current and expected future prices (that is, the
persistence effects on oil prices of oil shocks).

. In this section, we discuss the dynamic response of oil prices to
shocks in order to more realistically evaluate equations (14) or (15)
and the ability of coordinated policies to reduce either the initial
fillip to oil prices or its persistence. Here, the structure of the oil
market (particularly with respect to contracts) becomes relevant. An
important characteristic of the world oil market is its "two—price”
structure, with a slowly adjusting contract price and market-clearing
spot price. If there were a single spot market price of oil, then
transitory shocks could exert no persistence; there would be a one-
period change in the price. Unless the shocks were themselves
correlated, there would be no reason to expect persistence. The
existence of long-term contracts implies, however, that the persistence
of transitory supply fluctuations depends on the ability of contract
provisions to adjust to market conditions. Shifts in either the term-
structure of contracts or in the mix of spot and contract trades can

alter the short-run and long-run impacts of shocks on prices.15



- 14 -

Consider the following organization of the oil market. There are
two types of o0il producers: OPEC and non-OPEC. Non—OPEC producers are

assumed to be "price takers,” supplying along a marginal cost curve.
OPEC acts as a dominant-firm monopolist, satisfying residual demand at
its profit-maximizing price.16 As noted above, we have simplified
producer behavior in order to focus on buffer stocks held by

consumers. A more complex model would allow suppliers to act as dynamic
optimizers. We introduce the two-price system into the model by
allowing a fraction o of world trade to be accomplished through long-
term contracts with producers; the remaining portion is traded on the

spot market.17

The system 1s subject to demand shocks (sDt) and supply
shocks (est), which are assumed to be independently and identically
distributed with mean zero and variance
o i =D,S.

Given this market structure, one can easily construct a demand-
price relationship in the long-run equilibrium in which the spot and

long—-term contract prices are equal. The demand curve faced by OPEC

S
(quEC) is obtained by subtracting non-OPEC supply (qNo) from total

demand (qD). The optimal contract price (p*) and quantity (q*) are
obtained by equating OPEC's marginal revenue and marginal cost. At that
price, OPEC supplies q;PEC' The balance, q* - q;PEC’ is supplied
competitively. That sequence of price determination is an equilibrium
story. Below, attention is focused on the adjustment of spot and
contract prices to shocks.

Consider the impact of a partial interruption in the supply of oil
from OPEC on spot and contract prices. Given a negative supply

shock € and an unchanged contract price, there is excess demand in the

St

contract market, i.e.,
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€

D
(18) 9 2 dopec T Ino St?

where a caret over a variable denotes its value in the initial
equilibrium. Demand then spills over into the spot market. As before

the price of crude oil to consumers and refiners is

9 = ap + (1 = a)pd
(19) Py = OP, ( @)p s

*
where p and pS

18

are the long-term contract price and the spot price,
respectively. Then the spot price solves

D _ S8, 8
(20) (1 =a)g™(p) + ey, — &g, = (PY),s
where the willingness of producers to supply oil on the spot market
depends positively on the spot price. Under the simplifying assumption

of linear responses of supply and demand to price, (20) can be rewritten

as
* S _ s
(21) (1 a)f(apt + (1 a)pt) + 8Dt €St = gpt,
so that
(22) ps(g + (1 - a)zf) = - fa(l - a)p* + € - € .
t t Dt St

Holding o fixed in the short run, we can totally differentiate (22) to
evaluate the impact of an oil supply interruption on the spot price in

the current period, i.e.,

S %
dpt dpt

(23) I = - B - fa(l - a)B PN
St St



where
(24) B=(g+ (1-oa)e)l.

A supply interruption raises the spot price in the short run. This
reaction to shocks in the oil market goes in the other direction for a
negative demand shock in the contract market, indicating that, to the
extent that contracts are honored (i.e., that the contract price does
not change), the effects of shocks on the spot price are
destabilizing. The ultimate impact on the spot price of negative supply
shocks depends on the way in which contract prices adjust to market
imbalances.

Formalizing the adjustment process of long-term contract prices is
a crucial step toward understanding price dynamics in the oil market and
evaluating the merits of government policy responses. The previous
discussion of OPEC's setting the contract price p* as a dominant-firm
monopolist was in the framework of a static equilibriume. Over time,
adjustments in the contract price must be able to distinguish between
transitory shocks to demand or supply and changes in the underlying
parameters, such as the price elasticity of demand. Suppose that at
time t, the contract price is determined according to
+ y(nlxt + 7 ),

E x
t

25) * * . *
( Pp = TPy T 5Pyl

2 t+1

where x represents net excess demand for contract oil in the market.19

In particular,
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- D -
(26) X =4 (p) +ep = oegye

Under the simplifying assumptions from before,

= - + - .
(27) T I TR
The contract price 1s set after considering the history of prices and
the expectation of the price to prevail next period.20 Excess demand
factors are also important, since they carry information about short-run
and long—run market conditions. Finally, demand and supply shocks are
introduced.
Combining (25) and (27), we have that
(28 P 4 mE ., +y[r (- fp + + £
) Py = TPy T MpBiPeyy T V1T Pp ¥ Epp T Eg) T (- fE P, )]
Using the definition of the composite price and assuming that the

weights on past and expected future prices sum to unity, it 1Is possible

to combine terms, simplifying (28) as

(29) p:(l + Ynlfa(l - (1 - a)zB))

*

* 2
=mp,; + (L -1 - for(l - £(1- &)"8))E p .,

+ Ynl(l - f(1 - a)B)(eDt -€. ).

St
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If expectations are rational, solving the second-order in-

homogeneous difference equation by standard methods yields

(30) = [+ yrjfa(l - £(1 - @78)) - (1 - 7w - far( - £(1 - @)1
x[ﬂlp:_l + Ynl(l - £(1 - a)B)(EDt - €St)]’

where

(1 + Yﬁlfa(l - f(1 - 0L)ZB))
(31) Yy = 3 -
2(1 - ﬂl)(l - fay(l - f(1 = a)"B))

[+ vr fa(l - £ = 0?80 = 4,1 - 70 - £av(1 = £01 - 0)%8))]}/?2

201 = 7)) - fay(l - £Q1 - 2)28))

Consider first the case in which ESt < 0, {i.e., an oil supply
interruption. The immediate impact of the supply reduction on the
contract price depends on the sensitivity of contract prices to excess
demand in the oil market, on the extent to which price determinatin is

"backward-looking,” and on the price elasticity of demand. The shock
not énly generates an immediate increase in the price, but the effect of
the shock persists even when the shocks are in no way serially
correlated because of the backward lookingness of price setting.21
The greater the extent to which price setting depends on the
information contained in past prices, the greater is the persistence of
the shock, since dwldﬂl > 0. The more elastic is the demand for oil,
the smaller is the initial increase in price and the lower is the
persistence. When the future is not considered at all in price setting

(ﬁl = 1), the reaction to transitory shocks is just as great as the

reaction to a permanent shift in demand.



- 19 -

The equations governing the evolution of prices illustrate the role
of persistence. The responses of spot and contract prices to negative

supply shocks in §he current period and in previous periods are

(32) e
32 ———=8,1i=0

d(=egy_y) i

= - fa(l - a)BY (YW(l - £(1 - a)B)), i # O.
and
*

(33) P L vuc ( )8))
33 —_— = Y (YY(1 - £(1 - a)B)), ¥..

d(= egp ) .

The cumulative effects of a negative supply shock i periods ago on

current prices are

S
dp i .
(34) T | = B[(1 - £(1 = (vl - £(1 - @)8)) | I,
St-i cumulative 3=0
and
d * i
p .
(35) T | = (yp(1 - £(1 - 0B)) T W
St~i’cumulative j=0

The responses of the two prices to shocks can be ascertained from
equations (32), (33), (34), and (35). The spot price jumps
discontinuously, then decreases over time as the contract price
adjusts. Long-term contract prices follow a smoother path in response
to a shock. These responses depend on the price elasticity of supply on
the spot market, the price elasticity of demand, the share of total
trades carried out on the spot market, the extent to which producers are

"backward-looking” in setting long-term prices, and the sensitivity of
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long~term prices to excess demand factors. Figures l-4 show the within-
period and cumulative effects of a negative'supply shock on spot and

contract prices under two conditions of persistence, wo and ¥y where ¥, < wo .
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RESPONSES OF OIL PRICES TO TRANSITORY NEGATIVE SUPPLY SHOCKS

Figure 1
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We can now examine the impact of different levels of persistence
(occurring as a result of changes in the degree of forward-lookingness
of contract price setting, ghanges in the price elasticity of demand, or
changes in the mix between spot trades and contract trades) on the
optimal stockpile rules derived in section II., Let the persistence
parameter 5 serve as a measure of intertemporal correlation in the
composite price p, so that dEtpt+k/dpt=$k, Vk. Then, the responses of

stockpiles in the noncooperative and cooperative solutions for each

country j to a change in the current-period price can be gleaned from

(10) and (13) as

ary t -1 -1, d
(36) —L2= = -h " (1+6)[1-A + S|
dpt 23
-1 ~ -1 ~
- _ Ao Y Ao Y
+ h 1(1—>\zj 1(1+cS)) ( 25 =) - h A (1+6)( | J ___ZJ____I._
L=y, P J 1= 2y,
At
= (A T- aa j§ ],
1=, ¥ Iy
2]
and
C %] ~
dI; _ _ A,
(37) E_;4£.= - h 1(1+6)[A; Ly |z Q1+ nla - A Laa+sy) (‘—”‘—;:1:70
Pr j 1 - Y
j 2
A*-l ~
-1, %~1 2
- h 7, (1+6)( |ZI -____;:T:)
1=,
anL
= h_l( *31 —) [y - (1+8)(1 + |Z 1 Q )]
1=, ¥ s

where
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(38) ¥ =a [1-f8(1-a)%] u.

Considering just the first two components (from the impacts on the
margin) of (36) and (37), increasing $ decreases both responses
absolutely, but increases the cooperative response relative to the
noncooperative response. Higher levels of persistence also magnify the
cooperative response relative to the noncooperative response through the
third term (which captures the response to deriving benefits of price
reduction on the inframarginal consumption).23 On balance,
aar? - 1% )

Js

£ J.t > 0.

B:gore discussing the policy implications for particular
international agreements, it is useful to review the principal findings
of the analysis. The examination of intertemporal optimizing models of
private and public stockpiling illustrated the role of "persistence” of
the price impacts of transitory shocks. Noncooperative and cooperative
solutions for individual countries revealed that whether responses were
higher under collusion depended on the persistence described above and
on the oligopsony potential provided by the coordinated buyer
behavior. Given oligopsony power, higher levels of persistence made the
Cournot-Nash equilibrium response "too small” relative to the collusive
solution. By examining the structure of contracts in the oil market,
the persistence was shown to depend on (among other things) the fraction
of trades carried out through contracts and on the price elasticity of
demand in consuming countries. As these factors changed the persistence
effects of transitory shocks, the relationship between the

noncooperative and cooperative stockpiling solutions also changed.
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IV. IMPLICATIONS FOR EXISTING PETROLEUM AGREEMENTS

The last two sections set out the causes of persistence in the
impacts of transitory supply shocks and illustrated their importance in
viewing buffer stock policy as a dynamic international game. This
section offers a brief description of the existing agreement and an
interpretation in light of the preceding analysis.

The relevant regulations are codified in the International Energy
Program, signed by the United States in 1974 and administered by the

OECD. 2%

The details are too involved to present here (see U.S. Senate,
1974), but the salient points are three. First, countries are required
to hold buffer stocks in proportion to their imports. Second, the
agreement is dormant until a determination of emergency is made. The
emergency is signalled as a quantity shock, which must be sufficiently
large in absolute value to reduce supply by seven percent compared to
its pre-shock value. (In practice, the time unit is the quarter, and
the pre—shock value is a moving average of the previous four
quarters.) Third, the agreement calls for countries to "restrain
demand” by seven percent (through taxes, tariffs, regulation,
exhortation, etc.) and substitute buffer stock releases in making up any
remaining loss in supply (e.g., a ten percent reduction in quantity
supplied calls for three percent to be made up by stockpile releases in
addition to the seven percent demand restraint). The scheme's
monopsonistic intent is clear.

That cooperation can reap benefits begs the question of how it
might be achieved. Regulation at the international level is difficult
to enforce; since there is no regulator with the power to require

compliance, the incentive question naturally arises. While import
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restriction is clearly in the interest of the group as a whole, the
effectiveness of the regulatory rules in attaining the cooperative
outcome is not evident.

Experience with oil supply shocks is (fortunately) insufficient for
econometric tests, but casual empiricism allows some observations.
First, in the past, as negative supply shocks have been unanticipated
(Hamilton, 1983), and have been accompanied by large and sustained
differences between spot and contract prices. The fraction of trade
conducted on a ;pot basis has been small. Thus, a reasonable
expectation would be that the effects of unanticipated shocks on prices
woﬁld not disappear suddenly, i.e., persistence. As noted above, this
implies that the noncooperative release is insufficient. In fact, most
countries accumulated inventories during the 1979 shock.

Second, the use of current quantity loss as a regulatory signal is
misdirected, since it ignores the critical influence on national
optimizing behavior of crisis dynamics. Loosely speaking, whether the
shock is anticipated to "improve™ or "worsen” determines the
relationship between the cooperative and noncooperative solutions.

0f course, any policy not in effect at all times requires a
"trigger” to activate it. A natural candidate, used in buffer stock
schemes for other commodities, is price. In a market characterized by
short-run contract rigidities, however, a supply shock leads to at least
two prices prevailing at any given time. Treating the spot price as the
mérginal cost of acquiring oil, however, is in general unwarranted; the
usefulness of this price as a signal depends on the fraction of trades
carried out in the spot market. It is the refiners' marginal

acquisition cost (denoted by p above) which is relevant.
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Finally, scattered evidence suggests that the market is becoming
more flexible (i.e., the share of contract trade is declining), implying
that noncooperative behavior will be less costly in the future than in
the "high persistence” regime of the past.25 If such is the case, we
should concentrate on developing guidelines for using the Strategic
Petroleum Reserve and not be preoccupied with other nations' incentives

to cooperate.

v. CONCLUSIONS

During the past decade, transitory oil supply shocks have caused
significant economic damage in terms of lost output and increased
inflation in the industrial countries of the OECD. To the extent that
the macroeconomic costs of shocks are a function of the magnitude of the
oil price increases, domestic policies ér internationally coordinated
efforts to restrain oil price increases during disruptions can be
beneficial. One such policy initiative is the release of o0il held in
public stockpiles.

In the second section of the paper, we addressed the motivations
for private and public stockpiling behavior in an intertemporal
optimizing model. The benefits to one country from public stockpile
releases during an oil shock depend on the stockpiling behavior of other
countries. By contrasting noncooperative and cooperative solutions to
the optimization problem, we illustrate the conditions for beneficial
éooperation and develop conditions under which public stockpile
authorities are likely to release o0il during a crisis.

Uncertainty over the path of future o0il prices plays an important

role in explaining inventory behavior. Ceteris paribus, after a
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negative supply shock, the anticipation of higher oil prices in the
future (i.e., serial correlation of the shock) leads to a higher rate of
public inventory accumulation (lower optimal stockpile release) in the
current period. This is true even when the objective of the stockpile
authority is to maximize real income (i.e., to minimize the oil price
increase). During a crisis in which the (now higher) oil price is
expected to decline, countries are willing to draw down their stockpiles
at the onset of a shock, even in the absence of a coordinating
agreement. If the oil price is expected to increase further, however, a
drawdown in the current period mandated by a stockpile coordination
agreement is not in the interests of the individual members.

The cooperative solution of section II illustrates that
international stockpile coordination can raise the optimal stockpile
release in response to an oil supply shock. Optimal stockpile rules,
however, are shown to depend on the persistence effects (on oil prices)
of supply shocks. To explain that persistence, section III discusses
the structure of contracts in the oil market and puts forth a simple
theoretical model of o0il price determination, focusing on the dynamic
response of o0il prices to shocks and on the ability of stockpile
coordination to reduce the initial fillip to oil prices and its
persistence.

In the fourth section of the paper, we reviewed our results in the
context of current energy policy, particularly with respect to the
agreements by the International Energy Agency. The optimal stockpile
rules of section II indicate that the focus on the IEA agreement on the
period in which a shock occurs ignores the more important role of the

uncertainty over future oil prices.
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‘A clear direction for future work is to analyze the role of
simultaneous coordination of macroeconomic and stockpile policies in
reducing the costs of large oil price increases. (Even within the
context of examining stockpiling policies, the exchange rate is
obviously a factor in determining the "price of o0il” outside the
U.S.). The benefits of coordinated fiscal and monetary policies
probably greatly exceed those generated from stockpile cooperation,
though achieving the former is likely to be even more difficult than

achieving the latter.
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FOOTNOTES

Surprisingly, the substantial recent literature devoted to
modeling the oil market has virtually ignored short-run issues
and has been characterized as ill-suited to capturing the effects
of supply disruptions (Stanford University Energy Modeling Forum,
1982).

Some earlier analyses of the size and management of public
stockpiles can be found in Hogan (1983), Teisberg (1981), Wright
and Williams (1982) and Hubbard and Weiner (1983a). Nichols and
Zeckhauser (1977) review some of the motivations for establishing
public strategic stockpiles.

This finding is related to Blinder's (1982) study of optimal
inventory behavior in the presence of serially correlated demand
shocks, in which he determined that shocks elicit smaller (in
absolute value) reponses of inventory investment. Here, we are
modeling commodity inventory responses of price-—taking firms to
transitory shocks in the presence of contracts. It will still be
true that persistence reduces stockpile responses, but persistence
here comes from contracts, rather than from serial correlation of
the actual quantity shocks.

That is, represents the firm's opportunity costs of holding
stocks.

Sargent (1979) contains a discussion of linear—quadratic optimi-
zation problems and solution techniques.

Note that countries do not increase only their own oil supplies by
releasing stored oil. The o0il market is a world market; the
effect of a stockpile release will be on the world price.

We can see that a stockpile release by the jth country, ceteris
paribus, lowers the world oil price, increasing domestic output

because

dp dIm dyi ' dp P S dIm
G Celgr oy 0emdgr=mfQgg-=fQw ) g <0,
J m J , J J m J
where w = ¥ P 7 . Note the importance of the
I-p [ Q,
m

conjectured stockpile movements of other players.

The countries need not recognize the game—theoretic structure

of the problem to land at the suboptimal Cournot-Nash solution.
They may just employ “reduced-form estimates” of the impact of
their demand for oil on the world price. This point is made in a
different context in Sachs (1983).
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Note that the A's differ across countries because each country
evaluates dp/de given its change in stockpile levels. In all
cases, Alj and A2j differ from the values of the roots in the
"private firm"™ case. Specifically, Vj, Alj <1 and A2j > (1 + ¢),

so that both the impact and long-run effects of higher expected
future o0il prices on o0il inventories are muted. The dampening
arises from countries' (like "very large firms") taking into
account the impact of their inventory decisions on the world oil
price. For the firm,

h(l + (1 + 87,

A, + A= — » Ay A, = (1 +9),
1 2 h(l + 8) 1 1 72
implying that Al = 1 and that AZ = (1 + §). Now, for each
country j, -1 dp
h(l + (1 +6) 7)) + de (1 + 6)
AL, A LS — , AL A, = (1 + &),
S h(1 + &)1 13 72

So as illustrated in the diagram,

(» 5 2aj)

Al. <1 and A,, > 1 + &.
j 2]

If an initial "oil shock” at time t is expected to worsen at time
t+l, then oil consumption at time t+l falls relative to oil con-
sumption at time t. This effect is scaled by the extent to which
movements in public inventory accumulation affect the world price.
For example, because of their size, small countries are unlikely
to have much effect on world oil prices through their

stockpiling. In the limit, they may behave like private firms,
taking dp/dI. as zero. In that case, equation (9) reduces
exactly to the "firm” case.

The argument is the same as in footnote 8. Cooperation dampens
price-smoothing inventory response further as each player assumes
that the others will reinforce its action. Dropping the
assumption of separate costs of adjustment for each country (i.e.,
letting a single agent economize on these cos;s) would reinforce
the statements that for all j, Al < Alj and Az > AZj'
The difference between the cooperative and noncooperative
solutions arises in similar problems of coordination across
sovereign nations given economic integration, as pointed out
by Cooper (1968). Cooper noted three significant consequences
of interdependence for national economic policy, namely (i) an
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increase in the number of disturbances with which national
economic policy must cope, (ii) a reduction in the speed with
which the impacts of stabilization policy are felt, and (iii)
the notion that competition in the use of national policies
can leave the community of nations worse off.

To sge this, note that

a1’

.._.j_t.._— = - -1 -1 +§ +§ __d_P; !
dpt h A2j (148) (1 + (1+6) 3T 1. Qj)’ and
dIC J J

__j..E. = - —1 *—1 dp !
3, h AZ (1+8) (1+(1+8) de ]z Ij Qj).

The intuition behind this last point is ad follows. High persis-—
tence implies that price reduction today has a continuing payoff.
Each country would like to release o0il, but would have little
impact by itself and would reduce its future stockpile avail-
ability in periods of even higher prices. Coordination would
bring about greater responses.

A more detailed discussion of the "two—-price” phenomenon in the
world oil market can be found in Hubbard (1983). Another example
in the literature is the world copper industry; see for example
Mc Nicol (1975). Other international markets in metals, such

as aluminum, nickel, vanadium, and molybdenum also have or have
had multiple-price regimes.

That is, non—OPEC producers are competitive, so that their profit
maximization yields the usual supply representation of "price
equals marginal cost.” Such a description need not imply that
OPEC acts as a monolith. For example, a division into
"optimizing members” and "fringe members" 1is equivalent to
assigning the "fringe members” to the other price-takers.

In this paper, we take the parameterization of the the two-price
system as given. Risk aversion is the motivation usually given
for such a scheme (see Carlton, 1979; and Roberts, 1980). Our
focus here is its role in information revelation in the absence of
futures markets.

That p 1s the relevant price for decisionmaking requires

some justification. Consider the case in which a negative supply
shock initially raises the spot price relative to the contract
price. The spot market price is not the cost of a marginal unit.
A buyer could purchase oll at the lower contract price but would
have to commit himself to buy oil at that price for the duration
of the contract. The resulting tradeoff involves the mean and
variance of the distribution of expected prices, which underlie
the optimal value of a, which is taken parametrically here.

This approach is similar to that used in Taylor's (1979, 1980)
analyses of aggregate wage and price behavior.
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Past prices could be important in setting prices in the current
period because of transactions costs involved in always gathering
new estimates of demand. For example, contract prices may not
respond immediately to excess demand or supply because of the
inability to distinguish between temporary and permanent

changes. Expected future prices may reflect expectations about
changing market structure new technologies, etc. A rigorous
microeconomic foundation for (25) is not given here. The values
of the parameters L and Y may certainly vary over time.

Shocks today would have no impact on the contract price if price
setting were entirely forward-looking (ﬂl= 0).

Technically, the solutions come from maximizing (7) and (11)
subject to the further constraint that

- * S
p,= ap, + (l-a)p,,
where p,. is determined from equation (3) and pS is determined
from equation (22). Note that the difference between y and V¥
varies positively with the fraction of trades carried out through
contracts.

Thinking about the original form of (9) and (13) the intuition
behind these findings is straightforward. The persistence of high
prices into the future after a shock makes the use of stocks in
later periods more attractive, reducing the release in the current
period. However, as noted in footnote 14 above, cooperation which
exploits oligopsony power raises the cooperative drawdown relative
to the noncooperative drawdown, as consuming countries can blunt
prices in future periods by lowering the price in the current
period.

The agreement has been signed by the major OECD members except
France (there is some indication that France is a de facto sig-
natory), which consume 75 to 80 percent of the petroleum traded
in the non-communist world and hold nearly 100 percent of the
stocks. It is up for a ten—year review in 1986, making this

a propitious time to evaluate it.

A stabilization policy analogue is that monetary policy coordin-
ation is unnecessary in a world of perfectly flexible prices.



- 33 -

REFERENCES

BLINDER, ALAN S. "Inventories and Sticky Prices: More on the
Microfoundations of Macroeconomics.” American Economic Review 72
(June 1982): 334-348.

BRUNO, MICHAEL. "World Shocks, Macroeconomic Response, and the
Productivity Puzzle, "Working Paper 942, National Bureau of Economic
Research, Inc., July 1982,

BRUNO, MICHAEL and SACHS, JEFFREY. "Input Price Shocks and the Slowdown
in Economic Growth: Estimates for U. K., Manufacturing.” Review of
Economic Studies 49 (Supplement 1982): 679-705.

CANZONERI, MATTHEW B. and GRAY, JOANNA. "Two Essays on Monetary Policy
in an Interdependent World."” International Finance Discussion
Papers, No. 219, Board of Governors of the Federal Reserve System,
February, 1983.

CARLTON, DENNIS W. "Contracts, Price Rigidity, and Market Equilibrium."”

Journal of Political Economy 87 (November 1979): 1034-1062,

COOPER, RICHARD N. The Economics of Interdependence. New York: McGraw-
Hill, 1968.

DEVARAJAN, SHANTAYANAN and HUBBARD, R. GLENN. "Drawing Down the
Strategic Petroleum Reserve: The Case for Selling Futures
Contracts.” Harvard Energy Security Discussion Paper Series H-82-06,
June 1982,

FRIED, EDWARD R. and SCHULTZE, CHARLES L. (eds.) Higher 0il Prices and
the World Economy. Washington, D. C.: The Brookings Imnstitution,
1975,

GORDON, ROBERT J. “Alternative Responses of Policy to External Supply
Shocks.” Brookings Papers on Economic Activity (1975:1): 183-206.

GRAMLICH, EDWARD M. "Macro Policy Responses to Price Shocks.”™ Brookings
Papers on Economic Activity (1979:1): 125-178.

HAMILTON, JAMES. "0il and the Macroeconomy Since World War II."
Journal of Political Economy 91 (April 1983): 228-248.

HICKMAN, BERT AND HUNTINGTON, HILLARD. "EMF 7 Study Design."” Energy
Modeling Forum WP 7.1, Stanford, August 1982,

HOGAN, WILLIAM W. "0il Stockpiling: Help Thy Neighbor.” Energy
Journal 4 (July 1983): 49-71.

HUBBARD, R. GLENN. “Transitory Supply Shocks and Price Adjustment in
the World 0il Market.” Mimeograph, Harvard University, May 1983,

HUBBARD, R. GLENN and WEINER, ROBERT J. “"Inventory Optimization in the
U. S. Petroleum Industry: An Empirical Analysis of Public-Private
Interaction.” Paper presented at the TIMS/ORSA meetings, Chicago,
April). 1983,



- 34 -

« "The 'Sub-Trigger' Crisis: An Economic Analysis of
Flexible Stock Policies.” Energy Economics 5 (July 1983): 178-189.

JOHANSEN, LEIF. "The Possibility of an International Equilbrium with
Low Levels of Activity.” . Journal of International Economics
(November 1982): 257-265.

KRUGMAN, PAUL. "0il and the Dollar)” in J. S. Bhandari and B. H. Putnam
(eds.). Economic Interdependence Under Floating Exchange Rates,
Cambridge: MIT Press, 1983.

MORK, KNUT A. and HALL, ROBERT E. "Energy Prices and the U. S.
Economy in 1979-1981." Energy Journal 1 (April 1980): 41-54.

NICHOLS, ALBERT L. and ZECKHAUSER, RICHARD J. "Stockpiling Strategies
and Cartel Prices.” Bell Journal of Economics 8 (Spring, 1977):
66—96 .

NORDHAUS, WILLIAM D. "0il and Economic Performance in Industrialized
Countries.” Brookings Papers on Economic Activity (1980:2): 340-399.

ROBERTS, BLAINE: "The Effects of Supply Contracts on the Output and
Price of an Exhaustible Resource.” Quarterly Journal of Economics 95
(September 1980): 245-260,

SACHS, JEFFREY. "The Current Account and Macroeconomic Adjustment in
the 1970s.” Brookings Papers on Economic Activity (1981:1):
201-268.

. "International Policy Coordination in a Dynamic Macro-
economic Model." Working Paper No. 1166, National Bureau of
Economic Research, Inc., July 1983.

. "Wages, Profits, and Macroeconomic Adjustment: A
Comparative Study."” Brookings Papers on Economic Activity
(1979:2): 269-319,

SARGENT, THOMAS. Macroeconomic Theory. New York: Academic Press, 1979.

STANFORD UNIVERSITY ENERGY MODELING FORUM. World 0Oil: Final Report,
February 1982,

TAYLOR, JOHN B. "Aggregate Dynamics and Staggered Contracts.” Journal
of Political Economy 88 (February 1980): 1-23,

. "Staggered Wage Setting in a Macro Model.” American
Economic Review 69 (May 1979): 108-113.

TEISBERG, THOMAS. "A Dynamic Programming Model of the U.S. Strategic
Petroleum Reserve.” Bell Journal of Economics 11 (Autumn 1981):
526-546.




- 35 -

U. S. GENERAL ACCOUNTING OFFICE. "0il Supply Disruptions: Their Price
and Economic Effects.” Report to the Chairman, Subcommittee on
Fossil and Synthetic Fuels, Committee on Energy and Commerce, House
of Representatives, May 20, 1983.

U.S. SENATE COMMITTEE ON INTERIOR AND INSULAR AFFAIRS. International
Energy Program Hearing, November 1974.

WRIGHT, BRIAN and WILLIAMS, JEFFREY. "The Roles of Public and Private
Storage in Managing 0il Import Disruptions.”™ Bell Journal of
Economics 12 (Autumn 1981): 341-353.




