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Abstract

We model the oil sector from optimizing principles rather than assuming exogenous oil price
shocks, and show that the presence of a dominant oil producer leads to a sizable static as well as
a dynamic distortion of the production process. Under our calibration, the static distortion costs
the US around 1.6% of GDP per year. In addition, the dynamic distortion, reflected in inefficient
fluctuation of the oil price markup, generates a trade-off between stabilizing inflation and aligning
output with its efficient level. Our model is a step away from discussing the effects of exogenous oil
price variations and towards analyzing the implications of the underlying shocks that cause oil prices
to change in the first place.

1 Introduction

A long list of articles propose models of the transmission of oil shocks in which oil price movements are
given exogenously, typically in the form of an AR(1) driving process (e.g. Kim and Loungani, 1992;
Leduc and Sill, 2004; Carlstrom and Fuerst, 2005). Yet, starting with Barsky and Kilian (2004), and
Kilian (2008), overwhelming evidence has been compiled against the assumption of exogenous oil prices
and in support of the notion the oil price is affected significantly by global economic conditions.! Even
though the empirical literature on oil shocks has abandoned the exogeneity assumption, the theoretical
literature has yet to offer an appealing alternative. One of the goals of this paper is to fill in this gap.?

A shortcoming of the models with exogenous oil price is that they imply, by construction, that “all
oil price shocks are the same”: the macroeconomic effects and policy implications of oil price movements
are independent of the fundamental cause of oil price variation. Indeed, we show in section 2 that if the
oil price is exogenous, then an oil price shock triggers movements in value added, inflation and other
variables that are observationally equivalent to their responses to a TFP shock with the opposite sign.?
In other words, there is nothing special about oil price shocks, and in the absence of distortions other than
price stickiness, price stability is the best policy. Indeed, this is the overall policy prescription coming
out of the analysis of Leduc and Sill (2004), assuming exogenous oil price.

The issue becomes more interesting and meaningful when the oil price is determined endogenously.
In this case the source of oil price variation matters for the pattern of co-movement between the oil price
and other relevant variables. Compare for example a sudden productivity decline of the oil-producing
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Hamilton’s (1983) study suggested that oil price changes prior to 1973 were likely to be exogenous due to oil commissions
which insulated the oil price from movements in oil demand. But it is difficult to defend exogeneity of the oil price since
the fall of the oil commissions and the rise of OPEC in 1973.

2Leduc and Sill (2007) assume instead that oil output is exogenous, while the oil price is endogenous; and Backus and
Crucini (2000) assume that the supply of OPEC is exogenous, while the supply of non-OPEC producers and the oil price
are endogenous.

3In fact Kim and Loungani (1992) and Finn (1995) explicitly motivated the incorporation of oil into models of the
business cycle by the desire to purge the Solow residual from the effects of oil price movements.



sector, with a TFP increase in the oil-importing part of the world. Either disturbance will raise the oil
price, but the first one is a negative productivity shock, while the second one is a positive productivity
shock. This means that value added will tend to fall (and inflation to rise) in the first case, while GDP
will tend to increase (and inflation to fall) in the second case.

Even if the co-movement between the oil price and other macroeconomic variables depends on the
source of the shock, this in itself does not complicate the task of the monetary authorities. In particular,
provided that the oil price is fully competitive and there are no real distortions, strict price stability is
still the best policy. This is because with a competitive oil sector, movements in the oil price are just
a reflection of fundamental changes in technology or preferences, which the central bank can confront
effectively by focusing on inflation alone. In the words of Blanchard and Gali (2007), there is a “divine
coincidence” in the sense that stabilizing inflation automatically closes the output gap.

One contribution of this paper is to show that any such coincidence vanishes if the oil market is not
perfectly competitive.* To demonstrate this, we build into an otherwise standard general equilibrium
framework an optimization-based model of the oil industry inspired by Salant (1976). In our model the
oil industry is composed of a dominant producer, capturing the role of OPEC, and a fringe of competitive
suppliers, representing non-OPEC producers. The model nests the extreme cases of perfect competition
and full monopoly in oil production. We show that, in the intermediate case, the dominant supplier sets
the oil price as a variable markup over marginal cost, with the markup depending positively on OPEC’s
market share.” Competitive fringe suppliers, though small individually, collectively restrain the market
power of the dominant producer, resulting in an average markup of around 40% under our baseline
calibration. In section 3 we compute the output loss associated with this static distortion to be around
1.6% of GDP. Section 4 analyzes the cyclical implications of our setup, including the responses to two
types of shock: to oil sector technology and to the capacity of the competitive fringe. A key finding is
that the correlation between the oil price and the output gap switches sign depending on the source of
the shock.

The dynamic distortion of the production process means that price stability is no longer optimal.
This is because the output gap in our model is the weighted sum of two time-varying inefficiencies: the
average final goods price markup due to the stickiness of final goods prices, and the oil price markup
due to the dominance of OPEC. Even if the central bank does not have much leverage over the oil price
markup, it can improve consumers’ welfare by engineering movements in the final goods markup that
partially offset fluctuations of the oil price markup. Thus, in section 5 we show that the best targeting
policy in terms of expected welfare involves some degree of stimulating the economy (reducing the final
goods markup) at times when the oil price markup is high, and cooling down the economy (increasing
the final goods markup) at times when the oil price markup is low. We find that the deviation of the
best targeting rule from strict price stability is substantial, with an optimal weight on the output gap of
almost half of the weight on inflation.’

A practical difficulty with implementing the above policy is that the central bank must be able
to observe directly either the output gap or the oil price markup. In section 5 we relax this extreme
informational assumption, and search for the best policy within the class of simple Taylor (1993)-type
rules for which the central bank is assumed to observe only inflation and the oil price. We find that
the best policy within this class is one in which the central bank reacts positively to the oil price. The
reason is that, under our baseline calibration, an oil price rise is a better proxy for rising inflation, than
for a falling output gap. We should stress, however, that the performance of this Taylor rule hinges on
the strength of the unconditional correlation between the oil price and the output gap, a feature which
depends on the relative volatility of different oil-sector shocks. We therefore advocate caution when
taking our Taylor rule with a positive reaction to the oil price as a robust monetary policy prescription,
especially if the relative volatility of shocks is subject to change over time.

Our model allows us to shed light also on the debate about the potential role which monetary policy
may have played in exacerbating oil shocks. Using a VAR methodology, Bernanke et. al. (1997) claimed
that most of the negative impact of oil price shocks on output was due to the systematic reaction

4Blanchard and Gali (2008) propose real wage rigidities as an alternative way of creating an inflation-output gap trade-
off; Castillo et. al. (2007) show that if oil enters a CES production function, and the model’s steady-state is distorted, this
also generates an inflation output-gap trade-off.

5In section 2 we show that a monopolist would instead set a constant markup over marginal cost.

6In contrast, the optimal weight on the output gap is much lower in the standard New Keynesian model with exogenous
“cost push shocks”, equal to the inverse of the price elasticity of substitution among differentiated goods (around 0.13 for
an elasticity of 8).



of monetary policy, and that an interest rate peg would have largely eliminated the output declines
following oil price shocks. Hamilton and Herrera (2004) challenged this finding on empirical grounds.
Moreover, Leduc and Sill (2004) analyzed this issue in a microfounded model with an exogenous oil price
and concluded that an interest rate peg would not have eliminated the negative impact of oil price shocks
on US output. In our analysis, in which the oil price is endogenously determined, we find that the least
desirable rules are those that peg the nominal or, even worse, the real interest rate. Such policies, while
not necessarily leading to indeterminacy of the equilibrium, result in excessive volatility of inflation and
the output gap relative to proactive strategies which try to insulate the economy from shocks.

2 The Model

There are two large countries (or regions)—oil-importing and oil-exporting—and a fringe of small oil-
exporting countries in the rest of the world. The oil-importing country (the U.S.) uses oil as an inter-
mediate input in the production of final goods, of which it is the only exporter.” Oil is a homogenous
commodity supplied to the U.S. by two different types of producers: a dominant oil exporter (OPEC or
Saudi Arabia) and a competitive fringe of atomistic exporters. The fringe exporters take the oil price as
given when choosing their production level. The dominant exporter faces a downward sloping “residual
demand” curve, and picks the profit-maximizing point, internalizing the global effects of his supply de-
cisions. Qil exporters produce oil only, and their revenue is recirculated to the oil-importing country in
the form of demand for final consumption and investment goods. There is no borrowing across regions
and trade is carried out in a common currency.

2.1 Oil-Importing Country

The oil-importing country is a canonical sticky price economy as in Gali (2008) and Woodford (2003).
Oil is used as a factor of production, there is monopolistic competition in the final goods market, and
firms adjust prices infrequently a la Calvo (1983). We call this country “the U.S.” for short.

2.1.1 Consumers

The country is populated by a representative household, which seeks to maximize the expected present
discounted flow of utility streams,

max E, »_ B'U(Cy, Lt), (1)
t=0

subject to a budget constraint. The period utility function depends on consumption, C', and labor L,
and we assume that it takes the form

U(C,L) = C)— o
, L) =1 . 2
The period ¢ budget constraint,
]tCt+Btli;1 —Bt,1 +thtLt+TtPtK+H{, (3)

equates nominal income from labor, w; P, L;, capital r.P, K, dividends from the final goods firms owned by
the household, H{ , and nominally riskless domestically-traded bonds, B;_1, to outlays on consumption,
P,C}, and bonds, B, R, 1 The aggregate stock of capital which the household rents out to firms is assumed
to be constant, K, normalized to one.

The consumption good C} is a Dixit-Stiglitz aggregate of a continuum of differentiated goods C; (%),

C = Uolct(i)

1
P = / Py(i)'~“di, (5)
0

"The US accounts for roughly 30% of global output, and 30% of OPEC’s oil exports (IMF, 2007).

I3
e—1

‘:uh} , (4)

with associated price index,




where P;(4) is the price of good i.

The household chooses Cy, L;, and B; in order to maximize the expected present discounted utility
(1) subject to the budget constraint (3). In addition, it allocates expenditure among the different goods
C4(7) so as to minimize the cost of buying the aggregate bundle C;.

2.1.2 Final goods producers

Final goods are produced under monopolistic competition with labor, capital, and oil according to
Qu(i) = A¢ Ly (1) Ky (1) O (1) (6)

where A; denotes aggregate total factor productivity. The latter evolves exogenously according to a; =
PaGi—1 + €%, where a; = log(A;) and £} is Gaussian white noise with variance o2.

Individual firms are small and take all aggregate variables as given. In particular, firms take factor
prices as given as they compete for inputs on economy-wide factor markets in order to minimize the total
cost of production. In addition, firms reset their prices infrequently a la Calvo (1983). In each period
a constant random fraction 6 of all firms is unable to change their price and must satisfy demand at
whatever price they posted in the previous period. Whenever they get a chance to change their price

P;(i), firms seek to maximize the expected present discounted stream of profits,

max By > 0" Ay 15[ Po(i) Qe k(1) — PryiC (Quir(i))] (7)
k=0

subject to a downward sloping demand schedule,

Qirx(i) = (P,(1)/ Piyk) ™ Qurrs (8)

where Q1 (7) is demand for the output of firm i, C (Q:1£(7)) is the real cost of producing that output,
and A¢ ;4 is the discount factor for nominal payoffs.

2.1.3 Monetary policy

The central bank of the oil-importing country follows a policy rule from the class:
¢:(Re = opRer) = b (w0 = 1) + Gy ATt + G, (9)

where R, = R, — R is the deviation of the nominal interest rate from steady-state; my = log(P:/Pi—1)
is the rate of inflation and 7* is an inflation target; y; is the gap between output and its efficient level;
Dot is the real price of oil (in deviation from steady-state); ¢ is an “interest rate smoothing” parameter;
brs ¢y, and @, are policy reaction coefficients; and ¢, € {0,1} is an indicator variable, switching the rule
between flexible inflation targeting (¢; = 0) and a Taylor-type interest rate rule (¢, = 1).

2.2 0Oil Producers

Modelling the oil industry as a dominant firm with competitive fringe dates back to Salant (1976). He
argued that neither perfect competition, nor a single monopolist owning all the oil, bear much resemblance
to the actual structure of the world oil industry. While our model nests these two extreme special cases,
our preferred calibration is one in which the dominant oil producer has an average marker share of 40%,
intended to capture the role of OPEC since 1973. For this intermediate case, our model generates a
negative correlation between OPEC and non-OPEC oil supply, a common feature in the data, especially
in the 1980s and early 1990s (see figure 1).

2.2.1 Dominant oil producer

The large oil-exporting country (OPEC) is endowed with an oil field of unbounded capacity. Oil, Oy, is
produced according to ~
Oy = Z41y,

where Z; is an exogenous productivity shifter, and I, is an intermediate good used in oil production
and bought from the oil-importing country. The productivity of OPEC evolves exogenously according to
2 = p,2—1 + €7, where z; = log(Z;) and &7 is Gaussian white noise with variance o2
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The country is populated by a representative household which receives an expected discounted flow
of utility from consumption,

B, BTG, (10)

where the period utility function is logarithmic in consumption, U(C,) = log(C,).

The consumption good C; and the intermediate good I, are Dixit-Stiglitz aggregates of a continuum
of differentiated goods of the form (4) and with price index (5) as before. The household’s consumption
is equal to the profit from oil production, C; = po;O; — I;, where p,; is the real price of oil.

OPEC acts as a planner allocating expenditure among the different intermediate and final goods so
as to minimize the cost of buying the aggregate bundles I, and Cy; at time 0, it commits to a state-
contingent path of oil output, {Oy4; };’;0, so as to maximize the expected present discounted utility of
the representative household-owner of OPEC, subject to the behavior of competitive oil exporters, final
goods firms, households and monetary authority in the U.S.

2.2.2 Competitive fringe

The rest of the world is populated by a representative household owning a continuum of atomistic oil
firms, indexed by ¢ € [0,€2;]. Each firm produces a quantity X;(¢) of oil according to the technology

Xi(i) = €(@) Zu (i), (11)

subject to the capacity constraint, X, (i) € [0, X], where [£(i)Z;] " is the marginal cost of oil production
of firm ¢; 1/Z; is a component of marginal cost common to all oil firms, while 1/£(¢) is a constant, firm-
specific component distributed according to some probability distribution function F'. Profits from the
oil firms are rebated by lump sum transfers to the representative household. The input ft(z) is purchased
from the U.S. as is the aggregate consumption bundle of the representative household populating the rest
of the world, Cy; both ft(i) and C, are Dixit-Stiglitz aggregates of differentiated goods analogous to those
of the dominant oil firm.

The total mass (or total capacity) of competitive fringe producers ; is allowed to vary according to
a stationary stochastic process, w; = p, ,w:—1 +¢€¢, where w; = log (Qt/Q) and € is Gaussian white noise
with variance o2. We make this allowance to capture the fact that some oil fields of the fringe are used
up, while new ones are discovered and so the total amount of oil recoverable by the competitive fringe is
not constant over time.

The produced oil can either be sold at the international price p,;, which the atomistic exporters take
as given, or it is lost. Each small supplier chooses the amount of oil to produce in each period so as to
maximize profits subject to its capacity constraint,

o max {ponXolD) = X,(0)/ [Z:€(0)]) (12)

An individual oil firm is profitable and active if and only if the current market price of oil p; is greater
than its marginal cost. Thus, competitive oil firm 7 produces X if [§ (i)Zt]*1 < pot and zero otherwise.
Hence, the amount of oil produced by the competitive fringe as a whole is given by

Q¢
X, = X, (i)di = QuF (pos Zy) (13)
0

For tractability we assume that the idiosyncratic component of marginal costs 1/£(4) is distributed
uniformly in the interval [a, b] C R4. In that case

Qth ptht > b
Xt = QtXpoﬁita_a, a < potZt S b (14)
0, PotZt < @

We further assume without loss of generality that a = 0 and normalize b = X > 1 which we choose
sufficiently large such that at least some competitive fringe producers (or potential entrants) are always
priced out of the market by the dominant oil firm.® With these assumptions the output of the competitive

8Qur main results are unaffected if we assume instead that OPEC is the most efficient oil supplier by setting a = 1.



fringe is a product of the price of oil (p.¢), aggregate productivity of the oil sector (Z;), and a component
related to the depletion and discovery of new oil deposits by the competitive fringe (€2;):

Xy = Qpot Zy. (15)

In section 2.4.4 we show that the existence of competitive producers restrains significantly the average
market power of the dominant oil firm. In addition, our setup allows us to model transitory shifts in the
market share of OPEC: as shown in Figure 1, its market share was around 50% in the 1970s, then dropped
down to 30% in the 1980s, before recovering to around 40% in the last two decades. Importantly for the
oil-importing country, the asymmetric market power of the two types of oil producers induces variation
of the oil price markup in response to all shocks. This dynamic distortion is what ultimately breaks
the coincidence between stabilizing inflation and stabilizing the welfare-relevant output gap, creating a
tension between the two stabilization objectives.

2.3 Equilibrium Conditions

The full set of optimality, aggregation, and market clearing conditions can be found in the working paper
version (Nakov and Pescatori, 2007). Here we show only the most important relations linking the oil-
importing and the oil-exporting blocks of the model. Cost minimization by oil-importing firms implies
the following aggregate demand for labor and oil as factors of production,

PotOar =  aomeciQiAy, (16)
wily = almCtQtAta (17)

where w; is the real wage, Og is oil demand by the U.S., and me; are real marginal costs (common to

all firms); the variable A; = fol (P(i)/P;)”“di > 1 is a measure of relative price dispersion, which in the
Calvo model acts as a tax on final goods production,

Qr = ALLTPK* 057 | Ay (18)

In the absence of borrowing across regions, total U.S. consumption must be equal to U.S. value added
(GDP), Y;, which is total gross output net of the value of oil imports,

Ci =Y = Qt — potOas. (19)

Further, in equilibrium, aggregate oil demand is equal to the supply of the dominant oil firm plus the
aggregate output of the competitive fringe of oil exporters,

Odt == Ot —+ Xt. (20)

Finally, the aggregate resource constraint must hold, @Q; = C; + Ci+ 1, + C’t +ft, whereby global gross
output is equal to global final goods consumption plus global intermediate input purchases.

2.4 Flexible Price Allocations

We begin by characterizing the equilibrium allocations in two hypothetical scenarios which are useful
benchmarks for evaluating alternative monetary policy strategies. The first one is the natural allocation,
defined as the equilibrium which would obtain if prices were fully flexible. The second one is the efficient
allocation, defined as the equilibrium which would obtain if prices were fully flexible and the oil market
was perfectly competitive.

Notice that, regardless of the degree of competition in the oil market, under flexible prices there is
no dispersion of final goods prices, A; = 1. Marginal costs are constant and equal to the inverse of
the optimal markup of final goods firms, me; = 1/u = (e — 1) /e. This, coupled with our assumptions
on preferences and technology, implies that hours worked are constant, independent of shocks, L; =

1/14+¢ _ 7
[/ (= )] =L



2.4.1 Efficiency: perfect competition in oil and flexible prices

In the efficient allocation, denoted by the superscript “e”, the oil cartel is replaced with a collection of
competitive producers operating the oil field with unbounded capacity. The efficient real price of oil
would be equal to the marginal cost of the marginal competitive producer,

Doy = meor = Z; ', (21)
which is exogenously given.? Oil demand (16) becomes

P5tO0g = (ao/11) Qf (22)
while the oil produced by the large oil field is Oy = Og4 — ;. We can establish the following

Proposition 1 With exogenous or competitive oil price and under flexible prices, the economy’s response
to an oil price shock is qualitatively the same as its reaction to a TFP shock with the opposite sign.

Proof. Equations (21) and (22) combined with (18) imply
Qf = [WAZ7] e (23)

where U = (/1) e /(1 — ao)]al/(Hw). Labor and real marginal costs are constant, and all other
real variables (Y2, Cs,wg, rf) can be expressed in terms of Qf. In particular, value added is Y;* =
(I—ao/p)Qf. m

In words, apart from a scaling down by the oil elasticity of gross output «,, an oil price shock (a
change in Z; 1) affects the efficient level of output, value added, and other real variables in the same
way as a TFP shock (a change in A;) of the opposite sign. Hence, under standard assumptions about
preferences and technology, these two shocks are observationally equivalent.!?

Corollary 2 With exogenous or competitive oil price any movement in the oil price caused by a real
shock reflects a shift of the efficient level of output.

2.4.2 Replicating the efficient allocation under sticky prices

The above corollary suggests that one thing that monetary policy should not attempt is to “neutralize”
shifts in competitively set (or exogenous) oil prices. We can show that in a scenario with sticky final goods
prices and an exogenous or competitive oil price, monetary policy can replicate the efficient equilibrium
by targeting inflation alone, as stated in the following

Proposition 3 If the oil price is exogenous or competitive (and there is no price dispersion initially),
then the optimal monetary policy is price stability.

Proof. See Appendix 3 m

In other words, with an exogenous or competitive oil price, there is a “divine coincidence” of monetary
policy objectives in the sense of Blanchard and Gali (2007): stabilizing inflation will automatically sta-
bilize the distance between output and its efficient level. The intuition for this result is straightforward:
with a competitive or exogenous oil price, there is only one source of distortion in the economy—the one
associated with nominal price rigidity. A policy of price stability eliminates this distortion and replicates
the efficient allocation. As we will show, this result is overturned if competition in the oil market is not
perfect.

9Since our focus is on OPEC, we rule out the corner solution in which the collective supply of the more efficient fraction
of the competitive fringe is sufficient to meet all demand and price the large oil field out of the market.

10Notice that the equivalence may not hold for any technology. In particular, if oil is linearly additive in gross output,
Q = AK%k L + O, and since p, = 0Q/00 = 1, value added Y = Q — p,O = AK*k L* is not affected by oil price shocks
but is affected by TFP shocks.



2.4.3 Natural allocation: market power in oil supply and flexible prices

We now turn to the natural allocation, denoted by the superscript “n”. Recalling the fact that under
flexible prices equilibrium labor is constant, and combining the production function (18) with equation
(16), we can obtain a relationship between the oil price and total oil demand, p?, = A?(O%,)% 1, where
A9 = (ap/p)"~* WA, is an oil demand shifter driven only by U.S. TFP shocks. Substitution of (15) and
(20) into the above expression for p, yields an oil demand curve which relates directly the natural price
of oil to the residual demand for OPEC’s output independently of any other endogenous variables. This
greatly simplifies the problem of OPEC since now the only relevant constraint for the maximization is a
single demand curve. Hence, OPEC solves

max Ey > B'log (p,OF — OF [ Z) (24)
¢ t=0
st p (O + Qupl Zy)' % = A (25)

The solution to this problem implies that the price of oil is a time-varying markup over marginal cost
Pl = vi'mecet, where marginal cost is given by meos = Z, 1 pS;. The optimal markup is inversely related
to the (absolute) price elasticity of demand for OPEC’s oil:

- 1) . (26)
The latter can be derived from constraint (25) as

o™, py

£ 72 = 1007 /0w, 3,/ 07)| = 1/ (st = 1, (27)

where n = (1 —ay) / (2 — ), and s7 = O /(O + X[*) is the natural market share of OPEC. Note that
o, € (0, 1) implies n € (0, 1), and given that s} € [0, 1], we have ns} € (0,3) and hence € (1,
+00). That is, the dominant oil producer always chooses a point on the elastic segment of its effective
demand curve, and the oil price markup is positive, vy > 1. Moreover, from (27) we see that the (absolute)
price elasticity of demand for OPEC’s oil is a decreasing function of OPEC’s market share. Intuitively, a
negative shock to the supply of the competitive fringe which increases OPEC’s market share, makes the
demand for OPEC’s oil less price-elastic, raising the optimal markup charged by OPEC.

Substituting (27) into (26) we can obtain a direct relationship between the optimal oil price markup
and the market share of the dominant oil exporter,

vi' = (1 =mnsi) /(1= 2ns{), (28)

O,
g P

which in a first-order approximation around the steady state becomes 7} = 87n/(2n5 — 1)2. Hence, up to
a first-order approximation, the oil price markup co-moves with OPEC’s market share, corr(v}, s}) ~ 1.

2.4.4 Full monopoly in oil supply

It is informative to consider the special case of a single oil supplier with full monopoly power (corre-
sponding to £2; = 0 and s = 1). The solution, denoted by the superscript “m”, implies,

= m m, e
Oln = [aOA?Zt] tmao, Por = 1/ (Ztal)) =V Pot- (29)

The price of oil is a constant markup over marginal cost, where the optimal markup v™ = o, ! is the
inverse of the oil elasticity of gross output. For instance, if a, = 0.05, the optimal markup v™ = 20!
The reason for this is straightforward: with s} = 1, the price elasticity of demand for the monopolist’s

o™, p;n

oil (27) reduces to ‘Et ‘ =1/(1 — ) . Intuitively, a small oil elasticity of gross output implies low

sensitivity of oil demand to the oil price, which allows the monopolist to charge a high markup.

Finally, notice that the existence of a competitive fringe greatly reduces OPEC’s optimal markup.
For example, if in steady-state the supply of the competitive fringe was roughly equal to that of OPEC
(Op = X7'), OPEC’s optimal markup would reduce to a level which is an order of magnitude lower than
the full monopoly markup, s = % =" =1+ 1*% = 1.475 << v™ = 20.



2.4.5 The natural GDP gap

We define the “natural GDP gap” as the ratio between the natural and the efficient level of value added,
and denote it by Y;* = Y;*/Y,. Tt is straightforward to show that this ratio is a function only of the
“natural oil price gap”, pl /pS,, which is the oil price markup in the natural allocation,

V=YY = QY Q5 = (0 /p5) 7o = (v e (30)

Since we saw in the previous section that with a dominant oil producer the oil price markup is
greater than one, the natural equilibrium is characterized by underproduction in the U.S., related to an
inefficiently low oil supply by OPEC. Moreover, contrary to the polar cases of perfect competition or full
monopoly power in oil, in the intermediate case with a dominant firm, the oil price markup fluctuates
in response to all shocks. And while these fluctuations are optimal responses from the point of view of
OPEC, they are distortionary from the point of view of the U.S. economy.

2.5 Sticky Price Equilibrium

The equilibrium with sticky prices and a dominant oil supplier is defined by a set of time-invariant decision
rules for the endogenous variables as functions of the states and the shocks observed in the beginning of
each period, which solve the dominant oil producer’s problem (32) while satisfying constraints (33) to
(44) (see Appendix 7.1).

In Appendix 7.2 we derive an expression for the welfare-relevant GDP gap, ¢ (to which we refer
sometimes simply as “the output gap”), defined as the log distance between actual value added and its
efficient level, §; = y: —y5. As shown in the appendix, this gap is positively related to real marginal costs
of final goods firms—a standard result in the sticky price literature—but in our model it also includes
the negative of the oil price markup ;. Thus, up to a first-order approximation, fluctuations in the GDP
gap are given by,

th = Hmcmct - Huﬁtv (31)
where (L+ ) — 1)
pog + ao(l + Mm— Qo 11
e a. d v = .
e = T ) —ao)1—ap) ¢ T 1 G,

This allows us to establish the following

Proposition 4 In the presence of a dominant oil producer, optimal monetary policy strikes a balance
between stabilizing inflation and stabilizing the output gap.

From equation (31) we see that a policy of price stability would set mic; equal to zero, stabilizing the
gap between actual value added and its natural level, (y; — ;). Yet this would not stabilize the welfare-
relevant output gap, 9: = (y¢ — yi*) + (y3* — y§) , since OPEC’s response to real shocks induces inefficient
fluctuations in the oil price markup 7y, and hence in the gap between the natural and the efficient level of
output, (yi* — y5). The above result breaks the coincidence of monetary policy objectives and provides a
rationale for the central bank to mitigate to a certain extent inefficient output gap volatility by tolerating
some deviation from strict price stability.

3 Long-Run Properties of the Model

3.1 Calibration

We calibrate our model so that it replicates some basic facts about the U.S. economy and OPEC. Table
1 shows the parameters used in the baseline calibration. The quarterly discount factor corresponds to
an average real interest rate of 3% per annum. Utility is logarithmic in consumption and we assume a
unit Frisch elasticity of labor supply. We set the labor, capital, and oil elasticities of gross output equal
to 0.63, 0.32, and 0.05, respectively. This implies an average oil expenditure share of 0.05/p ~ 0.04,

H Notice that defining the output gap in terms of gross output instead of value added yields an identical expression with a
minor reparametrization of Kme (provided the share of oil in GDP is not large). Alternatively, the GDP gap can be written
as the negative of the weighted sum of two markups: the average markup on final goods prices plus the oil price markup:
Jt = — (Emeily + KuDt), where i, = —micy.



which roughly corresponds to the average value share of oil consumption in U.S. GDP. The Calvo price
adjustment parameter is set equal to 0.75, implying an average price duration of one year. The elasticity
of substitution among final goods is assumed to be 7.66 corresponding to a steady-state price markup of
15%. And the mean of the total capacity of non-OPEC producers € is set to match the average market
share of OPEC of around 42%. Finally, we focus our attention on the steady-state with zero inflation
since, for plausible monetary policy regimes, this is the optimal long-run rate of inflation in our model.

B o o 0 € Q (I
0.9926 0.63 032 0.05 0.75 7.66 0.0093 1 0

Table 1. Baseline calibration

3.2 Steady State and Comparative Statics

The zero inflation steady-state is characterized by an inefficiently low oil supply by OPEC!?, a positive
oil price markup, and underproduction in the U.S. In particular, under our baseline calibration OPEC
produces only 45% of the amount of oil that it would produce if it operated as a confederation of
competitive firms. This allows it to charge a markup of around 36% over marginal cost, and make a pure
profit of around 0.5% of U.S. output (or around $65 billion per annum based on nominal U.S. GDP in
2006). Importantly, imperfect competition in the oil market opens a steady-state output gap in the U.S.
of 1.6% ($208 billion) per annum.

Figures 2 and 3 show two comparative statics exercises. Figure 2 illustrates the dependence of the
steady-state on the availability of oil outside OPEC. Note for instance, that in the face of a 50% reduction
of the capacity of competitive oil producers with respect to the baseline, OPEC’s output would increase
only by 10%. The market share of OPEC increases, and by (28) the oil price markup jumps from 35% to
75% over OPEC’s marginal cost. This widens the U.S. output gap to 3%, while doubling OPEC’s profit
as a share of output. The relationship is highly non-linear and a further reduction of the capacity of oil
producers outside OPEC results in a much more dramatic increase in the equilibrium price of oil and a
larger output loss in the U.S. Figure 3 shows the sensitivity of the results to the oil elasticity of gross
output. Keeping the capacity of non-OPEC producers constant, an increase of the oil elasticity to 0.1
raises the market share of OPEC. As a result, the oil price jumps to 57% over marginal cost and the U.S.
output gap widens to 5%.

4 Short-Run Properties of the Model

The short-run behavior of the model depends on two additional sets of parameters, namely (1) the
parameters of the monetary policy rule, and (2) the parameters of the shock processes. Table 2 shows
our baseline calibration.

For the positive analysis we choose as a benchmark policy a Taylor-type interest rate rule by setting
¢, = 1. The short-run inflation reaction coefficient is set to 0.4, while the interest rate smoothing
parameter is set to 0.8, implying a long-run inflation coefficient of 0.4/(1-0.8)=2. These values are close
to the estimates by Clarida, Galf and Gertler (2000) for the Volcker-Greenspan period. The other two
response coefficients are set equal to zero.

Next we determine the parameters governing the volatility and persistence of each of the three AR(1)
shock processes. We pick the six parameters so that the model approximates six relevant second moments
from the actual data since 1973. These include: the standard deviation of the growth rate of US GDP
and of the real oil price; the correlation between GDP and the oil price; between the nominal interest
rate and the oil price; and between OPEC and non-OPEC output; and the autocorrelation of US GDP.!3

Oa Oz Ow Pa Pz Puw (bz ¢R ¢7r (bo (by
0.01 0.15 030 095 070 08 1 08 04 O 0

Table 2. Shock and policy rule parameters

12This result ignores any longer term costs of oil associated with environmental pollution and global warming.

13Quarterly data on OPEC and non-OPEC oil output are taken from the Enery Information Administration (EIA),
and on US GDP from FRED II. Actual and model-generated data are made comparable by taking growth rates and then
subtracting the mean growth rate for each variable.
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We solve for the model’s dynamics by first-order Taylor approximation of the decision rules around
the deterministic steady-state with zero inflation. Figures 4 and 5 show the responses of several variables
of interest to a one-time negative shock to oil production technology or to fringe capacity.'* The figures
plot the actual evolution of variables, the natural evolution (denoted by “n”); and the efficient evolution
(denoted by the superscript “e”). To help clarify the intuition, the bottom-right panel shows two GDP gap
measures: the natural GDP gap (defined in section 2.4.5 and denoted by Y ), and the welfare-relevant
GDP gap (defined in section 2.5 and denoted by Yyq,).

4.1 Oil production technology shock

Consider first the responses to a one-standard-deviation negative shock to oil production technology shown
in figure 4. We focus in turn on the evolution of the efficient, the natural, and the actual allocations.
First, because a negative oil technology shock is a positive marginal cost shock for the oil industry, the
efficient level of oil supply falls while the efficient oil price rises (by 15%). Since oil is an intermediate
input, the efficiency of final goods production is also affected, so that the efficient level of output declines
by 0.8%. The supply of the fringe remains constant because the oil price rise is completely offset by the
increase in the marginal cost of oil production. As a result, OPEC’s market share declines in response to
the shock.

In the natural equilibrium, since the marginal revenue curve is steeper than the demand curve, OPEC’s
oil price markup decreases, meaning that the natural oil price rise of around 11% is less than the efficient
increase. Similarly, the fall in OPEC’s output (as a fraction of steady-state) is less than the efficient
decline. Because of the decrease of the oil price markup, non-OPEC supply falls, while OPEC’s market
share declines, shadowing the movement of the oil price markup. Due to the temporary fall in the oil
price markup, the natural level of GDP falls by less than the efficient one, so that the natural GDP gap
increases (narrows) by about 20 basis points in response to this shock.

Actual U.S. GDP falls by around 0.2%, which is less than the efficient decline of 0.8%.1% As a result,
the rise in inflation by 50 basis points is accompanied by an increase of the welfare-relevant GDP gap
by around 60 basis points. Thus, in response to this shock, an oil price increase is associated with rising
inflation and rising output gap.

4.2 Fringe capacity shock

Let us compare the above responses to the effects of a one-standard-deviation negative shock to the
capacity of competitive fringe producers. First notice in figure 5 that this shock has no effect on the
efficient oil price or on the first-best level of output (the latter can be seen also in expression (23) in which
the fringe shock does not appear). The reason is that, unlike the previous shock, the fringe capacity shock
does not affect the efficiency of oil production. Indeed, in an efficient competitive equilibrium, aggregate
oil supply would be perfectly elastic at the marginal cost of the unbounded oil field. If OPEC producers
behaved as perfect competitors, it would be in their self-interest to supply any amount of oil at marginal
cost, so that shocks to fringe capacity would be of no relevance for the efficient level of output.

Turning to the natural allocation, a negative fringe capacity shock decreases non-OPEC supply and
raises OPEC’s market share. By (27) the effective demand for OPEC’s oil becomes less price-elastic,
implying an 8% higher profit-maximizing oil price. Since OPEC’s output increases by less than the
decrease in non-OPEC supply, total oil production declines. The resulting drop in U.S. output (by around
0.45%), coupled with the constancy of the efficient level of output, translates into a fall (widening) of the
natural GDP gap by 45 basis points.

Actual GDP under this shock falls by around 0.2%, resulting in a 20 basis points fall of the welfare-
relevant output gap. Inflation rises by around 35 basis points, so that, in contrast to the previous shock,
in this case an oil price increase is associated with a rise inflation but a fall of the GDP gap. Thus, we
see that the economic impact of an oil price increase depends on its source. Since “not all oil price shocks

14 Approximating the model to second order yields very similar impulse-responses. To economize space we omit the
responses to a US TFP shock, which, together with the responses to a monetary policy shock, are available online in the
working paper version.

15This output response is in the ballpark of empirical estimates of the response of US GDP to an “exogenous oil price
shock”; admittedly, uncertainty about this empirical response is an order-of-magnitude large: according to Bernanke et al.
(2004) and IMF(2005) a 10% increase in the oil price leads to a 0.10% to 0.20% drop in US GDP after 1 to 2 years. On the
other extreme, Rotemberg and Woodford (1996) and Finn (2000) argue that the effect is as large as a 2.5% drop in GDP
after 5 to 7 quarters.
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are alike”, the normative implications of oil price fluctuations would also depend on the source of the
shock, a point which we address in section 5.'6

4.3 Variance decomposition

To give an impression of the relative importance of the three sources of fluctuation in our model, in table 3
we show the asymptotic variance decomposition for four variables of interest. Not surprisingly, U.S. GDP
growth and inflation can be explained to a large extent by the U.S. TFP shock. In particular, TFP shocks
account for as much as 84% of the volatility of GDP growth and half of the volatility of inflation (but
only 6% of the volatility of the GDP gap). In comparison, oil technology shocks are responsible for only
8% of the volatility of GDP growth, but as much as a third of the volatility of inflation, and more than
half of the volatility of the GDP gap. Finally, fringe capacity shocks contribute only 7% to the volatility
of GDP growth, but 17% to the volatility of inflation, and as much as 41% to the volatility of the GDP
gap. Importantly, the two disturbances which affect most strongly the oil price (oil production technology
and fringe capacity shocks) are jointly responsible for 84% of the variance of the GDP gap. Hence, it is
mostly these two shocks that generate a monetary policy trade-off, the feature which distinguishes our
framework from the conventional approach.

% variance due to

a 2t Wi
GDP growth | 84.33 8.76 6.91
GDP gap 6.04 52.88 41.07
Inflation 49.93 32.68 17.40

Real oil price | 0.15 56.63 43.21

Table 3. Variance decomposition

5 Normative Monetary Policy Implications

This section addresses the normative implications for monetary policy of imperfect competition in the
oil market. Our criterion for desirable monetary policy is the expected utility of the oil importer’s
representative household. This welfare-based approach is in contrast with earlier work on oil price shocks
which implicitly assumed that any output decline following an oil price increase is undesirable (e.g. Leduc
and Sill, 2004). In our framework, the latter is true for some fundamental shocks but not for others: for
example, in response to a negative oil production technology shock it is efficient for economic activity to
decline.

To perform the welfare analysis we approximate the solution of our model to second order and evaluate
the unconditional expected welfare of the U.S. consumer (that is, the expected utility when the economy
is in its ergodic distribution). We search for the best rule and report its performance alongside the
performance of several popular rules in the literature, such as strict inflation targeting, interest rate peg,
and the benchmark Taylor rule of Section 4. In Table 4 we report the expected welfare gain for the
U.S. consumer obtained under each policy relative to the benchmark rule, together with the standard
deviations of inflation and the output gap.

Let us consider first the stabilization performance of the benchmark rule, reported in the last column
of Table 4. This is a Taylor-type rule reacting to inflation with a long-run response of 2 and to the lagged
nominal interest rate with a coefficient of 0.8. Because the coefficient on inflation is finite and the interest
rate adjusts only gradually, inflation is not fully stabilized (one standard deviation is around 90 basis
points on an annual basis), and neither is the output gap. For this reason, the benchmark Taylor rule is
not the best performing one in our model in terms of welfare.

Compare this with a Taylor rule which reacts more strongly to inflation and does not involve interest
rate smoothing, shown in the last-but-one column with heading (0,5,0). We choose the maximum inflation
response of 5, while setting the oil price and lagged interest rate coefficients to zero.!” This rule delivers

16Notice also that the fringe capacity shock creates a negative conditional correlation between OPEC and non-OPEC oil
supply. A negative co-movement is a key feature of the data in the 1980s, when non-OPEC oil production took off, while
OPEC’s output was essentially halved (see figure 1).

17The cut-off at 5 is arbitrary. As the coefficient on inflation increases further toward infinity, the performance of the
Taylor rule converges to that of the strict inflation targeting rule (w¢=0) reported in the first column of Table 4.
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higher welfare (4+0.026%) than the benchmark Taylor rule with a lower inflation response and with
smoothing, suggesting that, relative to the benchmark rule, a more aggressive inflation-fighting policy is
desirable.

Next, in the fifth column we present a Taylor rule reacting to inflation and the oil price, which (unlike
the oil price markup) is directly observable. Note that, since the oil price is positively correlated with
inflation but negatively correlated with the output gap, given an oil price increase it is not clear a priori
whether it is better for the central bank to lower the interest rate in order to close the output gap, or
to raise it to fight inflation. Hence, we search for the optimal response coefficients on a grid of (¢,, ¢,).
For the oil price we start from a very wide grid narrowing in on the promising area in terms of expected
welfare. For the inflation response coefficient the choice is from the interval [0,5]. In this way we find
the optimal pair (¢, ¢,)=(5,0.005).'%

We thus find that the best policy within the class of simple instrument rules, and under our baseline
calibration, is one in which the central bank reacts positively to the oil price. The reason is that, under
our baseline calibration, the variance of the oil price is dominated by the shock to oil sector productivity
rather than the shock to fringe capacity. As we have seen in Section 4, a productivity decline in the oil
sector causes a simultaneous rise in inflation and the output gap, each of which calls for a higher interest
rate.

Another way of saying this is that, under our calibration, an oil price increase is a better proxy for rising
inflation than it is for a falling output gap. The positive correlation of the oil price with inflation is strong
because each of the two major shocks to the oil price—to oil sector productivity and to fringe capacity—
create a positive co-movement of the oil price with inflation. In contrast, the negative unconditional
correlation between the oil price and the output gap is much weaker, since oil sector productivity shocks
move the oil price and the output gap in the same direction. Therefore, unlike the oil price markup, the
oil price is not a good proxy for the output gap in our model.

We want to stress, however, that the desirability of our optimized Taylor rule hinges on the strength
of the unconditional correlation between the oil price and the output gap, a feature which depends on
the relative volatility of shocks. In particular, the optimal response coefficient is negative if the fringe
capacity shock dominates the variance of the oil price.!? We therefore advocate caution when taking our
Taylor rule with a positive reaction to the oil price as a robust monetary policy prescription, especially
if the relative volatility of shocks is subject to change over time.

Instead, the robust policy prescription stemming from our model is for policymakers to try to identify
the fundamental reasons for a given oil price increase before deciding on their reaction. If the oil price
rise is due to an increase in the cost of oil production (a negative productivity shock), then the optimal
reaction would concentrate on fighting the inflationary consequences of the shock. If, in contrast, the oil
price rise reflects an increase in the oil price markup (as with a negative fringe capacity shock), then the
best response is to minimize the overall inefficiency in the economy, by decreasing the average markup
on final goods prices (achieved by stimulating domestic demand). In other words, the right variable to
focus on is not the oil price, but the oil price markup.

Thus, when the price of an intermediate input (such as oil) is distorted, the right policy is flexible
inflation targeting (shown in the forth column). According to this rule, the central bank should adjust
the interest rate “as necessary” in order to meet its target. Notice that the optimal weight on the output
gap (0.55) is higher than the weight derived in the standard model with an ad-hoc “cost push” term in
the Phillips curve (Woodford, 2003). In the standard model, the optimal weight is equal to the inverse
of the price elasticity of substitution among differentiated goods, around 0.13 for a standard elasticity of
around 8. This suggests that the assumption of an ad-hoc cost push term may be a poor approximation
to a more realistic model of the propagation of oil shocks which takes into account imperfect competition
in the oil sector.?’

Compare this with a policy of full price stability (the strict inflation targeting rule, m;=0) in the first
column. Notice that this rule implies a welfare improvement (4+0.027%) over the benchmark Taylor-type
rule, stemming from the stabilization of the average markup over final goods prices (the volatility of
which is an important source of inefficiency in the Calvo setup). However, the strict inflation targeting

18This implies that a one standard deviation increase in the real oil price requires a 50 basis points increase in the
(annualized) nominal interest rate.

19To establish this we solved our model with only the US TFP and fringe capacity shocks. We found that in this case
the optimal response coefficient on the oil price is indeed negative (-0.003).

20The policy prescription of Leduc and Sill (2004) is for the central bank to target the price level. This is consistent with
our finding in Section 2 that price stability is the optimal policy if the oil price is exogenous.
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rule clearly fairs worse that the optimal flexible inflation targeting policy.

Finally, we study the performance of “interest rate pegs”, both nominal (column Rt:O) and real
(column Rt:m).m The analysis of these rules is interesting in light of the debate on whether economic
downturns following oil price shocks are due to the oil price increase itself or to the monetary policy
tightening in the wake of oil shocks. In particular, Bernanke et. al. (1997) argued that most of the
output losses after an oil-price shock are due to the systematic monetary policy response, and that a
recession could have been avoided in the 1970s had the Federal Reserve maintained a “neutral” monetary
policy stance, defined by these authors as a constant nominal interest rate. Hamilton and Herrera (2004)
questioned the statistical robustness of Bernanke et. al.’s results, while Leduc and Sill (2004) found,
using a microfounded model, that an interest rate peg could not have eliminated the negative impact of
oil price shocks on output.??

In our case both interest rate pegs fair substantially worse than the benchmark Taylor rule in terms of
expected welfare, especially the real rate peg. The reason is that in a sticky price framework an interest
rate peg amplifies dramatically the effects of real shocks. For instance, under a constant nominal interest
rate the impact of a negative oil productivity shock which raises the oil price by 10% is an increase in
inflation by 2 percentage points—a response which is ten times larger compared to the benchmark policy!
And following a negative fringe capacity shock which raises the oil price by 10%, U.S. output falls by
4%—also an order of magnitude more than under the benchmark rule! As a result, under a constant
nominal interest rate the unconditional output volatility increases by 55%, output gap volatility doubles,
and inflation volatility increases by a factor of 4.7 with respect to the benchmark policy rule. To sum
up, we find that the pursuit of active monetary policy in the wake of oil shocks reduces the volatility of
output (and inflation), and is welfare improving, compared to a policy of keeping the nominal (or real)
interest rate constant.

Targeting rules (¢;=0) Taylor rules (¢;=1)
Strict Flexible (PR>Pr>Ppo)

=0 [R=0 Ry=m;  m+056A7  (0,5,0.005) (0,5,0) (0.8,0.4,0)
(2) (3) (4) () (6) (7)

Ezxpected welfare gain over benchmark

(%) 0.027 -1.264 -4.019 0.034 0.026 0.025 0
Standard deviations

400x 7 0 5.295 9.893 0.361 0.213 0.295 0.914
100x g 0.765 2.711 1.068 0.578 0.776 0.772 0.842

Table 4. Properties of alternative monetary policy rules

6 Conclusion

Kilian (2006) argues that economists should move beyond studying the effects of changes in the real price
of oil and address the problem of identifying the structural shocks underlying such changes. Only then
can they make the next step of evaluating alternative policy responses to the fundamental shocks. Our
model is an attempt in that direction; in it, the oil price, oil supply and oil demand are jointly determined
from profit maximization, rather than exogenously imposed. On the demand side, oil is purchased by
final goods producers up to the point in which the ratio of the oil price to the marginal product of oil
is equalized with that of other productive inputs. This behavior is rational from the point of view of an
individual final goods firm using oil in its production process. However, it fails to internalize an important
supply side distortion, if the oil price does not reflect the marginal cost of oil production but instead is
a time-varying markup over such cost.

Unlike previous studies, we explicitly model OPEC as a dominant oil producer facing a fringe of
competitive oil suppliers. The model is an intermediate case which nests the extremes of perfect monopoly
and perfect competition in the oil market by varying the parameter governing the size of the competitive
fringe. In our baseline calibration we choose this parameter to match the average market share of OPEC
since 1973. Under this calibration, we find a sizable steady-state output loss as well as an important

21Tn our model the “Taylor principle” is not a necessary condition for uniqueness of the rational expectations equilibrium
and an interest rate peg is a well-specified policy. See Appendix 7.4 for more details on this.

22The way an interest rate peg is implemented by Leduc and Sill is by assuming an inflation response coefficient of just
above one in a Taylor-type rule for the nominal interest rate.
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dynamic trade-off between inflation and the output gap in the oil-importing country, a feature which is
absent from the standard monetary policy model assuming exogenous oil shocks.

By taking into account the dynamic distortion due to imperfect competition in the oil market, the
central bank of the oil importer can improve the welfare of the representative household. This is achieved
by trading off some price stability (which is optimal with exogenous or competitive oil prices) for better
alignment of output with its efficient level. The latter requires stimulating the economy when the oil
price markup is high, and cooling down activity when the oil price markup is low.

The task of the central bank is complicated further if it cannot observe the output gap (or the oil price
markup), but only inflation and the oil price. The complication arises from the fact that the oil price
and the oil price markup (the distortion which matters for welfare) co-move differently depending on the
source of the shock: they are positively correlated under shocks to the capacity of the competitive fringe,
but are negatively correlated under shocks to aggregate productivity in oil production. This means that
an automatic Taylor-type reaction to the price of oil may be warranted only if one type of shock clearly
dominates, so that the unconditional correlation between the price of oil and the oil price markup is
strong and stable over time.

We are aware that by assuming a frictionless labor market we may be understating the reallocation
costs of oil sector shocks. On the other hand, by ruling out international capital markets we may be
overstating these costs. Moreover, our analysis ignores several potentially important aspects of the oil
industry: the fact that oil is a storable commodity, which is actively traded on futures markets, and
the long gestation lags in adding productive capacity, to name but three. By making the oil supply less
responsive in the short run, the lags in particular may be relevant for explaining the puzzlingly high
volatility of oil prices relative to oil output. At the same time, we may be omitting other important
shocks, for example, “precautionary demand” or “news shocks” related to future oil availability (Kilian,
2008). We must leave for future research the analysis of some of these issues in an appropriately modified
framework.
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7 Appendix

7.1 The dominant oil producer’s problem

We assume that OPEC solves a Ramsey-type problem. Namely, they seek to maximize the expected
welfare of the representative household-owner of OPEC, subject to the behavior of all other agents and
the global resource constraint. Formally, in our setup this is equivalent to maximizing the expected
present discounted value of the logarithm of oil profits,

max EU Z ﬂt ].Og [potOt - Ot/Zt} (32)

t=0

subject to the constraints imposed by the optimal behavior of the competitive fringe,

X = Qpot Zy, (33)

of households,
wy = CLLY (34)
1= BRE; [Co Py /(Co1 Prs)] (35)

and final goods firms in the oil-importing country,

Dy = Q:/Cy + BOE, [H;;%le] (36)
N; = pme,Qy/Cy + BOE, [T Nyyq| (37)

L= 010" + (1 - 6) (Ne/ D)™ (38)
Ay =0TEA; 1+ (1 —0) (N;/Dy) € (39)
Pot = omciQiAr/ (Of + X) (40)
Wt = almCtQtAt/Lt ( )
Q= A7 ALY R (O + X0)™ (42)

the rule followed by the monetary authority,
¢i(Ry — ppRi—1) = dpmy + G, AYt + PoDots (43)

and the global resource constraint,
Cr = Q1 — pot (Or + Xi) . (44)

We assume throughout that OPEC can commit to the optimal policy rule that brings about the
equilibrium which maximizes expression (32) above. Furthermore, we restrict our attention to Markovian
stochastic processes for all exogenous variables, and to optimal decision rules which are time-invariant
functions of the state of the economy.

7.2 GDP gap derivation

We denote the natural (flexible-price) level of variables with the superscript n, the efficient level of
variables with the superscript e, and steady-state variables with an upper bar. We define the production
gap G as the (log) difference between actual production @; and its efficient level Qf.

Dividing through the actual by the efficient version of the final-goods production function (18)
and the oil demand condition (16), we obtain the equations A,Q;/Qf = (Li/L)™ (O4:/05,)" and
PotOar/ (p5,05,) = wmeyAQy/ Q5. Eliminating the term Og, /OS5, and taking log-deviations (denoted by

hats) yields,

(67} Qo

qt

(ﬁot - ﬁit) . (45)

~ « ~
= l 2 ( A)—
17050t+17a0 mee+ B 1—a,

Solving for equilibrium labor as a function of marginal cost and relative price dispersion and taking
a log-linear approximation, we obtain, (1 + 9)l; = u[u — a,) " mic;. Combining this with expression (45)

17



above, dropping the constant and the higher order term related to A, we obtain the following first-order
approximation for the production gap,

q = Hgncmct — kv, (46)

where Uy = Dot — D5y, and

w0 o+ (L4 )= ar)
e ) a0l a)

To obtain the GDP gap ¢, defined as the log-difference between U.S. wvalue added and its efficient

level, we use the condition Y; = Cy = [1 — apme A)Qy, which implies g, = G — ufoa mc;. Combining this

(%)
and Kk, = T .
—

last expression with the production gap (46), we obtain
gt = chmct - "iuﬁtz
where

oo =gl Qo :Mal+ao(1+¢)(uf1)
me = Nme o — Qg (1+¢)(M—Ozo)(1_ao).

7.3 Proof of Proposition 3

Our approach is to guess and verify that zero inflation in each period is a solution. First, note that with
exogenous or competitive oil price, pS, = Z, ! the model can be written as follows. The production
function is given by (18). Combining (17) with (34) we obtain,

CtL%+w = OélmCtQtAt. (47)

And combining (16) and (47) yields p%,O4r = (/) C'tLt1 *¥ The resource constraint is C; = Q=% 04t
The above four equations, together with (36), (37), (38), (39), describe fully the behavior of the private
sector.

A benevolent monetary policy maker who wants to maximize the welfare of the representative U.S.
household would solve the following Lagrangian:

max Fj iﬂt {logC’t — L,}Jﬂb/ (1+19)

t=0
+A1t [Qr — g Oar — Ct]
o (o) G = p0ur]
ALK 0% AL — Q1]
ame Qi Ay — CtLi'W}
Q: + BOCLE; [TI 1 Dyy1] — DiCh)
pme,Qy + BOC,Ey (115, Nijr ) — NGy
I + (1— 6) (N,/D,)' ¢ — 1}

o

+Ast
+Aas

—

+Ast
+A6t

— —

+A7

—

+ gt

—

OIA + (11— )77 (1- 07 77 - A}

System of first-order conditions:

1= Aie + 05 0ahar — CiLi ¥ Mgy — AseQy — AoppmerQy = 0 (Ct)
LY (1 4+ ) A0S Oar + g Qe — (1 +9)C LA = 0 (L¢)
PotOar( Mt + Aar) — @oQi A3 = 0 (Oar)

A1 — Az¢ + aymes Agdag + sy + pmcgdge = 0 (Q1)
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Ayt + pAge = 0 (mey

armerQAar + Ase+1 80115 — Ast — QiAze/Ar =0 (

Asi 100 T — Cidse — A (1 = 0)(1 — )N} D2 =0 (

Aot 10C; 1TIE — Cydgs + Are(1 = 0)(1 — )N, DS =0 (

Asi_1(e — DIIE2D,Cy 1 4 Agr1€lIS PN, Cy 1 4 A (e — DTS2 4 (

~— ~— ~— ~— ~—

_1
Fdgee [T A — (1—0)T (1— 0I5 1) = H;‘Q} —0

We now guess and verify that zero inflation in each period is a solution. From (38), our guess II, = 1
implies that Ny = D;. This, from (36) and (37) yields mc; = p~! (the price markup is constant). In
addition, from (39) and starting with A_; = 0, we have A; = 1 (there is no price dispersion). Substituting

Ay =1 and me; = p~t we obtain Ly = [oy/(p — ozo)]ﬁ = L, which is equal to the efficient level of

labor effort established in section 2.5. Rewriting (16) using the above results, pS,O4 = a,Q:/p, and
1 _ o« o
substituting Og; from above equation into (18), we obtain Q; = [A;Z}°] == L% (ao/p) ™52 , which is

equal to the efficient level of output derived in section 2.5. Moreover, Cy = [1 — aoufl} Q@ corresponds
to the efficient level of consumption. All other real endogenous variables can be expressed similarly in
terms of @y = @Qf. Thus, a policy of price stability replicates the real allocation attained in the efficient
equilibrium. To support this allocation as the solution to the problem from a “timeless perspective”, the
Lagrange multipliers must satisfy A1y = (1 — oont)_1 iAo = (b= D) A1e; A3t = Aag = A5t = Agt = Ay = 0;
and Mgy = —Q A1y + BOE Agiy1.

7.4 The Taylor principle in the presence of a monopolist

It is well known that the standard two-equation New Keynesian model has a unique rational expectations
equilibrium if and only if the Taylor principle is satisfied, that is, the inflation reaction coefficient ¢ is
greater than one; instead, ¢, < 1 gives rise to indeterminacy of equilibrium. Intuitively, a nominal
interest rate response to inflation greater than one implies that the real interest rate rises when inflation
increases above target, which is what is needed to bring inflation back to target (and stabilize the output
gap). Technically, the system has two non-predetermined variables and ¢, > 1 ensures that the matrix
governing the system’s dynamics has two eigenvalues greater than one in modulus (Blanchard and Khan,
1980).

In the model presented in Section 2, however, the Taylor principle is not a necessary condition for
determinacy of equilibrium. In our setup the equations of the standard model are constraints on the
optimal choice of the dominant oil producer. This means that for each purely forward-looking variable
in the standard model, there is an associated Lagrange multiplier which is backward-looking due to
commitment. The system is twice the size of the original one, and even if an eigenvalue of the original
model is less than one (because ¢, < 1), this is “undone” in the full system by a new eigenvalue greater
than one. On an intuitive level, the monopolist’s behavior ensures determinacy of equilibria by active
management of inflation expectations (and hence of the ex-ante real interest rate) whenever monetary
policy is passive.?® This is a bit akin to Leeper’s (1991) finding that a unique equilibrium involves one
policy authority being passive while the other one is active. In his analysis an interest rate peg is also a
well-specified policy, provided that fiscal behavior is active.

23 Namely, future inflation expectations depend on today’s promises about future oil supply.
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Figure 1: OPEC and Non-OPEC supply. (Source: BP Statistical Review of World Energy 2007)
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Figure 2: Comparative statics:
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Figure 3: Comparative statics: elasticity of oil in production (keeping the mass of non-OPEC constant)
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Figure 4: Responses to a negative oil technology shock
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Figure 5: Responses to

a negative fringe capacity shock
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